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ABSTRACT

Mabhseers belonging to genus Tor, Neolissochilus and Naziritor, comprise important groups of food and sport fishes in the
freshwater eco-systems. 7or mahseers being potential game fish are recognised as cultural icon in the pristine waters across
the globe. They also have high nutritional value with high content of DHA, EPA and amino acids which are important to
human health. Presently, 17 species of Tor, 25 species of Neolissochilus and 2 species of Naziritor have been reported and
validated throughout the world. However, due to several anthropogenic and natural activities, their population is dwindling
across most of the natural ecosystems and IUCN has categorised the group as endangered. Change in temperature and
monsoon floods triggers the act of migration and spawning behaviour of mahseers in their respective ecological conditions.
There are 47 species of mahseers in the world, out of which India harbours fifteen species. These species widely occur in the
rocky and pristine fast flowing streams of India, China, Nepal, Sri Lanka, Myanmar, Malaysia, Thailand, Vietnam, Pakistan
and Bangladesh. The present paper embodies the status of mahseers under the genera Tor, Neolissochilus and Naziritor
to understand this magnificent group of fishes having extraordinary importance in terms of balancing aquatic biodiversity
sustainability, creating opportunities for increasing livelihood though utilising this fish in sports (angling and ecotourism)

and draws immediate attention for its conservation in inclusive and responsible manner.
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Introduction

Mahseers commonly known as “tiger of water”
belonging to the order Cypriniformes and family
Cyprinidae are considered as bio-indicator species of
freshwater ecosystems (Everard and Kataria, 2011; Gupta
et al., 2014, Sarma et al., 2016). This group of game and
sport fishes comes under the genera, Tor, Neolissochilus
and Naziritor (Sarma et al., 2016). Being a potential game
fish, mahseer is recognised as a cultural icon in the pristine
waters across the world and its flesh has high nutritional
value (Islam and Tanaka, 2004, Gupta ef al., 2014, Sarma
et al, 2016). However, the population of mahseers in
terms of size and species is declining due to various
natural and anthropogenic factors (Sarma, 2009). Stone
(2007) stated that mahseer is considered as one among the
20 mega fishes of the world. Because of its extraordinary
fighting spirit and sensitivity for thriving in aquatic
ecosystems, mahseer is declared as “state fish” in seven
states in India (Sarma et al., 2016). In South-east Asia, 13
valid Tor species have been reported by various authors
(Hamilton, 1822; Wei and Cui, 1996; Monkolprasit et al.,
1997; Roberts, 1999; Oo, 2002; ZiMing and JunXing,
2004; Hoang et al., 2015; Walton et al., 2017; Qin et al.,
2017; Anabella et al., 2020) viz., Tor putitora, Tor tor,

Tor khudree, Tor mosal, Tor dongnaiensis, Tor douronensis,
Tor laterivittatus, Tor mekongensis, Tor sinensis, Tor
soro, Tor tambra, Tor tambroides and Tor yingjiangensis.
Tor progenius and Tor barake have also been described as
valid species by Vishwanath (2011) and Laskar et al. (2013)
respectively. The group of fishes which has been termed as
Mabhseer in the recent past by the anglers of North-eastern
Himalayan region belongs to the genus ‘Neolissochilus’
(Sarma et al., 2018). The distribution of Neolissochilus
is mostly restricted to the Brahmaputra River basin of
North-eastern India and Himalayan region of Nepal and
Bhutan, inhabiting from 500 to 1500 m asl and they are
commonly called as chocolate mahseer or copper mahseer.
Due to its strong fighting habits like a tiger and due to
presence of large scale and mouth, chocolate mahseer
is considered as iconic fish in the waters of North-east
India (Rainboth, 1985). There are more than twenty valid
species of Neolissochilus described across South-east Asia
which are highly potential game and sports fishes and fetch
high market price in an unorganised manner (Laskar et al.,
2009). Two species of Neolissochilus i.e., N. thienemanni
and N. sumatranus are also widely distributed in Borneo,
Java and Sumatra. N. thienemanni is placed in the
vulnerable list of the IUCN category because of habitat
destruction and indiscriminate fishing activities. Three Tor
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species namely 7. tambra, T. tambroides and T. douronensis
as well as four Neolissochilus species (N. thienemanni,
N. soro, N. sumatranus and N. longipinnis) have been
reported from the coldwater streams of Indonesia (Kottelat
et al., 1993). Chocolate mahseer of Neolissochilus genus
is an extremely important fish as source of nutrition,
sport fishing and livelihood in hilly regions of Arunachal
Pradesh, Assam and Meghalaya (Sahoo et al., 2015; Sarma
et al., 2018). Because of various illegal fishing activities,
the population of N. hexagonolepis has been declining
in the rivers of Arunachal Pradesh and is currently
designated as threatened species (Nath and Dey, 2002;
IUCN, 2014). To revive back its fishery, attempts are
being made for artificial breeding programmes and various
conservation measures are planned (Menon, 1974; Sinha,
1994; Marwein, 2000; Mahapatra et al., 2004b; Lakra
et al., 2010; Mahapatra and Vinod, 2011; Debajit et al.,
2015). The present paper is an attempt to assess the status
of mahseers under the genera Tor, Neolissochilus and
Naziritor to understand this magnificent group of fishes
having extraordinary importance in terms of balancing
aquatic biodiversity, sustainability, creating opportunities
for increasing livelihood though utilising this fish in sports
(angling and ecotourism) and also tries to draw immediate
attention for its conservation in inclusive and responsible
manner.

Taxonomy

Taxonomy and phenotypic studies of species
play important role in assessment of fish genetics and
resource management, however there are ambiguities
in identification of species due to the morphological
similarities among the species (Bagra et al., 2009). The
mahseer species was first described as Cyprinus putitora
which was later placed under the genus Tor as Tor
putitora (Gray, 1833-1834). Hora (1939) described it as
Barbus putitora whereas Menon (1954) described it as
T. putitora and restored its name proposed by Gray
(1833-1834). Despite its morphological distinction from
other mahseer species (Laskar ef al., 2013), its nomenclature
and taxonomic position was viewed by several authors in
different genera (Dinesh et al., 2010; Pinder and Raghavan,
2013; Eschmeyer and Fong, 2014). Large head, body
and scales are important morphological characteristic
features of mahseers and various names such as mahseer
(large head), mahasaul and mahasalka (large scale) are
probably derived from these features (Nautiyal, 2014) and
head length of the fish exceeds that of the body depth in
T. putitora (Hora, 1939, Bhatt et al., 1998). The fish
having length and weight up to 275 cm and 54 kg
respectively in Indian waters were reported by Nautiyal
et al. (2008) and Everard and Kataria (2011). The name
mahseer is often used for species belonging to genus
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Tor as well as for other species of the genus Neolissochilus
and single species of the genus Naziritor (Sati et al.,
2013). Among the Indian mahseers, only five valid species
have been accepted based on morphological description
(Dinesh et al., 2010). Some of the newly reported species
such as Tor moyarensis, Tor remadevi and T. mosal has
been contemplated as a synonym of 7. putitora (Eschmeyer
et al., 2013; Froese and Pauly 2013). 7. khudree and
T mussulah are exclusively endemic to the rivers of Deccan
Plateau and peninsular India (Jayaram, 2005). However,
T. khudree malabaricus is listed as a separate species (David,
1953a, b; Silas et al., 2005). Menon (1992) described
T. mosal mahandicus as T. khudree mahanadicus endemic
to the Mahanadi River of the central plateau. RAPD
profile of T mosal mahanadicus described it to be more
similar to 7. putitora than other 7or species (Mohindra
etal., 2007). However, it is not quite possible to distinguish
T khudree longispinus from T. khudree on the basis of
three mitochondrial genes (Nguyen et al., 2006). This also
shows that their number varies because of the taxonomic
uncertainties (Siraj et al., 2007; Froese and Pauly, 2013).
It has been documented that there are only sixteen valid
species of 7or and all have been listed in the IUCN Red
List of Threatened Species TM (Version, 2018-20; Pinder
etal, 2019). Eschmeyer’s Catalog of Fishes (2021) shows
that only 17 out of 24 mahseer species are validated as
Tor species. The genus Neolissochilus is very closely
related to the genus Tor (Arunachalam et al., 2017).
However, the genus 7or is different from Neolissochilus in
development of a lower lobe into fleshy lobe (Vishwanath,
2014; Sarma et al., 2016). The genus Neolissochilus has
no identical fleshy mandibular lobe and tubercles. It is an
intermediate group between the two genera. The genus
Tor has massive pharyngeal arches than Neolissochilus.
There are several taxonomic position and nomenclature
of Neolissochilus species which are reviewed by several
authors (Dinesh et al., 2010; Eschmeyer and Fong, 2014)
despite being morphologically distanced than other
mahseer species (Laskar ef al., 2013). N. hexagonolepis
was initially included under the genus Barbus
(McClelland, 1839), but it was again reclassified under
genus Lissochilus (Weber and de-Beaufort, 1916). Later
on, its taxonomic position was put forward in the genus
Acrossocheilus (Oshima, 1919). Among the Cyprinidae
family, genus Neolissochilus (Rainboth, 1985) consists
of 25 species, out of which 22 species are recorded in
South-east Asia (Kottelat, 2013) and seven in the Indian
subcontinent. The species of Neolissochilus available
in India are N. hexagonolepsis (McClelland, 1839),
N. hexasticus (McClelland, 1839), N. stevensonii (Day, 1870),
N. stracheyi (Day, 1871), N. wynaadensis (Day, 1873) and
N. paucisquamatus (Smith, 1945; Talwar and Jhingran,
1990; Vishwanath, 2011). Earlier Naziritor was proposed
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to fit in with mahseer species (Naziritor zhobensis) in the
Zhob River of western Pakistan (Mirza and Javed, 1985)
and due to the taxonomic ambiguities, it was considered
as the single species until Menon (1999) classified
Tor chelynoides as Naziritorchelynoides (Talwar and
Jhingran, 1991). Later Dahanukar (2010) and Froese
and Pauly (2013) recognised this species as Puntius
chelynoides. However, there is enough scientific evidence
to consider this species as valid species. Mahseer species
are among the most diversified of the cyprinids across their
distribution in the world and due to their morphological
variations, most of the taxonomists have different opinion
concerning their nomenclature (Silas ef al., 2005).

Occurrence and distribution

Mabhseers generally inhabit the pristine fast flowing
and cold waters with a preference for rocky bottoms
and deep pools (Ng, 2004; Dinesh et al., 2010). These
species widely occur in the rocky streams of India, China,
Nepal, Sri Lanka, Myanmar, Malaysia, Thailand, Vietnam,
Pakistan and Bangladesh (Sarma et al., 2016). There
are 47 species of mahseers in the world, out of which
India harbours fifteen species (Baruah and Sarma, 2018).
These 15 species of mahseers belongs to the genus 7or
and Neolissochilus i.e., Golden mahseer (7. putitora),
Tor mahseer (Tor tor); Deccan mahseer (T. khudree),
(T kulkarni), Mosal mahseer (7. mosal), T. remadevi,
Humpback mahseer (7. mussullah), T. progenies, Chocolate
mahseer (Neolissocheilus hexagonolepis), N. wynadensis
and N. hexasticus. A new species of Tor i.e., Tor remadevii,
was identified from Chinnar Wildlife Sanctuary, Kerala
of Southern India (Kurup and Radhakrishnan, 2010).
The Indian subcontinent in southern Asia possess the
majority of Tor species, out of which seven species
are distributed in central and Deccan plateaus (Desai,
2003; Jayaram, 2005). These are 7. putitora (Hamilton),
T khudree (Sykes), T. tor (Hamilton), 7. mosal (Sykes),
T. mussullah (Sykes), T. progeneius (McClelland) and
T. kulkarni (Menon). The North-eastern part of India
harbours 11 species of mahseers i.e., 6 species of Tor
and 5 species of Neolissochilus (Vishwanath, 2014).
One important species of mahseer viz., N. hexastichus
has been reported to be colonised in the Diyung River
of Assam, India (Laskar et al., 2018). It is also reported
that the upper reaches of Manas River, Assam and its
tributaries are specially inhabited by 7. putitora, T. tor
and N. hexagonolepis. Arunachalam et al. (2017) reported
five species of Neolissochilus from the Periyar River of
Western Ghats, India viz., N. minimus, N. capudelphinus,
N. acutirostris, N. micropthalmus and N. tamiraparaniensis.
Another species namely N. kaladanensis (Lalramliana
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and Singh, 2019) was described from the Kaladan River
drainage of Mizoram. Also, N. compressus (Day, 1870)
and N. blythii (Day, 1870) were recorded from Tenasserim
Province, Myanmar. N. hendersoni (Herre, 1940) and
N. dukai (Day, 1878) were validated from Malay
Peninsula. N. subterraneus (Vidthayanon and Kottelat,
2003) was recorded from Tham Phra Wang Daeng cave
in Thailand. N. thienemannia (Ahl, 1933) is distributed
inlake Toba in Sumatra, Indonesia. N. benasi (Pellegrin
and Chevey, 1936) is found in Vietnam and China. Two
species of Neolissochilus viz., N. baoshanensis (Chen and
Yang, 1999) and N. heterostomus (Chen and Yang, 1999)
were reported from Yunnan region of China. Kottelat
et al. (1993) reported four species of Neolissochilus
(N. sumatranus, N. thienemanni, N. soro and N. longipinnis)
from Indonesia.

Tor barakae (Arunkumar and Basudha, 2003)

Arunkumar and Basudha (2003) described 7. barakae,
from the Barak River, India and Laskar et al
(2018) explained the wvalidity of the species and
distinguished it from co-occurring 7. putitora. This
species is endemic to the Barak River, Manipur and from
Madhpur on the Manipur-Assam border.

Tor mosal (Hamilton, 1822)

It was first described as Cyprinus mosal (Hamilton,
1822) and now assigned to the genus 7or. This species
is mainly distributed in the upper Ganges and upper
Brahmaputra River basins (northern India and Nepal).
T mosal is listed as data deficient in the IUCN Red List
(Dahanukar et al., 2018).

Tor dongnaiensis and T. mekongensis (Hoang et al., 2015)

T dongnaiensis and T. mekongensis were described
by Hoang et al. (2015) from the Krong No and Dong Nai
basins of southern Vietnam. 7. dongnaiensis has been
evaluated as near threatened in the IUCN Red List due
to its restricted distribution (Pinder and Harrison, 2018).

Tor khudree (Sykes, 1839)

Tor khudree was first described from the Mota Mola
River in Pune, Maharashtra, India (Sykes, 1839). The first
genetic interpretation of this species was done to resolve
its identity by Nguyen et al. (2008). This species has
been listed as ‘Endangered’ in [UCN Red List (Devi and
Boguskaya, 2007).

Tor kulkarni (Menon, 1992)

Menon (1992) described T. kulkarnii from the
Dharna River which is a tributary of the river Godavari in


http://researcharchive.calacademy.org/research/ichthyology/catalog/getref.asp?id=35912
http://en.wikipedia.org/wiki/Albert_William_Herre
http://researcharchive.calacademy.org/research/ichthyology/catalog/getref.asp?id=2130
http://en.wikipedia.org/wiki/Maurice_Kottelat
http://en.wikipedia.org/wiki/Jacques_Pellegrin
http://researcharchive.calacademy.org/research/ichthyology/catalog/getref.asp?id=13735
http://researcharchive.calacademy.org/research/ichthyology/catalog/getref.asp?id=33936

Debajit Sarma et al.

Maharashtra, but subsequently considered as a synonym
of T. khudree (Jayaram, 1999, 2005, 2010).

Tor musullah (Sykes, 1839)

It is mainly distributed in the freshwaters of
peninsular India. The Krishna and Godaveri rivers are its
principal habitats.

Tor tambroides (Bleeker, 1854)

It is distributed mainly in Thailand, Indonesia,
Cambodia and Malaysia (Moshin and Ambak, 1983;
Roberts, 1989; Rainboth, 1996).

Tor malabaricus (Jerdon, 1849)

T. malabaricus also known as the Malabar mahseer
was first described from the fast-flowing hilly streams
of Malabar India (Jerdon, 1849). Some taxonomists also
considered it as a synonym of Deccan mahseer, T. khudree
(Menon 1992, 1999), while some believe it to be a valid
sub-species, I. khudree malabaricus (Indra, 1993).

Tor putitora (Hamilton, 1822)

The ‘golden mahseer’ 7. putitora was first described
from eastern Bengal by Hamilton (1822). Golden mahseer is
widely distributed in the cold-water rivers of the Himalayas
viz., Ganges, Brahmaputra and Indus from Pakistan,
through India, Nepal, Bhutan and Myanmar in west.
Its distribution also exceeds the eastern Brahmaputra
catchment areas of India and Bangladesh (Rahman, 1989).

Tor remadevii (Kurup and Radhakrishnan, 2010)

Kurup and Radhakrishnan (2010) described
T remadevii on the basis of nineteen juvenile specimens
ranging from 114 to 332 mm from the Pambar, a tributary
of the river Cauvery in Kerala. This species is also known
as the hump-backed mahseer and it is also being listed
as ‘Critically Endangered’ in the [IUCN Red List (Pinder
etal., 2018; IUCN, 2019).

Tor progenieus (McClelland, 1839)

The jungha of Assamese, is distributed in the north-
eastern Himalayas in Assam, Naga hills and Manipur.

Tor tor (Hamilton, 1822)

This species is often referred to as the ‘red-fin’ or ‘deep
bodied’ mahseer and was described from the Mahananda,
a tributary of the Ganges in the North-east Bengal, India
(Hamilton, 1822). T tor is reviewed as the most widely
distributed species of mahseer (Lal ef al., 2013) extending
from the southern Himalayas from Pakistan in the west
to the east of Myanmar and southwards to the peninsular
Indian rivers.

Tor sinensis (Wu, 1977)

T. sinensis was first described by Wu (1977) in the
upper reaches of the Mekong of the Yunnan Province,
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China. It is also known as red fish throughout Laos. Due
to its fragmented population, restricted distribution and
habitat destruction, 7. sinensis is listed as Vulnerable
(Vidthayanon and Pinder, 2018).

Tor tambra (Valenciennes, 1842)

This species is endemic in the freshwater areas of
Java, Sumatra and Borneo (Kottelat et al., 2018).

Tor tambroides (Bleeker, 1854)

This species is endemic in the freshwater areas of
Java, Sumatra and Borneo (Kottelat et al., 2018).

Tor douronensis (Valenciennes, 1842)

T. douronensis is widely distributed in the freshwater
reaches of Java, Sumatra and Borneo (Kottelat et al., 2018).

Neolissochilus acutirostris (Arunachalam et al., 2017) (Fig. 1)

This species is widely scattered in the rivers of the
Western Ghats and peninsular India.

Neolissochilus benasi (Pellegrin and Chevey, 1936) (Fig. 2)

The species is mainly distributed in the Tsang-Po
River of China and also been reported from Vietnam.

Neolissochilus capudelphinus (Arunachalam et al., 2017)
(Fig. 3)

This species was first reported by Arunachalam et al.
(2003) from the Periyar River of Western Ghats in India.
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Neolissochilus hendersoni (Herre, 1940) (Fig. 4)

Reported from the coldwater streams and rivers of
Malay Peninsula.

Neolissochilus heterostomus (Chen and Yang, 1999) (Fig. 5)

This species is mainly distributed in the Longchuanjiang
and Dayingjiang (upper Irrawaddy), Yunnan, China.

Neolissochilus hexagonolepis (McClelland, 1839) (Fig. 6)

N. hexagonolepis, commonly known as “chocolate
mahseer” is an endemic species of the north-eastern states
of India, particularly the Brahmaputra River basin (Sahoo
et al., 2015; Sarma et al, 2016). This species inhabits
in the clear, fast flowing streams and rivers with rocky
and stony bottoms and is contemplated as a culture icon
in the coldwater areas of North-eastern India (Sarma
etal, 2014). The species is mainly distributed in the Indian
states of Arunachal Pradesh, Assam and Meghalaya. Due
to habitat destruction and exploitation in the wild, it is
assigned as nearly threatened species (IUCN, 2014).

Neolissochilus hexasticus (McClelland, 1839) (Fig. 7)

Hora (1921) reported three grown up specimens of this
species as Barbus hexasticus from Karong, Manipur.
This species is differentiated from N. hexagonolepis
by the presence of a continuous labial fold of the
lower lip while a widely interrupted labial fold is a
significant feature of chocolate mahseer (Day, 1878).
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Neolissochilus kaladanensis (Lalramliana ef al., 2019) (Fig. 8)

This species is firstly identified from the Kaladan Fig. 8. Potential distribution and type locality of N. Kaladanensis
River of Mizoram.

Neolissochilus micropthalmus (Arunachalam et al, 2017) (Fig.9) ~ Neolissochilus minimus (Arunachalam et al., 2017) (Fig. 10)

The species is distributed in the streams and rivers of This species is widely distributed in the coldwater
the Western Ghats, peninsular India. streams and rivers of the Western Ghats of India.
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Neolissochilus pauciquamatus (Smith, 1945) (Fig. 11)

Smith (1945) described Neolissochilus pauciquamatus
as Puntius pauciquamatus from Kaoluang, Thailand.
Jayaram (1981) reported this species as Puntius
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Fig. 11. Potential distribution and type locality of N. pauciquamatus

pauciquamatus from Burma. After a thorough review
of the group, Rainboth (1985) proposed a new genus
Neolissochilus for those cyprinoids of South-east
Asia having a structural similarity with Acrossochilus
oshima and placed P. pauciquamatus under the genus
Neolissochilus.

Neolissochilus soroides (Valenciennes, 1842) (Fig. 12)

This species is mainly distributed in Indonesia,
Malaya, Myanmar, Thailand and China.

Neolissochilus stevensonii (Day, 1870) (Fig. 13)

The species was first reported by Day (1870) from
Akyab, Myanmar as Barbus stevensonii. Rainboth (1985)
placed it under genus Neolissochilus. The species is
presently distributed in hills near Akyab, Myanmar and
Kolo River, Kaladan drainage, Mizoram, India.

Neolissochilus stracheyi (Day, 1871) (Fig. 14)

Selim and Vishwanath (1996) reported it for the
first time from Manipur, India. It was also reported from
Khuga River, Myanmar.

Neolissochilus subterraneus (Vidthayanon and Kottelat,
2003) (Fig. 15)

This species is mainly distributed in Tham Phra
Wang Daeng cave in Thailand.


http://en.wikipedia.org/wiki/Maurice_Kottelat
http://researcharchive.calacademy.org/research/ichthyology/catalog/getref.asp?id=26859

Debajit Sarma et al. 153

100°0'0"E 110°0'0"E 120°0'0"E 90°0'0"E 100°0'0"E
Z
=3
4
>
Q
Z
=3
54
>
Q
Thailand
z Myanmar
Cambodia £ &
= Z =3
> =4 e
— () (=}
g Q
z, IS
=
e
2
Malaysia Malaysia
5
i . S N. stracheyi
N. soroides =}
- z
= o
g e
=
100°0'0"E 110°0'0"E —
90°0'0"E 100°0'0"E
Fig. 12. Potential distribution and type locality of N. soroides

Fig. 14. Potential distribution and type locality of N. stracheyi

90°0'0"E 100°0'0"E 100°0'0"E
Z
=)
e
>
Q
Myanmar z
z S
S g
4 I\
>
Q
Z
=
e
Z, 2
S
54
N. stevensonii =

N. subterraneus

10°0'0"N

90°0'0"E 100°0'0"E 100°0'0"E

Fig. 13. Potential distribution and type locality of N. stevensonii Fig. 15. Potential distribution and type locality of N. subterraneus



Mighty mahseers of the genera Tor, Neolissochilus and Naziritor

N eolissochilus sumatranus (Weber and Beaufort, 1916)
(Fig. 16)

This species is endemic to the coldwater areas of
Sumatra (Kottelat et al., 1993).

Neolissochilus tamiraparaniensis (Arunachalam et al,
2017) (Fig. 17)

This species is distributed in streams and rivers of the
Western Ghats, peninsular India.

Neolissochilus wynaadensis (Day, 1873) (Fig. 18)

The Wayanad mahseer, is one of two species
that occurs in peninsular India and the other species
N. bovanicus is found in the Bhavani River (Ali et al,
2014). This species was described as Barbus wynaadensis,
from Wayanad which was reported to be a common species
of the larger streams in the region (Day, 1873). The species
is particularly endemic in the Waynad region of Kerala but
has also been recorded from Tamil Nadu and Karnataka
(Manimekalan 1998, Yazdani et al., 2001, Arunachalam
et al., 2005). In the IUCN Red List of Threatened Species
N. wynaadensis has been listed as ‘Critically Endangered’
(Abraham, 2011).

Naziritor chelynoides (McClelland, 1839) (Fig. 19)

N. chelynoides, formerly known as Tor chelynoides
and popular as “dark mahseer” is a rare coldwater fish
distributed in Pakistan, north-east Baluchistan, north-
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Fig. 16. Potential distribution and type locality of N. sumatranus
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west frontier Province and in western Himalayan region
(Talwar and Jhingran, 1991; Jayaram, 1999). In Kumaon
Himalayas, N. chelynoides is reported from the rivers
Kali, Gori, Saryu, east and west Ramganga, Kosi, Gaula,
Gagas, Ladhiya, Gharhakiya and Lohawati (Joshi, 1999;
2007).

Naziritor zhobensis (Mirza, 1967) (Fig. 20)

The distribution range of N. zhobensis is Zhob,
Gomal and the right bank tributaries of river Indus in
Pakistan (Yousaf et al., 2021).

Neolissochilus spinulosus (McClelland, 1845)

This species is distributed mainly in the Ganges and
Yamuna rivers of India.

Neolissochilus blythii (Day, 1870)

This species is found only from Tenasserim Province,
Myanmar.

Neolissochilus compressus (Day, 1870)

N. compressus is known only from Tenasserim
Province, Myanmar.

Neolissochilus baoshanensis (Chen et al., 1999)

This species is mainly reported from Nujiang and
Longchuanjiang districts of Yunnan, China.
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Nelissochilus dukai (Day, 1878)

N. dukai probably occurs in Mekong and Chao
Phraya basins and Malay Peninsula.

Neolissochilus thienemannia (Ahl, 1933)

This species is distributed in Lake Toba in Sumatra,
Indonesia.

Neolissochilus longipinnis (Weber and de Beaufort, 1916)

The species is mainly distributed in Sumatra (lake
Kawar) and Java (Pangus river on Mt. Ungaran).

The GIS map of genus 7or has been prepared using
ARC PRO (ESRI) software for describing the distribution
and habitat of 19 Tor species worldwide (Fig. 21).

Reproductive biology

T tor has been recorded to show sexual
dimorphism during the spawning season from the
Narmada River (Desai, 1973). The golden mahseer
exhibits sexual morphism during the breeding season
in Kumaon lakes (Pathani, 1978, Pathani and Das 1979).
It is also observed that mahseer has relatively higher
growth rate in male than female resulting in early
maturity of males (Chaturvedi, 1976). The size at
first maturity is also validated using condition factor
(Nautiyal, 1985). The breeding season of golden mahseer
was determined by calculating gonado-somatic Index
(GSI) and condition factor (Kn) in Garhwal Himalayan
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Fig. 21. Potential distributions of 7or species across the globe

region from Alaknanda and Nayar River (Nautiyal,
1984). It has also been recorded that mahseers spawn
multiple times in a year (Dunsford, 1911; Nevill, 1915).
Two peak breeding seasons of mahseers with one being
minor breeding season in January-February and major
breeding season in August has been observed on the
basis of migration of mature fish in Indian mahseer
(Cordington, 1946). Two breeding seasons have also
been reported during the low flood phase i.e. May-June
and August-September in Himachal Pradesh (Sehgal
et al., 1971, 1972; Karamchandani, 1972; Sunder and
Joshi 1977; Pathani and Das, 1979). It was observed
that spent gonads occur in golden mahseer after the
second week of September and the ovaries possess three
size classes of eggs, the proportion of which varied
throughout the year (Shrestha, 1986). Some authors have
also observed that spent phase occurs in the month of
August (Johal et al., 2000). It was stated that the mahseers
are asynchronous spawners and spawn twice in a season
(De Silva et al., 2004). Breeding techniques and larval
rearing of different species of mahseers (7 putitora,
T. khudree, T. tambroides and T. douronensis) have
been described by several authors (Kulkarni, 1971, 1980;
Desai, 1972; De Silva et al., 2004; Ingram et al., 2005;
Keshavanath et al, 2006; Sarma et al., 2009; 2010).
Keshavanath er al. (2006) successfully induced maturity
in Deccan mahseer (7Tor khudree) under confinement and
breeding was done successfully using carp pituitary and
ovaprim. It was stated that change in the temperature
and monsoon floods triggers the act of spawning
(Thomas, 1897; McDonald, 1948). To understand the
breeding biology of golden mahseer and to investigate
the inability of the species to breed under captive
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condition in Kumaon Himalayan region, a study was
carried out by Shahi et al. (2014) on Kisspeptins. The
peak spawning season of mahseer is observed during the
month of May to August, which is the favourable time for
the maturation of golden mahseer in natural water bodies
of Garhwal Himalayan region (Bhatt and Pandit, 2015).
The fecundity range of this fish varies from 3987 to
7320 eggs with a size ranging from 190 to 250 mm total
length (Sarma et al, 2016). Another study embodied
that the peak breeding season of golden mahseer falls
in the month of August when temperature ranges from
21.2-26.4°C, with absolute fecundity of 4217 to 8365
per kg body weight among the different-sized female
fish (Joshi et al, 2018). Akhtar et al. (2017) revealed
certain limitations in attaining maturity of golden mahseer
(T putitora) in captivity and studies on hormone levels
and stress biomarkers in wild and captive brooders were
carried out. An experiment was successfully conducted
using photo-thermal manipulation for inducing maturity
and spawning of 7. putitora under captivity at the mahseer
hatchery of ICAR-Directorate of Coldwater Fisheries
Research (ICAR-DCFR), Bhimtal (Akhtar et al., 2018).

Captive breeding of N. hexagonolepis was successfully
carried out in pond conditions (Sarma et al., 2014)
and was suggested a potential species for hill fisheries
and aquaculture. Captive breeding of chocolate mahseer
was also successfully carried out by Dash et al. (2021)
achieving a fertilisation rate of 90.3, hatching rate
of 82.8% and 97.4% free- swimming larvae. Earlier,
artificial propagation of chocolate mahseer was carried
out by Mahapatra and Vinod (2011). To achieve success
in the artificial fertilisation of Thai mahseer, the use
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of ovaprim at 0.5 ml per kg body weight was found to
be the most successful hormone dose achieving
55% ovulation (Kunlapapuk and Kulabtong, 2011).
Broodstock management, induced spawning and larval
rearing of two indigenous Malaysian mahseers i.e.,
T. tambroides and T. douronensis was successfully carried
out by Ingram et al. (2005). The biometry, condition
factor, food and feeding habit, reproductive status,
length-weight relationship, spawning habit, culture
and larval development of chocolate mahseer were
documented by several researchers around the world
since 1822 to 2021 (Hamilton, 1822; McClelland,
1839; Hora, 1940; Langdale, 1944; Ahmed, 1948;
Alikunhi, 1948; Dasgupta 1988 a,b,c; 1989; Ghosh and
Zamadar, 2003; Sarma et al, 2016, Dash et al., 2021).
The effect of temperature on incubation of eggs, standard
metabolic rate (SMR), growth and thermal tolerance
limit of chocolate mahseer was performed by Dash
et al. (2021) as well. Sharma et al. (2016) evaluated
the histomorphological changes of the embryo and larvae
during ontogenesis of golden mahseer 7. putitora. A study
on growth performance, fatty acid profile, gut and muscle
histo-morphometry was carried out in the post-larval
stage of T. tambroides, using administration of short-term
probiotic (Hossain ef al., 2022). In order to determine the
immune systems of the offspring of wild-collected and
captive-matured T. putitora, immune gene characterisation
and expression comparison studies were conducted during
ontogenetic developmental stages (Tripathi et al., 2022).
Melinda et al. (2022) analysed the genomic information
of T. tambroides using the Illumina and Nanopore
technologies which helps in species identification and
analysis of various biological parameters. The information
on reproduction-related seasonal changes in the fatty
acid profile and nutritional status of male and female
golden mahseer (7. putitora) is useful for managing the
broodstock (Sharma et al., 2022). N. soroides was shown
to have two peaks in its fecundity, which coincided with
heavy rainfall distribution (Khaironizam and Ismail,
2013). A macroscopic grading system for golden mahseer
testes was developed by Shahi ef al. (2015) which showed
the testes development stages during the breeding season
in Bhimtal and Sattal Lake.

Genetics and biotechnology

A new diploid cell line (TP-1) was developed for the
first time from golden mahseer havingimmense potential
in biodiversity conservation (Lakra et al.,, 2006). It was
observed that the cryopreservation of spermatozoa of
Deccan mahseer (T. khudree) using different techniques
increases the viability of spermatozoa (Basavaraja and
Hegde, 2004; Basavaraja et al., 2006). The phylogenetic
relationship among the five Indian mahseer species was
done using a ribosomal DNA sequence (45S rDNA)

157

which provided greater understanding of the taxonomic
status (Kumar et al., 2015). The karyotype and Nucleolar
Organiser Regions (NORs) of golden mahseer (7. putitora)
collected from different populations of Kosi and Beas
rivers showed genetic polymorphism in the species
(Barat and Ponniah, 1998). A study was carried out on
characterisation and phylogenetic relationship of five
mahseer species viz., T. tor, T putitora, T. khudree,
T. chelynoides and N. hexagonolepis by partial sequencing
of cytochrome oxidase I (COI) (Sati et al., 2013). The
cytogenetical studies on some of the closely related
mahseer species such as T. khudree, T. mosal mahanadicus,
T. putitora and T. tor were carried out earlier by several
scientists (Khuda Bukhsh, 1980, 1982; Khuda-Bukhsh
et al, 1986; Barat and Ponniah, 1998). Comparative
cytogenetic investigation of 7. khudree and T. mussullah
was undertaken using conventional staining and NOR
banding by Kushwaha et al. (2001). Diploid chromosome
number was found to be 100 in both the species; however,
variation was observed in their karyomorphology.
Silas et al. (2005) investigated the genetic identity of
T. malabaricus using RAPD markers by comparing with
T. khudree and the results showed that both the species are
not under same gene pool and have to be treated as distinct
species. Sequencing of 464 base pairs of the mitochondrial
cytochrome c oxidase I (COI) gene and fifteen polymorphic
microsatellite loci were examined for investigating the
population genetic structure of 7. tambroides (Esa and
Rahim, 2013). The sequencing of mitochondrial genome
and distinct genetic lineage of 7. for was investigated by
Kumar et al. (2015). Random amplified polymorphic
deoxyribonucleic acid (RAPD) markers confirmed the
specific identity of 7. khudree malabaricus, described
by Silas et al. (2005). Mohindra et al. (2007) validated
the genetic relationship between T. tor, T. putitora,
T. mosal mahanadicus, T. khudree and N. hexagonolepis
using RAPD markers. To study the simultaneous
chromosomal localisation of 5S and 18S ribosomal
genes in the genus 7or, the dual colour fluorescence
in situ hybridization (FISH) was performed by Singh
et al. (2009). Cytogenetic studies on endangered fish
species and karyotypes of three species of mahseers
viz., T. putitora, T. tor and T. khudree was executed
(Lakra, 1996). Based on the cytogenetic studies on
Tor species, it was revealed that all the 7or species have
100 diploid chromosomes (Froese and Pauly, 2009).
Furthermore, the chromosomal analyses of different
species, populations and stocks revealed variations
in karyomorphology in different species (Khuda-
Bukhsh, 1982; Lakra and Rishi, 1991; Lakra, 1996; Barat
and Ponniah, 1998; Kushwaha et al., 2001). In a similar
manner, detailed karyomorphological investigations was
also carried out in seven species of mahseers viz,
T khudree, T. mussullah, T. putitora, T. tor, T. chelynoides,



T. progeneius and N. hexagonolepis (Mani et al.,
2009) using karyotyping, Ag-NOR and fluorescent
staining techniques which showed 100 nos. of diploid
chromosomes in all the species and the highest number
of NORs was observed in 7. for i.e., four pairs of
chromosomes. Khare et al. (2014) examined nine
mahseer species of Tor, Neolissochilus and Naziritor
with mtDNA data and indicated the need for integrating
molecular and morphological tools for taxonomic
revision of Tor and Naziritor genera. The phylogenetic
analysis using the complete mitochondrial genome
revealed that the chocolate mahseer belonged to same
clade of mahseer group but different from genera, Barbus
and Acrossocheilus (Sahoo et al., 2015). Sharma et al
(2019) carried out a study to develop species-specific
novel microsatellite markers using next-generation
sequencing and to assess the genetic diversity of wild
chocolate mahseer populations distributed throughout
north-eastern India. The oxygen consumption, thermal
tolerance and stress response in chocolate mahseer
(N. hexagonolepis) illustrated the CTmax and LTmax
that increased significantly with increasing acclimation
temperature and water temperature o f 31°C and beyond
in natural water bodies might create physiological
stress in chocolate mahseer, which may affect its
reproductive performance (Majhi et al., 2013).

Aquaculture potential

Due to the excellent flavour of the flesh and
sporting quality, mahseer is considered as an important
candidate species for aquaculture (Day, 1889). Pisolkar
(2001) reported copper mahseer to be suitable for culture
in ponds in Tamil Nadu. Ayyappan et al. (2001) listed
N. hexagonolepis in the prioritised freshwater fish species
to be considered for culture. Growth of 7. khudree between
600 and 900 g in one year was reported by Ogale
(2002) in village ponds near Lonavala, Maharashtra.
Monoculture of 7. putitora was also carried out at
Lonavla with pellet feed prepared with rice bran, ground
nut oil cake and fish meal (30:30:40) and mineral mix.
Islam and Tanaka (2004) concluded 7. putitora as
a highly promising species for aquaculture by
maintaining the proper dietary conditions. In floating
cages, culture trials for 7. khudree were carried out
by Kohli et al. (2002) having initial length and weight
of 100-140 mm and 5-25 g within a culture period of
356 days and survival of 68.89%. The slow growth of
T. khudree in the ponds, reservoirs and floating cages
in open waters was observed by Sharma and Parashar
(2013). An experiment on polyculture of mahseer with
Indian major carps in ponds was successfully carried by
Rahman et al. (2007). Sawhney (2014) investigated
growth response of mahseer, 7. putitora fingerlings
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to changed lipid levels in the diet and witnessed that
a dietary lipid level of 6% was optimal for proper
growth. Sarma et al. (2010) and Shahi et al. (2014)
elaborated the culture potential of 7. putitora in hill
aquaculture. The increasing demand of chocolate
mahseer for food as well as sport fish, especially
in Indian uplands necessitates concerted attempts to
produce seed for angling and for culture purposes
using captive, pond reared broodstock (Sarma et al.,
2010). In pond culture system, growth performance
of N. hexagonolepis (McClelland) in Arunachal Pradesh
was studied by Laskar et al. (2009). Earlier the culture of
T. mosal mahnadicus recorded a growth of 172-200 mm
in four months, whereas Deccan mahseer reared in
Odisha attained a growth increment of 107 mm in
254 days (Badapanda and Mishra, 1991). Thai mahseer
(T. tamboides) is one of the high-value commercially
cultured freshwater fish species, especially in Malaysia
(Kunlapapuk and Kulabtong, 2011). The protocol for
sperm cryopreservation of the critically endangered
T. tor was developed by Kabir et al. (2022) which could
be utilised for long-term preservation of genetic materials
for effective breeding.

Angling and ecotourism

The International Ecotourism Society (TIES) defines
ecotourism as a responsible travel tonatural areas that
endures the well-being of the local people, protects
the environment and encompasses interpretation and
education. One strategy for sustainable management of
the ecosystem is to link the tourism through ecotourism
and conservation activity (Kiper, 2013). In India,
mahseer ecotourism is developed through a variety
of activities like fish sanctuaries, mahseer watching and
recreational fishing (Baruah and Sarma, 2018). Angling
or sport fishing is one of the most interesting outdoor
physical activities which offer diverse taste and pursuits.
It includes the eco-tourism promoting sustainable form
of resource utilisation and contributes to environmental
conservation while ascertaining accrued socio-economic
benefits to the society and provides high values to natural
biological resources (Ditton et al., 2002). The adventures
and joy involved in entrapping of Indian mahseer is
apparent since old age that has been acknowledged
in many famous archives like “The rods in India” by
Thomas (1873), “Anglers Handbook of India” by Lacy
and Cretin (1905) and “Circumventing the mahseer and
other sporting fish in India and Burma” by MacDonald
(1948). Catch and release was emphasised as an angling
ethic in the 1970s in an effort to regulate poaching
actions after anglers noted a decline in the body
size and rate of catch (Gupta et al, 2015b). Various
efforts are taken to reduce poaching and to mitigate
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concerns surrounding the fishery for e. g., anglers
developed alliances and leased property along riverine
sites, developing training programmes for guides and
monitoring river activities (Everard and Kataria, 2011;
Pinder and Raghavan, 2013; Gupta et al., 2015a). Gupta
et al. (2014) evaluated catch and release angling records
of golden mahseer in the Ramganga and chocolate
mahseer in the Jia-Bharali within two Indian reserves
where catch data suggested these game fish populations
are not negatively affected by angling activities. Due
to the perceived economic benefits, conservation of
fish and the protection of accompanying aquatic
ecosystems, various stakeholders emphasised support
for catch and release angling. A report describing the
current status, challenges and evidence-based research
agenda to support mahseer conservation was documented
by WWF India in 2013. North-east India is bestowed
with more than 33% of the total water bodies of India,
3800 km length of Himalayan river and streams hold
the sizable mighty golden and chocolate mahseers along
with 714 km of brown trout stream for angling purpose
are offering an ample opportunity for angling tourism
(Sarma et al., 2016). In Vedic times, King Someswara
(1127 AD) in his Matsya Vinoda has mentioned the
existence of this mighty game fish in Indian waters with
an account of angling of mahseer with rod and line (Hora,
1953). The British has also encouraged the anglers from
around the world for angling activities in the country
(Thomas, 1873, 1897; Beevan, 1877; Dhu, 1906, 1918,
1923; Sehgal, 1987). For sport fishing and eco-tourism,
Sir H. Ramsay during 1858 has given his contribution
by stocking a large number of mahseer fish in the
lakes of Kumaun (Walker, 1888). The Tor genus accounts
for majority of the mahseer species which is considered
for recreational activities, economic livelihood and
conservation regards (Baruah and Sarma, 2018).
The anglers also contribute directly and indirectly for
the conservation measures of this fish by restoration
activities with generous donations. However, it is a
prime concern to assess the post-release mortality and
to understand the factors affecting the potential risk
for their population depletion. It is also important to
follow a proper management plant, as the advantage of
angling for this endangered fish can outweigh the risk
of this species (Cooke et al., 2016). A study was carried
out which demonstrates that angling can be used as a
monitoring tool for data deficient fishes and can also
be used to assess the population of large bodied fishes in
rivers (Pinder et al., 2020). It is estimated that over 10%
of the population from transitioning and industrialised
countries are engaged in recreational fishing activities
(Arlinghaus et al., 2015). It is also believed that the less
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industrialised countries around the world are likely to be
growing rapidly in these activities (Bower et al., 2014).

Conservation measures: Protection and management

The freshwater ecosystems are in the verge of
depletion and a report shows that almost 84% of the
freshwater vertebrate populations have declined since
1970 (WWF, 2020). This has led to a steep downfall
in the freshwater biodiversity of the world’s lakes and
rivers (Richter et al,, 1997) which is often not visible
to the policy makers and general public (Dudgeon
et al,, 2006; Reid et al.,, 2019). The freshwater biodiversity
has been jeopardising throughout the world (Cooke,
et al., 2012; Carrizo, et al., 2013; Reid, et al., 2013)
with alarming decline of migratory fishes (Carrizo et al.,
2017; He et al., 2017; WWE, 2021). However, more
than half of world’s population relies on the freshwater
ecosystem for income, nutrition, cultural services and
recreational activities (Youn et al., 2014; Cooke et al.,
2016). But the current trend of misusing the freshwater
resources and fisheries shows a failure in the protection
and conservation of these resources. Mahseer serves as
an important source of nutrition, livelihood for the local
fisher-folk and the tribal people living along the banks
of rivers. Despite being a threatened species, the various
breeding technologies have benefitted the conservation
of mahseer in the coldwater bodies in different parts
of India (Sarma et al, 2016). The protection and
special ranking have been prescribed as conservation
strategies in the historical and vedic times (1500
BC-800 AD) (Jayaram, 2005). Effective conservation
strategies and management plans are surely lacking for
the conservation of this species. Various small scale and
effective initiatives should be followed for the catch and
release angling activities and a suitable conservation
area should be developed to identify potential habitat and
fishery status of mahseers (Maskur, 2002). Jamuni et al.
(2022) highlighted the potential of community-based fish
sanctuaries and various conservation methods, such as
temple-based fish sanctuaries and conservation-based fish
reserves for in situ conservation of freshwater fishes, other
aquatic biota and riparian habitats while providing socio-
cultural benefits. The eco-region maps can be a significant
resource for assisting regional and global conservation
planning efforts for large-scale conservation strategies
and for providing a global knowledge base to improve
freshwater biogeographic literacy (Abell et al., 2008). It is
believed that for conservation and fisheries management,
establishing fishing restrictions or regulations, habitat
management through the restoration of habitat and
connectivity for migratory fishes for completing the life
cycle and contributing to innate ecological courses of
action is crucial (Lothian, 2021).
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Conclusion

In this review. an attempt was made to describe the
taxonomical status and resource distribution of 17 Tor,
2 Naziritor and 25 Neolissochilus species. The description
regarding reproductive biology, genetics and aquaculture
potential of these fishes under 3 genera has been
documented. The mahseer group of fishes is considered
as one of the most important games and sports fishes
across the world. However, due to several anthropogenic,
environmental and biological factors, the population is
declining over the period. Various efforts have been put
forth for augmenting its population through ex-situ and
in-situ conservation measures. This paper also provides
innovative ideas for conservation and management of
this group of fishes including the protection of its natural
habitat to safeguard the mahseer, an important component
of aquatic biodiversity.
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