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Flight ability is a felicity for insects not only to fly around but also to other
important purposes like to acquire mates, feed, communicate, defend, disperse
and locate host plants (Engel 2015). With this incentive, the present study was
conducted to examine the flight activity and flight muscle of Junonia almana
(both male and female) butterfly and Apis dorsata worker honey bee at 30 £ 5°C
and 75% RH. By following the tethered flight technique for one hour it was
found that among the three (male and female butterfly and honey bee), female
butterflies flew more times (21.65 = 5.98 min) compared with others. Similarly,
in terms of the measurement (mean length, breadth and volume) of forewing and
dorso-longitudinal muscle, female butterfly showed higher value than male
butterfly and honey bee.

Butterflies occupy a vital position in the ecosystem by playing role as
pollinators of plants promoting genetic diversity and contributing to natural
sustainability and for their role as indicators of environmental quality (Reddi et
al. 2002). They are called accidental pollinators that unintentionally pick up
pollen on their legs and body while perching on flowers to forage for nectar
(Boggs and Ross 1993). Butterflies heavily depend on their flight ability to get
mates, feed, disperse and locate host plants. Besides chemical defenses and
camouflage, adult butterflies rely on their flight ability to avoid predation (Chai
and Srygley 1990).

Honey bees play an important role in ecology as pollinators of many plant
species. Their products have great commercial importance around the world.
They are major agricultural pollinators and are keystone pollinators especially in
tropical ecosystems (Suwannapong et al. 2012). Conservation of many habitats
depends upon the preservation of bee populations. Reproduction of major
elements of flora may be severely limited if the bee population disappear
(Michener 2000). Among the castes of honey bee colony, only the worker bees
act as forager. Worker honey bees are sterile female. The flight ability of a bee is
determined by many factors, including the mass of the bee, the mass of the
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flight muscles, and the power output of the flight muscles. Their flight is totally
aerobically supported (Kammer and Heinrich 1978). The large indirect flight
muscles of honey bees are used to produce a variety of actions besides flight.
These include sonication for pollen collecting, for defense and for compacting
soil within nests, all of which possess higher frequencies than flight (Buchmann
1983).

Understanding the importance of butterfly and honey bee and the
importance of flight muscle in their life, it is very important to make more study
on their flight activity and flight muscle which will help in establishing and
maintaining a sustainable healthy ecosystem. Nymphalidae is the dominant
butterfly family including 5000 described species (Fres 1989) and among them
Junonia almana (the peacock pansy) is very common species in Curzon hall
area, University of Dhaka. Apis dorsata (the giant honey bee) is very common
species in Curzon hall area. So, the objective of the study was to observe the
flight activity and flight muscle of butterfly and honeybee, and to compare these
between male and female butterfly.

In this study, Junonia almana butterfly (both male and female) and Apis dorsata
honey bee (female) were examined and analyzed to observe their flight
performance. Flight activity was associated with the wings. Hind wings are not
necessary for flight (Jantzen and Eisner 2008). So, measurements of forewings
were taken in this experiment. Dorsal longitudinal muscle (DLM) and flight
activity of Junonia almana butterfly and Apis dorsata honey bee were evaluated.

The flight activity was observed by Tethered flight technique which is a very
reliable technique for observing flight activity of flying insects. It allows studies
of biomechanics and electrophysiology of flight control (lyengar and Wu 2014).
The behavior of flying insects has been investigated in laboratory by scientists
over many years. Many studies concerned flight capability or duration and used
tethered flight approaches (Hardie 1993). This represents a crude approximation
to field flight as the mechano-sensory and visual cues perceived are very
different (Dingle 1985).

Flight activity was observed following the Tethered flight technique as
suggested by Cooter and Armes (1993) who used there are three tethering
techniques traditionally monitor flight performance in insects. This simplest
technique, static tethering was used in the which, involves attaching the insects
attached to a fixed support, making them fly with a stimulator and then the
duration of time of wing beating was recorded. A table fan of about 1200 RPM
(rounds per minute) and a table lamp were used as stimulators.

Ten worker honey bees of Apis dorsata, 10 female butterflies and 10 male
butterflies of Junonia almana were collected from Curzon hall area, Botanical
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(b)
Fig. 1. Flight muscle of butterflies (a) male butterfly and (b) female butterfly.

Fig 2. Flight muscle of honey bee.
Table 1. Showing the flight activity of male and female butterfly and honey bee

No. of observation (n) Mean + SE (min)
Male butterfly Female butterfly Honeybee
10 20.08+6.2 21.65+5.98 7.09+2.7*

*Significant at p = 0.05

Table 2. Showing the measurement of forewing of male and female butterfly and honeybee

No. of Name of observation Mean + SE
observation (n) Male butterfly Female butterfly Honeybee
Length of forewing (mm) 25.7£0.5 26.8+£0.25 11.9+0.18
10 Breadth of forewing (mm) 17.3+£0.37 18+0.42 4.240.1
Volume of forewing 2033.37+0.12 2290.27+ 0.13 52.91+£3.62

(mm3)
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Table 3. Showing the measurement of flight muscle of male and female butterfly and

honeybee.
No. of Name of observation Mean + SE
observation (n) Male butterfly Female butterfly Honeybee
Length of DLM (mm) 4.69+0.15 4.91+0.17 4.55%0.18
10 Breadth of DLM (mm) 2.15%0.1 2.42+0.07 2.48+0.02
Volume of DLM (mm3) 17.64£1.93 22.84+1.68 7.26%0.3

garden and Animal garden by using sweeping net. The species were identified by
following Borror et al. (1976). The collected insects were kept at -4°C in a
refrigerator for about 3-4 minutes to make them anesthetized.

For the observation of flight activity of the butterfly and honey bee, a wooden
stand with four holes on the upper plate of it was used. The holes were filled
with foam and a bamboo stick was set in the wooden stand with the help of
foam in the holes. A table fan was set one meter away from the wooden stand. A
table lamp was placed on the wooden stand.

The anesthetized butterfly and honey bee were left for a while until these
came into sense. Then the fan and the lamp were switched on and the duration
of the insect wing beating within one hour was counted with the help of a
stopwatch.

The length and width of the forewing of the anesthetized insect were measured
with a scale. Then the sample was kept in a vial filled with 70% alcohol for
temporary preservation to observe flight muscle.

Preserved butterflies and honey bees were dissected and the flight muscle was
observed through microscope and a picture was taken through it. The length
and breadth of the flight muscle were measured by using TmageJ’ software.
Here, 1lmm was set as scale and after ‘analysis’ the length and breadth were
measured.

Volume of forewing of both butterfly and honey bee and flight muscle of honey
bee were conducted by following formula:

V=1/3 irzh

Here, V= volume, ni= 3.1416, r = radius (half of breadth of forewing or flight
muscle), h= height (length of forewing or flight muscle).

Volume of flight muscle of butterfly were conducted by following formula:

V= nir2h

Here, V= volume, ni= 3.1416, r = radius (half of breadth of forewing or flight
muscle), h= height (length of flight muscle)

Data were analyzed statistically by calculating mean, standard error and t test.
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The flight activity was observed by Tethered flight technique. In the present
study, it was found that the mean time of flight activity of male was 20.08 min
and that of female was 21.65 min (Table 1). It showed that duration of flight
activity of female was longer than that of male. The flight activity did not vary
significantly between male and female butterfly (P> 0.05).

In this study we found that male butterflies were weak flyer than the female. The
flight muscle of female butterfly was stronger than the male. Female butterflies
were generally heavier than males and allocate more mass to the abdomen but
males allocate more to the thorax (Karlsson and Wickman 1990). Females have
fewer flight muscles per unit of body mass than males. Females have to produce
more flight force per unit of flight muscle mass than equally performing males
do. Because of their heavier abdominal loads, females may operate at nearer to
maximum power output (Berrigan 1991). Sharp et al. (1975) conducted an
experiment on flight performance of males and females of Bactrocera cucurbitae
and B. dorsalis (Diptera) and reported that females are larger and better fliers.
The maximum distances that individual males of B. cucurbitae had flown, were
9845 m (8 days old) at flight speeds of 96.7% of the time while the maximum
distances that individual females had flown, were 13,000 m (8 days old) at flight
speeds of 98.5% of time. The flight activity of worker (female) honey bee was
compared with that of female butterflies for better understanding (Table 1).

The duration of flight of female butterfly was 21.65 min and that of honeybee
was 7.09 min. It showed that duration of flight activity of female butterfly was
significantly (P< 0.05) more than that of honeybee. The butterfly is better flyer
than honey bee. Although in general butterflies do not carry as much pollen
loads as the bees do (Bashar 2015), they are capable of carrying pollens over
greater distances (Goulson et al. 1997). This happens in nature (mostly in the
forests) because butterflies visit flowers and plants in all layers of vegetation in
an ecosystem (Bashar et al. 2015).

The experiment showed that the mean of length, breadth, and volume of
forewing of male butterfly were 25.7 mm, 17.3 mm and 2033.37 mm3 (2.03
cm3), respectively and those of female butterfly were 26.8 mm, 18mm and
2290.27mm3 (2.29 cm3), respectively (Table 2). The mean length of forewing of
female was greater than male. The length of forewing did not significantly vary
between male and female butterfly (P> 0.05). The mean breadth of forewing of
female was greater than male. The breadth of forewing did not vary significantly
between female and male butterfly (P> 0.05). The mean volume of forewing of
female was greater than that of male. The volume of forewing did not
significantly vary between female and male butterfly (P> 0.05).
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Apparently, the wings of honey bee are quite smaller than butterfly. The mean of
length, breadth and volume of forewing of honey bee were 11.9 mm, 4.2 mm and
52.91 mma3 (0.05 cm3), respectively (Table 2).

Dorso-longitudinal muscle (DLM) was observed as it is the chief flight muscle.
The measurements were taken by ImageJ’ software. The DLM of butterflies were
cylindrical shaped (plate 1). The mean of length, breadth and volume of DLM of
male butterfly were 4.69 mm, 2.15 mm and 17.64 mm3 (0.02 cm3) respectively,
and those of female were 4.91 mm, 2.42 mm and 22.84 mm3 (0.02 cm3),
respectively (Table 3). It was showed that mean length of DLM in female was
greater than male. The length of DLM did not significantly (P> 0.05) vary
between female and male butterfly. The mean breadth of DLM of female was
greater than male. The breadth of DLM did not significantly vary (P> 0.05)
between female and male butterfly. The mean volume of DLM of female was
greater than that of male. The volume of DLM did not significantly vary (P> 0.05)
between female and male butterfly.

The experiment showed that mean of length, breadth and volume of DLM of
honey bee were 4.55 mm, 2.48 mm and 7.26 mma3 (0.007 cm3), respectively
(Table 3). The DLM of honey bees are conical shaped (plate 2).

Flight muscles are the most metabolically active tissue in insects, rendering
flight one of the most energetically demanding activities (Nijhout 1994). It is
known that in some insect species, even in the absence of flight, flight muscle
maintenance can be energetically demanding (Mole and Zera 1994). In spite of
the flight being energetically expensive, it is required for the majority of adult
activities in flying insects (Chown and Nicolson 2004).

In female insects another reason may be oogenesis-flight syndrome which
means the development of the ovaries and development of flight apparatus are
physiologically antagonistic processes and their interplay affects migration in a
quantitative way (Johnson 1963). Some scientists reported that oogenesis- flight
syndrome is not applicable to some species. Schumacher et al. (1997) studied on
long flights in Cydia pornonella (Lepidoptera: Tortricidae) and showed that
mated females had peak flight capacity between 1 and 3 days after eclosion,
which corresponded with the major egg-laying period.

Flight is important for both butterfly and honey bee as it increases the range
over which food, partners and suitable habitat for breeding can be found and
also encourage long distance migration, courtship and male-male contests. So,
the study on their flight activity and flight muscle may contribute to their
conservation, indirectly conservation of ecosystem.
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