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Krishnashetty Somashekar and Mysore Siddaiah Krishna (2011) Evidence of female preference for older
males in Drosophila bipectinata. Zoological Studies 50(1): 1-15. Male age influence on mating success was
studied using 3 geographic strains of Drosophila bipectinata. When investigating 3 age classes of males, it
was noted that females preferred to mate with the older of 2 males more frequently than with the younger one.
A non-significant difference was also noted in the mean wing length between the selected and rejected males
by females in a female-choice experiment. Old males mated faster, copulated longer, and inseminated more
females in a given unit of time than did young or intermediate-aged males. Furthermore, females mated with
older males had shorter lifespan compared to females mated with young and intermediate-aged males. These
studies suggest that irrespective of geographic strain, D. bipectinata females prefer to mate with older males,
and the older of the 2 competing males had a greater mating advantage in terms of inter-male success, mated
faster, and inseminating more females in a given unit of time compared to young and intermediate-aged males.
Females mating with older males lived a shorter time than females mating with young and intermediate-aged
males. http://zoolstud.sinica.edu.tw/Journals/50.1/1.pdf
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A great diversity of male traits is known
to influence female mating decisions. One male
characteristic that has received a lot of attention
as a possible cue for female mate preference is
age (Zuk 1988, Hansen and Price 1995, Kokko
1998, Brooks and Kemp 2001, Beck et al. 2002).
The success of males in achieving mating is often
linked to the reproductive benefits which females
derive (Jennions and Petrie 1997, Bussiére et al.
2005). Males typically vary in their ability to provide
benefits, and determining how females detect what
males have to offer has revealed much about the
processes that drive the evolution of mate choice.
Females often use phenotypic cues that serve as
indicators of mate choice benefits (Bussiére et al.
2005, Andersson and Simmons 2006, Kokko et al.
2006, Jacot et al. 2007).

Different models were proposed for female
preference for males of different age classes.

Both theoretical and empirical evidence of female
preference for male age has demonstrated
preferences for old, young, and even middle-
aged males in a variety of species (Jones et
al. 2000, Brooks and Kemp 2001), and much
research has been devoted to understanding the
benefits females derive from mating with males
of a particular age. Trivers (1972) and Halliday
(1978) offered the 1st verbal arguments for age
as an important factor affecting female mate
choice. They stated that all else being equal,
females should prefer older males since they
have demonstrated their capacity for survival. A
few years later, Manning (1985) developed a
theoretical argument in support of their idea. He
proposed that older males on average, likely carry
fewer somatic mutations than young males since
selection would have removed individuals with
deleterious mutations early in life. Thus, older

*To whom correspondence and reprint requests should be addressed. E-mail:drosokrish@gmail.com



males are genetically superior, and females who
mate with such males would be benefited by
passing on those genes to their offspring.

Numerous examples were reported in which
females prefer to mate with older males. By
doing so, females of many species may obtain
direct benefits through the superior paternal
care provided by older males (Burly and Moran
1979, Yasakawa 1981, Price 1984, Grant and
Grant 1987, Komers and Dhinsa 1989, Buchholz
1991, Cote and Hunte 1993, Lee and Park
2009). However, in species in which males do
not provide such benefits, females may choose
older males to obtain offspring of higher genetic
quality. This was suggested for species with no
parental care (Davison 1981, Manning 1987 1989,
Zuk 1987 1988, Simmons 1988, Stidel et al. 1991,
Simmons and Zuk 1992, Vandenberghe et al.
1993), for species in which males do not provide
care to offspring of females (Jarvi et al. 1982,
Weatuerhead 1984), and in cases of extra-pair
copulation (Moller 1992).

The 1st theoretical challenge to the idea
that younger males make better mates was
put forth by Hansen and Price (1995). Those
authors included a life history perspective in their
model to show that older males do not have an
average higher genetic quality, and they are not
genetically superior to younger males. They
provided 4 arguments: 1) there are negative
genetic correlations between early and late fitness
components; 2) males usually suffer a decrease
in fertility with age; 3) younger males are better
adapted to the current environment; and 4) older
males have accumulated more germline mutations.
They concluded by stating that females choosing
older males are probably not doing so for genetic
benefits, although they did not offer any alternative
hypothesis.

In subsequent years, a theoretical study by
Hansen and Price (1995) incorporated additional
life history variables into models of age-based
mate choice. When factors such as the allocation
of resources to sexual traits, variations in male
condition, and age-specific survival probability were
included, the models showed that preferences for
older males could evolve (Kokko and Lindstrom
1996, Kokko 1998, Hansen and Price 1999, Beck
and Powell 2000, Beck et al. 2002, Beck and
Promislow 2007). However, these models also
predicted that preferences for younger males are
equally possible, depending upon the conditions
specified. One important conclusion from those
studies was that the assumption of equating
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longevity with fitness that was made in early verbal
arguments of age-based mate choice is not always
correct (Brooks and Kemp 2001). Differences in
conclusions of those models are probably a result
of their contrary approaches towards changes
in the physiological state of males with age and
the existence of life-history trade-offs. Until more
species and genera are studied, it will be difficult
to draw firm conclusions. Hence more studies are
needed in this regard. Studies also suggested that
species which do not show parental care are more
suitable for testing these models.

Drosophila has played an integral role in the
development of sexual selection theory, and a
great deal is known about the patterns and fitness
consequences of female mate choice (Spieth
1952, Partridge 1980, Fowler and Partridge 1989,
Chapman et al. 1993, Gromko and Markow 1993,
Hegde and Krishna 1997, Krishna and Hegde
1997 2003). Moreover, recent behavioral research
revealed that male Drosophila varies greatly in
its level of interest in females, providing evidence
that males have also evolved to selectively
mate (Gowaty et al. 2003). Furthermore, the
reproductive biology of Drosophila is useful
for investigating whether female mate choice
is influenced by male quality and the cost of
choosing.

Drosophila bipectinata, a wild species,
commonly occurs on the Indian subcontinent
and has attracted the attention of various Indian
workers during the past few years, who have
carried out extensive studies on population and
behavioral genetics of this species (Hegde and
Krishnamurthy 1979, reviewed in Benerjee and
Singh 1997). Close phylogenetic relationships
among D. bipectinata complexes were
documented based on the results of chromosome
analyses, hybridization studies, and isozyme
analyses. Indian populations of D. bipectinata
do not show high levels of genetic differentiation
for inversion polymorphisms (Krishna and Hegde
1997 2003, Mishra and Singh 2005, reviewed in
Singh 2008 and references therein). However,
male-age influence on female preference has not
been studied. Therefore, the present study was
carried out using 3 different geographic strains of D.
bipectinata to test the hypothesis of whether or not
females of D. bipectinata prefer to mate with older
males and whether they obtain direct benefits of
doing so.
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MATERIALS AND METHODS

Isofemale lines of D. bipectinata used in the
present study were established from wild-caught
females collected at Dharwad, Bellur, and Mysore,
India in Aug. 2007. These stocks were cultured
and maintained using 40 flies (20 males and 20
females) per quarter-pint milk bottles (250 ml)
containing wheat cream agar medium at 21 + 1°C
and a relative humidity of 70% in a 12: 12-h light:
dark cycle for 3 generations to acclimatize the
flies to laboratory conditions. After 3 generation of
laboratory culture, eggs were separately collected
from each of the above isofemale stocks using
Delcour’s (1969) procedure. Eggs (100) were
seeded in a vial containing wheat cream agar
medium. When adults emerged, virgin females
and males were isolated within 3 h of eclosion
and were aspirated into a new vial containing
wheat cream agar medium. These flies were aged
as required for the experiment. Flies collected
first were assigned to 32-33 d-old males, flies
collected next were assigned to 17-18 d-old males.
Following this, flies collected were assigned to
2-3 d-old males. These males of different age
classes and virgin 5-6 d-old females were cultured
and maintained using the above-described
laboratory conditions and were transferred once a
week until they were used in the experiment.

Female mate choice experiment

Young (2-3 d-old), intermediate-aged
(17-18 d-old), and old (32-33 d-old) males and
5-6 d-old females were used to study female
preference for males of different age classes in
a female-choice experiment. A 5-6 d-old female
and 2 males of different age classes (young and
intermediate-aged, intermediate-aged and old, or
young and old) were separately and individually
aspirated into an Elens-Wattiaux mating chamber.
Indian ink was painted onto one of the males
on the thoracic region. The effect of the paint
was tested before commencing the experiment
by painting a young male in 1 trial and an
intermediate-aged/old male in an alternate trial and
allowing them to mate. This pair was observed
for 1 h. This procedure was continued for 50 trials
separately for each of the 3 geographic isofemale
lines. In 25 of 50 trials, a young male was painted
and in the remaining 25 of 50 trials, the old male
was painted. In the Mysore strain, in 24 of 50
trials, painted males mated, and in the remaining
26 of 50 trials, unpainted males mated (y? = 0.08;

d.f. =1; p>0.05). Similarly, in the Dharwad strain,
in 23 of 50 trials, painted males mated. In the
remaining 27 of 50 trials, unpainted males mated
(x?> = 0.08; d.f. = 1; p > 0.05). In the Bellur strain,
in 25 of 50 trials, painted males mated, and in the
remaining 25 of 50 trials, unpainted males mated
(x> = 0.00; d.f. = 1; p > 0.05). Thus, these results
indicated that painting of one of the competing
males in the female-choice experiment did not
have an effect on the performance of the flies.
When mating occurred, the copulating pair was
aspirated from the mating chamber. The pair was
observed for 1 h, and mated flies were recorded
and transferred to a new vial. The male rejected
by the female was also transferred to a new vial.
The wing lengths of both selected and rejected
males were later measured. In total, 50 trials were
separately conducted for each of the 3 geographic
strains. Chi-square and logistic regression
analyses were applied to the data of the female
mate choice experiment. Wing lengths of 50
selected and rejected males in each of the female-
choice experiments were individually measured
following the procedures of Hegde and Krishna
(1997), and a paired t-test was applied to the data.

Male age, mating activities, and female longevity

A 5-6 d-old virgin female and an unmated
young, intermediate-aged, or old male were
used to study the influence of males of different
age classes on mating, courtship activities, and
female longevity. A female and a male (young,
intermediate-aged, or old) were aspirated into an
Elens-Wattiaux mating chamber (Elens-Wattiaux
1964) and observed for 1 h. If the pair did not
mate within 1 h, it was discarded. When mating
occurred, the mated pair was allowed to complete
copulation. Mating latency (the time between the
introduction of the male and female together into
a mating chamber and the initiation of copulation)
and copulation duration (the time between initiation
of copulation and termination of copulation) were
recorded. Soon after copulation, the mated female
from each pair was transferred to a new vial
containing wheat cream agar medium and was
maintained in the above laboratory conditions to
study the longevity of females mated with males
of different age classes. Each mated female was
individually transferred once every 4 d to a new
vial containing wheat cream agar medium, and
this procedure was continued until her death. The
number of days lived by each female, calculated
from its eclosion from a pupa until death, was



recorded as female longevity. In total, 50 trials
were separately run for each combination of a
female mated with young, intermediate-aged, and
old males. These were carried out separately for
each of the 3 isofemale lines of D. bipectinata.
Two-way analysis of variance (ANOVA) followed
by Duncan’s multiple-range test (DMRT) was
carried out on the mean mating latency, copulation
duration data, and female longevity.

Male age and male mating ability

A 5-6 d-old virgin female and an unmated
young, intermediate-aged, or old male were used
to study the influence of males of different age
classes on male mating ability (number of females
inseminated by each male). A female and male
(young, intermediate-aged, or old) were aspirated
into an Elens-Wattiaux mating chamber (Elens-
Wattiaux 1964) and observed for 1 h. If the pair
did not mate within 1 h, it was discarded. When
mating occurred, a mated pair was allowed to
complete copulation. Soon after copulation, the
mated female was individually aspirated into a new
vial containing wheat cream agar medium to check
that insemination has occurred (by observing
larval activity). The mated male was allowed
to mate with a 2nd virgin female (5-6 d old). If
mating occurred with the 2nd female, they were
allowed to complete copulation, and insemination
of the female was checked as described above.
This process was continued, and the number of
females inseminated by each male in 1 h was
recorded as the male mating ability. In total, 50
young, intermediate, and old mated males were
separately tested. This was separately carried out
for each of the 3 geographic isofemale lines. Two-
way ANOVA followed by DMRT was carried out on
data of male mating ability. We used SPSS 10.1
program (SPSS, USA) for all analyses.
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RESULTS

Females generally chose to mate with the
older of the 2 competing males (Table 1). Old
males were successful in crosses involving
young and old males (n = 50) in 62% of cases
with Mysore females, 68% of Dharwad females,
and 70% of Bellur females; old males were
successful in crosses involving intermediate-
aged and old males (n = 50) in 64% of cases with
Mysore females, 60% of Dharwad females, and
56% of Bellur females; intermediate-aged males
were successful in crosses involving young and
intermediate-aged males (n = 50) in 60% of cases
with Mysore females, 72% of Dharwad females,
and 68% of Bellur females.

A logistics regression analysis was also
carried out on the mating-success data, and
results are given in table 2. For all strains, it was
noted that male age had a significant influence on
mating success with females.

Mean male wing lengths of selected and
rejected males in the female-choice experiment
are given in table 3. In crosses of a female with
young and old males, it was noted that mean
wing length of selected and rejected males did
not significantly vary in the Dharwad and Mysore
strains, but they showed a significant variation in
the Bellur strain. Similar results were also found in
crosses of a female with young and intermediate-
aged males. In contrast to this, in crosses of a
female with intermediate-aged and old males, a
non-significant variation in mean wing lengths of
selected and rejected males was seen in the Bellur
strain of D. bipectinata. It was also further noted
that in the Dharwad and Mysore strains, rejected
males had significantly longer wing lengths than
selected males.

Figure 1 shows the mean mating latency
of males (time taken for copulation initiation) of

Table 1. Mating success of Drosophila bipectinata males from 3 age classes and 3 different geographical

strains
Males Males Males
Female Young Old x? value p value Old Inter  x? value p value Inter Young x?value p value
(5-6 d old) mediate mediate
Mysore 19 31(62%) 266 <0.10 32 (64%) 18 3.92 <0.05 33(66%) 19 512 <0.05
Dharwad 16 34 (68%) 6.48 <0.01 30 (60%) 20 2.00 <0.10 36 (72%) 14 9.68 <0.001
Bellur 15 35(70%) 8.00 <0.001 28(56%) 22 0.75 <0.90 34 (78%) 16 6.48 <0.01

Young (2-3 d old), Intermediate (17-18 d old), and Old (32-33 d old).
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different age classes in the 3 different geographic
strains of D. bipectinata. The highest mean mating
latency was found in the Dharwad strain, while the
shortest mean mating latency was in the Bellur
strain. Similarly, in all strains, young males showed
the greatest mean mating latency, while old males
had the shortest mean mating latency. As speed
is the reverse of time, the Bellur strain was a fast

The mean copulation durations of males of
different age classes in the 3 geographic strains
of D. bipectinata are provided in figure 2. The
Dharwad strain copulated longer than the Mysore
and Bellur strains. In all strains, old males
copulated longer than did young and intermediate-
aged males. Among the 3 strains, the shortest
copulation duration was found in young males.

mater, while the Dharwad strain was a slow mater.
Similarly, old males were fast maters, while young

males were slow maters. It was also noted that 18 1 myoung mintermediate oold
mating latency decreased with an increase in male 16
age. Two-way ANOVA followed by DMRT applied 'g 14
to the mean mating latency data (Table 4) showed c 12
significant differences in mean mating latencies g 10 -
among the 3 geographic strains, among males 3 8-
of different age classes, and also for interactions ‘—; 6
among males of different age classes and strains. % 4
DMRT showed that among the 3 strains, the = 5]
Mysore strain had the highest mean mating latency 0. ' ' .

compared to the other 2 strains. The mean mating Mysore
latency of old males was the shortest compared to
young and intermediate-aged males. The mean
mating latency of intermediate-aged males was
significantly lower than that of young males.

Dharwad Bellur

Geographical strains

Fig. 1. Male age influence on mating latency in 3 geographic
strains of Drosophila bipectinata.

Table 2. Logistic regression analysis of mating success of Drosophila bipectinata males from 3 age classes
and 3 different geographical strains

Effect -2 log likelihood reduced model Chi-squared d.f. Significance
Male age (Y vs. O) 18.590 0.774 2 0.679
Male age (Y vs. I) 18.935 1.149 2 0.563
Male age (Il vs. O) 18.638 0.668 2 0.716
Strain 13.528 0.774 2 0.679

Y, young (2-3 d old); I, Intermediate-aged (17-18 d old); O, Old (32-33 d old).

Table 3. Mean wing length (mm) of selected and rejected males of Drosophila bipectinata from 3 different
strains in the female-choice experiment

Crosses Male wing length (mm)

Female (5-6 d old) Male age (d) n d.f. Selected Rejected t-value p value

Bellur strain Young, old 50 49 1.62 + 0.61 1.66 +0.08 6.1800 <0.001
Young, intermediate 50 49 1.58 +0.42 1.63 +0.21 2.612 <0.05
Intermediate, old 50 49 1.57 £0.71 1.56 £ 0.35 0.098 non-significant

Dharwad strain Young, old 50 49 1.60 £ 0.31 1.59 £ 0.42 1.922 <0.10
Young, intermediate 50 49 1.59 £ 0.02 1.63 £ 0.33 1.922 <0.10
Intermediate, old 50 49 1.63+0.15 1.59 £ 0.61 3.190 <0.001

Mysore strain Young, old 50 49 1.52 +0.26 1.57 £ 0.71 0.096 non-significant
Young, intermediate 50 49 1.54 +0.32 1.55+0.08 0.438 non-significant
Intermediate, old 50 49 1.59 £ 0.41 1.64 £0.31 3.020 <0.001

Young (2-3 d old), Intermediate (17-18 d old), Old (32-33 d old).



The mean copulation duration increased with an
increase in male age except in the Mysore strain.
Two-way ANOVA applied to the mean copulation
duration data showed significant differences
among male age classes and for interactions
among the different strains and male age classes
(Table 5). However, insignificant differences were
noted in mean copulation durations among the
geographic strains. DMRT carried out on mean
copulation durations of males of different age
classes showed that the mean copulation duration
of old males was significantly greater than those
of young and intermediate-aged males. Similarly,
the mean copulation duration of intermediate-aged
males was significantly greater than that of young
males.

Figure 3 shows the mean longevity of females
mated with males of different age classes in the
3 geographic strains of D. bipectinata. Females
of the Bellur strain had the greatest longevity,
while females of the Mysore strain had shortest
longevity. In all 3 strains, females that had mated
with old males lived a shorter time than females
that had mated with intermediate-aged and young
males. The longevity of females that had mated
with males of the different age classes decreased
with an increasing male age. Two-way ANOVA
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followed by DMRT showed significant differences
in the mean longevity of females that had mated
with males of different age classes, among the 3
geographic strains, and for interactions among
males of different age classes and geographic
strains (Table 6). DMRT showed that in all the 3
strains, females that had mated with old males
had significantly lower female longevity than those
that had mated with intermediate-aged and young

251 myoung mintermediate oold
5
g 20+
c — 1
= 1
£ 154
ol
=}
©
S 101
kS
3
&
S 9]

0 - T T

Mysore Dharwad Bellur

Geographical strains

Fig. 2. Male age influence on copulation duration in 3
geographic strains of Drosophila bipectinata.

Table 4. Two-way ANOVA of male age influence on mating latency in 3 different geographic strains of

Drosophila bipectinata

Source Sum of squares d.f. Mean square F-value p value
Population 188.893 2 94.447 19.885 < 0.0001
Age 8864.653 2 4432.327 933.170 <0.0001
Population x age 275.493 4 68.873 14.500 < 0.0001
Error 2094.640 441 4.750

Total 40,032.000 450

Corrected total 11,423.680 449

Table 5. Two-way ANOVA of male age influence on copulation duration in 3 different geographic strains of

Drosophila bipectinata

Source Sum of squares d.f. Mean square F-value p value
Population 2.698 2 1.349 0.296 non-significant
Age 3616.298 2 1808.149 397.188 < 0.0001
Population x age 524.462 4 131.116 28.802 < 0.0001
Error 2007.600 441 4.552

Total 103,892.000 450

Corrected total 6151.058 449
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males. Similarly, the mean longevity of females
that had mated with intermediate-aged males was
significantly greater than that of females that had
mated with young males. DMRT also showed
that among the 3 strains, the Mysore strain had
significantly lower longevity than the Dharwad and
Bellur strains.

The mean male mating abilities of young
and old males in the 3 geographic strains of D.
bipectinata are given in figure 4. The Bellur strain
inseminated more females, while the Mysore
strain inseminated the fewest females in a given
unit of time. In all 3 geographic strains, old males
inseminated more females compared to young and
intermediate-aged males. The mean male mating
ability data subjected to two-way ANOVA followed
by DMRT showed significant differences in the
mean male mating ability among the 3 geographic
strains, among males of the 3 age classes, and
also for interactions among the geographic strains
and males of different age classes (Table 7).
DMRT showed that males of the Mysore strain

80, myoung wmintermediate oold
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Female longevity (in days)
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Fig. 3. Male age influence on longevities of females in 3
geographic strains of Drosophila bipectinata.

inseminated significantly fewer females compared
to males of the Dharwad and Bellur strains.

DISCUSSION

In studies of insects species with no parental
care, it was proposed that females may choose
to mate with older males to obtain good genes
because older males have survived for a longer
time and thus proven their genetic ability (Trivers
1972, Markow and Akney 1984, Andersson 1994,
Radwan 2003, Prokop et al. 2007). Drosophila is
1 such insect; in Drosophila, mating is resource
independent in that males do not contribute
resources to their mate or protect their mate or
offspring. In the present study, 3 geographic
strains of D. bipectinata established from isofemale
strains were used to study female preference for
males of different age classes. The present study
provides evidence that in all 3 geographic strains,
female D. bipectinata discriminated between males

myoung oold
3.5

2.5

1.54

Male mating ability (in min)
N

0.5

Mysore Dharwad Bellur

Geographical strains

Fig. 4. Influence of male age on male mating ability in 3
geographic strains of Drosophila bipectinata.

Table 6. Two-way ANOVA of male age influence on longevity of female in 3 different geographic strains of

Drosophila bipectinata

Source Sum of squares d.f. Mean square F-value p value
Population 3262 2 1631.200 52.263 < 0.0001
Age 15,398.893 2 7699.447 246.684 < 0.0001
Population x age 308.267 4 77.067 2.469 <0.05
Error 13,764.400 441 31.212

Total 1,685,296.000 450

Corrected total 32,734.000 449




on the basis of age and preferred to mate with
older males more frequently than with young and
intermediate-aged males (Tables 1, 2). Herein,
females mated more frequently with old males
than young males in the presence of male-male
competition and accepted old males more rapidly
than young and intermediate-aged males in the
female-choice experiment. Although the 2-male
experiment (female-choice experiment) design
allowed male-male competition to occur, a similar
result was also noted in a no-choice experiment
(single-male tests; unpubl. data), which suggests
that male-male competition was not an important
factor influencing female choice. Results of both
the female-choice and no-choice experiments
provide strong support of a female preference for
older males. Our results also agree with the work
of Avent et al. (2008) who when working on D.
pseudoobscura, also found a female preference
for older males in both female-choice and no-
choice experiments. These studies thus suggest
that male-male competition can reinforce female
mate preferences rather than operating in an
antagonistic fashion (Moore and Moore 1999).
Our results of a female preference for
old males are consistent with some previous
observations in D. melanogaster and D. simulans
(Moulin et al. 2001), in D. pseudoobscura (Avent
et al. 2008), in other insects and birds (Zuk 1988,
Conner 1989, Hasselquist et al. 1996), and with
theoretical models (Kokko 1997 1998). Those
studies suggested that female preference for old
mates may be an evolutionarily stable strategy. All
male flies used in our experiment were virgins, and
so preference for old males was not influenced
by differences in male mating history (Jones et
al. 2007). The males used were 32-33, 17-18,
and 2-3 d old. In D. bipectinata, males are fully
sexually mature at 2 d old (Krishna and Hegde
1997). It was also noted that 50% of D. bipectinata
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males survived to 32-33 d, although in the
laboratories at 21 + 1°C, the mean longevity of D.
bipectinata is 60 + 2 d. In nature, these flies can
live up to 58 £ 2 d. Thus, choosing between males
of these ages is likely to occur fairly frequently in
both wild and laboratory populations (although it
is unlikely that males would remain unmated for
32-33 d in either the laboratory or the wild).

One potential problem one may encounter
in this type of study of rearing males of different
age classes in groups before they are exposed
to females is that experience of male-male
interactions increase with age and the increase
in male experience can affect male courtship as
noted in D. melanogaster (Svetec and Ferveur
2005). In the present study, it was noted that
males maintained in groups of 4 and other kept
individually in separate vials did not show a
significant influence on mating latency or courtship
time, suggesting that keeping virgin males in
groups of 4 did not affect the performance of
mating activities. Therefore, the increased success
of old males in our female-choice experiment was
unlikely due to being kept with other males for
longer periods, but instead was an effect of age
itself. When studying D. pseudoobscura, Noor
(1997) and Avent et al. (2008) also found that virgin
males kept at high densities for 8 d had increased
mating latency and reduced courtship intensity
compared to males raised in isolation, making
experienced males less successful in courtship.
They found that males kept in isolation were less
successful in courtship. They also suggested that
increased success of old males in their experiment
was not because males had been maintained in
high densities, but instead was an effect of age
itself.

Thus, those studies suggest that there are
many potential cues that females can use when
making a choice between old and young males.

Table 7. Two-way ANOVA of male age influence on male mating ability in 3 different geographic strains of

Drosophila bipectinata

Source Sum of squares d.f. Mean square F-value p value
Population 6.207 2 3.103 10.774 < 0.0001
Age 69.120 1 69.120 239.977 < 0.0001
Population x age 2.660 2 1.330 4618 <0.05
Error 84.680 294 0.288

Total 2628.000 300

Corrected total 162.667 299
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Potential proximate mechanisms include an
increased intensity of courtship (Noor 1997) or
other behavioral changes, differences in cuticular
hydrocarbons (Kim et al. 2004), and differences
in courtship song with age (Moulin et al. 2001).
However, it is not known at present which of the
above cues used by females correlates with male
age in D. bipectinata.

In contrast to this when studying D.
melanogaster, Hansen and Price (1995) and Price
and Hansen (1998) also argued that females
preferring older males might not necessarily
be true for a number of reasons, including the
accumulation of mutations in the germline,
negative genetic correlations between early and
late fitness components, and ongoing adaptations
in the population. Thus, those studies suggested
that the role of female choice in promoting sexual
selection is largely tied to the observation that
females invest more heavily in reproduction, thus
leading to females being more limiting. A female
that chooses a male endowed with lots of good
genes will also pass on those good genes to her
progeny. Traits that aid survival of the male will
undoubtedly be valuable resources to pass on to
her progeny; thus, her choice is purely adaptive in
that it leads to strong material benefits for her own
offspring. In the present study we noted that when
a female was given a choice to mate with young
and intermediate-aged males, females mated
with intermediate-aged male more frequently than
young males. Similarly, when a female was given
a choice to mate with intermediate-aged and old
males (Tables 1, 2) females preferred to mate
with old males more frequently than intermediate-
aged males. Thus, these studies also suggest that
females of D. bipectinata prefer to mate with the
older of the 2 males.

Body size in male insects may affect
reproductive activities including success in
intrasexual encounters, sperm precedence, and
female fecundity. For many of these activities, a
larger size confers a reproductive advantage even
in Drosophila. Other insects studies showed that
although olfactory, visual, and auditory stimuli
are some of the obvious influences on courtship
behavior, physical characters such as body size
and shape seem to be the determining factors
for successful courtship and mating (Ewing 1961,
Fulker 1966, Monclus and Prevosti 1971, Partridge
et al. 1987, Santos et al. 1988, Krebs 1991, Ruiz
et al. 1991, Naseerulla and Hegde 1992, Aspi and
Hoikkala 1995, Hegde and Krishna 1997, Krishna
and Hegde 2003, Guru Prasad et al. 2008). Those

studies also demonstrated greater mating success
of larger flies.

In the present study, we also measured the
wing length of selected and rejected males in the
female-choice experiment to study relationships
among female mate choices, male size, and male
age (Table 3). It can be noted from table 2 that
in all 3 geographic strains except in 1 cross of
the Bellur strain (a female was given a choice
of young and old males), the mean wing length
of the selected male did not significantly differ
from that of the rejected male, while in some
crosses the rejected males also had significantly
greater wing length than the selected males. This
suggests a female preference for male age instead
of male size. Our results also suggest that in
cases when the sizes of selected and rejected
males were equal or did not significantly differ,
female preference was based on male age. It
should be stressed that flies were reared under
low-density conditions (100 eggs/vial) to reduce
the influence of environmental components on
the variance of body size and mating activity.
Furthermore, the absence of size variations
noted in our experimental population might have
been due to flies being maintained under uniform
laboratory conditions and also being established
from isofemale lines. Therefore, size variations
among individuals of a strain were found to be
insignificant. Furthermore in Drosophila, the size
of the adult fly is fixed at the time of emergence
from the pupa, and therefore body size will not
increase with increasing age of the flies (Santos et
al.1992).

In Drosophila, successful mating depends
on male activity and female receptivity, because
the female is usually the discriminating partner in
the mating act, i.e., she actively accepts or rejects
a courting male (Bastock 1956, Bateman 1948).
In Drosophila, mating is resource independent,
in that males do not contribute resources to their
mate or protect their mate or offspring. Therefore,
the display given by males before mating is the
only grounds on which females can differentiate
between potential mates (Hoikkala and Liimatainen
1992). Earlier studies also showed that the greater
the activity of courting pairs, the greater the mating
success (Krishna and Hegde 1997), indicating that
activity during courtship is important for greater
mating success.

In addition to mate choice, age in male
insects can also affect reproductive activities
such as mating latency and copulation duration.
Mating latency or courtship time, i.e., the time
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from the beginning of courtship to copulation
(Spieth and Ringo 1983), is a good estimate of
sexual receptivity of females and sexual activity in
males. During this period, acts of courtship such
as tapping, scissoring, vibrating, and circling are
performed by the male, to increase the receptivity
of female and to make her sexually excited
(Manning 1961, Spieth 1968a b). Thus, these
studies suggest that mating latency might also be
used to indicate both the activity level of males
and the receptivity of females. The higher the
activity of males and the receptivity of females, the
shorter is the mating latency. Our study (Fig. 1,
Table 4) revealed that mating latency significantly
varied among the different geographic strains,
which suggests the existence of interpopulational
variations in mating latency and confirms earlier
studies in different species of Drosophila (Long et
al. 1980). In all 3 geographic strains, old males
spent significantly less time in mating latency
than young males. Flies which spend less time
are fast maters, while those flies which take more
time are slow maters. This suggests an influence
of male age on mating latency. This supports
the work of Long et al. (1980) who studied D.
melanogaster and found an influence of male age
on courtship. During mating latency, older males
more quickly performed courtship acts such as
tapping, scissoring, vibrating, licking, circling, etc.,
thereby more rapidly increasing the receptivity of
females than young males, suggesting that older
males had greater activity than younger males.
Consequently, old males had a shorter mating
latency.

Courtship activity of a male or female in
courtship culminates in copulation (Spiess 1970).
Copulation duration was frequently observed
and measured in many insects. In the genus
Drosophila, copulation duration is highly variable,
ranging from 30 s in D. muller to more than 1 h in
some species (Spieth 1952). Copulation duration
is the time elapsed between initiation of copulation
by both the male and female until separation of
the male and female of a copulating pair. During
copulation, sperm from the male are transferred
to the female reproductive tract, and therefore the
duration of copulation has great significance in an
animal’s life.

Copulation duration is known to be influenced
by male size, female size, male age, strain, etc.,
as seen in our study in all 3 strains (Fig. 2, Table 5).
Females mating with old males copulated longer
than females mating with young and intermediate-
aged males. There are 3 main hypotheses to

explain this (Avent et al. 2008). First, old males
may be unable to rapidly transfer sperm and hence
require longer copulations. Second, old males
may transfer larger quantities of sperm requiring
more time. Third, old males might transfer more
accessory fluid in their ejaculates during extended
copulations. The 1st explanation suggests that old
males are worse mates than young males. The
2nd and 3rd explanations suggest that old males
invest more resources per mating, which could be
the underlying cause of a female preference for
old males. These explanations are not mutually
exclusive and cannot be directly evaluated from
our study because we did not quantify the amount
of sperm and accessory fluid transferred. It is
possible that the longer copulations of old males
result in the transfer of more sperm, because
in many insects, longer copulation durations
are associated with the transfer of more sperm
(Thornhill and Alcock 1983, Wedell et al. 2002).
However, in D. melanogaster, sperm transfer is
completed in the first 20% of the overall copulation
duration (Gilchrist and Partridge 2000). Sperm
transfer commences after 90 s of copulation in D.
pseudoobscura (Snook 2000). It is also possible
that the extended copulation duration increases
transfer of seminal fluids which are released
at a constant rate during copulation and can
significantly affect a female’s egg-laying rate and
delay re-mating (Gilchrist and Partridge 2000).
However, whether this is true in D. bipectinata is
not presently known.

In the present study, 32-33 d-old males
were unmated for 32-33 d. These males had not
encountered females for up to 32-33 d. These
old males copulated longer than young and
intermediate-aged males. However, there is no
reason why old males should have copulated
longer. There are strong theoretical reasons
to expect that old males which have never
encountered females for so many days would
invest more resources in the 1st female they
encounter (Parker 1970, Wedell et al. 2002). Old
males have lower residual reproduction value
and may increase their ejaculate investment per
mating with increasing age (Roff 1992). Also, old
males may have accumulated a larger quantity
of ejaculates (sperm and seminal fluids) that
take a longer time to transfer to females (Jones
et al. 2007). Avent et al. (2008), who studied
D. pseudoobscura, also found high ejaculate
quantities because males had been kept virgin
for 14 d. However, in most natural populations,
the operational sex ratio is male biased (Turner
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1986). Males will have relatively few opportunities
to mate, and so 32-33 d-old males in the present
study might be likely to carry almost their full
sperm complement. Therefore, the possibility that
longer copulations could function as physical mate
guarding by males (Parker 1970, McLain 1989)
can be discounted, because in many species of
Drosophila, females do not re-mate in less than
24 h of a previous mating encounter (Snook and
So 2000). It was noted that the copulation duration
did not significantly vary among the 3 geographic
strains, suggesting an absence of intrapopulational
variation in copulation duration. This supports a
lack of intrapopulational variations in copulation
duration in earlier studies of Drosophila (Krebs
1991, Guru Prasad et al. 2008). Furthermore,
in the present study, in all 3 geographic strains,
old males copulated longer than young and
intermediate-aged males (Fig. 2, Table 5).

Studies of Drosophila showed that males
modify female behavior and physiology in various
way, which were interpreted as possible examples
of sexually antagonistic coevolution. Copulation
was demonstrated to 1) reduce female receptivity
to courting males, 2) increase the egg production
rate, and 3) decrease the female lifespan. Owing
to the fact that both prior and potential future mates
of females attempt to manipulate them, these
interactions and their consequences for female
fitness are complex; and prior mates, via passing
semen to courting females (Chen 1984, Chen et al.
1988, Aigaki et al. 1991, Kalb et al. 1993) increase
their egg production rate (Kalb et al. 1993). At
the same time, future mates coerce females into
mating more frequently than is optimal from the
females’ perspective (Fowler and Partridge 1989).
The net consequence of all these interaction is
decreases in the female lifespan (Partridge et al.
1987a b, Champman et al. 1993 1995, Rice 1996,
Civetta and Clark 2000a b) and lifetime progeny
production (Champman et al. 1993, Chapman and
Partridge 1996). It was convincingly demonstrated
that the reduction in lifespan resulting from
exposure to males is a consequence of harmful
effects of both male courtship and seminal fluid
(Partridge et al. 1987a b, Champman et al. 1995,
Vehed 1998, Lung et al. 2002).

In the present study, it was noted that females
of all 3 geographic strains which mated with old
males had significantly lower mean longevity
than females mating with intermediate-aged and
young males (Fig. 3, Table 6). This suggests
that the age of a female’s mate has a significant
influence on her longevity. This supports earlier

studies in general and on the genus Drosophila in
particular (Alcock 1984). A reduction in longevity
of mated females was also found. This shows the
negative effects of mating per se on female fitness
parameters, i.e., female longevity. A potential
complicating factor with respect to the sexually
antagonistic paradigm relates to the effects of
ejaculates and any other substances that are
transferred to females during mating (Champman
et al. 1995). In the present study, the reduction
in longevity of females which had mated with
old males may have been due to older males
carrying more-harmful substance because they
copulated longer than intermediate-aged males.
It is possible that the longer copulations of old
males may result in the transfer of more sperm
and other substances, because in many insects,
longer copulation durations are associated with
the transfer of more sperm and other ejaculate
substances (Thornhill and Alcock 1983, Wedell
2002). It is not known whether harmful effects of
ejaculates increase with age in males, and this
may be the cause for the reduction in longevity of
females which had mated with old males. It is not
known whether storing sperm and other ejaculates
for 32-33 d increases the harmful effects on female
fitness, i.e., longevity. However, these causes
have not yet been tested.

The primary function of mating is the transfer
of sperm to females, since each mating offers
an opportunity to father offspring. Males can
generally increase their fitness by mating with
many mates, and high mating rates are thus
typically associated with high male reproductive
success. Male Drosophila, like most male insects,
provides no parental care to offspring following
female insemination (Thornhill and Alcock 1983).
Male fitness is therefore related to the number of
females inseminated and prevention of females
from re-mating (Parker 1970, Jones and Elgar
2004, Jones et al. 2007). In the present study, the
influence of male age on male mating ability was
studied using 3 different strain of D. bipectinata
(Fig. 4, Table 7). It was noted that the Bellur
strain had the highest male mating ability, while
the Mysore strain had the least. This shows the
existence of intraspecific variation in male mating
ability. This confirms findings of an earlier study
on interpopulational variations in male mating
ability in D. bipectinata (Guru Prasad et al.
2008). Since the male’s mating ability is a fitness
character, the observed variations in male mating
ability among the different geographic populations
suggest interactions of these different strains
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with heterogeneous environments. Among the
3 geographic strains studied, the Bellur strain
had greater male fitness than the Mysore strain.
Male flies inseminating a number of females in
a given unit of time is considered a male activity,
because a male fly which performs greater activity
during courtship and convinces females faster can
inseminate more females than ones that do not
perform greater activity during courtship and fail
to increase female receptivity. Therefore, it was
noted that among the 3 geographic strains, the
Bellur strain had greater activity while the Mysore
strain had the lowest activity. Since the Bellur
strain is a fast mater, males re-mated faster and
inseminated more females in a given unit of time,
while the Mysore strain is a slow mater and thus
inseminated fewer females in a given unit of time.

In the present study, it was also noted that
in all 3 geographic strains, old males inseminated
more females in a given unit of time than did
young males. This suggests that male age has
a significant influence on male mating ability, and
old males have greater fitness than young males.
This supports earlier studies on the influence of
age on mating activities in Drosophila (Long et
al. 1980, Long and Pischedda, 2005). Old males
had greater activities during mating because they
took less time to convince a female to mate and
inseminated more females in a given unit of time
than did young males. Thus, in D. bipectinata
irrespective of the geographic strains studied, old
males had greater activities during mating and
greater male fitness than young males.

Our studies of D. bipectinata suggest that
females prefer to mate with old males more
frequently than young and intermediate-aged
males. Old males mated faster, copulated longer,
and inseminated more females than did young
males. Male age did not influence body size.
Furthermore, females which mated with old males
lived shorter than ones which mated with young
males.

Acknowledgments: The authors are grateful to
the Chairman, Department of Studies in Zoology,
Drosophila Stock Center, Manasagangotri and
Mysore 570006 for providing facilities for our use.
The authors are also grateful to UGC-RFSMS
(Research Fellowships in Science for Meritorious
Students Scheme) for providing a fellowship to Mr.
K. Somashekar to carry out research work. We
also grateful to Prof. S.N. Hegde, DOS in Zoology,
Manasagangothri, Mysore for his encouragement
and suggestions in this investigation. We also

thank to Prof. Ravi, Department of Studies in
Statistics for his help with the statistical analysis.
The authors are also grateful to the editor of
Zoological Studies and 2 anonymous referees for
their valuable comments.

REFERENCES

Aigaki T, | Fleischmann, PS Chen, E Kubli. 1991. Ectopic
expression of sex peptide alters reproductive behavior of
female Drosophila melanogaster. Neuron 7: 557-563.

Alcock J. 1984. Animal behaviour. An evolutionary approach,
3rd ed. Sunderland, MA: Sinauer Associates, Chapter 7:
194-220.

Andersson M. 1994. Sexual selection. Princeton, NJ: Prince-
ton Univ. Press.

Andersson M, LW Simmons. 2006. Sexual selection and mate
choice. Trends Ecol Evol 10: 1-7.

Aspi J, A Hoikkala. 1995. Male mating success and survival in
the field with respect to size and courtship song character
in Drosophila littoralis and Drosophila montana (Diptera:
Drosophilidae). J. Insect. Behav. 8: 67-87.

Avent TD, TAR Price, N Wedell. 2008. Age based female
preference in the fruit fly Drosophila pseudoobscura.
Anim. Behav. 75: 1413-1421.

Bastock M. 1956. A gene mutation that changes a behaviour
pattern. Evolution 34: 421-439.

Bateman AJ. 1948. Intra sexual selection in Drosophila.
Heredity 2: 349-368.

Beck CW, LA Powell. 2000. Evolution of female mate choice
based on male age: Are older males better mates? Evol.
Ecol. Res. 2: 107-118.

Beck CW, DEL Promislow. 2007. Evolution of female
preference for younger males. PLOSone 9: 1-8.

Beck CW, B Shapiro, S Choksi, DEL Promislow. 2002. A
genetic algorithm approach to study the evolution of
female preference based on male age. Evol. Ecol. Res. 4:
275-292.

Benerjee R, BN Singh. 1997. Population and behaviour
genetics of Drosophila bipectinata. Proc. Indian Natl. Sci.
Acad. B 63: 399-410.

Brooks R, DJ Kemp. 2001. Can older males deliver the good
genes? Trends Ecol. Evol. 16: 308-313.

Buchholz R. 1991. Older males have bigger knobs: correlates
of ornamentation in two species of curassow. Auk 108:
153-160.

Burley N, N Moran. 1979. The significance of age and
reproductive experience in the mate preferences of feral
pigeons, Columba livia. Anim. Behav. 27: 686-698.

Bussiére LF, AP Clark, DT Gwynne. 2005. Precopulatory
choice for cues of material benefits in tree crickets.
Behav. Ecol. 16: 255-259.

Chapman T, J Hutchings, L Partridge. 1993. No reduction in
the cost of mating for Drosophila melanogaster females
mating with spermless males. Proc. R. Soc. Lond. Ser. B
253: 211-217.

Chapman T, LF Liddle, JM Kalb, MF Wolfner, L Partridge.
1995. Cost of mating in Drosophila melanogaster females
in mediated by male accessory gland products. Nature
373: 241-244.

Chapman T, L Partridge. 1996. Female fitness in Drosophila
melanogaster: an interaction between the effect of



Somashekar and Krishna — Female Preference in Drosophila 13

nutrition and of encounter rate with males. Proc. R. Soc.
Lond. Ser. B 263: 755-759.

Chen PS. 1984. The functional morphology and biochemistry
of insect male accessory glands and their secretions.
Annu. Rev. Entomol. 29: 233-255.

Chen PS, E Stumn-Zollinger, T Aigaki, J Balmer, M Beinz,
P Bohlen. 1988. A male accessory gland peptide
that regulates reproductive behaviour of female D.
melanogaster. Cell 54: 291-298.

Civetta A, AG Clark. 2000a. Chromosomal effects on male and
female components of sperm precedence in Drosophila.
Genet. Res. 75: 143-151.

Civetta A, AG Clark. 2000b. Correlated effects of sperm
competition and post mating female mortality. Proc. Natl.
Acad. Sci. USA 97: 13162-13165.

Conner J. 1989. Older males have higher insemination
success in a beetle. Anim. Behav. 38: 503-509.

Cote IM, W Hunte. 1993. Female red lip blennies prefer older
males. Anim. Behav. 46: 203-205.

Davison GWH. 1981. Sexual selection and the mating system
of Arguianus argus (Aves: Phasanidae). Biol. J. Linn.
Soc. 15: 91-104.

Delcour J. 1969. Arapid and efficient method of egg collecting.
Drosoph. Inform. Serv. 44: 133-134.

Elens AA, JM Wattiaux. 1964. Direct observation of sexual
isolation. Dros. Inf. Serv. 39: 118-119.

Ewing AW. 1961. Body size and courtship behavior in
Drosophila melanogaster. Anim. Behav. 9: 93-99.

Fowler K, L Partridge. 1989. A cost of mating in female fruit
flies. Nature 338: 760-761.

Fulker DW. 1966. Mating speed in Drosophila melanogaster, a
psychogenetic analysis. Science 153: 203-205.

Gilchrist AS, L Partridge. 2000. Why it is difficult to model
sperm displacement in Drosophila melanogaster. The
relation between sperm transfer and copulation duration.
Evolution 54: 534-542.

Gowaty PA, R Steinichen, WW Anderson. 2003. Indiscriminate
female and choosy males: with- and between-species
variation in Drosophila. Evolution 57: 2037-2045.

Grant BR, DPR Grant. 1987. Mate choice in Darwin’s finches.
Biol. J. Linn. Soc. 32: 247-270.

Gromko MH, TA Markow. 1993. Courtship and remating in field
populations of Drosophila. Anim. Behav. 45: 253-262.
Guru Prasad BR, SN Hegde, MS Krishna. 2008. Positive
relation between male size and remating success in some
population of Drosophila bipectinata. Zool. Stud. 47:

651-659.

Halliday TR. 1978. Sexual selection and mate choice. In
JR Krebs, NB Davies, eds. Behavioral ecology: an
evolutionary approach. Oxford, UK: Blackwell Scientific
Publications, pp. 183-213.

Hansen TF, DK Price. 1995. Good gene and old age: Do old
mates provide superior genes? J. Evol. Biol. 8: 759-778.

Hansen TF, DK Price. 1999. Age- and sex-distribution of the
mutation load. Genetica 106: 251-262.

Hasselquist D, S Bensch, T Von Schantz. 1996. Correlation
between male song repertoire, extra-pair paternity and
offspring survival in the Great Reed Warbler. Nature 381:
299-314.

Hegde SN, MS Krishna. 1997. Size-assortative mating in
Drosophila malerkotliana. Anim. Behav. 54: 419-426.
Hegde SN, NB Krishnamurthy. 1979. Studies on mating
behaviour in the Drosophila bipectinata complex. Aust. J.

Zool. 27: 421-431.

Hoikkala A, J Liimatainen. 1992. Competitive mating
success and attractiveness of sterile and fertile males of
Drosophila montana. Ethology 91: 122-133.

Jacot, A, H Scheuber, MWG Brinkhof. 2007. The effect of age
on a sexually selected acoustic display. Ethology 113:
615-620.

Jarvi T, E Roskaft, T Slagsvold. 1982. The conflict between
male polygamy and female monogamy: some comments
on the “cheating hypothesis”. Am. Nat. 120: 689-691.

Jennions MD, M Petrie. 1997. Variation in mate choice
and mating preferences: a review of causes and
consequences. Biol. Rev. 72: 283-327.

Jones TM, A Balmford, RJ Quinnell. 2000. Adaptive female
choice for middle-aged mates in a lekking sandfly. Proc. R.
Soc. B 267: 681-686.

Jones TM, MA Elgar. 2004. The role of male age, sperm age
and mating history on fecundity and fertilization success
in the hide beetle. Proc. R. Soc. B 271: 1311-1318.

Jones TM, R Featherston, DBBP Paris, MA Elgar. 2007. Age-
related sperm transfer and sperm competitive ability in the
male hide beetle. Behav. Ecol. 18: 251-258.

Kalb JM, AJ Dibenedetto, MF Wolfner. 1993. Probing the
function of Drosophila melanogaster accessory glands
by directed cell ablation. Proc. Natl. Acad. Sci. USA 90:
8093-8097.

Kim YK, D Phillips, T Chao, L Ehrman. 2004. Developmental
isolation and subsequent behaviour of Drosophila
paulistorum. VI. Quantitative variation in cuticular
hydrocarbons. Behav. Genet. 34: 385-394.

Kooka H. 1997. Evolutionary stable strategies of age-
dependant sexual advertisement. Behav. Ecol. Sociobiol.
41: 99-107.

Kokko H. 1998. Good genes, old age and life-history trade-
offs. Evol. Ecol. 12: 739-750.

Kokko H, MD Jennions, R Brooks. 2006. Unifying and testing
models of sexual old males. Proc. R. Soc. Lond. Ser. B
263: 23-43.

Kokko H, J Lindstrom. 1996. Evolution of female preference
for old males. Proc. R. Soc. Lond. Ser. B 263: 1533-1538.

Komers PE, MS Dhindsa. 1989. Influence of dominance
and age on mate choice in Black-billed Magpies: an
experimental study. Anim. Behav. 37: 645-655.

Krebs RA. 1991. Function and genetics of long versus
short copulations in the cactophilic fruitfly, Drosophila
mojavensis, (Diptera: Drosophilidae). J. Insect Behav. 4:
221-234.

Krishna MS, SN Hegde. 1997. Reproductive success of large
and small flies in Drosophila bipectinata complex. Curr.
Sci. 72: 747-750.

Krishna MS, SN Hegde. 2003. Influence of body size in mating
success in three sympatric species of Drosophila. ltal. J.
Zool. 70: 47-52.

Lee JH, D Park. 2009. Effects of body size, operational
sex ratio and age on pairing by the Asian toad, Bufo
stejnegeri. Zool. Stud. 48: 334-342.

Long CE, TA Markow, P Yeager. 1980. Relative male age,
fertility, and competitive mating success in Drosophila
melanogaster. Behav. Genet. 10: 163-169.

Long TAF, A Pischedda. 2005. Do female Drosophila
melanogaster adaptively bias offspring sex ratios in
relation to the age of their mate? Proc. R. Soc. B 272:
1781-1787.

Lung O, U Tram, CM Finnerty, MA Elipper-Mains, JM Kalb, MF
Wolfner. 2002. The Drosophila melanogaster seminal



14 Zoological Studies 50(1): 1-15 (2011)

fluid protein ACP 62 F is a protease inhibitor that is toxic
upon ectopic expression. Genetics 160: 211-224.

Markow TA, PF Akney. 1984. Drosophila males contribute to
oogenesis in a multiple mating species. Science 224:
302-303.

Manning A. 1961. The effects of artificial selection for mating
speed in Drosophila melanogaster. Anim. Behav. 9:
82-92.

Manning JT. 1985. Choosy females and correlates of male
age. J. Theor. Biol. 116: 349-354.

Manning JT. 1987. The peacock’s train and the age-
dependency model of female choice. J. World Pheasant
Assoc. 12: 44-56.

Manning JT. 1989. Age-advertisement and the evolution of the
peacock’s train. J. Evol. Biol. 2: 379-384.

McLain DK. 1989. Prolonged copulation as a post-
insemination guarding tactic in a natural population of the
ragwort seed bug. Anim. Behav. 38: 659-664.

Mishra PK, BN Singh. 2005. Why hybrid males are sterile in
Drosophila? Curr. Sci. 89: 1813-1819.

Moller AP. 1992. Frequency of female copulations with multiple
males and sexual selection. Am. Nat. 139: 1089-1101.

Monclus M, A Prevosti. 1971. The relationship between
mating speed and wing length in Drosophila subobscura.
Evolution 25: 214-217.

Moore AJ, PJ Moore. 1999. Balancing sexual selection
through opposing mate choice and mate competition.
Proc. R. Soc. Lond. Ser. B 266: 711-716.

Moulin B, F Rybak, T Aubin, JM Jallon. 2001. Compared
ontogenesis of courtship song components of males from
the sibling species, D. melanogaster and D. simulans.
Behav. Genet. 31: 299-308.

Naseerulla MK, SN Hegde. 1992. Relationship between wing
size and mating speed in Drosophila malerkotliana. Bull.
Zool. 59: 367-370.

Noor MAF. 1997. Environmental effects on male courtship
intensity in D. pseudoobscura (Diptera: Drosophilidae). J.
Insect Behav. 10: 845-857.

Parker GA. 1970. Sperm competition and its evolutionary
consequences in the insects. Biol. Rev. 45: 525-568.
Partridge L. 1980. Mate choice increases a component of

offspring fitness in fruit flies. Nature 283: 290-291.

Partridge L, A Ewings, A Chandler. 1987a. Male size and
mating success in D. melanogaster. The role of male and
female behaviour. Anim. Behav. 35: 555-562.

Partridge L, A Hoffmann, JS Jones. 1987b. Male size and
mating success in D. melanogaster and D. pseudoobscura
and field conditions. Anim. Behav. 35: 468-476.

Price DK, TF Hansen. 1998. How does offspring quality
change with age in male Drosophila melanogaster?
Behav. Gene. 28: 395-402.

Price TD. 1984. Sexual selection on body size, territory and
plumage variables in a population of Darwin’s finches.
Evolution 38: 327-341.

Prokop ZM, M Stuglik, | Zabinska, J Radwan. 2007. Male age,
mating probability, and progeny fitness in the bulb mite.
Behav. Ecol. 18: 597-601.

Radwan J. 2003. Male age, germ line mutations and the
benefits of polyandry. Ecol. Lett. 6: 581-586.

Rice WR. 1996. Sexually antagonistic male adaptation
triggered by experimental arrest of female evolution.
Nature 381: 232-234.

Roff D. 1992. The ecology of life histories: theory and
analysis. New York: Chapman and Hall.

Ruiz A, M Santos, A Barbadilla, JE Quezada-Diaz, E Hasson,
A Fontdevila. 1991. The evolutionary history of D.
buzzatii. XVIII. Genetic variance in body size in a natural
population. Genetics 128: 739-750.

Santos M, A Ruiz, A Barbadilla, JE Quezada-Diaz, E Hasson, A
Fontdevila. 1988. The evolutionary history of Drosophila
buzzatii XIV. Larger flies mate more often in nature.
Heredity 61: 255-262.

Santos M, A Ruiz, JE Quezada-Diaz, A Barbadilla, A Fontdevila.
1992. The evolutionary history of Drosophila buzzatii.
XX. Positive phenotypic covariance between field adult
fitness components and body size. J. Evol. Biol. 5:
403-422.

Simmons LW. 1988. Male size, mating potential and lifetime
reproductive success in the field cricket, Gryllus
bimaculatus (De Geer). Anim. Behav. 36: 313-379.

Simmons LW, M Zuk. 1992. Variability in cell structure and
pairing success of male field crickets, Gryllus bimaculatus:
the effects of age, size and parasite load. Anim. Behav.
44: 1145-1152.

Singh BN. 2008. Chromosome inversion and linkage
disequilibrium in Drosophila. Curr. Sci. 94: 459-464.
Snook RR, Y So. 2000. Associations between female re-
mating behavior, oogenesis and oviposition in Drosophila
melanogaster and Drosophila pseudoobscura. J. Insect

Physiol. 46: 1489-1496.

Spieth HT. 1952. Mating behaviour within the genus
Drosophila (Diptera). Bull. Am. Mus. Nat. Hist. 99:
395-474.

Spieth HT. 1968a. Evolutionary implications of the sexual
behavior in Drosophila. In T Dobzhansky, MK Hecht, WC
Steere, eds. Evolutionary biology. Vol. 2. New York:
Abbleton-Century-Crofts, pp. 157-191.

Speith HT. 1968b. Evolutionary implications of mating
behaviour of the species of Antopocerus (Drosophilidae)
in Hawaii. Stud. Genet. Univ. TX Publ. 4: 319-333.

Spiess EB. 1970. Mating propensity and its genetic basis
in Drosophila. In MK Hecht, WC Steere, eds. Essay
in evolution and genetics in honour of Theodosious
Dobzhansky. New York: Appleton-Century-Crofts, pp.
315-379.

Spieth HT, JM Ringo. 1983. Mating behaviour and sexual
isolation in Drosophila. In M Ashburner, ML Carson, JN
Thompson, eds. The genetics and biology of Drosophila.
Vol. 3c. London: Academic Press, pp. 223-284.

Stidel O, U Bickmeyer, K Kalmring. 1991. Tooth impact rate
alteration in the song of males of Ephipper ephippiger
Fiebig (Orthoptera, Tettigoniidae) and its consequences
for phonotaxic behavior of females. Bioacoustics 3: 1-16.

Svetec N, JF Ferveur. 2005. Social experience and
pheromonal perception can change male-male
interactions in Drosophila melanogaster. J. Exp. Biol.
208: 891-898.

Thornhill R, J Alcock. 1983. The evolution of insect mating
systems. Cambridge, MAs: Harvard Univ. Press.

Trivers R. 1972. Parental investment and sexual selection.
In B. Campbell, ed. Sexual selection and the descent of
man 1871-1971. Chicago, IL: Aldine Press, pp. 139-179.

Tuner M. 1986. Multiple mating, sperm competition and the
fertility component of fitness in Drosophila pseudoobscura.
Florida Entomologist 69: 121-128.

Vahed K. 1998. The function of nuptial feeding in insects: a
review of empirical studies. Biol. Rev. Cambr. Phil. Soc.
73: 43-78.



Somashekar and Krishna — Female Preference in Drosophila 15

Vandenberghe EP, F Wernerus, RR Warner. 1993. Female
choice and the mating cost of peripheral males. Anim.
Behav. 38: 875-884.

Weatherhead PJ. 1984. Mate choice in avian polygamy; why
do females prefer older males? Am. Nat. 123: 873-884.

Wedell N, MJG Gage, GA Parker. 2002. Sperm competition,
male prudence and sperm-limited females. Trends Ecol.
Evol. 17: 313-320.

Yasakawa K. 1981. Male quality and female choice of mate
in the Red winged Blackbird (Agelaius phoeniceus).
Ecology 62: 922-929.

Zuk M. 1987. Variability in attractiveness of male field crickets
(Orthoptera: Gryllidae). Anim. Behav. 35: 1240-1248.

Zuk M. 1988. Parasite load, body size, and age wild-caught
male field crickets (Orthoptera: Gryllidae): effects on
sexual selection. Evolution 42: 969-976.



