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ABSTRACT

Despite advanced genetic tools, morphological taxonomy remains crucial for managing fish genetic resources.
Mabhseer, a prized fish known as the "King of Indian Aquatic Systems," faces taxonomic challenges due to incom-
plete morphological descriptions. Ambiguities arise in Mahseer taxonomy due to the occurrence of a few
holotypes, inconspicuous morphological distinctions in them, and differences in recognizing specific morphologi-
cal characters. This study collected Mahseer specimens from the Indravati River (a tributary of the Godavari River
system) in Odisha and analysed morphometric and meristic characteristics using Least Discriminant Analysis
(LDA). The study came out with records of two Tor Mahseer species, Tor putitora and Tor tor, in the region, with
Tor putitora being a new record for the entire Godavari Basin in India. Strategies for the conservation of Mahseers
and suggestions for conservation awareness among the local population have been discussed. Further, a compre-
hensive investigation on Mahseer diversity and distribution in rivers of southern Odisha has been recommended.
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INTRODUCTION

Indian Mabhseer fishes are large-bodied big-scaled carps
(Dinesh et al. 2010) often called as “King of Indian
Aquatic Systems” (Langer, Ogale & Ayyappan, 2001)
and included under 20 mega fishes of the world (Stone,
2007). It inhabits fast-flowing cold, clear water with
pebbly, stony, and rocky bottoms and intermittent rocky
pools (Ng, 2004; Dinesh ef al. 2008) and is recognised
as a sport and table fish all over the world (Nautiyal,
2014; Sarkar et al., 2015). It is a sacred fish and is wor-
shiped in many Hindu Temples (Desai, 2003) in India.
In Indian rivers, mahseer fishes of the genus Tor are
referred to as "iconic species," serving as "flagship"
species for conservation efforts in addition to having
additional dietary, cultural, and economic values
(Everard & Kataria, 2011). However, in recent times
Mabhseer fishes natural environments have been declin-
ing due to various anthropogenic activities (Sarkar et
al., 2015) and are facing the threat of extinction as some
of the Mahseer species are categorised as critically en-
dangered (CR), some are endangered while others are
threatened (IUCN, 2023). Across the extensive Asian
range, Mahseers are endangered due to a variety of hu-
man activities; including dam construction, water pollu-
tion, overexploitation, and degradation of habitat
(Everard et al., 2021).

The world Mahseer species are subdivided into
three genera i.e. Tor, Neolissochilus, and Naziritor
(Kottelat, 2013; Eschmeyer, Fricke & van der Laan,
2017; Froese & Pauly, 2018), whereas the members of
species under the 7or genus are recognised as
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“true Mahseer” (Desai, 2003; Nguyen et al., 2008).
Globally 16 valid species of the Tor Genus are found in
countries like India, China, Myanmar, Nepal, Sri Lanka,
Pakistan, Thailand, Bangladesh, Vietnam, Laos, Af-
ghanistan, Bhutan, and Indonesia (Pinder ef al., 2019).

Out of 16 species under Tor genera, India is
home to eight species of Tor Mahseer (Pinder et al.,
2019). These species are Tor barakae Arun Kumar and
Basudha 2003, Tor khudree Sykes 1839, Tor kulkarnii
Menon 1992, Tor malabaricus Jerdon 1849, Tor mosal
Hamilton 1822, Tor putitora Hamilton 1822, Tor re-
madevii Kurup and Radhakrishnan 2007 and Tor tor
Hamilton 1822, distributed over several river systems of
India (Pinder ef al., 2019). One of India's largest fresh-
water fishes, Tor putitora, the Golden Mahseer is indig-
enous to rivers in the Himalayas (Everard & Kataria,
2011; Gupta et al., 2014). In India, it occurs in the states
of Jammu & Kashmir, Sikkim, Himachal Pradesh, Utta-
rakhand, Uttar Pradesh, Arunachal Pradesh, Assam,
Meghalaya, Manipur, Mizoram, Nagaland, Bihar, and
West Bengal (Johal, Tandon, & Sandhu, 1994a; Nau-
tiyal, Rizvi & Dhasmanaa, 2008). Additionally, it has
been described from Pakistan, Afghanistan, Bangladesh,
Bhutan, and Nepal. Overall, its longitudinal distribution
covers the Indus, Ganges, and Brahmaputra river sys-
tems and stretches from Hindu Kush-Kabul-Kohistan in
the North West Himalaya to Sadiya (Brahmaputra) in
the North-East Himalaya. (Talwar & Jhingran, 1991;
Pervaiz et al., 2012).

In India, Tor mahseer, Tor for (Hamilton 1822)
is recognised to be one of the principal game and food
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fish. It lives in plains with rocky bottoms and rivers in
the 'Tor region' (600-1200 m) (Singh & Kumar, 2000).
The Narmada River sustains a notable fish population
of this species, which has also been observed in the
Ganges (including the regions below the Himalayas),
Brahmaputra, Godavari, and Krishna river systems
(Desai, 2003; Jayaram, 2005; Lal et al., 2013).

Tor Mahseer in Godavari River system

The River Godavari, popularly called “Ganga of South”
is the second-largest river in India which rises from
Western Ghats near Triambakeshwar, Maharashtra. It
contributes major diversity of Tor species in the West-
ern Ghats having three different species of Tor Mahseer
including Tor kulkarni, distributed in Dharana River at
Deolali (Menon, 1992), Tor khudree and Tor tor from
Adan River of Maharashtra state (Heda, 2009). Recently
Lal et al. (2012) recorded Tor tor from Penganga and
Satnala, tributaries of the River Godavari of Southern
India (Figure 1). The state of Odisha has about 5.7%
area under the catchment of Godavari River Basin with
Kolab River and Indravati River as two most important
tributaries of the Godavari River Basin in Southern Od-
isha (MWRI, 2014).

Tor Mahseer in Odisha

Odisha, the eastern coastal state of India with a major
part of the northern Eastern Ghats, comprises 13.92% of
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the freshwater fish fauna of the country (Dutta, Kunda
& Karmakar, 1993). The topography of Odisha is suita-
ble for fish fauna (Dutta et al. 1993; Pathak et al., 2007)
including Mahseer fishes. The state of Odisha has a
large catchment area of three important river basins- the
Mahanadi River Basin, the Brahmani River Basin, and
the Godavari River Basin (Figure 1). Four different spe-
cies of Tor Mahseer i.e. Tor khudree, Tor mahanadicus,
Tor putitora and Tor tor inhabit the river systems of
Odisha. While three Mahseer species including T.
khudree, T. mahanadicus and T. tor are found in the
River Mahanadi (Chauhan, 1947; David, 1953; Dutta et
al. 1993; Johnson et al. 2023), Brahmani River has T.
khudree and T. tor (Dutta et al., 1993) and both T.
putitora and T. tor were reported from Similipal Bio-
sphere Reserve (Sethy, 2009) (Figure 1). Also, T.
khudree was reported in the Indravati drainage of Od-
isha (Dutta et al., 1993). Tor Mahseer of Mahanadi Riv-
er was originally described by David (1953) as Tor mo-
sal mahanadicus from Hirakud stretch of the River Ma-
hanadi. Due to the assessment of the lack of genetic
distinctions between 7. m. mahanadicus and T. putitora,
Khare et al. (2014) later synonymized it with T. putito-
ra. However, recently Johnson et al. (2023) carried out
an integrated morpho-molecular analysis to redescribe
T. m. mahanadicus to Tor mahanadicus as a separate
species from the Mahanadi River. With the inclusion of
T. mahanadicus, the Tor Mahseer species number has
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Figure 1. Distribution Map of Tor Mahseer in River Basins of Mahanadi, Brahmani of
Odisha and Godavari River Basin, India.
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increased to 17 species globally and nine in Indian
freshwaters.

Notwithstanding the availability of biochemical
and molecular genetic techniques, in managing fish ge-
netic resources, morphological taxonomy and phenotyp-
ic descriptions of species are crucial. Because of mor-
phological variations, the mahseer taxonomy and sys-
tematics remain uncertain (Bagra et al., 2009). Several
problems are faced in the traditional taxonomy of mah-
seer because of the absence of morphometric details in
the original description. The ambiguities in mahseer
taxonomy are in question for a few reasons i.e. occur-
rence of very few holotypes, unnoticeable morphologi-
cal distinctions in them, and differences in recognizing
specific morphological characters (Jayaram, 1999). To
overcome this, more studies on the diversity and assem-
blage of Mahseer species including their morphometrics
in the natural habitats can help clear ambiguities for this
unique biodiverse group of fishes. Given this, our study
deals with records of two Tor Mahseer species Tor
putitora and Tor tor, from Indravati River system in the
Godavari Basin of southern Odisha, India.

MATERIALS AND METHODS
Study Area

The River Indravati of Odisha is an important interstate
river and a tributary of River Godavari. It arises from a
small rivulet of village Mardiguda of Thuamul Rampur
Block of Kalahandi district situated at an elevation of
914 m asl in the Dandakaranya Range on the western
slopes of the Eastern Ghats. The River Indravati (Figure
2), after traveling 164 km through the Odisha districts of
Kalahandi, Nabarangpur, and Koraput, forms 9.5 km of
the interstate border between Odisha and Chhattisgarh
and then enters the Bastar district of Chhattisgarh. It
flows around 233 km in the state of Chhattisgarh and
then turns south and forms an interstate border of 129
km between Chhattisgarh and Maharashtra until joining
the Godavari River at the intersection of the borders of
Chhattisgarh, Maharashtra, and Telangana states. It
flows for a length 535 km with a drainage area of
41,665 sq. km. (Vansutre, Deshmukh & Hari, 2014;

Choudhury, 2017).
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Figure 2. Map of Indravati River Drainage basin, India
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Mahseer Specimens were collected from Indravati Dam
Reservoir at Mukhiguda, Kalahandi (82°51'12.27"E and
19°17'05.66"N), and Kapur Dam (82°46'49"E and
19°11'50"N) at Khatiguda, Nabarangpur, Odisha
(Figure 2).

Samples Collection and Analysis

The Mahseer fishes were sampled using gill nets sup-
ported by local fishermen during July 2019 to July
2023. Specimens were preserved in 10% formaldehyde.
The geographical coordinates of sampling sites were
taken by GPS (GPSMAP 64s, Garmin, United States).
The habitat parameters were as per Arunachalam
(2000). pH and water temperature were recorded at the
sampling sites by pH meter (eco Tester pH 2) and water
thermometer. Water samples were carried to the labora-
tory for analysis of Electrical Conductivity (EC), Dis-
solved Oxygen (DO), and Total Dissolved Solid (TDS),
The MultipleParameter PCS Tester TM 35 was used to
measure TDS and EC and DO were analysed by Win-
kler’s method (APHA, 2005). The standard taxonomic
keys of Sen & Jayaram (1982), Talwar & Jhingran
(1991), Menon (1992), Jayaram (2010) and Langer et
al. (2013) were used for species identification. The
specimens of the two species were deposited at the Zoo-
logical Survey of India (ZSI), Kolkata, and final identi-
fication was ascertained by the experts of ZSI, Kolkata.

Twenty-two morphometric parameters, which
were studied (Table 1) include: TL-Total Length; SL-
Standard Length; HL-Head Length; SNL- Snout
Length; POL- Post Orbital Length; FL-Fork length;
PDL- Pre Dorsal Length; PODL- Post Dorsal Length;
DFL- Dorsal Fin Length; PFL-Pectoral Fin Length;
PVFL- Pelvic Fin Length; AFL- Anal Fin Length; PPL-
Pre-Pelvic Length, LCPD- Length of Caudal Peduncle;
DFBL -Dorsal Fin Base Length; AFBL- Anal Fin Base
Length ; LHCPD -Least Height of Caudal Peduncle,
BD-Body Depth; ED-Eye Diameter; HW- Head Width,
HD- Head Depth, IOW -Inter Orbital Width. Using a
digital vernier calliper, measurements were obtained on
a continuous scale from the lateral side of the fish. Ex-
cept for the body depth and head depth, all lengths were
measured along the anterior-posterior body axis
(Manimegalai et al., 2010).

Since Mabhseer fish of different sizes were tak-
en in this work, their morphometric characters and
growth may vary, to rectify the differentiations among
the morphometric characters, the morphometric data
were standardized in the form of the ratio of TL to other
body parameters, and Head length (HL) to other body
parameters. The descriptive analysis (mean, range, and
standard deviation) was applied to all of the morpho-
metric measurements and ratios(Table 1).The standard-
ized parameters were subjected to one-way Multivariate
analysis of variance (MANOVA), and the significant
variables (Table 3) were extracted for linear discrimi-
nant analysis (LDA). Linear Discriminant Analysis
(LDA) serves as a supervised learning algorithm em-
ployed for classification purposes within the realm of
machine learning. It is a technique used to find a linear
combination of features that best separates the classes in
a dataset. Thus, in the current work, the ratios used in
LDA were utilized to discern the differences in morpho-
logical traits of the two Mahseer species (7. putitora
and 7. for). LDA was used to obtain eigenvalue, vari-
ance percentage, and axis scores (Table 4). Similarly,
the standardized data were used to construct the box
plot to show the variation between the two Mahseer
species through median, range, and quartiles (Fig. 6).

108

The aforementioned analysis was conducted using Mi-
crosoft Excel 2007 and PAST 4.03 (Hammer, Harper &
Ryan, 2001) and Origin(Pro) Ver. 2023.

The eight meristic characters of two species of
Mabhseers are: Lls-Lateral Line Scale; L.tr- Lateral Line
Transverse Scale; PDS- Pre-Dorsal Scale; DFR-Dorsal
Fin Rays; PFR- Pectoral Fin Rays; PVFR- Pelvic Fin
Rays; AFR-Anal Fin Rays; CFR-Caudal Fin Rays
(Table 2)

Since no noteworthy sexual dimorphism with
regard to the chosen morphometrics was found, the data
analysis was carried out without taking the individual's
sex and developmental stage into account.

RESULTS

The two Mahseer species Tor putitora (ZSI Registration
No. FF8623, 30 cm) and 7or tor (ZSI Registration No.
FF8624, 33.6 cm) were reported as new records from
the Indravati River system of Eastern Ghats in Odisha
with the Ref. No. F. ZSI/FPSB/FWFS/2019-20. The
specimens have been deposited in the Zoological Sur-
vey of India (ZSI), Kolkata, India for future reference
(Figure 3).

Distinguishing Characters
Golden Mahseer Tor putitora (Figure 4)

The collected specimens of Tor putitora exhibited the
following distinguishing characteristics:

Fin formula: D. 13 (4/9), P. 16-17, V. 8-9 (1/7-8),
A. 7-8 (2-3/5), Lls. 24-27, L. tr. 3%/1/2"%
Description: Six exs of T. putitora

Dorsal Fin Ray (D): All six specimens with 13
(4/9) dorsal fin rays.

1.

i.
iil.

iv. Pectoral Fin Rays (P): Four specimens with 16, and
two with 17 pectoral fin rays.

v. Ventral/ Pelvic Fin Rays (V): Five specimens with
9 (1/8) and one with 8(1/7) Ventral/ Pelvic fin rays.

vi. Anal Fin Rays (A):Four specimens had 8 (3/5), and
two with 7 (2/5) Anal fin rays.

vii. Body streamlined, oblong, and somewhat com-
pressed.

viii. Its depth is 5.0 to 5.5 in Total length.

ix. Head broadly pointed its length greater than the
depth of the body and 4.6 to 5 times in Total
length.

X. 24-27 scales along the lateral line.

xi. Description: Two specimens with 25 scales, and
another two with 27, while one with 24 and the
other one with 26 scales in the Lateral line.

xii. Lateral line Transverse scale: 3%/1/2%

xiii. Body colouration: The species has reddish sap-
green back, light orange flanks that turn silvery
white on the belly, watery buff-yellow eyes, Irish
light green scales with dark blue pupils, and bright
orange scale centres. The distal tip of the caudal fin
has a reddish-orange patch, and the fin's posterior
border is reddish-green. The pectoral, pelvic, and
anal fins are yellowish.

Mahseer Tor tor (Figure 5)

The collected specimens of 7Tor tor exhibited the fol-
lowing distinguishing characteristics:

i.  Fin formula: D. 13 (4/9), P. 15-18, V. 9-10 (1-2/8),
A.7-8, LIs. 22-27, L. tr. 3'4/1/2-2".

ii. Description: - 13 exs of T. tor

AJCB Vol. 13 No. 1, pp. 105-117, 2024
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Dorsal Fin Rays (D): All specimens have 13 (4/9)
dorsal fin rays.

the gill openings, pale yellow below the eyes, and light
sky-blue on the operculum: the reddish buff dorsal fin,

iv. Pectoral Fin Rays (P): Five specimens with 17, an- deep orange pelvic, pectoral, and anal fins.
other five with 16, two with 15, and one with 18 The Total length (TL) varied from 30.0-51.8cm and 32.0
Pectoral fin rays. -53.63 cm among the 6 specimens of 7. putitora and 13
v. Ventral/ Pelvic Fin Rays (V): Eight specimens with specimens of T tor respectively (Table 1).
9 (1/8), and the rest five with 10 (2/8) ventral/ pel- Box plot of standardized data has shown the variations
vic fin rays. between the Mahseer fish species T. putitora (Tp) and T.
vi. Anal Fin Rays (A): Eleven specimens had 8 (3/5 tor (Tt) through median, range, and quartiles of the pro-
and 2/6) and two with 7 (2/5 and 1/6) anal fin rays. portions of TL and HL with other body parameters
vii. The body is deep and relatively hefty. Its depth is (Figure 6).
4.4 t0 4.9 in Total length. One-way MANOVA showed that the parame-
viii. Rather tiny head. Its length 4.8 to 5.3 times in Total ters including TL/HL, TL/BD, TL/PDL, TL/DFL and
length. HL/HD were found to vary significantly among the two
ix. 22-27 scales along the lateral line. species at p<0.05 (Table 3). When these five parameters
x. Description: Six specimens with 25, three with 24, were subjected to the linear discriminant analysis, it
two with 22, one with 26, and another one with 27 showed 100% variations among the two species with
lateral line scales. Eigenvalue 12.67. The Axis 1 score of T. putitora (4.95)
xi. Lateral line Transverse scale: 3%4/1/2-2%. was found to be different from the 7. for (-2.28), indicat-
xii. Body colouration: The dorsal side is greyish green ing a great variation between the two species (Table 4
in life, the flanks are pinkish with greenish gold and Figure 7). Confusion matrix of LDA showed that all
above and light olive green below; the belly is sil- the specimens were 100% correctly classified (Table 5).
very; the head is light orange above
Table 1. Morphometric parameters (Mean, Standard deviation and Range) and Stanadarised morphometric
parameters of Tor putitora (N=6) and Tor tor (N=13) from Indravati River System, Odisha, India.
T. putitotra Tor tor
SI.  Param- Mean Range of Mean Range of
No eters Mean+ SD Range Ratio Ratio Mean+SD  Range Ratio Ratio
with TL with TL with TL  with TL
32.0-
1 TL 41.73+8.80  30.0-51.8 - - 39.35+7.02 53.63 - -
2 SL 33.34+£7.98 22.88-42.4  1.26+0.04 1.22-1.31  31.59+5.99 4212(52 1.25+0.04 1.22-1.37
3 FL 36.24+£8.25 25.15-454  1.16+0.03 1.13-1.19  33.99+6.36 4212; 1.16+0.04 1.13-1.27
4 HL 8.72+2.07 6.0-11.2 4.81+0.17 4.62-5.0 7.80+1.35 6.2-10.4 5.04+0.15 4.85-5.30
5 BD 8.00+1.92 5.4-10.32 5.25+0.22 5.01-5.55 8.36+1.38 6.7-10.9 4.70£0.17 4.43-4.93
6 PDL 16.36+3.33  12.0-20.43  2.55+0.04 2.5-2.6 14.994+2.85 ;(1)3_1 2.63+0.09 2.44-2.85
7 PoDL  17.09+4368 21+ 2454026 221294 17.19:3.06 13O 2.29+0.18  2.03-2.71
0 . . 254 . . 21-2. . . 2451 . . .03-2.
8 PPL 16.8243.75  12-21.61 2.49+0.06 2.38-2.55 15.43+2.97 ;;8?_ 2.56+£0.12 2.41-2.83
9 DFL 7.3+1.22 5.4-8.67 5.69+0.29  5.3-6.09 7.32+1.12 6.0-9.9 5.36+0.31 4.88-5.89
10 DFBL 4.56+0.98 3.2-5.91 9.17+0.42 8.71-9.66  4.31+£0.99 2.0-6.1 9.44+£2.23  8.30-16.80
11 PFL 6.26+1.24 4.6-7.56 6.66+0.29 6.34-7.0 6.13+£1.20 4.8-8.7 6.44+031 5.96-7.00
12 PVFL 5.28+1.08 4.0-6.38 7.91+0.52 7.44-8.75  5.19+0.90 4.0-6.9 7.58+0.34  7.04-8.00
13 AFL 6.41+1.54 4.0-7.97 6.58+0.48 6.09-7.5 6.09+1.31 4.4-8.7 6.52+0.49  5.86-7.30
14 AFBL 2.22+0.54 1.6-2.91 18.90+1.46 17.5-20.9  2.09+0.35 1.65-3.0 ;8'79i1'7 ;ggg_
15 LCPD 6.12+1.25 4.6-7.71 6.81+0.19 6.52-7.01  5.94+1.19 4.2-8.3 6.67+£0.48  6.06-7.62
16 ]ISHCP 3.72+0.67 3.0-4.59 11.17+0.89 ?13% 3.73+£0.56 2.99-4.9 }50'5‘&0'7 8.84-11.42
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17 ED 1.81£0.27 1.4-2.1 4.75+0.43 4.28-5.33 1.67£0.24 1.4-2.2 4.64+0.22  4.25-5.05

18 POL  4.59+1.40 2.6-6.18 1.94+0.20 1.81-2.3 4.10£1.01  2.6-5.9 1.94+0.19  1.76-2.38

19 HW 4.89+£1.37  3.23- 1.80+0.09 1.62-1.85 4.58+1.06 3.41-6.4 1.73+0.12  1.52-1.94
6.89

20 HD 5.28+1.43  3.45- 1.67+0.09 1.56-1.74 5.00£0.99 3.86-7.2 1.57£0.07 1.44-1.71
6.91

21 SNL  2.77£0.65 1.8-3.58  3.15+0.18 2.91-3.34 2.52+0.53  1.8-3.8 3.1240.20  2.74-3.44

22 IOW  2.83£0.70 2.0-3.73  3.08+0.08 3-3.18 2.63+0.55 2.0-3.9 2.99+0.18  2.67-3.30

TL-Total Length; SL-Standard Length; HL-Head Length; SNL- Snout length; POL- Post orbital length; FL-Fork
length; PDL- Pre Dorsal Length; PODL- Post Dorsal Length; DFL- Dorsal Fin Length; PFL-Pectoral Fin Length; PVFL-
Pelvic fin length; AFL- Anal fin length; PPL- Pre-Pelvic length, LCPD-Length of Caudal Peduncle; DFBL -Dorsal fin base
length; AFBL- Anal fin base length ; LHCPD -Least height of caudal peduncle, BD-Body Depth; ED-Eye Diameter; HW- Head
width, HD- Head depth, IOW -Inter orbital width

Table 2. Meristic counts of Tor putitora (N=6) and Tor tor (N=13) from Indravati River System, Odisha, India.

SI. No Meristic Counts Tor putitora Tor tor

1 Lateral line Scale (Lls) 24-27 22-27

2 Lateral line Transverse Scale (L.tr.) 3Y%/1/2Y 3%5/1/2-2Ys
3 Pre-Dorsal Scale (PDS) 9 8-10

4 Dorsal Fin Ray (DFR) iv9 iv9

5 Pectoral Fin Ray (PFR) 16-17 15-18

6 Pelvic Fin Ray (PVFR) i7-8 it 7/1-1i 8
7 Anal Fin Ray (AFR) ii-iii5 iis5-ii6
8 Caudal Fin Ray (CFR) 23-25 23-25

A ‘ 7SI Regd. No. FF8623, 30 cm

B ZSIRegd. No. FF8624, 33.6 cm

Figure 3. Two species of Tor Mahseer recorded from Indravati River, Odisha deposited in Zoological Survey of
India (ZSI)., Kolkata. A- Tor putitora, B-Tor tor
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Habitat characteristics

The microhabitat of both the Indravati Dam Reservoir
at Mukhiguda and Kapur Dam at Khatigudaare deep
pools. While substrates such as bedrock, boulders, cob-
bles, sediments, and silts predominate in the Indravati
Dam Reservoir, substrates like sediments, boulders,
gravels, and cobbles predominate in the Kapur Dam.
The values of physicochemical parameters varied
among both the sites except pH having the same value
of 7.85, but other parameters such as water temperature,

Table 3. One way -Multiple analysis of variance
(MANOVA) of standardized morphometric parameters Tor
putitora (N=6) and Tor tor (N=13) from Indravati River
System, Odisha, India.

Parameters P Value
TL/SL 0.60
TL/FL 0.83
TL/HL* 0.01
TL/BD* 1.28E-05
TL/PDL* 0.04
TL/PoDL 0.13
TL/PPL 0.20
TL/DFL* 0.04
TL/DFBL 0.78
TL/PFL 0.16
TL/PVFL 0.12
TL/AFL 0.83
TL/AFBL 0.89
TL/LCPD 0.50
TL/LHCPD 0.13
HL/ED 0.48
HL/POL 0.96
HL/HW 0.19
HL/HD* 0.01
HL/SNL 0.76
HL/IOW 0.25

TDS, EC, and DO were 29.35°C, 38.15 ppm, 62.15
ps/cm, and 5.36 mg/l respectively in Indravati Dam
Reservoir, while in case of Kapur dam, it was 31.1°C,
26.6 ppm, 51 ps/cm and 4.87 mg/1 respectively (Table
6).

Other fish species in the habitat

The Labeo rohita, Labeo calbasu, Gibelioncatla, Cte-
nopharyngodon idella, and Cirrhinus mrigala were
other fish species identified as cohabiting species in
the study locations.

Table 4. Summary of Linear Discriminant Analysis
(LDA) of Tor putitora (N=6) and Tor tor (N=13) from
Indravati River System, Odisha, India.

Proportions Axis 1
Eigen value 12.67
1 0,

Percentage of Variance (%) 53.08
Scores
Species Axis 1
T tit

or putitora 495
Tor tor 298

Table 5. Confusion matrix of LDA of Torputitora
(N=6) and Tor tor (N=13) from Indravati River Sys-
tem, Odisha, India.

T. putitora Tor tor  Total

T. putitora 6 0 6
Tor tor 0 13 13
Total 6 13 19

Figure 4. Tor putitora. (a) Photograph of the fish from the lateral side, (b) Head with barbels -view from lateral side

and (c) Head with barbels from ventral side
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Figure 5. Tor tor. (a) Photograph of the fish from the lateral side, (b) Head with barbels -view from lateral side and (c)
Head with barbels from ventral side
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DISCUSSION

The current research identified two species of Tor Mah-
seers, Tor putitora and Tor tor, based on morphometric
analysis and the application of Linear Discriminant
Analysis (LDA) utilizing standardized parameters. Mor-
phometric measurements have been utilized to a great
extent for describing the variation between T. putitota
and T. tor species of Mahseer fish (Day, 1878; Hora &
Mukerji, 1936). In the present observations, the ratios
of TL with SL, HL, BD and the ratios of HL with ED,
HD of T. putitora coincide with the description of Bhatt
& Pandit (2015) about the relationship of morphometric
characters including standard length (SL), head length
(HL) and maximum body depth (MBD) with total
length (TL), eye diameter (ED) and head depth (HD)
with head length (HL) of T. putitora, which were estab-
lished by Dasgupta (1982, 1991a), Johal et al. (1994b),
Bhatt, Nautiyal & Singh (1998) and Sharma, Mohan &
Kouser, (2015). All the meristic characteristics of 7.
putitora from the Indravati River were similar to the
findings of Yousaf et al. (2021); Sharma et al. (2015)
and Langer, Tripathi & Khajuria (2013). The meristic
counts of T. tor from the Indravati River are within the
range established by Day (1878, 1889); Hora (1941);
Misra (1959); Shrivastava (1980); Sen & Jayaram
(1982); Dasgupta (1990); Talwar & Jhingran (1991);
Desai (2003) and Ujjania et al. (2012) except those of
Pelvic fin ray (PVFR) and Caudal fin ray (CFR) were
found to be ii 7/ i-ii 8 and 23-25 respectively.

The Tor putitora and Tor tor were reported as
new records from the Indravati River system of Eastern
Ghats in Odisha. In the riverine system of Odisha, Tor
tor has previously been documented from Similipal
Biosphere Reserve (Sethy, 2009), Mahanadi River sys-
tem (Chauhan, 1947; David, 1953; Dutta et al., 1993) as
well as in Brahmani River systems (Dutta et al., 1993;
Sethy, 2009). The record of Tor tor is also a new record
for the Godavari basin in South Odisha.

The species Tor putitora is originally distribut-
ed across the rivers Indus, Ganges and Brahmaputra
flowing through the Himalayan foothills (Talwar &
Jhingran, 1991) and northeastern states of India like
Meghalaya (Dasgupta, 1991a, b, 1993), Manipur
(Rahman, 1989). Before the 1960s the Himalayan Mah-
seer (Tor putitora) was reported in the northern Ganget-
ic plains (Nautiyal e al., 2008) and later from the Nar-
mada River in central (Desai, 1972; Bakawale & Kan-
here, 2013). In Odisha, The Mahanadi River drains the
largest parts of Odisha including its western, central,
and eastern parts. The earlier report of 7. putitora from
the Mahanadi system (Khare et al., 2014) is presently
no longer valid, as the species is now recognised as a
separate species Tor mahanadicus (Johnson et al.
2023). However, the major rivers of southern Odisha
form part of the Godavari Basin of India. The record of
Tor putitora from the Indravati River is not only a new
record for the Godavari basin of southern Odisha, but it
is also a new record for the Godavari River system be-
cause there is no previous record of this species in the
entire Godavari River system of India.

The type locality of Tor tor is the Mahananda
River (flowing through northeast Bengal, India), dis-
covered by Hamilton (1822). This Mahseer species is
now widely occurring throughout the Himalayan ranges
from Jammu in the west to the Brahmaputra valley in
the east (Sehgal, 1971) and distributed towards the riv-
ers of the Indian peninsula (Pinder et al. 2019), with
the , Narmada River in Madhya Pradesh being assumed
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to be the southernmost range of native distribution. But
Lal et al. (2012) discovered 7. tor from the Penganga
and Satnala River of the Godavari Basin and Bhima
River of the Krishna basin and also they have collected
specimens with various life stages including adults and
juveniles, that indicate the establishment of a self-
recruiting population in that region. 7. tor was also rec-
orded by Heda (2009) from the Adan River (a tributary
of Godavari) in Maharashtra. The distribution of T tor
in the Indravati River of southern Odisha indicates there
is a possibility of range extension of this species from
the Himalayan region to the entire tropical Peninsular
India and because of the eurythermal behaviour, the
species can inhabit both cold and warm water (Lal et
al., 2012).

Presently, freshwater ecosystems globally are
encountering considerable challenges, posing threats to
both biodiversity and the equilibrium of ecosystem
(Nautiyal et al. 1998; Menon, Singh & Kumar, 2000;
Langer et al., 2001). In India, the Mahseer population
has been dwindling across the nation (Mahanta et al.,
1998; Bhatt et al., 1998; Nautiyal et al., 1998; Nautiyal
et al., 2008; Kumar, 2000; Menon et al., 2000; Ogale,
2002 a,b,c; Malik & Negi, 2007; Dinesh & Nandeesha,
2007; Kalita, Bhagapati & Sarma, 2007; Oliver,
Sangma & Basavaraja, 2007; Vinod, Mahapatra &
Mandal, 2007; Chalkoo, Ajmair & Qureshi, 2007), pri-
marily due to the construction of dams, uncontrolled
fishing, degradation of freshwater habitats, and various
other human-induced activities (Langer et al., 2001;
Sharma et al., 2015; Everard et al., 2021). The habitats
of Mahseer in the foothills of the Himalayas, as well as
in the regions of Vindhya-Satpura and Western Ghats,
are particularly vulnerable to these threats (Sarkar et al.,
2015).

The population of 7. putitora is currently fac-
ing severe threats across various regions of India, in-
cluding the Himalayan area. The construction of dams
and projects along rivers has disrupted the breeding and
migration patterns of this species. Over the past years,
its population has plummeted by approximately 50%
across its entire distribution range, and if these chal-
lenges persist, further decline is anticipated (Pinder et
al., 2019). Recognized as Endangered (EN), urgent con-
servation efforts are imperative to prevent its extinction
in diverse habitats (Jha et al. 2018). Additionally, Tor
tor, initially categorized as Near Threatened (NT) due
to rapid population decline (Rayamajhi, Jha & Sharma,
2010), has recently been reclassified as Data Deficient
(DD) (Rayamajhi ef al., 2018).

The river systems in Odisha are currently un-
dergoing significant alterations in their natural and hy-
drological characteristics, largely due to various human
activities such as untreated sewage, waste disposal, and
discharge of polluted water from various sources (Bag,
2022). Reservoirs in Odisha, such as the Indravati, play
a pivotal role in sustaining biodiversity in aquaculture
and in providing livelihood opportunities for numerous
communities that depend on them.

Many conservation strategies are being devel-
oped to address the crisis (Nautiyal ef al. 1998; Menon
et al., 2000; Langer et al., 2001). Various bodies, in-
cluding state governments in India, are making efforts
to conserve Mahseers and their natural habitats. Eight
Indian states, including Odisha, have designated a 'State
Fish Tag' for one Mahseer species or another. The
Golden Mabhseer (7. putitora) has been recognized with
the 'State Fish Tag' by the states of Arunachal Pradesh,
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Himachal Pradesh, Jammu & Kashmir, and Uttarak-
hand; the Chocolate Mahseer (N. hexagonolepis) by
Nagaland and Sikkim, and the Mahanadi Mahseer (7.
mahanadicus) by Odisha (ICAR-NBFGR, 2006). While
these steps are crucial for the conservation of these
iconic fish species, raising education and awareness
among local communities is equally important. Moreo-
ver, the sustainable conservation of Mahseers and the
protection of their aquatic ecosystems can only be
achieved if conservation efforts also ensure the liveli-
hood sustainability of the communities dependent on
fishery resources (Everarda & Kataria, 2011).

CONCLUSION

The record of two Mahseer species T. putitora and T.
tor from Indravati Reservoir, a tributary of Godavari is
the first record from southern Odisha. Regarding their
possible range extension, first, it requires to be ascer-
tained whether these two species are from the natural
population or an artificially propagated stock. For this, a
phylogeographic study is recommended, which might
show genetic structure in various populations of these
two widely distributed species, helping to support or
refute the hypothesis that these are in fact range exten-
sions and not introductions. Further, there are Rivers in
southern Odisha where the presence of the Mahseer
population requires thorough investigation. A thorough
study of Mahseers in other tributaries of the Godavari
River system and other rivers of southern Odisha, India
can truly give a broader picture of Mahseer distribution
in the state, based upon which a holistic conservation
management strategy can be built up.
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