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Comparison of population dynamics with regard to chromosomal arrangements, protein and nucleotide polymorphism
among closely related species can provide invaluable glimpses into the intricacies of speciation. In addition, recently
diverged closely related species may also exhibit behavioural differences especially sexual behaviour which can be compared
across the species and eventually may aid in understanding the process of spezgithe finer details of the so called
‘speciation genes’, evolutionary studies pertaining to hybrid incompatibilities are required. This involves detailed mapping

of the speciation genes through introgression of a candidate gene from one species into the genetic background of another
species. Evolutionary studies also include studies on the degree and pattern of sexual isolation among closely related
species.

The Drosophila bipectinata species complex comprises four species narielpipectinata, D. parabipectinata, D.
malerkotliana andD. pseudoananassae. In three members of this complex i.e. D. bipectindba malerkotliana andD.
pseudoananassae, subspecies have been identified. This complex with its species and their subspecies is a good model for
speciation studies and has been extensively utilized for the purpose. This review attempts to compile all the important
population genetical, behavioural and evolutionary studies that have been done in this complExesatfeily we have

also discussed what is still left to be done and the prospects of this complex being used in future to get answers relating to
speciation.
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Introduction During the process of speciation, behavioural

Studi he intricacies of iation invol ) ddifferentiation is expected as divergence in traits
tudies on the intricacies of speciation involve varied .o 41a1 1o male courtship and female preference is

spﬁroqches (?jeallnlg mostly with population genetics, necessary for reproductive isolatiohdaptations to
ehaviour and evolution. their respective niches may also cause differences in
Population genetics constitutes studies on certain behavioural aspects infdient speciedlso,

changes in the genetic composition of a population,alterations in the behavioural echelon may be a
spanning investigations on polymorphism at the level Pl€iotropic sequel of divergence at a certain locus/
of chromosomes (chromosomal arrangements),loci not having any direct behavioural implication or

proteins and nucleotides. Comparing polymorphism Simply a by-product of the divergence (although not
levels across different populations of a species throwsoften the case with behaviour). Therefore, studies on
light on the pattern of polymorphism exhibited by the Pehavioural divergence amongst closely related
species. Furthercomparing the pattern across species aids in unfolding the knots of the complex
different closely related species can definitely indicate Process of speciation. Behavioural studies mostly

the degree of their divergence and phylogeneticinVOIVe anaIySiS of the COUrtShip rituals of males and
relationship. preference patterns of females among closely related
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speciesApart from these, other aspects of behaviour the bipectinata complex and the egpeae complex.
such as feeding and foraging, nesting, pupation siteWhile theananassae complex includes flies with non
preference etc. may also be compared among closelpifid, apically hirsute aedeaguspectinata complex
related species, demonstrating how differential includes flies with bifid, bare and apically hooked
adaptations aid in speciation. adeagusThe ercipae complex on the other hand
includes flies with aedeagus having a basiphallus with

Evo:cutlonarly'stl:dl_es per:jalnlng t_o tge o_legri':ehe En_gtwo plates fused in their basal half and a distiphallus
pattern of sexual isolation and genetic basis of hybri arising from these plates. These complexes are good

incompatibilities viz sterilityinviability etc. can be very models for carrying out evolutionary studies as they
useful in interpreting the evolutionary relationship include flies which have diverged enough to be

_betlwgenha cer;[alnbspeckles p&udleds_ onh S((a;_(ual_ reproductively isolated but not enough to preclude
isolation have also been known to predict the |rect|onhybridization (Kopp and Barmina, 2005)

of evolution and thereby phylogeny
Within the bipectinata complex, we find four

While, the approaches to studying speciation arégpecies; D. bipectinata (Duda, 1923),D.
clear the next important task is the selection of a parabipectinata (Bock, 1971a)D. malerkotliana
suitable model organism that would make such studies(parshad and Paika, 1964) and D. pseudoananassae
smootherDrosophila, which can be easily cultured  (Bock, 1971a). The females of all the four species
in the laboratory and has a short generation time, turnsyye jndistinguishable, but the males can be identified
out to be very good for speciation studfgsart from o the basis of intensity of abdominal tip pigmentation
these, the genus also has other advantages that makg,q arrangement of sex combs (Figs. 1 and 2). These
it the most favoured model for evolutionary and gspecies share a close phylogenetic relationship and it
particularly speciation studies. IBrosophila s postulated that they have diverged not very long
taxonomyapart from the formally recognised ‘species’ pack in the evolutionary history i.e. about 283000-
there also occur ‘species groups’, ‘species subgroups’zgsoo0 years ago (Kopp and Barmina, 2005). Though
‘species complexes’, ‘species clusters’ etc. which sympatric over parts of their distribution range, they
groups together the closely related species . do not hybridize in nature and there is only one report

Species complexes are important in an of natural hybridization between D. bipectinata and

evolutionary perspective because the members of &+ Malerkotliana (Guptaet al., 1980). Howeverin
complex while do not hybridize in nature can easily the laboratorygiven no choice situations, they can be

be cross fertilized in the laboratory given no choice hybridized with varying degrees of crossabilities
situations. This allows novel prospects of undertaking P€tWeen each species painey are still called good

population genetical, behavioural and evolutionary SPECIES as consistent with Haldanelle, among the
studies leading ultimately to the unearthing of the hybrids, the females are fertile but the males are sterile

intricate process of speciation. (Bock, 1971a,b, 1978; Mishra and Singh, 2005a, 2006b;
Kopp and Barmina, 2005; Matsuefzal., 2005).

Within three species of this complex subspecies
have been identified. Bock (1971a) identified two

pseudoananassae. The subspecies ofD.

Themelanogaster species group includes a number malerkotliana are called D. malerkotliana

of subgroupsananassae subgroup being one of them. malerkotiana and D. malerkotliana pallens and
Flies belonging to the ananassagubgroup are pale those ofD. pseudoananassae are calledD.

to dark in colourMales have sex comb in transverse pseudoananassae pseudoananassae and D.
rows on the first two or three tarsal segments andpseudoananassae nigrens. This classification is
exceptinD. varians, primary and secondary claspers based on the intensity of abdominal tip pigmentation
are present. On the basis of the structure of malein males (and the subspecies exhibit no differences in
genitalia, theananassae subgroup has been divided sex comb pattern and the structure of male genitalia.
into three complexes namely tiganassaecomplex,  D. m. malerkotliana and D. p. nigensmales possess

The bipectinata complex is one such complex
which has been very useful in speciation studies.
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Fig. 1: Males and females of all the species and subspecies
of the D. bipectinata species complex A. Male of D.
bipectinata, B. Female of D. bipectinata, C. Male of D.
parabipectinata, D. Female of D. parabipectinata, E.
Male of D. malerkotliana malerkotliana, F. Female of D.
malerkotliana malerkotliana, G. Male of D. malerkotliana
pallens, H. Female of D. malerkotliana pallens, |. Male
of D. pseudoananassae pseudoananassae, J. Female of
D. pseudoananassae pseudoananassae, K. Male of D.
pseudoananassae nigrens, L. Female of D. pseudoana-
nassae nigrens

Fig. 2: Sex-comb arrangements in the four species of the
bipectinata complex

dark tanned abdominal tip (Fig. 1). There is no
evidence of reproductive isolation between the two
subspecies of each species. Therefore, though
morphologically there is quite a distinct divergence
with respect to male abdominal tip pigmentation,
behaviourally there is no dference (Ohtsuka and
Tobari, 1976Aotsuka andobari, 1983). Subsequently
Matsudaet al. (2005) identified three subspecies in
D. bipectinata, from different geographic locations,
based on their studies on reproductive isolation. They
are D. bipectinata bipectinata from Southeagtsia
(SEA) and Okinawa (OKN)D. bipectinata
szentivanii from Papua New Guinea (PNG), aidd
bipectinata pacificiae from South Pacific Ocean
(SPO). The external morphology of the reproductive
organs and the number of teeth per row of sex combs
were also found to differ significantly between the
three subspecies. Kopp and Frank (2005), on the other
hand identified two largely allopatric subspecies,
Pacific andAsian, exhibiting a ‘continuumof
reproductive isolation. Sterile male but fully fertile
female hybrids were produced when the two
subspecies were crossed. Howevwver evidence of
genetic differentiation could be detected at three
randomly chosen nuclear loci, indicating that they are
at the earliest stage of speciation (incipient species)
and perhaps gene flow is still occurring between them.

Thus, out of the four species in this compl@x,
parabipectinata is the only one which is not having
any subspecies.
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All the four species occur in the Oriental- D. bipectinata and D. parabipectinata were said
Australian biogeographic zone, distributed throughout to be derived from a common ancestral population.
Southeas®sia and extending into Northeastern
Australia, the Indian subcontinent and South Pacific. Earlier to Bock (1971b), Narda (1968), made
Over parts of this range of distribution, all the four first interspecific cross betweén bipectinata and
Species occursympatrica”y (Bock antheeler1972; D. maletkotliana and in the lflarvae, two inversion
Kopp and Barmina, 2005hccording to Bock and ~ complexes were found, one in IIL and the other in
Wheeler (1972)D. bipectinata is the most IlIR.Jhaand Rahman (1972, 1973), made a reference
widespread species among the foacurring in India, ~ map of the salivary gland chromosomeshf
SoutheasAsia and several island groups in the oriental malerkotliana. They studied the polytene
region. HoweverD. malerkotliana but notD. chromosomes of the,fybrids of D. bipectinata
bipectinata has been called a sub cosmopolitan andD. malerkotlianaand by interpreting the complex
species by Markow and O’Grady (2005). Therefore, configurations of polytene loops, they depicted that
both D. bipectinata and D. malerkotliana are the two species differ by seven paracentric inversions,
widespread and are expanding their range ofsome of which may have been polymorphic in the
distribution.D. pseudoanassae has a fair distribution =~ common ancestral species and the two arrangements
in India, Southeasfsia and alscAustralia. D. (inverted and standard) have become fixed
parabipectinata is having the most restricted respectively in the two species.

distribution, among the four species of this complex. ,
Gupta and Panigrahy (1990), constructed

Population genetical studiesin the D. bipectinata reference polytene map of D. bipectinata. They
complex detected nine autosomal paracentric inversions from
_ _ _ _ Indian populations of D. bipectinata, distributed on
Population genetics entails study of the changes takingp e right and left arms of the second chromosome
place in the genetic composition of a population. It gnq the left arm of the third chromosome. Both natural
can basically be studied at three levels: Chromosomal, g laboratory populations of D. bipectinata were

polymorphism (in Dosophila, presence of polytene  t4,nd to be polymorphic due to the presence of three
chromosom_es make that ez_;lsy), protein POlymorph'sminversions namely In D 2L, In C 2R and In H 3L.
and _nucleotlde polymo_rphlsm. Population gene_tlcal Das and Singh (1992) and Singh and Banerjee (1995)
studies have been carried out to a great extent in thgjetected three autosomal paracentric inversions from
species of the [asophila bipectinata complex. laboratory stocks oD. bipectinata, which were
found to persist for more than twenty generations in
these stockdAlso, there was a significant excess of
Bock (1971b) studied intra- and interspecific inversion heterozygotes in all the stocKsvo
chromosomal inversions in all the four species of the inversions of the second chromosome namely In D in
complexA total of twenty inversions could be detected 2L and In C in 2R were found to be associated non
as extant polymorphisms in these species, Further irandomly exhibiting linkage disequilibrium (Singh and
the interspecific hybrids (Flarvae obtained by Das, 1991). In natural populations, the frequency of
crossing the two species), twenty autosomal inversionsnverted gene orders and the level of inversion
could be detected. In the interspecific hybrids, pairing heterozygosity were found to be very low as known
in polytene chromosomes was found to be excellentthrough the analysis of seven natural populations
in those from crosses involving D. bipectinatB. (Banerjee and Singh, 199@lso, no evidence for
parabipectinata and D. malerkotliana but poor in  genetic differentiation between populations at the level
those from crosses involving D. pseudoananassae  of inversion polymorphism was found. Therefore,
Out of these twenty inversions, sixteen were different chromosomal polymorphism in D. bipectinata was
from those detected in the pure species. From hisfound to be of the rigid type (Banerjee and Singh,
consummate work in inversions in this complex, Bock 1996). Populations transferred to laboratory conditions
constructed a phylogeny whereby D. malerkotliana, not only remained polymorphic but also there was an
D. pseudoananassae and a population ancestral to increase in the frequency of the inverted gene orders

Chromosomal studies in the complex
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due to a rise in inversion heterozygosity (Singh andvastly distant from all the three specigaking this
Banerjee, 1997). Persistence of inversions is indicativestudy furtherHegde and Krishnamurtfd976, studied

of the fact that inversions are maintained by balancingthree enzymes (alkaline phosphatase, acid phosphatase
selection in the laboratory populations bf and esterase) in the four species and their hybrids.
bipectinata. Heterosis in D. bipectinata was found One of the remarkable observations that they made
to be due to coadaptation as there was a decline invas that the zymograms of hybridsinfbipectinata

the frequency of inversion heterozygotes in certainand D. parabipectinata exhibited intermediary
populations derived through interracial hybridizations banding patterns to the respective parental species.
(Banerjee and Singh, 1998). Singh et al. (2013) also On the other hand, hybrids of D. bipectinata abd
found the In 2RC inversion to persist in seven out of malerkotliana exhibited a pattern resembling one of
the fifteen laboratory stocks dd. bipectinata the parental species. Studies on alcohol dehydrgenase
analysedA new paracentric inversion was reported isozymes in the members of this complex and their
in D. malerkotliana from Varanasi by Naseerulla hybrids by Jha et al(1979), revealed that the alleles
and Hegde (1993 c), which was named as inv IIL C. of Adh are codominantly inherited in the Ifybrids.

This was not found by Bock in the D. malerkotliana They also pointed the role of X chromosomes on the
populations he studied. expression ofAAdh isozymes irD. bipectinata and

D. malerkotliana. The allozymes of acid phosphatase
were found to exhibit differences with respect to
polytene' map of a structurally homozygqus stock of specific activities, pdependent activity profile, Vmax

p. parablpectlnata_ collected from Brunei, Borneo and Km values ii. malerkotliana (Parkash, 1993).
in1971 and used it as a reference standard SEqUENCRyelic frequencies ofAdh was found to exhibit clinal

for all _the fou(; SPeC'TS, of the_complex. In :]helrl variation (Sharmat al., 1993a) and ethanol tolerance
extensive study involving various geographical oq 5150 found to differ latitudinally amoriy.

populations of all the species and subspecies of thebipectinata populations (Sharma et al1993 a, b)

pomplex, they could detect as many as 87 invers_ionsand was said to be driven by natural selection (Parkash
in the complex and also described their breakpomts.et al., 1994) indicating rapid divergence among D

They also studied polytene of the interspecific hybrids ipectinata populations. D. malerkotliana

gnd founql_that only two arrgngements were shar edgopulations too exhibit signs of divergence as ethanol
|n_terspeC|f|cz_:1IIy On the basis of the characteristic utilization indices and ethanol tolerance threshold
dlffer_encr(?s In gene glrrarrl]glements amtf)ng t?]e fourvalues in larval and adult individuals were found to
speC|es’t €y proposedap yogehﬁerent rom that vary latitudinally in different Indian populationsBf

of Bock's (1971b)According to their phylogenp. malerkotliana by Sharma et al. (1994). Likewise a

pseudoananassae der_lves d_|rec'tly fromD. number of studies demonstrated that D. bipectinata
malerkotliana, from whichD. bipectinata andD. 545 malerkotliana populations (of India) show
parabipectinata have also been derived. signatures of divergence among themselves. For
example, Naseerulla and Hegde (1993 a, b), compared
electrophoretic variation in two enzymes, alkaline
phosphatase and glucose 6-phosphate dehydrogenase
Yanget al., 1972, analysed twenty one enzymes in D. bipectinata andD. maletkotliana populations
corresponding to twenty three loci in all the four collected from microclimatic zones and found that
members of this complex. Through their study it was while in D. malerkotliana, the allelic frequencies and
concluded that D. bipectinata and D. heterozygosity per individual for alkaline phosphatase
parabipectinata are extremely similar to each other showed significant variation, in D. bipectinata only
Despite this they are able to maintain their distinct one allele of the enzyme was found to exhibit
identity, existing in sympatrydue to diferential niche  interpopulation variation. Glucose 6-phosphate
utilization. According to codicients of genetic  dehydrogenase however exhibited insignificant
similarity, D. malerkotliana was found to be closely interpopulation differences in bokh bipectinata and
related toD. bipectinata and D. parabipectinata. D. malerkotliana (for references see the review by
However D. pseudoananassae was found to be  Singh, 2015).

Most recentlyTomimuraet al. (2005) prepared

Studies on Proteins (Isozymes and Allozymes)
in the Complex
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Nucleotide Divergence Among the Members of SNPs represented approximately 58, 62, 66 and 75%

the Complex of all genes in the genome respectively and an average
_ _ of 46% of the SNPs was found to be fixed differences.

Gupta et al. (1993) studied divergence at mt-DNA Generation of such transcriptome sequence data not

by analysing the restriction profiles in two members onl - :
_ L ) y endorse high- throughput genotyping but can also
of the complex: D. bipectinata an®. malerkotliana be used to generate linkage maps rapidly and

and altogether 8 mitochondrial haplotypes were efficiently thus allowing high resolution genetic
detected in the total eighteen populations studied (the y gng g

) ) analysis.

two species together). Only a single haplotype (IB)
was shared by the two species. The net nucleotideBehavioural Studies in Four Species of the
substitution per site between the two species wasComplex
found to be 0.0002 which is hardly any divergence
and such a level of difference may even be foundSexual Behaviour
among d|ffer§nt populations of aspecies, or betweenHegde and Krishnamurthy (1979) studied courtship
two subspecies. Gupta et al. explained that the two ) S . .

. o . . L and mating behaviour in the species and subspecies
species exhibit poly or paraphyletic relationship in the of this complex and found that while courtshi
mt-DNA sequence. These studies were followed by b P

; . . . ...~ behaviour did not vary much within a species
ones directly using the sequence information utilizing , | . . .
. (different populations or strains of a species were
the sequence alignment tools. The assembli.of

bipectinata genome has been recently generatedswd'ed)’ significant differences were found among

(GenbankAFFEO0000000.1). Kopp and Barmina the species an_d the subspecies. (?rossley (1986)’
: . . ._studied courtship sounds and associated behaviours
(2005), combined phylogenetic and population genetic. .
: . in the complex. Males of all the four species were
approaches to reconstruct the evolutionary history of . .
S , found to sing two songs, long and short, during
the complex, which included reconstruction of the . . )
o L courtship and due to differences in at least one song
order and timing of speciation events, the extent of

genetic differentiation among species and variation pa_rameter each SPecies was found to be having a
within species and the levels of gene flow across n'due song profile. This is thought to have played a

. . e . yery important role in sexual isolation among the

species boundaries. For accomplishing this, they use
. . . .members. She also noted that males of all the four

sequences of one mitochondrial and six nuclear loci
and all the subspecies known were utilized. Fusther
Kopp et al. (2006) studied divgence at thér-
chromosome in this complex and confirmed the utility
of Y- chromosomal loci in construction of phylogeny
From these studies it was concluded that nucleotid
divergence among D. bipectinata, D.

parabipectinata andD. malerkotliana is extremely

species courted females of their own species and those
of the other species equally and it was the females
which discriminated homospecific from
heterospecific. Crossley also described ‘female
sounds’ in this species complex and reported that when
bursts of female song were long, they appeared to be
inhibitory as male song did not recommence until
female song ceasedlso several bursts of female

low and they diverged not very long back in the . . .
. . , song resulted in breaking up of courtship altogether
evolutionary time scale. Signetral. (2013) generated . . )
This also points that females of this complex are very

new genomic resources for seven species and,, ~ . """ o
. . discriminating. Therefore, courtship rituals of males
subspecies of th®. ananassae species group to

: . - L ._and preference of females have diverged together to
study intra- and interspecific variation. These genomic,_. . C .
: bring about isolation in this complex. From these studies
resources were transcriptome sequence Adéage

. : i it was also concluded that whil2 bipectinata, D.
number of polymorphic nucleotide positions were arabivectinata andD. malerkotliana are closel
identified for each pair of strains. 15245, 343156, felate(;)to each oth,dD' seudoanan eshares);
216786 and 318507 single nucleotide polymorphisms . P . assa
were found inD. m. malerkotliana/D. m. pallens, more distant phylogenetic relationship with these three.
D. m. maletkotliana/D. bipectinata, D. ercepeae/ Crossley and Bennet-Clark (1993) demonstrated
D. merina and D. p. pseudoananassae/D. that two male songs when played in a naturally
pseudoanannassae nigrens respectively These  occurring sequence in courtship enhanced female
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receptivity in D. parabipectinatg thus corroborating  mating. Thus, it was proven that the mutation affects

that stimulated courtship songs, has a positive effecthe mate recognition system (Singh and Sisodia,

on female receptivity 1996b). Sepia eye colour mutation was found to
diminish the sexual activity of D. bipectinata males

A _number of st_udies haye been perf_ormed but not the females (Singh and Sisodia, 1999). Singh
correlating the courtship and mating patterns with bOdyand Sisodia (1997) also provided evidence for rare
size of the flies (Ewing and Benet-Clark, 1968; Hegde male mating advantage iD. bipectinata by

and Naseerul_la, 1992; Nase_erulla and Hegde, lg%émploying the cut wing mutation.
Hegde and Krishna, 1997; Krishna and Hegde, 1997).

However in most of these studies either ordy Kamimura and Polak (2014) studied the
malerkotliana was involved omD. bipectinata and intromittent organs oD. bipectinata to find out

D. malerkotliana were involved, since these two whether surgical manipulations of these organs affect
species are more widely distributed than the others ininsemination success. There results indicated that
the complex. Flies mating first were found to have spines in these organs are evolving in response to
longer wings and forelegs iD. malerkotliana sexual selection, although other explanations could
(Hegde and Naseerulla, 1992), also males with longalso be given like cryptic female choice.

wings were more successful at courtship and mating _ ) _ _

(Hegde and Krishna, 1997). That larger flies have aEffect of Age in Mating Behaviour in Members
mating advantage was also proven by employing©f this Complex

different choice situations in the speciBs  age has a pronounced effect on the mating behaviour

bipectinata and D. malerkotliana (Krishna and  onq gther fitness traits of flies. The optimum age at
Hegde, 1997). which maximum reproductive success is achieved

The sexual behaviour of D. bipectinataoccupies Varies in diferent species obrosophila and may
a distinct position in th®. bipectinata complex ~ €ven be different in closely related species.
archives since it has been explored to a large extentoomashekaet al. (2011), studied female age
Due to genetic heterogeneity among different influence on mating success, courtship activities,
populations of D. bipectinatamating propensity has mating latencycopulation duration, fecundjtyvariole
been found to differ significantly among them with humber and wing length in isofemale linesnf
males showing more variations (Singh and Sisodia, bipectinata collected from three different localities.
1995). Similarly courtship time, duration of copulation |t was found that middle aged females had greater
and fertility have been found to differ significantly Mating success and were less fussy about the courting
among different strains &. bipectintawith duration ~ Males. They also copulated longer and had greater
of copulation also having a positive correlation with fécundity and more ovarioles than the young and old-
fertility (Sisodia and Singh, 1996b). Sexual selection @ged females. Therefore, the hierarchy of age specific
was demonstrated in D. bipectinata through studies female reproductive success was illustrated as middle
on the mating success of interstrain hybrids (Sisodia@9€d> young> old aged. While the middle aged
and Singh, 1996a). Singh and Sisodia (1996a) werdemales were found to be reproductively supetir

also successful at making artificial selection lines (fast ©ffspring of older males were found to be bettdd.in
and slow) for mating propensities. bipectinata in another study by Krishretal. (2012).

Confirming the good gene model, D. bipectinata

Several studies were also performed to test thefemales were found to prefer old-aged males. When
effect of different mutations on mating activity in D. offspring of old and young aged males were reared in
bipectinata. Cut wing mutation was found to have |ow and high larval densities, it was found that offspring
no effect on the sexual activity and neither did it affect of old aged males had significantly greater pre-adult
sexual isolation in any way (Singh and Sisodia, 1996a) fitness (egg-larval hatchability and larval-adult
However mutants having thoracic outgrowth although viability) and adult fitness (Sos’mating success,
did not show any difference in mating propensity from mating latencymating ability progeny production and
their wild type counterparts, did exhibit sexual isolation |ongevity and daught&s mating success, fecundity
from wild type and also revealed positive assortative and longevity) when reared in both the conditions as
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compared to the progeny of young males. Santoshother hand, in D. pseudoananassaghough the
and Krishna (2013) studied male accessory gland cellsluration of copulation in first mating was long it took
(number and size), the quantity of accessory glandthe longest time to remate. In all the four species the
proteins and their effect on fitness in males of different duration of copulation in second mating was found to
ages inD. bipectinata. It was found thaD. be shorter than the duration of copulation in first
bipectinata young males with smaller sized accessory mating. These differences were explained
glands and fewer and larger main cells in the appropriately and it was concluded that enough sperm
accessory glands produced the least quantity of proteirare transferred iD. bipectinata in the first mating
and transferred significantly less protein and spermitself to last a lifetime yet it chooses to mate again so
to its partner than did the middle and old aged malesas to maintain genetic variabilitfhe duration of
Similar to earlier findings they also suggested that copulation in the first mating remains high because in
females mating with older males obtained a fithessthe face of adversity the luxury of getting more than
benefit. Similarly Shivakumar and Krishna (2014) one partner may not be possibleD.
found that middle age®. malerkotliana males pseudoananassae, on the other hand, takes longer
remated more than young or old males. They foundto remate as the sperm transferred during first mating
that females mating with middle aged males which are utilized maximally before the female seeks another
mated only once in an hour were least fecund whilemate and remating occurs more for the maintenance
female mated with middle aged males mating more of population size than generation of variation®.In
than once in an hour produced greater number ofparabipectinata, the maintenance of population size

progeny and genetic variations are equally important and the
_ ) _ costs of mating and remating have been adjusted
Analysis of Remating Behaviour accordingly It was finally concluded thab.

pipectinata and D. pseudoananassaefall at two
extremes andD. parabipectinata and D.
malerkotliana lie at an intermediate position in the
hierarchy of remating behaviours.

Studies on remating behaviour have also been carrie
out extensively in the members of this complex.
Remating behaviour is of great evolutionary
consequence, especially in the geussophila.
Although aDrosophila female gathers enough sperm Singh and Singh (2014a) also studied the
phenomenon of remating has been selected in naturgopylation and fertility in four species of the complex.
because it generates genetic variabilite remating  They found significant interspecific variation in mean
time, duration of copulation in first and second matings qyration of copulation and fertility in four species of
and other tenets of this behaviour may vary in differentne complex. D. bipectinatavas found to show
species depending upon their respective priorities.positive correlation between duration of copulation
Singh and Singh (2013), studied intra and interspecifican