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1.Introduction 
Among insects butterflies are a charismatic group and are regarded as model organisms in studies of evolution, behaviour, ecology 
and biogeography (Settele & Ku¨hn 2009). Due to worldwide pressures on natural biomes, butterflies have already been shown to be 
highly sensitive indicators of climate change (Sparks et al. 2005, 2007, Hambler et al. 2011), biotope fragmentation (Warren et al. 
2001) and urbanization (Jana et al. 2006, Kadlec et al., 2008, Van Dyck et al. 2009). The biodiversity crisis currently seems to appear 
more critical among butterfly species than other species (Thomas 1991, Thomas et al. 2004). Butterflies being highly diversified in 
their habits require specific ecological conditions for their survival. Knowledge of butterfly habitat (Dennis et al. 2003,     2006a,b, 
Dennis 2010) and larval host plants is a prerequisite for any butterfly conservation program. Therefore, it is necessary to know the 
exact needs of the immature stages to make conservation successful (New et al. 1995).  
It is often suggested that captive rearing/breeding and releasing of butterflies in the wild will help restock at-risk populations and serve 
as a means of conservation (Nicholls & Pullin 2000, Mathew 2001, Crone et al. 2007, Schultz et al. 2008). For example, the American 
Zoo and Aquarium Association recently launched the butterfly conservation initiative, which reflects the mandate of 53 Zoos and 
associated organizations to engage in local (North American) conservation efforts by supporting the recovery of 22 butterfly species, 
largely with captive propagation programs (BFCI 2010). Similarly, for 10 of 25 at-risk British butterfly species with a Species Action 
Plan, reintroduction, often implemented with captivatingly propagated stock, is a priority (Butterfly Conservation 2010). The basic 
protocol is to collect eggs from wild-mated female, rear larvae to adult butterflies in captive propagation facilities, and release 
adults/pupae back into wild populations (Crone et al. 2007). For the development of effective breeding/rearing programs and 
conservation management of butterflies, information on the life history and exact habitat requirements is essential. Further, immature 
stages of butterflies are of increasing importance as sources of systematic characters, and often give important clues as to the 
placement of species in major groups (DeVries et al. 1985, Igarashi & Fukuda 1997, Freitas et al. 2002). Such knowledge in most 
cases of Indian butterflies is seriously inadequate (Gay et al. 1992, Gunathilagaraj et al. 1998). In this sense the present study 
furnished the necessary information about immature stages, larval performance on its host plant Dipteracanthus prostratus (Poir.) 
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Abstract: 
We describe, for the first time, the life history of the Chocolate pansy butterfly, Junonia iphita Cramer and larval performance in 
terms of food consumption and utilization, and the length of life cycle on its host plant Dipteracanthus prostratus (Poir.) Nees. 
Our study was conducted throughout 2009 in the Andhra University campus and the Zoo Park area, 5 km away from the campus, 
at Visakhapatnam (17° 42' N and 82° 18' E), South India. Junonia iphita completes its life cycle in 26.00 ± 1.87 days (eggs 3, 
larvae, 15-17, pupae 6-8 days). The values of nutritional indices across the instars were AD (Approximate Digestibility) 33.15- 
96.48%; ECD (Efficiency of Conversion of Digested food) 0.88-38.67%; ECI (Efficiency of Conversion of Ingested food) 0.85-
19.14%, measured at the temperature of 28 ± 2 °C and RH of 80 ± 10% in the laboratory. These relatively high values, at least 
partially explain ecological success of J. iphita in the urban environment. 
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Nees., and the length of life cycle from egg to adult eclosion for the butterfly species, Junonia iphita Cramer. This species is found 
from Sri Lanka and India to China, and through the Malay archipelago to Bali and the Lesser Sunda Isles. 
 
2.Material & Methods 
The present study was carried out in Visakhapatnam during the calendar year 2009. Visakhapatnam (17o 42' N latitude and 82 ( 18' E 
longitude) is located on the east coast of India in the State of Andhra Pradesh. It is a fast growing industrial city declared as the 
Greater Visakha Municipal Corporation. Consequently, the vacant places and the sub-urban areas with beautiful patches of vegetation 
are disappearing. Even the hill slopes are not spared; they are being occupied by the people, thus causing a threat to the vegetation on 
the hills also. We chose two sites for our study viz. Andhra University campus and the Zoo Park area, 5 km away from the campus. 
Both these sites can be regarded as “islands’ within an urbanized landscape (Brown & Freitas 2002) of Visakhapatnam city, because a 
variety of herbs including grasses and sedges and shrubs put on luxuriant growth in the rainy season. The seasonal annuals that come 
up during the rainy season dry up and disappear with the onset of winter. Some of these may reappear when cyclonic rains provide 
enough moisture, and thrive through the summer. With the advent of summer the deciduous trees begin to shed their foliage and 
prepare to bloom. The whole area is subject to human disturbance giving rise to secondary growth of vegetation.  
Both sites were regularly searched for the reproductive activity of the Chocolate Pansy butterfly, Junonia iphita. Once located detailed 
observations were made in order to observe the period of copulation and oviposition, following which fresh eggs were collected, 
without causing any damage, to study the life history and the duration of early stages. After oviposition, the leaf with eggs was 
collected in Petri dishes (15 cm × 2.5 cm depth) and brought to the laboratory. The piece of the leaf with the eggs was then placed in a 
smaller Petri dish (10 cm × 1.5 cm depth), the inside of which lined with moistened blotter to prevent the leaf from drying. Such Petri 
dishes were kept in a clean, roomy cage fitted with wire gauge. Since ants were never detected, no special protection device was tried 
to avoid predation of eggs. They were examined regularly at 6 h intervals for recording the time of hatching. Each of the freshly 
emerged larvae was transferred to a clean Petri dish inside of which lined with moistened blotter with the help of a camel hair brush. 
The larvae were supplied daily with a weighed quantity of tender leaf pieces of the host plant. The faeces and the leftover of the food 
was collected and weighed each day (24 h). The growing larvae were observed regularly to note the instar change and characters 
including length and weight measurements. As the larvae grew, they needed more space. Increased space was provided by transferring 
the growing larvae to bigger Petri dishes (15 cm × 2.5 cm depth). Larval performance in terms of food utilization indices were 
calculated as described by Waldbauer (1968) as:  

 
 GR: Growth Rate 

                                                                     Weight gained by the instar  
                                      GR = ————————————————————————                                                                                                                        
                                                      Mean weight of instar × Number of feeding days 
 

 CI: Consumption Index   
                          Weight of food ingested 
                                CI    = ———————————————————————— 
                                      Mean weight of instar × Number of feeding days     
                 

 AD: Approximate digestibility (also called Assimilation Efficiency)   
 

                                    Weight of food ingested – Weight of faeces 
                          AD =   ——————————————————————   × 100 
     Weight of food ingested 
 

 ECD: Efficiency of Conversion of Digested food also called Net Conversion Efficiency 
 

                                                       Weight gained by the instar 
                         ECD = ——————————————————————— × 100 
                                                  Weight of food ingested – Weight of faeces    
                           

 ECI: Efficiency of Conversion of Ingested food also called ‘Gross Conversion Efficiency’ 
 

                                       Weight gained by the instar 
         ECI =   ———————————————   × 100 
                          Weight of food ingested 
 
Fresh weight measurements were used for the purpose. Five replications were maintained for the study of all parameters. The 
preparation of full grown larvae to pupate and particulars of pupae including color, shape, size, weight and the time of adult eclosion 
were also recorded. Millimeter graph paper was used for taking measurements. The laboratory temperature was 28 ± 20 C and relative 
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humidity 80 ± 10% with normal indirect sunlight conditions that varied in duration between 12 h during November/ January and 14 h 
during June/July. In describing the details of adult characters, the butterflies that have emerged from the pupae in the laboratory, and 
those caught in the wild were used. 

 
3.Results 
 
3.1.Adult stage (Figure 1a): 
Upperside of both wings is chocolate brown. Forewing with two small ocelli and hindwing with a row of minute ocelli. Apex of 
forewing and tornus of hindwing slightly produced. Underside thick brown with indistinct ocelli. Wingspan is between 55-80 mm. It 
flies both at ground level and at upper canopy level. It frequently settles on the ground and on the leaves for basking with their wings 
fully opened. It kept its wings full spread while foraging at flowers for nectar. In the study area, the nectar host plants included 
Catheranthus roseus (L.) G. Don, Duranta repens L., Lantana camara L., Antigonon letopus Hook & Arn., Anacardium occidentale L., 
and Santalum alba L.  
 
3.2.Egg stage (Figure 1b): 
Mating and oviposition took place during 0900-1300 h. The gravid female laid eggs singly on the underside of the young and mature 
leaves of Diptheracanthus prostratus (Poir.) Nees. About 6-10 eggs were laid at a time but on different leaves. For egg laying this 
butterfly mainly prefers shaded places. It also lays eggs on the leaves of plants that are growing intermingled with its host plant 
(indirect egg laying). The eggs were creamy, spherical with longitudinal ridges and shining. Measured 0.85 – 1.00 (0.91 0.06) mm in 
height. They hatched in three days of incubation. Immediately after hatching, the larva ate its egg-shell. It passed through 6 distinct 
instars over a period of 15 – 17 (16.00 ± 1.00) days. 
 
3.3.Laval stage (Figure 1c-h): 
Instar I lasted for 2 – 4 days. On the first day of hatching, the instar measured 2.00 (2.00 ± 0.00) mm in length. It grew to 2.30 – 3.00 
(2.70  0.29) mm in length and 0.90 – 1.00 (0.94  0.05) mm in width. Head black in color and measured 0.70 – 0.80 (0.78  0.04) 
mm in diameter. The body was black in color and not clearly segmented. Body was fully covered with hairs. Instar II lasted for 2 – 3 
days. The larva attained a length of 3.30 – 4.70 (3.92  0.51) mm and a width of 1.00 (1.00  0.00) mm. Head measured 1.00 (1.00  
0.00) mm in diameter and black. Color of the body turned into thick chocolate color. There was a white creamy streak along the mid-
dorsal surface. Segmentation was clear. Hairs were more clearly distinct at this stage. Just behind the head (neck region) a region of 
white creamy band was found. Instar III lasted for 2 days. The larva attained a length of 5.30 – 6.50 (5.72  0.47) mm and a width of 
1.00 – 1.10 (1.06  0.05) mm. Head measured 1.40 – 2.00 (1.16  0.22) mm in diameter. Hairs black in color and arranged in 6 
longitudinal rows along lengthwise and 12 horizontal rows across the body. Hairs were singly branched. On the ventral side of the 
body it was light chocolate in color. Instar IV also lasted for 2 days. The larva attained a length of 7.00 – 10.30 (8.92  1.39) mm and 
a width of 1.30 – 1.60 (1.42  0.16) mm. Head measured 2.00 – 3.00 (2.50  0.41) mm in diameter. The color of the mid-dorsal streak 
turned into light chocolate in color. Larva was inactive. Other characters are same as previous instars. Instar V lasted for 2 – 3 days. 
The larva attained a length of 15.30 – 17.00 (16.40  0.74) mm and a width of 2.60 – 2.90 (2.68  0.13) mm. Head measured 4.30 – 
5.00 (4.56  0.26) mm in diameter. The mid-dorsal streak that found in the previous instars disappeared. Head was covered with 
minute hairs.  Instar VI lasted for 3 – 4 days. The larva attained a length of 29.00 – 35.70 (31.64  2.71) mm and a width of 4.60 – 
5.50 (5.02  0.33) mm. Head measured 8.00 – 8.50 (8.30  0.27) mm in diameter. Head was thick brownish at tips and remaining part 
of the head was black in color. Body was black and hairs turned light grey colored. Larva stop feeding and body contracted before 
pupation. 
 
3.4.Pupal stage (Figure 1i):  
This stage lasted for 6 – 8 days. It was 17.00 – 19.00 (17.70   0.84) mm in length and 6.00 – 6.70 (6.14  0.31) mm in width at its 
broadest point. The pupa resembles color of the dry leaves. On the dorsal side there were tiny spiny projections. These were arranged 
in six rows. On the wing cases and near the head region it was chocolate colored. Pupa was rough to touch. Average pupal weight was 
411.40 – 530.80 (451.10 46.99) mg.  



www.ijird.com                                 November, 2013                                 Vol 2 Issue 11 
  

INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH & DEVELOPMENT Page 237 
 

 
Figure 1 

 
4.Duration Of Life Cycle 
The total development time from egg to adult eclosion ranged between 24 – 28 (26.00  1.87) days. [Egg: 3; Larva: 15 – 17; Pupa: 6 – 
8 days).  
 
5.Food Consumption, Growth And Utilization 
The data on the amount of food consumed by each of the six instars and the corresponding data on weight gained by different instars 
are given in Table 1. Of the total amount of food consumed, the percentage shares of the successive instars were 0.66, 0.90, 2.13, 4.58, 
19.44 and 72.29% and the proportions of weight gained in relation to total weight gained by the successive instars were 0.04, 0.18, 
0.79, 6.83, 19.88 and 72.27%. Thus, there was over 91% of the total food consumption and 92% of total weight gained in the fifth and 
sixth instars together.  There was a direct relationship between food consumption and growth across the five instars (Figure 2). The 
values of growth rate (GR) increased from first to fourth instar and then decreased to final instar. The values of consumption index 
(CI) decreased from first to last instar. The values of GR varied between 0.11 – 0.49 mg/day/mg and those of CI between 1.54 – 13.34 
mg/day/mg. Table 1 also included the data on Approximate Digestibility (AD), Efficiency of Conversion of Digested food (ECD), and 
Efficiency of Conversion of Ingested food (ECI). The values of AD from instar to instar decreased from a high of 96.48% in first 
instar to a low of 33.15% in the last instar.  The values of ECD showed irregular pattern from the first instar to the last instar and 
varied from 0.88 – 38.67%. The values of ECI increased from first to fourth instar and decreased to final instar and ranged between 
0.85 – 19.14%. 
 

Instar 
number 

Wt. of food 
ingested 

(mg) 

Wt. of 
faeces (mg) 

Wt. 
gained by 

larva 
(mg) 

GR 
(mg/day/mg) 

CI 
(mg/day/mg) 

AD 
(%) 

ECD 
(%) 

ECI 
(%) 

I 30.73 ± 
07.12 

1.08 ± 
00.28 

0.26 ± 
00.04 

0.11 13.34 96.48 0.88 0.85 

II 41.52 ± 
06.54 

2.36 ± 
00.39 

1.10 ± 
00.27 

0.31 11.65 94.31 2.81 2.65 
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Instar 
number 

Wt. of food 
ingested 

(mg) 

Wt. of 
faeces (mg) 

Wt. 
gained by 

larva 
(mg) 

GR 
(mg/day/mg) 

CI 
(mg/day/mg) 

AD 
(%) 

ECD 
(%) 

ECI 
(%) 

III 98.56 ± 
10.56 

5.88 ± 
01.23 

4.66 ± 
00.95 

0.36 7.6 94.03 5.03 4.73 

IV 211.48 ± 
23.28 

17.72 ± 
02.53 

40.48 ± 
05.48 

0.49 2.56 91.62 20.89 19.14 

V 898.12 ± 
56.22 

132.54 ± 
12.69 

117.84 ± 
10.19 

0.29 2.27 85.24 15.39 13.12 

VI 3340.12 ± 
95.25 

2232.74 ± 
88.96 

428.28 ± 
22.14 

0.2 1.54 33.15 38.67 12.82 

Table 1: Food Consumption, Growth And Food Utilization Efficiencies 
Of Junonia Iphita Larva Fed With  Dipteracanthus Prostratus Leaves 
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Figure 2: Relationship Between Food Consumption And Growth 

 In Junonia Iphita On Dipteracanthus Prostrates. 
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6.Discussion 
Floral nectar is main source of food energy in the adult stage of butterflies (Ezzeddine & Matter 2008). Junonia iphita visits flowers 
frequently and imbibes nectar and nectar intake may increase its longevity and egg production (Fischer & Fiedler 2001, Grill et al. 
2013). This butterfly mostly visits the flowers of Catheranthus roseus, Duranta repens, Lantana camara, Antigonon letopus, 
Anacardium occidentale, and Santalum alba.  
The total development time from egg laying to adult eclosion was determined as 26  1.87 days at about 28  20 C. This behavior is in 
line with the expectations of short life cycles in tropical butterflies (Owen 1971). Since temperature influences instar duration and the 
overall development time (Mathavan & Pandian 1975, Palanichamy et al. 1982, Pathak & Pizvi 2003, Braby 2003), the duration of life 
cycle may vary from our records depending on the prevailing temperatures. As no temperature extremities occur at Visakhapatnam, 
the duration of life cycle did not vary much over the overlapping seasons.  
Over the entire period of its growth, a larva consumed on average over 4.62 g of leaf material, increasing consumption in the last two 
instars. This tendency of greater consumption by the last two instars has been reported in lepidopterous larva in general (Waldbauer 
1968, Mathavan & Pandian 1975, Scriber & Slansky 1981, Palanichamy et al. 1982, Selvasundaram 1992, Gosh & Gonchaudhuri 
1996, Lorenz et al. 2006), and it compensates the energy expenditure of non-feeding pupal stage (Pandian, 1973). The values of CI are 
near to the range (0.27 – 6.90) predicted for forb foliage chewers (Slansky & Scriber 1985). Food consumption rate depends on the 
conversion efficiency of ingested food to biomass (ECI), the rate increasing as the conversion efficiency decreases or vice versa 
(Slansky & Scriber 1985). In this sense, the high CI value (13.34) of instar I is probably due to low conversion efficiency and this 
character is reflected in the low values of ECI for instar I compared to other successive instars. Higher growth rates occur with 
penultimate than with final instars (Scriber & Feeny 1979). The GRs of penultimate and final instars of Junonia iphita are in line with 
the above decreasing trend.  
The values of AD that were obtained in this study are on the higher side of the range 19 – 81% given for 60 species of lepidopteran 
larvae by Pandian and Marian (1986), 28.70 - 84.60% for Pericallia ricini (Ghosh & Gonchaudhuri 1996), and 53.91 – 96.85% 
(Gopala Swamy et al. 2010) & 59.70 – 85.80 (Naseri et al. 2010) for Helicoverpa armigera. The average AD percentage is over 
82.47% and this high AD substantiate the statement of Slansky & Scriber (1985) that foliage chewers often attain high AD values. 
Such high AD values also are expected when a food item is rich in nitrogen (and also water) (Pandian & Marian 1986). As such the 
larvae feeding on such foliage are expected to assimilate food more efficiently which naturally resulted in high values of AD. In 
addition, the foliage might be having a minimum of recalcitrant, indigestible fibre and noxious secondary compounds to permit high 
AD values (Mattson 1980). Similar results were repeated with Pieris brassicae (Yadava et al. 1979), Ariadne merione merione (Atluri 
et al. 2009) and Bhupathi Rayalu et al. (2012). The declining trend in AD as the larvae grow older is related to the changes in the 
composition of food selected by the successive instars. Evans (1939) suggested that the first instar larvae eat from between small veins 
which later instars eat almost the whole leaf.  That way the larvae ingest a larger proportion of indigestible crude fibre as they become 
aged which influences AD values to decrease along the successive instars (Waldbauer 1968, Bailey & Mukerji 1976, Slansky & 
Scriber 1985, Kogan 1986). The changes in feeding behaviour of the growing larvae might be correlatable with changes in mandibular 
morphology. First instar has been found to feed on the upper surface of the leaf and skeletonize it with fork-like mandibles whereas 
later instars ingest the entire leaf. The mandibles of final instar have a thin-ridged cutting edge and an inner roughened surface. 
The values of ECD increase from early to last instars (Slansky & Scriber 1985). Such trend is observed with the ECDs of Junonia 
iphita, with the lowest value in instar I and the highest in instar VI. The ECDs obtained are low compared to the ADs and such low 
values are not unusual (Waldbauer 1968, Naseri et al. 2010). This is indicative of low efficiency of conversion of digested food to 
body tissues. This poor utilization of food is often attributed to deficiency in some essential nutrient in food (Bailey & Mukerji 1976) 
or a factor causing an increase in energy expenditure on metabolism (Muthukrishnan 1990). The pattern of ECI values followed 
closely the pattern of ECD. The values (0.85 – 19.14) obtained are comparable with the range of values expected for forb foliage 
chewers (1 – 78%) (Slansky & Scriber 1985). The values of ECD and ECI, particularly those of the last three instars, are also 
relatively high (20.89, 15.39, 38.67; 19.14, 13.12, 12.82), thus respectively indicating tissue growth efficiency and ecological growth 
efficiency, which enabled Junonia iphita to thrive successfully in the urban environment. 
Thus, the present study provides information on the oviposition larval host, Diptheracanthus prostratus and larval performance in 
terms of food consumption, growth and utilization, and the length of life cycle from egg to adult eclosion of the Chocolate pansy 
butterfly, Junonia iphita. The present data may be profitably utilized in the successful conservation management of this butterfly 
species either in parks, Zoos and butterfly houses or in the field. Butterfly houses are popular exhibits in Zoos and have an immense 
educational (Veltman 2009) and conservational potential (Mathew 2001, Veltman 2009). The present study also indicted that captive 
rearing the larvae at about 28 ± 20C permits enough stock of adults for restocking the areas poor in populations of the Chocolate Pansy 
butterfly. 
 
7.Acknowledements 
The first author thanks Prof. Milton F. Fingermann, Department of Ecology and Evolutionary Biology, Tulane University, 310 
Dinwiddie Hall, New Orleans, Louisiana 70118－5698, USA for appraising his work. This study was supported by the University 
Grants Commission (UGC), New Delhi, India. 
 
 
 



www.ijird.com                                 November, 2013                                 Vol 2 Issue 11 
  

INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH & DEVELOPMENT Page 240 
 

8.References 
1. Atluri,JB, Samatha B, Bhupathi Rayalu M, Sandhya Deepika D & Subba Reddi C. (2009). Ecobiology of the common castor 

butterfly Ariadne merione merione  (Cramer) (Lepidoptera: Rhopalocera: Nymphalidae). Journal of Research on the 
Lepidoptera, 42: 18-25. 

2. Bailey CG & Mukerji MK. (1976). Consumption and utilization of various host plants by Melanoplus bivittatus (Say) and M. 
femurrubrum (DeGeer) (Orthoptera : Acrididae). Canadian Journal of Zoology, 54: 1044-1050. 

3. BFCI. (2010). The butterfly conservation initiative; a program of the Florida Biodiversity Foundation. Available on: 
http://www.butterflyrecovery.org/recovery/. 

4. Bhupathi Rayalu M, Chinna Rao K, Atluri JB & Venkata Ramana SP. (2012). Life History and Larval Performance of the 
Monkey Puzzle Butterfly Rathinda amor Fabricius  (Lepidoptera: Rhopalocera: Lycaenidae) from India. Journal of the 
National Taiwan Museum, 65(3): 1-11. 

5. Braby MF (2003) Effect of temperature on development and survival in Delias nigrina (Fabricius) (Lepidoptera : Pieridae). 
Australian Journal of Entomology 42(2): 138-143. 

6. Brown KS Jr. & Freitas AVL (2002) Butterfly communities of urban forest fragments in Campinas, Sao Paulo, Brazil: 
structure, instability, environmental correlates, and  conservation. Journal of Insect Conservation 6: 217-231. 

7. Butterfly Conservation (2010) Butterfly conservation, saving butterflies, moths and our environment. Available 
on: http://www.butterfly-conservation.org/. 

8. Crone EE, Pickering D & Schultz CB. (2007). Can captive rearing promote recovery of endangered butterflies? An 
assessment in the face of uncertainity. Biological Conservation, 139: 103-112. 

9. Dennis RLH. (2010). A Resource-Based Habitat View for Conservation, Butterflies in the British Landscape. Wiley-
Blackwell. 

10. Dennis RLH, Shreeve TG & Van Dyck H. (2003). Towards a functional resource-based concept for habitat: a butterfly 
biology viewpoint. Oikos, 102: 417- 426. 

11. Dennis RLH, Shreeve TG & Van Dyck H. (2006a). Habitats and resources: the need for a resource-based definition to 
conserve butterflies. Biodiversity and Conservation, 15:1943-1966. 

12. Dennis RLH, Shreeve TG, Isaac NJB, Roy DB, Hardy PB, Fox R. & Asher J. (2006b). The effects of visual apparency on 
bias in butterfly recording and monitoring.  Biological Conservation, 128: 486-492. 

13. Devries PJ, Kitching IJ & Vane-Wright RI. (1985). The systematic position of Antirrhea  and Caerois, with comments on the 
higher classification of the Nymphalidae  (Lepidoptera). Systematic Entomology, 10: 11-32. 

14. Evans AC. (1939). The utilization of food by certain lepidopterous larvae. Transactions of the Royal Entomological Society 
of London, 89: 13-22. 

15. Ezzeddine M & Stephen FM. (2008). Nectar Flower use and Electivity by Butterflies in  Sub-Alpine Meadows. Journal of 
the Lepidopterists’ Society, 62(3): 138–142. 

16. Fischer K & Fiedler K. (2001). Effects of adult feeding and temperature regime on fecundity and longevity in the butterfly 
Lycaena hippothoe (Lycaenidae). Journal of the Lepidopterists’ Society, 54: 91–95. 

17. Freitas AVL, Murray D & Brown KS Jr. (2002). Immatures, natural history and the systematic position of Bia acotorion 
(Nymphalidae).  Journal  of the  Lepidopterists’ Society, 56(3): 117-122. 

18. Gay T, Kehimkar ID & Punetha JC. (1992). Common Butterflies of India. Oxford University Press, Bombay. 
19. Ghosh D & Gonchaudhuri S. (1996). Biology and food utilization efficiency of Pericallia ricini (Fab.) (Lepidoptera : 

Arctiidae) in Tripura. Uttar Pradesh Journal of Zoology, 16(3): 109-112. 
20. Gopala Swamy SVS, Sharma HC, Siva Kumar C, Sharma KK & Subbaratnam GV. (2010). Use of indices based on 

consumption and utilization of food as a criterion to evaluate putative transgenic pigeonpea plants for resistance to pod borer 
Helicoverpa armigera. Journal of SAT Agricultural Research, 8: 1-7. 

21. Grill A, Cerny A & Fiedler K. (2013). Hot summers, long life: egg laying strategies of Maniola butterflies are affected by 
geographic provenance rather than adult diet. Contributions to Zoology, 82 (1): 27-36. 

22. Gunathilagaraj K, Perumal TNA, Jayaram K & Ganesh Kumar M. (1998). Field guide - Some South Indian Butterflies. 
Nilgiri Wildlife & Environment Association, Udhagamandalam, India. 

23. Hambler C, Henderson PA & Speight MA. (2011). Extinction rates, extinction-prone habitats, and indicator groups in Britain 
and at larger scales. Biological Conservation, 144: 713-721. 

24. Igarashi S & Fukuda H (1997) The life histories of Asian butterflies (Vol. I). Tokai University Press, Tokyo, Japan. 
25. Jana G, Misra KK & Bhattacharya T. (2006). Diversity of some insect fauna in  industrial and non-industrial areas of West 

Bengal, India. Journal of Insect Conservation, 10: 249- 260. 
26. Kadlec K, Benes J, Jarosik V & Konvicka M. (2008). Revisiting urban refuges: Changes  of butterfly and burnet fauna in 

Prague reserves over three decades. Landscape and Urban Planning, 85: 1-11. 
27. Kogan M. (1986). Bioassays for measuring quality of insect food, chapter 6. pp. 155-189  in Miller JR & Miller TA (eds). 

Insect-Plant Interactions. Springer-Verlag, New York. 
 
 
 



www.ijird.com                                 November, 2013                                 Vol 2 Issue 11 
  

INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH & DEVELOPMENT Page 241 
 

28. Lorenz G, Johnson DR, Studebaker G, Allen C & Young S. (2006). Insect pest  management in soybean. University of 
Arkansas Division of Agriculture  Cooperative Extension Service Publication Number MP197-10M-4-00RV. 

29. Mathavan S & Pandian TJ. (1975). Effect of temperature on food utilization in the monarch butterfly Danaus chrysippus. 
Oikos, 26: 60-64. 

30. Mathew G. (2001). Conservation of invertebrates through captive breeding: A study with reference to butterflies. KFRI 
research report. No. 220. 

31. Mattson WJ. (1980). Herbivory in relation to plant nitrogen content. Annual Review of Ecology and Systematics, 11: 119-
161. 

32. Muthukrishnan J. (1990). Bioenergetics in insect-plant interactions. Proceedings of the Indian Academy of Sciences - Animal 
Sciences, 99(3): 243-255. 

33. Naseri B, Fathipour Y, Moharramipour S & Hosseininaveh V. (2010). Nutritional indices of the cotton bollworm, 
Helicoverpa armigera on 13 soybean varieties. Journal of Insect Science, 10: Article No.151.  

34. New TR, Pyle RM, Thomas JA, Thomas CD & Hammond PC. (1995). Butterfly Conservation and Management.  Annual 
Review of Entomology, 40: 57-83. 

35. Nicholls CN & Pullin AS. (2000). A comparison of larval survivorship in wild and introduced populations of the large copper 
butterfly (Lycaena dispar  batavus). Biological Conservation, 93: 349-358. 

36. Owen DF (1971) Tropical Butterflies. Clarendon Press, Oxford. 
37. Palanichamy S, Ponnuchamy R & Thangaraj T. (1982). Effect of temperature on food intake, growth and conversion 

efficiency of Eupterote mollifera (Insect: Lepidoptera). Proceedings of the Indian Academy of Sciences - Animal Sciences, 
91: 417-422. 

38. Pandian TJ. (1973). Food intake and energy expenditure patterns in two insect primary consumers. Current Science, 42: 423-
425. 

39. Pandian TJ & Marian MP. (1986). Prediction of assimilation efficiency of Lepidopterans, Proceedings of the Indian 
Academy of Sciences - Animal Sciences, 95: 641-665. 

40. Pathak M & Pizvi PQ. (2003). Age specific survival and fertility table Papilio demoleus at different set of temperatures and 
host plants. Indian Journal of Entomology, 65(1):123-126.   

41. Schultz CB, Russell C & Wynn L. (2008). Restoration, reintroduction and captive propagation efforts for at-risk butterflies: a 
review of British and American conservation efforts. - Special issue on butterfly conservation. Israel Journal of Ecology and 
Evolution, 54: 41-61. 

42. Scriber JM & Feeny P. (1979). Growth of herbivorous caterpillars in relation to feeding specialization and to the growth form 
of their food plants. Ecology, 60: 829-850. 

43. Scriber JM & Slansky FJ. (1981). The nutritional ecology of immature insects. Annual Review of Entomology, 26: 183-211. 
44. Selvasundaram R. (1992). Food utilization and bioenergetics of Caloptilia theivora (Walsingham) (Lepidoptera : 

Garcillariidae) infesting tea.  Hexapoda, 4(2): 119-128. 
45. Slansky F & Scriber JM. (1985). Food consumption and utilization. pp. 85-163 in Kerkuit GA & Gilbert LI (eds.) 

Comprehensive Insect Physiology, Biochemistry and Pharmacology. Pergamon, Oxford. 
46. Sparks TH, Dennis RLH, Croxton PJ & Cade M. (2007). Increased migration of  Lepidoptera linked to climate change. 

European Journal of Entomology, 104: 139–143. 
47. Sparks TH, Roy DB & Dennis RLH. (2005). The influence of temperature on migration of Lepidoptera into Britain. Global 

Change Biology, 11: 507-514. 
48. Thomas JA. (1991). Rare species conservation: case studies of European butterflies. pp. 149-197 in Spellerberg I, Goldsmith 

B & Morris MG (eds.). The scientific management of temperate communities for conservation. Blackwell, Oxford. 
49. Thomas JA, Telfer MG, Roy DB, Perston CD, Greenwood JJD, Asher J, Fox R, Clarke RT & Lawton JH. (2004). 

Compartive losses of British butterflies, birds and plants and the global extinction crisis. Science, 303:1879-1881. 
50. Van Dyck H, Van Strien AJ, Maes D & Van Swaay C. (2009). Declines in common, widespread butterflies in a landscape 

under intense human use. Conservation Biology, 23: 957-965. 
51. Veltman K. (2009). How can zoos import and display butterflies for educational purpose  in a sustainable way? International 

Zoo Yearbook, 43: 124-130. 
52. Waldbauer GP. (1968). The consumption and utilization of food by insects. pp. 229-288 in Beament, Treherne, & 

Wigglesworth (eds.). Advances in insect physiology. Academic Press, London and New York. 
53. Warren MS, Hill JK, Thomas JA, Asher J, Fox R, Huntley B, Roy DB, Telfer MG, Jeffcoate S, Harding P, Jeffcoate G, 

Willis SG, Greatorex-Davies JN, Moss D & Thomas, CD. (2001). Rapid responses of British butterflies to opposing forces of 
climate and habitat change. Nature, 414: 65-69. 

54. Yadava PS, Vats LK & Kaushal BR. (1979). Food consumption on assimilation and growth in the larvae of Pieris brassicae 
Linn. Journal of Animal Physiology, 26:  257-264.  

 
 


