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ABSTRACT 

Cucurbitaceae, family of dicotyledons, include about 90 genera and more than 700 species, widely 

distributed over in many parts of the world. The group consists of a large number of trailing vine vegetable fruit 

crops, grown during summer season but some grown during rainy periods. For summer crop it is sown from 

January to March and for rainy crop in June-July. Some cucurbits are monoecious, some dioecious and some 

hermaphrodite. All gourds, melons, cucumber and squashes have high yielding and F1 hybrid seeds, which are 

better yielder and are of superior quality. The common varieties include Cucumber, Musk-melon, Water melon, 

Bottle gourd, Bitter gourd, Sponge gourd, Ridge gourd, Summer squash, Winter squash and Tinda. Their 

harvests are consumed mainly as vegetables, though some species produce fruits, which are eaten as a dessert. 

Among these the major produce towards Kerala vegetable market are contributed by Bitter gourd, Ash gourd and 

Red Pumpkin. Malappuram, the third largest district of Kerala covering a geographical area of 3,550 sq. km, 

that  is 9.13 per cent of the total area of the State. It lies between 10° 41' 33" to 11° 30′ 32" N latitude and 75° 

49' 25" to 76° 32' 40" E longitude. The word ‗Malappuram‘ derived from its topographical characteristic, 

meaning ‗terraced place atop the hills‘. The district is mostly occupied by forests. The topography of the district 

is highly undulating; it flinches from the dense forest on the eastern part of Nilgiri hills and gradually slopes 

down to the valleys, small hills and ends along the costal belt in the west. The horticultural crops constitute 

about 1% of the total area. Almost all, insects predominantly perceive competition in the race for survival. They 

are economically and ecologically important diverse group capable of exploiting every conceivable 

environment, hence playing crucial functional role thus ensuring ecosystem services. The insect-plant 

relationship is one of the most dominant biotic interaction. Pests became inevitable part of the crop cultivation 

and production. The production of these major cucurbits, along with others, has been seriously affected due to 

inclined attack of various insect pests. The information on the genetic diversity and interspecies relationship of 

insect pests of the selected Cucurbitaceae from Kerala can be used for tracing its origin and evolutionary history 

and its phylogenic relationship with members from other parts of the world. The successful control of any insect 

pest is primarily based on its correct identification. The classical taxonomy of most of these pests is well described 

using morphological aspects. But the proper identification of many of the Hemipteran and Lepidopteran pests are 

still tedious as there reported cryptic and sibling species. Various types of molecular data provide a wealth of 

information which addresses problems at all taxonomic levels. Studies addressing species-level problems have 

involved the analysis of nuclear, chloroplast and mitochondrial DNA at different levels of sequence resolution 

using RFLPs, RAPD, DNA sequencing, single copy DNA-DNA hybridization and others. Several of these 

recent advances in nucleic acid technology attempt the taxonomic studies of living organisms. 

 During the present study 44 different pest species belonging to four different orders of the Class 

Insecta (Coleoptera, Lepidoptera, Hemiptera and Diptera) have been collected, identified, analysed and 

reported. Among the pests collected Coleoptera constitute 15 species, Lepidoptera and Hemiptera 

constitute 12 species each followed by Diptera with 5 species. 

Key words:  

Cucurbits, Insect pests, COI gene sequences, Molecular taxonomy, Phylogeny analysis 
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INTRODUCTION 

Cucurbitaceae is highly specialized medium sized largest family among summer climbing plants. 

The mostly cultivated genera include Cucurbita - squash, pumpkin, zucchini, other gourds, Lagenaria - 

mostly inedible gourds, Citrullus - watermelon (C. lanatus, C. colocynthis) and others of similar types, 

Cucumis - cucumber (C. sativus), various melons, Luffa - the common name is also luffa (when fully 

ripened, two species of this fibrous fruit are the source of the loofah scrubbing sponge). According to 

checklists of the Cucurbitaceae,  India possess 94 species (10 are endemic)  included in 31 genera. Among 

them include, Trichosanthes with 22 species, Cucumis with 11 (all but two wild), Momordica with 8, and 

Zehneria with 5 are the most species-rich genera . From evolutionary point of view, India adopts special 

interest because it harbors a wide range of lineages, including relatively old and phylogenetically isolated. 

Phytogeographically, the north eastern and peninsular regions in India show the richest species diversity, 

while the Jammu Kashmir and Himachal regions have only few Cucurbitaceae. 

The Cucurbitaceae is the largest family of vegetable crops originated from tropical parts of the 

world. The world's largest leading producers of cucurbits are China, India, Iran, Turkey, Egypt, and the 

U.S. Most of its genera originated from Asia, America and largely Africa. Cucurbits are categorized mainly 

into two groups Zanonioideae and Cucurbitoidea. Among them the Cucurbitoidea includes  food plants, 

particularly vegetables. The Cucurbitaceae is a remarkable plant family, having economic, aesthetic, 

cultural, medicinal, and botanical significance. Cucurbits share about 5.6 % of the total vegetable 

production of India. Being a large group of vegetable, cucurbits provide better scope enhancing overall 

productivity and production. Among the family  the major produce to the Kerala market contributes by Bitter 

gourd, Ash gourd and Red Pumpkin. The production of these major cucurbits, along with others, has been 

seriously affected due to inclined attack of various insect pests. 

The major insect pests of cucurbits are Fruit fly, Red pumpkin beetle, Flea beetle, spotted beetle, 

Green stinky bug, blister bee; and the major diseases are Bacterial wilt, Downey mildew, Cucumber mosaic 

virus and Anthracnose etc. Red pumpkin beetle (Raphidopalpa foveicollis) , very destructive pest of 

cucurbitaceous vegetable crops, defoliate the cucurbit leaves and can cause severe damage in the early 

stage of the crop. Two species of fruit flies namely Bactrocera cucurbitae and Bactrocera tau flies lay eggs 

inside the developing fruit or flower and the developing larvae cause fruit rotting. Striped cucumber beetle, 

Acalymma vittatum Fab. (Coleoptera: Chrysomelidae) found exclusively feeding on cucurbits are 

considered to be the most important cucurbit pest in the United States. The spotted cucumber beetle, 

Diabroticaundecim punctata howardi (Barber) (Coleoptera: Chrysomelidae),  the southern 8 corn 

rootworm, possess a wide host range of over 200 plants. They cause damage to cucurbits either by feeding 

on seedlings, roots, flower or foliage. The insect pests in the cucurbit plants cause damage of about 20 to 

100 percent. 

The successful control of any insect pest is primarily based on its correct identification. The classical 

taxonomy of most of these pests is well described using morphological aspects. But the proper identification of 

many of the Hemipteran and lepidopteran pests are still tedious as there reported cryptic and sibling species.  

Various types of molecular data provide a wealth of information which addresses problems at all taxonomic 

levels. Studies addressing species-level problems have involved the analysis of nuclear and mitochondrial 

DNA at different levels of sequence resolution using RFLPs, RAPD, DNA sequencing, single copy DNA-
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DNA hybridization and others. Several of these recent advances in nucleic acid technology have been used 

in the taxonomic studies of living organisms.  

The phylogenetics of most of the insect pest groups has not been accompanied by a comparable 

improvement in the species level taxonomy (alpha-taxonomy) of these organisms. This is unfortunate 

because for hyper diverse taxa there is a great deal of unfinished taxonomic work. The enterprise of 

discovering, describing and distinguishing species can be rewarding and stimulating. Species delimitation is 

(or should be) closely linked to population and evolutionary biology. It is, after all, concerned with 

identifying the very place in the tree of life where within-population processes give way to between-

population divergence and speciation. But the pedestrian aspects of alpha-taxonomy (specimen examination 

and description, preparation of illustrations, scrutiny of types and search for reliable diagnostic features) 

can be quite tedious and time consuming. A further disincentive is the great scarcity of jobs for those 

engaged primarily in descriptive taxonomy. Museum and institutional positions in systematics that would 

have been filled by such individuals fifty years ago are increasingly going to those whose primary focus is 

molecular phylogenetics. This trend is easy to understand, but the imbalance needs to be redressed if we 

wish to have the capability of using morphology to confidently identify terminal taxa on the tree of life. 

Hence, an unambiguous, molecular level identification of the fauna will facilitate the development of most 

suitable IPM strategies for their control. 

A database on DNA fingerprinting of each pest species can be used for the development of its 

control and management strategies. An annotated library of these species can also be prepared and 

preserved in database for further reference. The information on the genetic diversity and interspecies 

relationship of insect pests of the selected Cucurbitaceae from Kerala can be used for tracing its origin and 

evolutionary history and its phylogenic relationship with such groups of other parts of the world. DST, 

MoA, MoEF, UNEP, IUCN and other Academic institutions involved in Biodiversity as well as Pest 

Management Research can utilize the results of the project. 

The DNA barcodes and molecular taxonomic tools for insect pests of Bitter gourd and Ash gourd of 

Kerala remain unexplored. Further, many of the pests under worms, flies and bugs exhibit complexity in 

their morphological characteristics that culminates its classical identification confused. Some species of 

insect pests show a high degree of similarity with members of the same genus or other related groups 

particularly in immature stage which is infectious. Therefore the identification of insects in the non-adult 

stage using conventional taxonomy is a wearisome process. To overcome the lack of information 

concerning the species composition of arthropod pests and correct identification of insect fauna which helps 

in better control measures and IPM. With millions of species and their life-stage transformations, the 

animal kingdom provides a challenging target for taxonomy. 
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OBJECTIVES OF THE STUDY 

The precise objectives as stated in the original project proposal were as follows: 

 To study the nucleotide and peptide sequence structure of mitochondrial cytochrome oxidase subunit 

I (COI) gene in the lepidopteran and hemipteran pests of Bitter gourd, Ash gourd and Red Pumpkin 

(Cucurbitaceae) in Malappuram district, Kerala. 

 To analyze the sequence divergence of mitochondrial cytochrome oxidase subunit I (CO I) gene 

within and between different selected pest species of these three vegetable crops. 

 To develop mitochondrial CO I gene sequence based barcode for the proper identification of these 

insect pests and deposit in the NCBI database for worldwide access. 

During the survey and field sampling, the availability and abundance of the pest species, the study has 

been elaborated to other two groups (Coleoptera and Diptera) besides the originally proposed pest orders 

(Lepidoptera and Hemiptera). Hence the present study reports the survey, collection, classification, molecular 

taxonomy and phylogeny status of insect pests of cucurbits in the Malappuram district of Kerala, India. 
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REVIEW OF LITERATURE 

Insects are fellow inhabitants of our planet, Earth (Gullan, 2014). They play very crucial 

functional role that ensures numerous ecosystem services which are important aspects of human 

livelihood (Raman et al., 2014). Almost three fourth of the total living creatures on earth are insects 

(Pedigo, 2002). Among 5.51-9.8 million estimated animals in the world, 4-8 millions are filled up by 

the class insecta (May, 1990; Hammond, 1995). Even though a very precise check listing of Indian 

fauna are not yet been done, approximately 0.1 million insect species belong to Indian sub continent 

(Venkatesha, 2007). Insects represent 61-71% among 1.50 -1.74 million described eukaryotic species.  

Terrestrial insects are most different gatherings of creatures on earth and contribute to the 

biodiversity to a huge degree.(Althaf et al., 2016). Present day species decent variety results from 

either higher rates of speciation or lower rate of species elimination (Gullan and Cranston, 2014).  

Insect ecologies are unimaginably variable factor. Insects are fundamental and accompany various 

ecosystem functions, such as nutrient supplement reusing, plant propagation counting pollination and 

seed dispersal. Maintenance of plant community composition and structure via, phytophagy, including 

seed sustaining, nourishment for insectivorous vertebrates, maintenance of animal community 

structure, through transmission of malady of vast creatures, predation and paratization of smaller ones 

(Gullan and Cranston, 2014). 

The phylogenetic course of action of the higher gatherings of insects has always been 

argumentative since Linnaeus. The members of the class insecta are grouped in 29 orders. About 80% 

of all the described living species are – the Coleoptera, Diptera, Hymenoptera and Lepidoptera. The 

beetles are leading ahead followed by Lepidoptera and Diptera (Polaszek et al., 2005). Approximately 

400,000 species of the insect fauna are well known plant feeders. According to Strong et al. (1984), the 

phytophagous insects make up nearly 25% of living species on the earth. The members of the orders 

Hemiptera, Lepidoptera and Orthoptera are almost entirely phytophagous (Brues, 1946). The effect of 

insects, as plant feeding organisms exceeds that of all other animal fauna (Grimaldi and Engel, 2005). 

Since long humans practiced agricultural crop production, pests became inevitable part of their 

crops (Jankielsohn, 2018). Almost all insects predominantly perceived competition in the race for 

survival. Herbivorous insects cause 18% damage of world agricultural production (Losey et al., 2006). 

Insects are vital for human survival, because crops can only be produced with an equilibrium 

ecosystem functions provided by insects. Around 72% of the world‘s crops are dependent on insects 

for pollination (Dicke, 2017). Pollinating insects improve and stabilize the yield of three-quarters of all 

types of crop globally, ie, one-third of global crop production by volume (Schwagerl, 2016).  

Phytophagous insects can be potential pests that can have deadly effect on the host, but only less 

than 2% have reached the status of being minor pest (DeBach, 1974). Insect defoliators have 

devastating affect on the growth (Mott et al., 1957), survival of the trees in the forest (Morris, 1951), 

and can alter the forest-ecosystem balance function (Naiman, 1988; Carson et al., 2004). Major insect 

pests in agriculture are usually introduced species without their natural biological control agents 

(Pimentel, 2002). Introduced insect species are responsible for $ 5-8 billion annual damage and control 
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costs (Pimentel, 2002). The transmission of  plant-diseases through insect has been known since long 

(Leach, 1940). 

Muhammed Sarwar (2014) analysed that the insects and mites cause serious damage to vegetables 

during  all developmental stages of growth mainly aphid, thrip, whitefly, leafhopper, two spotted 

spider mite, squash bug, pumpkin beetles, flea beetles, hadda or epilachna beetles, eggplant shoot and 

fruit borer, cutworms, hornworms, tomato fruit borer, tobacco caterpillar and melon fruit fly. Almost 

all vegetables are susceptible to pest attack, and so also their roots, stems, leaves as well as fruits are 

all subjected to injury. In a work on the phytophagous arthropods of cultivated plants in South Africa, 

the characterization of  the fauna was done based on  taxon,  relative pest status, original domicile, and 

according to host plant choice, feeding habits and plant damage (Moran, 1983). The analysis was 

focused on 472 species of insects and mites, many of which was generalist in infestation, and that 

warrant attention because of their agricultural importance. As a resut, it was noticed that there are 

eleven orders of insects and mites of agricultural importance in South Africa which included, twenty-

five most important families of insects and mites. Lepidoptera (31.0%), Homoptera (29.8%) and 

Coleoptera (14.2%) account for 75% of the pest problems on cultivated plants. Overall, the greater pest 

status was for indigenous species of insects and mites than introduced ones in South African 

agriculture. However, it was added that indigenous and introduced species of insects and mites are 

about equally important on alien crops. Among the pest insects, more than 78% are polyphagous 

species. These results are quite similar when the analysis of host choice is done in accordance with the 

pest status. 

The Cucurbitaceae, the largest family of vegetable crops originated from  tropical parts of the 

world (Jeffrey, 2005). But, most of its genera originated from Asia, America and largely Africa. 

Cucurbits are categorized mainly into two groups Zanonioideae and Cucurbitoidea. The subfamily 

Cucurbitoideae mainly consists of food plants, particularly vegetables (Maynard and Maynard, 2000). 

Cucurbits belonging to the family Cucurbitaceae consist of about 118 genera and 825 species, 

according to the last taxonomic treatment of Jeffrey (1990). Cucurbits are reported from in both the 

New and Old World and are listed as important plant families that supply human with edible products 

and useful fibers. Cucurbits are divided mainly into five sub-families: Fevilleae, Melothrieae, 

Cucurbitaceae, Sicyoideae, and Cyclanthereae.  

According to checklists of the Cucurbitaceae, India possess 94 species (10 are endemic) included 

in 31 genera. Among them, Trichosanthes with 22 species, Cucumis with 11 (all but two wild), 

Momordica with 8, and Zehneria with 5 are the most species-rich genera. From evolutionary point of 

view, India has special interest because it harbors a wide range of lineages, including relatively old and 

phylogenetically isolated. Phytogeographically, the north eastern and peninsular regions in India are 

richest in species diversity, while the Jammu Kashmir and Himachal regions have few Cucurbitaceae. 

Morphological characteristics include conspicuous features a) Vines, usually annuals, with five-

lobed or palatably divided leaves with long petioles; leaves arranged alternately; b) tendrils are Spring-

like; c) Monoecious; d) Flowers have five fused petals and five stamens (male) and an inferior ovary 

(female); e) Fruits large and fleshy, usually with a hard outer covering (a special type of berry termed a 
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pepo); f) parietal placentation; g) Many large, fairly flat seeds with two very large cotyledons and h) 

have hard exocarp.  

Among the family, the genera Cucumis, Cucurbita, and Citrullus are considered to have high 

economic importance. Of about 3000 plant species used for human consumption, only 150 species are 

cultivated extensively, and the elite species, Citrullus is ranked twenty-fourth (Raven et al., 1993). A 

striking feature in cucurbits cultivation is their adaptation to a wide variety of agricultural 

environments (Bates et al., 1990). Cucurbitaceae family possess tremendous medicinal properties 

including anti-HIV, anxiolytic, antipyretic, anti-diarrhoeal, carminative, antioxidant, antidiabetic, 

antibacterial, laxative, anthelmintic, antitubercular, purgative and hepatoprotective. They are also 

employed as an abortificient, diuretic, and cardiotonic agent. Added to the above they show strong 

anti-inflammatory, antitussive, cytotoxic, and expectorant properties.(Rajasree et al., 2016). 

The cucumber is believed to be originated in India where it has been grown for thousands of years 

(Zeven and Zhukovsky, 1975). The ancient Egyptians also cultivated cucumbers. Later, cucumbers 

spread to China and Greece about 2,000 years ago (Whitaker and Davis, 1962; Robinson and Decker-

Walters, 1997). The most troublesome insects of cucumber include cucumber beetles (Diabrotica and 

Acalymma spp., vector of bacterial wilt), Epilachna spp. beetles, greasy worm (Agrotis ipsilon), the 

melon fruit fly (Dacus spp.) and aphids. The choice of preference accordingly was Cucurbita maxima 

> Cucumber > Citrullus vulgaris Var.fistulosus > Loffah > Bottle gourd. The bitter gourd showed 

highest resistant against chrysomelids, cucumber muskmelon and watermelon showed moderate 

resistance and round melon is the susceptible cucurbits (Mehta and Sandhu, 1989). The major insect 

pests of cucurbits are Fruit fly, Red pumpkin beetle, Flea beetle, spotted beetle, Green stinky bug, 

blister bee; and the major diseases are Bacterial wilt, Downey mildew, Cucumber mosaic virus and 

Anthracnose etc (Marwaha et al., 1998; Neupane, 2002). Red pumpkin beetle (Raphidopalpa 

foveicollis) , very destructive pest of cucurbitaceous vegetable crops, defoliate the cucurbit leaves and 

can cause severe damage in the early stage of the crop. Two species of fruit flies namely Bactrocera 

cucurbitae and Bactrocera tau flies lay eggs inside the developing fruit or flower and the developing 

larvae cause fruit rotting (Neupane, 2002). Striped cucumber beetle, Acalymma vittatum Fab. 

(Coleoptera: Chrysomelidae) found exclusively feeding on cucurbits are considered to be the most 

important cucurbit pest in the United States (Gould, 1944). The spotted cucumber beetle, 

Diabroticaundecim punctata howardi (Barber) (Coleoptera: Chrysomelidae), the southern 8 corn 

rootworm, possess a wide host range of over 200 plants (Radin and Drummond, 1994). They cause 

damage to cucurbits either by feeding on seedlings, roots, flower or foliage.  The insect pests in the 

cucurbit plants cause damage of about  20 to 100 percent. It was observed that >  50 percent loss in 

criciferous fruits was merely due to pests. 

The taxonomic studies originated in the eighteenth century with Carolous Linneaus work on 

Systema Naturae, first published in 1735.Taxonomy is the science dedicated with discovering, 

describing, naming, and identifying species or other taxa, (Lee, 2002; Lipscomb et al., 2003; Moritiz 

and Cicero, 2004; Prendini, 2005; Meier et al., 2006; Carvalho et al., 2008), centered with the use of 

revolutionary ideas (Godfray, 2002, Hebert et al., 2003; Tautz et al., 2003) that can overcome the 

taxonomic crisis.(Wilson, 1985). Systematics, in addition to classification and naming, also deals with 
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the relationships and environmental adaptations, thus drawing attention to the evolution and 

phylogeny.  

In order to revitalize traditional taxonomy, alternative and complementary approaches have been 

promoted, which includes molecular taxonomy (Tautz et al., 2003, Hebert et al., 2003), information 

technology, the development of investment funds (Wheeler, 2007) and increased utilization of cyber 

tools (Pyle et al., 2008; La Salle et al., 2009). Among these, DNA barcoding (Hebert et al., 2003) is 

found to be successful in the identification and delimitation of new species from various groups 

(Hebert et al., 2004; Ward et al., 2005; Cywinska et al., 2006; Hajibabaei et al., 2006a, b; Smith et al., 

2007; Borisenko et al., 2008; Kerr et al., 2009) because this method is simple and affordable, it has 

received increased acceptance (Padial and De La Riva, 2007). 

DNA barcoding is a wealth of computable data that in many ways are much easier to work 

compared to classical taxonomic descriptions. Voucher specimens are a potential  currency for both 

the taxonomic literature and sequence databases. An obstacle for classical approach is the lack of 

stable, resolvable specimen identifiers. The number of species on Earth is uncertain and inconsistent, 

and they shows no signs of converging. According to taxonomic efforts it suggests that two-thirds of 

all species have already been described (Costello, 2011). Contrast to widely scattered taxonomic 

knowledge, most genomic information is highly centralised, and stored in the three components of the 

International Nucleotide Sequence Database Collaboration (INSDC), namely GenBank, EMBL, and 

the DDBJ (Bensonet al., 2012). 

Classical Taxonomy is the conventional taxonomical method based on external morphological 

features supported and supplemented by ethological and ecological data. Some taxonomists classify 

based on phenetic similarities and maximum number of characters (morphological, behavioral, 

karyological, etc) with equal weightage called Numerical taxonomy. Molecular taxonomy,a relatively 

recent research branch includes DNA barcoding, analyses of isosymes, molecular cytogenetics and a 

number of other related techniques. DNA barcoding is a taxonomic method using a short genetic 

marker in the mitochondrial DNA (mtDNA) of an organism for identification of species. Genomic 

barcoding is regarded as a supplementary tool to classical taxonomy (especially in differentiating 

sibling species) and not to replace it completely. The problem, as Grimaldi and Engel (2007) point out 

is that high tech descriptions (such as molecular taxonomy) are seen by some as more scientific and 

this view is not acceptable to many scientists who believe that all branches of science is important 

especially when classical taxonomy is still making startling discoveries (for instance discovery of a 

new insect order recently viz. Matophasmatoidea) even now. As Ogura (1964) pointed out classical 

taxonomy will continue to reign supreme along with DNA barcoding in many more future years to 

come. 
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METHODOLOGY 

1. Survey, collection, identification and preservation of pests 

The adult specimens of insect pests of major Cucurbits like Bitter gourd, Ash gourd and Red 

Pumpkin (Cucurbitaceae) from Malappuram district, Kerala were collected from different agro-

ecosystems by random sampling method. Sampling survey were conducted during pre monsoon 

(January – March) and post monsoon (September – December) seasons for the two consecutive 

years from every selected agro-ecosystem during the project tenure. Collections were done using 

active collection methods mainly sweeping net method, hand picking and passive collection 

methods like colour trap, yellow pan trap, sticky trap, light trap. The preliminary morphological 

identification was done by using authentic identification keys and guides. The identified 

specimens were photographed and stored at 
-
20º

 
C in the repository of Molecular Biology 

Laboratory, Department of Zoology, University of Calicut as voucher specimens for future 

references. 

2. Mitochondrial DNA Extraction 

The genomic DNA was extracted using commercially available genomic DNA preparation kit 

following manufacturer‘s instructions. The insect specimens were taken out, washed primarily in 

running water and then 2 – 3 times in distilled water. One of the thoracic legs of each specimen 

was grounded using mortar and pestle and complete tissue lysis was done with Proteinase K, 

incubating the tissue at 56
° 
C for 1-3 hours (Shere-Kharwar et al., 2013). This method provided a 

non-destructive way for extracting DNA that involves soaking samples in Guanidinium 

hydrochloride (GuHCl) with subsequent adsorption of DNA to silica. Silica gel binds tightly 

towards the positively charged silica particles. After centrifugation process, DNA molecules were 

eluted under low strength by Tris-EDTA buffer (TE buffer) or distilled water for permanent 

storage of DNA. The DNA isolated was confirmed using 1% agarose gel electrophoresis. 

3. Primer designing 

 Primer designing is essential for a successful PCR reaction. It requires a brief sequence of dNTPs 

to the DNA polymerase to work on and additionally allows in restricting the amplification in the 

desired target regions. Usually the primers are 18-25 bases in length and are complementary to the 

end of the regions of DNA to be copied. The cocktails of specific forward and reverse primers 

were designed. Cytochrome oxidase subunit I gene (COI) sequences of various related groups of 

insects were fetched from GenBank using BLAST programme of NCBI and primers were 

designed using Primer 3 software. The details of the primers specifically designed and used for 

PCR amplification in the present study is represented in Table 1. 

Table 1:  The list of specific primers used for PCR amplification of the present study 

Sl. 

No. 

Name of the 

primer 

Direction Sequence description 

1 LEP Forward 5'- CATTGGAGATGACCAAATTTATAATG - 3' 
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Reverse 5'- TGAAATTAATCCAAATCCAGGTAAA - 3' 

2 BTL Forward 5'- ATTCAACCAATCATAAAGATATTGG -3' 

Reverse 5'- TAAACTTCTGGATGTCCAAAAAATCA -3' 

3 BUG Forward 5'- GGAATAGTAGGATCAGCAATAG - 3' 

Reverse  5'- GGATCTCCTCCTCCTGAAGGATC - 3'               

4 BCG Forward   5'- CGAATTGAGTTAGGTCAACCCG - 3'      

Reverse 5'- GGATCTCCTCCTCCTGAAGGATC - 3' 

5 LEPTO Forward 5' – TTCATTGGAGATGACCAAATTTAT – 3'          

Reverse 5' – TGAAATTAATCCAAATCCAGGTAAA – 3' 

6 CP2 Forward 5' – GGTCAACAAATCATAAAGATATTGG – 3'  

Reverse 5'- TAAACTTCTGGATGTCCAAAAAATCA -3' 

4. PCR amplification and DNA sequencing 

The mitochondrial cytochrome oxidase subunit I (COI) gene of the collected specimen was 

amplified separately using the specific set of forward and reverse primer. The PCR reaction mixture 

consisted of 2ng of genomic DNA (1μl), 1μl each forward and reverse primers at a concentration of 10 

μM, 2 μl 10X reaction buffer(with MgCl2), 2 μl of dNTPs (2 mM), 0.20μl Taq polymerase (5 U/μl) 

and 12.8 μl distilled water. The PCR profile consisted of an initial denaturation step of 5 min at 95° C, 

followed by 30 cycles of 10 sec at 95° C melt, 1 min 50 sec  at 50° C  anneal and 1 min at 72° C 

extend, ending with a final extension phase at 72° C for 3 minutes. The PCR products were resolved 

on 2% Tris Acetate EDTA (TAE) – Agarose gel, stained with Ethidium Bromide (Sambrook and 

Russell, 2001) and documented using a gel documentation system. A 1Kb DNA Ladder (Thermo 

Scientific GeneRuler, Product No SM 0242) was used to determine the size of the product. The PCR 

amplified product was portrayed by different size of DNA band depending up on the set of primers 

used. The PCR product was column purified using Gene JETTM PCR Purification Kit (Fermentas Life 

Science Inc), designed for rapid purification of single stranded or double stranded PCR amplification 

products from other components in the reactions such as the primers, dNTPs, unincorporated labelled 

nucleotides, enzymes and salts from the PCR products. The purified product was again resolved on 2% 

agarose gel to confirm the presence of amplified DNA. 

 The PCR amplified DNA was mixed with binding buffer and added to the purification column. 

The chaotropic agent in the binding buffer denatures proteins and promotes DNA binding to the silica 

membrane in the column. Binding buffer contained a colour indicator which allows for easy 

monitoring of the solution pH for optimal DNA binding (Boom et al., 1990). The impurities were 

removed by a simple wash step. Purified DNA was then eluted from the column with elution buffer. 

The sequencing of the purified DNA template from both ends using the Sanger‘s dideoxy chain 

termination sequencing method (Sanger and Coulson, 1975) was done at Agrigenome Laboratories 

Ltd., Cochin with ABI 3730XL automated sequencer. By sequencing from each ends using forward 
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and reverse primers it was feasible to urge longer sequences than by employing a primer in one 

direction.  

5. Alignment and analyses of DNA sequences 

The sequence information records containing chromatogram were analysed with the aid of a 

reader-kind programme (Finch TV) for checking and annotation of forward and reverse primer 

sequences. Annotated sequences were imported and primer sequences had been removed from the 

beginning and the end of the obtained sequence and sequence ambiguities had been resolved. The 

COI sequences obtained were multiple aligned using ClustralW  programme. The aligned COI 

sequences have been translated to amino acids to assess for the presence of premature stop codons 

that indicate the presence of nuclear pseudogenes or sequencing errors. The FASTA format of the 

final sequence was used to search for its similarity utilising the Basic Local Alignment Search Tool 

(BLAST) (Altschul et al., 1997) of NCBI (http://www.ncbi.nlm.nih.gov). The BLAST search 

identifies the sequences which are homologous to the query sequence acquired by the present study. 

The nucleotide sequences obtained in the study were deposited in the public databases and have been 

assigned with accession numbers in NCBI GenBank (National Centre for Biotechnology Information, 

USA) of INSDC (International Nucleotide Sequence Database Collaboration). 

6.  Phylogenetic analyses  

Final nucleotide sequences were analyzed using the Molecular Evolutionary Genetics Analysis 

version 6 (MEGA6) software specifically designed for statistical analysis of sequence data (Tamura 

et al., 2013). The interspecific and intraspecific genetic diversity were generated using Kimura 2 

parameter model, and a phylogenetic tree was generated using the Neighbor – Joining algorithm 

(Saitou and Nei, 1987). Bipartitions in the Neighbor – Joining tree were examined by bootstrap 

analyses over 500 replicates (Felsenstein, 1985). This bootstrap analysis was important for 

calculating the confidence interval of monophyletic groups within phylogenies. Percentage 

nucleotide distances calculation were performed using MEGA6 software. The results were depicted 

in the form of respective figures. 
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RESULTS 
Table 2: The list and systematic position of insect pests of cucurbits collected from Malappuram district, Kerala 

COLEOPTERA 

Sl. 

No. 

Sub order Superfamily Family Subfamily Genus Species 

1. Polyphaga Chrysomeloidea Chrysomelidae Galerucinae Mantura Chrysanthemi 

2. Polyphaga Chrysomeloidea Chrysomelidae Galerucinae Mantura  Rustica 

3. Polyphaga Chrysomeloidea Chrysomelidae Galerucinae Mantura Species 

4. Polyphaga Chrysomeloidea Chrysomelidae Galerucinae Aulacophora  Foveicollis 

5. Polyphaga Chrysomeloidea Chrysomelidae Galerucinae Aulacophora  Foveicollis 

6. Polyphaga Chrysomeloidea Chrysomelidae Galerucinae Aulacophora  Frontalis 

7. Polyphaga Chrysomeloidea Chrysomelidae Galerucinae Aulacophora  Lewisii 

8. Polyphaga Chrysomeloidea Chrysomelidae Galerucinae Sphenoraia  Bicolor 

9. Polyphaga Chrysomeloidea Chrysomelidae Galerucinae Sphenoraia  Bicolor 

10. Polyphaga Chrysomeloidea Chrysomelidae Eumolpinae Paria  Thoracica 

11. Polyphaga Chrysomeloidea Chrysomelidae Eumolpinae Rhabdopterus  Praetextus 

12. Polyphaga Chrysomeloidea Chrysomelidae Cassidinae Oocassida Pudibunda 

13. Polyphaga Chrysomeloidea Chrysomelidae Cassidinae Dactylispa  Carinata 

14. Polyphaga Coccinelloidea Coccinellidae Epilachninae Henosepilachna  Septima 

15. Polyphaga Coccinelloidea Coccinellidae Epilachninae Henosepilachna  vigintioctopunctata 

16. Polyphaga Coccinelloidea Coccinellidae Epilachninae Epilachna Septima 

17. Polyphaga Cucujoidea Nitidulidae  Carpophilinae 

 

Carpophilus  Marginellus 

18. Polyphaga Cucujoidea Nitidulidae Epuraeinae Epuraea  Luteolus 

HEMIPTERA 

Sl. 

No. 

Sub order Superfamily Family Subfamily Genus Species 

19. Heteroptera Pentatomoidea Pentatomidae Pentatominae Nezara  Viridula 

20. Heteroptera Pentatomoidea Pentatomidae Pentatominae Nezara  Viridula 

21. Heteroptera Pentatomoidea Pentatomidae Pentatominae Nezara  Viridula 

22. Heteroptera Pentatomoidea Pentatomidae Pentatominae Spermatodes  Variolosa 

23. Heteroptera Pentatomoidea Pentatomidae Pentatominae Agonoscelis  Nubilis 

24. Heteroptera Pentatomoidea Pentatomidae Pentatominae Carbula  Scutellata 

http://eol.org/pages/8914097/overview
http://eol.org/pages/8914097/overview
http://eol.org/pages/8914097/overview
http://eol.org/pages/8914097/overview
http://eol.org/pages/8914097/overview
http://eol.org/pages/8914097/overview
http://eol.org/pages/8914097/overview
http://eol.org/pages/8914097/overview
http://eol.org/pages/8914097/overview
http://eol.org/pages/8914097/overview
http://eol.org/pages/8914097/overview
http://eol.org/pages/8914097/overview
http://eol.org/pages/8914097/overview
http://eol.org/pages/7459/overview
http://eol.org/pages/2658843/overview
http://eol.org/pages/8914097/overview
http://eol.org/pages/7459/overview
http://eol.org/pages/2658843/overview
http://eol.org/pages/8914097/overview
http://eol.org/pages/7459/overview
http://eol.org/pages/2658843/overview
http://eol.org/pages/8914097/overview
https://inaturalist.ca/taxa/460766-Carpophilinae
http://eol.org/pages/8914097/overview
https://inaturalist.ca/taxa/477298-Epuraeinae
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25. Heteroptera Pentatomoidea Pentatomidae Pentatominae Halymorpha  Halys 

26. Heteroptera Pentatomoidea Pentatomidae Asopinae Zicrona  Caerulea 

27. Heteroptera Lygaeoidea Lygaeidae Lygaeinae Oncopeltus  Nigriceps 

28. Heteroptera Lygaeoidea Lygaeidae Lygaeinae Oncopeltus  Nigriceps 

29. Heteroptera Lygaeoidea Geocoridae Geocorinae Geocoris  Varius 

30. Heteroptera Coreoidea Alydidae Micrelytrinae Paraplesius  Unicolor 

31. Heteroptera Pyrrhocoroidea Pyrrhocoridae Pyrrhocorinae Dysdercus  Ocreatus 

32. Heteroptera Miroidea Miridae Phylinae Campylomma  Vendicarina 

33. Heteroptera Coreoidea Coreidae Coreinae Cletus  Schmidti 

LEPIDOPTERA 

Sl. 

No. 

Sub order Superfamily Family Subfamily Genus Species 

34. Glossata Noctuoidea Erebidae Erebinae Ophiusa  Coronate 

35. Glossata Noctuoidea Erebidae Erebinae Mocis  Proverai 

36. Glossata Noctuoidea Erebidae Aganainae Asota  Orbona 

37. Glossata Noctuoidea Erebidae Aganainae Asota  Caricae 

38. Glossata Noctuoidea Erebidae Aganainae Asota  Caricae 

39. Glossata Noctuoidea Erebidae Calpinae Eudocima  Cocalus 

40. Glossata Noctuoidea Erebidae Hypocalinae Hypocala  Deflorata 

41. Glossata Noctuoidea Noctuidae Noctuinae Polytela  Gloriosae 

42. Glossata Bombycoidea Sphingidae Macroglossinae Acosmeryx  anceus subdentata 

43. Glossata Bombycoidea Sphingidae Macroglossinae Acosmeryx  anceus subdentata 

44. Glossata Pyraloidea Crambidae Spilomelinae Diaphania  Indica 

45. Glossata Pyraloidea Crambidae Spilomelinae Glypholes  Bicolor 

46. Glossata Papilionoidea Nymphalidae Satyrinae Melanitis  Leda 

47. Glossata Gelechioidea Xyloryctidae Xyloryctinae Cryptophasa  Atecmarta 

48. Glossata Geometroidea Geometridae Geometrinae Idiochroa  Demissa 

DIPTERA 

Sl. 

No. 

Sub order Superfamily Family Subfamily Genus Species 

49. Brachycera Lauxanioidea Celyphidae Eurychoromyiinae Spaniocelyphus  Falcatus 

50. Brachycera Lauxanioidea Celyphidae Eurychoromyiinae Spaniocelyphus  Falcatus 

51. Brachycera Lauxanioidea Celyphidae Eurychoromyiinae Spaniocelyphus  Pilosus 
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52. Brachycera Lauxanioidea Celyphidae Eurychoromyiinae Celyphus  Obtectus 

53. Brachycera Tephritoidea Tephritidae Dacinae Bactrocera  Tau 

54. Brachycera Tephritoidea Tephritidae Dacinae Bactrocera  Tau 

55. Brachycera Muscoidea Anthomyiidae Pegomyinae  Pegomya  Circumpolaris 

   

COLEOPTERAN PESTS OF CUCURBITS 

The Coleoptera are endopterygotes (insects with complete metamorphosis), having mesothoracic wings 

modified into hard elytra or into haltere-like structures. They have biting type mouthparts and the head has a 

distinct gular region below. They represent the largest group of organisms on Earth, with over 3,50,000 

described species. The word Coleoptera was originated from the Greek words koleos (means sheath), and ptera 

(means wings). Of the two pairs of wings, the first pair is enlarged and thickened into a pair of hard sheaths, 

or elytra, that cover the delicate, membranous and large hind wings. Their 2-5 segmented tarsi are the important 

morphological character for taxonomic identification. Adults are oligophagous with biting and chewing 

mouthparts. The feeding habits of beetles are extremely varied and, being holometabolous, adults and larvae 

may feed on different food resources. Many beetles play vital role in the decomposition of plant and animal 

matter, some act as predators of insects (hence important biological control agents) and others act as pests of 

crops, stored foods and other products. 

The systematic position of coleopteran pests of cucurbits collected and identified during the present study 

is given below: 

Order: Coleoptera; Suborder: Polyphaga 

 1. Superfamily:  Chrysomeloidea 

        1.1.   Family:  Chrysomelidae 

1.1.1 Subfamily: Galerucinae  

 Mantura chrysanthemi (Koch, 1803) 

 Mantura rustica (Linnaeus, 1766) 

 Aulacophora foveicollis (Lucas,1849) 

 Aulacophora frontalis (Baly,1888) 

 Aulacophora lewisii (Baly,1888) 

 Sphenoraia bicolor (Hope 1831) 

                                 1.1.2. Subfamily: Eumolpinae 

 Paria thoracica (Wilcox, 1954) 

 Rhabdopterus praetextus (Say, 1824) 

   1.1.3. Subfamily: Cassidinae 

 Oocassida pudibunda (Boheman, 1856) 

 Dactylispa carinata Chen and T‘an, 1961 
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  2. Superfamily: Coccinelloidea 

  2.1. Family:  Coccinellidae 

   2.1.1. Subfamily: Epilachinae 

 Henosepilachna septima (Dieke,1947) 

 Henosepilachna vigintioctopunctata (Motschulsky, 1857) 

 Epilachna septima (Dieke, 1947)  

 3.   Superfamily: Cucujoidea 

     3.1. Family:  Nitidulidae 

                  3.1.1. Subfamily:  Carpophilinae 

 Carpophilus marginellus (Motschulsky, 1858) 

              3.1.2.   Subfamily: Epuraeinae 

 Epuraea luteolus (Erichson, 1843) 

A brief description on the relevant higher taxa and the taxonomic key prepared for classification and 

morphological identification (with the help of suitable identification guides and expert consultation) of all the 

coleopteran pests of cucurbits collected during the present study are given below: 

Key to the suborders of Order Coleoptera 

1. Hind coxae large, immovably articulated to metasternum, tarsi nearly always filiform and 5-segmented; 

completely dividing first visible abdominal sternite; first three visible abdominal sternites connate; 

prothorax with notopleural sutures usually distinct; antennae nearly always filiform and 11-segmented, 

maxillary galea 2-segmented, palp-like; length never less than 1.5mm. 

................................................................................. ADEPHAGA 

–  Hind coxae movably articulated to metasternum, tarsi various; non-completely dividing first abdominal 

sternite; prothorax rarely with distinct noto-pleural suture; antennae structure various, not filiform; 

maxillary galea not palp-like; length less than 1mm 

………………………………………………………..………………….. POLYPHAGA 

SUBORDER: POLYPHAGA 

Polyphaga represents the largest and most diverse suborder among beetles. It comprises 144 families in 

16 superfamilies, with over 300,000 described extant species. It displays an enormous variety in both 

specialization and adaptation of life. The name polyphaga is derived from two Greek words: poly (many) 

and phagein (to eat), meaning as the ‗eaters of many things‘. The key characteristics of Polyphaga includes the 

hind coxa (base of the leg), non divided first and second abdominal/ventral plates (sternites) and the absence of 

the notopleural suture (found under the pronotal shield) in prothorax. 

Key to the superfamilies of Suborder Polyphaga 

1. Tarsi pseudotetramerous on all legs, fourth true segment extremely minute; if antennae clubbed, head 

rostrate or basal abdominal sternites connate; front coxal cavities wholly or partially closed behind, hind 
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coxae flat or slightly inclined; prothorax often without distinct side borders; abdomen rarely with more 

than five visible sternites ..................... 2 

–  Tarsi pseudotrimerous or rarely pseudotetramerous, antennae clubbed, antennal club rarely involving 

more than three apical segments, head not roetrate; front coxae transverse or rounded; prothorax with 

distinct side borders; all abdominal sternites free, tergite of abdominal segment 8 usually hidden 

………………..…………… Cucujoidea 

2. Antennae filiform or slightly thickened apically, not inserted in grooves or pits; head not or slightly 

rostrate; gular sutures distinct and separate; middle coxal cavities rarely closed outwardly by sterna, if so 

all abdominal sternites freely articulated …… Chrysomeloidea 

–  Antennae more or less clubbed, often geniculate, inserted in pits or grooves ; head more or less rostrate, 

gular sutures nearly always obsolete or confluent; middle coxal cavities almost always closed outwardly 

by sterna ; abdomen with at least two basal stemites more or less connate 

…………………………………………….Curculionoidea 

SUPERFAMILY:  CHRYSOMELOIDEA 

Superfamily Chrysomeloidea, with more than 63,000 described extant species;  comprises the families 

Chrysomelidae, Cerambycidae, Megalopodidae, Vesperidae, Oxypeltidae, Lacordaire, Disteniidae and 

Orsodacnidae. Chrysomeloidea is considered to be the sister group of superfamily Curculionoidea, the group of 

weevils. They together form a clade informally known as the Phytophaga, which is the largest and most diverse 

radiation of phytophagous beetles, with around 125,000 described extant species. It occupies second largest 

lineage of phytophagous animals next to the order Lepidoptera. Superfamily Chrysomeloidea includes mostly 

wood or plant feeders with varied body shape and non-clubbed antennae beetles. Several species in this 

superfamily are important as pests of crop plants. 

FAMILY:  CHRYSOMELIDAE 

Chrysomelidae (leaf beetles), which were formerly included under the family Bruchidae (presently 

Bruchinae). The word Chrysomela (pl. Chrysomelidae) was derived from Greek word  khrusomelon meaning 

‗golden apple‘. Among phytophagus families, the leaf beetles positioned the second in number to 

Curculionidae. There reported more than 35,000 species spans in 2,000 genera worldwide. The key 

characteristics defining the family include small, oval shaped body, variation in colour, short elbowed beak; 

adults having an apparent 4-4-4 tarsal formula, the third tarsal segment are bifid and notched for the terminal 

segment. It was known since the beginning of last century that the leaf beetles are serious pests of cereals. A 

large number of the Chrysomelidae are the pest insects of both agricultural and forest fields. The damage caused 

rarely leads to the total loss of host plants but worsen the physiological condition consequently result in 

decreased plant growth, harvest and productivity. The larvae are voracious feeder on varied host parts of their 

and their attack to the plant is to various degree. The most featured particularity of the leaf beetles is relatively 

limited trophic range, ie, every pest species determine solid trophic links to the damaged species and they 

possess extremely varied biology. Leaf beetles are the most destructive pests of crops and ornamental plants.  

Key to the subfamilies of Family Chrysomelidae 

1. Head vertical or pro-erect, Mouth anterior in position ……………………..……….….. 2 
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–  Head bent inwards, mouth not anterior and hidden, maxillary palpi two segmented, rotundate or oval 

form with explanate margin all around; antennae and legs non-visible in repose 

……………………….……………………………………..………..... Cassidinae 

2. Antennae not widely separated at base, elytra more or less soft texture, anterior coxae conically 

prominent at apex ………………………………..……………… Galerucinae 

–  Antennae widely separated at base, elytra with hard texture, thorax with distinct lateral margins, eyes not 

prominent, prosternum broad, last joint of tarsi deeply bilobed, thorax narrower than elytra at base, legs 

not compressed ………………………..… Eumolpinae 

SUBFAMILY: GALERUCINAE  

Galerucinae (cucumber beetles), one of the largest groups of leaf beetles is a key group to study the 

phylogeny of polyphaga. There exists a special relationship between Galerucinae and its host plants, which 

makes the group as a good model to study the evolution of herbaceous beetles, the co-evolution of insect fauna 

with plants  and the evolutionary mechanisms of biodiversity. Adult Galerucinae have oval to oblong body, 

with the head inserted into the prothorax. The mouthparts directed forwards and downwards; not flattened. The 

antenna has eleven segments; the antennal insertions are situated close together in front or between the eyes. 

Frontal tubercles well developed and the elytral sensilla patch is single. The key morphological character used 

to distinguish Galerucinae is the metafemoral extensor tendon (MET) in the hind femora (also known as 

metafemoral spring, metafemoral apodeme, or Maulik‘s organ), a structure that helps large jumps for predator 

evasion. Both the adults and larvae of Galerucinae are herbivorous (on both monocotyledon and dicotyledon 

plants) and highly host specific. In addition, many species are used for biological control of weeds or are 

important pest species of agriculture. 

Key to the species of pests collected from Subfamily Galerucinae 

1. Elytra dark brown or blackish with metallic tinge, elytral tips black and brown, striated elytral 

punctures, base of pronotum as wide as front of   elytra … (2) Mantura 

–  Elytra black and shining, ventral surface black ……………..………………………. 3 

2. Dark brown with metallic bronze reflection or sometimes reddish brown with a weaker reflection; 

shiny, relatively rounded – oval, pronotum with two short grooves (sometimes faint) running forwards 

from base, 1.8-2.7mm size .…... M. chrysanthemi 

–  Metallic green or bluish head and pronotum, elytra dark and reddish brown, usually with the third 

apical except the suture, yellowish; sometimes entirely dark reddish brown, rarely dark blue or blue 

green with yellow tips, 2.0-2.8mm size  ….. M. rustica 

3. Anterior coxal cavities closed behind, Tarsal claws appendiculate or simple, Pronotum without a 

distinct fovea …………………………………….….…. Sphenoraia bicolor 

–  Anterior coxal cavities open behind, Tarsal claws bifid, Pronotum with a transverse depression, Elytral 

epipleuron narrowed behind basal one-third …….. (4) Aulacophora 
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4(1). Upper surface of elytra generally shinning, abdominal sternite black insect smaller in size; length 6.75 

mm, breadth 3.5 mm, in the male humerus covered with erect 

hairs………………………………………...…………………...…..…….. A. foveicollis 

4(2). Whole elytron black, ventral surface black, antennomeres III to V triangular in case of males, 

antennomere III longer than wide and vertex having  longitudinal grooves in males and in females 

antennomeres VII to X relatively slender …...………. A. frontalis  

4(3). Whole elytron black and shinning, ventral surface black, antennomeres III to V filiform in either 

sexes,antenna of male wider than that of females,apical margin of abdominal ventrite V sinuate in 

females ……………………………..………………….  A. lewisii  

 

 

SUBFAMILY EUMOLPINAE 

The Eumolpinae includes > 500 genera and 7000 species. Eumolpinae can be recognized are oval, and 

convex in form, and measure up to 10 mm in size. And the coloration for this subfamily of beetles ranges from 

bright yellow to dark red with spotting. Many species are iridescent or brilliantly metallic blue or green in 

appearance .They can be recognized by their rounded thoraces, more or less spherical or bell-shaped, and  

significantly narrower compared to  the mesothorax as covered by the  and front coxae rounded and third tarsal 

segment bilobed beneath . Additional features include a small head set deeply into the thorax and well-

developed legs. Adult and larvae both occurs during the crop growing season. The adult feeds voraciously on 

plant foliage which can be detected by the presence of characteristic ‗bored leaf‘ damage. The soil inhabiting 

larvae are more destructive. 

Key to the species of pests collected from Subfamily Eumolpinae 

1. Anterior margin of prosternum arcuate forming postocular lobe, Pronotum not deeply, coarsely 

punctuate, Ocular grooves narrow above eyes; colour yellow, orange or black, Elytra entirely black 

………………………….…….……………….…... Paria thoracica 

–  Anterior margin of prosternum without lobe, Pronotum without distinct margins, Head without distinct 

grooves above eyes, Pronotal margin irregular or undulating, Prosternum wide, nearly parallel side 

………………….…….…….……    Rhabdopterus praetextus 

SUBFAMILY CASSIDINAE 

The Cassidinae, tortoise beetles or gold bugs comprised of >3,000 species and over 125 genera with 

greatest diversity in tropical latitudes. The distinguishing features of cassidines are round outlined body with 

edges of the pronotum and elytra spreading out over the legs and head. They have colourful and metallic body, 

with the ability to change the colour which is present below the translucent cuticle. The mouthparts is  reduced 

into a cavity in the head capsule and the legs have four segmented tarsi. The larvae are slow moving showing 

peculiar defense mechanisms. The concealment of leaf feeders and their defense is enhanced with the 

accumulation of faeces and exuviae on a coudal fork and used against predators. The adults are conspicuous, 

diurnally active feeding on young and rapidly growing vegetation. The larval feeding leads to rolling of leaves 

while adult feed by scraping and producing linear scars on the leaves. 
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Key to the species of pests collected from Subfamily Cassidinae 

1. Body elongate and oval, colour dirty brown, with a faint greenish tinge, antennae are short; the third 

joint is a little longer than the second and almost equal to the fourth, pronotum have a groove on its side 

for antenna reception, the elytra possesses faint longitudinal red stripe all along the suture 

……….…………….… Oocassida pudibunda 

–  Body elongate and subconvex; colour yellowish to black; head small, vertex with medial sulcus, 

interocular space subequal to width of an eye; cleye; eye; clypeus large, generally setose, antennae 

filiform; reaches to humerus; with 11-antennomeres; antennomere 1 incrassate, without spine, pronotum 

transverse, lateral margin with 3 spines, anterior angle rounded, anterior margin curved, with branched 

spine on each side, elytral lateral margin straight with long spines …………………………………… 

Dactylispa carinata 

 

SUPERFAMILY COCCINELLOIDEA 

Coccinelloidea are characterized by the following combination of anatomical features: adults with 

reduced tarsal formula (4‐ 4‐ 4 or 3‐ 3‐ 3), lack closed radial cell and reduced anal veins in hindwings, hind 

coxae separated by more than ⅓ coxal width, intercoxal process of abdominal ventrite 1 broadly rounded or 

truncate (most), when retracted aedeagus rest on side, and (phallobase) tegmen reduced (exception: 

Coccinellidae). Both the larvae and adult are economically important pest of agricultural fields and orchards. 

FAMILY COCCINELLIDAE 

Coccinellids are found worldwide, with over 6,000 species described. Coccinellidae is a 

widespread family of small beetles ranging in size from 0.8 to 18 mm. Most coccinellids have round to elliptical 

body with convex dorsum and flattened venter, clubbed antennae.There is usually the presence of a postcoxal 

line on the first abdominal ventrite. The tarsal formula of most species is 4-4-4 with the third tarsomere minute 

and tucked within the broad triangular second (cryptotetramerous or pseudotrimerous), only a few have the 

tarsomeres more equal (truly tetramerous), and some have tarsi reduced to 3-3-3 (truly trimerous).dome-shaped 

bodies with six short black legs,head and antennae. Coccinellids are often prominently coloured with yellow, 

orange, or red and have small black spots on their wing covers. The majority of coccinellid species are generally 

useful predators, which prey on herbivorous homopterans like aphids or scale insects, which are regarded as 

important agricultural pests. These coccinellids lay their eggs directly in aphid and scale insect colonies and 

ensures immediate food source and supply.  

SUBFAMILY EPILACHNINAE  

However, some species are themselves pests, the most prominent are of the 

subfamily Epilachninae (include Mexican bean beetle), which are herbivorous themselves. The distinguishing 

feature is antenne inserted between rather than in front, anterior margins of compound eyes present and the tip 

of the mandibles is multidentate and without basal tooth. Usually, epilachnines are regarded as minor 

agricultural pests, feeding the leaves of their host. Their numbers can explosively increase  when their natural 

enemies  (parasitoid wasps) number are few. That means there exists inverse proportionality between prey-

predator relation. 

http://idtools.org/id/beetles/hispines/glossary.php#c
http://idtools.org/id/beetles/hispines/glossary.php#a
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Key to the species of pests collected from Subfamily Epilachninae 

1. Elytral tips angular, brown-yellow, with 14 black spots on each elytron; male genitalia with basal knife, 

edge of the median lobe half the length of the latter, siphon slightly bent at the apex 

………………………………..………..  Henosepilachna vignitioctopunctata  

–  Elytral tips rounded, male genitalia not as above ………………………….………….. 2 

2. Elytral spot No. 4 generally not touching the external margin of the elytra; male genitalia with median 

lobe not dentulate dorsally; apex of siphon sharply pointed on one side like a nib 

………………………………….……………………..…… Henosepilachna septima 

–  Elytral spots vary from six to fourteen on each elytron; male genitalia sipho bented near the basal third, 

apex sharply narrowed on one side and pointed; median lobe with a sudden curve at apex to form a large 

pointed hook, dorsal side with a blade or knife-edge of nearly half the length of median lobe 

……………….…………… Epilachna septima 

 

SUPERFAMILY CUCUJOIDEA 

Cucujoidea families are characterized by the following features: adults with procoxal cavities internally 

opened (mostly), tarsal formula 5-5-5 in female and 5-5-5 or 5-5-4 in male (rarely 4-4-4), tergite VIII in female 

is dorsally concealed by tergite VII, tergite X (proctiger) found in male is completely membranous. 

FAMILY NITIDULIDAE  

Subfamily Nitidulidae, ―sap beetles‖ have been found feeding on flowers, fruits, sap, fungi, decaying 

and fermenting plant tissues or dead animal tissue. They have also been recognized as vectors of fungi. Adult 

sap beetles are variable in size, 0.9 to 15 mm in length, antennae are usually eleven segmented with the distal 

three segments forming a club. The clubbed portion, however, is quite variable and peculiar within species. 

Presence of antennal grooves and the elytra or wing covers entire or sometimes shortened to expose two or three 

abdominal segments are the other characteristic feature of this family. The tarsal formula is 5-5-5 having five 

segmented tarsi with normal size first tarsal segment, small fourth and long fifth tarsal segment. The VIII 

abdominal segment of males is heavily sclerotized, well raised and large and in females it is reduced and 

submembranous. Several species are well known minor agricultural pests of both field and stored products.  

SUBFAMILY CARPOPHILINAE 

Subfamily Carpophilinae, have free Labrum, which is usually clearly visible but may be  retracted and 

partly hidden below clypeus; base of antenna is visible or not in dorsal aspect, front usually notched above its 

point of insertion, the elytra short exposing pygidium and preceding one or two segments. The evenly convex 

abdomen with sternites 2 and 3 shorter while sternites 1, 4 and 5 longer. 

SUBFAMILY EPURAEINAE 

Subfamily Epuraeinae, are small sized species having fine decumbent setae in dorsal surface of body, 

elytron lacking sutural stria; ventral head with antennal grooves posteriorly convergent, triangular or conical 

shaped submentum;  genital capsule visible along hind margin of pygidium in males; labrum with anterior 

margin deeply emarginate medially; lateral margins of pronotum and elytra without fringe of fimbriate setae.  
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Key to the species of pests collected from Family Nitidulidae 

1. Body darker, dark rufous to black; length about 3mm, pronotum and elytra with or without setal fringe; 

Mesosternum without a raised medial line, with auxillary space larger  

…………………………….……………………........... Carpophilus marginellus 

–  Body granulated above, bearing lanceolate or spatulate short setae; length about 4mm, frontal median 

setae present; Ninth abdominal segment  with about 2 granules before each pregomphus, which, when 

viewed from above, are arranged in an arcuate row with pregomphus; asperities of cephalic portion of 

tergum irregularly strewn or connected to each other 

………………………………………………….………….. Epuraea luteolus 

 

The molecular phylogenetic tree constructed by Neighbur joining method with all coleopteran pests of 

cucurbits collected from Malappuram district during the present study showing the phylogenetic relationship is 

given as Figure 1.  

A consolidated list of nucleic acid database accession details (NCBI GenBank) for the coleopteran pest 

species analysed during the present study is presented in Table 3. 
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Figure 1: Molecular phylogenetic tree inferred by NJ tree method with all coleopteran pests of cucurbits 

collected from Malappuram district during the present study  

 

                                                        

 KU557525 Mantura species(Parappanangadi)

 MH674105 Mantura chrysanthemi(Neyyatinkara)

 MH674106 Mantura rustica(Neyyatinkara)

 MH590759 Paria thoracica(Chandragiri)

 MH590776 Aulacophora lewisii(Nileshwar)

 MH590763 Aulacophora foveicollis (kondotty)

 KU557524 Aulacophora foveicollis(Parappanangadi)

 MH674107 Aulacophora frontalis(Tripunithura)

 MH674108 Rhabdopterus praetextus(Kadalundi)

 KX503056 Henosepilachna septima(Parappanangadi)

 MH590761 Henosepilachna vigintioctopunctata(Ottapalam)

 MH656689 Epilachna septima(Azhikode)

 KX603663 Oocassida pudibunda(Malappuram)

 MH674110 Dactylispa carinata(Madayi)

 MH674104 Epuraea luteola(Chandragiri)

 MH590768 Carpophilus marginellus(Sulthan bathery)

 MH656688 Sphenoraia bicolor(Azhikode)

0.2
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HEMIPTERAN PESTS OF CUCURBITS 

Hemiptera is the largest and very diverse order among hemimetabolous insects not undergo complete 

metamorphosis, containing > 75,000 named species. They are economically  important in agriculture, known to 

cause direct damage to plants by herbivory and indirectly by transporting diseases. Predatory hemipterans are 

used as biological control systems against control agricultural pests.  

The defining feature of hemipterans is "stylet", modified mandibles and maxillae, sheathed within a 

modified labium. The stylet is capable of piercing tissues and sucking liquids, supported by the labium. The 

tubular proboscis at front of head, X-pattern formed by front wings on back, triangular scutellum in centre of 

back  leathery front wings and   Segments 8 and 9 are modified to form the genitalia  are other supporting 

characters. 

The systematic position of hemipteran pests of cucurbits collected and identified during the present study 

is given below: 

Order: Hemiptera; Suborder: Heteroptera 

 1. Superfamily:  Pentatomoidea 

        1.1.   Family:  Pentatomidae 

1.1.2 Subfamily: Pentatominae  

 Nezara viridula (Linnaeus, 1758) 

 Spermatodes  variolosa (Walker, 1867) 

 Agonoscelis nubilis (Fabricius, 1775) 

 Carbula scutellata (Distant, 1887) 

 Halymorpha halys (Stahl, 1855)  

   1.1.2. Subfamily: Asopinae 

 Zicrona caerulea (Linnaeus, 1758) 

  2. Superfamily: Lygaeoidea 

  2.1. Family:  Lygaeidae 

   2.1.1. Subfamily: Lygaeinae 

 Oncopeltus nigriceps (Distant, 1903) 

  2.2. Family:  Geocoridae 

   2.2.1. Subfamily: Geocorinae 

 Geocoris varius (Uhler, 1860) 

 3.   Superfamily: Coreoidea 

    3.1. Family:  Alydidae 
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                  3.1.1. Subfamily:  Micrelytrinae 

 Paraplesius unicolor Scott, 1874 

  3.2. Family:  Coreidae 

                  3.2.1. Subfamily:  Coreinae 

 Cletus schmidti (Kiritshenko, 1916)  

  4. Superfamily: Pyrrhocoroidea 

  4.1. Family:  Pyrrhocoridae 

   4.1.1. Subfamily: Pyrrhocorinae 

 Dysdercus ocreatus (Uhler, 1886) 

 5.   Superfamily: Miroidea 

    5.1. Family:  Miridae 

                  5.1.1. Subfamily:  Phylinae 

 Campylomma vendicarina (Carapezza, 1991) 

A brief description on the relevant higher taxa and the taxonomic key prepared for classification and 

morphological identification (with the help of suitable identification guides and expert consultation) of all the 

hemipteran pests of cucurbits collected during the present study are given below: 

Key to the suborders of Order Hemiptera 

2. Rostrum touches sternum in between fore coxae; hemelytra placed slanting and side by side upon 

abdomen, uniformly coriaceous ………………….. AUCHENORRHYNCHA  

–  Rostrum never touches sternum on repose; hemelytra are always overlapping with proximal 

membranous and distal coriaceous ………….……………. HETEROPTERA   

SUBORDER: HETEROPTERA 

Heteroptera comprises the so called true bugs. They have complex and important roles in the balance of 

nature. There also are heteropterans that act as carriers of disease. Antennae are slender with 4-5 segments; 

proboscis 3-4 segmented and arising from front of head and usually curving below the body; pronotum large, 

trapezoidal or rounded; presence of triangular scutellum present behind pronotum; 2 or 3 segmented tarsi. 

Key to the superfamilies of Suborder Heteroptera 

3. Ocelli present …………………………………………………………….…………….. 2 

–  Ocelli absent ………………………………………………………………....….……… 4 

4. Antennae 5 segmented, scutellum enlarged to cover the abdomen .....… Pentatomoidea 

–  Antennae 4 segmented, scutellum small, not extending beyond half of the abdomen … 3 
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5. Antennae inserted on the upper side of the head above the line drawn from the eyes to the base of the 

rostrum; front wing having many veins; hind tibiae in some species expanded giving leaf like 

appearance ……………………………………………………. Coreoidea 

–  Antennae inserted below a line drawn through centre of the eyes; front wing in lygaeids have only four 

to five veins ……………………………..………..………….. Lygaeoidea 

6. Hemelytra with broad corium without appendix, bright coloration, predominantly red and black  

……………………………………………………….…………… Pyrrhocoroidea 

–  Hemelytra with distinct corium with appendix, variable coloration, triangular heads, four segmented 

beak and antennae, forewings are tilted at the distinct angle along posterior of abdomen . 

………………………………………………….…………………… Miroidea 

SUPERFAMILY:  PENTATOMOIDEA 

The Pentatomoidea are most commonly referred to as shield bugs, chust bugs, and stink bugs. There are 

~7000 species under Pentatomoidea , in 14 or 15 families. Since they belong to  Hemiptera,  share a common 

arrangement of sucking mouthparts. The Pentatomoidea are characterized by a highly developed scutellum, the 

hardened extension of the thorax over the abdomen;five segmented antennae; tarsi having two or three 

segments. Shield bugs have defensive glands located in the thoraces of first and second pair of legs that produce 

a foul-smelling liquid, which is used to deter potential predators. 

FAMILY:  PENTATOMIDAE 

Pentatomidae are a family of insects under the order Hemiptera, which are generally called stink 

bugs or shield bugs. The scutellum body is half of an inch long, green or brown coloured, usually trapezoidal in 

shape, giving this family the name "shield bug". The tarsi are 3-segmented. The forewings of stink bugs are 

called hemelytra, with the basal half thickened and membranous apex (as are the hindwings). Sternite viii 

concealed in males; Pendergrast‘s organs absent in case of females; trichobothria single and short frena present.  

SUBFAMILY: PENTATOMINAE 
 

Pentatominae features include paired trichobothria; trichobothrium nearest spiracle on sternite vii is 

lateral of imaginary line which is tangential to spiracular opening on sternites vi and vii by distance equal to 

greatest diameter of spiracular opening; base of abdominal venter mesial tubercle and metasternum produced 

flattened; frena one third or more length of scutellum and scutellum not reaching apex of abdomen . Species on 

this subfamily are phytophages and several are considered agricultural pests. 

Key to the species of pests collected from Subfamily Pentatominae 

4. Body usually not pilose, if pilose hind tibiae sulcate; bucculae usually angulate or with tooth; 

abdominal sternites without median longitudinal furrow, if present, deeply furrowed 

………………………………‘‘………………………………………….…. 2 

–  Body with long, erect, rather sparse pilosity,  hind tibiae not sulcate, bucculae smooth, rounded, not 

angulate or toothed anteriorly; abdominal sternites usually with shallow, median longitudinal furrow 

……………………‘‘‘…..…………… Agonoscelis nubilis 

5. Scutellum triangular, elongate or U-shaped exposing greater part of hemelytra ..….... 3 
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–  Scutellum ampliated from the very base, without frena and covering greater part of hemelytra and 

abdomen ……………….……………………………………………… 4 

6. Humeral angles of pronotum spined or sometimes with blunt spine, peritreme either elongate, groove-

shaped and reaching only middle of metapleuron  or short, spout-shaped and not reaching middle of 

metapleuron; scutellum variable in colour, sometimes with spots both at basal angles and at apex of 

scutellum, lateral and inner margins of mandibular plates not reflexed and head slightly narrowing in 

front of eyes; females with rounded ovipositor, posterior margin of third, fourth and fifth visible 

abdominal sternites with row of hairs in males  and females sometimes with sparse hairs 

……………………………………………………...…………. Carbula scutellata 

–  Humeral angles of pronotum lobe-like or rounded  or subprominent, peritreme elongate either reaching  

or extending beyond middle of metapleuron; anterolateral margins of pronotum smooth or rarely with 

slight crenulations; labium shorter, reaching at most fourth visible abdominal sternite; second segment 

of labium longest; variously coloured bugs with brownish or transparent veins on hemelytral 

membrane, Head shorter than pronotum, anterior margin of pronotum not reflexed or callose, 

anterolateral margins of pronotum weakly reflexed, shar ; abdominal sternites with punctae either 

absent or with brown or black coloured punctae. . . . . . . . . . .. . . . . . . . ... . . . . . . . . Halymorpha halys 

7. Lateral margins of head and pronotum densely and uniformly punctate; head distinctly longer than 

broad between eyes, metasternal carina with or without notch posteriorly, punctation present on 

metapleural region laterad to metepimeral pseudosuture, peritreme short, not extending beyond middle 

of metapleuron …….… Nezara viridula 

–  Lateral margins of head and pronotum not explanate, anterolateral margins of pronotum smooth or 

crenulate; antennal segments cylindrical; ventrolateral area of abdominal sternites devoid of 

longitudinal band of striations; body generally ovoid, never conspicuously elongate 

………………………………………… Spermatodes variolosa 

SUBFAMILY: ASOPINAE 

The subfamily Asopinae comprises about 300 described species in 69 genera worldwide. They are predatory 

stink bugs or soldier bugs are of moderate to large size, ranging in length from 7 to 25 mm, and are broadly 

elliptical in shape. The piercing-sucking mouthparts with a four-segmented rostrum or beak (labium) forms a 

sheath that encloses a pair of mandibular and maxillary stylets. In asopines, the first segment of the rostrum is 

markedly thickened and free, which enables the rostrum to swing forward fully. 

From this subfamily, only a single specimen is collected during the present study, Zicrona caerulea. 

SUPERFAMILY:  LYGAEOIDEA 

The Lygaeoidea is the second largest super family in the infraorder Pentatomomorpha, consisting about 700 

genera and more than 4,200 species in the world. These bugs are known as ―seed bugs,‖ 1.2-12 mm long, have 

variability in shape and color and show aposematic coloration and are considered as  major and minor pest 

species of economic concern.  

Key to the families of Superfamily Lygaeoidea 
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3. Head narrower with eyes smaller, if convex and protuberant not extending posterior of anterior lateral 

angle of pronotum, abdominal spiracle on segment 2nd to 7th located dosally, apical margin of corium 

straight, brightly coloured ………………… Lygaeidae 

–  Head very broad with eyes large and protuberant and extending posteriorly to envelope anterior angles 

of pronotum, abdominal spiracle of segment 5th to 7th located ventrally, antennal segment 1 shorter than 

combined length of segments 2 and 3, and shorter than head length 

……………………………………………………………..….. Geocoridae 

FAMILY:  LYGAEIDAE 

Lygaeidae are typically medium sized insects, ranging in size~ 1 to 12mm.  Aposematism is widespread within 

the family, particularly within the subfamily Lygaeidae  also  majority of them are cryptically colored. They are 

oval in shape and generally  resemble the shape of the seeds they feed on. Most possess four segmented 

antennae , although some Lygaeidae have only three. They can be distinguished from their close relatives, the 

Coreidae, by the number of veins present on the forewing. Lygaeidae have five or fewer, while coreids have six 

of more. The Lygaeidae also closely resemble the Miridae but, unlike the mirids, they lack a distinctive cuneus 

and possess ocelli. The identification of key morphological features of Lygaeidae is problematic due to their 

polyphyletism. 

SUBFAMILY: LYGAEINAE 

Accoding to Slater and Baranowski 1990, there are 58 genera under Lygaeinae. The Lygaeinae features 

include impunctate pronotum and scutellum;black coloured body with red markings; claval regions of 

hemelytra forming median commissure; apical margin of corium. Pronotum in lateral aspect with anterior 

lateral angle impressed and concave for reception of eye; general color mainly black, often with red or orange 

markings; legs fuscous to black; coarse punctation reduced, dorsally restricted to anterior submarginal and 

medial transverse areas of pronotum, and ventrally on prosternum and propleuron; setae various, small and 

appressed to short and recurved, or some specimens with erect longer bristles on head and pronotum.  straight; 

dark coloured elytral membrane. 

From this subfamily, only a single specimen is collected during the present study, Oncopeltus nigriceps. 

FAMILY:  GEOCORIDAE 

Geocoridae are commonly called as Big-eyed bugs. A small family (<300 species), composed of  

common  generalist predatory Heteroptera. They are being assayed for controlling turf grass pests and 

occasionally feed on plants by sucking the sap.Adults are  small (approximately 1/4 inch); wide head that gives 

the big-eyed appearance; antennae arising close together in the lower middle of the "face"; lack of triangular 

plates ("cuneus") on the front wings; antennae have 4 segments.  

SUBFAMILY: GEOCORINAE 

The members of this subfamily are large sized and kidney-shaped.  They are easily recognized by 

protruded eyes, reniform projecting caudolaterad around anterior corner of pronotum ,femore of anterior legs 

are not incrassate or provided with a row of spines, dorsoventrally flattened prothorax and abdomen. Pronotum 

is large and fronto-laterally without hairs.  Body is stout and oval.  Clavus is tapered at the distal part of 

scutellum.  Spiracles are dorsal at abdominal segments 2-4, and ventral at the 5-7th abdominal segments.  They 
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are partially or entirely predators in many species.  Thirteen genera are known in this subfamily, and are 

distributed in all of the major zoogeographic regions of the world. 

From this subfamily, only a single specimen is collected during the present study, Geocoris varius 

SUPERFAMILY: COREOIDEA 

Superfamily Coreoidea, true bugs belongs to the infraorder Pentatomomorpha, comprises of leaf-footed 

bugs and allies. The Coreoidea as a whole represent a part of a close-knit group with 

the Lygaeoidea and Pyrrhocoroidea and hence these three superfamilies are paraphyletic. The families include: 

Alydidae (broad-headed bugs), Coreidae (leaf-footed bugs and squash bugs, Hyocephalidae, Rhopalidae ( 

scentless plant bugs), Stenocephalidae. 

Key to the families of Superfamily Coreoidea 

1. Head broad and triangular, last antennal segments are elongated and curved, hind femur bearing spines, 

trichobothria of abdominal sternum five (visible sternum 3) arranged in a row lateral or anterior to 

spiracle, compound eyes globular and protruding, and they also have ocelli, tarsus three segmented 

……………………...……….…………….. Alydidae 

–  Head longitudinally impressed near central lobe; Abdominal spiracle  dorsal, Metathoracic scent gland 

auricles large and conspicuous, never bristly, ovipositor usually flattened and plate like, if laciniate then 

tibiae not sulcate and abdominal pore bearing organs lacking, tibiae sulcate, posterior angles of dorsal 

surface of sixth abdominal segment in male rounded, obtuse, or straight, or somewhat prominently 

recurved; tibiae above generally sulcate or dilated ....................................................................... 

Coreidae 

FAMILY:  ALYDIDAE 

The broad-headed bugs (alydids) are small to medium sized, slender, with a triangular head. They are 

divided into two subfarnilies, Alydinae and Micrelytrinae, having slight modifications. The farnily Alydidae has 

over 50 genera with around 250 species; in the neotropics there are over 20 genera. The alydids of economic 

importance in the world were greatly reviewed. 

These are broad-headed bugs up to 10–12 millimetres (0.4–0.5 in) long, and have slender bodies with 

very thin legs of duskyor blackish coloration. The most notable characteristics of the family are that the head is 

broad, often similar in length and width to the pronotum and the scutellum, and that the last antennal segments 

are elongated and curved. The compound eyes are globular and protruding, and they also have ocelli. 

The femora of the hindlegs bear several strong spines; the tarsus has three segments. Most species have well-

developed hemelytra (forewings), allowing them to fly well, but in some cases hemelytra are vestigial. The 

membranous parts of the hemelytra are with several closely spaced long veins. They have scent glands that 

produce a stink with smell and worser than that of  other true stink bugs. 

SUBFAMILY:  MICRELYTRINAE 

Micrelytrinae is distinguished with pronotum slightly wider and longer than head, second rostral 

segment usually distinctly longer compared to posterior two together, hind femora without spines, pygophore 

having a median posterior spine and aedeagus with dorsal pair of thecal appendages. Hind femur without spines, 

trichobothria of abdominal sternum five arranged in a triangle posterior to spiracle 
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From this subfamily, only a single specimen is collected during the present study, Paraplesius unicolor 

FAMILY:  COREIDAE 

The coreids, known as leaf-footed bugs or squash bugs, are, generally, medium to very large in size, with 

strong robust bugs and  strikingly colorful, presenting expansion of femora, tibiae, humeral angles, or antennae. 

They are distributed worldwide, but are found more abundant in the tropics. Coreids are polyphagous plant 

feeders on gymnosperms and angiosperms, monocots and dicots. The coreids have great econornic importance.  

 

SUBFAMILY:  COREINAE 

Coreinae, hind wing cell without a hamus; head in front of eyes with a median sulcus; tibiae sulcate on 

outer surface.  Large subfamily comprising a great diversity of forms classified into many tribes and of world-

wide distribution. This subfamily is classified into many tribes and of world-wide distribution. Includes 

numerous species of economic importance  

From this subfamily, only a single specimen is collected during the present study, Cletus schmidti   

SUPERFAMILY: PYRRHOCOROIDEA 

The following characters typify the Pyrrhocoroidea. Presence of abdominal trichobothria,Small 

scutellum small, shorter than the clavus, a distinct claval commisure present, visible Antennophores, Antennae 

four segmented, absence of ocelli absent, Membrane of the hemelytra usually with two basal cells, from which 

7 - 8 branching longitudinal veins extend to the apical margin, Medium to large, brightly colored, usually 

phytophagous bug. 

FAMILY:  PYRRHOCORIDAE 

Pyrrhocoridae (Red bugs or Stainers) are elongate oval bugs.  Show warning colouration. They are 

brightly marked with red and black. Membrane having more branched veins and cells. Feeding injury caused by 

these bugs leads to the contamination and destruction by the fungus, Nematospora hence resulting in yellowish 

brown discolouration of the lint. 

SUBFAMILY: PYRRHOCORINAE 

Pyrrhocorinae are characterized as robust insects with bright coloration(predominantly red and black) 

,absence of ocelli,broad corium without appendix. The key distinguishing feature is sixth ventral segment of 

female entire. 

 From this subfamily, only a single specimen is collected during the present study, Dysdercus ocreatus 

FAMILY:  MIRIDAE 

They form one of the most diverse and speciose family within the Heteroptera, comprising about 1,300 

genera and nearly 11,000 described species throughout the world. Mirids are known as plant bugs or capsids 

and are usually small to medium sized, elongated to ovoid bugs having  triangular heads; they show variable 

coloration, being omnivorous . Distinguished feature include four segmented beak and antennae, hemelytra with 

distinct corium, clavus and cuneus; the forewings are tilted at the distinct angle along posterior of abdomen. 

Nymphs and adults feed on plant juice and some species cause phytotoxemia due to the injection of toxic saliva. 
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They are important pests in agricultural crops, and the predatory species show potential towards biological 

control programs. This is the largest family in the order. Most species are plant feeders, but many are 

predaceous on other insects. Some of the plant feeding species are pests of cultivated plants. 

The mirids are soft bodied bugs, mostly 4-10 mm long, which may be variously coloured. Some species 

are brightly marked with red, orange, green or white. Members can be recognized by the presence of a cuneus 

and only one or two closed cells at the base of the membrane. The antennae and beak are four segmented, the 

ocelli are lacking. 

SUBFAMILY:  PHYLINAE 

Phylinae is a subfamily of insects in the family Miridae, the plant bugs. The Phylinae are diagnosed 

primarily on the structure of male genitalia, which are distinctive in their possession and pretarsal structure. 

From this subfamily, only a single specimen is collected during the present study, Campylomma 

vendicarina 

The molecular phylogenetic tree constructed by Neighbur joining method with all hemipteran pests of 

cucurbits collected from Malappuram district during the present study showing the phylogenetic relationship is 

given as Figure 2.  

A consolidated list of nucleic acid database accession details (NCBI GenBank) for the hemipteran pest 

species analysed during the present study is presented in Table 3. 

 

Figure 2: Molecular phylogenetic tree inferred by NJ tree method with all coleopteran pests of cucurbits 

collected from Malappuram district during the present study  

 MH590767 Oncopeltus nigriceps(Payyanur)

 MH590766 Oncopeltus nigriceps(Payyanur)

 MH590772 Geocoris varius(Payyanur)

 MH674109 Halyomorpha halys(Aluva)

 MH590770 Paraplesius unicolor(Nilambur)

 KX603656 Cletus schmidti(Calicut university)

 MH674102 Dysdercus ocreatus(Parli)

 MH674101 Campylomma vendicarina(Edat)

 MH590760 Agonoscelis nubilis(Cheemeni)

 MH590777 Carbula scutellata(Payyanur)

 MH590762 Spermatodes variolosa(Nilambur)

 KU201287 Zicrona caerulea(Parappanangadi)

 KX603658 Nezara viridula(Parappanangadi)

 KX587504 Nezara viridula(Malappuram)

 KX603657 Nezara viridula(Payyanur)

0.02
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LEPIDOPTERAN PESTS OF CUCURBITS 

Lepidoptera is an order of insects  including butterflies and moths. Among 10 per cent of the total 

described living species, about 180,000 species  are lepidopterans described . It is considered to be one of the 

most widespread and widely recognizable insect order.  Lepidoptera are characterized mainly by three derived 

features. The most apparent among them is the presence of scales covering the bodies, wings, and a proboscis. 

The scales are modified, flattened "hairs", and giving them their wide variety of colors and patterns. Almost all 

species have some form of membranous wings, except a few having reduced wings or are wingless. 

Lepidopteran species undergo holometabolism or "complete metamorphosis". The larvae of most lepidopteran 

species are major agricultural pests. Lepidopteran species are soft bodied, fragile, and almost defenseless, while 

the immature stages move slowly or are immobile, so all the stages are exposed to predation. Lepidoptera of 

Indian subregion belongs to five major families, Papilionidae, Pieridae, Nymphalidae, Lycaenidae and 

Hesperiidae classified under two superfamilies,Papilionoidea and Hesperioidea.The largest representative from 

India are under two families Nymphalidae ,with 450 species and Noctuidae with 1500 species respectively. 

Even though most butterflies and moths have negative affect on the economy , some species are a valuable 

economic resource. Some of the major Lepidopteran pests are included under Tortricidae, Noctuidae, 

and Pyralidae. 

The systematic position of coleopteran pests of cucurbits collected and identified during the present study 

is given below: 

Order: Lepidoptera; Suborder: Glossata 

 1. Superfamily:  Noctuoidea 

        1.1.   Family:  Erebidae 

1.1.3 Subfamily: Erebinae  

 Ophiusa coronate Fabricius, 1775 

 Mocis proverai Zilli, 2000 

   1.1.2. Subfamily: Aganainae 

 Asota orbona Vollenhoven, 1863 

 Asota caricae Fabricius, 1775 

                                 1.1.3. Subfamily: Calpinae 

 Eudocima cocalus Cramer, 1780 

   1.1.4. Subfamily: Hypocalinae 

 Hypocala deflorata Fabricius, 1794  

1.2.   Family:  Noctuidae 

1.1.4 Subfamily: Noctuinae  

 Polytela gloriosae Fabricius, 1781 

https://en.wikipedia.org/wiki/Order_(biology)
https://en.wikipedia.org/wiki/Insect
https://en.wikipedia.org/wiki/Butterfly
https://en.wikipedia.org/wiki/Moth
https://en.wikipedia.org/wiki/Species
https://en.wikipedia.org/wiki/Scale_(anatomy)
https://en.wikipedia.org/wiki/Torso
https://en.wikipedia.org/wiki/Wings
https://en.wikipedia.org/wiki/Proboscis
https://en.wikipedia.org/wiki/Holometabolism
https://en.wikipedia.org/wiki/Larva
https://en.wikipedia.org/wiki/Predation
https://en.wikipedia.org/wiki/Tortricidae
https://en.wikipedia.org/wiki/Noctuidae
https://en.wikipedia.org/wiki/Pyralidae
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2. Superfamily: Bombycoidea 

  2.1. Family:  Sphingidae 

   2.1.1. Subfamily: Macroglossinae 

 Acosmeryx anceus subdentata Rothschild and Jordan, 1903  

 3.   Superfamily: Pyraloidea 

    3.1. Family:  Crambidae 

                  3.1.1. Subfamily:  Spilomelinae 

 Diaphania indica Saunders, 1851 

 Glypholes bicolor Swainson, 1821 

 4. Superfamily: Papilionoidea 

  4.1. Family:  Nymphalidae 

   4.1.1. Subfamily: Satyrinae 

 Melanitis leda Linnaeus, 1758 

 5. Superfamily: Gelechioidea 

    5.1. Family:  Xyloryctidae 

                  5.1.1. Subfamily: Xyloryctinae 

 Cryptophasa atecmarta Turner, 1917 

A brief description on the relevant higher taxa and the taxonomic key prepared for classification and 

morphological identification (with the help of suitable identification guides and expert consultation) of all the 

lepidopteran pests of cucurbits collected during the present study are given below: 

SUBORDER: GLOSSATA 

Glossata includes a majority of the species, with the most obvious difference - non-functioning 

mandibles, and elongated maxillary galeae or the proboscis. The retension of ancestral features of the wings 

including fore- and hindwings are with relatively complete venation. Glossata contains the division Ditrysia, 

which contains 98% of all described species in Lepidoptera. Hindwings Rs with 3or4 branches, forewing almost 

always with jugal lobe marked produced. Maxillary galeae forming a proboscis; usually spirally coiled in 

repose; sometimes secondarily reduced or absent; mandibles often strongly reduced; articulations with head 

capsule undeveloped. 

Key to the superfamilies of Suborder Glossata 

7. Antennae pectinate, apically dilate, or simple; Chaetosema absent ……………..…….. 2 

–  Antennae clavate, apically dilate, or simple; Chaetosema absent ……………..……….. 3 
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8. Tympanal organs present in metathorax, frenulum nearly always present, small or medium sized; 

forewings with M2 and M3 approximated at origin ….…….. Noctuoidea 

–  Tympanal organs absent, frenulum nearly always lost, large and stout species; wings non-aculeate, with 

heteroneuran venation and amplexiform coupling ………. Bombycoidea 

9. Proboscis scaled; sternum II with paired anterior apodemes, wing membrane devoid of microtrichia; 

female genital system with copulatory orifice (on VIII) separate from more posterior ovipore 

……………………………………………………….…………..……. 4 

–  Proboscis not scaled; antennae close together at bases and knobbed at tips; wings nonaculeate with 

heteroneuran venation and amplexiform coupling; hind pair with R 1 coincident with Sc forming Rs and 

Cu present,  vinculum V -shaped produced into saccus; fore wings with R3 and R4 stalked 

…………….…………………. Papilionoidea 

10. Labial palps porrect, beak like or ascending; tympanal organs present at base of abdomen; sternum II of 

tortricoid type ………………………….…………….Pyraloidea 

–  Labial palps recurved, apical segment may exceed vertex, usually tapering; hindwing vein Rs 

unbranched, forewing with jugal lobe  …………………..………. Gelechioidea 

SUPERFAMILY: NOCTUOIDEA 

Noctuoidea is one of the largest Lepidopteran superfamily, called night owl or owlet moths, with more 

than 70000 described species. The monophyly of Noctuoidea is well developed by the apomorphic presence of 

metathoracic tympanal organs and associated abdominal structures. 

Key to the families of Superfamily Noctuoidea 

4. Basal abdominal brushes absent, direct articulation between the tegumen and vinculum, pleural sclerite 

fused to anteroventral margin of tegument; if tympanum present, bar or flat plate sclerite defines 

posterior margin of the tympanum proper, tympanal pocket 4 open, tympanal bullae separated;  heavily 

sclerotised scaphium ……………… Erebidae 

–  Basal abdominal brushes present, no direct articulation between the tegumen and vinculum, pleural 

sclerite not fused to anteroventral margin of tegumen, nodular sclerite defines posterior margin of the 

typanum proper, tympanal pocket 4 closed, tympanal bullae fused, membranous scaphium 

……………………….……………..….. Noctuidae 

FAMILY:  EREBIDAE 

According to Michael and Donald, 2006 Erebidae are characterized by the features such as spinneret 

with apical flaps, scaphlum sclerotised, larvae mainly on fungi, lower frons bare, possess double tympanal 

hood, female frenulum to single setae. 

Key to the subfamilies of Family Erebidae 

8. Tympanal organ absent; chaetosemata present ………………………………………. 2 

–  Tympanal organ present; chaetosemata absent …………………….………………… 3 
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9. Forewing without orbicular stigma in discal cell, hind wing plesiomorphic, tegmen longer than 

vinculum; juxta not fused with a heavily sclerotised anellus ……. Erebinae 

–  Fore wing with orbicular stigma in discal cell, hind wing vein M2 located near the bottom of the cell 

adjacent to veins M3,  Cu1, and Cu2antennae ciliate, filiform or slightly bipectinate; lower clypeofrons 

with distinct scaleless area ……..…. Aganainae 

10. Scale tuft along the inner margin forewing, forewing variable in shape, sometimes with prominent 

bulge in middle of outer margin, pattern and colour variable; hindwing rounded to squared, pattern 

usually dull, rarely very contrasting ……………. Calpinae 

–  Scale tuft absent on forewing, forewing slightly scalloped on outer margin, sometimes with bulge in 

middle of outer margin, variable in pattern, or grey with a series of prominent white dots composing 

the lower part of the postmedial line; hindwing squared to rounded, black with yellow streaks 

………………………..…. Hypocalinae 

SUBFAMILY:  EREBINAE 

Erebinae, larvae normally found and feed on vascular plants.They possess  palpi beak, pleurite fused to 

tegument and vein M2 adjacent to M3.  

Key to the species of pests collected from Subfamily Erebinae 

1. Head and thorax pale reddish-brown; abdomen orange, segments fringed with black; forewings irrorated 

with dark specks; a short sub-basal dark line; hindwing yellow coloured with two broad brown arcs 

……………………….………… Ophiusa coronate 

–  Head and thorax light yellowish brown; abdomen beige. Forewing light beige, with sparse brown scales; 

elements of pattern dark brown; postmedial defined internally by pale yellowish beige 

…………………….………………..…………… Mocis proverai 

SUBFAMILY: AGANAINAE 

Large sized and brightly coloured moths, antennae ciliate, filiform or slightly bipectinate, the 

pectinations slender, strongly curved and invested with a basal fan of fine cilia, tymbal organ absent, fore wing 

with an orbicular stigma in discal cell. Male retinaculum elongate and narrow and is more than more than two 

times as long as wide ("barshaped") , Male retinaculum wider than long, Lower part of clypeofrons with a small 

but distinct scaleless area.  

Key to the species of pests collected from Subfamily Aganainae 

1. Hindwing yellow or white without black spots; forewing with contrast veins and with discal and 

antemedial yellow to yellow orange spots …..……….………… Asota orbona 

–  Hindwing yellow with dark spots or bands; forewing gray-brown or dark brown without white coastal 

fascia, one white small spot at centre …………..…………… Asota caricae 

SUBFAMILY: CALPINAE 

These are usually moderate-sized erebids, often boldly patterned, with distinct scale tufts on inner 

margin of forewing. On head ocelli present, chaetosemata absent, head scales usually rough. Proboscis naked 
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and heavily sclerotized which is sharply pointed apically, armed with tearing hooks and with basiconic sensilla 

modified into erectile barbs. Labial palps are ascending, long, slender or tufted. Antennae are filiform or 

pectinate, sometimes with long sensillae, with two scale rows per segment, half forewing the length or less. 

Thorax with dorsal scale tuft, with metathoracic tympanum; wings are heteroneurous, forewing variable in 

shape, sometimes with prominent bulge in middle of outer margin, with scale tuft along inner margin, pattern 

and colour variable; hindwing rounded to squared, pattern usually dull, rarely very contrasting; hind tibial spurs 

short, hind tarsal spines present. Abdomen smooth to hairy, rarely with dorsal scale tuft, rarely brightly 

coloured.  

From this subfamily, only a single specimen is collected during the present study, Eudocima cocalus 

Cramer, 1780. 

SUBFAMILY: HYPOCALINAE 

Medium sized, often boldly patterned, with distinct scale tufts on inner margin of forewing. On head 

ocelli present, chaetosemata absent, head scales usually rough. Proboscis naked and heavily sclerotized which is 

sharply pointed apically, armed with tearing hooks and with basiconic sensilla modified into erectile barbs. 

Labial palps are ascending, long, slender or tufted. Thorax with metathoracic tympanum; wings heteroneurous, 

forewing slightly scalloped on outer margin, sometimes with bulge in middle of outer margin, variable in 

pattern, or grey with a series of prominent white dots composing the lower part of the postmedial line; hindwing 

squared to rounded, black with prominent yellow streaks or drab brown; hind tibial spurs long, hind tarsal 

spines present. Abdomen smooth, sometimes boldly patterned, sometimes with dorsal scale tuft. 

From this subfamily, only a single specimen is collected during the present study, Hypocala deflorata 

Fabricius, 1794.  

FAMILY:  NOCTUIDAE 

Noctuidae are commonly known as owl moths, cutworms and armyworms. The family name was 

derived from the fact that this nocturnal species have eyes, which on reflection gives an orange glow. They are 

small to large moths with a wing span ranging 10 to 170 millimetres in size depending on the species. Majority 

of them are grey to brown in colour ,often with dark and light areas on  forewings. Most of the species are 

nocturnal and are light attracted. 

SUBFAMILY: NOCTUINAE 

The members of subfamily Noctuinae, are characterised by having stoutly built bodies covered with 

long dense scales. The larvae, are known as cutworms and feed on a wide variety of low growing agricultural 

and ornamental plants. The name cutworm came from the behavioural pattern of the larvae, cutting off plant 

parts during the night which they drag back to their burrows in the soil so as to feed upon. Resting posture with 

forewings overlapping so as costae appearing parallel to the long axis of the body  is a distinguished feature of  

Noctuinae. 

 From this subfamily, only a single specimen is collected during the present study, Polytela gloriosae 

Fabricius, 1781 

SUPERFAMILY: BOMBYCOIDEA 
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Bombycoidea is an ecologically diverse and speciose superfamily of the order Lepidoptera. This 

superfamily includes many model organisms, even then  taxonomy and classification of the superfamily has 

remained largely in disarray. Following ten families were recognized: Anthelidae, Apatelodidae, Bombycidae, 

Brahmaeidae, Carthaeidae, Endromidae, Eupterotidae, Phiditiidae, Saturniidae and Sphingidae. Bombycoidea is 

characterized by having stout species with heteromorphic antennae, vestigial proboscis, pectinate antennae, 

absence of tympanal organs, frenulum nearly always lost. 

FAMILY:  SPHINGIDAE 

The Sphingidae family of moths, commonly known as hawk moths, sphinx moths, and hornworms; it 

includes about 1,450 species. The family name was given by French zoologist Pierre Andre Latreille in 1802. It 

is best represented mainly in the tropics, but species arealmost cosmopolitan. They are basically moderate to 

large sized species and are distinguished among moths for their rapid, sustained flying ability. Their narrow 

wings and streamlined abdomens are adaptations for their rapid flight. 

SUBFAMILY: MACROGLOSSINAE 

The Macroglossinae are a sub-family of Sphingidae moths in the order Lepidoptera. The subfamily is 

divided into three tribes: Dilophonotini, Macroglossini and Philampelini. Most of species 

are crepuscular or nocturnal, but some of them are sometimes diurnal. Both males and females are relatively 

long lived (10 to 30 days). Prior to flight, most of the species shiver their flight muscles to warm them up, and, 

during flight, it was noticed that body temperatures may surpass 40 °C. 

From this subfamily, only a single specimen is collected during the present study, Acosmeryx anceus 

subdentata Rothschild and Jordan, 1903. 

SUPERFAMILY: PYRALOIDEA 

The superfamily Pyraloidea comprises more than 15,576 described species worldwide. Among 

Lepidoptera, pyraloids encompasses very varied life history adaptations. Their distinguished features are 

Sternum II with paired anterior apodemes, wing membrane devoid of microtrichia; female genital system with 

copulatory orifice (on VIII) separate from more posterior ovipore.Due to their diverse feeding habits, many 

species feed either  internally or externally on plants as leaf rollers, webbers, leaf miners, borers, root feeders, 

and some as seed feeders in their imago stage. 

FAMILY:  CRAMBIDAE 

The Crambidae belong to the Superfamily Pyraloidea. More than 11,500 species have been described 

worldwide. Crambids are diverse and variable in morphology and biology. Habits and morphology of larvae are 

also highly variable among subfamilies, and include agricultural pest species. A large family containing the 

narrow-winged Crambinae 'grass-moths' such as the Crambus and Agriphila spp. as well as  broad-winged 

species such as Pyraustinae which includes the colourful Pyrausta spp.The Crambidae possess a structure in the 

'ears' called the praecinctorium, which joins two tympanic membranes,which is absent from the Pyralidae. 

SUBFAMILY:  SPILOMELINAE 

Spilomelinae is a very large subfamily of the lepidopteran family Crambidae, the crambid snout moths. 

They were formerly included under Pyraustinae as tribe Spilomelini; Spilomelinae is usually treated as a 

separate subfamily within Pyralidae. They are characterized with well developed wings, hind wing veins Rs is 
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unbranched; forewing with jugal lobe having not marked produced.Wing membrane usually with more or less 

extensive cover of microtrichia; sternum II without anterior apodemes; female with a single genital opening. 

Key to the species of pests collected from Subfamily Spilomelinae 

1. Forewings without white marks; head not patterned, without pigmented spot at genal angle; mandible 

with a projection on lateral margin; a pair of transverse plates posterior to dorsal pinacula on 

mesothorax; prothoracic shield without dark reniform spot; abdominal segments without conical black 

chalazae …..……………… Diaphania indica 

–  Forewings with two white marks on basal part of inner margin; a black-edged semihyaline white medial 

band not reaching the costa, often with a spot in the cell before it; a large oval black-edged hyaline white 

postmedial patch between the subcostal and vein 2, with a small white triangular spot on costa; 

hindwing with the basal area hyaline white, outer area blackbrown, with a black line on inner edge and a 

fine marginal black line; the cilia white; black-brown colour, head, collar, and patagia mostly white; 

palpi black, white below; anal tuft black …………………...…..…………… Glypholes bicolor 

SUPERFAMILY: PAPILIONOIDEA 

The superfamily Papilionoidea contains major  butterflies except for the skippers, which were classified 

in superfamily Hesperioidea . Butterflies are considered as being the best group of insects for analyzing the 

patterns and the distribution of terrestrial biotic diversity. The Papilionoidea are medium to large, rarely small 

lepidopterans. They are among the most specialized Lepidopterans both in terms of behavior and ecology and 

also display aposematic or warning coloration and engage in mimicry relationships. The superfamily 

Papilionoidea comprises five families that including Nymphalidae, Lycaenidae, Papilionidae, Pieridae and 

Satyridae. The largest families among Papilionoidea are Lycaenidae and Nymphalidae. 

FAMILY:  NYMPHALIDAE 

Nymphalidae, are characterized with brush-footed butterflies having the ventral surface of the antennae 

tricarinate and the species are with four walking legs. Head is mostly angular or covered with spines. 

Abdominal prolegs with triordinal crochlets usually. Secondary setae fairly equal in length or larvae with 

distinct warts or spines. It was reported that there are about 6,000 species worldwide. 

SUBFAMILY: SATYRINAE 

The Satyrinae, otherwise known as satyrines or satyrids, commonly known as the browns, are 

a subfamily of the Nymphalidae (brush-footed butterflies), formerly considered a distinct family, Satyridae. 

This group contains nearly half of the known diversity of brush-footed butterflies. There are about  more than 

2400 of the Satyrinae species worldwide.They prefer moist and semishaded habitats and are generally weak 

fliers and often shun bright sunlight. The caterpillars feed chiefly on monocotyledonous plants such 

as palms, grasses, bamboos and small agricultural plants.  

From this subfamily, only a single specimen is collected during the present study, Melanitis leda 

Linnaeus, 1758. 
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SUPERFAMILY: GELECHIOIDEA 

Gelechioidea (the name originated from the type genus Gelechia, "keeping to the ground") is 

the superfamily of moths that includes the case-bearers, twirler moths, and relatives, also simply called curved-

horn moths or gelechioid moths. The name "curved-horn moths" refers to one of the few conspicuous features 

found in (almost) every  Gelechioidea, and, at least in the more extreme developments, uniqueness include the 

well developed  labial palps,  though not thickened, and form more or less gently curved protrusions with the 

drawn-out, pointed tip. Their proboscis is generally well-developed, allowing for long-lived imagines (adults); 

the proximal part of the proboscis is scaly. The Gelechioidea vary extensively in their habitus; most have small 

hindwings with long, hairy fringes, .are not easily seen in the living animal as they are tucked under the 

forewings at rest. The body is usually compressed, either dorsoventrally or laterally. 

 

FAMILY:  XYLORYCTIDAE 

Xyloryctidae is a family of moths under the superfamily Gelechioidea described by Edward Meyrick in 

1890. Most genera are found in the Indo-Australian region. While many of these moths are tiny, but some 

members of the family grow to a wingspan of up to 66 mm, making them giants among the micromoths. 

the larvae of most members of this family are arboreal, whether they burrow into branches, bore into flower 

heads, tunnel under bark, or feed on lichens. Moths of the genus are pests and have crossed over from their wild 

host plant to become serious pests even for the cultivated stone fruit trees, particularly cherries. 

SUBFAMILY: XYLORYCTINAE 

The Xyloryctinae are a subfamily of Gelechioid moths which were first identified by examining the 

habits of some of their larvae, which make residential tunnels in wood, collecting leaves by night which they 

secure with silk to the entrance of the burrow, feeding on them as they dry out. Although most feed on leaves, 

some feed on bark, cambium, or lichens. Internationally, Xyloryctines are pests of commercial tree-grown 

crops, including tea, coffee, cocoa, coconut, and macadamia. From this subfamily, only a single specimen is 

collected during the present study, Cryptophasa atecmarta Turner, 1917 

The molecular phylogenetic tree constructed by Neighbur joining method with all lepidopteran pests of 

cucurbits collected from Malappuram district during the present study showing the phylogenetic relationship is 

given as Figure 3.  

A consolidated list of nucleic acid database accession details (NCBI GenBank) for the lepidopteran pest 

species analysed during the present study is presented in Table 3. 
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Figure 3: Molecular phylogenetic tree inferred by NJ tree method with all lepidopteran pests of cucurbits 

collected from Malappuram district during the present study  

 

DIPTERAN PESTS OF CUCURBITS 

The order Diptera, the ‗true‘ or two-winged flies, or true flies have a single pair of wings. They are one 

among the most speciose insect orders, constituting over 160,000 described species globally. The remarkable 

habitat exploration, both terrestrial and aquatic helped them to flourish both in richness and diversity. The key 

identifiable feature is the reduced hind wings with club-shaped structures called halters, the membranous front 

wings serve as aerodynamic surfaces.  The halteres vibrate and help the insect in maintaining balance, thus 

acting like a gyroscope. The dipterans have greater economic impact on humans compared to other group of 

insects. 

The systematic position of dipteran pests of cucurbits collected and identified during the present study is 

given below: 

Order: Diptera; Suborder: Brachycera 

 1. Superfamily:  Lauxanioidea 

        1.1.   Family:  Celyphidae 

1.1.5 Subfamily: Eurychoromyiinae  

 Spaniocelyphus falcatus Tenorio, 1972 

 Spaniocelyphus pilosus Tenorio, 1972 

 MH614375 Acosmeryx anceus subdentata(Parali)

 MH656690 Acosmeryx anceus subdentata(Parappanangadi)

 MH674103 Glypholes bicolor(Cheruvathur)

 KX587510 Cryptophasa atecmarta(Malappuram)

 KX587508 Diaphania indica(Malappuram)

 KX603659 Eudocima cocalus(Munniyoor)

 KX603654 Asota orbona(Ullanam)

 KX587505 Asota caricae(Parappanangadi)

 KU201286 Asota caricae(Ullanam)

 MH590771 Mocis proverai(Nilambur)

 KX603662 Polytela gloriosae(Parappanangadi)

 KX587506 Melanitis leda(Malappuram)

 KX503057 Ophiusa coronate(Parappanangadi)

 KX603655 Hypocala deflorata(Parappanangadi)

0.02
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 Celyphus obtectus Dalman 1818 

  2. Superfamily: Tephritoidea 

  2.1. Family:  Tephritidae 

   2.1.1. Subfamily: Dacinae 

 Bactrocera tau (Walker, 1849)  

 3.   Superfamily: Muscoidea 

     3.1. Family: Anthomyiidae 

                  3.1.1. Subfamily:  Pegomyinae 

 Pegomya circumpolaris Ackland and Griffiths, 1983  

A brief description on the relevant higher taxa and the taxonomic key prepared for classification and 

morphological identification (with the help of suitable identification guides and expert consultation) of all the 

dipteran pests of cucurbits collected during the present study are given below: 

SUBORDER: BRACHYCERA 

Brachycera constitute a monophyletic suborder and is one among the 58 fauna Europaea major. The 

most species rich families included are agromyzidae, dolichopodidae, empididae, syrphidae and tachinidae. 

Their most distinguishing characteristic features include reduced antennal segmentation, the maxillary palp with   

two  or fewer segments, the larval head capsule extended into the prothorax, in males the epandrium and 

hypandrium of the genitalia are well separated and  premandible absent. The venation configuration of wing in 

the CuA2 and A1   is marked distinctly.  

Key to the superfamilies of Suborder Brachycera 

1. Antennal flagellum not compact and the antennal arista is bare to long plumose; vertex not strongly 

excavate, but rounded or carinate; postocellar bristles distinctly convergent; eyes not prominently 

bulging and vertex not sunken; coasta unbroken, subcoasta complete and free from vein 1 (R1); anal cell 

(CuP) short not angularly produced; vein 6 (CuA +1A) discontinued well before wing margin; vibrissae 

absent and ovipositor of simple, flexible, tubular type ……………………………………..……….. 

Lauxanioidea 

–  Antennal flagellum not compact, very rarely more than 8 segments, apical segments often modified into 

a stylus or arista ………………………….……………………………… 2 

2. Greater ampulla rarely present or developed to varied degree; pedicel sometimes with dorsal seam; 

vibrissa present or absent; lower calypter absent or linear, its margin rarely weakly convex 

……….…………………………………..……………….. Tephritoidea 

–  Greater ampulla present as a distinct bulbous swelling below wing base and fused to the anepimeron. 

Vibrissae usually present. Antennal pedicel always with an entire dorsal seam; thorax not overly 

flattened hind coxa close together, tarsal claws small, somewhat curved, never toothed 

....................................................................................... Muscoidea 
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SUPERFAMILY: LAUXANIOIDEA 

Lauxaniidae are small flies with size range 2–7 mm in length. They are often categorized as plump, dull, 

or partly lustrous flies. The body colour varies from yellow to brown or black, or their combination. The head 

have variable shape, the face projecting or retreating, convex, flat or concave, usually without oral vibrissae. 

The frons is wide, with two pairs of frontal bristles, interfrontal bristles totally absent. The ocellar bristles are 

present or sometimes minute. The antennae are variable and the arista is plumose, pubescent to bare. The thorax 

has bristles, behind the suture. Except for the marginal bristles the scutellum is bare. All tibiae have a preapical 

bristle. The wings are marked (spots along the veins) or unmarked, complete wing venation and continuous 

costa, the subcosta entire and ends in costa. The apical cell usually widely opened and the second basal and anal 

cells short. The abdomen is oval, rarely elongated. 

FAMILY: CELYPHIDAE 

Celyphidae are easily recognizable small to medium-sized flies. The family name, Celyphidae is derived 

from the Greek word for pod or shell. Celyphidae are shiny or metallic in colour, enlarged scutellum, forming 

protective shell over the abdomen, giving them a beetle-like resemblance. The head consisted with a few 

bristles. At rest, the wings are usually folded beneath the scutellar "shell". The aristae of the antenna are 

flattened and leaf-like at the base. Male celyphids have paired gonapophyses for copulation and lack aedeagus. 

They have key taxonomic significance. 

SUBFAMILY: EURYCHOROMYIINAE
 

This subfamily can be differentiated from other lauxaniids by the following characteristics. The head is 

always wider than the scutal width, with the vertex distinctly concave in dorsal view. The frons has very broad 

fronto-orbital plates, with the condition of fronto-orbital setae varying among species as follows: either with 2 

reclinate pairs (anterior seta either diminutive or reaching 0.6 X the length of the posterior seta), or with 1 

diminutive reclinate seta in the upper part of the fronto-orbital plate (this is sometimes so diminutive as to 

appear absent at first look). The ocellar triangle is small, slightly raised, and placed anterior to the vertex. The 

ocellar setae are either present (tiny or normal-sized), proclinate and diverging, or are absent. The postocellar 

setae are either present (tiny or normal-sized) and cruciate, or are absent. The eye is longer than high, and the 

height of the subgena and gena together approaches or exceeds the eye height. The subgena is enlarged, bulging 

and conspicuous. The lunule is straight. The face is at least slightly bulging and visible in profile.  

Eurychoromyiinae include broad-flat-headed flies. Eurychoromyiinae are characterized by face without 

spots but have reticulated pattern of brown and yellowish pruinosity, broad subgena, elongated wing, length 3 

times height or greater; vein A1 long, almost reaching wing margin, fore tarsus is less than 1.5 times longer than 

hind tarsus. 

Key to the species of pests collected from Subfamily Eurychoromyiinae 

1. Vertex rounded, postvertical bristles absent or microscopic, artista very conspicuously widened on more 

than its basal half, leaf-like, its greatest width almost, or quite, as great as that of third antennal segment; 

distinct cross vein separating the discal and posterior basal cells of wing; species entirely testaceous in 

colour, blue mark below eye, thorax fulvous with a distinct blue tinge, scutellum metallic blue 

……….…… Celyphus obtectus  
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–  Vertex sharp, postvertical bristles reduced or absent, arista leaf like at least basal half, palpi slender and 

not expanded at apices …………………………..………………..…. 2 

2. Scutellum rugose, with distinct depression …….…………….…. Spaniocelyphus falcatus 

–  Scutellum smooth, with slight crinking at portions ……….....…. Spaniocelyphus pilosus 

SUPERFAMILY: TEPHRITOIDEA 

Body hairy, with weakly differentiated setae, frons with two pairs of orbital setae, males with 7 pairs of 

functional abdominal spiracle and females with 7
th

 sternite and tergite separate. 

FAMILY:  TEPHRITIDAE 

Tephritids are small to medium-sized (2.5–10 mm), colourful flies having pictured wings. The subcostal 

vein curves forward at a right angle. The head is hemispherical and short. The face is vertical or retreating with 

broad frons with ocelli and cellar bristles. The post vertical bristles are parallel to divergent, two to eight pairs 

of frontal bristles present. The frontal bristles are inserted on a raised tubercle. True vibrissae are absent, but 

some genera have strong bristles near the vibrissal angle. The CuA2 vein is rarely straight or convex, the tibiae 

lacking a dorsal preapical bristle. The female has an oviscape. 

SUBFAMILY: DACINAE 

Dacinae are characterized with the following characters, dorsocentral seta usually absent, if present, then 

aligned with postsutural supra-alar seta ,wing predominantly hyaline with a costal band and narrow anal streak, 

wing variously marked with longitudinal and transverse bands; one or two scutellar setae; females have two 

spermathecae. 

From this subfamily, only a single specimen is collected during the present study, Bactrocera tau 

(Walker, 1849).  

SUPERFAMILY: MUSCOIDEA 

Muscoidea is a superfamily of flies under the subsection Calyptratae. Muscoidea, with approximately 

7000 described species, includes 5% of the known species level diversity of the Diptera, the true flies. Most of 

them are saprophagous, coprophagous or necrophagous as larvae, but some species are parasitic, predatory, or 

phytophagous. 

FAMILY: ANTHOMYIIDAE 

Vein A1 reaching to wing-margin. One of the hind tarsomere has a distinct but short subbasal ventral 

seta. Scutellum surrounded with a group of soft and pale hairs on ventral surface at tip. 

SUBFAMILY:  PEGOMYINAE 

 Pegomya is a large group of anthomyiid flies with poorly differentiated species complexes. They are  

characterized based on differences in the male terminalia as a key in species recognition. From this subfamily, 

only a single specimen is collected during the present study, Pegomya circumpolaris. 
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The molecular phylogenetic tree constructed by Neighbur joining method with all dipteran pests of cucurbits 

collected from Malappuram district during the present study showing the phylogenetic relationship is given as 

Figure 4.  

A consolidated list of nucleic acid database accession details (NCBI GenBank) for the dipteran pest species 

analysed during the present study is presented in Table 3. 

 

 
Figure 4: Molecular phylogenetic tree inferred by NJ tree method with all dipteran pests of cucurbits collected 

from Malappuram district during the present study  

The consolidated molecular phylogenetic tree constructed by Neighbur joining method with all insect pests 

of cucurbits collected from Malappuram district during the present study showing their phylogenetic 

relationship is given as Figure 5.  

A consolidated list of nucleic acid database accession details (NCBI GenBank) for the insect pest species 

analysed during the present study is presented in Table 3. 

 

 MH590779 Spaniocelyphus falcatus(Cheruvathur)

 MH656693 Spaniocelyphus falcatus(Cheruvathur)

 MH590775 Celyphus obtectus (Aluva)

 MH590773 Spaniocelyphus pilosus(Payyanur)

 MH590769 Pegomya circumpolaris(Chandragiri)

 KX603660 Bactrocera tau(Malappuram)

 MH590778 Bactrocera tau(Cheemeni)

0.02
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 KU557525 Mantura species(Parappanangadi)

 MH674106 Mantura rustica(Neyyatinkara)

 MH674105 Mantura chrysanthemi(Neyyatinkara)

 MH590759 Paria thoracica(Chandragiri)

 MH590763 Aulacophora foveicollis (kondotty)

 KU557524 Aulacophora foveicollis(Parappanangadi)

 MH674107 Aulacophora frontalis(Tripunithura)

 MH590776 Aulacophora lewisii(Nileshwar)

 MH656688 Sphenoraia bicolor(Azhikode)

 MH674108 Rhabdopterus praetextus(Kadalundi)

 KX603663 Oocassida pudibunda(Malappuram)

 MH674104 Epuraea luteola(Chandragiri)

 MH674110 Dactylispa carinata(Madayi)

 KX503056 Henosepilachna septima(Parappanangadi)

 MH590761 Henosepilachna vigintioctopunctata(Ottapalam)

 MH656689 Epilachna septima(Azhikode)

 MH590768 Carpophilus marginellus(Sulthan bathery)

 MH614375 Acosmeryx anceus subdentata(Parali)

 MH656690 Acosmeryx anceus subdentata(Parappanangadi)

 MH674103 Glypholes bicolor(Cheruvathur)

 KX587510 Cryptophasa atecmarta(Malappuram)

 KX587508 Diaphania indica(Malappuram)

 KX503057 Ophiusa coronate(Parappanangadi)

 KX603655 Hypocala deflorata(Parappanangadi)

 KX603662 Polytela gloriosae(Parappanangadi)

 KX587506 Melanitis leda(Malappuram)

 KX603659 Eudocima cocalus(Munniyoor)

 MH590771 Mocis proverai(Nilambur)

 KX603654 Asota orbona(Ullanam)

 KX587505 Asota caricae(Parappanangadi)

 KU201286 Asota caricae(Ullanam)

 KX603660 Bactrocera tau(Malappuram)

 MH590778 Bactrocera tau(Cheemeni)

 MH590769 Pegomya circumpolaris(Chandragiri)

 MH590775 Celyphus obtectus (Aluva)

 MH590779 Spaniocelyphus falcatus(Cheruvathur)

 MH656693 Spaniocelyphus falcatus(Cheruvathur)

 MH590773 Spaniocelyphus pilosus(Payyanur)

 MH674109 Halyomorpha halys(Aluva)

 MH590770 Paraplesius unicolor(Nilambur)

 MH590767 Oncopeltus nigriceps(Payyanur)

 MH590766 Oncopeltus nigriceps(Payyanur)

 MH590772 Geocoris varius(Payyanur)

 KX603656 Cletus schmidti(Calicut university)

 MH674102 Dysdercus ocreatus(Parli)

 MH674101 Campylomma vendicarina(Edat)

 KU201287 Zicrona caerulea(Parappanangadi)

 MH590760 Agonoscelis nubilis(Cheemeni)

 MH590762 Spermatodes variolosa(Nilambur)

 MH590777 Carbula scutellata(Payyanur)

 KX603658 Nezara viridula(Parappanangadi)

 KX587504 Nezara viridula(Malappuram)

 KX603657 Nezara viridula(Payyanur)

0.05

Figure 5: Molecular phylogenetic tree inferred by NJ tree method with all insect pests of cucurbits collected from Malappuram 

district during the present study  
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Table 3: The list and systematic position of insect pests of cucurbits collected from Kerala for the present 

study and preserved as voucher specimens 

ORDER: COLEOPTERA 

Sl. 

No. 

Sub order: 

Superfamily 

Family: Subfamily Genus: species Voucher Number 

1. Polyphaga: 

Chrysomeloidea 

Chrysomelidae: 

Galerucinae 

Mantura chrysanthemi CUMC -01-A1 

2. Mantura rustica CUMR-03-A1 

3. Mantura species CUMS-01A1 

4. Aulacophora  foveicollis CUAF-01-A1 

5. Aulacophora  foveicollis CUAF-01-A4 

6. Aulacophora  frontalis CUAF-03-A1 

7. Aulacophora lewisii CUAL-01-A1 

8. Sphenoraia bicolor CUSB-02-A1 

9. Sphenoraia bicolor CUSB-02-A2 

10. Chrysomelidae: 

Eumolpinae 

Paria thoracica CUPT-01-A2 

11. Rhabdopterus praetextus CURP-02-A1 

12. Chrysomelidae: 

Cassidinae 

Oocassida pudibunda CUOP-01-A1 

13. Dactylispa carinata CUDC-02-A1 

14. Polyphaga: 

Coccinelloidea 

Coccinellidae: 

Epilachninae 

Henosepilachna septima CUHS-04-A1 

15. Henosepilachna  

vigintioctopunctata 

CUHV-01-A1 

16. Epilachna septima CUES-02-A3 

17. Polyphaga: 

Cucujoidea 

Nitidulidae: 

Carpophilinae 

Carpophilus marginellus CUCM-02-A1 

18. Nitidulidae: 

Epuraeinae 

Epuraea luteolus CUEL-01-A1 

ORDER: HEMIPTERA 

Sl. 

No. 

Sub order: 

Superfamily 

Family: Subfamily Genus: species Voucher Number 

19. Heteroptera: 

Pentatomoidea 

Pentatomidae: 

Pentatominae 

Nezara viridula CUNV-01-A4 

20. Nezara viridula CUNV-01-A5 

21. Nezara viridula CUNV-01-A6 

22. Spermatodes variolosa CUSV-01-A1 

23. Agonoscelis nubilis CUAN-01-1-A1 

24. Carbula scutellata CUCS-11-A2 

25. Halyomorpha halys CUHH-02-A1 

26. Pentatomidae: 

Asopinae 

Zicrona caerulea CUZC-01-A1 

27. Heteroptera: Lygaeidae: Oncopeltus nigriceps CUON-01-A1 

 

http://eol.org/pages/8914097/overview
http://eol.org/pages/8914097/overview
http://eol.org/pages/7459/overview
http://eol.org/pages/2658843/overview
http://eol.org/pages/8914097/overview
https://inaturalist.ca/taxa/460766-Carpophilinae
https://inaturalist.ca/taxa/477298-Epuraeinae
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28. Lygaeoidea Lygaeinae Oncopeltus nigriceps CUON-01-A2 

29. Geocoridae: 

Geocorinae 

Geocoris varius CUGV-01-A1 

30. Heteroptera: 

Coreoidea 

Alydidae: 

Micrelytrinae 

Paraplesius unicolor CUPU-01-A1 

31. Heteroptera: 

Pyrrhocoroidea 

Pyrrhocoridae: 

Pyrrhocorinae 

Dysdercus ocreatus CUDO-01-A1 

32. Heteroptera: 

Miroidea 

Miridae: 

Phylinae 

Campylomma vendicarina CUCV-01-A1 

33. Heteroptera: 

Coreoidea 

Coreidae: 

Coreinae 

Cletus schmidti CUCS-09-A1 

ORDER: LEPIDOPTERA 

Sl. 

No. 

Sub order: 

Superfamily 

Family: Subfamily Genus: species Voucher Number 

34. Glossata: 

Noctuoidea 

Erebidae: 

Erebinae 

Ophiusa coronate CUOC-01-A1 

35. Mocis proverai CUMP-01-A1 

36. Erebidae: 

Aganainae 

Asota orbona CUAO-01-A1 

37. Asota caricae CUAC-01-A1 

38. Asota caricae CUAC-02-A1 

39. Erebidae: 

Calpinae 

Eudocima cocalus CUEC-01-A1 

40. Erebidae: 

Hypocalinae 

Hypocala deflorata CUHD-02-A2 

41. Noctuidae: 

Noctuinae 

Polytela gloriosae CUPG-01-A1 

42. Glossata: 

Bombycoidea 

Sphingidae: 

Macroglossinae 

Acosmeryx anceus subdentata CUAA-02-01 

43. Acosmeryx anceus subdentata CUAA-02-A2 

44. Glossata: 

Pyraloidea 

Crambidae: 

Spilomelinae 

Diaphania indica CUDI-01-A1 

45. Glypholes bicolor CUGB-01-A1 

46. Glossata: 

Papilionoidea 

Nymphalidae: 

Satyrinae 

Melanitis leda CUML-01-A1 

47. Glossata: 

Gelechioidea 

Xyloryctidae: 

Xyloryctinae 

Cryptophasa atecmarta CUCA-01-A1 

48. Geometridae: 

Geometrinae 

Idiochroa demissa CUID-02-A1 

ORDER: DIPTERA 

Sl. 

No. 

Sub order: 

Superfamily 

Family: Subfamily Genus: species Voucher Number 

49. Brachycera: 

Lauxanioidea 

Celyphidae: 

Eurychoromyiinae 

Spaniocelyphus falcatus CUSF-01-A1 

50. Spaniocelyphus falcatus CUSF-01-A2 
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51. Spaniocelyphus pilosus CUSP-01-A1 

52. Celyphus obtectus CUCO-01-A1 

53. Brachycera: 

Tephritoidea 

Tephritidae: 

Dacinae 

Bactrocera tau CUBT-01-A1 

54. Bactrocera tau CUBT-01-A2 

55. Brachycera: 

Muscoidea 

Anthomyiidae: 

Pegomyiinae 

Pegomya circumpolaris CUPC-02-A1 
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SUMMARY  

 A total of 44 different insect pest species belonging to 4 different orders were collected and 

described. 

 The pest species collected were identified and grouped into orders based on the morphological 

features with dichotomous taxonomic keys. 

 The nucleotide and peptide sequence structure of mitochondrial cytochrome oxidase subunit I (COI) 

gene of the collected pests was deciphered. 

 Analyzed the sequence divergence of mitochondrial cytochrome oxidase subunit I (COI) gene within 

and between different selected pest species of these vegetable crops. 

 Developed mitochondrial COI gene sequence based DNA barcode for the proper identification of 

these insect pests 

 The COI gene sequences described were deposited in the NCBI database for worldwide access. 
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OUTCOME OF THE WORK 

 Mitochondrial COI gene sequence of coleopteran, lepidopteran, hemipteran and dipteran 

cucurbit pests widely cultivated in Malappuram district, Kerala helped to  generate information 

on both phylogenetic and evolutionary analysis. 

 The genetic divergence within and between the different species of the selected pests is well 

deciphered. 

 An understanding of the makeup and origin of invasive pest populations in Kerala aided for 

better IPM efforts, hence providing general information on invasion biology. 

 Existence of highly diverged mitochondrial clades within this pest population is well studied. 

 The COI sequence information on pests have been used to find out the phylogenetic origin, 

host affiliation,  geographic distributions and to study insect-host interaction.  
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