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Abstract: It has been known since the time of Lamarck and 

Darwin that the role of isolation is crucial in the process of 

speciation. The populations which are undergoing evolutionary 

change must develop certain mechanisms of isolation so that gene 

flow between the Mendelian populations is prevented. The term 

“Isolating Mechanisms” was coined by Theodosius Dobzhansky in 

1937 for the barriers which are genetically conditioned and impede 

gene exchange between Mendelian populations. Basically, isolating 

mechanisms are of two types: reproductive isolation (sympatric 

populations) and geographical isolation (allopatric populations). 

The mechanisms of reproductive isolation are again classified into 

two types: premating and post mating or pre zygotic and post 

zygotic. Among different means of reproductive isolating 

mechanisms, sexual or ethological or behavioural isolation is 

considered as a very important isolating mechanism in animals. 

Ernst Mayr, the main architect of the biological species concept, 

claimed that: “if we were to rank the various isolating mechanisms 

in animals according to their importance, we would have to place 

behavioural isolation far ahead of all others.” The genus Drosophila 

which is considered as a very good biological model, has been often 

employed for studies on sexual isolation. The results of these studies 

have demonstrated that the degree and pattern of sexual isolation 

among different species vary and have been found very useful to 

discuss the direction of evolution and phylogenetic relationship 

among different species which support the claim of Ernst Masyr 

that sexual or behavioural isolation should be placed far ahead of 

all other isolation mechanisms.  

Index Terms: Reproductive isolation, pre and post mating 

reproductive isolation, Drosophila 

I. INTRODUCTION 

It was remarked by Dobzhansky (1951) that without isolation 

evolution is not possible. Wagner (1889) discussed in detail the 

role of isolation in evolution. In modern form, Jordan (1905) 

elaborated the importance of isolation in evolution. Species and 

races differ in their genetic constitution and their separate gene 

pools must remain isolated by certain mechanisms because their 

interbreeding will remove their differences which will lead to the 

loss of their identity.  Thus, during the process of cladogenesis, 

the evolving populations must acquire certain mechanisms of 

isolation in order to prevent free exchange of genes between 

different gene pools. The term “Isolating Mechanisms” was 

coined by Theodosius Dobzhansky in 1937 for different agents 

which alone or in combination impede the flow of genes 

between different Mendelian populations. There are different 

types of isolating mechanisms: reproductive isolation operating 

in sympatric populations and geographic (spatial) isolation 

operating in allopatric populations. The mechanisms of 

reproductive isolation are again classified in two types: pre 

mating and post mating or pre zygotic and post zygotic. Figure 1 

depicts different classes of isolating mechanisms. Only gametic 

isolation is pre zygotic as well as post mating. 

 

Figure1. Different kinds of isolating mechanisms in animals 

 

The isolating mechanisms are the most important attributes of 

a species (Mayr 1966). The evolutionary biologists such as 

Coyne and Orr (2004) have rightly remarked that the speciation 

is a key process for the evolution of biological diversity and 

under biological species concept can be viewed as the evolution 

of reproductive isolation between formerly interbreeding 

populations. Sawamura (1999) who believes in biological 

species concept suggested that question how new species evolve 
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should be substituted by a more answerable question “how 

reproductive isolating mechanisms are established between 

populations”. With the development of modern genetics in 

Drosophila, interest has been focused on the question of role of 

reproductive isolating mechanisms in evolution. Nanda and 

Singh (2011) have demonstrated that the origin of sexual 

isolation is the central event in the evolution of biological 

diversity and plays an important  role in maintaining biological 

diversity. 

Drosophila which belongs to the family Drosophilidae, order 

Diptera and class Insecta, is an excellent biological model 

(Singh, 2025). From the time of Thomas Hunt Morgan in the 

beginning of last century, it has been extensively used in 

different kinds of studies in biological sciences such as genetics, 

evolution, behavior, molecular biology, disease biology and 

ecology. Different kinds of mechanisms of reproductive 

isolation have been studied in Drosophila by utilizing numerous 

species belonging to different species groups (Dobzhansky, 

1937, 1951;Pattertson& Stone, 1952; Mayr, 1966; Singh, 1997; 

Powell, 1997; Coyne & Orr, 2004). Although there are different 

types of reproductive isolating mechanisms in animals shown in 

Figure 1, the types of reproductive isolating mechanisms which 

have been studied in detail in Drosophila are: Sexual isolation, 

gametic isolation, hybrid in viability and hybrid sterility. Sexual 

or ethological or behavioral isolation is premating isolation and 

operates among sympatric species. However, the other three are 

post mating isolation and one important feature is associated 

with these reproductive isolating mechanisms is that they cause 

wastage of gametes.  

Pre mating reproductive barriers prevent gene flow before 

transfer of sperm to members of other species. According to 

Powell (1997), it is primarily due to behavioral divergence, the 

species do not exchange genes regardless of whether fertile, 

viable offspring could be produced. Pre mating reproductive 

isolation has been classified into different kinds: temporal 

isolation, ecological isolation, mechanical isolation and sexual 

(behavioral or ethological). Among them, sexual isolation is 

most important and has been extensively investigated in the 

genus Drosophila (Patterson & Stone, 1952; Singh, 1997; Nanda 

& Singh, 2012). The results obtained from different species have 

clearly demonstrated that there is variation in the results. There 

are species which show complete sexual isolation.  Also, there 

are species which show incomplete sexual isolation. It has been 

frequently observed that when two closely related species show 

incomplete sexual isolation, the pattern of isolation (or mating 

preference) may be symmetrical (both sided) or asymmetrical 

(one sided). Singh (1997) has suggested that the mode of mating 

preference and the degree of sexual isolation are often utilized to 

discuss the direction of evolution and the phylogenetic 

relationship among the species. 

In the genus Drosophila, there are a large number of cases of 

asymmetrical (or one-sided) mating preference (ethological 

isolation). Based on this, different models which are opposite to 

each other have been proposed. Kaneshiro (1976) studied sexual 

isolation among certain Hawaiian species of Drosophila 

belonging to the planitibia subgroup such as D. differens, D. 

planitibia and D. silvistris. Based on asymmetrical mode of 

mating preference, he suggested that “The species whose 

females more often fail to mate with the males of other species is 

the ancestral species and the species whose females readily 

accept the males of other species is derived species”. This is 

known as Kaneshiro’s model which is based on random genetic 

drift (founder principle of Mayr (1942) and allopatric mode of 

speciation. The evolutionary sequence among Hawaiian species 

of Drosophila is: D. differens →   D. planitibia →   D. silvestris 

(Figure 2A). A large number of examples are known which 

support this model. 

Watanabe and Kawanishi (1979) studied sexual isolation 

among three species of the D. melanogaster species group: D. 

melanogaster, D. simulans and D. mauritiana and observed one-

sided mating preference. Their suggestion is: “It is the females 

of derived species which do not mate with males of ancestral 

species and the species whose females readily accept the 

courtship overtures of other is ancestral species”. Thus, the 

direction of evolution is just opposite of Kaneshiro’s model. 

This model is based on sympatric mode of speciation. According 

to Watanabe and Kawanishi, the first step for the initiation of 

speciation (cladogenesis) is the failure of mating between 

derived females and ancestral males which is the most crucial 

change for the creation of new species (Singh, 1997). The 

evolutionary sequence among these species is:D. melanogaster  

→D. simulans → D. mauritiana (Figure 2B). In a number of 

cases, supporting evidence in favour of this model has been 

found.  Both these models were considered by Markow (1981) 

who is of the opinion that such generalized models cannot be 

proposed for the whole of genus Drosophila because 

relationships between the species may depend on ecological and 

evolutionary history of a group. 

 
 

Figure 2. Diagram showing evolutionary sequence between 

derived and ancestral species based on: (A) Model of Kaneshiro 

and B) Model of Watanabe and Kawanishi. 

Speciation in South Pacific Populations of Drosophila 

ananassae 

Speciation in South Pacific populations of D. ananassae was 

studied by Futch (1966) who found light and dark forms of this 

species. The light form was identified as D. palidosa (Bock & 

Wheeler, 1972) on the basis of sexual isolation and differences 

in sex comb tooth numbers. The dark form is cosmopolitan 

species D. ananassae described by Doleschall in 1858.  

However, both these species are crossable in the laboratory 

producing fertile offspring of both sexes and possess identical 

male genitalia. It has been suggested that these two species 

which are sympatric in natural populations of Samoa and Fijii 

Islands and maintain their independent status of species just by 

ethological isolation are said to be in the statunascendi (in the 

process of speciation). Ethological isolation has been studied 
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tested between light and dark forms (Futch, 1966) and between 

D. ananassae and D. pallidosa (Futch, 1973; Singh & Singh, 

2020).  Futch (1973) designated these two species as sibling 

species (morphologically similar and reproductively isolated).  

Futch (1966) tested sexual isolation between light and dark 

forms of D. ananassae from Samoa and observed asymmetrical 

pattern of mating preference. The degree of sexual isolation is 

strong with dark males but the mating was found to be random 

with light males. The dark form is cosmopolitan species D. 

ananassae and light form is D. pallidosa described by Bock and 

Wheeler (1972). Both these species have been called as sibling 

species (Futch, 1973).  Light females discriminate against the 

dark males whereas dark females’ mate with both the males 

randomly. This relationship between light and dark forms of D. 

ananassae supports the Watanabe and Kawanishi’s model. Thus, 

light form (D. pallidosa) should be considered as derived 

whereas dark form (D. ananassae) as ancestral. Based on this, 

there is ancestral and derived relationship between dark form (D. 

ananassae) and light form (D. pallidosa).  

There is another study of sexual isolation by Singh and 

Chatterjee (1985) among various laboratory strains of D. 

ananassae. These authors employed five isofemale lines of 

different geographic origins in their experiments which spent 

varying number of generations in the lab. The pattern of mating 

varied in different experiments: no isolation, symmetrical 

isolation and asymmetrical isolation. The strains which had 

spent more than 12 years showed asymmetrical isolation with 

the strains of recent origin which did not show isolation between 

them. Females of older strains discriminate against the males of 

strains of recent origin. The older strains were considered as 

derived and the strains of recent origin were considered as 

ancestral. Since the females of derived strains discriminate 

against the ancestral males, this relationship fits well with the 

model of Watanabe and Kawanishi. Nanda and Singh (2011) 

reported the origin of sexual isolation within D. ananassae due 

to founder effect.  A large number of strains were used and 

different drift lines were passed through flush-crash cycles for 

twenty generations. In a number of crosses, asymmetrical 

isolation was found which extends evidence for the origin of 

behavioural isolation due to founder effect within D. ananassae.  

There are recent studies on pre mating and post mating 

reproductive isolation in Drosophila (Matute, 2010; Jennings et 

al. 2014; Syed et al. 2017; Hsu et al. 2024; Jerrett et al. 2025). 

There is a report of reinforcement of post mating prezygotic 

isolation between D. yakuba and its endemic sister species D. 

santomea. This is an interesting example in which natural 

selection has promoted the evolution of stronger interpopulation 

genetic barriers that act after mating but before fertilization 

(Matute, 2010). Based on the study of allopatric populations D. 

montana, Jennings (2014) have shown that incipient 

reproductive isolation among populations can be driven by 

different contributions of both premating and post mating 

prezygotic barriers occurring between different populations pairs 

and without the evolution of postzygotic barriers. Syed et al. 

(2017) presented evidence in D. melanogaster that allopatric 

populations under elevated sexual conflict show assortative 

mating indicating premating reproductive isolation. Hsu et al. 

(2017) found that replicated evolution experiments provide 

valuable insights into the mechanisms of speciation and the rapid 

emergence of premating reproductive isolation during 

temperature adaptation extending evidence for incipient 

ecological speciation. Jarrett et al. (2025) have shown that 

populations subject to divergent selection evolved stronger 

reproductive isolation as compared to populations which evolved 

in similar environments which is consistent with ecological 

speciation theory and it is based on meta-analysis of 34 

experimental speciation studies on arthropods, yeast and 

vertebrates. 

These examples from different Drosophila species as well as  

the same species geographic strains provide evidence that 

premating barriers are more effective than post mating. Further, 

these examples also support the claim of Mayr “if we were to 

rank the various isolating mechanisms in animals according to 

their importance, we would have to place behavioural isolation 

far ahead of all others”. Thus, it is primarily due to behavioural 

divergence, the species do not exchange genes regardless of 

whether fertile, viable offspring could be produced (Powell, 

1997). 
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