
Introduction

Butterflies have a typical four stage insect life cycle. 
Winged adults lay eggs onto their host plants, where 
their larvae will feed. The caterpillars grow, sometimes 
very rapidly, and when fully developed they pupate 
into a chrysalis. When metamorphosis is complete 
the pupal skin splits and the imago climbs out. After 
its wings have expanded, and dried off, it flies away 
[1, 2]. Butterflies are a very old and diverse order of 
insects [3, 4]. Within the order, there is both high 
phenotypic and genotypic variability associated with 
the specifics of each individual species. All the species 

differ from one another with different body dimensions, 
size and wing structures, protective coloring, habitat, 
bionomy, length of life cycles, food bases, behavior, 
diurnal, crepuscular or nocturnal activity [5]. Within 
the species, many subspecies are known with varying 
demands on the environment, altitude, sunlight and host 
plants. Subspecies often crossbreed, and create fertile 
hybrids, so it can be very difficult to determine them 
taxonomically [6]. Crossbreeding between different 
species is not common in the wild. It usually occurs 
in captive breeding conditions, and the hybrids are 
infertile [7, 8]. Free-flying butterflies in purpose built 
exhibits have become more and more popular in zoo 
collections all over the world [9, 10]. Exhibitions of live 
butterflies can have high educational potential [11, 12]. 
It also helps with their conservation in nature [13].
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Abstract

When breeding butterflies in captivity, it is important to focus on rearing facilities, the choice of 
healthy population, and the care for the chrysalises. One of the main factors that determine how a 
butterfly emerges is the fixation of its chrysalis. The study of the butterfly life cycle and emergence 
from chrysalis was conducted on three butterfly species - the giant owl (Caligo memnon), the common 
morpho (Morpho peleides), and the indian oakleaf (Kallima inachus), which were the most commercially 
available species at the time. The aim was to determine the most appropriate type of butterfly chrysalis 
fixation that would yield the best results with the emergence of the highest numbers of viable imagoes 
for future breeding in captive conditions. The results of four different types of fixations of the selected 
butterfly species were compared with each other, and with results obtained from other institutions that 
breed butterflies.
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Materials and Methods

The research was carried out from June 7th, 2017 
from the delivery and fixation of the first shipment 
of chrysalises, until August 31st, 2017, when the last 
imagoes emerged. Butterfly chrysalises were imported 
from a butterfly farm located in Stratford Upon Avon, 
England. Due to the high diversity of butterfly species, 
the research was carried out on the three most accessible 
and most frequently bred species. Throughout the 
experiment 684 chrysalises of the giant owl (Caligo 
memnon), 754 chrysalises of the common morpho 
(Morpho peleides) and 200 chrysalises of the indian 
oakleaf (Kallima inachus) were used. The total number 
of chrysalises of all three species was 1638. The rearing 
facility was disinfected with vinegar before every new 
shipment arrived.

Fixation of butterfly chrysalises was carried out in 
butterfly garden with an area of 1200 m2, where the 
breeding and the rearing facilities were located. In the 
rearing section the monitored microclimatic indicators 
were temperature and humidity. The intensity of the 
lighting, air flow and air exchange had no effect on 
the chrysalises, so they were monitored only in the 
breeding area where only imagoes were present, the 
floor of was covered with linoleum and the walls were 
made of plastic mesh with a diameter of 5 mm.

Chrysalis Transportation

The chrysalises, imported from England, were 
in stage of development, so they would start to 
emerge approximately 48 hours after they arrived. 
Earlier hatching would cause the hatched butterflies 
to die during transport. The travel box was made of 
polystyrene, and it was lined with cotton wool. The 
chrysalises were placed side by side, insulated from 
each other by the wool, which protected them from any 
damage. The quality of the shipment was determined by 
the speed of delivery. The temperature of the external 
environment affected the development in the chrysalis, 
the lower the temperature, the more the time until the 
emerging began, in cases when the weather was too hot 
they would include a cooling patch in each transport 
box. The shipments arrived once a week.

Rearing Facility

The size of the rearing facility was 18 m2 (6 m long, 
3 m wide and 2.5 m high) (Fig. 1). It provided suitable 
conditions for rearing chrysalises from their fixation to 
emerging. The facility walls were made of horticultural 
foil. The rearing and emerging itself was realized in 
four separate shower boxes inside this facility, with 
an area of 0.64 to 0.81 m2 and a height of 2 m each, 
which had Plexiglas walls and glass doors. The top and 
bottom parts were covered with linoleum. About 30 cm 
above the floor was a plastic fine wire mesh that caught 
butterflies, which were not able to hold on to the slat or 

pupal skin after emerging. It also prevented them from 
sticking to the wet floor after falling down. Back walls 
of each shower box were equipped with metal holders 
that held 30 cm long wooden slats, and there were either 
19 slats 4 cm apart or 10 slats 8 cm apart. The highest 
slat was 18 cm from the ceiling. The glass doors were 
open during the day, closed at night to maintain the 
necessary humidity. The chrysalises were fixed to the 
slats using latex-based rubber cement.

Microclimate of the Rearing Facility

The most important factors affecting the health of 
chrysalises in the rearing facility were temperature and 
humidity. Therefore, the shower boxes were equipped 
with temperature and humidity meters, and the floor 
was covered with cotton, which helped to maintain the 
moisture, prevented water accumulation, and spreading 
of mold. There was a rule that the temperatures in 
the facility could not exceed 28ºC and the humidity 
could not fall below 50%. In the morning, the average 
temperature in the rearing facility was kept between 
24.5 and 25.5ºC and the average humidity was between 
74.5 and 75.5%. There was an additional heat source in 
case we needed to raise the desired temperature. If the 
temperature or humidity got higher, it was vented out 
by opening the rearing facilities entrance door. At lower 
humidity levels the entire rearing facility, including the 
shower box interiors, was sprayed with water. At noon 
the temperature rose to 26-27ºC while the humidity 
dropped to 63-64%. In the evening, the temperature 

Fig. 1. Rearing Facility.
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was kept similar to the noon temperature or 0.5ºC 
higher and the humidity increased to 65-68.5%. The 
butterfly imagoes were emerging from 6:00 until 17:00.

Methods of Fixation and Chrysalis Care

As soon as the chrysalises were received, they 
were fixed onto slats and placed inside a shower box 
to acclimatize to the temperature and humidity needed 
for normal development. The chrysalises were glued 
to wooden slats using Copydex, a natural latex based 
cement. A small drop of glue was applied directly onto 
a slat and the chrysalis was attached by the cremaster, 
which attaches the chrysalis to the plant in nature. It 
was necessary to consider which end of the chrysalis 
was the head and which was the cremaster. Since the 
head part was where the butterfly would start to emerge, 
in case it got glued up, the butterfly would die trying to 
emerge. The chrysalises are sensitive to touch and move 
their abdomen when handled, so it was better to let the 
glue drops dry a little before submerging the cremaster 
into it. Four types of fixing were tested during the 
experiment (Fig. 2):
1.	 Upper fixation - dense - chrysalises were glued to 

the upper part of the wooden slat, close to each other, 
with a gap of 0.5 to 1 cm between them.

2.	 Upper fixation - sparse - chrysalises were glued to 
the upper of the slat, as in the first case, with a gap of 
2 - 2.5 cm between them.

3.	 Lower fixation - dense - chrysalises were glued to 
the lower part of the slat so they would hang from 
it. The distance between individuals was, as in the 
upper dense fixation, as small as possible from 0.5 
to 1 cm gap between them, depending on the size 
of the chrysalises (smaller chrysalises, like those of 
Kallima inachus, were placed closer together, than 
those of the larger species).

4. 	 Lower fixation - sparse - chrysalises were glued to 
the lower part of the slat, further apart from each 
other with 2 to 2.5 cm gap between them. This 
method was the closest simulation of the natural 
conditions, where the chrysalis hangs from a plant 
and has enough space around it.
The chrysalis care included daily checkups. A 

healthy chrysalis is firm, flexible, with no change 
in coloration and no discharge. In a vitality test, the 
chrysalises were gently sprayed with water. Healthy 
chrysalises would move after water drops touched them. 
When a chrysalis softened, darkened and did not move 
at all, it meant that it had most likely died and it had 
to be removed immediately to prevent any transfer of 
bacteria to neighboring chrysalises.

Emerging

Before emerging the chrysalis walls became 
translucent. The head part split open as the imago started 
to crawl out. The first butterflies started emerging 24 - 
48 hours after chrysalises were placed into the shower 

boxes, and most of them usually emerged within 7 days. 
Many of the unemerged chrysalises, after the 7 day 
period, were most likely dead. After leaving a chrysalis, 
an imago hooked its legs onto a wooden slat or its pupal 
walls and rested, pumping its wings with lymph from 
its abdomen and waiting for them to dry up. If, during 
this time, it came into contact with another butterfly or 
fell down, its wings would most likely tear, the lymph 
would leak through the holes and droplets of it would 
start forming on wings. These damaged butterflies 
were no longer able to fly because their wings never 
straightened. To avoid this, the imagoes were removed 
from the hatchery and were hung on ropes in the 
breeding facility. If the imago was well developed and 
strong enough, it managed to keep itself hanging from 
the rope until it flew away; if it couldn’t, it meant that it 
was weak and had no chance of survival.

  
Breeding Facility

The breeding facility had a rectangular ground plan 
(width 30 m, length 40 m and height 3 m). It served as 
a living space for the butterfly imagoes. Live flowers 
and artificial feeders were used to feed the butterflies. 
Average temperature in the breeding area was 22-25ºC, 
which was 3ºC lower than the outdoor temperature, and 
the relative humidity ranged from 65 to 75%, which 
was achieved by spraying water on live plants several 
times a day. The air exchange took place by means of 
ventilation so that the air flow did not exceed 0.25 m.s-1. 
The light intensity in the entire area was 200 Lx, at the 
feeders additional light sources were used to increase it 
to 400 Lx. Lights were turned on for 12 hour periods 
during which the butterflies were flying, looking for 
food and resting at night, when they were turned off. 
Shallow plastic bowls with a diameter of 20 cm were 
placed in a well-lit, easily accessible place as feeders. 
Overripe juicy fruits such as citrus fruits, melon, pears, 

Fig. 2. Methods of fixing Caligo memmon chrysalises: A - 
upper sparse fixation, B - lower sparse fixation, C - lower dense 
fixation, D - upper dense fixation.
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plums, strawberries, and bananas were used as food. 
In addition to fruit, commercially available nectar was 
also offered, it was powder nectar mixed with water 
and served in containers. It was located near the ropes, 
where freshly emerged imagoes were placed, and acted 
as the first energy source for young butterflies capable 
of flight. Plants were mainly used for shelter and rest. 
In between the plants ropes were hung for the freshly 
emerged imagoes, taken from the rearing facility, to dry 
their wings. This ensured that each individual had as 
much time, as it needed to get ready for its first flight. 
The aim was to have the highest amount of healthy and 
flight-capable imagoes emerging.

Data Analysis and Statistical Processing

The obtained results consisted of healthy and 
damaged imagoes that emerged and chrysalises 
containing dead butterflies from the total number of 
chrysalises in each fixation type. Temperature and 
humidity were recorded in the morning, at noon and in 
the evening inside the rearing facility so the optimum 
environmental conditions for the developing chrysalises 
were maintained. The results were processed into tables 
in Microsoft Office Excel 2007 and the data were then 
statistically analyzed in Statistica 8 and SAS University 
Edition [14, 15].

Percentage evaluation of different fixation methods 
from best to least effective was made in Microsoft 
Office Excel 2007. Statistical significance of the results 
obtained was calculated with a linear ANOVA model 
using the ratios of healthy, damaged and dead butterflies 
to the total number of chrysalises in each fixation 
method for all the species together and for individual 
species separately. Tabular evaluation of statistical 
evidence was created with T-test.

Results and Discussion

Fixation of chrysalises is one of the most important 
stages of successful breeding of butterflies in artificial 
conditions, as it is necessary to produce a large number 
of individuals in a small space. For this reason, it is 
necessary to look for methods that are feasible and 
suitable for both butterflies and operators of butterfly 
farms.

The total number of observed chrysalises of the 
giant owl was 684 pieces and of the common morpho it 
was 754 pieces, these were included in all of the seven 
fixations. The total number of observed chrysalises of 
the indian oakleaf was 200 pieces, these were present in 
only four fixations due to unavailability (Table 1).

Table 2 shows the amount of healthy and damaged 
butterflies that emerged, and the amount of dead 
chrysalises of selected butterfly species throughout the 
research period and the effectiveness of each fixation 
method. The percentage and ratio of individuals to total 
chrysalises during each fixation is shown. Bold lettering 

shows the percentage and ratio of the total number of 
individuals to the total number of chrysalises fixed 
during the entire study by every single fixation method. 
The results show that all three butterfly species showed 
similar values ​​depending on the efficiency of fixation in 
each individual method. Effectiveness of each fixation 
method is indicated by the ratio of healthy, damaged 
and dead butterflies to the total number of chrysalises 
(Table 3). It can be stated that in terms of the percentage 
of healthy, damaged and dead butterflies, sparse fixation 
for all three species was better than dense fixation. 
With lower fixation, there are fewer losses compared to 
the upper fixation. For this reason, the best method is 
the low sparse fixation.

The results show that the upper dense fixation had 
74% Caligo memnon, 77% Morpho peleides and 72% 
Kallima inachus successful emergence rate of healthy 
living viable butterflies. The losses were 26%, 23%, 
28% respectively. Advantages of this fixing method 
include the fact that it is possible to have a large 
number of chrysalises in a small space. On the other 
hand, a large concentration of chrysalises close together 
increases the risk of transfer of parasites and bacteria 
between each other. Butterflies usually emerge in 
higher numbers at once, meaning that a larger number 
of individuals emerge in a relatively short time one 
after another. This implies another negative factor, an 
increased number of injuries. When individuals emerge, 
they try to grab onto something as quickly as possible 
so that they can begin to dry their wings. They often 
hang onto one another, causing them to fall down and 
to tear wings of other individuals. Based on the high 
significant results of statistical tests and self-observation 
this method of fixing is classified as least effective.

Lower dense fixation had 80% Caligo memnon, 86% 
Morpho peleides, and 78% Kallima inachus successful 
emergence rate of healthy living viable butterflies. The 
losses were 20%, 14%, 22% respectively. Advantage 
was that there was a larger amount of individuals in 
the shower box in a more natural hanging position of 
the chrysalis on a slat. While emerging, the butterfly 

Table 1. Delivery dates and the amount of individual chrysalises 
from each species delivered.

Delivery 
date

Caligo 
memnon

Morpho 
peleides

Kallima 
inachus

7.7. 2017 119 120 55

21.7.2017 117 128 52

27.7.2017 87 73 0

3.8.2017 142 138 0

11.8.2017 62 134 38

17.8.2017 91 94 0

24.8.2017 66 67 55

Total 684 754 200
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catches on the chrysalis walls that hang from a slat, or a 
lower edge of the slat more easily. For this reason, losses 
were lower. Our results correspond with the data of [12] 
from the Botanical Garden in Košice, who stated that 
they had recorded 80% success rate of healthy evolved 
individuals in eight years, using this fixation method. 
Based on high significant results of statistical tests and 
self-observation this method of fixing is ranked third 
in terms of the effectiveness of fixing the pupae of 
butterflies.

The lower sparse fixation had 83% Caligo memnon, 
89% Morpho peleides and 86% Kallima inachus 
successful emergence rate of healthy living viable 
butterflies. Losses were 17%, 11%, 14% respectively. 
The advantages of this method of fixing include reduced 
risk of transmitting parasites or bacterial diseases from 
one chrysalis to another, because they are further apart 
and are less numerous. Disadvantages include the fact 
that, while emerging, the butterfly must exert greater 
effort to grab on to the upper edge of the slat. Based 
on high significant results of statistical tests and self-
observation this method of fixation ranks second in 

terms of the effectiveness of the fixation of butterfly 
chrysalises.

The lower sparse fixation had 99% Caligo memnon, 
100% Morpho peleides and 100% Kallima inachus 
successful emergence rate of healthy living viable 
butterflies. Losses were 1%, 0%, 0% respectively. 
Lower concentrations of chrysalises on each slat 
and greater space between them reduce the risk of 
transmission of bacterial diseases and parasites. The 
butterfly easily grabs on to the lower edge of a slat and 
remains attached. Based on high significant results of 
statistical tests and self-observation this method of 
fixing the butterfly chrysalises is evaluated as the most 
effective of the tested methods.

Figs 3 and 4 show that the ratio of healthy emerged 
butterflies to the total number of chrysalises has an 
increasing tendency in the direction of upper dense 
- lower dense - upper sparse - lower sparse (from the 
least efficient to the most efficient fixation method). 
The ratio of damaged butterflies to the total number of 
chrysalises has a decreasing tendency, confirming the 
effectiveness of each method, and the ratio of the dead 

Table 2. Percentage evaluation of effectivity of different methods of fixation for all individual species. 

  Healthy Damaged Total emerged Not emerged (dead)

Caligo Memnon

Upper fixation - dense 231/313 (74%) 50/313 (16%) 281/313 (90%) 32/313 (10%)

Upper fixation - sparse   115/138 (83%) 18/138 (13%) 133/138 (96%) 5/138 (4%)

Lower fixation - dense 100/125 (80%) 13/125 (10.4%) 113/125 (90.4%) 12/125 (9.6%)

Lower fixation - sparse    107/108 (99%) 0/108 (0%) 107/108 (99%) 1/108 (1%)

Morpho peleides

Upper fixation - dense 168/218 (77%) 36/218 (16.5)% 204/218 (93,5%) 14/218 6,5%

Upper fixation - sparse   161/181 (89%) 20/181 (11%) 181/181 (100%) 0/181 (0%)

Lower fixation - dense 176/205 86% 17/205 (8%) 193/205 (94%) 12/205 (6%)

Lower fixation - sparse    150/150 (100%) 0/150 (0%) 150/150 (100%) 0/150 (0%)

Kallima inachus

Upper fixation - dense 60/83 (72%) 15/83 (18%) 75/83 (90%) 8/83 (10%)

Upper fixation - sparse   31/36 (86%) 5/36 (14%) 36/36 (100%) 0/36 (0%)

Lower fixation - dense 35/45 (78%) 6/45 (78%) 41/45 (91%) 4/45(9%)

Lower fixation - sparse    36/36 (100%) 0/36 (0%) 36/36 (100%) 0/36 (0%)

Table 3. Fixation type and total amount of healthy or damaged imagoes and dead butterflies.

Fixation Upper fixation - dense Upper fixation - sparse  Lower fixation - dense Lower fixation - sparse    

Species Healthy Damaged Dead Healthy Damaged Dead Healthy Damaged Dead Healthy Damaged Dead

Caligo memnon 231 50 32 115 18 5 100 13 12 107 0 1

Morpho peleides 168 36 14 161 20 0 176 17 12 150 0 0

Kallima inachus 60 15 8 31 5 0 35 6 4 36 0 0
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butterflies to the total number of chrysalises proves that 
the denser fixation of the chrysalises leads to higher 
rates of dead individuals.

The difference of the ratio of healthy and damaged 
butterflies to the total number of chrysalises is highly 
statistically significant (p<0.001).

The difference of the ratio of healthy and damaged 
butterflies to the total number of chrysalises is highly 

statistically significant (p<0.001) for each fixation 
method.

There are two known reasons for the death of a 
butterfly inside a chrysalis. One of the reasons is of 
genetic causes that cannot be influenced. It is caused 
by genetic factors and anomalies arising during 
transformation of a caterpillar into a butterfly inside a 
chrysalis. The second cause is death due to bacterial 

Fig. 3. Statistical significance within species (ANOVA, Wilks lambda = 0,47557, F = 11,852, p = 0,00000): ratio of healthy, damaged 
emerged and dead butterflies to the total number of chrysalises.

Fig. 4. Statistical significance (ANOVA, Wilks lambda = 0.36939, F = 10.637, p = 0.00000): ratio of healthy, damaged emerged and dead 
butterflies to the total number of chrysalises.
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disease or parasites [16, 17]. Using the dense fixation 
methods there were more dead chrysalises on slats, 
than using the sparse methods. This was influenced by 
a higher number of individuals close to each other and 
thus a higher probability of pathogen transfer. Bacteria 
spread faster from one chrysalis to another, when they 
are in high density close side by side. According to [18], 
chrysalises are susceptible to various infections and 
diseases. When one of them is infected in one breeding 
area, this usually leads to the death of more chrysalises 
in the same area.

Our results correlate with the data of [19], who 
evaluated the lower sparse fixation method as the best. 
It states that the losses of the chrysalises are minimal 
(about 5%) and are mainly caused by predators (ants) 
that got through the mesh to the rearing facility.

Based on the obtained results, we found that 
the upper sparse fixation method is the second best 
alternative. Its success rate among the studied species 
was 83%, 89%, 86% respectively.

In a butterfly garden in England, which is part of the 
London Zoo, the lower dense fixation method was used 
with chrysalises, showing 20% losses and a success rate 
of 80%. In our case the success rate of fixation among 

the observed species was 80%, 86%, 78% respectively. 
At the Butterfly Farm in Stratford Upon Avon, where 
the chrysalises were also bought from, they were fixed 
to sticks with Copydex glue using the lower dense and 
the lower sparse methods. Losses at the lower dense 
fixation method represent 18% and with the lower 
sparse method were 10% maximum [20].

In comparison of our results with the other butterfly 
breeding organizations, it is apparent that when using 
the methods of fixation with lower or hanging positions 
of the chrysalises, there are lower losses. From an 
economic point of view, dense fixation methods are 
used to place a large number of chrysalises inside a 
small space. The upper or lower method of fixation of 
the chrysalis also depends on whether they are glued to 
a wooden slat or a branch.

Temperature and photoperiod also had a significant 
effect on larval development, which is confirmed by 
other authors [21-25]. [26-28] state that photoperiod and 
temperature play a role in the larval development and 
survival rate of the larvae of K. inachus. Photoperiods 
affect the development period of larvae at 20ºC but not 
at 25ºC and at 30ºC. As the temperature increased from 
20ºC to 25ºC and to 30ºC, the developmental periods 

Table 4. Statistical significance of ratios of healthy and damaged emerged butterflies to the total number of chrysalises.

Table 5. Statistical significance of the difference between the ratio of healthy and damaged butterflies to the total number of chrysalises 
in each fixation method separately.

Table 6. Correlation between the ratios of healthy and damaged butterflies to the total number of chrysalises for each fixation method.
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of larvae reduced under the same photoperiod from 31.7 
to 36.0 days, from 26.37 to 27.4 days and from 21.0 to 
21.5 days, respectively. Increasing the temperature also 
made an increase in the survival rate under different 
photoperiods. The survival rate of larvae at 20ºC, 25ºC, 
and 30ºC was 80%-92%, 75%-95%, and 55%-85%, 
respectively. While there are more advantages with 
higher pupal density in nature [24], it might not be as 
advantageous in captivity.

                   

Conclusion

The research of various fixation methods of 
chrysalises of selected butterfly species was focused 
on finding the most effective method of fixation of 
a butterfly chrysalis on wooden slats, testing four 
different widely used methods. These results can 
be applied in zoos and other institutions that breed 
butterflies. Statistically, the lower sparse fixation 
method was the best. Its main drawback is that it is not 
possible to have a large number of chrysalises in one 
hatchery. The highest losses were recorded using the 
dense methods. If we consider the economic aspect of 
intensive breeding conditions, where the main criterion 
is the production of as many individuals as possible, 
we would recommend a lower dense fixation method. 
For each method of fixation, it is necessary to ensure 
the optimal temperature and humidity in the hatchery, 
sufficient food for the emerged individuals and 
minimizing losses caused by predators and pathogens.
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