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Abstract

Sexual isolation results from different mating success among individuals within a population
and is recognized as a driving force behind intra-population evolution and speciation. Experiments
were conducted to test behavioral isolation among populations of Drosophila ananassae raised in
different temperature and diet regimes for fifteen generations to test the effect of these environmental
variables on the induction of sexual isolation. Multiple choice technique was used, and matings were
observed in Elens Wattiaux mating chamber. Results showed non-random mating between
populations kept in different temperature and diet regimes though the effect of temperature on the
induction of behavioural isolation was more pronounced. This study indicates that the populations
have adapted to the different rearing conditions and that the genes involved in some aspects and
mating behavior may be involved in the adaptation leading to the development and non-random
mating among the populations adapted to the different environmental variables. Temperature may
have a more pronounced effect on the mating behavior of the flies, which resulted in the development
of sexual isolation among the populations.

Introduction

The early steps of animal speciation are thought to be the development of reproductive
isolating mechanisms that act as barriers to gene flow between incipient species or populations. To
gain insight about the early stages of species formation, we need to understand the basis of
ethological isolating mechanisms causing speciation. Premating ethological isolating mechanisms
are thought to precede the evolution of post-zygotic isolating mechanisms and is of more importance
as occurrence of inferior hybrids is minimized or avoided. The evolution of reproductive isolation
and speciation has recently received a great deal of attention, and one of the most pervasive
conclusions is that speciation becomes more probable in allopatry as geographically distant
populations are more likely to experience divergent selective conditions as well as a reduction in
homogenizing gene flow, which is one of the greatest impediments to the evolution of isolating
mechanisms (Dobzhansky 1937; Mayr 1942, 1963; Coyne and Orr 2004; Gavrilets 2004). The
influence of rearing temperature on mating propensity was reported in D. melanogaster (Casares et
al., 2005). The effect of diet on reproductive isolation was studied by Dodd (1989).
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A number of studies on sexual behavior have been carried out in D. ananassae. Singh and
Chatterjee (1985a, b) reported sexual isolation using mass culture and isofemale lines. Recently,
sexual isolation was observed between karyotypically different homozygous strains as well as among
drift lines (Nanda and Singh, 2011a, b). However, many questions still remain about the exact
biological conditions and the basis of incipient reproductive isolation among populations. The
present work was carried out to study the induction of sexual isolation by two environmental
variables, temperature and diet.

Materials and Methods

Drosophila Stocks

Three mass culture stocks of Drosophila ananassae were established from flies collected
from three geographical localities: (a) : AG : established from Agra, UP, India; (b) : MT :
established from Mathura, UP, India; and (c) : AL : established from Aligarh, UP, India.

The six stocks from each locality were established from naturally impregnated females
(number given in experimental design). The stocks were maintained on agar corn meal sugar
medium under normal laboratory conditions by transferring 50 flies (females and males in equal
number) to fresh culture bottles in each generation. The tests for sexual isolation and sexual selection
were conducted among the three stocks after a generation of culture prior to the experiment, and
random mating was observed among the stocks. The stocks were then subjected to different
temperatures and diets for fifteen generations of culture, and multiple choice tests were run.

The codes for the stocks are as follows :
Stocks reared in different temperatures
AG1, MT1, AL1 -18°C; AG2, MT2, AL2 —20°C; AG3, MT3, AL3 -24°C
Stocks reared in different diets
AG4, MT4, AL4 - Ethanol; AG5, MT5, AL5 - Lactic acid; AG6, MT6, AL6 — Normal

Experimental Design

Crosses were conducted for all the 36 possible combinations, five replicates for each cross,
after fifteen generations of culture. One day before the experiment, the flies were transferred to fresh
food vials with either red or green food color for identification of the flies. The food coloring had no
effect on the mating behavior of the flies. Fifteen flies of each sex were transferred without
etherization in Elens Wattiaux (1964) mating chamber and observed for 60 minutes. The mated pairs
were aspirated out and observed under the binocular for identification.

Statistical Analysis

Data were recorded and analyzed using JMATING (Carjaval Rodriguwz and Rolan Alvarez,
2006) software for mating frequency. Sexual isolation was tested by calculating Ips; index and G test.
Oneway ANOVA was used to calculate the level of sexual isolation between the crosses. SPSS 17.0
for MS Windows was used to perform statistical analysis.

Results

Table 1 shows the Ips; index and heterogeneity G test for sexual isolation and sexual selection
effects between the stocks of D. ananassae. Significant values were observed in some combinations,
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showing evidence of sexual isolation among the crosses. Stocks from all the three locations showed
nonrandom mating when reared under different temperature regimes, the most significat being
crosses from Agra reared in 18°C and 20°C. Figure 1 shows the average IPSI index between the
different crosses reared in same and different temperatures and diets. The results show that sexual
isolation is greater between stocks reared under different temperatures than stocks reared under same
temperature. Similarly, isolation is greater between crosses reared in different diets than between
those reared in same diet. ANOVA used to test the deviation from random mating (data not given)
among the stocks showed statistically significant results suggesting nonrandom matings in these
pairwise combinations.
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Figure 1. Multiple choice mating tests results between populations
of D. ananassae raised in different temperature and diet regines.

Discussion

Our results provide evidence of significant sexual isolation between populations reared in
different temperature and diet regimes. Crosses between populations kept in different temperature
regimes showed higher sexual isolation than that between populations reared on different diets,
suggesting that temperature may have a more profound effect on the genes affecting the mating
behavior of the flies leading to behavioral isolation.

The study indicates that the populations have adapted to the different temperature and diet
regimes and that genes involved in some aspects of mating behavior may be involved in the
adaptation leading to the development of non-random mating among the populations. Earlier studies
done on stocks reared in different temperatures showed the induction of sexual isolation among the
strains (Yadav and Yadav, 2012).
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Table 1. IPSI coefficients along with their standard deviations and heterogeneity G
test for sexual isolation and sexual selection effects between the stocks of D.

ananassae.

Crosses IPSI SD P value Gl GS GT
AG1 vs AG2 0.3027 0.0962 0.0024 9.14 0.04 9.18
AG1 vs AG3 0.2779 0.0962 0.0042 7.79 0.04 7.83
AG2 vs AG3 0.2161 0.0973 0.0322 4.77 0.08 4.85
MT1 vs MT2 0.2962 0.0969 0.0034 8.96 0 8.96
MT1 vs MT3 0.292 0.103 0.005 7.6 0.09 7.69
MT2 vs MT3 0.2419 0.0982 0.0164 5.84 0.08 5.92
AL1 vs AL2 0.2785 0.0933 0.0032 8.14 0.1 8.24
AL1 vs AL3 0.2902 0.1086 0.0078 6.71 0.22 6.93
AL2 vs AL3 0.258 0.0999 0.0124 6.2 0.04 6.24
AG1 vs MT1 0.1254 0.0968 0.197 1.62 0.1 1.72
AG1vs AL1 0.1797 0.0994 0.0796 3.21 0.08 3.29
MT1 vs AL1 0.0947 0.0966 0.3344 0.94 0.19 1.13
AG2 vs MT2 0.1484 0.0998 0.1336 2.2 0.1 2.3
AG2 vs AL2 0.1776 0.0984 0.076 3.21 0.08 3.29
MT2 vs AL2 0.1712 0.1008 0.092 2.87 0.02 2.89
AG3 vs MT3 0.0657 0.0974 0.503 0.46 0.02 0.48
AG3 vs AL3 0.0643 0.0963 0.503 0.45 0.09 0.54
MT3 vs AL3 0.0737 0.0958 0.4604 0.59 0.07 0.66
AG4 vs AG5 0.1701 0.0969 0.0824 3.07 0 3.07
AG4 vs AG6 0.2369 0.0974 0.0074 6.84 0.04 6.88
AG5 vs AG6 0.138 0.0953 0.1502 2.06 0.09 2.15
MT4 vs MT5 0.1746 0.097 0.074 3.13 0.04 3.17
MT4 vs MT6 0.2591 0.097 0.0098 6.73 0.08 6.81
MT5 vs MT6 0.1602 0.1062 0.1342 2.24 0.05 2.29
AL4 vs AL5S 0.2018 0.1079 0.062 3.44 0.12 3.56
AL4 vs AL6 0.2606 0.1 0.0096 6.51 0.02 6.53
AL5 vs AL6 0.1585 0.1057 0.1444 2.19 0.18 2.37
AG4 vs MT4 0.2109 0.1019 0.0414 4.2 0.17 4.37
AG4 vs AL4 0.1986 0.1002 0.05 3.74 0.1 3.84
MT4 vs AL4 0.2237 0.1012 0.0284 4.72 0.27 4.99
AG5 vs MT5 0.1678 0.0976 0.0856 2.85 0.17 3.03
AG5 vs AL5 0.1366 0.0996 0.1722 1.89 0.04 1.93
MT5 vs AL5 0.1823 0.0996 0.0706 3.29 0.2 3.49
AG6 vs MT6 0.0657 0.0974 0.503 0.46 0.02 0.48
AG6 vs AL6 0.0643 0.0963 0.503 0.45 0.09 0.54
MT6 vs AL6 0.0737 0.0958 0.4604 0.59 0.07 0.66

The results are in accordance to those of Dodd (1989), which demonstrates that reinforcement
of the premating isolating mechanisms through selection is not necessary for the development or
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induction of significant levels of behavioural isolation. The sexual isolation observed developed in
complete allopatry and is solely due to the process of adaptation to the different regimes.
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Introduction

The role of inversions on the fitness characters have been well demonstrated (Dobzhansky
and Wallace, 1953). Many experiments have demonstrated the superiority of heterokaryotypes over
homokaryotypes (Singh, 1989a; Singh and Som, 2001). Drosophila ananassae is one such species
which exhibits high level of inversion polymorphism. It is a cosmopolitan domestic species having a
unique status among Drosophila. Due to certain peculiarities such as male crossing over, high
mutability, high level of chromosomal polymorphism it has been used for many genetic studies. This
species harbors a large number of inversions. Influence of different chromosomes on sternopleural
bristle number have been detected, and different genetic factors controlling sternopleural bristle
number have been located in different chromosomes by using marker strains (Shrimpton and
Robertson, 1988a). Genetic heterogeneity for sternopleural bristle number has been found in Indian
populations of D. melanogaster (Singh and Das 1991; Griffiths et al., 2005; Yadav and Singh,
2006).

In certain cases, association between chromosomal inversion polymorphism and
morphometric characters has been reported (David et al., 2003; Griffiths et al., 2005; Singh and
Das, 1991; Yadav and Singh, 2006). The earlier studies on inversion polymorphism in D. ananassae
(Da Cunha, 1960; Singh, 1998) have demonstrated that most of the inversions are distributed either
on second or third chromosome. Two hypotheses have been proposed to account for the
concentration of inversions on single chromosome, the co-adaptation hypothesis and mechanical
hypothesis.





