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LOCUST MAYHEM AND NEED FOR A RESURGENCE IN 

RESEARCH 

It is pleasure to pen an editorial for the unique 

venture “Indian Entomologist”, second in the 

series- of the youngsters actively practicing 

Entomology in India. When I look back into the 

few months that passed away, there had been many 

entomology happenings in the country. Of these, 

the striking one is that of the “desert locust”, the 

Schistocerca gregaria Forskal. In simple terms- “all 

locusts are grasshoppers, but not all grasshoppers 

are locusts”.  The one that develops the behaviour 

of swarming and migration over continents with 

regular seasonal variations, and effect plague cycles 

becomes a deadly “locust”. Of the four or five 

grasshoppers which acquire this habit of “plague 

cycles”, India is usually afflicted with only S. gregaria.  

Plague cycles are a period of two or more consecutive years of widespread breeding, 

swarm formation and crop destruction. In India, such plagues were recurrent in the 19
th

 century, 

up to 1950s, with the last one being in 1959-62. Subsequently, there have been only isolated 

‘upsurges’. The one fresh in my mind is of 1973-76, immediately after my entry to IARI, New 

Delhi. But this fizzled out as an insignificant one in real terms. Then came 2019, with 1,500 

swarm attacks, and 27 so far in this year. Fear of “plague” came thus, during summer when crops 

were few, in Punjab, Haryana and north Rajasthan, with a warning that it will return to Rajasthan 

in July for breeding. The damage is yet to be assessed in real terms. Fortunately, Delhi just 

escaped, but not without frightening the Delhiites- I recollect here a frantic call, during end of 

May, by one Dr Jyoti Chugh, from north Delhi to help save her “potted plants, valuables” on the 

terrace from this “locust army”.  

I cannot end this editorial without reminding the need for a resurgence in research, and 

the way forward. I will cite only few, who dedicated their lifetime for locust research, and we need 

to introspect, and emulate.   

1. Sir Boris P Uvarov (1889 -1970), who pioneered locust research, referred to as “Uncle Boris”. 

Boris gave “phase theory in locust” with his >60 years (1910 onwards) of expertise in taxonomy, 

and ecology. These stand as testimony of the need for the taxonomy fundamentals in any 

entomology work. Much of what we find in the “Desert Locust Information Service, the famous 

“DLIS” of FAO are his contributions, a distinction to remain forever! 

2. M.L. Roonwal, a taxonomist, who stay put in Jodhpur, focused on desert and locusts (in 

addition to his monumental termite’s work in the desert regional station, Zoological Survey of 

India). He established a theory on the 11-year cycle of mass-increase in S. gregaria. He confirmed 

Uvarov's work
 

on the existence of two phases, being produced at will by the process of crowding 

and thinning (published in Nature way back in 1947). His later (1980) taxonomic finding that eye 

stripes are indicators of polymorphism/ population flux is a taxonomy marvel. 

EDITORIAL 
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3. Y. Ramchandra Rao, again a taxonomist, whose work culminated in a ICAR Monograph (No. 

21; pp. xix+ 721; 59 plates, published 1960) .“Uncle Boris” while writing a review of  this work 

in Nature (1962) stated that it is an “extensive investigation for nine years, of the biology and 

ecology of the locust, extending over  Pakistan and India”; and  “not merely a detailed report but 

augmented by the abundant data carefully extracted”. Boris stated “it is a comprehensive 

monograph which have no parallel in any other locust-infested part of the world”; yes, indeed, 

credit goes to ICAR which published it! He added that the intrinsic value of the book is so great 

that it will always remain a classic example; with work carried out with inspiration and 

determination resulting in far-reaching conclusions. 

There emanates a large number of facts on the current status, as reviewed by one of the 

experts in 2006- “when such seasonal rains fall sequentially, populations develop into an upsurge 

and eventually into a plague unless checked by drought, migration to hostile habitats, or effective 

control”; “Increases in the proportion of gregarious populations as the plague develops alter the 

effectiveness of control; “As an upsurge starts, only a minority of locusts is aggregated into 

treatable targets and spraying them leaves sufficient unsprayed individuals to continue the 

upsurge”;  “Spraying all individuals scattered within an entire infested zone is arguably both 

financially and environmentally unacceptable”; “More of the population gregarizes and forms 

sprayable targets after each successive season of good rains and successful breeding”; “Eventually, 

unless the rains fail, the entire upsurge population becomes aggregated at high densities so that 

the infested area diminishes and a plague begins”; “These populations must continue to increase 

numerically and spread geographically to achieve peak plague levels, a stage last reached in the 

1950s”; “Effective control, aided by poor rains, accompanied each subsequent late upsurge and 

early plague stage and all declined rapidly”; “The control strategy aims to reduce populations to 

prevent plagues and damage to crops and grazing. Differing opinions on the optimum stage to 

interrupt pre-plague breeding sequences remain” 

Thus, in its management, facing of these intriguing facts will require inertia, strength and 

potential, in terms of rigorous exploration of fundamentals in taxonomy integrated with ecology. 

These were there luxuriously indeed, in the dedication and devotion of BP Uvarov, ML 

Roonwal, and Y Ramchandra Rao, the stalwarts! 

Will there be a revival of such essential action and competence in taxonomy in addressing 

S. gregaria? Will the desired motivation be in place soon? It is inevitable, if one need to face the 

challenges, especially in these times of climate change!  I am confident it will be, and one has to 

find ways! After all, where there is a will, there is a way! 

 

Dr. V.V. Ramamurthy 

Editor in Chief, Indian Entomologist  
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Using GWAS a 

few studies have been 

carried out to 

understand the 

behavior and 

adaptation of insects.  

The genetic landscape 

of insect behavior was 

assessed using GWAS 

in Drosophila (York, 

2018). The results of 

the study provided 

evidence that different 

types of behavior are 

associated with 

variable genetic bases 

and suggested that, 

across animal 

evolution, the genetic 

landscape of behavior 

is more rugged, yet 

predictable, than 

previously thought. 

However, the findings 

revealed several 

important caveats and prospects for future 

behavior genetic studies. The QTL mapping 

methods possess inherent limitations in 

detecting the complete genetic architecture 

of certain traits. Therefore, future studies of 

the genetic architecture of behavior will thus 

benefit from integrating QTL methods with 

results from genome-wide sequencing and 

genetic interrogations directed by genome 

editing (York, 2018).  

CRISPR/Cas9 based Genome engineering 

in insects 

With the development and application of 

genome editing, both the scope and depth of 

research on economically important insects 

were improved. Custom-designed nuclease 

technologies such as 

the clustered regularly 

interspaced short 

palindromic repeat 

(CRISPR)-associated 

(Cas) system provide 

attractive genome 

editing tools for insect 

functional genetics. 

The targeted gene 

mutagenesis mediated 

by the CRISPR/Cas9 

system has been 

achieved in several 

insect orders including 

Diptera, Lepidoptera 

and Coleoptera. 

Initially, the genome 

editing was mainly 

used to confirm some 

known functions or to 

verify candidate genes 

discovered by 

positional cloning. 

With the increased 

applications of genome editing, functional 

genomics researches in insects have 

evolved, in which large scale analysis of 

genes in an entire pathway was conducted. 

Compared with RNAi technology, which 

regulates gene expression on the 

transcription level, the CRISPR/Cas9 system 

works on the genome level and is more 

penetrating and heritable, and therefore 

useful for functional gene analysis. 

The CRISPR/ Cas9 technology has 

captured the imagination of insect scientists. 

It has been optimized and explored in more 

insect species beyond Drosophila. 

Nevertheless, the successful editing of insect 

genomes using this technology will require 

careful attention to the design and 

Fig. 1. Negative phototropism exhibited by 

the Indian Golden silkworm larvae. The late 

instar larvae tend to move towards ground 

when there is bright sunlight and less leaves 

on the trees 
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assessment of the gRNA, the delivery of 

Cas9 and the gRNA, and the screening for 

and detection of insects carrying the 

mutation of interest. Finally, the 

reassessment of how genetically altered 

organisms are regulated, based on the latest 

science will definitely play an important role 

in the possibility of the future release of 

CRISPR-edited insects into the environment 

(Taning et al., 2017). 

Studies are now going on that 

combine the genomics information and gene 

disruption techniques in economically 

important insects to address the questions 

linked to their behavior (eg., Yan et al., 

2017). 

Negative phototropism in Indian Golden 

silk moth, Antheraea assamensis 

The Indian Golden Silkworm, A. 

assamensis, locally known as muga 

silkworm, is reared outdoors and it 

completes the larval stage on its host plants. 

The peculiar behavior exhibited by muga 

silkworms is negative phototropism towards 

the end of their larval stage. The larvae 

mainly in the fifth instar climb down the tree 

when they sense bright sunlight. This 

happens at around 10AM-12PM when there 

is bright sunlight (Fig. 1). This has been 

observed to happen when there are fewer 

leaves in the tree, which exposes the larvae 

to sunlight. This induces the movement of 

larvae towards the ground. Once they climb 

down they search for nearby host plants and 

climb them. This kind of behavior the 

farmers believe that the larvae sense the 

dearth of leaves for feeding and then they 

decide to leave the tree, which in reality is 

not the case. 

When the larvae mature and ready to 

spin the cocoons, where they metamorphose 

to emerge as moths, they again climb down 

the tree and find a specific place to spin the 

cocoon. But this time they will start moving 

toward the ground at the time of sunset. This 

phenomenon is called as positive 

geotropism. These two behaviors are not 

observed in closely related Saturniid 

silkworm species Antheraea mylitta and 

Antheraea proylei. These two species of 

silkworms stay on trees the whole time of 

their larval duration and also prepare 

cocoons on the trees.  

This peculiar behavior of muga 

silkworms is not yet studied in detail owing 

to lack of genomic information and gene 

editing technologies in this insect species. 

The ongoing efforts of Central Silk Board, 

India to prepare a high-quality genome 

sequence will aid in studying the genetic and 

molecular basis of negative phototropism 

and positive geotropism exhibited by muga 

silkworm larvae. Also, other closely related 

silkworm species are also being sequenced 

by different laboratories, the comparative 

genomics approach would identify the 

linked genetic factors and thereby help in 

disrupting them through gene editing. 

To study the genetic basis of 

negative phototropism in muga silkworms, 

the transcriptomes from tissues of the larvae 

that climb down the tree maybe compared 

with those of the ones that do not show this 

behavior and continue the feeding on the 

tree. This will provide the information on 

the expression of the linked genes and such 

genes may be functionally annotated 

through transient knockdown via RNAi. The 

genes identified as linked to the behavior 

can be disrupted using CRISPR/Cas9 
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technology and look for loss of behavior. 

Thus, using the behavioral genomics 

datasets the causal relationship between 

gene expression and behavior, and their 

associations with time can be addressed. 

Nocturnal behavior of Spodoptera litura 

Insect pests cause significant damage to 

crops and affect agricultural productivity 

significantly. Spodoptera litura is an 

important polyphagous pest in India, China 

and Japan. It is a serious pest of various 

economically important crops such as 

cotton, groundnut, chilly, tobacco, caster, 

bendy, pulses, etc. It is a noctuid moth 

nicknamed ‘night thief’ in Japan because of 

the voracious night feeding of the late instar 

larvae which steal crops and vegetables 

when farmers are asleep while cryptically 

hiding in the soil during the day.  

A very interesting aspect of the 

Spodoptera study is that S. litura is 

extremely polyphagous and attacks over a 

hundred important crops, while another 

moth species well studied the domesticated 

silkworm, Bombyx mori, is strictly 

monophagous. A comparison between these 

two species will lead to a deeper 

understanding of insect-host plant 

interaction and also the nocturnal and 

polyphagous nature of S. litura. The genus 

Spodoptera constitutes a good model to 

explore host-plant specialization within 

phytophagous insect groups and to address 

exciting questions in phylogeny and 

ecological adaptation (monocots versus 

dicots or monophagy versus polyphagy). 

Spodoptera picta, which is closest to S. 

litura, is found in Japanese southern islands 

and feeds only on monocots of Liliaceae, 

whereas S. litura feeds mainly dicots. The 

comparison between S. litura and S. picta 

could be very informative to study 

ecological adaptation. In addition, 

“Polyphagy” presents an interesting subject 

to be studied. Since each plant family has its 

own defense system against herbivores, 

polyphagous insects such as S. litura may 

have a “master system” to evade a wide-

range of defense systems in host plants. The 

understanding of the molecular basis of 

behavior and adaptation mechanisms of S. 

litura could provide the required knowledge 

for devising pest control strategies. 

 Towards this end, the genome of S. 

litura has been sequenced and a physical 

map is made available. The genome 

sequencing project provided strong evidence 

on how this polyphagous insect has evolved 

to become a deleterious and powerful global 

pest through adaptative changes and 

subsequent selection of gene 

expansions(Cheng et al., 2017).Additionally, 

the CRISPR/Cas9 system induced efficient 

gene mutagenesis has also been standardized 

for S. litura (Bi et al., 2016). Utilizing these 

two main developments, many outstanding 

questions in this notorious pest can be 

studied. 

As nocturnal insects like S. litura are 

active and also feed at night but sleep or rest 

during the day. The dichotomy of the two 

phases, namely feeding and hiding, possibly 

by circadian control, may have contributed 

to make them the most efficient herbivore in 

the field. Existence of such a mechanism can 

also be studied using the tools currently 

available to study this insect. 

Foraging behavior in insects and its link 

to domestication of the silkworm B. mori 

Population density varies over time and 

space, and plays a significant role in the 

evolution of characteristics within 
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populations. Population density affects a 

number of processes, for example, predator–

prey and parasite–host interactions, the 

spread of disease, competition, population 

regulation, and territoriality.   Population 

density was one of the main factors that 

affected the domestication of silkworm B. 

mori more than 5000 years ago. In nature, 

maintaining lower density will increase the 

chances of survival of organisms as it leads 

to the increased availability of food.                  

However, for commercial sericulture, we 

need a higher density of silkworm larvae per 

unit area, which is a contrasting 

requirement. The continuous selection has 

made possible to rear a very high number of 

silkworms in the small area thereby 

increasing productivity. Bombyx mandarina 

and Bombyx huttoni, two of the bombycid 

wild silkworm species closely related to the 

domesticated silkworm, do not show 

crowding behavior indicating that crowding 

behavior was selected for during the 

domestication process. Studying the 

molecular basis of this behavior would help 

in the domestication of wild silkworm 

species such as Tasar (A. mylitta) and muga. 

Muga silkworms exhibit non-crowding 

behavior; an adaptation for its survival in 

limited availability of food. The larvae 

though feed in groups in the initial larval 

stage, move away from each other in search 

of food in late instars.  

 The foraging behavior has been 

studied well in the fruit fly Drosophila 

melanogaster. Normal individual differences 

in the foraging(for) gene of Drosophila 

Fig. 2. Population density was one of the main factors that affected the domestication of 

silkworm B. mori(A). Similarly, the domesticated Saturniid silkworm Eri, Samia ricini (C) 

also can be grown indoors in higher population density. The same is not true for B. huttoni 

(B), a close relative of B. mori, and also for the saturniid silkworm A. assamensis (D).  
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result in two behavioral types called rover 

and sitter. Larval rovers show a greater 

behavioral response to changes in their food 

environment than sitters. Theforgene makes 

an enzyme called PKG, which is found in 

the head of the fly, as well as in most other 

organisms, including humans (Kent et al., 

2009). As larvae, rovers move more and 

feed less in the presence of food than sitters, 

but do not differ in locomotion in the 

absence of food. 

In the case of silkworms B. mori and 

Samia ricini larvae stay in groups while 

feeding and therefore are grown indoors, 

where the rearing environment can be 

controlled to get the desired yield (Fig. 2). 

However, A. mylitta and A. assamensis 

larvae tend to move away from each other. 

Identification of genetic factors linked to 

such behavior in silk moths through 

application of transcriptomics, GWAS and 

genome engineering would help in breeding 

new strains of tasar and muga silkworms 

that can be reared indoors in higher density. 

Conclusions and future prospects 

Almost all behaviors are associated with 

some form of heritable genetic variation. 

The interplay between genetic and 

environmental forces that shape behavior is 

complex and disentangling it requires an 

array of research endeavors spanning several 

disciplines. Previously, owing to limits in 

data and availability of research methods, 

the extents to which genetic architectures 

that vary across a full spectrum of behaviors 

and animal taxa remained largely 

unexplored (York, 2018).Now that the tools 

and data becoming available, behavioral 

biology in insects may begin to produce a 

more nuanced and predictive understanding 

of the interplay of genetic forces governing 

the evolution of behavior, especially in the 

economically important insects. 

Genome editing has not only 

accelerated fundamental research but has 

also shown promising applications in 

agricultural breeding and therapy. The 

recent publication of genome sequences 

even in non-model insects along with the 

development of CRISPR/Cas9 based gene 

disruption technique in non-model insects 

has provided required tricks and tools for 

behavioral genomics studies in insects 

including the non-model species. This ease 

of doing disruption of candidate genes as 

identified through genomics and 

transcriptomics approaches will pave new 

ways of studying insect behavior. Several 

ongoing studies to analyze the enormous 

sequence data in many economically 

important insects will provide deeper 

insights into genetic manifestations of the 

peculiar behavior of insects in their habitat. 

Such studies will be fascinating for basic 

biology studies in ecology and evolutionary 

biology as well as in addressing the long 

standing problems in agriculture and allies 

fields. 

References 

Bi H, Xu J, Tan A, Huang Y. 2016. 

CRISPR/Cas9-mediated targeted gene 

mutagenesis in Spodoptera litura. Insect 

Science 23:469–477. doi: 10.1111/1744-

7917.12341 

Cheng T, Wu J, Wu Y, Chilukuri R V. et al. 

2017. Genomic adaptation to polyphagy and 

insecticides in a major East Asian noctuid 

pest. Nature Ecology and Evolution 1:1747-

1756. 



Behavioural Genomics in Post-Genomic era 

 July 2020  ǀ  Vol 1 ǀ Issue 2 ǀ Indian Entomologist ǀ 14  

Ewing A W, Manning A. 1967. The 

evolution and genetics of insect behavior. 

Annual Review of Entomology 12:471-494 

Hamiduzzaman M M, Emsen B, Hunt G 

J. et al. 2017. Differential Gene Expression 

Associated with Honey Bee Grooming 

Behavior in Response 

to Varroa Mites. Behavoural 

Genetics 47: 335–344. 

Hunt J, Rapkin J, House C. 2018. The 

genetics of reproductive behavior, In Insect 

Behavior: From Mechanisms to Ecological 

and Evolutionary Consequences edited by 

Alex Córdoba-Aguilar, Daniel González-

Tokman, Isaac González-Santoyo. pp 416 

Kent C F, Daskalchuk T, Cook L, 

Sokolowski M B, Greenspan R J. 2009. The 

Drosophila foraging gene mediates adult 

plasticity and gene-environment interactions 

in behaviour, metabolites, and gene 

expression in response to food 

deprivation. PLoS Genetics 5(8): e1000609. 

doi:10.1371/journal.pgen.1000609   

Li F, Zhao X, Li M, He K, Huang C, Zhou 

Y, Li Z, Walters JR. 2019. Insect genomes: 

progress and challenges. Insect Molecular 

Biology 28(6):739–58. 

Taning C N T, Benigna V E, Yu N, Ma S, 

Guy S. 2017. CRISPR/Cas9 in insects: 

Applications, best practices and biosafety 

concerns. Journal of Insect Physiology 98. 

10.1016/j.jinsphys.2017.01.007. 

Wong Y R, Hofmann H A. 2010. 

Behavioural genomics: An organismic 

perspective. In: Encyclopedia of Life 

Sciences (ELS). John Wiley & Sons, Ltd: 

Chichester. 

Yan H, Opachaloemphan C, Mancini G, et 

al. 2017. An Engineered orco Mutation 

Produces Aberrant Social Behavior and 

Defective Neural Development in Ants. 

Cell. 170: 736-747.e9.  doi: 

10.1016/j.cell.2017.06.051. 

York R A. 2018. Assessing the Genetic 

Landscape of Animal Behavior. Genetics. 

209:223-232. 

 

Dr. Kallare P Arunkumar is a 

Scientist at Central Muga Eri 

Research and Training Institute, 

Jorhat, Assam. He works on insect 

genetics, genomics, phylogenomics, 

ecology and evolutionary biology. He 

was an Editorial Board member of 

Nature Scientific Reports journal. He 

has published several research 

articles in international peer 

reviewed journals including 

‘Science’. His current research 

interests are in application of new 

biotechnologies in developing better 

breeds of beneficial insects.  

Email:arunkallare.csb@gov.in; 

arunkumar.kallare@gmail.com. 

 

mailto:arunkallare.csb@gov.in
mailto:arunkumar.kallare@gmail.com


 July 2020  ǀ  Vol 1 ǀ Issue 2 ǀ Indian Entomologist ǀ 15  

 

 

 

Resurgence is a result of indiscriminate and 

non-judicious use of synthetic pesticides in 

field conditions. More than 50 cases of 

resurgence reported, since the commencement 

of pesticide application in agriculture 

(Dutcher, 2007), and we have failed in 

resolving this problem. Globally, many 

researchers have proposed various definitions 

for resurgence. One of the oldest definitions is 

by Bartlett (1964) which stressed on pesticides 

and natural enemies to explain that resurgence 

is an anomalous quick come back to economic 

abundance of a pest, which was initially 

suppressed by the application of pesticide and 

had also destroyed its natural enemies. In 

order to make the definition better acceptable 

to the scientific community Heinrichs et al. 

(1984) imparted a statistical dimension and 

described resurgence as ‘statistically 

significant increase in the pest population or 

pest damage in insecticide treated plots over 

that of untreated plots. Other researchers 

suggested an initial decline in the pest 

population due to pesticide application for 

resurgence. Conversely, pesticides having 

sub-lethal effects on a pest will not show an 

initial decline of the population. The 

classification of resurgence as primary and 

secondary brought in more clarity. The 

increase in target pest population by 

insecticide treatment to a level at least as high, 

or higher than the untreated control is 

attributed as primary pest resurgence, whereas 

the increase in non-target pest population as 

an accidental consequence of the insecticide 

treatment is the secondary pest resurgence 

(Fig.1) (Hardin et al., 1995). 

Pest resurgence, though depends on a 

multitude of reasons, is however caused 

primarily by the insecticides (Cutler, 2013). 

There is no single group of insecticides free 

from resurgence inducement. Homopteran 

insects registered the maximum resurgence 

cases in field condition, followed by 

phytophagous mites. The resurgence does not 

require multiple insecticide applications of 

insecticides and may happen after even a 

Abstract:  Resurgence is an adverse effect of indiscriminate and non-judicious insecticide use in 

crop production. As more evidences of increase in pest population appear, resurgence is gaining 

practical significance in agriculture.  Insecticides being the key factor responsible for inducing 

resurgence, can enhance the target or non-target pest number through direct and indirect effects.  

In some pest populations, insecticide induced hormesis can also cause stimulatory effects in 

physiological and behavioral processes. The insecticide application, leading to elimination of 

natural enemies, and inducing biochemical changes in plants such as change in plant defense 

chemicals triggers indirect mode of resurgence development. Even though not directly related, 

and do not occur always, with resistance development, the probability of the population to 

resurge will be higher.   

Key words: Insects, pesticides, outbreaks, pests, resistance  
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single spray (Dutcher, 2007). The very first 

report of insect outbreak post-insecticide 

treatment was the population abundance in the 

soft scale (Coccus hesperidium L.) in citrus 

after application of parathion, an 

organophosphate insecticide. The resurgence 

phenomenon has come to the limelight in 

Asian countries after the population explosion 

of brown planthopper in insecticide-treated 

rice tracts (Chelliah and Heinrichs, 1980). 

Nutritional factors such as excessive use of 

nitrogenous fertilizers can also contribute to 

resurgence. In addition to these, introduction 

of high yielding varieties, continuous 

cropping, staggered planting, and use of some 

insecticides are reported to cause for increased 

brown plant hopper populations in rice 

(Chelliah and Heinrichs, 1980). 

 For an insect population explosion to 

be called insecticide induced resurgence, an 

increase in population must follow the 

insecticide treatment, response of the 

insecticide application should be showed as an 

increase in abundance, and the valid 

resurgence can be compared only with treated 

and untreated populations (Hardin et al., 

1995). This indicates, mere crop loss cannot 

be designated as resurgence phenomenon in 

the field. The general response of insects to 

high and low dose of insecticides differs as 

lethal dose (causing mortality) and sub-lethal 

dose (no mortality). Although growers try to 

apply pesticides evenly at recommended 

concentrations to kill target pests, many biotic 

and abiotic processes will spatially and 

temporally change the dose of insecticide to 

which an insect is exposed in the field (Cutler 

and Guedes, 2017).  

Lethal dose/Higher dose of insecticide 

application in the field: Lethal dose always 

keeps the susceptible population a level lower 

than the economic threshold level. Spraying 

insecticides more than the recommended dose 

can cause deleterious effects to not only the 

environment but also to the natural enemies 

and many non-target organisms. Resurgence 

increases as the frequency of insecticidal 

spray increases because insecticides 

eliminates the natural enemy population and 

may reduce the chances of predation and 

parasitization and thus providing a safer place 

for pests to feed and multiply, resulting in 

population abundance of pests. 

 

Sub-lethal doses of insecticides: Sub lethal 

dose of insecticides will not cause mortality to 

a desirable level in field populations. Sub-

lethal dose is categorized into two classes, viz. 

deleterious and hormetic. Deleterious sub-

lethal effects cause a reduction in reproduction 

and longevity, poor behavior of the insect 

species, whereas hormetic response causes 

stimulatory effects on pest species including 

reproduction, longevity, and enhanced 

behavior. In short, the same chemical which is 

lethal at high doses can bring in certain 

biological processes of the same insect species 

at sub-lethal levels (Guedes and Cutler, 2014). 

This biphasic dose-response characterized by 

high-dose inhibition and low-dose stimulation 

during or following exposure to a toxicant is 

termed hormesis. Hormesis is defined as a 

dose–response relationship characterized by a 

reversal in response between low and high 

doses of a stressor, thus characterizing a 

biphasic relationship. The stressors can be of 

different kinds viz., pesticides, temperature, 

ionising radiation, heavy metals, calorific 

restrictions, exercise, etc. and are known as 

hormetic agents. 

Yet another term, ‘hormoligosis’, coined by 

Thomas D Luckey in 1968, more accurately 

pointed towards a phenomenon known as 

insecticide hormoligosis. The term 

hormoligosis has derived from two Greek 

words, hormo (= to excite) and oligo (= small 

quantities) and defined it as a phenomenon in 
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which sub-harmful quantities of many stress 

agents may be helpful when presented to 

organisms in suboptimal environments 

(Luckey, 1968). Insecticide hormoligosis is 

basically a special case of hormesis in which a 

biphasic dose–response for an insecticidal 

compound is observed when the organism is 

already under stress due to another 

environmental factor or agent (Guedes and 

Cutler, 2014). 

Insecticide induced hormesis in insect pests 

One of the earliest studies reported the 

increased fecundity of females of bean aphid 

(Aphis rumicis) treated with low 

concentrations of rotenone, while high 

concentrations were lethal (Sun 1945). The 

fruit fly (Drosophila melanogaster), house fly 

(Musca domestica), granary weevil (Sitophilus 

granaries) and house cricket (Acheta 

domesticus) were early subjects of study, 

particularly with exposure to sublethal doses 

of organochlorine insecticides. Insecticide-

induced population stimulation in mites has 

been observed since the 1970s and has 

sparked concerns of insecticide-induced pest 

outbreaks among at least two mite species: the 

citrus red mite (Panonychus citri) and the two-

spotted spider mite (Tetranychus urticae). 

Pyrethroid insecticide also reported to cause 

hormesis of sucking pests at sublethal doses. 

A list of pests reported to have evidence of 

insecticide induced hormesis is enclosed in 

Table 1.  

Resurgence through indirect effects of 

insecticides  

The use of insecticides can cause 

certain indirect effects that trigger the 

resurgence of a pest population, viz., natural 

enemy destruction, biochemical changes in 

host plants, physiological and biological 

changes in insect pests, and insecticide 

resistance. 

Natural Enemy Destruction: In nature, natural 

enemies are important in regulating a pest 

population. It is believed that the elimination 

of natural enemies by insecticide applications 

is a strong cause for resurgence phenomenon. 

The toxic and non-specific insecticides are 

assumed to destruct natural enemies in the 

ecosystem, so this can be considered as a 

reasonable factor for insecticide induced pest 

resurgence. Even before the use of organic 

insecticides, non-selective insect control 

agents including sulfur and petroleum oil 

formulations induced resurgence. Insecticide 

application cause both direct and indirect 

effects on natural enemies. The most 

important direct effect is the increased 

mortality of the natural enemies, due to the 

enhanced susceptibility to insecticides than 

their herbivore host. This dissimilarity in 

susceptibility may be due to the rapid 

concentration of insecticides in natural 

enemies which feed on contaminated prey, 

increased exposure of the adult natural 

enemies to insecticide residues due to their 

increased mobility compared to its host, 

differences in detoxification enzyme levels in 

prey and natural enemy, and even the inability 

of the natural enemies to develop resistance as 

quickly as their host insect species (Hardin et 

al., 1995). As a result of the difference in the 

feeding habits of the natural enemy species, 

the direct toxic effect may vary between 

species. 

Insecticides can interfere with the 

quality of its prey by indirectly altering the 

quality of the host plant, where the herbivore 

feed. Alternate prey of natural enemies can 

also be eliminated by insecticide applications. 

Moreover, alternate food source such as 

honeydew become unavailable in the absence 

of prey. Even though all these factors exist, 

natural enemy population destruction can be 

called responsible for resurgence when there 

is an increase in pest population abundance in 
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their absence compared to the situation when 

they exist. However, natural enemies may not 

always cause mortality of its prey that is 

proportionate to the prey population density, 

and certain populations may not be regulated 

by natural enemies even when they are present 

(Hardin et al., 1995). So, it can be concluded 

that the complicated phenomenon of 

resurgence, may not be solely caused by the 

removal of natural enemies. Moreover, 

insecticide induced reduction in the natural 

enemy population can be due to the shift of 

the prey from density dependent to density-

independent response in unsprayed and 

sprayed field respectively, which can even 

lead to the extinction of natural enemy 

species. Apart from these, the physiological 

effect of the pest and the natural enemy can 

also contribute to the resurgence. The higher 

fecundity rate of the pests helps them to 

escape from the suppression by natural 

enemies. Voltinism, dispersal ability, feeding 

habits, etc. of both the pest and natural enemy 

influence the recovery duration after 

insecticide application, thereby enhancing or 

reducing the chances of the pest to resurge. 

Biochemical Changes in Plants: The ability of 

the insecticides to change the biochemical 

constituents of the plants is well described in 

the literature. These changes can in-turn alter 

the physiology of the pests including 

reproductive behavior. The quality changes in 

plants include enhanced plant growth, 

increased nutritive value, and increased 

attractiveness, but reduced plant defense 

(Heinrichs and Mochida, 1984). The literature 

shows that field applications of insecticides 

results in increase accumulation of total sugar 

and protein and depletes phenol content in 

plant species. A synthetic pyrethroid, 

deltamethrin was found to reduce 

carbohydrates to nitrogen ratio and increase 

the amino nitrogen content in brown 

planthopper susceptible varieties. The phenol 

content in cotton leaves, which has a major 

role in imparting defense against insects, was 

found reduced by the application of synthetic 

pyrethroids, cypermethrin, and deltamethrin 

which can be assumed as a primary factor for 

whitefly and aphid resurgence. 

Physiological and Behavioural Changes 

Caused Due to Insecticides: Insecticides can 

cause alterations in the physiology and 

behavior of target pests. Increased longevity 

and fecundity of females, decreased mortality 

of progeny are some physiological effects due 

to insecticides. A high female to male ratio of 

progenies is observed in some mite species 

when the adult or nymph gets exposed to sub-

lethal doses of insecticides which in-turn help 

in population builds up in the next generation. 

Direct application of deltamethrin, methyl 

parathion, and diazinon to the brown 

planthopper cause enhanced fecundity in 

females irrespective of any host plant effects. 

In addition to direct application, contact with 

treated surfaces can also act as a basis for 

change in fecundity.  Hyper-excitability of 

male insects in response to pheromones due to 

the exposure of sub-lethal dose of insecticides 

is the behavioral change which in-turn affects 

the more rapid location of calling females. 

This cannot be considered as common 

behaviour, still, it has been reported in some 

major insect pests such as Pectinophora 

gossipiella and Trichoplusia ni. Indirect 

stimulation of fecundity can also occur due to 

enhanced nutritional contents of the host plant. 

However, this insecticide induced behavioral 

changes will not always be responsible for 

resurgence  

Destruction of Non-Target Species: 

Insecticide may also kill other non-target 

phytophagous pests that share the same 

habitat/niche with the target pests. The 

reduction in competition for resources could 

be a reason to facilitate resurgence of a pest 

population. In the absence of competition, in 
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favourable environmental conditions, pest 

species may reach maximum reproductive 

potential, which enables the population to 

rebound to a level higher than that of spraying 

(Hardin et al., 1995).  

Insecticide Resistance Development: It is the 

need of the hour to think about the 

development of resistance and resurgence 

together and in the same direction. Even 

though there is no direct relationship between 

resistance and resurgence, it can be mentioned 

that there is a probability that resistance can 

enhance the resurgence of a population. 

Nevertheless, for comparing both, an 

assumption that, when both susceptible and 

resistant populations receive the same dose of 

an insecticide, a higher number of survival 

will be in a resistant population, can be made. 

If the insecticide can impart any of the above-

said characteristics on the pest or the host 

plant, there is a chance that resurgence 

happens only in resistant population, not in 

susceptible one (Hardin et al., 1995). 

Mironidis et al. (2012) reported that the 

resurgence of Helicoverpa armigera in cotton 

is closely associated with the resistance of the 

pest to the insecticides, chlorpyriphos, and 

alpha cypermethrin. It can be concluded that 

although resistance is not required for 

resurgence to occur, resistance may enhance 

resurgence (Hardin et al., 1995). 

 

Conclusion 

The persistence of resurgence in agriculture 

over the years is an indication that we need to 

deal with it more cautiously. It is not an 

evolutionary process happening naturally in 

the biosphere and hence can be maneuvered 

by meticulous scientific research efforts. For 

successful resurgence management, it is 

crucial to recognize it as an ecological 

phenomenon, occurring as a result of 

insecticide application, coupled with many 

other biotic and abiotic factors.  
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Table 1. Evidence of insecticide induced hormesis in insect pests 
 
Year Pest class Common Name Insecticide Author 

1 Aphis rumicis Linnaeus Bean aphid,  

Aphididae; Homoptera 

Rotenone Sun (1945) 

2 Drosophila melanogaster Meigen Fruit fly,  

Drosophilidae; Diptera 

Dieldrin Knutson (1955) 

3 Sitophilus granaries (Linnaeus) Stored product weevil, Curculionidae; 

Coleoptera 

DDT Keunen (1958) 

4 Acheta domesticus (Linnaeus) House cricket, 

Gryllidae; Orthoptera 

12 Different insecticides Lucky (1968) 

5 Spodoptera littoralis (Boisduval) Egyptian cotton leafworm, Noctuidae; 

Lepidoptera 

Carbaryl, Methyl Parathion, 

Deltamethrin 

Esaac et al. (1972) 

6 Nilaparvata lugens Stal. Brown planthopper,  

Delphacidae; Homoptera 

Decamethrin, Methyl 

parathion 

Chielliah et al. (1980)  

Chelliah and Heinrichs (1980) 

7 Choristoneura fumiferana 

(Clemens) 

Spruce budworm,  

Tortricidae; Lepidoptera 

Fenitrothion, Phosphamidon Smirnoff (1983) 

8 Myzus persicae (Sulzer) Green peach aphid,  

Aphididae; Homoptera 

Azinphosmethyl Gordon and McEwen (1984) 

9 Tribolium castaneum (Herbst) Red flour beetle, Tenebrionidae; 

Coleoptera 

Azadirachtin Ramachandran et al. (1988) 

10 Scirtothrips citri (Moulton) Citrus thrips,  

Thripidae; Thysanoptera 

Malathion Morse and Zareh (1991) 

11 Zabrotes subfasciatus (Boheman) Mexican bean weevil, Chrysomelidae; 

Coleoptera 

Tetradenia riparia Extract Weaver et al. (1992) 

12 Plutella xylostella (Linnaeus) Diamondback moth,  

Plutellidae; Lepidoptera 

Methomyl Nemoto (1993) 

13 Dysdercus koenigii (Fabricius) Red cotton bug, Pyrrhocoridae; Heteroptera Eucalyptus Oil Volatiles Srivastava et al. (1995) 

14 Blaberus craniifer (Burmeister) Death’s head cockroach,  

Blaberidae; Blattaria 

Charybdotoxin Goudey-Perribre et al. (1997) 

15 Plutella xylostella (Linnaeus) Diamondback moth,  

Plutellidae; Lepidoptera 

Fenvalerate, Methomyl Sota et al. (1998) 

16 Cydia pomonella (Linnaeus) Codling moth,  

Tortricidae; Lepidoptera 

Azinphos-Methyl Abivardi et al. (1998) 

17 Myzus persicae (Sulzer) Green peach aphid,  

Aphididae; Homoptera 

Bifenthrin Kerns and Stewart (2000) 

18 Plutella xylostella (Linnaeus) Diamondback moth, Plutellidae; 

Lepidoptera 

Fenvalerate Fujiwara et al. (2002) 
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19 Bemisia tabaci (Gennadius) Whitefly,  

Aleyrodidae; Homoptera 

Fenvalerate, Acephate Abdullah and Joginder (2004) 

20 Plutella xylostella (Linnaeus) Diamondback moth, 

Plutellidae; Lepidoptera 

Spinosad Yin et al. (2009) 

21 Sitophilus zeamais Motchulsky Maize weevil,  

Curculionidae; Coleoptera 

Deltamethrin Guedes et al. (2010) 

22 Ceratitis capitate (Wiedemann) Mediterranean fruit fly,  

Tephritidae; Diptera 

Metarhizium anisopliae 

Crude Extract 

Ortiz-Urquiza et al. (2010) 

23 Plutella xylostella (Linnaeus) Diamondback moth,  

Plutellidae; Lepidoptera 

Hexaflumuron Mahmoudvand et al. (2011) 

24 Agrotis ipsilon (Hufnagel) Black cutworm,  

Noctuidae; Lepidoptera 

Clothianidin Kullik et al. (2011) 

25 Oligonychus ilicis (McGregor) Southern red mite, 

Tetranychidae; Acarina 

Deltamethrin Cordeiro et al. (2013) 

26 Zabrotes subfasciatus (Boheman) Mexican bean weevil, 

Curculionidae; Coleoptera 

Azadirachtin Mallqui et al. (2014) 

27 Myzu spersicae (Sulzer) Green peach aphid,  

Aphididae; Homoptera 

Sulfoxaflor Tang et al. (2015) 

28 Plutella xylostella (Linnaeus) Diamondback moth,  

Plutellidae; Lepidoptera  

Chlorpyrifos Deng et al. (2016) 

29 Tetranychus turkestani 

(Ugarov&Nikolskii) 

Strawberry spider mite, 

Tetranychidae; Acarina 

Biomite® Mohammadi et al. (2016) 

30 Panonychus ulmi (Koch) European red mite, 

Tetranychidae; Acarina 

Four Different insecticides Saritas et al. (2016) 

31 Aphis glycines Matsumura Soybean aphid,  

Aphididae; Homoptera 

Beta-cypermethrin Qu et al. (2017) 

32 Mythimna separate (Walker) Oriental armyworm, 

Noctuidae; Lepidoptera 

Lambda-cyhalothrin Li et al. (2019) 

33 Myzus persicae (Sulzer) Green peach aphid,  

Aphididae; Homoptera 

Flupyradifurone Tang et al. (2019) 

34 Rhopalosiphum padi (Linnaeus)  Wheat aphid,  

Aphididae; Homoptera 

Dinotefuran Deng et al. (2019) 

35 Phenacoccus solenopsis (Tinsley) Solenopsis mealybug, 

Pseudococcidae; Homoptera 

Pyriproxyfen, Lufenuron Idrees et al. (2020) 

36 Aphis gossypii (Glover) Cotton aphid, 

Aphididae; Homoptera 

Thiamethoxam Ullah et al. (2020) 
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Northeast India is one of the primary 

biodiversity hotspots in India, where a huge 

percentage of its flora and fauna uncharted. 

It comprises of seven sister states namely 

Arunachal Pradesh, Assam, Meghalaya, 

Manipur, Nagaland, Tripura and Sikkim. 

The Northeast India is native to many 

traditionally living indigenous tribes and 

communities who are in continual touch 

with nature. The use of edible insects as 

food is common among ethnic people of 

Northeast India. The food processed and 

prepared traditionally by its people is 

connected to their socio-culture life and 

health. In Northeast India insects have been 

using in varied ways such as for edible, 

medicinal, industrial, cultural purposes. It 

was observed that various insects used by 

tribal people as a food it plays a vital role in 

retaining the nutritive value of food and 

cause significant impact on health.  

Insects are actually rendering to humans 

priceless services as pollinators, as predators 

of crop and storage pests, as source of raw 

materials and as food. Entomophagy is 

derived from Greek word “entomon” means 

Insect and “phagein” means to Eat. The 

word Entomophagy literally means 

consumption of insects as food by native 

human population (Bodenheimer, 1951). 

Some of the important insects consumed by 

tribal people include grasshoppers, beetle 

grubs, termites, bees, ant, wasps, cicadas 

and a variety of aquatic insects. But it varies 

with regard to local population and ethnic 

group (Johnson, 2010). A scientific study 

revealed that almost 255 insect species are 

used as food by different tribes of India. 

Among the edible species of insects, 

consumption of coleopteran insects was 

highest constituting about (34%) followed 

by Orthoptera (24%), Hemiptera (17%), 

Abstract:  Consumption of edible insects by human being is called as Entomophagy. Insects 

are traditional food in many parts of the Northeast India. In Northeast India, entomophagy 

was practiced on a large scale by tribal communities. Entomophagy is not only supporting 

the nutritional security but also protect the family livelihood of tribal communities during 

difficult periods of the year. So, edible insects are the good source of supplement food item 

that could meet the people’s present and future need. In India, a total of 255 species of 

edible insects are recorded so far and it is mostly practiced in North Eastern State of India. 

Study of entomophagy in Northeast India is explored the uncharted natural resources of the 

region and medicinal, traditional beliefs of tribal people. This paper reviews most common 

edible insects consumed by peoples in Northeast India. 

Key words: Entomophagy, Northeast India, Food, Edible insects, Tribal communities 
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Hymanoptera 

(10%), Odonata 

(8%), Lepidoptera 

(4%), Isoptera 

(2%) and the least 

was Ephemeroptera 

(1%) (Chakravorty 

et al., 2014). Edible 

insects are chosen 

by members of 

various tribes 

according to their 

traditional beliefs, 

taste, regional and 

seasonal availability of the insects. 

Depending on the species, only certain, but 

sometimes all, developmental stages are 

consumed. Preparation of the edible insects 

for consumption involves mainly drying, 

roasting and boiling. Sometimes spices are 

added to enhance the taste. This review 

focuses on Entomophagy practiced in 

different tribes of Northeast India. 

Why Entomophagy?  

Health 

• Edible insects are healthy and nutritious  

• Rich in protein, fat, vitamins and 

minerals.  

• Insects are also used in therapeutic 

purposes. 

Environmental 

• Insects emit less greenhouse gases 

(GHGs) and ammonia than most 

livestock. 

• Require small area of land for rearing 

and not necessarily a land-based activity.  

• Insects can be fed on organic waste 

streams. 

• Require less water for survival than 

conventional livestock. 

• As they are cold 

blooded, they have 

high feed conversion 

efficiency. 

 

Livelihoods 

(economic and social 

factors) 

• Insect 

harvesting/ rearing is a 

low-tech, low-capital 

investment option 

that offers entry 

even to the poorest 

sections of society, such as women and 

the landless. 

• Insects are easily available in the wild 

and can be collected directly. 

• Processed insects (fried, steam, curry, 

chutney etc.) can be sold in the market 

as street food which directly provides 

income.  

• Insect rearing can be low-tech or very 

sophisticated, depending on the level of 

investment. 

 

Entomophagy Culture in Northeast India 

Tribes of Arunachal Pradesh 

consume many number of insect species 

compared to other parts of the Northeast 

India. They mostly choose highest number 

of insects from the order Orthoptera. Tribe 

communities of Arunachal Pradesh used 

nearly 158 species of insects for cooking. 

The preference of edible insects varies 

depends upon the different tribe 

communities and regions. Nyishi of East 

Kameng and Galo of West tribal 

communities of Arunachal Pradesh consume 

102 number of species of insects. Galo 

tribes use most of insects from Odonata and 

Orthoptera and Nishi tribes consume more 

insects from Coloeoptera and Hemiptera. 

Fig. 1. Bihu festival in Assam 
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Six tribes of eastern 

Arunachal Pradesh 

namely Nocte, 

Wangcho, Singpho, 

Tangsa, Deori and 

Chakma using 51 

insect species for 

edible purposes 

(Chakravorty et al., 

2014).  

In Assam (in 

Moridhal Panchayat 

of Dhemaji district), 

16 terrestrial edible 

insect species are 

eaten belonging to 6 

orders. These six orders include Lepidoptera 

(3 species), Orthoptera (5 species), 

Hymenoptera (5 species), Isoptera (1 

species), Blattodea (1 species) and 

Hemiptera (only 1 species) (Dutta et al., 

2016). In Morigaon district, 15 species of 

insects belonging to 6 orders and 14 families 

were consumed by the Tiwa people. Out of 

these, three species belong to the order 

Hemiptera, two species from Coleoptera, 

four species from Orthoptera, three species 

from Hymenoptera and one species each 

from Odonata, Lepidotera and Isoptera 

(Rahman et al., 2018). The Entomophagy 

among the Bodos of Udalguri district 

recorded from 23 species of edible insects 

belonging to Orders Hemiptera, Coleoptera, 

Hymenoptera, Orthoptera, Lepidoptera, 

Isoptera and Odonata were recorded.  The 

Giant water bug (Lethocerus indicus) and 

Eri silk worm larvae (Samia cynthia ricini) 

were most preferred edible insect species in 

their community (Hazarika, 2018). 

In Manipur, 46 species of edible 

insects are reported. The ethnic groups of 

Manipur prefer to consume highest number 

of Hemipteran insects. Five different tribes 

of Manipur namely, Meitei, Tarao, 

Tangkhul, 

Chothe and 

Thadou tribes 

consume the 

highest 

number of 

insect species 

(28–30) as 

compared to 

other 

communities 

in Manipur. 

On the other 

hand, the 

Lepidopteran 

insects are not 

preferable as food by the Meitei community 

(Shantibala et al., 2012). Aquatic beetles are 

also popular in Manipur and other parts of 

Northeast India. 

In Nagaland, 82 insect species belonging to 

28 families and 9 orders are consumed as 

food by the tribal communities. The list 

includes 8 species of Odonata, 17 species of 

Orthoptera, 2 species of Mantodea, 1 species 

of Isoptera, 19 species of Hemiptera, 9 

species of Coleoptera, 20 species of 

Hymenoptera, 5 species of Lepidoptera and 

1 species of Diptera (Lobeno Mozhui, 

2017). Edible insects considered delicacies 

comprise different kinds of bees, beetles, 

bugs, cicadas, crickets, grasshoppers, 

locusts, wasps and various larval forms of 

insects. 

In Meghalaya, termites are mostly used as 

edible insect and to a lesser extent by the 

tribes of Mizoram and Tripura. 

Comparatively this practice is much lower 

among the ethnic people of other parts of  

Northeast India. The option of insects as 

food by tribes depends upon the availability 

of insect, palatability, nutritional value, 

customs and tradition. 

 

Fig. 2. Insects used as food A. Red ant egg, B. 

Silkworm larvae, C. Silkworm pupa, D. Crickets 



 July 2020  ǀ  Vol 1 ǀ Issue 2 ǀ Indian Entomologist ǀ 28 

Preparation of Insects in North East 

India 

Edible insects are prepared in the forms of 

curry, roasted, fried, raw and chutney. 

Depending upon the type of insects and 

form of the consumption, these are prepared 

with or without other ingredients like spices 

and oil. Hard bodied insects are eaten in 

roasted or fried form whereas soft bodied 

insects are eaten as curry or raw. The 

method of preparation is mostly traditional 

and is handed down from generation to 

generation. Odonates are eaten in nymph 

stage only but Lepidoptera are eaten in both 

larval and pupal stages. In Hymenoptera 

insects, eggs are also eaten along with other 

stages (Shantibala et al., 2012). 

Nutritive and Medicative Feature of 

Insects 

‘Medicine Is Food and Food Is Medicine’ 

likewise edible insects are natural 

inexhaustible resource of food with 

nutritional, economic, medicinal and 

ecological benefits to the rural people. Insect 

food have high protein content with 

digestibility as well as some minerals, 

vitamins, fats and carbohydrates make the 

insects as excellent food. Insects are the 

cheapest source of protein compared to 

animal meat and fish (De Foliart, 1992). The 

composition of unsaturated omega-3 and six 

fatty acids in mealworms is comparable with 

that in fish (higher than in cattle and pigs) 

and the protein, vitamin and mineral content 

of mealworms is similar to that in fish and 

meat. Insects have high feed conversion 

ratios (FCRs) and emit low levels of 

greenhouse gases. Insects can be used 

instead of fish meal and fish oil in animal 

diet. Insects are of a higher calorific value 

than meats, maize, soybeans, lentils, or other 

legumes. Recent data show that of the 

insects, it had 50% caloric value higher than 

soybeans, 87% higher than corn, 70% higher 

than fish, lentils and beans and 95% scored 

higher values than wheat and rye. 

Caterpillars contain proteins to the extent of 

50-60g/ 100g dry weight, the palm weevil 

grubs contain 23-36g, Orthopterans contain 

41-91g, ants contain 7-25g and termites and 

storage are necessary in order to avoid 

contamination and to ensure safety levels. 

Beliefs in Ancient Food Culture 

In Assam tribes of Mishings and 

Ahom community use red ants (Oecophylla 

Smargdina) as a food at the time of 

Assamese festival Bohagi Bihu in the month 

of April.  Tribes of Mishings people believe 

that red ant keep the health safe from 

infection of disease. 

The formic acid of these insects is being 

used in connection with scabies, malaria, 

tooth aches, stomach disorders and blood 

pressure anomalies. In Ahom Community its 

compulsory to eat red ants (Myrmica rubra) 

during Bohag Bihu festival (Doley and 

Kalita, 2012). 

Some peoples of Northeast India trust to use 

Muga silkworm (Antherea assama) to cure 

constant itching and soreness of the throat. 

They also used the pupae and larvae of Eri 

silkworm (Samia cynthia ricini) for 

curing“Dudmur” or infection of mouth and 

tongue in young children. 

The larvae and eggs of yellow jacket wasp 

(Vespa orientalis, Vespa magnifica) and the 

“nest” of potter wasp (Eumenus spp.) were 

used to treat stomach problems. Egg, larvae 

of honey bee (Apis spp.) and its products 

(honey) were used to cure whooping cough. 

Cockroach (Periplaneta americana) was 

consumed for the treatment of asthma 

problems. 
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Seasonal Availability of Edible Insects 

           Edible insects generally occur 

throughout the year, the availability of 

insects depends upon their food plants as 

well as by seasonal conditions. Coleopterans 

occurred during June to September (pre 

monsoon and monsoon) and then got 

reduced during winter and early spring. 

Seasonal trends were also observed in some 

Odonata and Orthopterans, which were most 

abundant in September and October (late 

summer). Insects belonging to the 

Hemiptera and Hymenoptera were found to 

be restricted to the period lasting from 

November to February (winter). Some 

edible insects like certain bugs and ants 

were found to be available (and used) 

throughout the year. 

Conclusion  

Worldwide more than 2000 insects 

are consumed by local people on a regular 

basis. Edible insects are an important 

component in the diet of the different tribal 

communities of Northeast region. It will 

play important role in future generations. It 

has more vitamins, amino acids, fat and 

proteins compared to other animal meat and 

plants. Some of edible insects are pest of 

agriculture and horticulture crops, 

entomophagy practices reduce the pest 

population as well as pesticide application. 

According to recent data, world population 

is increases year by year. We have to create 

awareness about insect food to rural people. 

Again, we should continue the research in 

other parts of Northeast India to explore the 

uncharted edible insect species. In future we 

may get some more new insects which will 

be used as food and also, they can be used as 

medicine for different diseases. Molecular 

work about insect nutrition and medicinal 

properties of insects also enhance the 

Entomophagy culture in future. 
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Table 1. Nutritive value of different insects 

Insects Protein (g) Fat (g) Carbohydrate 

(g) 

Calcium 

(g) 

Iron (g) 

Giant water beetle 19.8 8.3 2.1 43.5 13.6 

Red ants 13.9 3.5 2.9 47.8 5.7 

Silk worm pupa 9.6 5.6 2.3 41.7 1.8 

Mealworms 20.2 12.7 N/A 13.3 N/A 

Wax moths 15.5 22.1 N/A 28.3 N/A 

Super worms  17.4 17.8 N/A 12.4 N/A 

Fly larvae 15.5 7.8 N/A 87.4 N/A 

Dung beetle 17.2 4.3 2.0 30.9 7.7 

Cricket  21.3 6.01 5.1 75.8 9.5 

Small grasshopper 20.6 6.1 3.9 35.2 5.0 

Large grasshopper 14.3 3.3 2.2 27.5 3.0 

June beetle 13.4 1.4 2.9 22.6 6.0 

Caterpillars  6.7 N/A N/A N/A 13.1 

Termites  14.2 N/A N/A N/A 35.5 

Weevils   6.7 N/A N/A N/A 13.1 

** N/A= Not Analyzed                                                             (Source: Srivastava et al., 2009) 
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while in-service from CCS Haryana 

Agricultural University, Hisar and continued 
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