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PREFACE 

The insects belong to phylum Arthropoda which is the largest group of 

organisms surviving on the Earth under kingdom Animalia. Insects are an important 

part of ecosystem and have various essential roles in the nature. Insects benefit the 

humans in many ways and nature as well. 

In this study I have choose the Apti (Khurd) village which lies within 

geographic position of Latitude: 19° 41' 8.7072'' N and Longitude: 73° 4' 37.3836'' E. 

it is lying on the border of two tehsils Wada and Vikramgad in Palghar District, 

Maharashtra, India. The study area is divided into five different zones which will help 

to study the diversity of insects in a comparative approach. 

There is no any kind of report which can states that anthropogenic activities 

don’t disturb the nature and wildlife. Since last few years, there has been increase in 

industrial area of selected study area. Also, people of this village are now more into 

clearing lands for different purposes. This might affect the flora and fauna of this area 

and may disturb the ecological balance of the nature.  

This study will assess the diversity and the distribution of insects in Apti 

(Khurd) village of Vikramgad for the first time. Current study will help to understand 

the impact of human disturbances on insects’ fauna and nature. My dissertation consists 

of total six chapters which are as follows: 

➢ Chapter I 

The chapter I includes the main summary of the topic i.e., Abstract along 

with the keywords. 

 

➢ Chapter II 

It has introduction to the topic, specified aim of the study and objectives 

with which study was initiated. Along with these, the rationale of the study 

is discussed. 

 

➢ Chapter III 

This chapter consists of literature review related to the topic which includes 

the overview of studies performed by other researchers. 
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➢ Chapter IV 

It gives information about various materials and methods used for sampling 

of the insects. It also consists of the sources which are used for the 

identification of species. 

 

➢ Chapter V 

It consists of results obtained from data collection. These results are 

displayed in the form of tables, graphs, pictures, pie diagrams etc. It also 

consists of discussion on the obtained results. 

 

➢ Chapter VI 

It consists of drawn conclusions from the study followed by the 

Bibliography which includes all the cited references used for this study. 
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Table 1: Inventory of species of insects from Apti (Khurd) Village. 

Order Family Scientific Name Common Name 

Scolopedro

morpha 

Scolopedridae Rhysida longipes Minor Blue Leg 

Rhysida nuda 

immarginata 
- 

Cormocephalus sp. - 

Scolopedra sp. - 

Archanida 

Tetragnathidae Tetragnatha genus Long-Jawed Orb-

Weavers 

Oxyopidae Oxyopes quadrifasciatus Orange Strip Lynx 

Spider 

Araneidae Larinioides sp Orb Weaver Spider 

Araneus sp. Angulate Orb 

Weavers 

Anyphaenidae Anyphaena sp. Sac Spider 

Lycosidae Arctosa sp. Wolf Spider 

Isoptera 
Rhinotermidae Coptotermes formosanus Formosan Sub-

Terranean Termite  

Isopoda Philosciidae Philoscia muscorum Common Woodlouse 

Orthoptera 

Acrididae Oedipoda coerulea Iberian Band Winged  

Pezotettix giorna Short Horn 

Grasshopper 

Trilophidia sp. - 

Odonta 

Libellulidae 

 

Diplacodes trivialisis Chalky Percher 

Skimmer 

Trithemis arteriosa Red-Veined 

Dropwing 

Acisoma panorpoides Asian Pintail 

Brachythemis 

contaminate 

Ditch Jewel 

Indothemis carnatica Black Marsh 

Skimmer 

Crocothemis servilia Scarlet Skimmer 
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Coenagrionidae Ceriagrion 

coromandelianum 

Coromandel Marsh 

Dart, Yellow Waxtail 

Platycnemididae Onychargia atrocyana Marsh Dancer 

Coenagrionidae Ischnura aurora Aurora Bluetail 

Hemiptera 

Flatidae Siphanta acuta Turpedo Bug 

Coreidae Acanthocephala 

terminalis 
Leaf-Footed Bug 

Miridae 

 

Stenoderma sp. Nearctic Plant Bug 

Orthotylus sp. - 

Membracidae Centrotus cornutus Treehopper 

Plataspidae Coptosoma xanthograma Black Stink Bug 

Coleoptera 

Coccinellidae 

 

Coccinella Transversalis Transverse Lady 

Beetle 

Propylea quatuordecim 

punctata 

Spotted Laybird 

Chyrsomelidae Altica oleracea Blue-Black Leaf 

Beetles 

Chyrsomelidae Gonioctena viminalis Leaf Beetle 

Scarabaeidae Oryctes rhinoceros Asiatic Rhinoceros 

Beetle 

Cerambycidae Xystrocera globosa - 

Lepidoptera 

 

 

Nymphalidae 

 

Euploea core Common Crow 

Danaus genutia Common Tiger 

Tirumala limniiace Blue Tiger 

Mycalesis perseus, Common Bushbrown 

Mycalesis mineus Dark-Band Bush 

Brown 

Mycalesis nicotia Bright Eye 

Bushbrown 

Mycalesis intermedia Intermediate Bush 

Brown 

Mycalesis mineus 

polydecta 

Dakhan Dark Brand  

Bushbrown 
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Neptis hylas Common Sailer 

Junonia iphita Chocolate Pansy 

Junonia almanac Peacock Pansy 

Lycaenidae Hemiargus ceraunus Ceraunus Blue 

Euchrysops cnejus Gram Blue 

Castalius rosimon Common Pierrot 

Pieridae 

 

Delias eucharis Common Jezebel 

Catopsilia pomona Common Emigrant 

Eurema hecabe Common Grass 

Yellow 

Crambidae 

 

Spoladea recurvalis Hawaiian Beet 

Webworm 

Elophila nymphaeata, Brown China Mark 

Noctuidae Helicoverpa armigera Cotton Bollworm 

Diaptera 

Calliphoridae Chrysomya albiceps Blowfly 

Anthomyiidae Pegomya hyoscyami Beet Or Spinach 

Leafminer 

Syrphidae 

 

Paragus bicolour - 

Melanostoma millineum Hoverfly 

Asilidae Promachus vertebrates Robberfly 

Bombyliidae Anthrax sp. Beefly 

Muscidae Musca domestica Housefly 

Tipuloidae Tipula maxima Crane Fly 

Blattodea 
Blattidae Periplaneta americana Ship Cockroach 

Ectobiidae Blattella germanica German Cockroach 

Psocoptera Liposcelididae Liposcelis sp. Booklice 

Hymeno- 

ptera 

Apidae 

 

Apis cerana indica Indian Honeybee 

Apis florae Dwarf Honeybee 

Vespidae 

 

Vespa orientalis Oriental Hornet 

Delta pyriforme Potter Wasp 

Formicinae 

 

Camponotus 

pennsylvanicus 

Black Carpenter Ant 

Solenopsis sp. Fire Ant 
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Table 2: Orders of Sampled species of insects with representative organisms 

Sr. No. Order Representative Organisms 

1 Scolopedromorpha Centipedes 

2 Archanida Spiders & Scorpions 

3 Isopoda Woodlice 

4 Isoptera Termites 

5 Orthoptera Grasshoppers, Crickets & Locusts 

6 Odonta Dragonflies & Damflies 

7 Hemiptera True Bugs 

8 Coleoptera Beetles 

9 Lepidoptera Butterflies & Moths 

10 Dipetera Flies 

11 Blattodea Cockroaches 

12 Psocoptera Booklice  

13 Hymenoptera Ants, Honeybees & Wasps 
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Table 3: Species Count with respect to Families and Orders in Apti (Khurd).  

Order Family Count 

Sr. No.  Sr. No.  Family Order 

1 Scolopedromorpha 1 Scolopedridae 4 4 

2 Archanida 

2 Tetragnathidae 1 

6 

3 Oxyopidae 1 

4 Araneidae 2 

5 Anyphaenidae 1 

6 Lycosidae 1 

3 Isopoda 7 Rhinotermidae 1 1 

4 Isoptera 8 Philosciidae 1 1 

5 Orthoptera 9 Acrididae 3 3 

6 Odonta 

10 Libellulidae 6 

9 11 Coenagrionidae 2 

12 Platycnemididae 1 

7 Hemiptera 

13 Flatidae 1 

6 

14 Coreidae 1 

15 Miridae 2 

16 Membracidae 1 

17 Plataspidae 1 

8 Coleoptera 

18 Coccinellidae 2 

6 
19 Chyrsomelidae 2 

20 Scarabaeidae 1 

21 Cerambycidae 1 

9 Lepidoptera 

22 Crambidae 2 

20 

23 Lycaenidae 3 

24 Noctuidae 1 

25 Nymphalidae 11 

26 Pieridae 3 

10 Dipetera 

27 Calliphoridae 1 

8 

28 Anthomyiidae 1 

29 Syrphidae 2 

30 Asilidae 1 

31 Bombyliidae 1 

32 Muscidae 1 

33 Tipuloidae 1 

11 Blattodea 
34 Blattidae 1 

2 
35 Ectobiidae 1 

12 Psocoptera 36 Liposcelididae 1 1 

13 Hymenoptera 

37 Apidae 2 

6 38 Vespidae 2 

39 Formicinae 2 
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Figure 1: Order wise distribution of Insects in Apti (Khurd) village. 

 

Figure 2: Family wise distribution of Insects in Apti (Khurd) village. 
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Figure 3: Zone wise distribution of Insects in Apti (Khurd) village. 

 

 

 

 

Figure 4: Habitat wise distribution of Insects in Apti (Khurd) village 
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Plate  1.1: Apti (Khurd) Village (Satellite View) 

 

 

 

 

 

 

 

 

 

 

Plate  1.2: Apti (Khurd) Village  

 

 

 

 

 

 

 

 

 

 

Plate 1.3: Selected Zones of Apti (Khurd) Village for Study  

(Reference maps were taken from https://www.google.com/maps) 
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Plate 2: Photographs Gallery of Sampled species from Apti (Khurd) Village. 

Tetragnatha genus  Oxyopes quadrifasciatus  Larinioides sp  

Araneus sp.  Arctosa sp. Anyphaena sp  

Philoscia muscorum  Oedipoda coerulea  Trilophidia sp  

Coptotermes formosanus  Diplacodes trivialisis Trithemis arteriosa  

Brachythemis contaminata  Ceriagrion 

coromandelianum 

Onychargia atrocyana  
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Ischnura aurora        Siphanta acuta  Acanthocephala 

terminalis  

Stenoderma sp. Orthotylus sp. Centrotus cornutus  

Coptosoma xanthograma  Coccinella transversalis  Propylea quatuordecim 

punctata  

 

Altica oleracea  Gonioctena viminalis  Xystrocera globosa  

Mycalesis perseus Neptis hylas  Junonia almana  
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Hemiargus ceraunus  Euchrysops cnejus  Castalius rosimon  

Junonia iphita  Eurema hecabe  Spoladea recurvalis 

Elophila  

nymphaeata 

 

Chrysomya  

albiceps  

Pegomya  

hyoscyami 

Melanostoma millineum  Promachus vertebratus  Anthrax sp. 

Tipula maxima  

 

Liposcelis sp  Delta pyriforme 
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CHAPTER I 

ABSTRACT 

The field survey was conducted at Apti (Khurd) village located in Vikramgad Tehsil of 

Palghar District in Maharashtra, India. The study area was divided into five zones: 

Residential Zone, Agriculture Zone, Streamside Zone, Industrial Zone and Forest Zone. 

Insect’s sampling was done per week from Mid of August to Mid of December, 2022; 

in morning hours. A total of 73 species of insects were sampled which belong to 13 

Orders under 39 Families. Sampled insects were distributed on basis of order wise 

distribution, family wise distribution, zone wise distribution and habitat wise 

distribution. Order Lepidoptera (Butterflies, Moths) are capable of surviving in all 

zones & thus have adaptive features and thus dominant of all followed by Odonta 

(Dragonflies & Damflies). Fastly growing Industrial zone and other human 

anthropogenic activities can badly affect insect diversity and ultimately environment. 

Invertebrates are more sensitive and quickly affected by changes in the environment 

than any other taxa. Thus, a strong understanding of insect responses to human activity 

will be useful to evaluate functional consequences of human disturbance on 

ecosystems. This attempt will be useful to make aware the authorities specially town 

planners about rich heritage of this area and to plan scientifically and sustainably. 

Keywords: Survey, Apti (Khurd), Vikramgad, Palghar, Insects, Diversity. 
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24 
 

CHAPTER II 

PART A 

INTRODUCTION 

Introduction 

About 8.7 million of total number of species have been estimated to be surviving 

on the Earth and can ranges between 3 to 100 million species suggested by taxonomic 

experts (Mora et. al., 2011; May, 2010).  Out of which insects are among the major 

surviving organisms and are found in almost each and every habitat thus, they are 

referred as omnipresent organisms. Insects belong to phylum Arthropoda which is one 

of the most prominent of all the phyla under kingdom Animalia. They contribute to 

90% of the different animal life forms which actually exists on the planet Earth. (Huis et 

al., 2013).  Insects are the most diverse organisms on the earth, who represents almost 

75% of the recorded fauna of the world.  

Insects are the central players in most of the major biomes of the world except 

for the high polar regions and marine ecosystems. Especially they are found in tropics 

with an enormous richness of species and wide range of specializations. This is because 

of their special anatomical as well as physiological characteristics that they possess and 

that they have developed. They are having short life cycles and they possess higher 

powers of dispersal. Also, they have ability to adapt with unfavourable conditions as 

well as the ability to evolve quickly by facing different ecological life challenges 

(Loxdale, 2016). 

Insects are an important source of both ecosystem services and ecosystem 

disservices. They create the biological foundation for all terrestrial ecosystems. They 

help in the cycling of the nutrients; they help in maintaining the structure of soil and 

thus the fertility. Insects are considered as the important part of food chains in nature. 

Some species of insects act as predators while some species are the preys of other 

organisms (Eggleton, 2020). 

Also, they have great utility in the field of medicine and forensics (Farook et. 

al., 2020). It deals primarily with determining the place, the time and the mode of death 

in homicide cases. For example, a moth larva recovered from a plant seed attached to a 
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blanket used in a rape or sexual assault may provide evidence linking the crime to a 

particular location. Sometimes entomological evidence is found as broken and 

fragmented insect parts in the clothing or personal belongings of the suspect or victim. 

It can be done by analyzing the insects that were collected from and around corpses 

(Hall, 2001; Byrd & Castner, 2010).  

Many species of insects are highly beneficial as pollinators and seed dispersers. 

Insect pollination can enhance average crop yield between 18 and 71% depending on 

the crop. The honeybees are found to be the most significant pollinators among the all-

insect’s species (Bartomeus et. al., 2014). The production or yield increases because of 

the pollinators for seeds of vegetatively propagated crops permits breeding progress 

and hybridization for the development of new varieties (Klein, 2007). 

They are used as biological control agents to protect the crops from invasive 

insects’ pests as well as the agriculturally based products. Social wasps are found to be 

the natural predators of many lepidopteran pests (Southon et. al., 2019).  

Insects are an important part of the traditional diets and also a rich source of the 

proteins. The Edible insects are rich in protein and amino acids, especially essential 

amino acids which are necessary for the human body. Also, they can supply unsaturated 

fatty acids, minerals, vitamins and carbohydrates which have an excellent nutritive 

value. (Halloran et. al., 2014; Tiencheu and Womeni, 2017).  

Recently there has been a drop in local insect’s abundance, biomass, and species 

density. The main reasons of this decline are human disturbance (Cardoso et. al., 2020), 

urbanization (Corcos, 2019), habitat destruction, conversion of natural ecosystems to 

agricultural ones, agricultural intensification (Raven, 2021) and increased use of 

pesticides (Sánchez-Bayo, 2021). Also a few less commonly considered factors include 

atmospheric nitrification from the burning of fossil fuels and the effects of droughts and 

changing precipitation patterns (Wagner, 2020). 

The climate change is likely to make some species go locally extinct (Eggleton, 

2020). Temperature is known for limiting the distribution, the rate of development, the 

number of generations and the population abundance of an insect species in a specific 

region. Climate changes have adverse effects on host plant resistance. It affects the 

natural enemies of insects as well as it can alter the properties of biopesticides and 
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synthetic chemicals used in pest management. Because of this, even the species of 

plants which are resistant to specific insects may also become susceptible (Sangle et. 

al., 2015). 

 Pollution is another reason which severely affecting the population of the 

insects. Also, the common air pollutants such as nitrogen oxides (NOx), emitted in 

diesel exhaust, and ozone (O3), have been implicated in the decline of pollination. 

These pollutants are found to be reacting with floral odors (Ryalls et. al., 2022). 

Because of their high species diversity, a ubiquitous occurrence, and an 

importance in the functioning of natural ecosystems, insects can be used in 

environmental impact assessment. (Rosenberg, Danks, & Lehmkuhl, 1986). Also, 

insects are very sensitive to the environmental changes, so small disturbances in the 

environment can affect their life, can affect their population. This attempt will help to 

study and analyze the current degradation rate and its future consequences. It can also 

provide base for planning the conservation strategies for them.  

The main aim of this study is to identify the insects’ species and collect the data 

to know their diversity richness in different habitats, specifically the microhabitats in 

selected study area. This kind of study is designed for the very first time to document 

the diversity of insects in Vikramgad tehsil of Palghar district. 
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PART B 

AIMS AND OBJECTIVES 

 

Aim: 

To study the diversity richness of insect species found in Apti (Khurd) village of 

Vikramgad tehsil which comes under Palghar district.  

 

Objectives: 

1. To study the composition of insect’s fauna at species level in selected study area.  

2. To identify the different habitats of insects in which insects are found to be 

surviving. 

3. To study the diversity and distribution of insects in those identified different 

habitats. 

4. To study how biotic (Insects) and abiotic components (Environment) integrate 

with each other. 
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PART C 

RATIONALE 

In past few years, the number of local insects’ species has been declined and 

still decreasing. One of the main reasons for this decline in number of insects and other 

species is the increased human disturbances. Insects are the invertebrates which are 

more sensitive and get quickly affected by disturbances in the environment than any 

other taxa. Thus, a strong understanding of insect responses to the human activity will 

be useful to assess the functional consequences of the human disturbances on the nature 

and the ecosystems.  

This is also may be due to the conversion of the natural ecosystems to the 

agricultural ones, an agricultural intensification, increased use of pesticides in last few 

years, growing continuous urbanization, simply the clearing of lands for different 

purposes. The pollution is another major concern which severely affecting the 

population of the insects and their survival. Thus, insects can be used as agent in the 

environmental impact assessment.  

Data collected from this study will be helpful to make aware the authorities such 

as the government bodies, the developmental organizations, the non-governmental 

organizations (NGOs) and especially, the town planners about faunal heritage of insects 

of this area. It will guide them especially, the town planners to plan sustainably, 

scientifically as well as to take necessary precautions while planning so that life of 

insects will not be affected. The data collected from this study will help in planning the 

conservation strategies for them. This will ultimately help for the protection of insect 

fauna of respective area.  

Insects play a very important role in maintaining the balance of ecosystem. They 

are the predators as well as they are the preys thus, balancing the food chain. Also, some 

of the insects form the important part of diet. Edible insects are richer in proteins.  At 

the same time, they are one of the most important pests threatening crops as well as 

stored products, attacking clothes and paper products. Some act as vectors transmitting 

the diseases humans as well as other organisms. Current study will provide the 

information that will assist all the stakeholders to identify beneficial species and also in 

managing the noxious species. 
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CHAPTER III 

REVIEW OF LITERATURE 

India is known for its glorified biodiversity richness which is due to abundance 

of the forest ecosystems, the riverine ecosystems and other geographical features. 

Because of multiple forms of habitats, the microhabitats; a diversification is seen among 

the living organisms and the insects are one of such examples. Insects are among the 

largest group of organisms surviving on the earth.  

The insects are known to play the essential; role in the ecosystem such as 

balancing the food chain, as a part of traditional diet, as a major pollinators and other 

ecological roles. Because of these reasons insect have great importance in nature. So 

many studies have been reported which signify the insects’ distribution pattern, their 

abundance, their diversity and other aspects. 

Graham et. al., (2021) has summarized Standards and Best Practices for 

Monitoring and Benchmarking Insects which includes insect sampling methods such as 

malaise trapping, light trapping, pan trapping, pitfall trappings, beating sheets, acoustic 

monitoring, and active visual surveys. Different Insect inventorying techniques were 

also discussed by Häuser and Riede (2015). 

Various literatures are available for identification of insect species such as the 

Photographic Atlas of Entomology and Guide to Insect Identification by Castner 

(2004). Also, there are various internet portals which can help to identify the insects’ 

species. India Biodiversity Portal (IBP) is one of them which is a repository of 

information on the biodiversity of the Indian subcontinent. Another such portal is 

iNaturalist which is a joint initiative of the California Academy of Sciences and the 

National Geographic Society. 

A preliminary study was conducted by Joshi and Dahanukar (2012) in the 

Northern Western Ghats, India to study the diversity and distribution of centipedes 

(Scolopendromorpha: Chilo-poda) They reported 100 individuals from 22 species 

belonging Geophilomorpha, Scolopendromorpha and Scutigeromorpha orders. Also, 

the open scrub was found to be a more diverse habitat. Khanna (2006) has provided the 

checklist of Centipedes collected by the scientists of Central Regional Station, 

Zoological Survey of India, Jabalpur, Madhya Pradesh, from the Achanakmar-



31 
 

Amarkantak Biosphere Reserve and adjoining areas in Chhatisgarh and Madhya 

Pradesh, including Panchmarhi Biosphere Reserve which represents 11 species of 

centipedes Scolopendromorpha.  

A survey of spiders was carried out in a tropical reserve forest of Pohra 

Malkhed, Amravati in 120 species of Spiders belonging to 14 Families and 37 genera 

were sampled (Vairale and Wagh 2021). They have collected the data form five 

different Microhabitats viz. the grassland, the bush land, the woodland, the agricultural 

land and the wetlands.  

Bhusnar (2015) has studied the Acridid (Orthoptera) diversity and they reported 

total 18 species from seven sub families from different tahsils of Solapur district. The 

maximum population of grasshoppers was found in Post monsoon period and minimum 

population in pre-monsoon period. It's because in the post monsoon period a relatively 

rich variety of vegetation is available.  

Tiple and Koparde (2015) have compiled the data from field studies and from 

literature available which resulted in recording of 134 species of Odonata, including 87 

species of Anisoptera and 47 species of Zygoptera from Maharashtra. The Libellulidae 

(48 species) family has the highest numbers of species which is followed by the 

Gomphidae (22 species) family. 

The taxonomic survey and collection of the heteropteran bugs were carried out 

from Nashik during the year 2013-2014 by Tidame (2016) which revealed a total of 15 

species belonging to 14 genera were recorded.  

Wankhade, Manwar & Malu (2014) had conducted a preliminary Study on 

Diversity of Order Coleoptera in Amravati, Maharashtra. This study has revealed 27 

beetle species of beetles A similar kind of study on Diversity of Coleopteran beetles 

was performed by Gurule et. al. (2020). They reported a total of 37 species from 33 

genera belonging to 10 families from Nashik City, Maharashtra.  

Patil et. al., (2017) performed the investigation at Rawanwadi reservoir, 

Bhandara, Maharashtra between April 2015 to March 2016 and reported a total of 84 

species belonging to 5 families and 54 genera of Lepidoptera.  Abundance of host and 

larval food plants and vegetation due to forest results in a higher number of species of 

butterflies in selected study area.  
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Family-level diversity of Diptera was studied in the Mumbai Metropolitan 

Region (MMR) by Dhamorikar (2017). He recorded 50 families in total four protected 

areas- Sanjay Gandhi National Park, Tungareshwar Wildlife Sanctuary, Karnala Bird 

Sanctuary, and Matheran Eco-Sensitive Zone.  

Mamlayya & Gaikwad (2010) studied Diversity of hymenoptera in Amba 

reserved forest of Kolhapur district, Western ghats, Maharashtra, India. Study revealed 

that 82 species were distributed over 47 genera belonging to 17 families. This number 

is prominent due to healthy climatic conditions and availability of natural resources in 

the study area which are necessary for life processes and existence of hymenopterans 

In last few years, a drop has been reported in their population which is matter 

of concern, so many researchers are now studying the insects for finding out the answers 

of these newly raised questions. 

Jaganmohan et. al., (2013) reported that there is a decline in number of insects 

in domestic gardens when subjected to pesticides. Also, pesticides and herbicides can 

cause severe health concerns. Now a days most of farmers use the insecticides in 

agriculture for preventing the crops from pests but these insecticides can eliminate the 

other insects as well from the ecosystem. 

Prakhar et. al., (2021) studied the insect diversity in different habitats found in 

nearby locality of Raipur, Chhattisgarh. The total 603 species were sampled which 

belong to 38 families and 10 orders. Diptera was identified with maximum number of 

species i.e.,153. Since this area have good vegetation as Kharif and Rabi crops grown 

by the farmers and because of abundance of host plant and animals are in the urban 

area, insects were prominent and diverse in this area.  

Another study supporting this view that vegetation and insects’ diversity go 

hand in hand is a study which was conducted in Western Satpuda region by Mahajan 

and Patil (2014). They found total 443 insect species belonging to 102 families and 19 

orders. The plant diversity was also conducted at the same time which reveals that the 

plant diversity is important in shaping the insect species diversity. Insects were also 

classified on the basis of range of their modes of feeding: Phytophagous (Highest, 159), 

Predators, Nectar feeders, Omnivorous, Detritus, Pollen feeders, Nectar and Pollen 

feeders and Sanguivores. 
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Jana, Misra & Bhattacharya (2006) has studied the industrial region of Haldia, 

West Bengal and the non-industrial area of the same region for finding out the 

relationship between the industrialization and the biodiversity of insects. They found 

out that even if favourable ecological conditions are available in a particular area, the 

richness of the species may drastically change with reference to the industries because 

of the pollution. They observed at least 23.33% decline in total insect fauna in industrial 

areas as compared to nonindustrial area. It is also found that some species of 

lepidopteran, hemipteran and orthopteran insects are more susceptible to the industrial 

pollution while, some of the members of these orders may be considered as a 

bioindicator group. 

James et. al., (2022) reported that the anthropogenic air pollutants such as 

nitrogen oxides (NOx) emitted in diesel exhaust and ozone (O3) has reduced the counts 

of locally-occurring wild and managed insect pollinators by 62-70% as well as their 

flower visits by 83-90%, specifically the bees, the flies, the moths and the butterflies 

which are the major pollinators. 

The patterns of Insect Abundance and Distribution in Urban Domestic Gardens 

of Bangalore, India was studied by Jaganmohan et. al., in 2013. They recorded over 

2,000 insects from 10 orders in the selected gardens of 50 houses. They found that the 

number of insect orders appears to increase as the number of species of trees, herbs and 

shrubs increases in one’s domestic garden. Thus, practicing the domestic gardening 

even in the urban areas will help in supporting the insect survival and increase in their 

diversity richness. 
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CHAPTER IV 

MATERIALS AND METHODS 

Study Area 

Apti (Kh) is a small beautiful village located in the Vikramgad tehsil of Palghar 

district in Maharashtra (Plate No. 1.1 and 1.2). Lying on border of Wada and 

Vikramgad Tehsils, it is situated about 41 km to the East side of the Palghar. This 

village is loaded with lush green forest from all sides. Apti (Kh) is located between 

Geographic position of Latitude: 19° 41' 8.7072'' N and Longitude: 73° 4' 37.3836'' E. 

The Elevation from the sea level is about 46m. The Corridor of Wada- Vikramgad 

passes through the middle of this town. The agriculture is the prominent practice 

followed by people living here. Also, an industrial area has been grown in this area in 

past 5-10 years. Since it is embedded in green forest, this village may have wide 

diversity of insect fauna. 

Methodology 

The field survey was conducted at Apti (Kh) located in Vikramgad Tehsil of 

newly formed Palghar District in Maharashtra, India. The study area was divided into 

five different zones on the basis of vegetation and other factors: the Agriculture Zone, 

the Forest Zone, the Industrial Zone, the Residential Zone and the Streamside Zone 

(Plate No. 1.3). These selected sites were approximately 200m away from center of the 

study village.   

Sampling of the insects’ species was done weekly from the Mid of August to 

the Mid of December, 2022 to know the diversity of insects in Apti (Kh). It was done 

in and around between morning (07:30-10:00) hours as well as in evening (15:00-

17:30) hours.   

The beating or sweeping of shrubs with the help of stick was done using long 

stick and a cloth was used to collect the insects falling on the ground. This method is 

followed 5-6 times per plant. Most of the species were captured by using insect nets to 

catch them, especially the flying insects (Graham, Michael, Rob and Morgan, 2021; 

Hauser and Riede, 2015). Some of the species were handpicked from the ground with 

the help of large forceps.  
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All the collected species were captured in photographs by using Canon EOS 

700D DSLR Camera. After taking the photographs, insects were returned to their 

respective natural habitats from where they have been collected. The proper shoes, the 

full sleeves cloths, the hand gloves and the masks were used while sampling to avoid 

any health consequences.  

Identification 

Sampled species were identified with the help of available Standard Databases, 

and the Entomology Books. Also, the citizen science internet portals such as iNaturalist, 

India Biodiversity, etc. were used for identification (Bharti et.al., 2016), (Bhattacharyya 

and et.al., 2017), (Dhamorikar, 2017), (Joshi and Dahanukar, 2012), (Khanna, 2006), 

(Kishor et al., 2017), (Komal et. al., 2021) (Subramanian, 2018), (Suganya and 

Gunasekaran, 2020), (Tikader, 1987). 
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CHAPTER V 

PART A 

RESULTS 

Insect Fauna of Apti (Khurd) Village: 

73 different species of insects were sampled from the study area during the 

survey. These species belong to 13 distinct Orders and come under to 39 different 

Families. These 73 species of insects along with their Orders, Families, Genera and 

Common names are mentioned in Table No. 1.  

Sampled insects were distributed on the basis of following criteria: 

1. Order Wise Distribution of Species 

2. Family Wise Distribution of Insects 

3. Zones Wise Distribution of Insects 

4. Habitat Wise Distribution of Insects 

Order Wise Distribution of Species 

Figure No. 1 shows the Order wise distribution of insects in Apti (Khurd) 

Village, Palghar. Among all the orders of sampled insects, the Lepidoptera (Butterflies 

and Moths) was found to be prominent of all. The Odonta occupy the second position. 

Total 20 species of the order Lepidoptera and 9 species of the order Odonta were 

sampled from the study area. The Order Isoptera and the Order Isopoda both stand on 

the last position. Table No. 2 represents identified orders of insects with their 

representative organisms. 

Family Wise Distribution of Insects 

The Family wise distribution of insects in Apti (Khurd) Village, Palghar is 

represented in Figure No. 2. Total 39 different families were sampled during the survey. 

The Nymphalidae family of order Lepidoptera (Butterflies and Moths) was prominent 

among all while the Libellulidae family of order Odonta (Dragonflies and Dam Flies) 

holds the second position. Table No. 3 highlights the Order wise Count as well as the 

Family wise Count of the sampled species. 
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Zones Wise Distribution of Insects 

Members of the order Scolopedromorpha (Centipedes) preferred deep forest 

zones. Two species were also sampled from the residential area. Centipedes generally 

preferred solaced area. Species of Orb Weaver spiders were spotted in forest zone. 

Other species of Spiders (Order Archanida) were also seen in other zones. Isopterans 

(White ants or Termites) and Isopoda (Woodlice) were found only in forest area under 

the fallen big branches of the trees. Surprisingly, the Orthopterans (Grasshoppers) were 

spotted around the industrial area. Along with that, they were also spotted in rest of the 

zones as well, except for the residential and the streamside zones. Dam flies and 

dragonflies (Odonatans) were prominent near the streamside zone and the agriculture 

zone. Some species of insects were also spotted in the residential zone. The 

Hemipterans (Bugs) preferred the agricultural zone and the forest zone. The 

Coleopterans (Beetles) were found in all zones except for the streamside zones. The 

Lepidopterans (Butterflies and Moths) inhabit all types of zones. Lot of caterpillars of 

were sampled during this study work, but unable to identify them, because of 

unavailability of knowledge and data. The Dipterans (Flies) were found mostly in the 

residential zone and the agricultural zone. The Hymenopterans were prominent mostly 

in forest zone rather than all other zones. Agricultural zone also well suited for bees 

and wasps. One species of order Psocoptera also has been sampled. Figure No. 3 shows 

the Zone wise distribution of insects in Apti (Khurd) Village, Palghar. 

Habitat Wise Distribution of Insects 

Insects were found to survive on the grasses as well as on the trees. They were 

found staying or hanging on leaves and under the bark also. Some insects live inside 

the soil & even under dead wood & dead leaves. Different types of Grasses were the 

major habitat of insects. The Habitat wise distribution of insects in Apti (Khurd) 

Village, Palghar is represented in Figure No. 4. 
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PART B 

DISCUSSION 

Diversity depends upon Vegetation of that area. Specific insect needs specific 

type of host plant for their survival (Prakhar, Singh and Agrawal, 2021; Zhu, Peng and 

Wang, 2008). Industrial zone of study area had less vegetation as compare to all other 

zones, so only few species were found to be surviving in that area. In Agricultural zone, 

a smaller number of species were observed. As only one type of crop (monotonous crop 

farming) is cultivated in this area, so only few specific insects were found on these 

crops. Residential zone also showed limited kind of vegetation as well, specifically 

most of vegetation were covered by flowering plants, so again specific species of 

insects such as bees, beetles were spotted in this zone. Streamside zone had good level 

of vegetation; thus, different types of insects were spotted there. Specifically, the 

Odonatans were prominent in this zone. Thus, the which kind of vegetation would be 

beneficial for the survival of which kind species of insects can be understood through 

this study work.  

The Pollution is one of the major factors which affect diversity of the insects. It 

causes decline in diversity of species (Kozlov, 2022). Luckily selected area had 

industrial zone which helped for doing comparative analysis. Very few numbers of 

species of insects were spotted in and surrounding area of industries, which shows that 

somewhat pollution affect the insects’ survival. The insect fauna was also found to be 

23.33% lower in the industrial areas in a study conducted in West Bengal (Jana et. al., 

2006). Surprising to know that moths (Lepidoptera) and grasshoppers (Orthoptera) 

were also observed near industrial zone which show that they might have developed 

some sort of adaptations. Rest of the zones had limited level of pollution; thus, insects 

were prominent in other zones. At what level pollution can affect the insects and 

ultimately the humans can be estimated through this work.  

Odonatans were prominent in the streamside zone. Major reason for their high 

numbers that they lay their eggs in water and larvae of odonatans complete their life 

cycle inside water. For laying purpose, they prefer water source. Odonatans are 

considered to be good indicators of environmental health and water quality as well (De 

Moor, 2017). Also, Dragonflies are the predators of mosquitoes (Vatandoost, 2021). 

They feed on the eggs of mosquitoes and other vectors which are capable of causing 
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different diseases to humans as well as other animals. So, they play important role in 

control of mosquitoes ultimately disease.   

Many times, even after spraying of insecticides, the crops get damaged off as 

well as the beneficial microorganisms. Also, a lot of insecticides level can alter soil 

fertility as well as can harm organisms surviving in soil (Aktar, Sengupta and 

Chowdhury, 2009; Damalas and Eleftherohorinos, 2011; Gunstone et. al., 2021). The 

reason behind this is probably using wrong type of insecticide. Through such study 

work, which kind of pest is actually infecting the crop can be identified and according 

that insecticides can be applied. 

Lepidopterans (Butterflies and Moths) were capable of surviving in all selected 

study zones which indicate that they are well adapted for all types of environmental 

conditions and other aspects. They might have developed some adaptations which are 

helping them for their survival even in the industrial zone. It will be very interesting to 

know that how they are facing all these conditions and how they are surviving in the 

further studies.  

Hymenopterans especially the Honeybees helps in Pollination which involves 

the transferring of pollen grains (Khalifa et. al., 2021). Pollination is one of the most 

important phases of sexual reproduction in the plants. It is essential for formation of 

new species, new varieties of plants by cross fertilization.   

Out of four identified habitats, different types of Grasses were found to be the 

major habitat preferred by insects’ species. This is again because of abundance of the 

vegetation. The Grasses are the most preferred host plants of different species of insects 

such as bugs, spiders, beetles, etc. 
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CHAPTER VI 

PART A 

CONCLUSION 

This kind of work was done for the very first time in Vikramgad Tehsil to find 

out the biodiversity of insects. This study shows that the selected study area i.e., Apti 

(Khurd) is rich in diversity.  

Pollution is identified as major concern influencing the survival of insects. 

Along with the pollution, the loss of vegetation can affect the survival as well as the 

distribution of insects. A clearing of land for different purposes especially due to 

Anthropogenic activities will badly affect the insects’ diversity and ultimately the 

environment.  

An Apiculture can be practice in this village as two honeybee’s species are 

sampled with abundance. They are sampled at multiple locations throughout the study 

area. Also, this village having a good level of vegetation specially the flowering plants 

which can serve as nectar sources for the honeybees. This will provide the job 

opportunities to the local people and thus, can boost the economic growth of the village, 

ultimately the district.  

This attempt will be useful to make aware the authorities such as the government 

bodies, the developmental organizations and specially, the town planners about rich 

heritage of this area. It will provide guidance especially to the town planners to plan 

sustainably and scientifically with proper necessary precautions so that it will not cause 

any harm to insects’ fauna. 

Proper awareness regarding the importance of insects and their essential role in 

the ecosystem to the local peoples as well as to the industrial owners through the 

different programs and platforms should be encouraged. This will ultimately help for 

the protection of insect fauna of this area. This information will assist all stakeholders 

to identify beneficial species and also managing noxious ones. 

 

      



44 
 

PART B 

BIBLIOGRAPHY 

1. Aktar, M. W., Sengupta, D., & Chowdhury, A. (2009). Impact of pesticides use in 

agriculture: their benefits and hazards. Interdisciplinary toxicology, 2(1), 1–12. 

https://doi.org/10.2478/v10102-009-0001-7  

2. Bartomeus, I., Potts, S. G., Steffan-Dewenter, I., Vaissière, B. E., Woyciechowski, 

M., Krewenka, K. M., Tscheulin, T., Roberts, S. P., Szentgyörgyi, H., Westphal, 

C., & Bommarco, R. (2014). Contribution of insect pollinators to crop yield and 

quality varies with agricultural intensification. PeerJ, 2, e328. 

https://doi.org/10.7717/peerj.328 

3. Bharti H, Guénard B, Bharti M, Economo EP (2016) An updated checklist of the 

ants of India with their specific distributions in Indian states (Hymenoptera, 

Formicidae). ZooKeys 551: 1-83. https://doi.org/10.3897/zookeys.551.6767 

4. Bhattacharyya, Manjishtha & Chakraborty, Susanta Kumar & Acharya, Sankar. 

(2017). Indigenous and introduced honeybees of india: brief overview of 

interaction. 23. 5-10.  

5. Bhusnar, Appasaheb. (2015). Acridid (Orthoptera) diversity of agriculture 

ecosystem from Solapur District of Maharashtra, India. Biolife. 3. 461-468. 

10.17812/blj2015.32.15.  

6. Bin Farook, Umer & Kashmir, Technology & Sopore, Wadura & Yaqoob, India & 

Showkat, India & Hassan, India & Kashmir, Jammu & Dar, Showket & Wani, Sajad 

& Javeed, Kounser & Mir, Sajad & Yaqoob, Munazah & Showkat, Abid & Kundoo, 

Ajaz & Hassan, Rohie. (2020). Role of insects in environment with special 

reference to forensic science. Journal Of Entomology and Zoology Studies. 8. 570-

574.  

7. Corcos, D., Cerretti, P., Caruso, V., Mei, M., Falco, M., & Marini, L. (2019). Impact 

of urbanization on predator and parasitoid insects at multiple spatial scales. PloS 

one, 14(4), e0214068. https://doi.org/10.1371/journal.pone.0214068 

8. Damalas, C. A., & Eleftherohorinos, I. G. (2011). Pesticide exposure, safety issues, 

and risk assessment indicators. International journal of environmental research and 

public health, 8(5), 1402–1419. https://doi.org/10.3390/ijerph8051402  

https://doi.org/10.7717/peerj.328
https://doi.org/10.3897/zookeys.551.6767


45 
 

9. De Moor, Ferdinand. (2017). Dragonflies as indicators of aquatic ecosystem health. 

South African Journal of Science. Volume 113. 10.17159/sajs.2017/a0199. 

10. Dhamorikar, A.H. (2017). Flies matter: a study of the diversity of Diptera families 

(Insecta: Diptera) of Mumbai Metropolitan Region, Maharashtra, India, and notes 

on their ecological roles. Journal of Threatened Taxa 9(11): 10865–10879; 

http://doi.org/10.11609/jott.2742.9.11.10865-10879  

11. Eggleton, Paul. (2020). The State of the World's Insects. Annual Review of 

Environment and Resources. 45. 10.1146/annurev-environ-012420-050035.  

12. Graham, Michael, Rob & Morgan (2021), Standards and Best Practices for 

Monitoring and Benchmarking Insects, Frontiers in Ecology and Evolution, 

VOLUME 8. 

13. Gunstone Tari, Cornelisse Tara, Klein Kendra, Dubey Aditi, Donley Nathan. 

(2021). Pesticides and Soil Invertebrates: A Hazard Assessment, Frontiers in 

Environmental Science, Volume 9. DOI=10.3389/fenvs.2021.643847     

14. Gurule Sachin A., Vivek Supriya, Kajal Pawar S.   (2020). Diversity of beetles 

(Insecta: Coleoptera) from Nashik city, Maharashtra, India. BIOINFOLET- A 

Quarterly Journal of Life Sciences, Volume: 17(3a), 366- 371, ISSN: 0973-1431 

15. Hall R. D. Introduction: Perceptions and Status of Forensic Entomology, Forensic 

entomology: the utility of arthropods in legal investigations, CRC Press LLC, Boca, 

Raton, Florida, 200;18:1-16. 

16. Halloran, Afton & Münke-Svendsen, Christopher & Huis, Arnold & Vantomme, 

Paul. (2014). Insects in the human food chain: global status and opportunities. Food 

Chain. 4. 103-118. 10.3362/2046-1887.2014.011. 

17. Handbook Indian Spiders: A Manual for the Study of the Spiders and Their 

Relatives, B. K. Tikader, Zoological Survey of India, 1987. 

18. Handbook on Hemipteran Pests in India, L.K. Ghosh, Zoological Survey of India, 

2008   

19. Hassan Vatandoost, (2021). Dragonflies as an Important Aquatic Predator Insect 

and Their Potential for Control of Vectors of Different Diseases, Journal of Marine 

Science, https://doi.org/10.30564/jms.v3i3.3121 

20. Häuser, C. L. & Riede, Klaus. (2015). Field methods for inventorying insects. 

10.1017/CBO9781139028004.021. 

21. https://indiabiodiversity.org/species 

22. https://www.inaturalist.org/taxa/47158-Insecta 



46 
 

23. Huis A., Itterbeeck J., Klunder H., Mertens E., Afton Halloran, Giulia Muir and 

Paul Vantomme (2013) Edible insects:  Future prospects for food and feed security, 

Food and Agriculture Organization of The United Nations. 

24. J. H. Byrd & J. L. Castner (2010). Forensic Entomology: The Utility of the 

Arthropods in Legal Investigations, 2nd Edition, CRC Press, Boca Raton. 681 pp, 

ISBN 978-08493-9215-3. African Entomology. 18. 387-387. 

10.4001/003.018.0221. 

25. Jaganmohan, M., Vailshery, L. S and Nagendra, H. (2013). "Patterns of Insect 

Abundance and Distribution in Urban Domestic Gardens in Bangalore, India" 

Diversity 5, no. 4: 767-778. https://doi.org/10.3390/d5040767  

26. James M. W. Ryalls, Ben Langford, Neil J. Mullinger, Lisa M. Bromfield, Eiko 

Nemitz, Christian Pfrang, Robbie D. Girling. (2022). Anthropogenic air pollutants 

reduce insect-mediated pollination services, Environmental Pollution, Volume 297, 

118847, ISSN 0269-7491, https://doi.org/10.1016/j.envpol.2022.118847.  

27. Jana, Gautam & Misra, Kamales kumar & Bhattacharya, Tanmay. (2006). Diversity 

of some insect fauna in industrial and non-industrial areas of West Bengal, India. 

Journal of Insect Conservation. 10. 249-260. 10.1007/s10841-005-5094-5. 

28. Joshi, Jahnavi & Dahanukar, Neelesh. (2012). Ecology, diversity and distribution 

of Centipedes (Chilopoda: Scolopendromorpha) in Northern Western Ghats, India.  

29. Khalifa, S. A. M., Elshafiey, E. H., Shetaia, A. A., El-Wahed, A. A. A., Algethami, 

A. F., Musharraf, S. G., AlAjmi, M. F., Zhao, C., Masry, S. H. D., Abdel-Daim, M. 

M., Halabi, M. F., Kai, G., Al Naggar, Y., Bishr, M., Diab, M. A. M., & El-Seedi, 

H. R. (2021). Overview of Bee Pollination and Its Economic Value for Crop 

Production. Insects, 12(8), 688. https://doi.org/10.3390/insects12080688  

30. Khanna, Vinod. (2006). A checklist of centipedes (Chilopoda: Scolopendromorpha) 

from Central India. Zoos' Print Journal. 21. 10.11609/JoTT.ZPJ.1427.2164-6.  

31. Kishor G. Patil, Asmita Kanekar, Virendra A. Shende, Uke Shrikant Bhimrao, A 

report on butterfly diversity of Rawanwadi Reservoir, Bhandara, (Maharashtra), 

India, 2017.  

32. Klein, A. M., Vaissière, B. E., Cane, J. H., Steffan-Dewenter, I., Cunningham, S. 

A., Kremen, C., & Tscharntke, T. (2007). Importance of pollinators in changing 

landscapes for world crops. Proceedings. Biological sciences, 274(1608), 303–313. 

https://doi.org/10.1098/rspb.2006.3721  



47 
 

33. Komal J, Shashank PR, Sondhi S, Madan S, Sondhi Y, Meshram NM, Anooj SS 

(2021) Moths (Insecta: Lepidoptera) of Delhi, India: An illustrated checklist based 

on museum specimens and surveys. Biodiversity Data Journal 9: e73997. 

https://doi.org/10.3897/BDJ.9.e73997  

34. Loxdale, Hugh. (2016). Insect science - A vulnerable discipline? Entomologia 

Experimentalis et Applicata. 159. 1-14. 10.1111/eea.12421. 

35. Mahajan, D. & Patil, R. D. (2014). Plant And Insect Species Diversity: A Case 

Study of the Western Satpuda (Maharashtra). The Indian Forester. 140. 312-316.  

36. Mamlayya, Amol & Gaikwad, Sunil. (2010). Diversity of insects with special 

reference to order hymenoptera in Amba reserved forest of Kolhapur district, 

Western ghats, Maharashtra, India. Biological Forum: An International Journal. 2. 

59-64.  

37. Mikhail V Kozlov, (2022). Population dynamics of herbivorous insects in polluted 

landscapes, Current Opinion in Insect Science, Volume 54, 100987.  

https://doi.org/10.1016/j.cois.2022.100987. 

38. Mora, Camilo & Tittensor, Derek & Adl, Sina & Simpson, Alastair & Worm, Boris. 

(2011). How Many Species Are There on Earth and in the Ocean? PLOS Biology. 

9. e1001127. 10.1371/journal.pbio.1001127. 

39. P. M., Sangle & Satpute, Sushil & F. S., Khan & Rode, Nilesh. (2015). Impact of 

Climate Change on Insects. Trends in Biosciences. 8. 3579-3582.  

40. Pedro Cardoso, Philip S. Barton, Klaus Birkhofer, Filipe Chichorro, Charl Deacon, 

Thomas Fartmann, Caroline S. Fukushima, RenÃ© Gaigher, Jan C. Habel, Caspar 

A. Hallmann, Matthew J. Hill, Axel Hochkirch, Mackenzie L. Kwak, Stefano 

Mammola, Jorge Ari Noriega, Alexander B. Orfinger, Fernando Pedraza, James S. 

Pryke, Fabio O. Roque, Josef Settele, John P. Simaika, Nigel E. Stork, Frank 

Suhling, Carlien Vorster, Michael J. Samways. (2020). Scientists' warning to 

humanity on insect extinctions, Biological Conservation, Volume 242, 108426, 

ISSN 0006-3207, https://doi.org/10.1016/j.biocon.2020.108426 

41. Photographic Atlas of Entomology and Guide to Insect Identification, James L.                          

Castner, 3rd Edition, 2004. 

42. Prakhar, Prerana & Singh, Dr & Agrawal, Rajiv. (2021). A Study of Insect Diversity 

in Different Habitats Found in Nearby Locality of Raipur, Chhattisgarh. 

International Journal of Scientific Research in Science and Technology. 467-468. 

10.32628/IJSRST21831104. 



48 
 

43. Raven, Peter H. and Wagner, David. (2021). Agricultural intensification and 

climate change are rapidly decreasing insect biodiversity, PNAS, 118, 2. doi: 

10.1073/pnas.2002548117 

44. Robert M. May (2010). Tropical Arthropod Species, More or Less? Science. 329, 

41-42. DOI:10.1126/science.1191058 

45. Rosenberg, D.M., Danks, H.V. & Lehmkuhl, D.M., (1986). Importance of insects 

in environmental impact assessment. Environmental Management 10, 773–783. 

https://doi.org/10.1007/BF01867730 

46. Sánchez-Bayo F. (2021). Indirect Effect of Pesticides on the Insects and Other 

Arthropods, Toxics, 9(8), 177. https://doi.org/10.3390/toxics9080177 

47. Southon Robin J., Fernandes Odair A.,Nascimento Fabio S. and Sumner 

Seirian(2019). Social wasps are effective biocontrol agents of key lepidopteran crop 

pests Proc. R. Soc. B.2862019167620191676. 

http://doi.org/10.1098/rspb.2019.1676 

48. Subramanian, K. A. (2018). Dragonflies and Damselflies of India-A field Guide. 

Project Lifescape. 

49. Suganya, M. & Gunasekaran, Chinnappan. (2020). Species Richness and the 

Diversity of Grasshopper Fauna in the Different Habitats of Bharathiar University 

Campus, Coimbatore, Tamil Nadu, India. Biolife. 8. 10-17. 

10.17812/blj.2020.8102.  

50. Tidame, Savita (2016). Diversity of the Terrestrial Bugs (Hemiptera: Heteroptera) 

from Nashik, Maharashtra, India. Scholars World- International Refereed 

Multidisciplinary Journal of Contemporary Research, Impact Factor: 4.433  

51. Tiencheu, B., & Womeni, H. M. (2017). Entomophagy: Insects as Food. Insect 

Physiology and Ecology. doi: 10.5772/67384 

52. Tiple, Ashish & Koparde, Pankaj. (2015). Odonata of Maharashtra, India with 

Notes on Species Distribution. Journal of Insect Science. 15. 1-10. 

10.1093/jisesa/iev028.  

53. Vairale, Amit & Wagh, Gajanan. (2021). Diversity of the Spiders in the 

Microhabitats of a Tropical Reserve Forest of Amravati, Maharashtra, India. 

Bioscience Biotechnology Research Communications. 14. 446-452. 

10.21786/bbrc/14.1/64.  

54. Wankhade, Varsha & Manwar, Narendra & Malu, Ashish. (2014). Preliminary 

Studies on Diversity of Order Coleoptera at Sawanga-Vithoba Lake Region, 

https://royalsocietypublishing.org/author/Southon%2C+Robin+J
https://royalsocietypublishing.org/author/Fernandes%2C+Odair+A
https://royalsocietypublishing.org/author/Nascimento%2C+Fabio+S
https://royalsocietypublishing.org/author/Sumner%2C+Seirian
https://royalsocietypublishing.org/author/Sumner%2C+Seirian


49 
 

District Amravati, Maharashtra, India. Journal of Entomology. 11. 170-175. 

10.3923/je.2014.170.175.  

55. Zhu, H. & Peng, Y.-Y & Wang, D.-L. (2008). Effects of plant on insect diversity: 

A review. Chinese Journal of Ecology. 27. 2215-2221. Wagner D. L. (2020). Insect 

Declines in the Anthropocene. Annual review of entomology, 65, 457–480. 

https://doi.org/10.1146/annurev-ento-011019-025151 

 

 

 

 


	Slide 1

