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Abstract 
 
Butterflies are an essential part of the ecosystem, as they aid plant pollination and act as 
indicators of forest health. Some species are facing extinction due to the effects of 
deforestation, urbanisation and pollution, which threaten their habitats and food plants, 
thus reducing their numbers drastically. This, in turn, has a negative impact on 
biodiversity, and affects several other species of flora and fauna, which can result in 
serious environmental repercussions. The species of butterfly studied and referred to in 
this paper is Common Grass Yellow, Eurema hecabe contubernalis. This investigation 
consisted of preparing a nutrient agar with an extract of the leaves of the food plant, 
Caesalpinia palcherrima, which was then used to feed the larvae of E. hecabe. The 
experiment yielded successful results, with approximately seventy percent of the larvae 
developing into adults. There were some differences in the physical characteristics of 
the adults, such as colour and size, as compared to the wild species. The presence of 
mould and parasites during the experiments also affected the results, although those 
larvae unaffected by the above conditions remained healthy. 
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Introduction 
 

Singapore was once almost entirely covered in rain forests and had various flora 
and fauna, before modern Singapore was founded in 1819. The cultivation of cash crops 
resulted in rapid deforestation which was largely completed by the end of nineteenth 
century (Corlett, 1992). Today, more than half the island is urbanized and less than 100 
hectares of primary rainforest survives. A further 1600 hectares is covered in tall 
secondary forest. The lush green cover and warm tropical climate make Singapore a 
haven for rich biodiversity despite our small land mass.  
 

The significance of this study aims to promote biodiversity conservation and to 
adopt a pragmatic approach to conservation and develop unique solutions to challenges. 
Biodiversity is a valuable and precious resource to Singapore. The tropical rainforests 
protect our water catchment so that we can have clean water. Plants play important roles 
by cleaning our air through the capturing of carbon dioxide, lowering the ambient 
temperature by shading, and reducing soil erosion. Insects such as butterflies function as 
important pollinators so that we can enjoy fruits and to ensure the continuity of plant 
life. Conserving nature is important as it also produces substantial economic advantages 
due to the rapid growth of "eco-tourism". In a world where the green movement grows 
ever stronger, Singapore is in a position to become a role model for other newly 
industrialized countries, an example to the world that such countries need not sacrifice 
their environment for the sake of their economy.  

 
 There are sufficient records on butterlies in Singapore due to collections during 
the 1850s (Corlett, 1992), there are no reported sightings in recent years for 56 of the 
368 species, mainly forest species (Corbet & Pendlebury, 1956). At present, the number 
of butterflies is reported to be slightly more than 282 species and the number is 
declining. 
 
 Butterflies belong to the order Lepidoptera and can be used to indicate habitat 
alteration since they are affected by anthropogenic activities such as urbanization and 
changes to the natural landscapes. Butterflies are found to have correlations with 
songbirds by Swengel (1999) and also with the distribution of vegetation (Niemela & 
Baur, 1998). Results of various studies have also shown correlations between butterfly 
distributions and different land uses. Their intensities (Lomov, 2006) have been even 
proposed for use as indicators of biological effects such as air pollution (Kula & 
Kralicek, 1995). Butterflies are thought to be sensitive to changes in their environment 
and variations in the environment would lead to drastic changes in their numbers. This 
could prompt further study into what changes have occurred and the required 
remediation.  
 
 The heavy losses of bio flora and natural habitats (Brook et al., 2003) have 
caused host plants of butterflies to decrease in numbers. Certain butterfly species have 
become rare or even extinct in Singapore. In 2007, only six out of eight species were 
observed in Eurema species during a surveillance study conducted in Singapore, There 
was a disappearance of two Eurema species as compared to studies carried out in 1990s. 
The loss of butterflies species can be prevented by breeding them using artificial means. 
Bergomaz and Boppre (1986) have developed such methods to feed moths and 
Holloway, Brakefield, Kofman and Windig (1991) have developed for the Bicyclus 
species. As butterflies are day fliers and are easier to collect compared to moths which 
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are night fliers, they are chosen as the research subject. E. hecabe is the selected species 
in this study since it is one of the most common species of butterflies in Singapore. In 
most investigations, living plants are used as larval food, but it is not economical in 
terms of space and time. This current research experimented with the use of artificial 
diet in the form of nutrient agar strips in feeding the larvae of E. hecabe from first instar 
onwards. 
 
 
Materials and Methods 
 
The recipe of the diet used in the current study is shown in Table 1. 
 
Preparation of stock solutions 
 

The phosphate stock solutions were pre-prepared and stored at 4oC until use. For 
preparation of dipotassium phosphate (K2HPO4) stock solution, dissolve 18.8 g of 
K2HPO4 in 80 cm3 of water (2 cm3 contains 0.47 g). For preparation of potassium 
dihydrogen phosphate (KH2PO4 ) stock solution, dissolve 11.6 g of KH2PO4 in 80 cm3 
of water (2 cm3 contains 0.29 g). 
 
Preparation of leaf extract 
 

Grind 18 g of fresh host plant leaves in diluted ethanol (8 cm3 95% ethanol and 
10 cm3 of water). The crude extract is used without filtering and stored at 4°C until 
usage. 
 
Preparation of feeding agar 
 

The basic ingredients were thoroughly mixed with distilled water, covered with 
aluminium foil and soaked for 15 minutes. The mixture was autoclaved at 110°C for 10 
minutes. The basal medium was cooled in a water bath at 50°C for 30 minutes. 
 

The agar was dissolved in hot water. The basal medium, leaf extract and other 
ingredients were aseptically added to the agar medium. The mixture was stirred well to 
disperse the materials evenly throughout. Care was taken to prevent bubbles from 
forming. The gelling mixture was then poured into a petri dish to a depth of about 0.5 
cm and allowed to set at room temperature for about one hour. The diet was then 
covered and transferred to a Ziploc bag and stored at 4°C till use.  
 
Preparation of larvae prior to feeding experiments 
 

Larvae were starved for six hours prior to the feeding experiments. 
 
Feeding experiments 
 

The agar strips were cut into a dimension of 1.0×0.2×0.2 cm and fed to the 
larvae. For the negative control, the starved larvae were presented with the leaves of the 
food plant. 
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Methods 
 

A total of six eggs and twenty-two caterpillars of E. hecabe (Fig. 1a - c) were 
collected from the host plant, C. palcherrima (Fig. 2) from the eastern part of Singapore 
on 23 and 25 October 2012. Only eggs were collected during the first visit at the 
collection site. The eggs collected hatched on 25 October 2012. The remaining larvae 
(first to fifth instar) were collected on 25 October 2012 at the same site. 
 

The experiments were carried out at room temperature (~28°C), 80% humidity 
and a photoperiod of 13 hours of light followed by 11 hours of darkness. The larvae 
were kept in plastic boxes with air holes on the lid. 25 larvae were fed with agar strips 
(Fig. 3) containing the artificial diet and the strips were changed once every two days 
until pupated (Fig 4). Three larvae were used as control and they were fed with leaves 
of host plant (Fig. 5). 
 
 
Results 
 

The results are shown in Table 2. The use of nutrient agar was relatively 
successful, as a substantial number of caterpillars pupated and were able to survive to 
adulthood. The larvae reared in pairs performed slightly better than the larvae reared in 
threes. 71% of the larvae reared in pairs developed successfully while those reared in 
threes has a success rate of 67%. On the average, 69% of the larvae developed into 
adults. 
 

The development of the larvae depended on several factors that they were 
exposed to during the study. The agar strip was changed regularly, once every two days. 
This was to reduce or prevent the growth of harmful substances like mould that could 
hinder the development of the larvae. Mould might also have fed on some of nutrients 
present in the agar strip, thus resulting in nutrient deficiency in the larvae. 
 

The failure of the development of some larvae could be due to two factors, the 
presence of mould and parasites. Mould grew quickly on some of the agar strips, even 
though fresh strips were given to the larvae once every two days. The larvae on these 
agar strips were found to develop less well and some of them did not survive. Some 
parasites were present and this has caused the larvae to become yellowish instead of a 
healthy greenish colour (Fig. 6).  
 

The pupated larvae fed on the artificial diet also appeared more translucent and 
took on a bluish-green hue, unlike the control, which appeared opaque and dark green. 
Adults that had developed successfully from the artificial diet during the study were 
observed to be larger in size than the control (Fig. 7) and wild species (Fig. 8). The 
wing colour appeared to be less vibrant than the control (Fig. 7) but more vibrant than 
the wild species (Fig. 8). In total, there is a higher ratio of females to males, with eleven 
females and six males. 
 
 
 



 4 

Tables, Figures and Plates 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1a – c. (a) egg of E. hecabe found on the upper side of the leaf of host plant, C. 
palcherrima , (b) larva of E. hecabe found on the host plant, C. palcherima and (c) adult 
of E. hecabe. 
 

 
 
Fig. 2. C. palcherrima, host plant for  E. hecabe. 
 

(a) (b) 

(c) 
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Fig. 3. Larva (third instar) feeding on the agar strip. 
 

 
 
Fig. 4 Larva pupated on the stem of host plant. 
 

 
 
Fig. 5. Larva (control) feeding on the leaves of host plant. 
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Fig. 6. Parasitized larva (left) became yellow as compared to the healthy larva (right) 
which remained green.  
 

 
 
Fig. 7. Comparison between control and those fed on artificial diet (2 – 6) for size and 
wing colour.  
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Fig. 8. Comparison between wild species (w1 and w2) and those fed on artificial diet 
(ad1 - ad4) for size and wing colour. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 1. Composition of artificial diet for E. hecabe 
 
 
 
 
 
 
 
 
 
 

Ingredient Quantity 
Basic ingredients 
Soy flour 7 g 
Wheat germ 6 g 
Choline chloride 0.125 g 
Sucrose 1.7 g 
Ascorbic acid 0.5 g 
Bacto agar 2.2 g 
K2HPO4 stock solution  2 cm3 
KH2PO4  stock solution 2 cm3 
Distilled water 90.8 cm3 
Other ingredients 
Multi-vitamins and minerals 0.9 cm3 
Flaxseed oil 1.3 cm3 
Streptomycin 0.21 g 
Gallic acid 0.21 g 
Leaf extract 2% w/v 
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Table 2. Results of the larvae reared from artificial diet from Day 0 to 8 where the diet 
was renewed once every two days and the number of larvae that pupated. 
 
Discussion 
 

It is generally not easy to rear butterflies on artificial diets (Wielgus, 1974; 
Morton 1979) and there could be several reasons for this. Butterflies tend to be 
specialized with respect to host plant and are generally incapable of boring into 
materials. Butterfly larvae usually feed on fresh material with high water content. It is 
possible that the diet dried out over the two days and it may affect the feeding habits of 
the insect. 
 

In this study, the larvae that were reared in pairs performed slightly better that 
those reared in threes. An overall of 69% of the larvae developed into adults. Based on 
several research studies using artificial diet in rearing butterflies in solitary or pairs, the 
success rate was about 80%. Survival was not adversely affected by increasing the 
density from one to two larvae per container. The overall survival was slightly 
improved by keeping the diet fresh (Holloway, Brakefield, Kofman and Windig, 1991). 

 
Since the food for larvae is also food for microorganisms, K2HPO4 and KH2PO4 

are added to reduce spoilage by fungal contamination. Both also act as a buffering agent 
to maintain the pH of the agar medium. However, mould still developed on some of the 
agar strips. The mould may not have been toxic to the larvae per se but rather formed a 
barrier between the larva and the food. This caused some larvae to stop feeding and 
eventually resulted in fatality. The concentration of both reagents could perhaps have 
been increased to prevent fungal growth. 

 
The presence of parasites has caused the colour of the larvae to become 

yellowish. All the larvae that were parasitized did not become pupa. These parasites 
were intrinsic and most likely caused the failure of the larvae to pupate. Further studies 
need to be done to identify the parasites and the cause for larval fatality. 

 
There were differences in the physical characteristics between the larvae and 

adults that were fed on artificial diet compared to those on a natural diet of C. 
pulcherimma leaves, such as colour and size. The pupated larvae fed using the artificial 

No. of larvae Box 
no. Day 0 Day 1 Day 3 Day 5 Day 8 

No. of larvae 
pupated 

1 2 2 2 2 2 2 
2 2 2 2 1 1 1 
3 2 2 2 2 2 2 
4 2 2 1 1 1 2 
5 2 2 2 2 2 2 
6 2 2 2 1 0 1 
7 2 2 2 1 1 2 
8 2 2 2 0 0 0 
9 3 3 3 2 1 2 
10 3 3 3 2 1 2 
11 3 3 3 2 1 2 

Control 3 3 3 2 2 2 
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diet appeared more translucent and took on a bluish-green hue, unlike those fed with 
leaves of the host plant, which appeared opaque and dark green. This could have been 
because the leaf extract that was added to the diet was insufficient. However, more 
research is needed in this field. In some reports, some 40% plant material has been 
incorporated into the diet. 

 
There were variations in the size and wing colour of the butterflies on artificial 

diet as compared to the control and wild species. Adults developed from the artificial 
diet were larger in size than the control and wild species. Soy flour used in the artificial 
diet might be a better protein source as compared to the proteins found in the leaves of 
the host plant. The difference in wing colour intensity could be due to the amount and 
types of proteins present in the diets. The pigment melanin is a derivative of amino acid 
and is responsible for the yellow and brown colouration in E. hecabe. The amount of 
melanin formed on the other hand is also affected by exposure to ultra-violet light as 
provided by the sun in this study. The adult of wild species could be taking shelter  in 
the shade provided by the vegetation in their habutat, thus less melanin were formed 
and the adults developed a less intense yellow colour. For the control, the leaves of the 
host plant could have provided higher amino acid content for the formation of melanin 
as compared to those fed on the artificial diet. Both the control and those on artificial 
diet were bred in containers that were placed at the window where there was 
approximately thirteen hours of daylight. 
 
 In future extensions of this research, methods of preparing an artificial diet that 
make the larvae more resistant to parasites and other threats could be possible. The agar 
medium could also be further improved to prevent the growth of mould that might 
hinder the feeding of the larvae. This study could also be extended to other species of 
butterflies, with some alteration to the nutrient requirements of the species involved as 
well as the use of specific food plants. In addition, the content of the artificial diet could 
be altered to study about the impact of the diet on the physical characteristics of the 
larvae and adults, such as wing colour and pattern, size and sex ratio.  
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