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Abstract: Butterflies are potentially useful ecological indicators of urbanization because they are ready surveyed, and they are sensitive 

to changes in microclimate, temperature, solar radiation, and the availability of host plants for ovipositing and larval development. They 

serve as important plant pollinators in the local environment, and help to pollinate more than 50 economically important plant crops. 

This research was carried out to understand to effects of environmental stress on the life cycle of butterflies. To find out the effect of 

nutritional stress on the morphology of butterflies and also find the effect of environmental stress on mortality rates of developing 

butterflies. Big labelled cages were used to house the adult butterflies after eclosion from their respective populations and small cages 

were used during oviposition. The caterpillars after hatching were housed in plastic containers with sufficient aeration till pupation was 

achieved. Cassia siamea leaves were used as the food source for caterpillars and for oviposition. Phytochemical analysis of Cassia 

siamea was also done to know its constituents. These organisms were put under various environmental stresses and the effects of stresses 

were studied documented regularly. The butterflies showed reduced fecundity, increased mortality and faster eclosion under stress. At 

the same time the stressed individuals were smaller and the wing span was less compared to the control. PAST software was used to 

calculate the P value and for ANOVA (Analysis of Variance). 
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1. Introduction 
 

Butterflies are diverse insects, found everywhere in the 

world inhabiting various habitats ranging from tropical 

regions to alpine regions. Butterflies play an important role 

in ecosystems, acting as pollinators, a food source and an 

indicator of the ecosystem’s well-being. Although not as 

efficient as bees, butterflies play a big role in pollinating 

flowers that open during the day. Butterflies have annual life 

cycles (transforming from egg to adult in a year), requiring 

that the same conditions be present every year for new eggs 

to mature. That makes butterflies especially sensitive to 

climatic and ecological changes, such as pollution, 

increasing temperatures, and precipitation and habitat loss; 

and causes them to be more responsive than birds, plants and 

other species with longer life cycles. Therefore, an 

abundance of butterflies usually indicates a healthier 

ecosystem. Butterflies contribute to ecosystem restoration 

because they supply pollination and a source of food. 

Increased butterfly populations may indicate an increase in 

plant diversity and other pollinator groups within restored 

areas. The growth and development of a butterfly depends 

directly on the abundance of its host plant (which is specific 

to a particular species) and optimum ecological conditions. 

In this project we try to understand the effects caused by 

environmental stress such as lack of nutrition (host plants) 

due to habitat loss, raising temperatures, and inter species 

competition for the same resources due to lack of space. 

 

2. Review of Literature 
 

In terrestrial ecosystem, insect fauna represent more than 

70% and also play an important role in food chain for the 

natural balance. Insects are extremely important components 

of the bioindicators of the world (Chakaravarthy et al., 1997; 

Jana et al., 2009). Butterflies are potentially useful 

ecological indicators of urbanization because they are ready 

surveyed, and they are sensitive to changes in microclimate, 

temperature, solar radiation, and the availability of host 

plants for ovipositing and larval development (Thomas et 

al., 1998; Fordyce and Nice, 2003). Increased urban 

features, including roads, buildings and moved lawns, 

correspond with decreases in butterfly species richness, 

diversity and abundance (Blair and Launer, 1997; 

Stefanescu et al., 2004; Clark et al., 2007; Pocewicz et al., 

2009). Urbanization also is associated with habitat 

degradation including decreased plant species diversity, 

reduced water quality, and increased air and soil pollutions 

(Bastin, 1999; Hall et al., 1999; McKinney, 2002; Singh et 

al., 2009; Garg et al., 2009). The reductions in amount and 

quality of natural habitat associate with urban development 

negatively affect nature biodiversity (Malagrino et al., 

2008). 

 

In India pioneering work in butterfly studies dates back to 

the 19th Century (Wood-Mason and De-Niceville, 1887; 

Gaonkar, 1996). Since, there have been many studies on 

butterflies from different parts of the India (Fergusson, 

1891; Gaonkar, 1996; Larsen, 1989; Mathew et al., 2000; 

Sudheendrakumar et al., 2000; Roy et al., 2010). The 

number of Indian butterflies amount to one fifth of the world 

of butterfly species (Kunte, 2000). The total number of 

species of butterflies recorded from the Indian region is 

about 1501 species (Gaonkar, 1996), of which peninsular 

India hosts 350, 331 species from Western Ghats, and 313 

species of butterflies from South India (Gaonkar, 1996), of 

which 42 species are endemic to south India. The butterfly 

fauna of the southern part of the India peninsular is very rich 

and diverse compared to the other parts of the peninsular 

due to the availability of diverse habitats, a wide range of 

altitudinal gradients and associated microclimatic regimes. 

Information pertaining to migration of number of butterflies 
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in India has been given by Williams (1938). Recently, 

Bharos (2000) and Palot et al. (2002) have been found on 

the migration of butterflies from different parts of India. 

Butterflies serve as important plant pollinators in the local 

environment, and help to pollinate more than 50 

economically important plant crops (Borges et al., 2003). 

However, a contemporary discourse regarding butterfly 

conservation and its importance is lacking amongst the 

public. In most of the landscapes in India, two factors 

caused by human beings influence the species diversity and 

composition of flora and fauna. The growth and 

development of a butterfly depends directly on the 

abundance of its host plant (which is specific to a particular 

species) and optimum ecological conditions. In this project 

we try to understand the effects caused by environmental 

stress such as lack of nutrition (host plants) due to habitat 

loss, raising temperatures, and inter species competition for 

the same resources due to lack of space. 

 

Objectives: 

 To understand the effects of environmental stress on the 

life cycle of butterflies. 

 To find the variations in feeding patters between stressed 

and unstressed butterfly populations.  

 To find the variations between the moulting and pupating 

stages among the stressed and unstressed populations. 

 To find the life span of the adult butterflies between 

stressed and unstressed butterflies. 

 To find out the effect of nutritional stress on the 

morphology of butterflies. 

 To find the effect of environmental stress on mortality 

rates of developing butterflies. 

 

3. Material and Methods 
 

Experimental Setup 

 

Five big labelled cages were used to house the adult 

butterflies after eclosion from their respective populations 

and ten small cages were used during oviposition. The 

caterpillars after hatching were housed in plastic containers 

with sufficient aeration till pupation was achieved. Cassia 

siamea leaves were used as the food source for caterpillars 

and for oviposition. Phytochemical analysis of Cassia 

siamea was also done to know its constituents. The adult 

butterflies were fed with 1:10 fructose solution kept in 1.5 

ml centrifuge tubes which were modified into artificial 

nectar holders. Digital Vernier caliper was used to measure 

the wing length of adult butterflies and aDigital Balancewas 

used to measure the weight of adult butterflies. 

 

Populations of Butterflies 

 

Two populations of Catopsilia pomona pomona Fabricius, 

1775 were maintained for this study. The first population 

consisted of caterpillars and butterflies which were be used 

as a control. The second population consisted of caterpillars 

and butterflies which were subjected to stress. The 

populations were maintained in two labelled cages. The 

caterpillars were transferred to the plastic containers after 

they had reached the 2nd instar. The control was provided 

with sufficient leaves whereas the stressed population was 

provided with 1/10th the amount of leaves provided for the 

control till pupation was achieved. Behavioural observations 

such as feeding, moulting, resting and defense were 

recorded in both populations periodically during the entire 

development. The time taken for each moult, pupation and 

time spent in pupal stage were recorded for each individual 

in both populations. The mortality or the % survival was 

calculated at the time of eclosion. The sex ratio of each 

generation was recorded. After eclosion, 20 adult butterflies, 

10 males and 10 females were used to advance the breeding 

line. The butterflies were selectively hand paired and were 

allowed to mate once and oviposit in small cages. The adults 

before mating were used for morphometric measurements. 

Total body weight, head weight, thorax and abdomen were 

recorded. The total wing length was measured in the same 

individuals using a Digital Vernier calipers. The rest of the 

population were released into the wild after eclosion. PAST 

(Palaeontological Statistics) software was used to calculate 

the P value and for ANOVA (Analysis of Variance). 

 

Phytochemical analysis of Cassia siamea plant extract 

 

Cassia siamea which is used as the feed for Catopsilia 

pomona pomona was used for phytochemical analysis. The 

plant materials were collected from different localities in 

and around Bangalore. Extraction was carried using leaves. 

The samples were minced into fine paste using manual 

grinder sterilized with 77% ethanol. The extraction was done 

using soxhlet extraction method as described in AOAC 

(1980). Extraction set-up left for twelve hours after which 

the extract was recovered by using different solvents such 

as, chloroform, methanol and petroleum ether separately. 

The extracts were glass evaporated by rotary evaporator and 

a thick paste was obtained as homogenate. It was used as the 

sample. The different qualitative chemical tests were carried 

out on the aqueous extract using standard procedures to 

identify the constituents. 

 

Qualitative analysis of phytochemicals 

 

 Alkaloids: 1ml of the filtrate with 2ml of Drangendroff’s 

reagent shows turbid orange colour. 

 Tannins: 1ml of filtrate with 2ml of Ferric chloride 

gives dark green colour. 

 Saponins:1ml of filtrate with 2ml distilled water, shake 

vigorously allow it to stand for10 minutes. Development 

of foam on the surface of the mixture, lasting for 10 

minutes indicates the presence of saponins. 

 Anthraquinones: 1ml of the filtrate with 10ml benzene, 

filter and now add 5ml of 10% (v/v) ammonia to the 

filtrate and shake well. Development of pinkish colored 

solution indicated the presence of anthraquinones. 

 Anthocyanides: 1ml of filtrate with 5ml of dilute HCl 

shows the presence of pale pink colour. 

 Phenolic flavonoids: 1ml of filtrate with 2ml of 10% 

lead acetate give s brown precipitate.  

 Flavonoids: 1ml of filtrate with 2ml of dilute NaOH 

shows development of golden yellow colour. 

 

Carbohydrates: 

a) Take 1ml of the filtrate with 5ml Benedict’s reagent and 

boil for 5 minutes. Bluish green colour indicates the 

presence of carbohydrates. 
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b) To 1ml of filtrate add few drops of Molisch’s reagent and 

few drops of conc. H2SO4, gives purple colour. 

c) To 1ml of filtrate add few drops of Fehling’s ‘A’ which 

gives green coloration. D. To 1ml of filtrate add few 

drops of Fehling’s ‘B’ which gives Brown coloration. 

 

Proteins: 1ml of filtrate with 5 to 6 drops of Millon’s 

reagent develops white precipitate which turns red on 

heating. 

 

Steroids: To 1ml of the filtrate add 10ml chloroform and 10 

ml of H2SO4 slowly by the sides of the test tube. Upper layer 

turns red and sulphuric acid layer showed yellow with green 

fluorescence. 

 

Terpenoids: Take 1ml of the filtrate with 2ml CHCl3 and 

carefully add few drops of conc H2SO4. An interface with a 

reddish brown coloration is formed. 

 

Cardiac glycosides: To 1ml of the filtrate add 1ml of 

FeCl3reagent (mixture of 1 vol of 5% FeCl3 solution + 99 

vol of glacial acetic acid) and a few drops of conc H2SO4. 

Greenish blue color appears within few minutes. 

 

4. Results 
 

The population which was started on 20/10/2013 emerged as 

adult butterflies on the 25th day i.e. on 11/11/2013. The 

second line was started on 15/11/2013 and both the control 

and the stressed populations crashed on 21/11/2013 due to 

unknown reasons. The population was restarted 

on22/11/2013 and 4 generations were obtained by 

22/3/2014. The development of stressed and control 

butterflies varied at great proportions and showed drastic 

changes in their life cycle. The results are discussed 

individually for each parameter used during the study. 

Results of the phytochemical analysis done is given in the 

Table 1. 

a) Fecundity 

The average number of eggs laid initially by both 

populations was 35.33 and 34.66 eggs per female for 

control and stressed populations respectively. The 

fecundity of the successive generations in the control 

populations was around 30 eggs per female while in the 

stressed populations, it decreased and in the 4th 

generation it came down to 22.6 eggs per female (Fig-1). 

This drop of 12.06 eggs per female is significant as it 

indicates that stressed populations have decreased 

fecundity which results in fewer individuals for the next 

generation. 

b) Mortality 

Mortality or survival percentage was calculated as the 

ratio of the number of individuals which eclosed as 

adults to the number of eggs laid initially. The survival 

percentage in the first genration was 98.11% and 92. 3 % 

in control and stressed populations respectively. The 

survival percentage decreased by 25.93% in the 4th 

generation of the stressed population and was 66.37%. i.e 

66 out of 100 individuals survived when subjected to 

stressful conditions. 

c) Lifespan 

The lifespan of adult individuals was calculated from the 

day of eclosion till the adult butterflies died. The lifespan 

of stressed populations decreased from the 1st generation 

from an average of15.8 days per individual to 9.9 days 

per individual in the 4th generation. The control 

population,However lived longer and in the 4th 

generation, the number of days an individual lived was 

15.9. The P value for lifespan was 0.014 which is very 

significant and it tests true for our hypothesis. 

d) Moulting and Eclosion 

Catopsilia pomona pomona has 5 instars from the time of 

hatching till pupation takes place. The advancement from 

1 instar to the next takes place by moulting. The average 

time taken for the entire life cycle is 25 days (Kunte K J, 

2000). Control populations had a steady moulting and 

eclosion period across 4 generations. It was between 26-

23 days from the 1st to the 4th generation respectively. 

The stressed population however exhibited several 

changes in the time taken for each moult in successive 

generations. As the food quantity was scarce, the 

caterpillars moulted earlier than the control ones and the 

time spent in a particular instar was also less. The time 

spent in the pupal stages reduced from 7 days to 4 days 

in the stressed populations between the 1st and 4th 

generation respectively. The effect of this is evident in 

the body mass and the wing length of the eclosing adults.  

e) Total Body Weight 

The total body weight was calculated after 4 days of 

eclosion before mating. Females were bigger than males 

in both the control and stressed populations across all 

generations. The total body weight in the control 

remained in the normal range of the body weight (Kunte 

K, 2000). The body weight in the stressed population 

decreased drastically over successive generations. The 

average body weight was 20.198 mg in the 1st generation 

and it was 15.036 in the 4th generation. The stressed 

population had individuals which were smaller compared 

to the control. 

f) Total Wing Length 

The wing length was measured using a Digital Vernier 

caliper. The end to end measurement of the wing was 

considered to be the total wing length. The wing length 

of the control population decreased by 5mm from the 1st 

to the 4th generation. This is due to the artificial breeding 

under lab conditions. The wing length of the stressed 

population decreased drastically from 62.58mm in the 1st 

generation to 49.99mm in the 4th generation. Thus, the 

individuals were smaller and the wing span was less 

compared to the control. 

 

Table 1: Results of thephytochemical analysisofCassia 

siamea (++present;+moderately present;xabsent). 
Phytochemical 

Tests 

Ethanol 

Extract 

Methanol 

Extract 

Ethyl acetate 

Extract 

Alkaliods ++ ++ ++ 

Anthraquinones X X X 

Carbohydrates ++ ++ ++ 

Phenolic Flavonoids X + X 

Proteins ++ + + 

Saponin X ++ + 

Steroids + + + 

Tannin ++ ++ X 

Terpenoids ++ ++ ++ 

Cardiac glycosides ++ ++ ++ 
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Table 2: Fecundityof females  

Fecundity 

Fecundity Control Stressed 

1st Generation 

2nd Generation 

3rd Generation 

4th Generation 

35.33 

33.9 

31.8 

30.2 

34.66 

30.1 

27 

22.6 

 

Table 3: Mortality of Offspring’s 

Mortality 

Generation Control Stressed 

1st Generation 

2nd Generation 

3rd Generation 

4th Generation 

98.11 

94.1 

91.19 

89.73 

92.3 

78.3 

72.88 

66.37 

 

Table 4: Averagelifespan of Adults 

Averagelifespan of Adults 

Generation Control Stress 

1st Generation 

2nd Generation 

3rd Generation 

4th Generation 

19.2 

17.1 

17.9 

15.5 

15.8 

12.3 

10.6 

9.9 

 

Table 5: Eclosion period of pupae 
Eclosion period 

Generation Control Stress 

1st Generation 

2nd Generation 

3rd Generation 

4th Generation 

25 

23 

24.1 

21.6 

23 

22.5 

18.8 

15.3 

 

Table 6: Total bodyweight and Total wing length of adult 

butterflies 
  1st 

Generation 

2nd 

Generation 

3rd 

Generation 

4th 

Generation 

Total 

Weight 

Control 21.509 20.022 19.427 19.32 

Stress 20.198 18.576 16.876 15.036 

Total Wing 

length 

Control 64.03 62.62 61.355 59.048 

Stress 62.58 58.52 54.642 49.99 

 

Table 7: Time interval betweeneach instar oflarvae 
Time intervals between each instar 

Generation Treatment Egg 1st 

Instar 

2nd 

Instar 

3rd 

Instar 

4th 

Instar 

5th 

Instar 

Pupa 

1st 

Generation 

Control 2 2 3 4 3 5 7 

Stressed 2 2 3 3 3 4 7 

2nd 

Generation 

Control 2 2 3 3 3 4 7 

Stressed 2 2 3 3 3 3 6 

3rd 

Generation 

Control 2 3 3 3 3 4 7 

Stressed 1 2 3 3 3 3 4 

4th 

Generation 

Control 2 2 3 3 3 4 6 

Stressed 1 1 2 3 2 2 4 

 

 
Figure 1: Fecundity of females of control vs stressed population. 10 females were considered for analysis per generation 
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Figure 2: Survival % of individuals of control vs stressed population. Survival is defined as the number of individuals 

reaching adult stage. 

 

 
Figure 3: Variation of life span between control and stressed population 
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Figure 4: Variation in the number of days taken for the eclosion of adults from the day of egg laying 

 

 
Figure 5: Variation in the time taken for each moult between control and stressed populations across 4generations 
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Figure 6: Variation in body weight across 4generations 

 

 
Figure 7: Variation in wing length across 4generations 
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LifecycleofCatopsiliapomonapomona 

 
A: Mating of Catopsiliapomonapomona; 

B:Femalelayingeggs;C:Female resting before ovi positing; 

D:Freshlylaidegg; E:Caterpillar; F:Pupa; G:Pupa before 

eclosion; H-J: Eclosion of adult from pupa; K: Freshly 

eclosed adult underside; L:Freshly eclosed adult upperside 

 

5. Discussion 
 

The effects of stressful conditions on the development and 

lives of organisms are of great importance as they provide us 

an insight to their responses and adaptation to the prevailing 

stressful conditions. In our study, it was evident that the 

development and growth of butterflies are directly 

influenced by stress. The stressed populations were different 

in every parameter when compared to that of the control 

population. The growth of control population varied a bit as 

they were maintained under lab conditions. All organisms 

strive to survive under any conditions posed by nature. The 

present environment of Bangalore is quite different than 

what it was 10 years ago. The butterflies are still able to 

survive because of their rapid ability to adapt to stressful 

conditions. The response to less availability of food is 

interesting as it is occurs frequently in nature. The amount of 

food available is different during different seasons and the 

population of the butterflies varies according to the seasonal 

fluctuations seen with respect to food availability. Catopsilia 

pomona pomona is a butterfly which is found throughout the 

year. The population of these butterflies are higher post 

monsoon due to the abundance of food plants (personal 

observation). 

 

The butterflies which underwent stressful conditions 

throughout their development had to develop means of 

escaping from the stress and to survive and mate to continue 

the progeny. This was achieved by reaching the next 

developmental stage earlier than the normal time and to 

reach the adult stage as early as possible. The caterpillars are 

soft bodied and are vulnerable to various predators and 

natural calamities. The caterpillars do not possess necessary 

defence against all the above mentioned factors. Therefore, 

by reaching the adult stage, there are better equipped to 

escape unfavourable conditions. Reaching the adult stage 

also guarantees the butterflies to find a mate and continue 

the progeny. Due to these reasons, the caterpillars advance 

to the next stages under unfavourable conditions. They also 

lose out on various other factors due to this gamble. The 

adults which emerge from the stressed caterpillars are 

smaller compared to normally developed butterflies. They 

also have less fecundity and lifespan compared to the normal 

ones. They might be able to push the generations ahead but 

in the long run, it might lead to extinction as the number of 

individuals decrease gradually over a period of time but the 

possibility might be negligible as they might undergo 

genetic changes if they are constantly exposed to stressful 

conditions. This has to be tested and is an interesting field of 

study as it can also be applied to other organisms. 

 

Ecologically, it is very significant as butterflies are the 

second biggest pollinators after bees. When smaller 

individuals with less wingspan are present in large numbers, 

the pollination rate decreases thus hampering the entire 

ecological balance. The dispersal rate of seeds also 

decreases as the butterflies are smaller and will not be able 

to travel long distances for dispersal. Since the survival 

percentage of stressed butterflies is very less, the total 

number of flowers being pollinated in a given area will also 

reduce. Thus it disturbs the ecological balance. Certain birds 

and insects depend upon butterflies for their dietary 

requirements. Thus, decrease in the number of butterflies 

also affects the food web of that ecosystem. 

 

The oviposition choice of an insect herbivore is based on a 

complex set of stimuli and responses. In a Reudler Talsma et 

al (2008) have made study to examine the effect of plant 

secondary chemistry (the iridoid glycosides aucubin and 

catalpol) and aspects of size of the plant Plantago lanceolata, 

on the oviposition behavior of the specialist butterfly 

Melitaea cinxia. It is interesting note that butterflies are 

specific to a particular plant for food and there is a special 

bond between plants and butterflies. This bond is probably 

due the presence of phytochemicals that are found in those 

plants. The exact reason for the selection of plants by 

butterflies needs to be explored. As a preliminary 

investigation phytochemical analysis of Cassia siamea was 

carried out during this project. 
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6. Scope for Future Work 
 

Ecologically, butterflies are very significant as they are the 

second biggest pollinators after bees. There are a lot 

phenomenon which need to be understood with respect to 

the growth and development of these wonderful creatures of 

the nature. The largely known negative relationship between 

growth rate and lifespan has proved very difficult to test 

robustly because of potentially confounding variables, 

particularly nutrient availability and final size. Dramatic 

changes in lifespan in the predicted direction in response to 

both upward and downward manipulations of growth rates 

has been seen. Similar studies can be done in case of other 

species in order to understand their biology. It is also 

interesting note that butterflies are specific to a particular 

plant for food and there is a special bond between plants and 

butterflies. The exact reason, which is obvioulsy 

biochemical, for the selection of plants by butterflies needs 

to be explored. 
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