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Island systems from around the world have provided 
fascinating opportunities for studies pertaining to 
various evolutionary processes. One recurring feature 
of isolated islands is the presence of endemic radia-
tions. In this regard, the Indian subcontinent is an  
interesting entity given it has been an island during 
much of its history following separation from Mada-
gascar and currently is isolated from much of Eurasia 
by the Himalayas in the north and the Indian Ocean 
in the south. Not surprisingly, recent molecular studies 
on a number of endemic taxa from India have  
reported endemic radiations. These studies suggest 
that the uniqueness of Indian biota is not just due to 
its diverse origin, but also due to evolution in isola-
tion. The isolation of India has generated some peculi-
arities typically seen on oceanic islands. However, 
these patterns might be confined to groups with low 
dispersal ability. 
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Introduction 

ISLANDS have long provided an exciting setting for evolu-
tionary research. Darwin1 was deeply influenced by the 
peculiarities he observed on the Galapagos Islands, and 
some of these observations provided the basis for his  
theory of evolution by natural selection (see chapter XII, 
On the Origin of Species). His contemporary, Wallace 
was also intrigued by island fauna and has devoted a 
whole book on this topic2. Since then, numerous studies 
on island systems from around the world have contrib-
uted to understanding evolutionary processes such as 
speciation, diversification and adaptive radiation3. 
 An interesting feature of isolated islands is the pres-
ence of endemic radiations4, also referred to as island  
radiation. Endemic radiation consists of a group of 
closely related species that are confined (endemic) to an 
island or island system. Such radiations arise due to colo-
nization of a species from the mainland followed by  

in situ diversification. Often, this diversification occurs 
due to adaptation to very different niches and are con-
comitant with extreme morphological divergence among 
the members of the radiation, a phenomenon referred to 
as ‘adaptive radiation’. As a consequence, the island’s  
biota tends to be unique and distinct from that of the 
mainland. Endemic radiations have been reported from a 
range of island systems such as the islands of the Galapa-
gos5 – which constitutes a few small islands – to large  
islands such as Madagascar6. These radiations span a 
range of different taxonomic groups. Interestingly, en-
demic radiations are not confined to islands. For example, 
the rift lakes of eastern Africa each harbour a radiation of 
cichlid fishes7. These lakes can be considered as ‘islands’ 
in a sea of land. Similarly, mountaintops have also been  
referred to as ‘sky islands’ as they provide islands of dis-
tinct habitats when compared to lowlands8. Such moun-
tain-top habitats are also known to harbour endemic 
radiations9. The common theme in all these examples is 
‘evolution in isolation’, i.e. physical isolation of these  
areas in conjunction with presence of unoccupied niches, 
which is a consequence of isolation, has provided an ideal 
setting for diversification. 

Indian context 

In this context, the Indian subcontinent provides an inter-
esting system to study evolution in isolation. The Indian 
subcontinent encompasses the large swath of land to the 
south of the Himalayas and covers Sri Lanka, much of 
India, and parts of Pakistan and Bangladesh (Figure 1). 
Much of this landmass, along with Madagascar, was part 
of the Gondwana supercontinent around 200 million 
years ago (mya). Subsequently, the break-up of Gond-
wana resulted in India–Madagascar separating from  
Africa around 160 mya followed by split between India 
and Madagascar around 90 mya (refs 10, 11). After sepa-
rating from Madagascar, the Indian plate drifted across 
Indian Ocean before colliding with Eurasia. The estimate 
for initial collision ranges from 50 to 55 mya (refs 12–14) 
followed by final suturing of India with Eurasia around 
35–40 mya (refs 14, 15). Thus the Indian plate was an  
island for 50–55 million years (my) until it merged with 
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Eurasia. The impact of collision caused the uplift of  
Himalaya16 and the contact with Asia facilitated faunal 
exchange between India and Asia17. 
 However, the formation of the Himalayas had a pro-
found impact on the climate and biogeography of the  
Indian subcontinent. Today the 5200 km long Himalayan 
range forms the northern, northwestern and northeastern 
limits of this landmass, isolating it from rest of Eurasia16. 
To the south, this landmass is surrounded by the Indian 
Ocean. Thus, even though the Indian subcontinent is cur-
rently part of Eurasia, this landmass is cutoff from the 
rest of Eurasia by high mountain ranges in the north and 
the ocean in the south (Figure 1). In addition to this 
physical isolation, there is also a climatic barrier that 
separates the Indian subcontinent from the rest of Eura-
sia. To the north and northwest, India is flanked by arid 
zones that receive low rainfall (Figure 2). With the estab-
lishment of these physical and climatic barriers, faunal 
exchange between the Indian subcontinent and the rest of 
Eurasia might have been severely limited in more recent 
times. Thus, the subcontinent witnessed a prolonged  
period of isolation in the past and is currently largely iso-
lated from much of Eurasia4. In this regard, India can be 
considered as an island that was intermittently connected 
to Eurasia before the rising Himalayas and associated 
climate change prevented further biotic exchange. How-
ever, faunal links with Southeast Asia might have been 
maintained through the ‘Assam gateway’ along the north-
eastern borders of the subcontinent17. This is because the 
northeastern part of India is climatically contiguous with 
 
 

 
 

Figure 1. The Indian subcontinent. Dotted line shows the approxi-
mate boundary of the Indian subcontinent, which is bounded by the 
Himalayas in the north and the Indian Ocean in the south. Source: 
Worldclim–Global climate data38. 

Southeast Asia and the mountain ranges separating these 
two regions are not as high as rest of the Himalayas. 
Given this scenario, does the origin and evolution of  
Indian biota exhibit signatures of this isolation? 
 The Indian biota can be broadly classified into the 
older Gondwanan elements and the more recent intrusive 
elements that dispersed into India after collision. The 
Gondwanan elements represent the original biota of India 
that were present on the drifting Indian plate and have 
African and Malagasy affinity17. However, late Creta-
ceous volcanism and latitudinal shift that the drifting  
Indian plate experienced during its northward journey 
might have caused large-scale extinctions of Gondwanan 
biota18–20. These extinctions could have opened up new 
niches for the intrusive elements to occupy. Nevertheless, 
recent molecular studies suggest that some Gondwanan 
elements did survive these extinction events, and some 
lineages have dispersed out of India21,22. The intrusive 
elements are largely of Southeast Asian origin, but many 
African and Eurasian (Palearctic) elements have also 
reached India after collision17,22,23. 

Island hypothesis 

Intrusive elements therefore represent species colonizing 
the ‘Indian island’ from the mainland Eurasia or Africa. 
An important prediction of this island hypothesis is that 
most intrusive elements would have dispersed into India 
post-collision when the link between India and Eurasia 
was established. These lineages would have undergone 
 
 

 
 

Figure 2. Rainfall map of India. Areas in yellow and brown are arid 
areas with low rainfall (<500 mm). Source: Worldclim–Global climate 
data38. 
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in situ diversification due to the availability of unoccu-
pied niches, as much of the local biota was probably ex-
tinct during Cretaceous volcanism. Back dispersals out of  
India are predicted to be rare due to subsequent isolation 
of India and lack of open niches in rest of Eurasia. Thus, 
most members of the radiation would be endemic to India 
(endemic radiation). 
 The predictions of the island hypothesis can be tested 
for various Indian taxa in a phylogenetic framework in 
conjunction with molecular dating22. From a phylogenetic 
perspective, the island hypothesis would predict that the 
endemic species from India would form a clade that 
would be nested within a larger phylogeny consisting of 
species from outside India, i.e. from the rest of Eurasia. 
Furthermore, the age of the node representing the most 
recent common ancestor of Indian radiation would be less 
than 35–40 mya (date for the final suturing of India with 
Eurasia). This would in turn suggest a single dispersal 
event into India after its merger with Eurasia, followed by 
in situ diversification. 
 For example, molecular phylogenetic studies on the 
langurs (Semnopithecus) of South Asia revealed an en-
demic radiation consisting of at least five species that are 
distributed across the Indian subcontinent in a range of 
habitats (Figure 3). This clade is nested within the tree 
consisting of Asian colobines, suggesting a single disper-
sal of langurs into India from Southeast Asia24. This dis-
persal event has been dated to around 8–10 mya (ref. 25), 
which is consistent with their arrival after the collision. 
Genus Semnopithecus is endemic to the Indian subconti-
nent, suggesting that there has been no back dispersal out 
of India. Thus, the evolution and diversification of this 
group in the Indian subcontinent is consistent with the 
predictions of the island hypothesis. Similarly, molecular 
 
 

 
 

Figure 3. Phylogeny of Asian colobine monkeys based on Karanth  
et al.24 and Roos et al.25. Dotted line shows the Indian radiation. 

phylogenetic studies suggest that India harbours endemic 
radiations in a range of other vertebrate groups such as 
lizards4,26,27, toads28, as well as invertebrates29 and plants30. 
In most of these cases, except the lizard genus Lygosoma, 
molecular data support a single colonization of these taxa 
into India. Secondly, where molecular dates are available, 
the colonization events were estimated to have occurred 
 
 
Table 1. List of taxa showing endemic radiation in the Indian  
 subcontinent 

 N(B) Age (my) Reference 
 

Mammals 
 Semnopithecus >5 8–10 24 
 
Lizards 
 Hemidactylus >23(3) 35–40 26 
 Geckoella ~14 30 39 
 Eutropis 13(2) 5.5–17 27 
 Lygosoma* 7(1) –  4 
 
Amphibians 
 Duttaphrynus 14(4) >15 28 
 
Snails 
 Paracrostoma >4 – 29 
 
Plants 
 Ceropegia >50 – 30 

N, number of species in the endemic radiation, this number will in-
crease for some groups as more species are described; B, number of 
back dispersals. Age (in million years (my)) refers to the estimated 
time of dispersal into India based on molecular dating. Dashes indicate 
lack of molecular date estimate. *Two dispersal events in the case of 
genus Lygosoma. 

 
 

 
 

Figure 4. Phylogeny of Asian macaque monkeys (Macaca) based  
on Morales and Melnick31. Dotted line shows the Indian lineages.  
M. mulatta is also distributed in Southeast Asia. 
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less than 50 mya. Additionally, back dispersals are rare 
with only four groups exhibiting from one to four back 
dispersals (Table 1). The rarity of dispersals out of India 
compared to dispersals into the subcontinent suggests  
that open niches promoted establishment of taxa that  
dispersed in, whereas competition on the ‘mainland’ pre-
vented establishment of lineages that dispersed out. 
 Do all intrusive elements support the island hypothe-
sis? The alternate scenario is the Indian subcontinent was 
not an isolated insular entity, and that much of the biota 
of this landmass was assembled through multiple coloni-
zation events from Eurasia. The multiple colonization 
scenario would predict that endemic taxa of the Indian 
subcontinent are not closely related to each other; instead 
they are related to species from elsewhere in Asia. The 
earliest molecular evidence for this scenario comes from 
the macaques. There are four species of macaques dis-
tributed in the Indian subcontinent. The phylogeny of the 
Indian macaques does not support their monophyly31. In 
the macaque phylogeny shown in Figure 4, the three line-
ages of Indian macaques: Macaca mulatta, M. silenus and 
M. radiata-sinica; are more closely related to Southeast 
Asian macaques than to each other. Thus, the phylogeny 
supports three independent colonization events rather 
than one followed by in situ diversification. Similarly in 
butterflies too there is a growing body of evidence sug-
gesting multiple dispersal in and out of India32,33. 

Conclusion 

The molecular evidence available thus far largely sup-
ports the island hypothesis. These studies suggest that a 
significant proportion of the Indian intrusive biota might 
have been assembled through single colonization fol-
lowed by in situ diversification, rather than multiple 
colonizations from Eurasia. The results of these studies 
are summarized in Table 1. 
 From a biogeographical perspective, much of India  
is placed in the Oriental region34 or the Indomalayan  
region35. Recently, Holt et al.36 generated a global map of 
zoogeographical regions based on distributions of and 
phylogenetic patterns from birds, mammals and amphi-
bians, and retrieved regions similar to those proposed by 
Wallace. Thus, this assignment of India to the Oriental 
region has remained stable since 1876 with few minor 
changes in the boundary. Most zoogeographical classifi-
cations further divide the Oriental region into Indian,  
Indochinese and Sunda subregions, thereby emphasizing 
the uniqueness of these subregions. In the Indian sce-
nario, the uniqueness of its biota has been attributed to its 
diverse origin, including Southeast Asia (Oriental),  
Africa (Ethiopian), Gondwanan and Palearctic. The cur-
rent review suggests that the uniqueness of Indian biota is 
not only due to diverse origins, but also due to evolution 
in isolation. The isolation of India has generated some 
peculiarities typically observed on large islands. How-

ever, it should be noted that these patterns might not be 
observed in all taxonomic groups. In this regard, vagility 
of the taxa might be very important37. Endemic radiations 
might not be seen in taxa with high dispersal ability (such 
as butterflies). 
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