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INTRODUCTION

Bats of the order Chiroptera are unique, enigmatic and second largest 

species rich group of mammals. This diverse group of mammals are found on 

every major land mass except the Polar Regions and a few oceanic islands. 

Chiroptera includes 1116 species in world (Simmons, 2005). But as per IUCN 

Red List of Threatened Species, there are 1,150 species of bats in the world 

(IUCN, 2010). That means one in five (21 percent) mammal species is a bat. Bats 

are distinguished from other mammals by their evolution of true flight, as opposed 

to the gliding capabilities of mammals in other orders.

Bats are sub-categorized as the Megachiroptera, which consists of 187 

species of old world fruit bats in one family, with the exception of a single genus, 

do not echo-locate and the microchiroptera, which has 963 species of 

insectivorous bats, having echolocation power, in 17 families (IUCN, 2010). 

Recent molecular phylogenetic studies challenged this traditional subdivision and 

proposed that the bats be subdivided into two new suborders, Yinpterochiroptera 

that includes the families Pteropodidae, Rhinopholidae, Megadermatidae and 

Rhinopomatida and Yangochiroptera, which include all the remaining families 

(Teeling et ah, 2005).

Bats play major ecological roles in the existence of forest ecosystem as 

predators and pollinators. The insectivorous bats are the primary predators of 

nocturnal insects. Hence they play a key role in regulating prey populations. 

They provide enormous services and beneficial economic impacts by reducing 

crop pests in agricultural field. Microchiroptera are also very effective in 

supporting their vegetative habitats, scattering nutrients across the landscape as 

they fly due to their high mobility. As the fruit bats travel long distances during 

foraging, they distribute seeds and pollen across large areas, which is especially 

crucial to the regeneration of cleared areas. In cases such as islands with few 

wildlife species, fruit bats are thought to play a “keystone” role in forest
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maintenance and community structure as the sole pollinators and seed dispersers 

of local plants.

Eventbough bats are this much prestigious and precious group of mammals, 

very little is known about their ecology and biology. Although most mammal 

species are thought to have been described, the incidence of overlooked taxa is 

likely to be high within bats, especially micro bats or insectivorous bats, due to 

their cryptic behaviour and morphology. The nocturnal habit and cryptic nature 

of micro bats made their classification or taxonomy difficult.

Biodiversity needs to be classified. The exercise of classifying biological 

diversity is of great importance because we need to know what’s out there and 

how they are related to each other. This information in turn can be used to our 

benefit and moreover it is central for the management and conservation of our 

biological heritage. According to many field experts, classification based on 

morphological keys needs to be supported with automated techniques based on 

the analysis of DNA fragments (Bertolazzi et al.9 2009). Among various such 

techniques, DNA barcoding seeks to advance both species identification and 

discovery through the study of patterns of sequence divergence in a standardized 

gene region. Moreover, DNA barcodes can aid conservation and research by 

assisting field workers in identifying and describing species and by helping 

taxonomists delineating species groups needing more detailed analysis. The 

barcodes also facilitate the recognition of the appropriate units and scales for 

conservation planning (Francis et al.9 2010).

Western Ghats and Kerala has a rich diversity with 50 species of bats 

(Nameer et a i, 2001) but very little studies were carried out in various diversity 

aspects of this mammal especially their systematics and no studies were supported 

with molecular techniques, in Kerala. Hence the present study is carried out with 

an objective of DNA bar-coding the insectivorous bats of Parambikulam Tiger 

Reserve, Western Ghats, Kerala to unravel the taxonomic ambiguity.
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REVIEW OF LITERATURE

2.1 ORDER CHIROPTERA

Bats belong to the order Chiroptera (cheiros - hand and pteron - wing). Bats 

are the second most species rich group of mammals after rodents. Chiroptera 

includes 1116 species in world (Simmons, 2005). But as per IUCN Red List of 

Threatened Species, there are 1,150 species of bats are in the world (IUCN, 2010). 

That means one in five (21 percent) mammal species is a bat. In some tropical 

areas, there are more species of bats than of all other kinds of mammals combined 

(Hill and Smith, 1984).

Chiroptera sub-categorized as the Megachiroptera consists of 187 species of 

old world fruit bats in one family and the Microchiroptera, which has 963 species 

of insectivorous bats in 17 families (IUCN, 2010). Recent molecular phylogenetic 

studies challenged this traditional classification and proposed that the bats be 

subdivided into two new suborders, Yinpterochiroptera includes the families 

Pteropodidae, Rhinopholidae, Megadermatidae and Rhinopomatida and 

Yangochiroplera, which include all the remaining families (Teeling el a l 2005).

2.1.1 Distribution

Bats are distributed all around the world, including the higher latitudes and 

remote islands such as New Zealand where they are the only native mammals. 

Bats are widely distributed and have been recorded throughout the world 

excepting the Antarctic and a few Oceanic Islands (Mickleburgh et al.t 2002). 

The Microchiroptera are widespread throughout the range of bats, with the 

greatest diversity occurring in the tropics (Findley and Wilson, 1983) where as the 

Megachiroptera occurs in the subtropical and tropical regions of the Old World, 

from the eastern Mediterranean and the Arabian Peninsula, across Africa to Asia, 

Australia and the islands in the Pacific (Rainey and Pierson, 1992). Some of the
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bat families are widespread and are recorded from both the Old World and the 

New World. Others are restricted in their range and are recorded either only from 

the Old World or the New World. Of the 18 families of bats, eight families 

(Pteropodidae, Rhinopomatidae, Nycteridae, Megadermatidae, Rhinolophidae, 

Hipposideridae, Myzopodidae and Mystacinidae) are restricted to the Old World; 

six families (Noctilionidae, Phyllostomidae, Desmodontidae, Natalidae, 

Furipteridae and Thyropteridae) are restricted to the New World; and three 

families (Emballonuridae, Molossidae and Vespertilionidae) are found both in the 

Old and New Worlds (Mickleburgh et al., 2002; Simmons, 2005).

Only three families have representatives in both hemispheres. They are 

Rhinolophidae, Vespertilionidae and Molossidae. With increasing distance from 

the equator a very sharp decline in the number of species of bats are observed 

(Corbet and Hill, 1986; Koopman, 1993).

Most of the species of bats, about 88 percent are exclusively tropical. They 

are found everywhere in the world except in the most extreme desert and polar 

regions. The most important family in the temperate zone is Verspertilionidae.

2.1.2 Megachiroptera Vs. Microchiroptera

The Megachiroptera is commonly known as “fruit bats” because they feed 

exclusively on, flowers, nectar, pollen and fruits. While about 75% of 

microchiropterans feed on insects (hence the name “insectivorous bats”), although 

food sources may include other invertebrates, fishes, amphibians, small mammals 

(including other bats), blood (Altringham, 1996), fruits, and flowers (Hutson et 

al., 2001).

As the name implies, Megachiroptera are, on average, larger in size than 

Microchiroptera, although considerable overlap exists: Megachiroptera weigh 

from 10 to 1500 g and Microchiroptera from 2 to 196g (Mickleburgh et al., 1992).
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With the exception of genus Rousettus, megachiropterans do not echolocate, but 

rely on vision and smell for orientation (Altringham, 1996; Nowak, 1991) while 

the microbats have the power of echolocation.

Megachiropteran species control their body temperature within a tight range 

of temperatures and none hibernates; many microchiropterans have labile body 

temperatures, and some hibernate (Hill and Smith, 1984; Nowak, 1991).

2.2 BAT MONOPHYLY CONTROVERSY

Bats are monophyletic (i.e., developed from a single common ancestral 

form) and powered flight evolved only once in mammals. This hypothesis was 

accepted by the bat research community until 1980s. But the findings in 1980s 

and 1990s contradicted the monophyly and evolution of powered flight by 

suggesting that primates and chiroptera (especially megabats) were sister orders 

and therefore the Megachiroptera and Microchiroptera may not be closely related. 

There was an extensive list of the features causing monophyly controversy 

(Pettigrew, 1995; Simmons, 1995). But later the molecular evidences and 

morphological studies proved that bats are monophyletic and thus there is a single 

origin of flight in mammals and the ‘flying-primate hypothesis’ must be rejected 

(Simmons, 1995; Simmons and Geisler, 1998; Martin, 1999). Phylogenetic 

analysis with diverse methods resulted in a well-resolved phylogeny, dividing the 

order Chiroptera into two suborders and four super-familial groups, rendering 

microbats paraphyletic. The two suborders in the new molecular based 

classification are Yinpterochiroptera (includes the families Pteropodidae, 

Rhinolophidae, Megadermatidae and Rhinopomatidae) and Yangochiroptera 

(includes all the remaining families) (Teeling et al., 2005).
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2.3 ECOLOGICAL IMPORTANCE OF BATS

2.3.1 Natural predators of insect pests

Bats are primary predators of vast numbers of insects that fly at night, 

including many that rank among worlds’ most costly, agricultural and forest pests. 

Just a partial list of the insects these bats consume includes cucumber, potato, and 

snout beetles, corn-borer, com earworm, cutworm, and grain moths, leafhoppers 

and mosquitoes (Ducummon, 1999). It has been found that insectivorous bats on 

an average, consume the equivalent of their own body weight of insects each night 

(Akbar et al., 1999). A Florida colony of 30,000 South-eastern Myotis (.Myotis 

austroriparius) eats 50 tons of insects annually, including more than 15 tons of 

mosquitoes (Zinn and Humphrey, 1981). Many species of bats acts as good friend 

of fanners (Megaderma lyra or Indian False vampire: Sinha, 1986; Pipistrellus 

mimus or Indian pygmy bat: Whitaker et al., 1999; Tadarida brasiliensis: Romano 

et a!., 2000; Eptesicas fiiscus or Big brown bat: Whitaker and Weeks, 2001). 

Some bats are depend on Lepidoptera (exclusively on moths - Rhinolophus 

mehelyv. Salsamendi et al., 2008), Coleoptera, Homoptera, Diptera, 

Chrysomelidae, Brachycera, Chironomidae, Neuroplera and Tipulidae (Sullivan 

et al., 1993; Waters et al., 1995, Waters et al., 1999; Sharifi and Hemmati, 2001; 

Sharifi and Hemmati, 2004; in Leisler’s bat Nyctalus leisleri, Salsamendi et al., 

2008: in Rhinolophus mehelyi). In addition to consuming insect pests, it is 

suggested that bats protect crops from pests by “chasing” away insects with their 

echolocation calls (Ducummon, 1999). Researchers saw a 50 percent reduction in 

damage to com plots by com borers when they broadcast bat-like ultrasound over 

test plots (Belton and Kempster, 1962). With the growing agricultural emphasis 

on biological control and integrated pest management, more and more farmers are 

using bats as a weapon in the war against insect pests (Ducumon, 1999).
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2.3.2 Pollination and dispersal of seeds

Ecological interactions between bats and plants are mutualistic, because 

they yield a direct positive gain in fitness to both. Bats obtain a source of nutrition 

from plants and in turn transport pollen and disperse seeds of plants (Fleming, 

1982). Frugivorous and nectarivorous bats are found in two of the 18 families: 

Phyllostomidae of the New World and Pteropodidae of the Old World tropical 

regions. According to Law et al. (1999) and Medellin and Gaona (1999) bats 

carry six times more pollen than birds. It is also reported that bats have the 

capacity to carry viable pollen over great distances than birds (Southerton et al., 

2004).

Bats pollinate and disperse seeds of hundreds of species of plants, including 

many economically important species such as Ceiba pentandra (kapok), Ceiba 

grandifolia, Dario zibethinus (durian), Ficus sp. (fig), Mangifera indica (mango), 

Manilkara zapota (chicle), Musa sp. (wild banana), Ochroma lagopus (balsa), 

Eucalyptus sp., Brisimum alicastnim, Cecropia sp.(15 species), Eugenia sp., 

Piper sp, Solatium sp., Spondias sp., Annona squamosa, Polyalthia longifolia, 

Polyalthia pendula, Achrus sapola, Calophyllum ionophyllum, Coccinia indica, 

Terminalia catappa, Syzygium nervosum, Agave macrocantha, Passijlora 

galbana, Passiflora mucronata, Careya arborea, Cullenia exarillata and desert 

plants like Agave sp. and Neobuxbaumia tetezo (columnar cacti) (Howell, 1980; 

Fleming, 1982; Fleming, 1991; Fujitha and Tuttle, 1991; Subramanya and 

Radhamani, 1993; Gonzalez, 1998; Elangovan et al., 1999; Shapcott, 1999; 

Arizaga et al., 2000; Ganesh and Davidar, 2001; Varassin et al., 2001; Liu et al., 

2002; Godinez et al., 2002; Quesada et al., 2003; Nassar et al., 2003; Lobova et 

a l, 2003; Raju et al., 2004; Theis and Kalko, 2004; Nathan et a l, 2005). 

Cynopterus brachyotis are found to be an important seed disperser with wide 

selection of fruits of more than 54 species (Tan et al., 1998).
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2.3.3 Seed germination and forest regeneration

Besides pollination and dispersal of seeds, bats play an important role in 

effecting seed germination. The frugivorous bats consume the fleshy pulp of the 

fruits and defecate the seeds and create soil seed bank. The separation of pulp 

from seeds may increase survival by reducing seed predation and microbial attack 

(Willson and Traveset, 2000). Seed retention time in the digestive tract is one 

factor affecting seed germination. The effect of the transit of seeds through the 

intestines of frugivorous animals has been evaluated in some mammal species 

(Fleming and Sosa, 1994). This intestinal treatment may cause destruction of the 

seeds, remove impervious layers from them or wash away germination-inhibiting 

substances (Williams and Arias, 1978; Vazquez-Yanes and Orozco-Segovia, 

1986), thereby changing germination patterns (Schupp, 1993).

According to Gonzalez et ah (2000) and Shanahanz et ah (2001) bats are the 

important seed dispersers in pastures, dispersing seeds of pioneer and primary 

species connecting forest fragments and maintaining plant diversity. They also 

may contribute to the recovery of woody vegetation in distributed areas in tropical 

humid forests. In island ecosystems in the South West Pacific, fruit bats are 

considered to be key stone species, because significant declines in forest 

regeneration rates and diversity would accompany their extinction (Cox et ah, 

1991). Bats are acting as dispersers for plants of early succession and contribute 

to the diversity in disturbed areas such as abandoned plantations (Garcia et ah, 

2000). Bernard and Fenton (2003) have stated that a persistent biological flow 

may be maintaining among isolated fragments, with bats acting pollinators, seed 

germinators etc. Maintaining healthy bat population is critical to natural forest 

regeneration because they play a vital role as the primary seed dispersers in 

cleared areas (Evelyn and Stiles, 2003).
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2.3.4 Indicators of habitat destruction and pollution

The concept and use of indicators, particularly indicator species, has 

received increasing attention for application in ecologically sustainable forest 

management (Landres et a l, 1988; Noss, 1990; McKenney et al., 1994). Bats 

could be good indicators of the integrity of biological systems because of their 

combination of size, mobility, and longevity, as well as the variety of trophic roles 

they fill (Altringham, 1996; Kunz and Fenton, 2003). Bats are good indicators of 

environmental pollution as they are vulnerable to contaminants. One example of 

the potential utility of bats as environmental indicators is the annual accumulation 

of mercury and other metals in their fur (Hickey et al., 2001). According to 

Senthilkumar et a l  (2001) bats can be used for examining the organo-chloride 

concentration (in their body) and can be the indication of pollutant concentration 

of that area. Another example is the sensitivity of some species (their abundance 

and diversity) to habitat disturbance (Phyllostomids: Fenton et a l, 1992; Kalko et 

a l, 1999; Fenton et a l, 2000; Medellin et a l, 2000; Schulze et a l, 2000). Roosts 

and food are two resources that are vital to bats, suggesting that either could be 

used to advantage when assessing changes in habitat. A study conducted by 

Wikramasinghe et a l  (2003) highlights that the position of bats as bio-indicators 

and victims of agricultural changes. They found that greater habitat quality in 

terms of prey availability and better water quality on organic farm favoured higher 

foraging activity by bats. The lack of details about habitat use by individual bats 

means that we remain unclear about the full potential of bats as indicator species 

to gauge the conditions of a particular habitat, community, or ecosystem (Fenton, 

2003).

2.4 THREATS

There is a general decline in bats population all over the world. The reasons 

for that, include habitat loss due to distinction and modification (Hutson et a l, 

2001), disturbance of roosting sites (Tuttle, 1979; Stebbings, 1988; Ransome,
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1990; Hutson, 1993; Walsh and Harris, 1996a; Walsh and Harris, 1996b; 

Ducummon, 1999; Mayen, 2003; Lane et al., 2006), loss of feeding habitats, 

particularly due to the deforestation of the rain forest (Carroll, 1984; Fujitha and 

Tuttle, 1991; Evelyn and Stiles, 2003), conflict between bat and fruit growers 

(Fujitha and Tuttle, 1991; Korine et al., 1999; Ducummon, 1999) and pesticide 

use associated with agricultural intensification, over exploitation for trade and 

over hunting (Fugitha and Tuttle, 1991; Craig et al., 1994; Ducummon, 1999), 

natural disasters like hurricane (Craig et al., 1994) and bad public image due to 

misleading information about bats often affect their survival near human 

settlement (Fenton, 2003). An increasing population of humans and their 

demands for land, resources, and food, often results in the degradation or 

destruction of several habitat types of bats (Hutson et al., 2001).

2.5 DNA BARCODING

The description and identification of species are very basic to biology. 

Without taxonomy, biologists in different disciplines would be unable to report 

their empirical findings or to access available information on their target 

organisms because they would not be sure o f their identities. Taxonomy laid the 

foundations for the construction of tree of life, makes baseline information 

available for ecology and conservation studies, and affords man the possibility to 

take advantage of the less utilized resources offered by the earths’ biological 

diversity (Wilson, 2004). As Dayrat (2005) clearly expressed that the correct and 

accurate delineation of species boundaries and identification of species are crucial 

to the discovery of life’s diversity because it determines whether different 

individuals are belonging to the same entity or not. The identification of an 

organism depends on the knowledge held by taxonomists. But a taxonomists’ 

work cannot cover all taxon identification requested by non-specialists. 

Taxonomy is one of the most avoided fields of research, suffering from low 

financial investment and because of that low interest from students (Godfray, 

2002; Wilson, 2003). To deal with these difficulties, the ‘DNA Barcode of Life’
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project aims to develop a standardized, faster and low cost species identification 

method accessible to non-specialists (i.e. non-taxonomists) (Frezal and Leblois, 

2008).

2.5.1 Through the time line of Barcoding

Two and a half centuries after the Carl Linnaeus, there are about 1.5 to 1.8 

millions of described species, with an estimate that between five and 100 million 

species in queue for discovery, identification and description (Wilson, 2003; 

Blaxter, 2003). Due to this reason, the advent of novel approaches to boost 

taxonomy, both in terms of investment and popularity, were unavoidable 

(Godfray, 2002; Hebert et al., 2003a; Tautz et al., 2003; Wheeler, 2007; laSalle et 

a l, 2009).

DNA methods aiming to modernize taxonomy were then proposed (Pires 

and Marinoni, 2010). The build-up of DNA databases has great potential for the 

identification and classification of organisms and for supporting ecological and 

biodiversity research programmes (Savolainen et al., 2005). The idea of a 

standardized molecular identification system emerged progressively during the 

1990s with the development o f PCR-based approaches for species discovery and 

identification. Molecular technique has largely been applied to bacterial studies, 

microbial biodiversity surveys (e.g. Woese, 1996; 23iou et al., 1997) and routine 

pathogenic strains diagnoses (e.g. Maiden et al., 1996; Sugita et al., 1998; Wirth 

et al., 2006). PCR-based methods have also been frequently used in fields related 

to taxonomy, food and forensic molecular identification (Teletchea et a l, 2008) 

and for identification of eukaryotic pathogens and vectors (e.g. Walton et al., 

1999).

One of the first conferences exploring these issues was the DNA Taxonomy 

Workshop at the Deutsche Staatssammlung in Munich in April 2002, with a 

funding by the German Science Association (DFG) with the participation of some
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100 scientists mainly from European countries (Tautz et al., 2002). At this early 

stage, the issues much in focus were the most useful markers for the so-called 

DNA taxonomy (i.e. a universal DNA-based classification system across all 

groups of organisms), the difficulties in connecting already established names to 

entities within a DNA-based system (Tautz et al., 2003), and the implications in 

naming organisms (Minelli, 2003). With a different viewpoint from the German 

meeting, a group of scientists headed by Paul Hebert at University of Guelph in 

Canada developed the use of part of one mitochondrial gene as a universal 

‘identification’ marker for animal species (Hebert et al., 2003a; Hebert et al., 

2003b). Based on the idea of the ‘universal product code’, known as ‘barcodes’ in 

the retail industry (Brown, 1997), a few DNA nucleotides (e.g. the sequences of a 

short DNA fragment) may well provide an immediate diagnosis for species.

Several universal systems for molecular-based identification have been used 

for lower taxa (e.g. nematodes, Floyd et al., 2002) but were not successfully 

implemented for broader scopes. The Barcode of Life project soon after began 

that attempt, aiming to create a universal system for a eukaryotic species 

inventory based on a standard molecular approach (Frezal and Leblois, 2008). As 

with commercial barcodes, the use of these ‘species barcodes’ first requires the 

assembly of a comprehensive library that links the barcodes to organisms. 

Realizing the potential of molecular identification approach, the Alfred P. Sloan 

Foundation funded two meetings at Cold Spring Harbor, in March and September,

2003. From these meetings brought the idea that important natural history 

museums should take the lead in connecting diagnostic DNA sequences both to 

specimen vouchers in collections and to the existing taxonomic system (Linnean 

system). In 2004, the Sloan Foundation provided yet another substantial award to 

establish a secretariat for the ‘Barcode of Life’, based at the Smithsonian’s 

National Museum of Natural History in Washington, DC, USA. The first 

international scientific conference on Barcoding of Life was held at the Natural 

History Museum in London in February 2005, attended by over 200 participants 

from about 50 countries, and a portable device for DNA sequencing to identify all
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life was claimed to now be within reach (Marshall, 2005). The wide acceptance 

of the barcode of life reflects its scientific success since it was first proposed

(Hebert et al., 2004a; Ward et al., 2005; Cywinska et a l, 2006; Hajibabaei et a l, 

2006; Smith et al., 2007; Borisenko et al., 2008; Kerr et al., 2009).

The Consortium for the Barcode of Life (CBOL) was also created and 

joined by many natural history museums and herbaria, private partners and 

research organizations (www.barcoding.si.edu) (Savolainen et al., 2005). Today, 

the CBOL involves cooperation between 200 organizations worldwide. The 

organization aims to explore and develop the barcode as global standard for 

species identification (www.barcoding.si.edu) (Pires and Marinoni, 2010). 

Besides having attracted large amount of money, DNA barcoding research has 

been facilitated by the Barcode of Life Data System (BOLD), an online resource 

available to the scientific community which is developed in 2004 and officially 

established in 2007 (www.boldsvstems.org/views/login) (Ratnasingham and 

Hebert, 2007). This resource offers tools that allow researchers to perform 

neighbour-joining clustering, in order to store information on the different groups 

studied, and to identify organisms using an updated sequence library, among other 

things (Pires and Marinoni, 2010).

2.5.2 DNA Barcoding: definition and objectives

DNA barcoding is a sexy name for an old DNA fingerprinting technology. 

A DNA barcode is a short gene sequence taken from standardized portions of the 

genome, used to identify species. The DNA barcode project was initially 

conceived as a standard system for fast and accurate identification of different 

species of animals. The scope of this project is now that of all eukaryotic species 

(Hebert et al., 2003b; Miller, 2007). Usually it is the mitochondrial genome in 

animal species and chloropiast genome in plant species. This barcoding technique 

is based on the assumption that DNA sequences are conserved within a species 

and are diverged between species (Hebert et al., 2003a; Hebert et al., 2004a).

http://www.barcoding.si.edu
http://www.barcoding.si.edu
http://www.boldsvstems.org/views/login
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The two main applications of DNA barcoding are to (i) assign unknown 

specimens to species and (ii) enhance the discovery of new species and facilitate 

identification, especially in organisms having cryptic, microscopic and those with 

complex or inaccessible morphology (Hebert et a l 2003b; deSalle et al., 2005; 

Frezal and Leblois, 2008). But these two activities require different type and 

amount of data (deSalle et al., 2005).

2.5.3 Morphological Vs. Molecular taxonomy

Taxonomy, the science of discovering, describing, classifying and naming 

of organisms, had been a subject of many debates in the past few years (Lee, 

2002; Blaxter and Floyd, 2003; Lipscomb et al., 2003; Moritiz and Cicero, 2004; 

Prendini, 2005; Meier et al., 2006; Carvalho et al., 2008; Pires and Marinoni, 

2010). These debates centred the use of revolutionary ideas (Godfray, 2002; 

Hebert et al., 2003b; Tautz et al., 2003) that help to overcome the “taxonomic 

crisis” of the last decades (Wilson, 1985). This crisis is mainly characterized by a 

lack of specialists in several groups and by insufficient funding for taxonomic 

work (Godfray, 2002; Mallet and Willmott, 2003; Pires and Marinoni, 2010). The 

limitations of morphology-based taxonomy were mentioned by Hebert et al. 

(2003a) are phenotypic plasticity in the characters which lead to incorrect 

identifications, existence of morphologically cryptic species, insufficient 

taxonomic keys to identify immature specimens of many species and requirement 

of high levels of expertise and specialists.

Along with this others like Stoeckle (2003) sighted that the main limiting 

factor in distinguishing closely related species is likely to be the rate of 

accumulation of new mutation.

Several alternative and complementary approaches like molecular taxonomy 

(Tautz et a!., 2003; Hebert et al., 2003a), development o f investment funds,
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information technology, (Wheeler, 2007) and increased utilization of cyber tools 

(Pyle et a l , 2008; laSalle et al., 2009) have been proposed to revitalize traditional 

taxonomy and help it rise above the taxonomic crisis (Pires and Marinoni, 2010). 

Among those proposals, DNA barcoding has received increased acceptance 

because it is simple and affordable (Padial and de la Riva, 2007). Genomic 

barcodes have only four alternate nucleotides at each position, but the array of 

nucleotides available for inspection is huge. That is with a possible nucleotide 

variation of four nitrogenous bases (A, T, C, G) at each site, there are 4n (where 

“n” corresponds to the number of nucleotides surveyed) possible codes for any 

given sequence, making it possible to identify every taxon (Hebert et a l, 2003a; 

Pires and Marinoni, 2010). The survey of just 15 of these nucleotide positions 

creates the possibility of 415 (1 billion) codes, 100 times the number that would be 

required to discriminate life if each taxon was uniquely branded (Hebert et a l, 

2003a). The DNA barcoding can be performed quickly and at low cost (Stoeckle, 

2003) without any taxonomic specialists and it helps to identify individuals at any 

stage of development and cryptic species (Pires and Marinoni, 2010).

Both molecular and morphological data have their own advantages and 

disadvantages. The superposition of intra and inter specific variation is a serious 

problem (Meyer and Paulay, 2005; Cognato, 2006; Meier et a l,  2006; Whitworth 

et a l, 2007) not only to molecular data but also to morphological, ecological and 

other sources of data ((Will et a l, 2005). Here comes the importance of 

integrative taxonomy which is an integration of molecular as well as 

morphological taxonomy (Will et a l, 2005; Dayrat, 2005; Pires and Marinoni, 

2010). Cryptic species are a good example of the importance of using integrated 

datasets whenever possible. The use of DNA in addition to morphology helps the 

recognition of cryptic species that consequently become distinguished based on 

both sources of characters (Fisher and Smith, 2008; Wiedenbrug et a l, 2009; 

Hamada et a l, 2010). There are many articles published from 2003 onwards on 

the acceptance (Pires and Marinoni, 2010) and rejection of integrated taxonomy 

(Ebach and Carvalho, 2010).
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2.5.4 The choice of genome regions for barcoding

One of the major problem or rather limitation in DNA barcoding discussed 

so far is the finding of a universal gene region especially for animal kingdom 

(Frezal and Leblois, 2008). Despite the broad utility of DNA, the choice, length 

and combination of markers best suited for different questions is highly variable 

(Rubinoff, 2006). Genomic approaches to taxon diagnosis exploit diversity 

among DNA sequences to identify organisms (Kurtzman, 1994; Wilson, 1995). 

Moreover the efficacy of barcoding is centred by the selection of a suitable 

segment of DNA (Waugh, 2007). In DNA barcoding we usually depend on either 

mitochondrial genome or nuclear genome as markers.

Use and shortcoming o f  mtDNA in barcoding

Unlike nuclear DNA, which is inherited from both parents and in which 

genes are rearranged in the process of recombination, there is usually no change in 

mitochondrial DNA or mtDNA from parent to offspring. This particular genome 

is haploid with a maternally inherited pattern and has a low effective population 

size (one- quarter that of nuclear genome) (Rubinoff et al.y 2006). Because of this 

and rapid mutation rates (Moore, 1995) in animals than that in nuclear DNA, 

makes mtDNA for assessing genetic relationships of individuals or groups within 

a species and also for identifying and quantifying the evolutionary history 

(phylogeny) among different species, provided they are closely related (Rubinoff,

2006). There are multiple copies of mitochondrial gene in all cells whereas there 

are only two copies of nuclear genes in each cell. Multiples copies of 

mitochondrial genes make it easier to obtain DNA for PCR and sequencing. The 

entire mitochondrial DNA codes for protein. There are few non-coding sequences 

called introns. This makes mtDNA genes shorter and easier to work with. 

Mitochondrial genes are five to ten times more variable between species than 

nuclear genes.
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Hebert et aI. (2003b, 2004a, 2004b) established that the mitochondrial gene 

cytochrome c oxidase I (COI) can serve as the core of a global bio-identification 

system for animal. Hebert et a l  (2003) used universal primers for amplifying 

approximately a 650 bp region of the COI gene (Tob et a l,  2009). He also 

describes 100% success when using this technique with Lepidoptera (Hebert et 

al., 2003b). Several studies have shown that >95% of species possess unique COI 

barcode sequences ( Hebert et a l,  2003b; Hebert et a l, 2004a; Ward et a l, 2005; 

Hajibabaei et a l, 2006; Smith et a l, 2006). Along with COI the other 

mitochondrial DNA markers used most commonly in mammalian species 

identification are the cytochrome b (cyt b) (Parson et a l, 2000; Arif and Khan, 

2009) and ND2 (for avian species also, Boonseub et a l, 2009).

There are several arguments focusing on the selection of COI and 

cytochrome b for DNA barcoding. Traditionally the cytochrome b gene was used 

for species identification (Tobe et a l, 2009) but Hebert et al. (2003a) 

demonstrated the biological identification through COI and called it as the 

“universal barcode” for animals. Actually this started the ongoing debates as to 

which gene offers the best. The COI amplification does not always ensure the 

success of the specimen identification (Frezal and Lblois, 2008). Along with this 

a study conducted by Tobe et a l (2009) demonstrated that, for mammalian 

samples cytochrome b gene will offer greater informative value in smaller 

fragment. But they also said that for intra-specific variations for similar species 

one is not better than other. There are several proponents for the partial use of 

COI in barcoding studies (Armstrong and Ball, 2005; Blaxter et a l, 2005; Janzen 

et a l, 2005; Lorenz et a l, 2005; Smith et al. 2005) because of several reasons. 

One among them is the nucleotides o f the gene that codes for COI show sufficient 

variation to differentiate between species. And another is the intra-specific 

variation in this gene is generally greater than ten percent of that observed 

between species. Moreover, insertions and deletions are rare (Blaxter, 2004; 
Waugh, 2007).
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The mtDNA is not adequate as a sole source of species-defining data due to 

the following factors: reduced effective population size (Patton and Smith, 1994), 

introgression followed by hydridization (Funk and Omland, 2003), maternal 

inheritance, recombination, mutation rate, heteroplasmy, inconsistent and 

compounding evolutionary processes (Bensasson et a l, 2001; Ballard and 

Whitlock, 2004; Rubinoff et a l, 2006). In this situation the nuclear subunit 

ribosomal RNA genes emerged as an important additional molecular marker 

because of their abundance in the genome and their relatively conserved flanking 

regions (Frezal and Leblois, 2008), its use allows efficient species distinction (e.g. 

for amphibians, Vences et al., 2004; Vences et al., 2005; for truffles, Karkouri et 

al., 2007; Frezal and Leblois, 2008) and can sometimes provide classifications 

into MOTU or molecular taxonomic units (Floyd et al., 2002; Blaxter et al., 2005; 

Frezal and Leblois, 2008). Eventhough the above mentioned problems is existing 

we can’t forget the fact that mtDNA, the genome has long been extremely 

valuable to a vast array of studies. So the scientists like Rubinoff are not 

advocating the exclusion of mtDNA data from systematic use but they underlying 

the need of using mtDNA in conjunction with other sources of data such as 

nuclear ribosomal DNA (Markmann and Tautz, 2005; Monaghan et a l,  2005), 

morphology or ecology (Rubinoff and Holland, 2005; Rubinoff, 2006).

Plant genome region fo r  DNA barcoding

In plants, especially in higher plants the mitochondrial genome evolves very 

slowly than that in animals. So because of the limited variations in mtDNA the 

use of COI in identification is applicable only in (Frezal and Leblois, 2008) some 

macroalgae (Rhodophyta, Saunders, 2005), few groups of fungi (PeniciUium sp., 

Seifert et a l, 2007), and two ciliophoran protists genera {Paramecium and 

Tetrahymenas, Barth el a l, 2006; Lynn and Struder-Kypke, 2006; Chantangsi et 

a l, 2007). In angiosperms, several contain non-coding intergenic spacers (e.g. 

trnH-psbA, Kress et a l, 2005; Chase et a l, 2005; Kress and Erickson, 2007) , 

plastidial coding sequences (e.g. matK, Chase et a l, 2007) and typical
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phylogenetic markers such as rbcL and tmL-F (Chase et a i, 2005) are used to 

discriminate species (Savolainen et a i, 2005; Frezal and Leblois, 2008). 

According to Pennisi (2007) at present there is no candidate markers best suited to 

plant DNA barcoding region. Some others argue that multiple genetic loci might 

be necessary to account for the common hybridization and polyploidy events in 

angiosperms (Savolainen et a i, 2005). The CBOL Plant Working Group (PWG) 

also agreed for this multiple genetic locus barcoding system in plants, with one 

‘anchor’ (i.e. universal across the plant kingdom) and ‘identifiers’ to distinguish 

closely related species. Lahaye et al (2008) advocated the matL locus as the best 

universal ‘anchor’ for DNA barcoding of plant taxa. They also agreed with the 

need for an extra locus (i.e. ‘identifier’) to resolve lower taxon identification 

(Frezal and Leblois, 2008).

2.5.5 Benefits of DNA barcoding

Renaissance o f systematic

The traditional morphological taxonomy is in a crisis (Godfray, 2002; 

Mallet and Willmotl, 2003; Waugh, 2007; Pires and Marinoni, 2010). Into this 

environment comes DNA barcoding which is not a solution to this crisis but a tool 

that may help to deal with this crisis. According to its proponents, barcoding 

neither replaces taxonomy nor reconstruct the phylogeny (Schindel and Miller, 

2005; Savolainen el a i, 2005). It might help the taxonomists as well as the 

taxonomy interested people in specimen identification to a species level (Waugh, 

2007; Hajibabaei et a i, 2007). Barcoding provide a relief from the identification 

burden to a taxonomist so that they can focus more on other duties (Savolainen et 

al., 2005). Moreover DNA barcoding can be used before conventional taxonomic 

work to quickly sort specimens into genetically divergent group in poorly studied 

taxonomic groups. For example the assessment of ants in Madagascar by Smith et 

a i  (2007) showed that DNA barcoding is a valuable addition to the taxonomic 

tool box (Smith et a i, 2005; Hajibabaei et a i,  2007; Miller, 2007). The utility of
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DNA barcoding can be applied in the identification of cryptic species, extant and 

extinct and species regardless to life stage or maturity (Waugh, 2007; e.g. 

Dinoflagellate taxonomy, Litaker et a l, 2007; diatomea, Evans et a l,  2007; 

earthworms, Huang et a l, 2007).

“DNA taxonomy” is an entirely different approach from DNA barcoding 

and barcoding is not a part of taxonomy (Waugh, 2007). It is most useful for 

cryptic species and groups that lack a detailed taxonomic system. DNA taxonomy 

does not aim to link the genetic entities recognised through sequence analysis with 

Linnean species (Hajibabaei et al., 2007).

In  molecular phytogeny and population genetics

Molecular phylogeny depicts the evolutionary history of organisms. The 

DNA sequences generated through barcoding is used to assemble the ‘Tree of 

Life’ which in turn useful in identifying clades and evolutionary relationships 

(Blaxter, 2003; Cracraft and Donoghue, 2004; Savolainen et al., 2005; Hajibabaei 

et al., 2007). By paraphrasing Hajibabaei et al. (2007) the number of distinct 

DNA sequences in environmental sampling and reconstruction of phylogenetic 

trees to place these sequences into an evolutionary context have been used in 

several inventories of cryptic biodiversity (e.g. soil bacteria or marine/freshwater 

micro-organisms).

The typical DNA sequences obtained through the barcoding is not sufficient 

for rigorously addressing the population level questions (Moritz and Cicero, 2004; 

Bazin et al., 2006; Hajibabaei et al., 2007). It can be a powerful tool to facilitate 

comparative studies of genetic diversity in different species.
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In ecological studies

DNA barcoding techniques will be increasingly used by ecologists. They 

will be able to identify a single species from a specimen or an organism’s remains 

and to determine the species composition of environmental samples. Short DNA 

fragments persist in the environment and might allow an assessment of local 

biodiversity from soil or water. Even DNA-based diet composition can be 

estimated using faecal samples (Valentini et a l, 2008).

2.5.6 Criticisms on DNA barcoding

Eventhough the DNA barcoding is a widely accepted method due to many 

of its advantages (Padial and de la Riva, 2007), the scientific world had its own 

proponents and opponents for this technique in its foundation aspects like the 

accessibility to general public (Cameron et a l, 2006 ), cost involved (Hajibabaei 

et al., 2005; Hebert and Gregory, 2005; Meyer and Paulay, 2005; Cameron et al., 

2006; Pires and Marinoni, 2010), use of DNA barcoding to delimit new species 

(Moritz and Cicero, 2004; Lee 2004; Ebach and Holdrege, 2005; Hebert and 

Gregory, 2005; Rubinoff et al., 2006), the use of molecular distances to construct 

the neighbour-joining trees used in DNA barcoding (de Salle et al., 2005; Hebert 

and Gregory, 2005; Cognato, 2006), lack of a well-defined species concept that 

can be used consistently in DNA barcoding (Rubinoff et al., 2006) and technical 

aspects like the use of a mitochondrial gene to delineate species boundaries 

(Blaxter, 2004; Blaxter, 2006; Rubinoff et al., 2006).

On top of all other caveats already mentioned, the restrictions imposed by 

the very nature of the mitochondrial genome (Rubinoff, 2006; Rubinoff et a l, 

2006) and the possible loss of the intellectual content of taxonomy (Lipscomb et 

a l, 2003; Pires and Marinoni, 2010 ) has triggered a series of criticisms to DNA 
barcoding.
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2.6 DNA BARCODING IN BATS

The absence of distinct morphological differences between species obstructs 

the identification of species in many groups of organisms. There for DNA-based 

approaches are increasingly used to survey biological diversity (Mayer et al.,

2007).

Sequence diversity in the cytochrome c oxidase subunit 1 gene has been 

shown to be an effective tool for identifying and discovering species in various 

groups of animals, but has not been extensively used in mammals (Clare et al., 

2006). So, Clare et al. addressed this gap by examining the performance of DNA 

barcodes in 87 species of bats from Guyana. In their study 81 species showed both 

low intraspecific variation and clear sequence divergence from their congeners, 

while the other six showed deeply divergent intraspecific lineages suggesting that 

they represent species complexes. Their study validated the effectiveness of 

barcoding for the identification of regional bat assemblages and even in highly 

diverse tropical faunas.

Mayer et al. (2007) proved that the molecular species identification 

increases bat diversity, through their study in Western Palaeartic region. By 

sequencing the mitochondrial protein-coding gene NADH dehydrogenase, subunit 

1 0ndl) gene o f 534 bats, they corroborated the promise of DNA barcodes in too 

major respects. First, the genetic identification (with only a few exceptions) of 

species those were described with classical taxonomic tools. Second, substantial 

sequence divergence suggests an unexpected high number of undiscovered 

species.

The mammal species richness within the Southeast Asia may be 

underestimated by at least 50 percent, and there are higher levels o f endemism and 

greater intra-specific population structure than previously recognized (Francis et 

al., 2010). In their study, all morphologically or acoustically distinct species,
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based on classical taxonomy, discriminated with DNA barcodes except four 

closely allied species pairs. Many of the currently recognized species contained 

multiple barcode lineages, frequently with deep divergence and thus suggested the 

existence of unrecognized species. They also observed that, most widespread 

species shows substantial genetic differentiation across their distributions.

Recently, Nesi et al. (2011) tested the DNA barcoding approach on African 

fruit bats of family Pteropodidae. The study was the first kind in that sense. They 

used COl, complete cytochrome b and the intron 7 of the nuclear b-fibrinogen 

(FGB) gene as markers. But their results revealed an unexpected discordance 

between mitochondrial and nuclear genes. So their work showed the failure of 

DNA barcoding to discriminate between two morphologically distinct fruit bat 

species and highlights the importance of using both mitochondrial and nuclear 

markers for taxonomic identification.

One of the largest surveys to employ DNA barcoding strategy on any 

animal group was carried out by Clare et al. (2011). In that study they surveyed 

current and potential species diversity using DNA barcodes with a collection of 

more than 9000 individuals from 163 species of Neotropical bats. The study was 

certainly the largest to date for land vertebrates. Their analysis documented the 

utility o f DNA barcoding tool over great geographic distances and across 

extraordinarily diverse habitats. And that provides strong support for the 

continued assembly of DNA barcoding libraries and ongoing taxonomic 

investigation of bats.

Very recently, Zhang et al. (2012) proposed two new methods (DV-RBF 

and FJ-RBF) to address the problems of non-coding region alignment for species 

assignment by both coding and non-coding sequences that take advantage of the 

power of machine learning and bioinformatics. A 100% success rate o f species 

identification was achieved with the two new methods for the 4,122 bats.
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DNA barcoding technique is widely used for identifying taxonomically 

poorly studied group of organisms (Baker et al., 2004; Hebert et a l 2004a; 

Monaghan et al., 2005; Smith et al., 2005; Smith et al., 2006). Eventhough the 

mammals, especially the group of bats, are considered as well-known taxonomic 

group, many aspects of them are poorly known. Similarly many of the 

biodiversity rich regions of the world are still waiting for their diversity 

documentation and exploration (Francis et al., 2010). Considering the above 

facts, the applicability o f DNA barcoding should be tested in groups like bats in 

diversity rich regions for facilitating the conservation planning programmes.

2.6 MOLECULAR PHYLOGENY

A molecular phylogeny is the evolutionary histoiy of a group of entities 

revealed by the use of molecular data either DNA or Protein. Given that this can 

only truly be known in exceptional circumstances, the main aim of phylogeny 

reconstruction is to describe the evolutionary relationships in terms of relative 

recency of common ancestry. The primary objective of molecular phylogeny is to 

reconstruct the evolutionary history and represent that in a tree-like structure 

graphically among genes and species over time. This is an extremely complex 

process, further complicated by the fact that there is no one right way to approach 

all phylogenetic problems (Blaxter, 2003; Cracraft and Donoghue, 2004; 

Savolainen et ah, 2005; Hajibabaei et al., 2007).

Phylogenetic diversity is one of indicators of species diversity and it gives 

useful information for developing conservation strategies (Krishnamurthy and 

Francis, 2012). This suggests the integration of web-based barcoding databases 

such as CBOL and iBOL, and phylogenetic diversity analysis tools in helping 

conservation policy makers (Faith and Baker, 2006; Krishnamurthy and Francis, 

2012).
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2.6.1 Cryptic species and molecular pliylogeny

Cryptic species, two or more distinct species that are erroneously classified 

and or hidden under one species name (Bickford et a l,  2007), have been 

recognised for nearly 300 years (Sun et a l, 2009). It is very difficult to identify 

those using morphological characters (Chattopadhyay et a l, 2012). With the 

advance of PCR technology and DNA sequencing, research on this kind of 

species has increased exponentially over the past two decades (Bickford et al., 

2007). Since the cryptic species represent undiscovered biodiversity, their 

identification increases our knowledge on species diversity and their conservation 

(Bickford et al., 2007; Sun et al., 2009). Ambiguity on the distribution of cryptic 

species exists across the biogeographical regions as well as across taxa (Bickford 

et a l,  2007; Pfenninger and Schwenk, 2007). Avise (2004) reported the use of 

molecular markers in identifying closely related species. The discovery of cryptic 

species can solve many problems in biodiversity and conservation and helps 

formulate more efficient conservation management policies (Chattopadhyay et al., 

2012).

2.6.2 Cryptic diversity in bats

The order Chiroptera is one of the most extensively studied groups within 

mammals and is replete with examples of cryptic species (Sun et al., 2009; 

Chattopadhyay et al., 2012) mainly from the temperate zone. In tropics also the 

diversity is observed within Old World families Hipposideridae and 

Rhinolophidae (superfamily Rhinolophoidea) (Kingston et al., 2001). Cryptic 

diversity has been a topic of great interest (Mayer and von Helversen, 2001; Jones 

and Barlow, 2003; Ibanez et al., 2006; Mayer et al., 2007) and many species of 

bats from different regions have been identified by molecular techniques (Sun et 

al., 2009). Recently described cryptic species include, for example, Plecotus 

austi'iacus and Myotis mystacinus from Europe (Mayer and von helversen, 2001), 

Hipposideros bicolor (Kingston et a l, 2001), Eptesicus serotinus and M. natterei
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from Europe (Ibanez et a i, 2006), Scotophilus dinganii from South Africa (Jacobs 

et a i,  2006) Hipposideros larvatus (Thabah et a i , 2006), Emballonura alecto 

from Asia (Hulva and Horacek, 2006), Hipposideros khaokhouayensis (Guillen 

and Francis, 2006), Hipposideros khasiana (Thabah et a i , 2006), Hipposideros 

boeadii (Bates et a i , 2007) Rhinolopus macrotis from China (Sun et a i, 2008), 

Miniopterus petersoni from lowland South- eastern Madagascar (Goodman et a i,

2008) and Hipposideros griffini from Vietnam (Thong et a i,  2012).

To accurately assess the number of species both locally and globally, and to 

set conservation priorities, it is essential to identify and describe cryptic diversity 

(Murray et ai., 2012).

Under all these background, realizing the importance and need o f molecular 

techniques and molecular phylogeny in this era in order to assist and support the 

classical morphological taxonomy, I attempted the DNA barcoding of 

insectivorous bats of Parambikulam Tiger Reserve.



Materials And Methods



MATERIALS AND METHODS

3.1 STUDY AREA

3.1.1 Name, Location and Extent

Parambikulam Tiger Reserve (PKTR), lies within the geographical extremes 

of latitudes 10°20’ and 10°26’N and longitudes 76°35’and 76°50’ E (Fig. 1) in the 

southern part of Western Ghat, immediately south of Palghat gap. PKTR is the 

second Tiger Reserve of the state and also the 38th Tiger Reserve of India came 

into existence in 2010 with an extent of 643.66km2 with a core area of 390.89Km2 

and buffer area of 252.77km2. The present study was carried out in Parambikulam 

Wildlife Sanctuary with an extent of 285km2 (Kaler, 2011).

It lies between the Anamalai hills and Nelliampathy hills. The Altitude 

ranges between 300m and 1438m above MSL. There are seven major valleys and 

three major river systems. Major peaks in the sanctuary are Karimala (1438m), 

Pandaravarai (1290m), Kuchimudi, Vengoli (1120m) and Puliyarapadam 

(1010m). Apart from the natural rivers and streams, the sanctuary possesses three 

man-made reservoirs namely Parambikulam, Thunacadavu and Peruvaripallam.

A unique forest tramway was in existence at Kuriarkutty at PKTR from 

1907 exclusively meant for timber transport from Parambikulam to Chalakudy. 

Extensive extraction of timber took place during this period, but the tramway was 

abandoned in 1951. The first plantation in this area was raised in 1912. All the 

plantations after 1932 were raised under taungya system (Vijayan, 1979).

3.1.2 Habitat and Vegetation

Natural vegetation of this reserve is a combination of Malabar and Deccan 

elements. Micro climatic fluctuations coupled with edaphic, topographic and
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biotic factors have endowed this reserve with rich floral diversity. The PKTR has 

a variety of habitats, both natural and man-made. Natural habitats include moist 

deciduous forests to tropical wet evergreen rain forests. Grasslands are seen on 

the upper reaches of Karimalagopuram and Vengoli hills above 1000m. The man

made habitats are primarily teak plantations, which have an extent of about 

90km2, and were first introduced in the year 1912. In addition to this, a small area 

of the Tiger Reserve bordering Tamil Nadu is planted with eucalyptus (Menon, 

1991).

According to Champion and Seth (1968), the natural vegetation of this 

reserve can be classified into west coast tropical evergreen forests (la/c4), west 

coast tropical semi-evergreen forests (2a/c2), southern moist mixed deciduous 

forests (3b/c2), southern dry mixed deciduous forests (5a/c3), moist bamboo 

brakes (2/e3), Ochlandra reed brakes (8a/cl/el), southern montane wet grasslands 

(1 la/cl/ds2), low altitude marshy grassland-vayals, teak plantations and eucalypts 

plantations.

3.1.3 Fauna

The sanctuary is endowed with very rich and diverse wildlife due to the 

mosaic pattern of vegetation. The ecotones (edge effects) created at the 

interspersion of different vegetation types are the vital wildlife habitats. Such 

junctions are plenty in this sanctuary and are well distributed as well. Same is the 

case with water resources constituted by the reservoirs, rivers and streams. The 

abundant herbivore population present in the sanctuary in turn supports a 

substantial population of predators like tiger and leopard. And also harbour 

animals such as sloth bear, gaur, sambar deer, elephant, small cats etc. Nameer 

and Praveen (2006) recorded 230 species of birds from PKTR. Sivaperuman et 

al. (2005) recorded 51 species of spiders belonging to 19 families and 34 genera 

from various habitats of PKTR. Jahas and Easa (2008) recorded 19 species of 

Amphibians and 51 species of reptiles from PKTR.
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Fig. 1. Study area - Parambikulam Tiger Reserve
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3.2 METHODS

3.2.1 Selection of Sites

Representative sample plots in different habitats of Parambikulam Tiger 

Reserve such as moist deciduous, evergreen, semi evergreen, rocky areas, 

settlement areas, water bodies, stream sides and altitudinal variant sites were 

selected and mist netting was done in all these representative habitats. Day 

transects to the roosting places were also carried out.

3.2.2 Capturing Technique

Most commonly used devices for capturing flying bats are the mist nets 

(Tuttle, 1976). Mist nets can be used successfully at almost any site where bats 

shows a high rate of activity like places near roosts, at water holes, feeding sites, 

along flyways such as animal or human made trials, and natural forest gaps. For 

survey and census work, to get the least biased estimates of species richness and 

relative abundance mist nets are placed randomly along transects. Depending on 

the habitat the configuration in which mist nets are deployed will vary (Kunz and 

Kurta, 1988). Mist nets set along ridge top and above waterfalls also were 

effective in capturing flying bats, because individuals often fly close to the ground 

or near the water in these situations.

3.2.3 Field Study

Mist nets were used to capture bats during this study. The mist nets are 

made of monofilament nylon with a usual mesh size of 36 mm and an overall size 

of 10 x 1.5m. Mist nettings were done on the specific sites selected. Capture 

success depends on the position of the mist nets in the field. Net should be 

erected up to the height, where the bat activity is high. For decreasing the chance 

of bat avoiding the net across the water body, it should be raised such that the
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lowest edge of the net is as near to the water surface (Kunz and Kurta, 1988). 

These nets are set across water bodies, caves, streams or trek path. From dusk 

onwards bats starts their activity. Based on the species the time of bats leaving 

the roosts varies. Hence dusk is the best time to capture bats. During the present 

study the nets were erected between 5.30 pm and 6.00 pm and were kept opened 

for two to four hours after dusk.

In case of dense vegetation, the nets were mostly erected across the 

corridors (gap between rows of trees) so that the capture success was high. 

During the netting, two nets were used and raised right angle to each other, which 

decrease the chance of bats to avoid the nets (Kunz and Kurta, 1988). This 

definitely increased the capture success. Nets were usually erected on long poles 

at specific heights.

Nettings were not done continuously on the same site more than two days, 

as it would affect the capture success (Laval and Fitch, 1977). Nets are watched 

continuously, if left unattended, the captured bats struggles and become 

completely entangled that they cannot be removed easily and can also lead to 

injury to bats and damages to nets. It can also result in the small sized bats to 

chew out of the net if left unattended for long.

3.2.4 Tissue Sampling and DNA Extraction

We obtained tissues from each bat. DNA was isolated using Phenol- 

chloroform extraction method (Sambrook et al., 1989) and GeNei™ Mammalian 

DNA purification kit. The detailed phenol-chloroform method was as follows:

Phenol-Chloroform technique was used for the extraction. For that we 

weighed lg of wing tissue and grinded it into a paste in mortar and pestle by 

adding liquid nitrogen. After this process we added lysis buffer, SDS and
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Proteinase K to the ground tissue and incubated the sample at 55°C for overnight 

for digestion. Then on the second day we centrifuged the digested samples at 

10,000 rpm for 10 minutes at 4°C by adding saturated phenol: chloroform: isomyl 

alcohol in the ratio 25:24:1. After centrifugation, supernatant was transferred and 

chloroform: isoamyl alcohol were added in the ratio 24:1. Again the samples were 

centrifuged at 10,000 rpm for 10 minutes at 4°C. The supernatant was transferred 

and repeated the centrifugation. After the centrifugation add 1/10 volume of 3M 

sodium acetate and 1ml of Isopropanol to the supernatant. Then incubate the 

supernatant at -20°C for one hour and after that the samples again centrifuged at 

10000 rpm for 10 min at 4°C. Then discard supernatant from the pellet. Removed 

the supernatant and allowed the pellet to dry. Re-suspend the pellet containing 

DNA in sufficient distilled water.

3.2.5 Polymerase Chain Reaction (PCR)

The universal primers for PCR amplification were LI4724 and H15149 

(Fig. 2), as described by Kocher et al. (1989) and Irwin et al. (1991). The 

sequences of primers were listed in Table 1.

Table 1. Sequences of primer pairs and their predicted size of amplification 

products

Primers* Sequences Size

L14724 5’-CGAAGCTTGATATGAAAAACCATCGTTG-3’
486bp

H15149 5-AAACTGCAGCCCCTCAGAATGATATTTGTCCTCA-3’

* Numbering is according to the human mtDNA sequence (Anderson et al.9 1981)



Plate 1. W ater Bath

Plate 2. Centrifuge



Plate 3. PCR Machine

Plate 4. In Wildlife Forensic Lab
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LI 4724

Fig. 2. The primer positions of LI 4724 and HI 5149 on mitochondrial DNA

PCR amplifications were performed in a reaction mixture of 25pl, which 

contained lpl of isolated genomic DNA, 2pM of primers in 1:10 ratio, 2.5pl 

reaction buffer (lOmM Tris-HCl, pH 8.3, 2.5mM MgCL, 50mM KC1, 0.01% 

(w/v) gelatin), lpM dNTP, and 2 pi of 0.5unit of Taq DNA polymerase and 16.5 

pi of distilled water. The PCR conditions were: 29 cycles of 94°C for one minute, 

56° C for 45 seconds and final extension at 72° C for two minutes. PCR products 

were visualised on one percent agarose gel containing ethilium bromide and run 

for about 30 minutes at 100V.

3.2.5 Purification and Sequencing

Column purification and sequencing were done by a private lab, SciGenome 

Labs Pvt. Ltd.

3.2.6 Sequence Analysis

The sequences were compared with those registered in NCBI databank 

(blast.ncbi.nlm.nih.gov). Sequences from the cytochrome b gene obtained during 

this study were aligned through ClustalW (Thompson et al., 1994) implemented 

in BioEdit ver 7.0.5.3 (Hall, 1999). Multiple sequence alignment allowing gaps 

was performed using default parameters.
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3.2.7 Phytogeny Reconstruction

The phylogenetic trees were generated through neighbour joining method 

(Saitou and Nei, 1987) using the software MEGA 5.0 (Tamura et al., 2011). 

Confidence values for internal lineages were assessed with the bootstrapping 

option (Felestein, 1985). Pairwise distances between all sequences were 

calculated using the Kimura two parameter model (Kimura, 1980) in MEGA 5.0 

(Tamura et al., 2011). This model corrects for multiple hits, taking into account 

transitional and transversional substitution rates, whilst assuming that the four 

nucleotide frequencies are the same and that rates of substitution do not vary 

among sites (Nei and Kumar, 2000). This model was used as it can provide direct 

comparison with distance measures reported by Bradley and Baker (2001).



Plate 5. Gel Loading Instrum ent

Plate 6. UV Illuminator



Plate 7. Gel Picture of Mitochondrial DNA
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RESULTS

4.1 DNA ISOLATION AND PCR AMPLIFICATION OF PARTIAL

CYTOCHROME B GENE WITH UNIVERSAL PRIMERS

The DNA of five species of bats such as Megaderma spasma, Hipposideros 

speoris, Rhinolophus rouxii, Rhinolophus beddomei, and Rhinolophus lepidus 

were isolated using either Phenol-Chloroform extraction (Sambrook et al., 1989) 

method or the GeniPureIM Mammalian Genomic DNA Purification Kit (GeNei™) 

The universal primers L I4724 and H I5149 developed by Kocher et al. (1989) 

were used to amplify part of the cytochrome b gene from the collected tissues of 

bats from the study area. The PCR produced a single amplification product for 

each genomic template. The size of all PCR products from the bat DNA studied 

were approximately 400bp when they separated on a one percent agarose gel.

4.2 SEQUENCING OF PCR PRODUCTS

The two universal primers LI4724 (forward primer) and H I5149 (reverse 

primer), used in the PCR were used to sequence the PCR products. Sequences 

obtained from forward and reverse primers were assembled to obtain a contig with 

the help of DNA Baser version 3.5.4. The size of the cytochrome b gene for the 

PCR products from the bat tissues varied between 450 to 465 bp including the 

primer sequences. All the PCR products were successfully sequenced. Table 2 

shows the details of sequenced products.
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Table 2. Details of sequenced products in the present study

SI. No. Specimen number Location
Sequence 

length (bp)

1 KAUNHM2012313 Thellikkal 457

2 KAUNHM2012314 Kuriyarkutty 459

3 KAUNHM2012317 Kuriyarkutty 454

4 KAUNHM2012319 Kottayaly 459

5 KAUNHM2012310 Vengoly 460

6 KAUNHM201185 Anapady 459

7 KAUNHM20114 Poopara 458

8 KAUNHM2012318 Kuriyarkutty 459

9 KAUNHM2012320 Vengoly 459

10 KAUNHM2012309 Kuriyarkutty 463

11 KAUNHM2012315 Thellikkal 461

12 KAUNHM201176 Kuriyarkutty 459

4.3 BLASTn ANALYSIS

The sequences were compared with those registered in NCBI databank 

(blast.ncbi.nlm.nih.gov). The results are shown in Table 3. In the case of 

KAUNHM2012313, KAUNHM2012314, KAUNHM2012317 and

KAUNHM2012319, the BLASTn search of cytochrome b gene showed 98% 

sequence similarity and an E value of 0.0 with Hipposideros speoris (Plate 8). 

The KAUNHM2012310, KAUNHM201183 and KAUNHM2011 displayed 97% 

similarity with the cytochrome b gene of Rhinolophus rouxii (Plate 9) with the 

highest homology. In this case also the E value was 0.0. Whereas the 

KAUNHM2012318 and KAUNHM2012320 showed 91% identity and an E value 

of 2e'149 with the registered cytochrome b sequence of Megaderma spasma (Plate 

10).



Plate 8. Hipposideros speoris

Plate 9. R h in o lo p h u s  ro u x ii



Plate 10. Megaderma spasm a
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But the sequence comparison o f the rest two sequences gave wrong results. 

One had the maximum identity with a fruit bat and another had maximum identity 

with a deer species.

Table 3. Details of BLASTn results

Details of accessions showing Maximum
Sample ID homology Identity E value

(%)
Species Accession No.

KAUNHM2012313 
KAUNHM2012314 
KAUNHM2012317 
KAUNHM2012319

Hipposideros speoris 
Schneider, 1800 DQ680823 98 0.0

JQ316214

JQ316213

KAUNHM2012310
Rkinolophus roiixii

JQ316212

Temminck, 1835 JQ316211

JQ316206

97 0.0

JQ316210

JQ316209

KAUNHM201185 JQ316202
KAUNHM20114

JQ316201

HM590049

KAUNHM2012318 Megaderma spastna EU521606
91 0a.-i49

KAUNHM2012320 Linnaeus, 1758 AY057942 2e
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4.4 PHYLOGENETIC ANALYSIS

4.4.1 Megaderma spasma Linnaeus, 1758 (Lesser False Vampire)

Two cytochrome b sequences of Megaderma lyra from GenBank 

(DQ680822, India and DQ888678), two sequences o f M egadenna spasma from 

GenBank (AY057942, Central Java and EU521606, Malaysia) and two sequences 

of Megaderma spasma from the present study (KAUNHM2012318 and 

KAUNHM2012320) were used for the phylogenetic analysis. The two species 

belong to the family Megadermatidae. These six sequences were aligned in 

Clustal W  (Thompson et ah, 1994) using BioEdit ver 7.0.5.3 (Hall, 1999) and 

corrected manually. After the final alignment; the sequence length was 387 bp. 

Phylogenetic position of the Megaderma spasma sequences from the present 

study (KAUNHM2012318 and KAUNHM2012320) was determined using the 

neighbour-joining (NJ) tree o f Kimura-2-parameter distance model (Kimura, 

1980) using MEGA ver. 5.0 (Tamura et ah, 2011). The branch support was 

evaluated using 1000 bootstrap replicates (Felestein, 1985). The resultant 

clustering patterns are given in the Fig. 3. And all the branches showed 100% 

bootstrap value. The tree was rooted with the sequences o f Hipposideros speoris 

(KAUNHM2012313 andKAUNHM2012314) in the present study.

99 M k M /f  M  I  SjyJU  i r j

j~M. spasma KAUNT!M20i2:>20 pk lm  

100 l a / .  spasma k a u n h m 20123I8pk lm

----------------- M. lyra DQ88867S

M. lyra DQ680822 Madurai100
____ |H. speoris kaunhm20]2313 pklm

100 'H. speoris KALJNHM20I2314 pklm

1--------- 1
(1.02

Fig. 3. Phylogenetic relationship among partial cytochrome b sequences o f family 

Megadermatidae. NJ tree was constructed using MEGA ver. 5.0 (Tamura et ah, 

2011). Digits on the nodes indicate the bootstrap values.
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The pairwise genetic distance between two cytochrome b sequences of 

Megaderma lyra from GenBank (DQ680822, India and DQ888678), two 

sequences of Megaderma spasma from GenBank (AY057942, Central Java and 

EU521606, Malaysia) and two sequences o f Megaderma spasma from the present 

study (KAUNHM2012318 and KAUNHM2012320) were also analysed (Table 4). 

In that, the Megaderma spasma sequences from the present study 

(KAUNHM2012318 and KAUNHM2012320) showed more than 20% genetic 

distance between the available GenBank sequences of Megaderma lyra 

(DQ680822 and DQ888678). But the genetic distance between the available 

GenBank sequences of Megadema spasma (AY057942 and EU521606) and the 

Megadema spasma sequences from the present study (KAUNHM2012318 and 

KAUNHM2012320) was 10.8%. The pairwise genetic distance analysis showed 

that the two Megadema spasma sequences from the present study 

(KAUNHM20123I8 and KAUNHM2012320) genetically differed from each 

other by only one percent.
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Table 4. Genetic pairwise distance (%) among Megaderma lyra and Megadrma 

spasma
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Megaderma lyra 
(DQ888678)
Megaderma lyra 
(DQ680822, India) 9.3

Megaderma spasma 
(AY057942, Central Java) 21.0 20.5

Megaderma spasma 
(EU521606, Malayasia) 21.4 20.9 0.5

Megaderma spasma 
(KAUNHM2012318) 21.5 23.7 10.8 10.8

Megaderma spasma 
(KAUNHM2012320) 20.5 22.7 10.8 10.8 1.0

The two sequences of Megaderma spasma retrieved from GenBank 

(AY057942, Central Java and EU521606, Malayasia) and the two Megaderma 

spasma sequences from the present study (KAUNHM2012318 and 

KAUNHM2012320) were aligned in BioEdit Sequence Alignment Editor. The 

final lengths of the aligned sequences were 386bp (Fig. 4). When compared to 

Megaderma spasma from GenBank (AY057942, Central Java and EU521606, 

Malayasia), the two sequences of Megaderma spasma in the present study 

(KAUNHM2012318 and KAUNHM2012320) showed 38 variable sites (Fig. 4).
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Fig. 4. The partial sequence of cytochrome b gene of Megaderma spasma. ‘Dot’ 

indicates the same base as the first sequence (AY057942; Central Java). All the 

sequences were 386 bp lengths.

Alignment o f Megaderma spasma, KAUNHM2012318, with the GenBank 

deposition, AY057942 from Central Java, showed 31 transitions at nucleotide

positions, such as eight, 16, 29, 40, 52, 58, 97, 100, 122,136, 148, 166, 181, 184, 

191, 202, 235, 238, 244, 253, 265, 268, 274, 283, 292,325, 331, 355, 356, 361, 

and 373 and seven transversions at positions, four, three, five, 115, 220, 247 and 

304. When compared with Megadema spasma, AY057942, the

KAUNHM20I2320 showed 33 transitions at positions such as eight, 16, 29, 40,
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52, 58, 97, 100, 122, 124, 136, 146, 148, 166, 181, 184, 191, 202, 235, 238, 244, 

253, 265, 268, 274, 283, 325, 331, 355, 356, 361, and 373 and five transversions 

at positions four, 115,220,247 and 304.

Alignment of Megaderma spasma, KAUNHM2012320, with the GenBank 

deposition, EU521606 from Malaysia, showed 33 transitions at positions, eight, 

16,29, 40, 52, 58, 97, 100, 122, 124, 136, 146, 148, 166, 172, 181, 184, 191, 202, 

235, 238,244, 253, 265, 268, 274, 283, 292, 325, 331, 355, 356, 361, and 373 and 

five transversions at positions four, 115, 220, 247 and 304. When compared with 

Megadema spasma, EU521606, the KAUNHM2012318 showed 31 transitions at 

positions eight, 16, 29, 40, 52, 58, 97, 100, 122, 136, 148, 166, 172, 181, 184, 

191, 202, 235, 238, 244, 253, 265, 268, 274, 283, 325, 331, 355, 356, 361, and 

373 and seven transversions at positions four, three, five, 115,220, 247 and 304.

The sequences o f Megaderma spasma, KAUNHM2012318 and 

KAUNHM2012320, varied by two transversions at third and fifth position and 

two transitions at 124th and 146th positions.

4.4.2 Hipposideros speoris Schneider, 1800 (Schneider’s Leaf nosed bat)

Four sequences of Hipposideros speoris (KAUNHM2012313, 

KAUNHM2012314, KAUNHM2012317 and KAUNHM2012319) from the 

present study and two sequences of other members of Hipposideridae seen in 

Indian subcontinent such as Hipposideros armiger (JN247016, Vietnam and 

AF451332, China), Hipposideros diadema (EF108149, Malaysia and JQ915899, 

Philippine), Hipposideros ater (JQ915691, Philippine and EFI08139, Malaysia), 

Hipposideros larva tus (AF451333, China and JQ915903, Philippine), 

Hipposideros galeritus (JQ915902, Philippine and EU521621, Malaysia), 

Hipposideros cineraceus (DQ054809, Central Laos and JQ915700, Philippine), 

Hipposideros pomona (DQ054810, Central Laos and EU434950, China), Asellia 

tridens (JF439018 and JF439003 from South Arabia), Coelops frithii (EU434955,
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China and DQ888674, Taiwan) and one sequence o f Triaenops persicus 

(DQ005807, Madagasgar) and Hipposideros speoris (DQ680823, Madurai, India) 

from GenBank and were used for the phylogenetic tree reconstruction. The tree 

rooted with sequences of Megaderma spasma (KAUNHM2012318 and 

KAUNHM2012320) from the present study.
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Fig. 5. Phylogenetic relationship among partial cytochrome b sequences o f family 

Hipposideridae. NJ tree was constructed using MEGA ver. 5.0 (Tamura et al.y 

2011). Digits on the nodes indicate the bootstrap values.

In the neighbour-joining tree the sequences of Hipposideros speoris in the 

present study (KAUNHM2012313, KAUNHM2012314, KAUNHM2012317, and 

KAUNHM2012319) clustered with the Hipposideros speoris (DQ680823; 

Madurai, India) sequence from GenBank (Fig. 5). The bootstrap value for that 

branch was 100%. The clustering o f other species, except Hipposideros ater 

(JQ915691, Philippine and EF108139, Malaysia) and Hipposideros cineraceus
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(DQ054809, Central Laos and JQ915700, Philippine), o f Hipposideridae 

considered in this study was with the same species itself. JQ915691 

CHipposideros ater) and JQ915700 {Hipposideros cineraceus) were clustered 

together with a bootstrap support of 100% where as EF108139 {Hipposideros 

ater) and DQ054809 {Hipposideros cineraceus) were in one group with a very 

low bootstrap value (41%).



Table 5. Genetic pairwise distance (%) among Hipposideros species in Indian subcontinent
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H. armiger (AF451332, China)

H. diadema (EF108149, Malaysia) 10.9
H. ater (EFT 08139, Malaysia) 13.9 14.7
H. larvatus (AF451333, China) 8.5 12.0 14.0
H. galeritus (EU521621, Malaysia) 13.7 13.8 12.8 12.4
H. cineraceus (DQ054809, C. Laos) 14.9 13.6 10.3 11.5 15.3
H. pomona (EU434950, China) 13.8 14.3 13.0 12.9 15.3 11.1
A. tridens (JF439018, South Arabia) 16.4 13.4 15.4 16.1 16.1 13.4 12.4
C.frithii (EU434955, China) 16.1 14.1 15.9 14.4 12.4 15.2 13.8 14.4
T. persicus (DQ005807, Madagascar) 19.1 17.0 19.1 17.3 16.1 19.5 16.3 18.0 19.8
H. speoris (DQ680823, India) 15.4 14.5 18.4 15.8 15.7 15.2 15.5 16.4 16.1 22.3
H  speoris (KAUNHM2012313) 14.8 13.2 17.4 13.8 14.1 12.8 13.9 15.0 14.1 20.9 3.0
H  speoris ( KAUNHM2012314) 14.8 13.2 17.4 13.8 14.1 12.8 13.9 15.0 14.1 20.9 3.0 0.0
H. speoris ( KAUNHM2012317) 14.8 13.2 17.4 13.8 14.1 12.8 13.9 15.0 14.1 20.9 3.0 0.0 0.0
H. speoris ( KAUNHM2012319) 14.8 13.2 17.4 13.8 14.1 12.8 13.9 15.0 14.1 20.9 3.0 0.0 0.0 0.0
M. spasma ( KAUNHM20I2320) 16.4 16.7 20.7 17.1 18.4 20.3 17.7 20.6 21.6 21.0 19.5 19.5 19.5 19.5 19.5
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The pairwise genetic distance between different Hipposideros species from 

Indian subcontinent was calculated (Table 5). Sequences of Hipposideros 

armiger (AF451332, China), Hipposideros diadema (EF108149, Malaysia), 

Hipposideros ater (EF108139, Malaysia), Hipposideros larvatus (AF451333, 

China), Hipposideros galeritus (EU521621, Malaysia), Hipposideros cineraceiis 

(DQ054809, Central Laos), Hipposideros pomona (EU434950, China), Asellia 

tridens (JF4390I8, South Arabia), Coelops frithii (DQ888674, China), Triaenops 

persicus (DQ005807, Madagasgar) Hipposideros speoris (DQ680823, Madurai) 

from GenBank, four sequences of Hipposideros speoris (KAUNHM20123I3, 

KAUNHM2012314, KAUNHM2012317, and KAUNHM2012319) and one 

sequence of Megaderma spasma (KAUNHM2012320) from the present study 

were used for calculating the genetic distance. And it is observed that the 

Hipposideros speoris (DQ680823) sequence from Madurai, India had a genetic 

distance ranged from 14.5% [with H  diadema (EF108149, Malaysia)] to 22.3% 

[with T. persicus (DQ005807, Madagascar)]. All the five sequences of 

Hipposideros speoris (KAUNHM2012313, KAUNHM2012314,

KAUNHM2012317A, KAUNHM2012317B and KAUNHM2012319) from the 

present study had a genetic distance ranged from 12.8% [with H. cineraceus 

(DQ054809, Central Laos)] and 20.9% [with T. persicus (DQ005807, 

Madagascar)]. There was a three percent genetic distance between Hipposideros 

speoris (DQ680823) sequence from Madurai, India and all the five sequences of 

Hipposideros speoris (KAUNHM2012313, KAUNHM2012314,

KAUNHM2012317A, KAUNHM2012317B and KAUNHM2012319) from the 

present study. There was no genetic difference observed between all the five 

sequences of Hipposideros speoris (KAUNHM20123I3, KAUNHM2012314, 

KAUNHM2012317A, KAUNHM2012317B and KAUNHM20I2319) from the 

present study. The average genetic distance between Megaderma spasma 

(KAUNHM2012320) and the other Hipposideros species considered for 

calculating the genetic distance was 19.22%.
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Fig. 6. The partial sequence of cytochrome b gene of Hipposideros speoris. ‘Dot’ 

indicates the same base as the first sequence (DQ680823; Maduari, India). All the 

sequences were 386 bp sizes.

All the four sequences of Hipposideros speoris (KAUNHM2012313, 

KAUNHM2012314, KAUNHM2012317 and KAUNHM2012319) from the 

present study and Hipposideros speoris (DQ680823; Maduari, India) were aligned 

using ClustalW Multiple Sequence Alignment (Thompson et al., 1994) of BioEdit 

programme. When compared to Hipposideros speoris (DQ680823; Maduari,
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India), all the Hipposideros speoris sequences, except KAUNHM2012314, from 

the present study showed 12 variable sites including nine transitions at nucleotide 

positions 12, 15, 21, 84, 111, 132, 180, 369, and 384 and three transversions at 

positions, 375, 378 and 381. The sequence, KAUNHM2012314, had an 

additional transition at position fifth. A missing data was observed at 14th 

nucleotide position in KAUNHM2012314 and DQ680823, where as all other 

sequences, KAUNHM20123I3, KAUNHM2012317 and KAUNHM2012319, 

showed a base Guanine (Fig. 6).

4.4.3 Rhinolophus rouxii Temminck, 1835 (Rufous Horseshoe bat)

Three sequences of Rhinolophus rouxii, KAUNHM2012310, 

KAUNHM201185 and KAUNHM20114, from the present study and the 

GenBank sequences of 80kHz phonic type of Rhinolophus rouxii (JQ316201 

MDB, HM590049 SRP, JQ316202 MDB, JQ316209 SRP, and JQ316210 SRP) 

90kHz phonic type of Rhinolophus rouxii (JQ316214 MKM, JQ316213 MKM, 

JQ3162I2 MKM, JQ31621I MKM, and JQ316206 YRCD) Rhinolophus 

feirumequinum (EU360630, Arabia and AB085729, Japan), Rhinolophus affinis 

(EF108160, Malaysia and JN106274), Rhinolophus hipposideros (EU360635, 

Arabia and DQ120922), Rhinolophus pusillus (JX465361, China and EF108171, 

Malaysia), Rhinolophus luctus (EF108165, Malaysia and DQI78987, Borneo) 

Rhinolophus lepidus (AF451338, China and FJ185202, Myanmar), Rhinolophus 

macroiis (AF460976, China and EU434957, China) Rhinolophus trifoliatus 

(EF108176, Malaysia and EU521614, Malaysia) Rhinolophus pearsonii 

(AF451340, China and JN106282) from GenBank and were used for the 

phylogenetic analysis. All the above species belong to the family Rhinolophidae. 

The phylogenetic tree was rooted with the sequences of Megaderma spasma, 

KAUNHM2012320 and KAUNHM20123I8.
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Fig. 7. Phylogenetic relationship among partial cytochrome b sequences o f  family 

Rhinolophidae. NJ tree was constructed using MEGA ver. 5.0 (Tamura et al., 

2011). Digits on the nodes indicate the bootstrap values.

In the neighbour-joining tree (Fig. 7) the two sequences o f Rhinolophus 

rouxii from the present study, KAUNHM20114 and KAUNHM201185 were 

clustered together in one branch and they again clustered to the GenBank 

sequences o f  80 kHz phonic type o f  Rhinolophus rouxii, JQ316201 MDB, 

HM590049 SRP, JQ316202 MDB, JQ316209 SRP, and JQ316210 SRP with a 

bootstrap value o f 100%. But the third sequence o f Rhinolophus rouxii from the
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present study, KAUNHM2012310, clustered with the sequences of 90 kHz phonic 

type of Rhinolophus rouxii, JQ316214 MKM, JQ316213 MKM, JQ316212 

MKM, JQ316211 MKM, and JQ316206 YRCD with a bootstrap value of 100%. 

All other sequences of different Rhinolophus species clustered sensibly except 

that of Rhinolophus lepidus (AF451338, China and FJ185202, Myanmar) and 

Rhinolophus pusillus (JX465361, China and EF108171, Malaysia). Rhinolophus 

pusillus, JX465361 from China and Rhinolophus lepidus, FJ185202 from

Myanmar were clustered in the same branch with a high bootstrap value (97%) 

whereas Rhinolophus lepidus, AF451338, from China and Rhinolophus pusillus, 

EF108171, from Malaysia were in two single separate branch with very low 

bootstrap values o f 45% and 15% respectively.



Table 6. Pairwise Genetic Distance (%) among R hinolophits species in Indian sub continent
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R. iuctus (EFI08I65, Malaysia) 12.3 11.6 13.9 11.3
R. lepidus (AF451338, China) 12.3 13.0 13.2 12.3 11.7
R. macrotis (AF460976, China) 13.7 9.8 15.0 9.2 11.3 12.7
R. trifolicitus (EF108176, Malaysia) 13.9 10.0 14.9 11.3 3.8 13.3 10.7
R. pearsonii (AF451340, China) 12.7 11.8 12.3 13.1 12.0 11.7 13.7 12.6
R. roza/i [JQ316214, MKM 
TN(90kHz)l 12.9 12.3 13.2 14.3 11.3 9.4 11.9 12.2 11.0

R. rouxii [ JQ31621Q,SRP 
KAR(80kHz)l 15.0 14.3 17.0 12.9 12.2 13.0 14.0 13.2 16.4 8.0

R. rouxii [KAUNHM20114] 16.0 14.3 17.3 12.2 11.6 12.9 13.9 12.5 16.7 9.5 1.9
R. rouxii [KAUNHM201185] 16.0 14.6 17.3 13.2 12.5 13.3 14.3 13.5 16.7 9.5 1.9 1.1
R. rouxii [KAUNHM2012310] 13.5 12.9 13.8 14.9 11.9 10.0 12.6 12.8 11.6 1.3 9.4 10.1 9.5
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Table 6 shows the pairwise genetic distance between different Rhinolophus 

species from Indian subcontinent. Three sequences of Rhinolophus rouxii 

(KAUNHM20114, KAUNHM201185 and KAUNHM2012310), from the present 

study and the GenBank depositions of Rhinolophus rouxii [JQ3I6214 TN(90 kHz) 

and JQ3I6210 KAR(80 kHz)], Rhinolophus ferrumequinum (AB085729, Japan), 

Rhinolophus affinis (EF108160, Malaysia), Rhinolophus hipposideros 

(DQ120922, ), Rhinolophus pusillus (DQ297589, China), Rhinolophus luctus 

(EF108165, Malaysia), Rhinolophus lepidus (AF451338, China), Rhinolophus 

macrotis (AF460976, China), Rhinolophus trifoliatus (EF108176, Malaysia), and 

Rhinolophus pearsonii (AF451340, China), were used for the genetic distance 

calculation. It is observed that the Rhinolophus rouxii [KAUNHM20114] from the 

present study showed a range of genetic distance 11.6% [with Rhinolophus luctus 

(EF108165, Malaysia)] to 17.3% [with Rhinolophus hipposideros (DQ120922)]. 

When compared with other Rhinolophus species sequences, the Rhinolophus 

rouxii, KAUNHM201185, gave almost the same range of genetic distance as that 

of KAUNHM20114. The sequence Rhinolophus rouxii, KAUNHM20114 and 

KAUNHM201185, compared with the 80kHz, JQ316210KAR, and 90 kHz, 

JQ316214TN, phonic types of Rhinolophus rouxii, showed a genetic distance of 

1.9% and 9.5% respectively. But the genetic distance between both the 

Rhinolophus rouxii sequences, KAUNHM20114 and KAUNHM201185, was only 

1. 1% .

Interestingly the third sequence of Rhinolophus rouxii (KAUNHM2012310) 

from this study had a genetic distance of 1.3% and 9.4% with the 90 kHz 

(JQ3162I4, TN) and 80 kHz (JQ316210 SRP KAR) of Rhinolophus rouxii 

respectively. And this particular sequence showed a distance of more than or 

equal to 9.5% with the other two Rhinolophus rouxii sequences, KAUNHM20114 

and KAUNHM201185, in the study. Moreover, the Rhinolophus rouxii 

(KAUNHM2012310) had a range of genetic distance from 10.0% [with 

Rhinolophus lepidus (AF45I338, China)] to 14.9% [with Rhinolophus pusillus 

(DQ297589, China)].
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When compared with other species of Rhinolophus, the 90kHz phonic type 

of Rhinolophus rouxii [JQ316214, TN] showed a genetic distance ranged from 

9.4% [with Rhinolophus lepidus (AF451338, China)] to 14.3% [with Rhinolophus 

pusillus (DQ297589, China)] where as the 80kHz phonic type o f Rhinolophus 

rouxii JQ316210 SRP, KAR had a genetic distance ranged from 12.2% [with 

Rhinolophus luctus (EF108165, Malaysia) to 17% [with Rhinolophus 

hipposideros (DQ120922,)]. The two phonic type of Rhinolophus rouxii 

[JQ316214, TN (90 kHz) and JQ316210 SRP, KAR (80 kHz)] had a genetic 

distance of 8%.
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Fig. 8. The partial sequence o f cytochrome b gene o f Rhinolophus rouxii. ‘Dot’

indicates the same base as the first sequence (JQ316210; TN). All the sequences 

were 437 bp sizes.

The sequences o f  Rhinolophus rouxii, KAUNHM20114, KAUNHM201185 

and KAUNHM2012310 obtained by this study and JQ316210 (from KAR), 

JQ316214 (from TN) of 80 kHz and 90 kHz phonic types respectively from
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GenBank were aligned for comparison. While comparing with the sequence of 80 

kHz phonic type, the sequence, KAUNHM20114, showed 18 variable sites. 

Among the 18 variable sites, 10 were transitions, at nucleotide positions one, two, 

five, 14, 15, 17, 238, 427, 431, 436 and eight were transversions, at positions 

three, eight, nine, 19, 409, 418, 430, 433. When compared to the 80 kHz phonic 

type, the sequence KAUNHM201185 showed eight transitions at positions one, 

five, 14, 59, 238, 427, 431 and 436 and 11 transversions at positions two, three, 

eight, nine, 16, 409,418, 430,433, 437and 438. At 18th nucleotide position of 80 

kHz phonic type, a missing data was observed while in that of KAUNHM20114 

and KAUNHM201185 sequence, showed a nitrogen base, Cytosine. The 

sequences, KAUNHM20114 and KAUNHM20I185 differed at four nucleotide 

positions by two transitions at positions 15 and 59 and by two transversion at 

positions two and 16. At 437lh and 438111 positions of KAUNHM20114, missing 

data were observed while in that of KAUNHM201185, showed bases Thymine 

and Adenine respectively. Similarly a missing data was observed at 17th 

nucleotide position of KAUNHM201185 sequence, while in that of 

KAUNHM20114 showed Guanine (Fig. 8).

While comparing with the sequence of 90 kHz phonic type, the sequence, 

KAUNHM20114, showed 44 variable sites. Among the 43 variable sites, 34 were 

transitions, at nucleotide positions one, five, 14, 15, 29, 37, 52, 100, 109, 115, 

116, 139, 157, 163, 175, 190, 196, 199, 220, 223, 226, 259, 271, 274, 281, 322,

343, 346, 355, 367, 394, 427, 431, 436, and 10 were transversions, at positions

three, eight, nine, 18, 19, 50, 58, 409, 418, 430. When compared to the 90 kHz 

phonic type, the sequence KAUNHM201185 showed 34 transitions at positions 

one, five, 14, 29, 37, 52, 59, 100, 109, 115, 116, 139, 157, 163, 175, 190, 196,

199, 220, 223, 226, 259, 271, 274, 281, 322, 343, 346, 355, 367, 394, 427, 431,

436 and 13 transversions at positions two, three, eight, nine, 16, 18, 50, 58, 409, 

418, 430, 437, 438. The sequence KAUNHM2012310 differed at 14 sites. Among 

the 14 variable sites, seven transitions at positions one, two, three, four, 427, 431, 

436 and at positions seven, eight, nine, 16, 18, 409, 418, 430,437,438 (Fig. 8).
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DISCUSSION

Taxonomic ambiguity is a characteristic of the suborder microchiroptera due 

to the presence of ‘cryptic species’. Since they are very difficult to identify using 

the traditional taxonomic tools, its presence always create a practical problem for 

biodiversity assessment, conservation and in developing management policies and 

approaches (Bickford et al., 2007; Pfenninger and Schwenk, 2007; Chattopadhyay 

et al., 2012). It is accepted that the molecular markers are very efficient in 

identifying closely related taxa (Avise, 2004). In bats DNA barcoding technique 

can be used as an efficient and effective tool for differentiating, identifying and 

understanding cryptic species (Francis et al., 2010). Applying the same principle 

in the present study, we have made an attempt to unravel the taxonomic ambiguity 

in insectivorous bats of Parambikulam Tiger Reserve.

5.1 DNA ISOLATION, PCR AMPLIFICATION AND SEQUENCING OF 

PARTIAL CYTOCHROME B GENE

Eventhough the Cytochrome Oxidase I gene of mitochondrial DNA 

(mtDNA) is considered as the ‘barcode’ of animals (Hebert el al., 2003a); we 

used another mtDNA, cytochrome b. This is because the cytochrome b gene has 

extensively been used in species identification (Kocher et al., 1989; Irwin et al., 

1991; Alvarez et al., 2000; Weisrock and Janzen, 2000; Hsieh et al., 2001; Ross et 

a l, 2003; Dalebout et al., 2004; Hsieh et al., 2006; Herath, 2007; Sholl et al., 

2008; Jayasankar et al., 2009\ George et al., 2011; Bijukumar et al., 2012), 

taxonomy, systematic and phylogenetic studies (Kuwayama and Ozawa, 2000; 

Bastian et al., 2001; Bradley and Baker, 2001; Matthee et al., 2001; Matthee et 

al., 2004; Eick et al., 2005; Piaggio and Perkins, 2005; Li et al., 2006; Stoflberg 

et al., 2010; Sazali et al., 2011). Since the complete sequencing of the 

cytochrome b gene is time-consuming and laborious (Hsieh et al., 2001) due to 

the size of this locus being about 1140bp, in this study we report the use of a 

partial cytochrome b sequence for species identification and genetic analysis.
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The successful isolation of DNA from Megaderma spasma, Hipposideros 

speoris, Rhinolophus rouxii, Rhinolophus beddomei, and Rhinolophus lepidus 

using either Phenol-Chloroform extraction (Sambrook et a l, 1989) method or the 

GeniPure™ Mammalian Genomic DNA Purification Kit (GeNei™) prove the 

efficiency of these two methods as reported by others (Jayasankar et a l,  2007) 

earlier.

5.2 BLASTn (BASIC LOCAL ALIGNMENT SEARCH TOOL-NUCLEOTIDE) 

ANALYSIS

The sequences of Hipposideros speoris (KAUNHM2012313, 

KAUNHM2012314, KAUNHM20123I7 and KAUNHM2012319), Rhinolophus 

rouxii (The KAUNHM2012310, KAUNHM201185 and KAUNHM20114) and 

Megaderma spasma (KAUNHM2012318 and KAUNHM2012320) showed a 

sequence similarity o f 98%, 97% (both with an E value of 0.0) and 91% (with an 

E value of 2e‘149) respectively. Since it is reported that the lower E-value (Expect 

value), or closer it is to zero, indicate that the query sequence has a more 

"significant" match with the retrieved sequence (Hillis and Bull, 1993; Harrison 

and Langdale, 2006), the results of species identification for bat species such as 

Hipposideros speoris, Rhinolophus rouxii, Megaderma spasma obtained by this 

method are definite, accurate and reliable.

When compared with Hipposideros speoris and Rhinolophus rouxii, the 

sequences of Megaderma spasma (KAUNHM 2012 318 and KAUNHM 2012 

320) showed only 91% sequence similarity with an E value 2e'149. As no other 

species had a higher percentage match with the sequences of Megaderma spasma, 

this result can be best explained by the very low E value or greater intra-species 

variation. A very similar case was reported by Lee et al. (2009) in the 

identification of commercial turtle shell.
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The sequence similarity from the BLASTn search indicates that the method 

used in this study can be used to identify the above mentioned insectivorous bats 

to species level.

5.3 SEQUENCE AND PHYLOGENETIC ANALYSIS

5.3.1 Megaderma spasma Linnaeus, 1758 (Lesser False Vampire)

The phylogenetic analysis unequivocally showed that the query sequences, 

KAUNHM2012318 and KAUNHM2012320 belong to Megaderma spasma (Fig. 

3). The very high bootstrap values (99%) for the clade indicate reliable grouping 

of the species of interest (Hillis and Bull, 1993).

High sequence divergence (10.8%) in Megaderma spasma were observed 

between the two sequences, KAUNHM2012318 and KAUNHM2012320, in this 

study and two sequences from GenBank, AY057942 from Central Java and 

EU521606 from Malaysia (Table 4). Bradly and Baker (2001) considered that a 

genetic distance more than 10% or between two percent and 11% at cytochrome b 

is an indication of species level divergence. The high sequence divergence may 

possible as they were collected from two different geographic locations and they 

result from geographic barriers separating genetic flow (Sun et al.y 2009). To 

identify this complexity more specimen should be collected from each 

geographical location and merit additional study concerning specific status 

(Bradly and Baker, 2001; Sun et aL, 2009). May be because of this high genetic 

distance or sequence divergence, the two sequences, KAUNHM2012318 and 

KAUNHM2012320, in this study and two sequences from GenBank, AY057942 

from Central Java and EU521606 from Malaysia, were clustered in two different 

clades as sister taxon (Fig. 3).

The two sequences of Megaderma spasma (KAUNHM2012318 and 

KAUNHM2012320) from the present study are found to be genetically very
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similar with a genetic divergence of one percent. But the two samples of 

Megaderma spasma (KAUNHM2012318 from Kuriyarkutty and 

KAUNHM2012320 from Vengoli) collected from different locations in 

Parambikulam Tiger Reserve. The less than two percent genetic divergence 

(Bradly and Baker, 2001) and the difference in collection localities may result in 

intra-population or intra-species variation.

Two haplotypes were identified in this study (KAUNHM2012318 and 

KAUNHM2012320) while aligning with the GenBank sequences of Megadenna 

spasma, AY057942 from Central Java and EU521606 from Malaysia. The point 

mutations or single nucleotide substitutions were observed at 38 nucleotide 

positions (Fig. 4). Since the two sequences, KAUNHM2012318 and 

BCAUNHM2012320, have point mutations at four positions, they can be 

designated as two haplotype sequences of Megaderma spasma.

5.3.2 Hipposideros speoris Schneider, 1800 (Schneider’s Leaf nosed bat)

The phylogenetic tree obtained with neighbour-joining (NJ) method showed 

a reliable grouping of query sequences, KAUNHM2012313, KAUNHM2012314, 

KAUNHM2012317 and KAUNHM2012319, with that of Hipposideros speoris 

(DQ680823, Madurai) and the branch was supported with 100% bootstrap value. 

This confirms the identification of query sequences, KAUNHM2012313, 

KAUNHM2012314, KAUNHM2012317 and KAUNHM2012319, as

Hipposideros speoris, in agreement with BLASTn analysis (Table 3 and Fig. 5).

The grouping of Hipposideros armiger (JN247016, Vietnam and 

AF451332, china), Hipposideros diadema (EF108149, Malaysia and JQ915899, 

Philippine) and Hipposideros larvatus (AF451333, China and JQ915903, 

Philippine) was similar with that reported by Sazali et al. (2011). This was also 

supported by Payne et al. (1985), Khan (1992), Koopman (1994) and Kingston el
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al. (2006), as these species have three or more lateral leaflets. However, 

Hipposideros larvatus can be easily identified by the forearm length, which 

ranges from 52 to 65mm, whereas Hipposideros aimiger (FA: 85-97mm) and 

Hipposideros diadema (FA: 76-87mm) can be recognised using their body 

coloration (Payne et al., 1985; Khan, 1992; Bates and Harrison, 1997; Kingston et 

al., 2006).

The GenBank depositions of Hipposideros ater, JQ915691 from Philippine, 

and that of Hipposideros ciraceus, JQ915700 from Philippine, were clustered in 

one branch with a bootstrap support of 100%. In that sequence of Hipposideros 

ciraceus, JQ915700 was confirmed as Hipposideros ater after BLASTn search. A 

similar case was reported by Bijukumar et al. (2012) in the case of Balaenoptera 

edeni sequence having an accession number X75583.

The four sequences of Hipposideros speoris, KAUNHM2012313, 

KAUNHM2012314, KAUNHM2012317 and KAUNHM2012319, from the 

present study showed 3% genetic distance or divergence with the GenBank 

deposition of Hipposideros speoris, DQ680823, collected from Madurai. The 

species is extensively distributed in south India and some variations are reported 

(Bates and Harrison, 1997). The sequence divergence may be due to geographic 

distances between sampling locations (Li et al., 2007). According to Bradly and 

Baker (2001) genetic distance values between two percent and 11% had a high 

probability of being indicative of conspecific populations or valid species. More 

specimens should be collected from all the localities in future to explain the 

causes of sequence divergence.

The sequence, KAUNHM2012314, is identified as a haplotype as it has 

single nucleotide substitutions or nucleotide polymorphisms at 13 sites when 

compared with all other Hipposideros speoris sequences from the present study 
and GenBank.
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5.3.3 Rhinolophus rouxii Temminck, 1835 (Rufous Horseshoe bat)

Chattopadhyay et al. (2012) proposed the existence of two phonic types 

(80kHz and 90kHz) of Rhinolophus rouxii on the basis of acoustic, morphological 

and genetic differences between populations of this species between Southern 

India. They also proposed that the two phonic types be called sibling species and 

thus recommend a new name, Rhinolophus indorouxii, for the 90kHz phonic type.

In the neighbour joining tree (Fig. 7) the two sequences of Rhinolophus 

rouxii from the present study, KAUNHM201I4 and KAUNHM201185 were 

clustered together in one branch and them again clustered to the GenBank 

sequences of 80 kHz phonic type of Rhinolophus rouxii, with a bootstrap value of 

100%. But the third sequence of Rhinolophus rouxii from the present study, 

KAUNHM2012310, clustered with the sequences of 90 kHz phonic type of 

Rhinolophus rouxii, with a bootstrap value of 100%. The clustering pattern and 

high bootstrap value (Hillis and Bull, 1993) confirm those two sequences from the 

present study, KAUNHM20114 and KAUNHM201185, as 80 kHz phonic type o f 

Rhinolophus rouxii and KAUNHM2012310 as 90 kHz phonic type of 

Rhinolophus indorouxii.

It is observed that the sequence of Rhinolophus lepidus with accession 

number AF451338 from China clustered with the Rhinolophus rouxii (or 

Rhinolophus indorouxii) clade during the phylogenetic analysis o f family 

Rhinolophidae (Fig. 7). But the sequence of Rhinolophus lepidus was confirmed 

as Rhinolophus sinicus after BLASTn search. In addition, Chattopadhyay et al. 

(2012) suggested that 90 kHz bats (or Rhinolophus indorouxii) are generally 

closer to Rhinolophus sinicus relative to the 80 kHz bats.

The high genetic distance of more than 9.5% (Table 6) between the 

sequences of 80 kHz and 90 kHz (KAUNHM20114, KAUNHM201185 and 

KAUNHM20I2310) is same as that observed among cryptic species. In four
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mammalian orders including Chiroptera, genetic divergence over five percentages 

for the cytochrome b gene are generally considered as an indicator o f cryptic 

taxonomic diversity (Bradly and Baker, 2001; Baker and Bradly, 2006). And 

thereby we can suggest the presence of distinct species in this present study.

The present study could successfully DNA barcoded three species of 

insectivorous bats such as Megaderma spasma, Hipposideros speoris and 

Rhinolophus rouxii. But the species, Megaderma spasma and Hipposideros 

speoris showed a genetic distance between two percent and 11% and according to 

Bradly and Baker (2001) that distance range was an indicator of existence of 

species level divergence. Whereas in the case of Rhinolophus rouxii all the 

analysis suggested the existence of 80kHz Rhinolophus rouxii and 90 kHz phonic 

type o f Rhinolophus rouxii, ie. Rhinolophus indorouxii. The study could be 

considered as an indicator that might be able to raise questions on current 

taxonomic status of insectivorous bats and thus proposing additional study on that.



Summary



SUMMARY

There exists a taxonomic ambiguity in the case o f insectivorous bats and 

because of that reason very little is known about their ecology, biology, habits, 

conservation problems etc. This is particularly true in Kerala. The nocturnal 

habit, small body size and cryptic nature make their taxonomy difficult. So, in 

such cases the conventional morphological classification need be supported with 

novel molecular techniques such as DNA barcoding. There are no other 

taxonomic studies on insectivorous bats of Kerala backed by molecular 

techniques. The present study on “DNA barcoding of insectivorous bats of 

Parambikulam Tiger Reserve, Western Ghats, Kerala”, thus is the first-ever study 

of this kind in Kerala. The important findings are summarized below.

1. The insectivorous bats collected from Parambikulam Tiger Reserve having 

the following species ids’, KAUNHM2012318 and KAUNHM2012320, 

showed 91% identity with the registered cytochrome b sequence of 

Megadenna spasma.

2. The phylogenetic analysis of construction of neighbour-joining (NJ) tree 

showed that the query sequences, KAUNHM2012318 and 

KAUNHM2012320 belong to Megadenna spasma with a very high 

bootstrap values (99%) at the node. Because of the high genetic distance 

or sequence divergence, the two sequences on the specimens 

KAUNHM2012318 and KAUNHM2012320, in this study and two 

sequences from GenBank, AY057942 from Central Java and EU521606 

from Malaysia, were clustered in two different clades as sister taxon.

3. Bradly and Baker (2001) considered that a genetic distance between two 

percent and 11% at cytochrome b gene is an indication of species level
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divergence. In the present study, high sequence divergence (10.8%) was 

observed between the two sequences of Megadeiwa spasma in this study 

and two sequences of same species retrieved from GenBank (AY057942 

from Central Java and EU521606 from Malaysia). This clearly indicates 

the existence of species divergence in the South Indian and South Asian 

Megaderma spasma.

4. To identify the above said complexity in genetic distance, I recommend 

that, more specimens should be collected from each geographical location 

and merit additional study concerning specific status.

5. The two sequences of Megadeima spasma (KAUNHM2012318 and 

KAUNHM2012320) collected from Parambikulam Tiger Reserve are 

found to be genetically very similar with a genetic divergence of one 

percent.

6. Since the two sequences of Megaderma spasma, KAUNHM2012318 and 

KAUNHM2012320, have point mutations at four positions, they can be 

designated as two haplotype sequences o f Megaderma spasma.

7. The bat tissue samples collected from Parambikulam Tiger Reserve such 

as, KAUNHM2012313, KAUNHM2012314, KAUNHM2012317 and 

KAUNHM2012319, showed 98% sequence similarity with the registered 

sequences of Hipposideros speoris during the BLASTn search of 

cytochrome b gene.

8. The phylogenetic tree obtained with neighbour-joining (NJ) method 

showed a reliable grouping of query sequences, KAUNHM2012313, 

KAUNHM2012314, KAUNHM2012317 and KAUNHM2012319, with 

that of Hipposideros speoris (DQ680823, Madurai) and the branch was 

supported with 100% bootstrap value.
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9. The three percent genetic distance between the Hipposideros speoris 

sequences in the current study and that of Hipposideros speoris 

(DQ680823, Madurai) is an indication of existence of two genetically 

different species and also merit additional study.

10. The sequence of Hipposideros speoris of present study with a species id 

KAUNHM2012314, is identified as a haplotype as it has single nucleotide 

substitutions or nucleotide polymorphisms at 13 sites when compared with 

all other Hipposideros speoris sequences from the present study and 

GenBank.

11. The sequences of bats collected from Parambikulam Tiger Reserve with a 

species id of RAUNHM20I2310, KAUNHM201183 and KAUNHM2011 

displayed 97% similarity with the cytochrome b gene o f Rhinolophus 

roiixii with the highest homology.

12. In the case of Rhinolophus rouxii sequences, the phylogenetic analysis put 

KAUNHM20114 and KAUNHM201185 together in one branch and they 

again clustered to the GenBank sequences of 80 kHz phonic type of 

Rhinolophus rouxii. The genetic distance also confirms this.

13. But the third sequence of Rhinolophus rouxii from the present study, 

KAUNHM2012310, clustered with the sequences of 90 kHz phonic type 

of Rhinolophus rouxii and that showed a genetic distance of 9.5% when 

compared with two other Rhinolophus rouxii sequences of present study.

14. So, the study clearly indicates the existence of sibling species of 

Rhinolophus rouxii and Rhinolophus indorouxii in the study area and this 

support the study of Chattopadhyay et a l (2012).
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ABSTRACT

The study was carried out at Parambikulam Tiger Reserve during 2012- 

2013 with an objective of DNA barcoding the insectivorous bats to unravel the 

taxonomic ambiguity. The methods employed were the phenol-chloroform 

extraction (Sambrook et al., 1989) or the GeniPure Mammalian Genomic DNA 

Purification Kit (GeNei™). The sequences were compared with those registered 

in NCBI databank rblast.ncbi.nlm.nih.gov'). The phylogeny reconstruction and the 

calculation of genetic distances were done using the MEGA 5.0 (Tamura et al., 

2011) .

In this study, three bat species such as Hipposideros speoris, Megederma 

spasma and Rhinolophas rouxii, were identified using the partial cytochorme b 

sequence from nine samples o f individuals. But the species, Megaderma spasma 

and Hipposideros speoris showed a genetic distance between two percent and 

11% while compared with the Genbank sequences of those species. Bradly and 

Baker (2001) considered that a genetic distance more than 10% or between two 

percent and 11% at cytochrome b is an indication of species level divergence or 

valid species. So the high sequence divergence in Megaderma spasma and 

Hipposideros speoiis of present study with the same species from South Asia and 

South India gives an idea on the existence of conspecific population or valid 

species in these localities. The high sequence divergence may possible as they 

were collected from two different geographic locations and they result from 

geographic barriers separating genetic flow. To identify this complexity, the 

present study recommends additional study concerning specific status and for that 

more specimens should be collected from each geographical location. Because of 

this high genetic distance or sequence divergence between the sequences of 

Megaderma spasma and Hipposideros speoris of present study and that of 

retrieved from Genbank were clustered as sister clades in their respective 

phylogenetic neighbour-joining tree. The two sequences of Megaderma spasma,



KAUNHM2012318 and KAUNHM2012320, and one sequence of Hipposideros 

speoris, KAUNHM2012314, were identified as a haplotypes.

In the case of Rhinolophus rouxii sequences, the phylogenetic analysis put 

KAUNHM20114 and KAUNHM201I85 together in one branch and they again 

clustered to the GenBank sequences of 80 kHz phonic type of Rhinolophus rouxii. 

The genetic distance also confirms this. But the third sequence of Rhinolophus 

rouxii from the present study, KAUNHM2012310, clustered with the sequences 

of 90 kHz phonic type of Rhinolophus rouxii and that showed a genetic distance 

of 9.5% when compared with two other Rhinolophus rouxii sequences of present 

study. So, the study clearly indicates the existence of sibling species of 

Rhinolophus rouxii and Rhinolophus indorouxii in the study area and this support 

the study of Chattopadhyay et al. (2012).


