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Introduction

Body size in animals is an important trait associated with the reproductive success. It is
generally believed that larger the individuals greater is the fitness, i.e., larger females can carry more
ovarioles than small females. Thus fitness in general is believed to be an increasing function of body
size in animals, particularly among insects (Krishna and Hegde, 2003). Although strong positive
effects of body size on fitness are wide spread, there is a growing list of studies reporting no effect or
even negative on body size effect on fitness components (Wayne et al., 2006). However, studies
within and among populations of the same species have produced conflicting results regarding the
relationship between female size and fecundity through ovarioles number (Lefranc and Bundgaard,
2000; Wayne et al., 2006). There is a growing list of evidence suggesting that the relation between
female size and ovarioles number is not positive and it varies from time to time as it is positively
associated with availability of nutrients. On the other hand, the relationship between ovariole number
and fecundity was significantly stronger as compared to relationships between fecundity and female
size (Branquart and Hemptinne, 2000). As more species are studied the number of examples where
female size and fecundity Chenoweth et al, 2007) and female size and ovariole number are
uncorrelated is increasing (Togashi and Life, 2007). In contrast to this, there is a strong positive
relation between ovariole number and fecundity (Branquart and Hemptinne, 2000). Therefore, the
present study has been undertaken in three species of Drosophila, namely D. bipectinata, D.
ananassae, and D. melanogaster, to study the relation between female size and ovariole number.

Methods

Establishment and maintenance of experimental stocks

Three Drosophila species, namely D. bipectinata, D. ananassae, and D. melanogaster, were
used in the present study. All experiments were made separately for each of the three species.
Experimental stocks of each of the above species were originated separately from 150 wild caught
females collected at Mysore, Karnataka. When progeny appeared, flies were mixed together and
redistributed to different culture bottles each with twenty pairs. These stocks were maintained using
wheat cream agar medium in a constant temperature (21+1°C) at a relative humidity of 70% under
12:12 light dark cycle. In every generation, flies multiplied in different culture bottles were mixed
together and eggs were collected using Delcour procedure (1969). Eggs (100) were seeded in fresh
quarter pint milk bottles with 25 ml of wheat cream agar medium to avoid larval competition during
development (this procedure allowed us to reduce environmental variation in size). After, five
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generations, when adults emerged, virgin females and males were isolated within 3 hr of their
eclosion and maintained separately at 21+1°C.

Five to six day old randomly collected hundred virgin females from each of the above
Drosophila species (i.e., D. bipectinata, D. melanogaster, and D. ananassae) were used to study
wing length and ovariole number following the procedure of Krishna Hegde (1997).

Results and Discussion

Numerous morphometric traits in insects are often subjected to natural selection and related to
fitness in different degrees. Variation of morphometric traits can be studied as intra population
variability between individuals and traits (Imasheva et al., 1999) or as inter population variability
(Coyne and Beecham, 1987), which reflects the source of variation. Table 1a and 1b revealed that
female wing length varied significantly between three species of Drosophila studied. D.
melanogaster had longer wing length (2.30 mm) compared to D. ananassae (2.15 mm) and D.
bipectinata (1.88 mm). D. bipectinata was the shortest among the three species studied. This
suggests the existence of species specific differences in female wing length in Drosophila. This
conforms to earlier studies of wing size variation in different species of Drosophila (Santos et al.,
1992; Hegde and Krishna, 1997; Yadav and Singh, 2003). Krishna and Hegde (2003), while
working on three sympatric species of Drosophila such as D. malerkotliana, D. bipectinata, and D.
ananassae, have also found species specific difference in wing length. In Drosophila wing length is
used as an index of body size (Hegde and Krishna, 1997). In addition to this, morphological traits
such as wing width, thorax length, face width, and foreleg length have also been used as indices of
body size (Ruiz et al., 1991). Thus these studies suggest body size varies across the species in
Drosophila.

Table 1a. Mean female wing length (in mm) and ovarioles number in three species of Drosophila (Values
are mean * standard error).

Species
Parameters - - F-value
D. bipectinata D. ananassae D. melanogaster
Wing length (in mm) 1.88 + 0.0068 * 2.15 +0.006 ° 2.30 +0.0065 © 1097.97***
Ovarioles number 28.02 +1.33° 33.08 +1.06" 31.14+1.22°° 4.464*

*P<0.05; ***P<0.001
e Same letter in the superscript indicate non-significant by DMRT
o Different letter in the superscript indicate significant by DMRT

Table 1b. Correlation matrices between female wing length (in mm) and ovarioles number
in three different species of Drosophila.

Ovarioles number

Species - -
D. bipectinata  D. ananassae D. melanogaster
D. bipectinata Wing length 0.146
D. ananassae Wing length 0.221*
D. melanogaster ~ Wing length 0.102

*correlation significant at 0.05 level
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In our study female wing length also showed variation within the species. In D. melanogaster
female wing length varies from 2.10 mm-2.42 mm with an average wing length of 2.30 mm, while
variation in wing length of D. bipectinata ranged from 1.62 mm-2.00 mm with an average value of
1.88 mm. In D. ananassae female wing length also varies from 2.00 mm-2.29 mm with an average
wing length of 2.15 mm. This suggests the occurrence of intraspecific variation in female wing
length in D. melanogaster, D. bipectinata, and D. ananassae, respectively. This conforms to earlier
studies of wing length and thorax length variation within species in different species of Drosophila
(Wayne et al., 2006; Yadav and Singh, 2007). Phenotypic variation or morphological difference
among individuals is a regular feature in natural populations. These morphological features often
vary among Drosophila populations, and this variation has some times been related to adaptations.
Most of the morphometric characters are quantitative and, therefore, their variation is obvious.
Therefore, in each species one can expect large variation in body size.

Like wing length, ovariole number is another morphological trait known to be involved in
fitness in Drosophila (Wayne et al., 1997). Table 1a and 1b show mean ovariole numbers of D.
melanogaster, D. ananassae and D. bipectinata. It was noticed that mean ovariole number varied
significantly between different species of Drosophila studied. D. ananassae had significantly greater
ovariole number (33.08) compared to D. melanogaster (Gromko and Markow, 1993) and D.
bipectinata (28.02). Among the three species studied, D. bipectinata had the least ovariole number.
This suggests occurrence of species specific difference in ovariole number, too. This supports the
earlier studies of variation in ovariole number in D. melanogaster (Wayne et al., 2006), D.
malerkotliana and D. bipectinata (Krishna and Hegde, 1997), D. nasuta (Harini and Ramachandra,
2003), D. ananassae (Yadav and Singh, 2007), and D. buzzatii (Santos et al., 1992). They also found
species specific variation with reference to ovariole number. Thus, these studies suggest that in
Drosophila variation in ovariole number is seen across the species.

The adult female reproductive system is more or less typical for all Drosophila species. It
consists of a pair of ovaries, the genital ducts with their accessory structures (Spermathecae, seminal
receptacle and accessory glands), and the vagina (Santos et al., 1992). Ovariole number variation is
related to ecological conditions, among related species of fruit flies, a greater number of ovarioles is
correlated with “niche breadth” measured as the number of different kinds of fruits used by
ovipositing females (Fitt, 1990). Studies have shown a reduction in mean ovariole number has been
linked to ecological specialization as the morinda fruit by D. sechellia, a close relative of D.
melanogaster (R’Kha et al., 1991), and a taxonomic study of 41 species of Hawaiian Drosophila
showed that intraspecific variations in ovariole number is positively associated with the availability
of nutrients in the larval feeding niches (Fitt, 1990; R’Kha et al., 1991). A similar trend has been
demonstrated for Tephritid flies in the genus Dacus with generalists again having more ovarioles than
specialist (Fitt, 1990).

In the present study ovariole number also varied within species. In D. ananassae ovariole
number varies from 14-57 with an average value of 33.08, while in flies of D. melanogaster it ranged
from 11-81 with a mean value of 31.14. In D. bipectinata variation in ovariole number ranged from
10-55 with mean ovarioles number of 28.02. This suggests ovariole number varies widely within
each species suggesting the occurrence of intraspecific variation in ovarioles number. This supports
earlier studies of intraspecific variation in ovariole number in other species of insects (Yadav and
Singh, 2007; Krishna and Hegde, 1997).

Like body size, ovariole number is a morphological trait with quantitative genetic control
known in various species of Drosophila of the melanogaster complex (Stammer et al., 2001) and is
thought to be closely correlated with female reproductive success via a simple relationship between
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the number of ovarioles and the rate at which eggs have been produced by the female (David et al.,
1970; Chakir et al., 1995), hence their variation in natural population is also quite obvious. In
Drosophila evidence on the adaptive nature of ovariole number comes from the observation of
latitudinal clines in D. melanogaster (Azevedo et al., 1996). Such replication of clines strongly
implies the action of selection in the creation and maintenance of the clines, as argued for an isozyme
cline (Berry and Kreitman, 1993) or quantitative traits, such as body size (De Jong and Bochdanovits,
2003). These clines in ovariole number might be associated with differences in temperature, duration
of reproductive period, the seasonal pattern of food availability, and geographical variation in over
wintering conditions. The evidence between and within species suggests that there may be a
relationship between environmental variation and ovariole number.
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Correlation matrices calculated by applying Pearson correlation between female wing length
and ovariole number in three different species of Drosophila are provided in Table 1b and Figures
la-c. Table 1b revealed that there was no significant positive correlation between female wing length
and ovariole number in D. melanogaster and D. bipectinata. However, in D. ananassae significant
positive correlation was noticed between female wing length and ovariole number. This suggests the
occurrence of species-specific differences in the relationship of female wing length and ovariole
number. This supports the earlier studies of relations between female body size and ovariole number
in D. melanogaster (Wayne et al., 2006). They also found no relationship between ovariole number
and body size either between selected or control lines or within each type of line. Studies of Yadav
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and Singh (2007), while working on evolutionary genetics of D. ananassae, have also found
significant positive correlation between female wing length, thorax size, and ovariole numbers in G13
line, but in the same species in G10 line they did not find significant positive correlation between
female body size and ovariole number. Santos et al. (1992), while working on D. buzzatii, have
found positive phenotypic correlation between female size and ovariole number. Thus, these studies
suggest that relationships between body size and ovariole number is not as strong as believed earlier.
As more and more species are involved no correlation or negative correlation between female body
size and ovarioles number is increasing (Wayne et al., 2006). Thus, these studies also suggest that in
most of the species of Drosophila, body size was not significantly positively correlated with
ovarioles. Thus, our results do not support the theoretical prediction that large females have greater
ovarioles than small females and are contrary to the studies of large female having greater ovariole
number (Branquart and Hemptinne, 2000). This is because the strength of relationship between
female size and ovariole number varies with a number of environmental factors (Santos et al., 1992).
Our study also suggests that ovariole number and female size are independent traits they are not
interdependent.
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Drosophila melanogaster and D. simulans are quite similar in morphology, but they are
reproductively isolated. When D. melanogaster females are crossed with D. simulans males, hybrid
females appear and hybrid males die at the larval stage. This type of cross is generally more
successful than the reciprocal cross of D. simulans females and D. melanogaster males, in which
hybrid males eclose and hybrid females die at the embryonic stage. Survivors are sterile in the both
reciprocal crosses (Sturtevant, 1920). Uenoyama and Inoue (1995) found the S2 line of D. simulans,
an isofemale line from a natural population collected in 1988 at Mishima, Japan, and females of this
strain showed remarkably high mating success with D. melanogaster males. This is the mutant for
premating reproductive isolation. The high crossability was caused by at least two genes that act
additively, one on the second and one on the third chromosome, but the X chromosome showed no
effect.

In the present study, the cross of D. melanogaster females and males of the D. simulans S2
line were analyzed. The wild strains used for D. melanogaster were Oregon-R (OR). For D.
simulans the S-2 line and the yellow mutant y™° line, being as the control, were used. The
experiments were carried out as follows. Virgin females and males were collected within four hours
after eclosion without anesthesia and aged separately for two days. Then each ten females and males
were placed together in a 50 ml vial containing fresh medium. After two days the females were
individually transferred to new vials and were allowed to lay eggs. The number of examined females
[A] and number of females producing hybrid progenies [B] were examined, and the frequency [B/A]
was calculated. A total of 253 females were analyzed in the present study. Table 1 shows the higher
crossability of the D. simulans S-2 line to D. melanogaster by the frequency of females producing
hybrid progenies at 24°C. The S-2 line females showed the higher frequency of 0.696 to the OR
males, whereas the y™*° line showed zero value. The progenies, being all males, were morphologically
normal. These results confirmed the previous experiments (Uenoyama and Inoue, 1995) in which the
insemination ability was analyzed. Although the frequencies were much lower than the reciprocal
cross, the S-2 line males also showed significantly higher frequency of 0.200 to the OR females in
comparison with the yM* line which showed zero value. Thus the S-2 lines showed the higher
crossability in both reciprocal crosses. Moreover, the hybrid progenies were all females, which had
frequently melanotic tumor on their legs when the S-2 line males were used for mating. The tumor
was found around the connection part between femur and tibia (Figures 1 and 2).

In Table 2, pupa to adult lethality and frequency of hybrid pupae with melanotic tumor from
crosses of the OR females and S-2 line males were examined by temperature shift experiment. The
experiments were carried out as follows. To get the same developmental stage of the hybrids, each
parental flies were placed in medium vials and were allowed to lay eggs in a short period of several





