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Abstract

In the current study, taxonomy of murids occurring in three locations
Lumbini, Pokhara, and Kathmandu of Nepal have been studied using both
morphological and molecular analyses. Morphological identification of murids
was carried out by assessing the external morphology including fur color,
footpad, tail, ear, external genitalia, and pairs of mammary glands in females
and measuring the external body. Altogether, five species namely Bandicota
bengalensis, Mus booduga, Niviventer fulvescens, Rattus pyctoris, and Tatera
indica were identified using morphological analysis. However, four species M.
musculus, R. nitidus, R. rattus and R. tanezumi could not identify through
morphological analysis. The morphological traits were compared between two
species R. rattus and R. tanezumi but there were no consistently discernible
coat color differences to distinguish them. Also, there was no significant
difference in morphometric measurement (Student t-test, n=52, df=50, p>0.05).
These two species were distinguished with R. nitidus and R. pyctoris by tail
length and tail color, respectively. Similarly, the morphology of M. musculus
was compared between collection from different locations Lumbini and
Pokhara. They were distinguished by coat color but there was no significant
difference in morphometric measurement (Student ¢-test, n=23, df=21, p>0.05).

Molecular identification was carried out using mitochondrial DNA (mtDNA)
Cytochrome B (CytB) gene sequences and successfully identified eight taxa
(B. bengalensis, M. booduga, M. musculus, N. fulvescens, R. nitidus, R.
rattus, R. pyctoris, and R. tanezumi) in species level and one taxon (Mus
sp.) at genus level. The molecular data generated in this study was also used
to distinguish intraspecific and inter specific variations. CytB haplotypes were
determined in all taxa and found altogether forty-four unique haplotypes in

114 CytB sequences of murids. The M. booduga (2), M. musculus (6), Mus



sp. (2), R. nitidus (4), and R. rattus (26), occupied multiple haplotypes but B.
bengalensis, N. fulvescens, R. pyctoris and R. tanezumi occupied a single
haplotype in this study. Genetic distances were computed among conspecific
haplotypes of R. rattus, M. musculus, R. nitidus, and M. booduga, which
were ranged 0.001-0.017, 0.001-0.016, 0.001-0.008 and 0.001-004, respectively.
Genetic distances were also computed between nine identified murids and
found highest genetic distance between B. bengalensis and M. musculus
(0.278) and lowest genetic distance between R. rattus and R. tanezumi
(0.048). Phylogenetic studies of two genera Mus and Rattus was carried
using CytB gene sequences. Phylogenetic tree (neighbor joining tree, NJ tree)
was constructed based on the genetic distance between the haplotypes of
intrageneric species. Three Mus taxa M. musculus, M. booduga and Mus sp.
were found to be clustered in two species groups (M. musculus species
group and M. booduga species group) of subgenus Mus. Former one was in
M. musculus species group and later two were in M. booduga species group.
The phylogenetic analysis of M. musculus revealed that the haplotypes
sequences of mtDNA CytB gene distinguished into two distinct clades on a
NJ tree representing two subspecies, M. m. bactrianus and M. m. castaneus
in Pokhara and Lumbini, respectively. The divergence time estimation
between these two subspecies showed they were diverged approximately, 0.68
million years before present (MYBP). Phylogenetic analysis suggested two
population of M. booduga abundant in Nepal and India are occurring in two
different lineages. Although the Mus sp. could not identify at species level
but phylogenetic analysis revealed it has close genetic relation with M.
nitidulus recorded in Myanmar. Phylogenetic relationship was studied on four
species of Rattus identified in this study. The R. rattus abundant in Nepal
has a close genetic relation with R. rattus found in Pakistan and have been
clustered together in a group at the phylogenetic tree. Genetically, these two

populations are close with South Indian population of K. rattus, which were
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estimated to be diverged about 2.097-2.344 MYBP. The results of
phylogenetic study also revealed two subpopulations of R. rattus in Nepal,
which were estimated to be separated approximately between 0.529 and 0.592
MYBP. Phylogenetic analysis showed two different subgroups (A and B);
subgroup A contains the sequences of E. tanezumi only found in Nepal, and
another subgroup B contains those from South and East Asian countries
including Bangladesh, Laos, Vietnam, and South Korea. The genetic distance
between these two subgroups was found higher than 0.02, which suggested
being different lineages of K. tanezumi. The genetic distance between the
haplotypes of R. nitidus abundant in Nepal, India, Laos, and Vietnam were
ranged between 0.001 and 0.009 and were clustered together in a group at the
phylogenetic tree, indicating close genetic relation among the different
populations. The R. pyctoris have a single haplotype and have no other
distinct genetic population so its phylogenetic relation studied with respect to
haplotypes of other species. Genetically, it has close relation with £R.
tanezumi, which were diverge about 5.192-5.806 MYBP.

This study provided the morphological and molecular dataset of murids
found in Nepal. The molecular datasets generated in this study provided new
records of M. m. bactrianus and R. tanezumi for Nepal. Though this study
was carried out in selected areas of Nepal, the findings suggested that
integrative studies of morphological and molecular analyses are required for
correct 1identification and understanding the evolutionary phenomenon in
murids. Further, extensive survey and collection of specimen from different
localities across Nepal are required for determining the taxonomic status of

murids and their phylogenetic relationship.
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I. INTRODUCTION

1. General introduction

The Rodentia is the largest mammalian order due to the extraordinary
proliferation of rats and mice comprising about 42% of all mammalian diversity
(Musser and Carleton, 2005). The Muridae is the single most specious and
ubiquitous rodential family comprised of approximately 300 genera and 1,300
species over the world (Aplin et al., 2003a; Musser and Carleton, 2005). In
South Asia, it comprises 24 genera and 71 species (Srinivasulu and Srinivasulu,
2012) and in Nepal, it occupied 40.84% of the total species found in the South
Asia (Baral and Shah, 2008; Jnawali et al., 2011; Thapa, 2014). It is estimated
that origin of rodents was approximately 61.7-62.4 million years before present
(MYBP) and murids were about 23 MYBP (Wu et al, 2012). After that,
intergeneric and interspecific diversification occurred in the different interval of
time (Wu et al., 2012). For instance, divergence time of two genera Mus and
Rattus were estimated about 8-12.3 MYBP (Jacobs and Flynn, 2005, Wu et al.,
2012).

Geographically, murids are distributed in all the continents and oceanic islands,
except Antarctica (Aplin et al., 2003a; Musser and Carleton, 2005; Robins et al.,
2010; Pimsai et al., 2014). They are adapting to a wide range of environments
from humid tropical forests to the hottest and driest desert and tundra region in
different forms of lifestyles, like fossorial, arboreal, scansorial and semiaquatic
(Kingdon, 1997; Nowak, 1999; Pimsai et al., 2014). They are inhabiting in
various types of habitats, for instance, grassland, shrubland, forest, agriculture
land, and human settlements (Clausnitzer and Kityo, 2001; Aplin et al., 2003a;
Pimsai et al., 2014).

In Nepal, murids are distributed from lowland terai region (65 m above sea
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level, ASL) to a height of 4,100 m ASL in different altitudes and habitats (Abe,
1982; Baral and Shah, 2008; Jnawali et al, 2011). Murids species like Rattus
rattus, R. nitidus, R. pyctoris, Mus musculus, M. booduga, and Niviventer
fulvescens, were recorded up to 4,100 m ASL in and around the human
settlements, agriculture land, bushland and deciduous broadleaf forest (Ellerman,
1961; Abe, 1982; Baral and Shah, 2008). Some species have recorded only at a
certain range of altitudes from eastern, central, and western, Nepal. The
Apodemus gurkha, 1s an endemic species of Nepal has been recorded between
2000-3,600 m ASL in Gorkha (Hinton, 1924; Jnawali et al., 2011), Ghrorepani
(Mekada et al., 2001), and Tukuche (Abe, 1982). The N. fulvescens, N. eha, R.
pyctoris, and M. cervicolor have been recorded 2,100-3,200 m ASL, 2,600-3,700
m ASL, 1,200-4500 m ASL and 200-3,200 m ASL, respectively (Abe, 1982;
Newton et al., 1990; Baral and Shah, 2008). Similarly, some species like Nesokia
indica, Dacnomys millardi, Golunda ellioti, Bandicota indica were found below
1,200 m ASL near to the human settlement and agriculture land (Abe, 1982;
Baral and Shah, 2008). All the murids recorded in Nepal are considered as the
least concerned species except Apodemus gurkha, which 1s an endangered
species of Nepal according to the national redlist of mammal category (Jnawali
et al., 2011).

Murids have ecological, economic, biomedical, social, and culture value (Bryda,
2013; Sunyer et al., 2013). They are considered keystone species in ecological
perspective are playing a key role in pruning or eliminating vegetation,
spreading of seeds and pollens, nutrient cycling, and an indicator of habitat
change (Munoz and Bonal, 2011; Sunyer et al, 2013). In the terrestrial
ecosystem, they are acting as the consumers of plants and being the prey of the
reptiles, birds, and other mammals. They are laboratory animals, widely used in
biomedical research and drug test (Bryda, 2013). Globally, some murids are the
major pest in agriculture. In Asia, rats and mice, causing 5-10% pre-harvest
lost in rice farming (Singleton, 2003). Mostly, three taxa Rattus species,

Bandicota species, and M. musculus are well-recognized pest species (Singleton,



2003). In addition, they are the transmitter of the pathogen, spreading of
diseases such as Hantaviruses, plague, and rat typhus (Gratz, 1994; Mills, 1999).

Murids exhibit a short reproductive cycle, omnivorous in diet, adaptive in
various environments, high dispersal capacity, and commensal with humans
(Nowak, 1999 Aplin et al, 2003a; Ruscoe and Murphy, 2005). These
characteristics contribute to their extraordinary potential for invasion and have
now well established in the world. Four species (R. rattus, R. exulans, R.
norvegicus and M. musculus) are worst invasive species spreading worldwide
(Long, 2003). These invasive species have severe effects on the human health
(Meerburg et al, 2009), agriculture system (Singleton, 2003), and native
organisms (Harper and Bunbury, 2015). To control these invasive species
rodenticides, physical trapping, and biological controls are some commonly used
techniques (Singleton, 2003). Recently, Ecologically Based Rodent Management
concept based on the fertility control has been emerged in many developed and
developing countries (Chambers et al., 1999; Belmain et al., 2007, Sharma et al.,

2015).

2. Morphological study of murids

1) Morphological characteristics of murids

The murids are characterized by the extremely enlarged and V-shaped
infraorbital foramen, modified into a wider upper portion for muscle transmission
and a narrower lower portion for nerve transmission (Ellerman, 1961). Usually,
the anterior root of zygomatic arch flattened in the form of the zygomatic plate
is tilted upward to a greater or lesser degree for muscle attachment (Ellerman,
1961; Agrawal, 2000). It has two pairs of rootless and continuously growing

incisors, lack of canine and premolar teeth (Miller and Gidley, 1918; Ellerman,



1961). The dental formula consist 1,0,0,3/1,0,0,3, and molar teeth are cuspidate,
laminate, prismatic, and cusps arranged in 2-3 longitudinal rows (Agrawal,
2000).

The murids have slender bodies, pointed snouts, tilted zygomatic plate in an
upward direction, brawny jaw muscle and fused tibia and fibula (Miller and
Gidley, 1918; Ellerman, 1961; Nowak, 1999; Agrawal, 2000; Aplin et al., 2003a).
They have strong limbs, scaled tail sensitive whiskers and pinna, 2-8 pairs of
mammary glands, and different coat colors (Ellerman, 1961; Abe, 1982, Aplin et
al., 2003a, Pimsai et al., 2014). Usually, the tail of the murids is longer than
head body except for few species such as R. norvegicus and B. bengalensis
(Aplin et al., 2003a). The oestrous cycle, gestation length, litter size, and
post—-partum oestrus varied in different species. Usually, Fattus species have a
short oestrous cycle of 4-7 days with a post—-partum oestrus, short gestation
length 21-24 days, and average litter size 4-8 (Breed, 1978, Aplin et al., 2003a).
However, most of the non-Fattus species have reduced rate of reproductive
potential with longer oestrous cycles about 6-10 days and longer gestation
lengths about 27-38 days (Breed, 1978; Aplin et al., 2003a; Thitipramote et al.,
2009).

2) Morphological identification of murids

Characterization and comparison of the macromorphological traits including
cranial analysis are the globally applied techniques in murids taxonomy
(Ellerman 1961; Abe, 1971, 1982; Martens and Niethammer, 1972; Niethammer
and Martens 1975; Newton et al., 1990; Agrawal, 2000; Aplin, et al, 2003a;
Geffen et al., 2011; Yazdi and Adriaens, 2013; Darvish et al., 2014; Pimsai et al.,
2014). Assessment of external morphology included coat color, footpad, tail and
ear morphology and mammary pairs in females and measurement of body
dimension in sexually matured specimens are the basic and fundamental

procedures in species identification (Ellerman, 1961, Newton et al., 1990;



Agrawal et al., 2000; Aplin et al., 2003a; Pimsai et al., 2014). Similarly, the
internal morphological analysis included skull and skeletal analysis (Ellerman,
1961, Abe, 1971, 1982; Agrawal et al, 2000, Pimsai et al., 2014), and
examination of reproductive anatomy (Geffen et al., 2011) are also applied in
murids identification. Morphological analysis has some qualitative merits such as
it is applicable on the museum specimens preserved from long time and extinct
species found in the fossilized form (Hillis, 1987). It is most economical,
convenient, and applicable even in the field. However, it has some downfalls too.
It could not give correct identification result to the sibling species (Jiggins,
1998) such as R. rattus and R. tanezumi and phenotypic plasticity (Price et al,
2003).

3. Taxonomic studies of murids in Nepal

In Nepal, the taxonomic studies of murids using morphological analysis have
been started since third decades of 19" century. Hodgson (1832) first time
published a classified catalogue of the mammals of Nepal including rats and
mice but his first substantive description on murids was published in 1845
describing 11 species of murids (Hodgson, 1845). Hinton (1922) described the
taxonomy of K. nitidus, R. rattoides and four subspecies of E. rattus. Hinton
and Fry (1923) published a checklist of mammalian species, of which 16 species
were murids. They claimed that M. brunneusculus identified by Hodgson (1845)
was the subspecies of R. rattus, which is closely related to R. r. sikkimenesis
(R. andamanensis). Thomas (1924) described a new species of a field mouse, A.
gurkha from Laprak, Gorkha, which is an endemic mammal of Nepal. Biswas
and Khajuria (1955) reported two new subspecies R. r. khumbuensis and M. m.
pygmaeus from the eastern part of Nepal. Martens and Neithmmer (1972)

reported another new species A. sylvaticus wardi (A. pallipes) together with A.



gurkha and well explained about the distribution pattern of these species.
Chesmore (1970) recorded B. bengalensis and M. booduga from Birganj, Nepal.
Abe (1971, 1977, 1982) carried out the vertical survey in central and western,
Nepal from terai region to Langtang National Park and Pokhara to Tukuche,
respectively and described the morphology of murids based on the external
morphology and cranial analysis. Martens and Niethammer (1972) recorded a
new species Apodemus sylvaticus wardii for Nepal. Mitchell (1975) published a
checklist of mammalian species including 11 species of rodents. Marshall (1977)
published an erudite monograph on Asian species of the genus Mus, which
included the analysis results of the M. cervicolor, M. cookii, and M. musculus
collected in Royal Chitwan National Park, Hetwada, and Kathmandu. Ingles et
al. (1980) reported a new record of Diomys crumpi from the estern terai of
Nepal. Since 1990 to 2014, various faunal surveys carried out in Nepal and
described the habit, habitat, and geographical distribution of murids (Newton et
al., 1990; Mekeda et al., 2001, Adhikari, 2001, Nembang, 2003; Dahal, 2011,
Adhikari, 2014).

Nepalese zoologists have produced few accounts of mammalian species
including murids, but noteworthy publications include Shrestha (1997), Majupuria
and Kumar (1998), Baral and Shah (2008), Jnawali et al. (2011), Thapa, (2014).
Earlier morphological studies on murids were well succeeding to describe the
taxonomy and ecology of various species in Nepal. However, there was no
consistency to deal with taxonomic status and nomenclature of many taxa such
as M. platythrix, A. flavicollis, A. sylvaticus, M. saxicola, R. tanezumi, B.
maxima, M. dubius, M. m. homorus, and M. m. urbanus, in Nepal (Pearch, 2011;
Thapa, 2014). Due to the similar morphology, rapid radiation, and high
intraspecific and interspecific biodiversity in murids, their correct identification
has been difficult (Robins et al., 2007, Aplin et al., 2011; Rowe et al., 2011).
Therefore, there could be high chances of misidentification and wrong

interpretation on systematic depending on the morphological analysis only.



4. Phylogenetic studies of murids

The phylogenetic study determines the evolutionary relationship and trend of
development among the different group of organisms. The phylogenetic relation
1s usually represented as branching, tree-like diagrams that represent an
estimated pedigree of the inherited relationships among molecules ‘gene tree’ and
organisms (Brinkman, 2001). Phylogenetic study helps to understand the pattern
of gene and genome evolution, a relation between the different group of taxa,
identifying species and clades for future studies as well as valuable to the other
non-evolutionary disciplines like physiology, genomics, immunology, and
oncology (Steppan et al, 2004). It has been studying using both morphological
characters and molecular sequencing data (Brown, 2002). Morphological
phylogeny is based wupon the similarities and differences in physical
characteristics, but molecular phylogeny is based on the mitochondrial or nuclear
DNA gene sequences (Hillis, 1987).

There are some qualitative features in mtDNA such as maternal inheritance,
no recombination, significant high sequence variations among closely related
species, and rapid evolution rate about 5-10 times faster than nuclear DNA
(Brown et al, 1979; Irwin et al, 1991, Gissi et al, 2000; San Mauro et al.,
2006). It is used extensively as a genetic marker particularly made it amenable
to identify species, to evaluate phylogenetic relationships among the different
populations, and to estimate tentative divergence time from their common
ancestor based on its sequence variability (Brown et al., 1979; De Mandal et al.,
2014). Therefore, intraspecific and interspecific variations, population structures
of diverse taxa, have been studied using mtDNA (Page and Holmes, 1998; Page
et al., 2010; Suzuki et al., 2013; Robins et al., 2014). It has been reported that
mtDNA sequences evolve most rapidly in rodents compared to large mammals
(Nabholz et al., 2008), and therefore, mtDNA sequences are widely used in

rodent taxonomy and phylogenetics.



In mtDNA, the CytB gene has both slow and fast evolving regions occupying
both conserved and variable sites, which makes it possible to examine deep
divergences and more recent ones (Irwin et al., 1991). The CytB gene has been
using as a powerful genetic marker in the taxonomic study and phylogenetic
relationship among closely related taxa within genera and family levels
(Patwardhan et al., 2014). In addition, it eagerly allows for establishing positional
homology with unequivocal alignments and the studies shown that it is suitable
for studying evolutionary activities that take place within the past 20 million
years before present (MYBP) (Irwin et al., 1991). Thus, mtDNA CytB gene
sequences are usually used to determine phylogenetic relationship between

different taxa including Mus and Fattus.

1) Phylogenetic study of the Mus species

The genus Mus is a moderately specious murine rodent comprising 41
well-recognized species believed to native taxa of FEurasia and African
continents, but it is distributed globally except Antarctica (Musser and Carleton,
2005; Suzuki and Aplin, 2012). It is divided into four subgenera namely Mus,
Pyromys, Nannomys and Coelomys having discrete morphological, biochemical
and chromosomal traits (Marshall, 1977; Lundrigan et al., 2002). Marshal (1977)
first time distinguished into four groups based on the craniodental criteria but
Lundrigan et al., (2002) confirmed to each subgenus as phylogenetic entities.

The subgenus Mus is possibly originated somewhere in the South-central
Asia and Indian sub-continent (Suzuki and Aplin, 2012). Analysis of
phylogenetic relationship within the FEurasian subgenus Mus consistently
indicates three clusters of species (Suzuki, et al., 2004; Veyrunes et al., 2005).
Suzuki et al. (2004) named to these three evolutionary lineages as M. musculus
species group, M. cervicolor species group and M. booduga species group for
Palearctic, South-east Asian, and Indian species, respectively. It comprised 12

species In three different species groups. The M. musculus species group



included M. musculus, M. spretus, M. spicilegus, M. macedonicus, and M.
cypriacus, M. cervicolor species group included M. cervicolor, M. caroli, and M.
cookie, and M. booduga species group included M. booduga, M. terricolor , M.
famulus and one Southeast Asian species M. fragilicauda (Suzuki et al., 2004).
In Nepal, five species of subgenus Mus (M. booduga, M. terricolor, M.
cervicolor, M. cookie, and M. musculus) and two species of subgenus Pyromys
recorded yet (Baral and Shah, 2008; Thapa, 2014).

Within the M. musculus species group the M. musculus is a most abundant
taxa in FEurasia supposed to have originated in the Northern part of the Indian
Subcontinent (Boursot et al., 1993; Din et al., 1996), but currently it has been
spreading all over the world’'s continents and islands except Antarctica (Musser
and Carleton, 2005). Now, it is recognized that M. musculus species consists of
genetically diverse and differentiated species having at least six different
subspecies (M. m. castaneus, M. m. musculus, M. m. domesticus, M. m.
bactrianus, M. m. gentilulus and M. m. isaticus) have been described throughout
the world (Prager et al., 1998; Terashima et al., 2006; Searle et al., 2009; Suzuki
et al., 2013; Hardouin et al., 2015; Hamid et al., 2017). It has 2n=40 karyotypes
(Malovi et al., 2015). The M. booduga and M. terricolor are two indigenous
species of Indian subcontinent recorded in Nepal, India, and Bangladesh (Suzuki
et al., 2004). The karyotypes of these two sibling species have recorded 2n=40
(Sharma, 1996). Similarly, three sister taxa M. cervicolor, M. caroli and M.
cookii are abundant in South-east Asian countries also found in India and Nepal
(Marshall, 1977).

The rate of mtDNA evolution with respect on nuclear DNA in Mus species
have relatively low compares to average rate recorded in mammalian species.
According to She et al. (1990), it evolves two to six times faster than nuclear
DNA. The rate of mtDNA sequence divergence varied with species to species,
but they have simultaneous evolution. Chatterjee et al. (1994) commented that
M. booduga and M. terricolor group might have evolved simultaneously with

other groups but little later than cervicolor, caroli, and cookii group.



DNA-based phylogenetic studies were carried on two Mus species (M.
booduga and M. musculus) found in Nepal. Suzuki et al. (2004) studied on M.
booduga using CytB gene and found both populations occurred in Nepal and
India have a close genetic relation with M. fragilicauda found in Laos. However,
the analysis of Shimada et al. (2009) using Melanocortin 1 receptor (MCIR)
gene showed it has a close genetic relation with M. terricolor. In contrast to
Prager et al. (1998), Tereshima et al. (2006) and Suzuki et al. (2013) determined
a unique group of M. musculus found in Nepal as comparing to six different
subspecies (M. m. castaneus, M. m. musculus, M. m. domesticus, M. m.
bactrianus, M. m. gentilulus and M. m. isaticus) recorded in FEurasia. Despite
the M. booduga and M. musculus, the phylogeny of other Mus species found in
Nepal has not studied yet. However, several studies on Mus phylogeny found in
the world using various types of genetic markers (Lundrigan et al., 2002; Suzuki
et al., 2004, 2008, 2013, Chevret et al., 2005, Terashima et al., 2006; Rudra et al.,
2016, Hamid et al., 2017).

2) Phylogenetic study of the Rattus species

The genus Fattus is the most specious mammalian taxa comprising about 66
described species (Musser and Carleton, 2005). It is believed to have originated
in the mainland of Asia (Watt and Baverstock, 1994, Chaimanee and Jaeger,
2000) but currently worldwide in distribution (Musser and Carleton, 2005).
Robins (2007, 2010) studied phylogenetic and identified two major groups of
Rattus namely Asian group, including the rats from mainland and islands of
Southeast Asia and the Australo-Papuan group including the rats from Australia
and New Guinea based on the studies on mtDNA. In Asian group, three species
of Rattus namely R. rattus, R. norvegicus and R. exulans are globally
distributed through the transportation by humans (Matisoo-Smith and Robins,

2004) but the rats from Australo-Papuan group are restricted in the Australia
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and New Guinea except E. praetor (Robins et al., 2014).

In Nepal, five species of Fattus namely R. rattus, E. nitidus, RE. pyctoris, R.
norvegicus and R. sikkimensis (R. andamanensis) have been recorded (Hodgson,
1845; Hinton, 1922; Ellerman, 1961; Mitchel, 1975; Abe, 1982; Baral and Shah,
2008; Jnawali et al., 2011; Thapa, 2014). However, the R. tanezumi, have not
recorded before this study. In fact, it is a morphologically non-distinguishing
species with a sister taxon, R. rattus (Aplin et al., 2003a; Musser and Carleton,
2005). These cryptic species can be differentiated using either cytogenetic or
molecular technique. In karyotype studies, they can be differentiated based on
different numbers (R. rattus, 2n=38 and R. tanezumi, 2n=42) of chromosomes
(Yosida et al., 1974, Baverstock et al, 1983; Chingangbam et al., 2014a).
Meanwhile in molecular studies, the differentiation can be carried out by
analysis of intraspecific genetic divergence using nucleotide sequences including
the mtDNA CytB gene sequence (Brown and Simson, 1981; Aplin et al., 2011).
Thus, Aplin et al. (2003a, 2011) and Yasuda et al., (2014) have described to
them under R. rattus complex (RrC).

The genus Fattus is a relatively least understood taxon, which has complex
taxonomy (Aplin et al., 2003a). Several species of Rattus are morphologically
non—distinguishing so that there is a high level of misidentification. Thus, the
molecular technique should be employed for correct identification. However, still,
it could not get sufficient attention from geneticists and taxonomists (Yosida,
1980; Aplin et al., 2003a; Musser and Carleton, 2005). Therefore, attention should
be focused not only on taxonomy but also on phylogenetic relations within and
between the species in order to distinguish species and determine their
taxonomic status.

In murids, mtDNA 1is often used to resolve the phylogenetic relationships
(Martin et al., 2000; Pages et al., 2010; Yasuda et al., 2014; Chingangbam et al.,
2015). More recently, the CytB marker has been employing to establish
evolutionary relationship and estimation of tentative divergence time from

common ancestors in Rattus (Robins et al., 2007; 2008, 2010, 2014; Mostert,
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2009; Tollenaere et al., 2010; Aplin et al., 2011, Page et al., 2011). Despite the
morphological study of Fattus abundant in Nepal, its molecular taxonomy, and
evolutionary standpoint poorly understood. Aplin et al. (2011) studied the
phylogenetic position of R. rattus found in Nepal regarding the global population
of R. rattus and found a distinct lineage (lineage III) of R. rattus together with
the R. rattus population abundant in Pakistan. However, phylogenetic studies
have not carried on the other Rattus taxa (R. nitidus, R. norvegicus, R.

pyctoris, R. tanezumi, and R. andamanensis) present in Nepal yet.

5. Research purposes

In Nepal, taxonomic and systematics studies of murids have been carrying out
since 1832, but several controversies are existed in their identification and
systematics. In addition, there was no uniformity on the nomenclature of many
species. Thus, this study aimed -characterization and comparison of external
morphology and molecular technique in identification of different species of
murids abundant in Lumbini, Pokhara, and Kathmandu of Nepal. This study also
aimed to determine the phylogenetic relationship of Mus species and Rattus

specles recorded in the study to understand their evolutionary phenomena.
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II. MATERIALS AND METHODS

1. Study area

This study was carried out in three locations Lumbini (83.25°-84.36° E,
27.28°-27.95° N), Pokhara (28.03°-28.30° N 83.50°-84.10° E) and Kathmandu
(27.58°-27.80° N 85.20°-85.38° E) of Nepal (Fig. 1). Three districts Kapilbastu,
Rupandehi, and Palpa are included in the Lumbini, one district Kaski is included
in Pokhara, and two districts Kathmandu and Lalitpur are included in
Kathmandu. The study sites in Lumbini, Pokhara, and Kathmandu were ranged
between 90-2,000 m ASL, 500-2300 m ASL and 1,250-2700 m ASL,
respectively. Eighteen species of murids included E. rattus, R. pyctoris, R.
nitidus, M. musculus, M. booduga, B. bengalensis, N. fulvescens, A. sylvaticus
are reported in Lumbini, Pokhara and Kathamandu (Baral and Shah, 2008;
Jnawali et al., 2011).

2. Specimens collection

The live traps, Sherman live traps and traditional mouse catching trap baited
with the sausage, peanuts, and cookies were set in the grid of the randomly
selected plots. The distance between any two traps was maintained in five
meters. All the species were captured using the live traps except Tatera indica.
The outer opening holes made by the rats were followed through the digging of

the field and captured to them nearly two-meter depth inside.
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Fig. 1. Map of Nepal and showing the specimen collection locations (a). Dots
indicate the collection sites of murids in three locations Pokhara (b), Lumbini
(c), and Kathmandu (d). Detail information of collection sites of mice have been

included in Table 1.
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Fig. 2. Representative photos of specimen collection sites in different habitats.
Human settlement (a), agriculture land (b), shrubland (c) grassland (d), forest

(e), and barren land (f).
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Specimen sampling was done in six types of habitats namely, human
settlement, agriculture land, grassland, shrubland, forest and shrubland and

barren land (Fig. 2). Specimens were collected during the years 2014 to 2016.

3. External morphological measurement and identification

External morphological characters of adult rats and mice included coat color,
footpad, tail and ear morphology were examined in the field. Morphological
measurement included head-body length (HBL), tail length (TL), hindfoot length
(HFL), and ear length (EL) was carried out using a digital caliper (CD-15,
Mitutoyo, Japan) to the nearest 0.01 mm (Fig. 3). Similarly, body weight (BW)
of each was measured by digital weight machine (MW11300, Cas, Korea). All
the collected specimens were identified based on the morphological
characteristics and following to the earlier reports (Ellerman, 1961, Agrawal,
2000; Aplin et al., 2003a; Baral and Shah, 2008). Tail tip of each mouse and rat
was cut off and kept in the sterilized tube for molecular analysis. Some
representative specimens (NPLO0O1-NPL040) were preserved in 80% alcohol and

remaining others was released in nature.
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Fig. 3. Measurement of external morphological traits. HBL, head body length,
TL, tail length, HFL, hindfoot length, EL, ear length.
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4. Statistical analysis

Mean value with the standard deviation (SD) of all species was determined in
each external morphological measurement of the adult individuals. The
independent sample ¢-test was used to compare the means of external
morphological characters between male and female of each species M. musculu,
R. rattus, and T. indica. Mean of external morphological characters E. rattus
and R. tanezumi was compared using independent sample ¢-test. Similarly,
external morphological characters of M. musculus found in Lumbini and Pokhara
were also compared through independent sample ¢-test. All the statistical tests

were carried out using the IBM SPSS 20.0 (IBM Corp. Armonk, USA).

5. DNA extraction and Polymerase chain reaction (PCR)

Genomic DNA was extracted from the tissue sample of each rat and mouse
using Wizard Genomic DNA Purification Kit (Promega, Madison, WI) according
to the manufacturer’s instructions. The final concentration of total DNA was
maintained about 50 ng/ul. MtDNA CytB gene was amplified using universal
primers L[14724 (CGA AGC TTG ATA TGA AAA ACC ATC GTT) and
H15915 (AAC TGC AGT CAT CTC CGG TTT ACA AGA C) designed by
Irwin et al. (1991). Polymerase chain reactions (PCR) were performed in a total
volume 20 ul, 10x PCR buffer, 10 mM dNTP, 10 pmol each primer, 2.0 units of
Tag DNA polymerase (Genet Bio, Daejeon, South Korea), and 1 ul genomic
DNA (50 ng/ul) were mixed and reaction mixtures were kept in Master cycler
(Eppendorf, Hamburg, Germany). The thermal cycling parameters for the PCR of
CytB were 95°C for 2 min and 40 cycles of 95°C for 30 sec, 48°C for 1 min

and 72°C for 1 min, followed by final extension of 72°C for 5 min. PCR products
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were separated using 1.5% agarose gel electrophoresis and temporarily stored at

4°C.

6. DNA sequencing and molecular identification

The purified PCR product was directly analyzed by a DNA sequencing ABI
3130XL Genetic Analyzer (Applied Biosystems, Foster, CA). Similarity searches
for all DNA sequences were conducted using the Basic Local Alignment Search
Tool (BLAST) of the National Center for Biotechnology Information (NCBI)
nucleotide database to identify the potential species present, which were then
compared morphologically. All CytB sequences determined in this study were
deposited in the NCBI database.The accession numbers of each deposited

sequence of different murids have been tabulated in Table 6.

7. Phylogenetic analysis

Multiple sequence alignments were generated using the mtDNA CytB
sequences of the murids taxa identified in this study and the reference
sequences of murids available in the NCBI database, which were executed by
using the CLUSTAL W program (Larkin et al., 2007) with the default setting.
All the sequences were trimmed and determined the CytB haplotypes of each
species using DnaSP vb program (Librado and Rozas, 2009). MEGA 7.0 software
(Kumar et al., 2016) was used in all phylogenetic analyses. Pairwise genetic
distances were calculated between two haplotypes determined in this study and
reference sequences taken from NCBI database. Genetic distances were computed

between two groups, subgroups, species, and subspecies determined during
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molecular identification and phylogenetic studies of the Mus species and Rattus
species. Similarly, mean genetic distances within the genera, groups, and
subgroups as well as overall mean distances of each analysis were computed.
The evolutionary relationships were inferred using a neighbor—joining (N]) tree
based on CytB haplotype sequences. Tentative divergence times for all
branching points in the topology of the NJ tree were calculated based on the
genetic distance and fossil-based calibration interval of Mus and Rattus
divergence 11-12.3 MYBP (Jacobs and Flynn, 2005). In each analysis, the
Tamura-Nei model (Tamura and Nei, 1993) with Gamma distribution was used
as the best—fitted nucleotide substitution model, and reliability of nodes was
assessed by bootstrap analysis (Felsenstein, 1985) wusing 1,000 bootstrap

replications.
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III. Results and Discussion

1. Morphological identification of murids in Nepal

1) Specimen collection and identification

Altogether, 169 individuals of five genera and nine species (Bandicota
bengalensis, Mus booduga, M. musculus, Niviventer fulvescens, Rattus nitidus
R. pyctoris, R. rattus, R. tanezumi and Tatera indica) of murids were collected
and identified using both morphological and molecular analysis (Table 1). The
specimen collection was highest in Lumbini (49.11%), following to the Pokhara
(34.91%), and Kathmandu (15.97%). Six species were collected in the Lumbini,
five in Pokhara and five in Kathmandu. The specimen size was highest in the
genus Rattus (67.45%) following to the Mus (1893%), Tatera (10.05%),
Bandicota (2.95%), and Niviventer (1.44%). Similarly, the highest proportion of
specimen was collected from the human settlement (65.08%) following to the
barren land (10.65%), agriculture land (9.46%), grassland (7.69%), and forest and
shrubland (7.1%). The R. rattus was found to be occurring in all types of
habitats, but M. musculus and B. bengalensis were found only in and around
the human settlement. Easy access to food and space for nesting might be the
reason for the habitation of these species in human settlement. Among the
collected specimens, 102 were males, and 67 were females (Fig. 4), and 105
individuals were adults, 21 individuals were subadults, and 23 individuals were

young.
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Fig. 4. Sex composition of individuals of different species of murids collected

_22_



IMNI

VoIpUl [ 1], ‘iuwnzoupi "y ‘N “sniod Y ‘T

‘siogodd g Ay ‘snpniu Yy ‘uy ‘suaosaainf N ‘IN Cds snpy ‘dSIN ‘smnosnuwi Cpy ‘WIN ‘bSnpooq Ny ‘QIN ‘SIsuepsuaq g ‘qg

JUSWIANAS UBWINH (z )¢ d oL6€8 ‘N oS1°8C LeyyodjeuiN
pue| 2IMNoOLIZY (T ¢ d 058°€8 ‘N o87'8C epuepseN
pue|qniys pue 1salo] (1)1 d 0S6'€8 ‘NoLT'ST Ineyoewe|
pue| aIMNOLIZY Twd vy ™S d 0S6'€8 ‘N oLT'8T (rer01qeq) elwoy
puejssein (T 1T an) ¢ d o¥6'€8 ‘N o87'8C (ereduweT) elwoy Disey] eIR O]
JUQWdNLS UBWINH (1)1 d oSS°€8 ‘N oS8°LT Suneq
JUSWIANAS UBWINH (1)1 HobS €8 ‘N 098°LT (yredsng) uosuef,
JudWd[NLs uBWINY (T Wwn) ¢ d obS €8 ‘N 098°LT (Joysipun]) udsue],
pue| uaLeg (1)1 d o£6°€8 ‘N oL8'LT  (sndwe) ueanyqLi]) Udsueg, edjeq
JUSWdNAsUBWNH (L ™D L q oLV'€8 ‘N o89°LT (reSeuwrey) [eming
JUQWd[NLS UBWINY (L g ‘T WA) 8 d o97'€8 ‘N 069°LT (1eSeueping) Jeming
JUSWdNLS UBWNY (1 v ‘199 ¢ d oLt'€8 ‘N 099°LT  (sndwe) eweno[i]) [eming
JUAWLNLS UBWNY (r v T WA 6 d 005°€8 ‘N oL9'LT (e3uerey)) eyepaeq
JUQWdNLS UBWINH (T g ‘1T WwA) ¢ d o7 €8 ‘N 069°LT (Leysjodjopeq) [eming Tyopuedny
pue| IMMOLTY (¢ 0D ¢ Ho60'€8 ‘Nol19°LT Indsipeger
pue| ualreq (L1 1D L1 4 .90°€8 ‘N o09°'LT eMeRISog
pUB[qNIYS pUE 1SI0] (11 °¢cn) ¥ d o70°€8 ‘N 099°LT eyneqeyppng
JUAWI[NAS uBWNY (T 9 ‘LT WA) ST d ob0°€8 ‘N oS9'LT eeneqeyppng mseqidey]  uquing
jBIqeH saroads pue ozis ojdweg 9JRUIPIOO)) ons Jurdweg 1OLISI(] uored07|

‘TedoN Ul spLmuw jo s9rs 3urdweg ‘T 9[qe ],



IQNI

JUSWIAMNAS UBWNH (¢ wy) ¢ d oT€S8 ‘N 099°LT [oyyuese|
JUSWIAMNAS UBWNH (€ wy) ¢ d oCE€'S8 ‘N oF9°LT Teyjewny
pue[qnIys pue 1saio.] (1w 1 d oLE'S8 ‘N 065°LT yted Liemepon andyirey
JUAWS[NLS UBWNH (1)1 d 00€S8 ‘N o0L'LT yoyoeipuy
JUSWIdNLS uBWINg (T d o1€68 ‘N oFL'LT nfrewuey
JUSWIANAS UBWINH (¥ @) + d o1€68 ‘N oIL°LT Ineyoure]
pue[qniys pue 1s3io] (Twg ‘1) ¢ d o1T°$8 ‘N 099°LT 1s210] LISRIpURYD
pue| 2Im[NILISY (T N TdN ¥ d o878 ‘N 089°LT (Ausioamun ueanyqu) ndnarsy
puessein 1wy ‘c dd) ¥ d 0678 ‘N 099°LT (TeyqoyD) andnary
WUSWIANAS UBWINH (¢ ™) ¢ d 0978 ‘N 009°LT HeyuIysyeq NpUBWiEY  NPUBLUEY]
JUSWIANAS UBWINH (¢ nd) ¢ d 006€8 ‘N o¥T'8C ey, ‘owed
puB[qnIYS pUE )SI0.] (11 d 096'€8 ‘N 0618 eleyyod ‘ueqruey
JUSWIINAS uBWINY (01 d .66'€8 ‘N o£T'8C (1e3eq) ereyyod
JUAWA[NAS UBWNH (11 d o76'€8 ‘N o1€8C yoyoeyn
JUSWANAS UBWNH (€ M ‘T WA T QN L d o76'€8 ‘N o87'8C (emrunyD) Ineyounng
pue[ssern (¢ ¢ d o76'€8 ‘N o87°8C  (opedourdor) Ineyduning
JudWS[NLs UBWNY (9 rd) 9 d 095°€8 ‘N oL1'8C (epepiuejy) Ineyouning
pue[qnIys pue 1sa1o] (€™ ‘TIN ¥ d o76'€8 ‘N o87'8C (ormye]) Ineyouning
awees uewny (T WY ‘T WA T 9N 0T 1) ¥I 9 o76°€8 ‘N 06787  (JoNIeyIypy) Ineyouning
pue| 2ImnoL3y (z ¢ d 0S0¥8 ‘N 091°8C (Yoyore]) yreueyyo]
JUSWIdMNSS UBWINH (T d o018 ‘N o81'8C  (Jezequypng) yreueyyo| Disey eI Od
JelqeH soroads pue ozis ojdweg 9)eUIPIO0)) ous Jurdweg 1ISI uonedxo0|

ponuguo) ‘T d[qeL



Five species (B. bengalensis, M. booduga, N. fulvescens, R. pyctoris, and
T. indica) were identified by morphological analysis and four taxa (M.
musculus, R. nitidus, R. rattus, and E. tanezumi) were identified through
molecular analysis. One taxon from the genus Mus could not identify at
species level through the molecular analysis and named as Mus sp. Details of
molecular analysis have been provided in next sections molecular identification
and phylogenetic analysis. The Mus and FRattus genera have high species
diversity, a high degree of similarity between the intrageneric species and
almost exist in similar habitat so could not distinguish easily using only

morphological analysis (Aplin et al., 2003a; Musser and Carleton, 2005).

2) Morphological characterization and comparison

Morphological characterization was carried out in all murids identified
through morphological analysis and molecular analysis. It was based on the
examination of external morphology like coat and tail color, body shape and
size, and measurement of external body parts. The morphometric data of each
taxon are tabulated in Table 2.

(1) Bandicota bengalensis

The B. benagalensis was the single species collected from the genus
Bandicota. Its coat color was dark brown with uniformly distributed black
spine guard hairs on the back and gray and yellowish gray hairs on the
belly. Hair size was shorter on the belly compare to back. Hairs on the both
limbs were black. The photos of lateral and ventral views of B. bengalensis
have been provided in Fig. 5. The tail was naked and uniformly black on the
both surfaces. The ear was slightly pinkish, short and thinly haired and eight
pairs of mammae on the female. The mean body weight was 146.81+9.39 g,

and HBL ranged 170-181 mm, which was 50 mm longer than TL (Table 2).
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Coat color and other morphological characteristics are similar to the
previous studies carried out in Nepal and India (Ellerman, 1961; Agrawal,
2000; Aplin et al, 2003a; Baral and Shah, 2008). The short tail is the
characteristics feature of the B. bengalensis, usually, have three-quarters
(-80%) of the head body (Ellerman, 1961, Agrawal, 2000). Out of the three
Bandicota species recorded in Nepal, it is the smallest rat, which can
distinguish easily due to its body size dimension (Aplin et al., 2003a).
Numerous mamame (12-19), short tail and dull under parts may create
confusion in morphological identification with R. norvegicus however; it is
entirely distinct from any Rattus (Ellerman, 1961).

(2) Mus booduga

The M. booduga was small field mouse having coat color grayish brown to
light gray on the back and whitish or white on the belly with some patches
of brown or gray hairs. Both limbs were white, and the tail was naked and
bicolored (dark above and pale below). The photos of dorsal and ventral
views of M. booduga have been provided in Fig. 5. The eyes were large,
ears were rounded, and the muzzle was pointed compares to other Mus
species. Its mean body weight was 11.27+3.81 g and HBL was ranged
82.03-85.6 mm, which was 2-6 mm longer than TL (Table 2).

Newton et al. (1990) reported TL was longer than HBL in M. booduga, but
this study found all the individuals had shorter TL than HBL as like to
Chesmore (1970), Marshal (1977), Agrawal et al. (2000), Aplin et al. (2003a),
and Baral and Shah (2008).

(3) Mus musculus

The M. musculus have been collected from two locations (Lumbini and
Pokhara) have different coat color. The mice collected in Lumbini were varied
from brown-gray to brown-black on the back and brownish-yellow or tawny
on the belly. However, in Pokhara they were light brown with an intermix of

black hairs on the back and uniformly light—-gray hairs on the belly.
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Fig. 5. Photos of B. bengalensis (a, lateral view, b, ventral view), M. booduga

(c, ventral view, d, dorsal view), and M. musculus collected in Lumbini (e,

dorsal view, f, ventral view).
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All the mice have white fingers and white toes, but the tail was unicolor
(Lumbini) and bicolor (Pokhara). The nose was blunt, ears were brown or
similar to body color, and mammae on females were five pairs. The photos of
dorsal and ventral views of M. musculus collected in Lumbini and Pokhara
have been shown in Fig. 5 and Fig. 6, respectively. The mean body weight
was 13.82+4.21 g, and HBL ranged 61-86 mm, which were 5-15 mm shorter
than TL (Table 2).

Similar morphometric variations were found in the earlier studies (Ellerman,
1961; Marshal, 1977; Aplin et al., 2003a; Baral and Shah, 2008; Menon, 2014).
The morphometric comparisons between the mice collected in Lumbini and
Pokhara (Table 3) as well as two different sexes (Table 4) revealed there
was no significant difference between collection sites and have no sexual
dimorphism (Student ¢-test, n=23, df=21, p>0.05). These results indicate that
body size of the M. musculus has no sharp variation with sex and
geographical location. However, it is a polytypic species (Musser and
Carleton, 2005) having a wide variation in coat color among different
subspecies. Earlier studies carried in Nepal have been reported different coat
colors in different subspecies of M. musculus namely, M. m. castaneus, M.
m. dubius, M. m. homourus, M. m. urbanus (Hodgson, 1845; Mitchell, 1975;
Marshall, 1977).

(4) Mus sp.

The Mus sp. has the light brown with intermixes of black and white hairs
present on the back, but the belly was total, white. Both limbs were white,
and the tail was bicolored. The photos of dorsal and lateral views of Mus sp.
have been provided in Fig. 6. The mean body weight was 9.90+2.40 g and of
HBL ranged 61-86 mm, which were 6-10 mm longer than TL (Table 2). The
sample size was not sufficient to compare morphology, but this study found
shortest tail and largest ear in Mus sp. comparing to other Mus species

recorded in Nepal.
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Fig. 6. Photos of M. musculus collected in Pokhara (a, dorsal view, b, ventral
view), Mus sp. (c, dorsal view, d, lateral view), and N. fulvescens (e, lateral

view).
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Table 3. Comparison of morphological traits of M. musculus found in Pokhara

and Lumbini

Mean+SD

Character' p-value Significance’
Pokhara (N=4) Lumbini (N=19)

BW (g) 13.10+5.89 13.97+3.97 0.715 NS
HBL (mm) 79.10+2.77 74.24+10.01 0.354 NS
TL (mm) 83.01+3.87 84.7511.37 0.769 NS
HFL (mm) 16.15+1.21 16.75+1.73 0.518 NS
FFL (mm) 18.32+0.74 19.2042.25 0.453 NS
EL (mm) 12.13+0.72 12.44+1.55 0.701 NS

! abbreviations of each character were given in the materials and methods
section.

2 NS indicates not significant at p=0.05 level.
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The external morphological characters determined in this taxon do not
match with the previously recorded specimens of Nepal. It could be new
species. Therefore, further specimen collection and morphological analysis
including cranial analysis are required to confirm its taxonomy.

(5) Niviventer fulescens

The N. fulvescens synonymized, as E. fluvescens or M. fulvescens was the
single species collected from the genus Niviventer, having chestnut-brown
and black spine guard hairs uniformly distributed on the back and pure white
hairs on the belly. Both limbs were brown black, but toes and fingers were
white.

Agrawal (2000) has reported its spiny hairs in summer and smooth hairs in
winter, but this study found spiny hairs in winter season too. The tail was
found naked and bicolored, dark above and yellowish white below. According
to Agrawal (2000), both unicolored and bicolored tail present in N. fulvescens.
The photos of the lateral view of N. fulvescens has been provided in Fig. 6.
Abe (1971) have collected N. fulvescens from the Northern part of Pokhara
and found bright reddish brown rats at high altitude (-2,000 m), indicated
that slightly color variation occurred in the same species present in different
locations and habitat. The tail was extremely longer (170 mm) than the head
body (115 mm). Usually, TL exceeds 140% of the head body (Ellerman, 1961;
Agrawal, 2000), which may indicate its arboreal habit.

A single individual was captured during this study so the data could not
represent well to the morphometric characters of the species. However, the
morphology of N. fulvescens was similar to the earlier studies in Nepal
(Ellerman, 1961; Abe, 1971, 1982; Newton et al., 1990; Barala and Shah, 2008)
and India (Agrawal, 2000). Tail morphology and body color are the Kkey
distinguishing features of the N. fulvescens among the congeneric speceis

found in Nepal.
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(6) Rattus nitidus

The coat color of the R. nitidus was dark to light brown on the back with
a distinct dark patch on the lower back extended up to tail. Similarly, silvery
white to dull gray hairs uniformly present on the belly. The tail was weakly
bicolored (dark above and paler below), the ear was large and lightly haired,
and both limbs were pure white. The photos of dorsal and ventral views of
R. nitidus have been provided in Fig. 7. The mean BW was 116.55£31.63 g,
and HBL ranged 160-180 mm (Table 2). The TL was 93.75-98.33% of the
HB. Based on the fur color and relative length of tail comparing to HBL it
was classified into two subspecies in earlier studies.

Hinton (1919) differentiated R. n. obsoletus from other subspecies R. n.
nitidus based on the fur color at the undersurface of the body, at which grey
with rusty tinge in K. n. obsoletus and silvery in K. n. nitidus. Similary,
Ellerman (1961) reported two subspecies could distinguish by tail length,
which is shorter in obsoletus (99% of HB) and longer in nitidus (107% of
HB). Agrawal (2000) was not totally agreed with Hinton (1919) and Ellerman
(1961) because he found TL in R. n. nitidus 87-131% of the head body and
80-107% in R. n. obsoletus and concluded both subspecies were the synonym
and overlapping their characteristics. The ranges of morphometric values
determined in this study were similar to Agrawal (2000). Ellerman (1961)
mentioned the type localities for K. n. nitidus is Nepal and F. n. obsoletus is
west Myanmar. In contrast to Ellerman (1961), this study determined shorter
tail length than the head body in all individuals. Thus, the further study
required to distinguish it in subspecies level.

(7) Rattus pyctoris

The R. pyctoris synonymized as M. rattoid, R. rattoid, R. turkestanicus
have soft and gray hairs with an intermix of black hairs on the back but
whitish gray hairs on the belly. The tail was soft, smooth, and strongly

bicolored (dark above and silvery white below).
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Fig. 7. Photos of R. nitidus (a, dorsal view, b, ventral view), R. pyctoris (c,

dorsal view, d, ventral view), and R. rattus (e, dorsal view, f, ventral view).
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The photos of dorsal and ventral views of K. pyctoris have been provided
in Fig. 7. The mean BW was 111.79+29.16 g, and HBL ranged 163-186 mm,
which was 10-15 mm shorter than TL (Table 2). Toes and fingers were
white, and snout was short and broad. Mammae on the female were six pairs
but Ellerman (1961) have found five pairs of mammae in India. Ellerman
(1961) and Abe (1972) reported similar coat color and external morphology of
R. pyctoris from Kathmandu and northern part of Pokhara valley,
respectively. However, Hodgson (1845) described to this species, as M.
ratt<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>