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Abstract: The fitness parameter has been studied in Drosophila melanogaster, D. bipectinata, D. malerkotliana and D.
ananassae. 7 day aged virgin flies were used for mating experiment, it revealed that, mating latency is more in D.
malerkotliana and less in D. melanogaster. Mating time of D. melanogaster is more and it is less in D. ananassae D.
bipectinata takes more time to remate and D. melanogaster takes less time to remate. Mating time, fecundity, productivity
and viability of virgin is more than mated male in all the species except, D. melanogaster. Even though D. melanogaster
has more percentage of viability it takes more time in mating. The mating time is less in D. ananassae whereas, fecundity,
productivity and percentage of viability is more than other species.
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1. Introduction

All biological processes directly related to reproduction
that plays an important role in determining fitness.
Reproductive capacity is particularly a good index of
fitness in organisms that go through repeated cycles of
rapid population growth and it has evolved as a way for
species to maximize their potential of survival. Traditional
models of sexual selection predict that in most animal
species, male will be less discriminating in their choice of
mating partners and has less investment in their offspring
than female [1,2].

Fitness consists of many components such as mating
latency, mating time, duration between mating, fertility,
fecundity, productivity, viability and longevity, etc., Mating
is the most important and fundamental process in animals
to select the best partner and to produce progeny. Dipteran
insects show a wide range of species-specific mating
behaviour. In Drosophila successful mating depends on
male activity and female receptivity, but males stand to
increase their fitness by multiple mating with as many
females as possible. After mating, physiological changes
are occurring in both male and females [1-5].

Mating latency is an important component of Drosophila

mating behaviour. Mating latency is the time required for
males and females to initiate copulation. Mating latency
has been studied in natural and laboratory conditions as
well as, at multiple mating in different species of
Drosophila [4,5]. The mating latency of virgin females is
significantly shorter than mated females [6].

Mating time is another important component of
Drosophila mating behaviour. It is considered as male
determined trait and is an expression of the rate of sperm
transfer [7]. The mating time has been studied in both
natural and laboratory conditions, 1% mating time is more
than 2™ mating time in different species of Drosophila
[4,5,8].

Fecundity is the most obvious trait that influences the
reproductive ability of female and usually considered as
female fitness component, it has been analysed in different
species of Drosophila, it shows that fecundity is influenced
by mating flies age, body size, environmental factors,
genotype and also fecundity-enhancing substances (FES).
The fecundity of virgin females is more when compare to
mated female [9-12].

Productivity is the number of newly produced offspring
of a mated pair. It has been extensively studied in different
species of Drosophila. Effect of density on fecundity and
productivity has been studied. Productivity of first mated
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flies is more than the subsequent mating. Repeated mating
by females leads to a higher productivity and lower
longevity [13-16]. Percentage of viability is an expression
of the successive fertility. Viability decreases as density
increases. Egg to adult viability and male mating success
are the most important components of fitness [17,18].

Remating is common in many species of Drosophila
under both natural and laboratory conditions. Multiple
mating in Drosophila bears a direct relation to fitness [19].
Remating time of male and female in different species of
Drosophila has been studied [4,8]. Remating and sperm
storage are specific features that can play important roles in
determining female fecundity, male mating success.
Remating reduces the maternal survival [20-22]. Markow,
Quaid and Kerr [23] found that females are able to
distinguish between mated and unmated males and those
that had a previous mating experience, showing preference
for virgin males.

Mating latency, mating time, remating duration,
fecundity and productivities have been studied individually
taking one or two species where as all the fitness
parameters in more than one species has not been studied.
The parameters were correlated taking one or two species.
The systematic study with all the parameters of fitness in
more than a species is not been analysed. Thus, the present
work has been taken up to study the fitness parameters in
different species of Drosophila to establish is there any
relationship between these parameters.

2. Materials and Methods

D. melanogaster, D. bipectinata, D. malerkotliana,
D. ananassae were obtained from Drosophila stock centre,
Department of zoology, University of Mysore, Mysore.
The flies were cultured in a standard wheat cream agar
medium, prepared as per the procedure described by
Shivanna, Siddalingamurthy and Ramesh [24] and
maintained at a constant temperature of 22+1°C.

2.1. Mating Latency, Mating Duration and Remating

The virgin males and females were separated within
lhour of their eclosion; then they were aged for 7 days in
separate food vials. 7 day aged virgin male and female flies
were allowed to mate in a mating chamber (10x 4.5 cm).
Their virginity was assured by observing the vials for
presence / absence of larvae. The pair was observed for 5
to 6 hours. The mating latency (time taken by flies to
initiate mating) was recorded. After initiation of mating, 1%
and 2™ mating time (time of initiation of mating till the
time of release or depart of male and females) was
recorded. After 1¥ mating the female was aspirated out and
another virgin female was introduced into the mating
chamber. Time required for remating (duration between
mating) was recorded as per the procedure described by
Singh and Singh [8].

2.2. Fecundity and Productivity

The mated females were kept in separate vials and
transferred to a new culture vials every day and eggs were
counted daily for a period of 30 days. Yeast was added to
the culture vials containing larvae for feeding and pupae
were counted after pupariation to calculate the productivity
and the percentage of viability.

3. Results

Table 1 shows the mating latency, mating time, duration
between first and second mating, fecundity, productivity
and viability in Drosophila melanogaster, D. bipectinata,
D. malerkotliana and D. ananassae. Mating latency is less
in D. melanogaster (21.8 min) and more in D.
malerkotliana (49 min). Mating time of D. melanogaster is
more (I-20.4, 11-18.4) and D. ananassae mating time is less
(I-5.4, 1I-3.4). The difference between first and second
mating (Figure.1) is 2 minutes in D. melanogaster, D.
bipectinata and D. ananassae except D. malerkotliana
(3min).

Table 1. Mean + SD of mating latency, Mating time, Duration between mating, Fecundity, Productivity and viability in different species of Drosophila.

Mating Matmg Duration between . .. viability
latency time mating (min) Fecundity Productivity (%)
(min) (min) g &
I 20.4+2.7 429.0+162.8 261.0+47.9 60.84
D. melanogaster** 21.8 27.4+24.3
I 18.4+3.6 293.2+65.4 205.0+60.3 69.92
I 12.0+£2.9 414.4+129.2 207.4+90.7 50.05
D. bipectinata* 31.6 67.0+41.7
I 10.6+1.3 371.2+93.0 154.0+£56.9 41.49
I 16.6+2.1 615.2+141.4 331.6+64.1 53.90
D. malerkotliana** 49 48.80+8.5
I 13.8+1.9 391.8+129.0 193.2+27.7 49.31
I 5.4+0.5 664.0+£222.7 386.4+57.6 58.19
D. ananassae** 34.8 50.4+14.6
I 3.4+0.5 362.0+£284.3 188.6+73.3 52.09

Significant *productivity, **fecundity and productivity, df = 29, P< 0.05
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Figure 1. First and second mating time in different species of Drosophila.

D. melanogaster takes less (27.4) time to remate and D.
ananassae takes approximately double (50.4) and remating
time increases approximately 20 minutes sequentially in D.
melanogaster, D. malerkotliana, and D. bipectinata in first
mating (27.4, 48.8, 67.0).

D. ananassae and D. malerkotliana shows more
fecundity in first and second mating (1-664.0, 11-362.0 and
1-615.2, 11-391.8). Fecundity of D. melanogaster and D.
bipectinata in first mating (429.0 and 414.4), and D.
bipectinata and D. malerkotliana in second mating (371
and 391) is almost equal.

In first mating, productivity of D. ananassae is more
when compared to other species (386.4) and in D.
bipectinata, D. melanogaster and D. malerkotliana it
increases approximately by 60 pupae (207.4, 261.0, 331.6
respectively). Productivity of second mating is more in D.
melanogaster (205.0) and less in D. bipectinata (154.0)
and it is almost equal in D. malerkotliana and D.
ananassae (193.2 and 188.6). The first mating viability is
almost equal in D. melanogaster and D. ananassae. The
difference in fecundity and productivity between 1% and 2™
mating of all species is significant (t- test) except fecundity
of D. bipectinata. The difference in fecundity and
productivity between species is significant in first mating
(F=8.026 and F=2.698, df, =3, df, =116).

Percentage of viability in D. malerkotliana (53.90) and
D. bipectinata (50.05) of first mating is almost equal to
second mating of D. ananassae (52.09). In all the species,
viability of second mating is lesser than first mating except
in D. melanogaster (69.92). The percentage of viability

gradually increased from D. bipectinata to D.
malerkotliana is with 8% and D. malerkotliana to D.
ananassae is with 3% in second mating.

4. Discussion

Courtship behaviour in Drosophila consisting of a chain
of stimulus response reaction between male and female and
also transfer of sperm from male to female is the primary
function of mating in sexually reproducing animals. Once a
virgin female Drosophila has mated, she is usually
unwilling to accept another male for sometime because,
after mating behavioral and physiological changes occur,
including decrease in receptivity to further mating, male
attractiveness and life span, increase of oogenesis ovulation
and oviposition rates, storage and utilization of sperm
[5,25,26].

The reproductive behavior of a male can be affected by
its interaction with other sexually mature males during its
early immature stage [27,28]. Male density prior to assay
can have major effect on male courtship. Drosophila males
held at high density tend to have lesser courtship intensity
compared to males held in isolation [29]. In the present
experiment males were assayed in the absence of a
competitor to nullify the interference.

The basic asymmetry between the sexes results in sexual
conflict over remating, which suggests that male fitness
increases monotonically with increased mating rate.
Remating results in sperm competition and increases the
fitness; each mating provides an opportunity to produce
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more offspring [8]. Female intensify their reproductive
success by increasing the viable eggs produced and also
depends on female age. While single or a few mating are
sufficient for females to maximize their reproductive
success [1-3,5,30].

Mating latency is a measure of female receptivity and
male courtship efficiency and intensity. Mating latency
indicates both vigor of males and females receptivity.
Higher the vigor of males and receptivity of females,
shorter is the mating latency during this period courtship
acts are performed mostly by males to increase receptivity
to females and to make her sexually excited [31]. D.
melanogaster shows more vigorous compared to other
species and D. malerkotliana is less vigorous.

Mating time and remating speed is not an exclusive part
of male mating activity. It is determined by both males and
females involved in the cross, it depends on their body size
and environmental parameters [32]. Mating time varies due
to different courtship patterns in different species of
Drosophila [33,34]. Mating time differs in different species
and between first and second mating. First mating time is
more than second mating time in all the species analysed
(Table.1).

Longer copulation is an adaptation of males which could
reduce the risk of sperm competition with future ejaculates
with the help of a mating plug, which prevent the female
from remating before oviposition [35]. Longer copulation
leads to a higher reproductive success for male. Males that
mated with non virgin females experienced sperm
competition and lesser duration of copulation than virgin
females [5,8]. Present study shows that, D. melanogaster
has longer mating time and more productivity; where as
D. ananassae has less mating time and high productivity.
Even though the virgin female were introduced in second
mating, mating time is less than first mating time, it
indicates that the mating time depends on male virginity.

The duration of copulation is also affected by age [19].
Old males consistently less active than young ones [36] but
older males were found to be more successful under
competitive conditions compare to young males [37].
Mating duration is species specific it varies from 5 seconds
(Scaptodrosophila) to 62 minutes in D. n. nasuta [38,39].
For the present experiment, same aged flies were used.
D. melanogaster shows more mating time (I-20.4, 1I-18.4)
and D. ananassae shows less mating time in both first and
second mating (I-5.4, 11-3.4).

Percentage of remating frequency and remating time in
different species of Drosophila in both natural and
laboratory population shows significant variation [4]. Male
remating time varies from 7.41 to 21.59 and mating
frequency varies 84 to 96 percent [8]. In the present
experiment, D. bipectinata takes (67.0 min) more time to
remate than other species. Pavkovic and Kekic [6] studied
mating latency and mating time in D. melanogaster and
reported that, mating time lost within 20 minutes and 18
minutes in first and second mating respectively. The
present result of D. melanogaster is in confirmation with

pavkovic and kekic [6].

Fecundity is the major determinate of female fitness and
influenced by her mate [40] and also the larval food
availability can generate large variance in adult female
body size, which is known to be positively associated with
fecundity [41]. Fecundity influences other life history and
trade offs and affects reproductive and mortality costs. Co
relation between fecundity, mortality and longevity has
been studied in various species [42].

The number of offspring produced by different mating in
12 hour mating period of D. melanogaster from 1 to 10
mating decreased from 68 to 24.86 [43]. Hiremani and
Shivanna [15] reported that, the fecundity and productivity
decreases from first time mating to fourth time mating in D.
ananassae (639 to 274.7 and 407.4 to 214.4) and in D.
varians (680 to 180 and 544 to 141). Egg viability
decreases as larval density increases [17]. In the present
experiment fecundity and productivity of first mating is
more than second mating in all the species.

The above result reveals that fecundity, productivity and
viability depend on mating latency, mating time and
remating duration. First mating time is more than second
mating time in all the species. The productivity and
percentage of viability increase with mating time in all the
species except, D. ananassae whereas it showed more
fecundity and productivity even though the mating time is
less. Mating time, fecundity, productivity and viability is
more in first mating than second mating except viability of
second mating in D. melanogaster.

5. Summary

By observing these we confirmed that mating latency
and remating duration is less and mating time is more in
D. melanogaster and mating time is less in D. ananassae.
Mating time, fecundity, productivity and viability of first
mating is more compared to second mating irrespective of
species except the second mating viability of D.
melanogaster, because of less duration between mating.
Duration between first and second mating is more, whereas
mating time and viability is less in D. bipectinata. Fertility
increases with mating time except in D. ananassae.
Fecundity, Productivity and fertility vary with species.
Even though D. melanogaster has more percentage of
viability it takes more time in mating. Whereas, mating
time is less in D. ananassae, fecundity, productivity and
percentage of viability is more compared to other species.
Thus, D. ananassae is more fit than other species. Female
fitness varies with virginity of male.
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