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Abstract: Freshwater is critical to human society and sustains all terrestrial and aquatic ecosystems.
Worldwide, freshwater fishes are the most diverse of all vertebrate groups, but are also the most highly
threatened through anthropogenic activities such as river management works, dam building, and land use
change in the watersheds. Lower Anicut is one of the major fishing point in the Cauvery river system in
Tamil Nadu which isselected for the present study. The taxonomic identification of Puntius species were
made by osteologcial work of the vertebral bones isolation from Lower Anicut (Kollidam river), Tamil Nadu.
The Kollidam river inhabits naturally ornamental and edible fishes like Puntius species. Four Puntius
species were collected from this site. The specimens were preserved and stored in laboratory.
Themorphological features (body colour, size and shape) and the meristic counts of all the Puntius species
viz. Puntius sophore, Puntius filamentosus, Puntius sarana and Puntius ticto were recorded. Thereafter, the
variation of vertebral bones among the Puntius groups were observed.
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Introduction
Freshwater is critical to human society and
sustains all terrestrial and aquatic ecosystems
(Millennium
Ecosystem
Assessment
2005).Worldwide, freshwater fishes are the most
diverse of all vertebrate groups, but are also the
most highly threatened through anthropogenic
activities such as river management works, dam
building and land use change in the watersheds
(Duncan & Lockwood 2001, Dudgeon et al. 2006,
De Silva et al. 2007, Nel et al. 2009).
The total protected areas have been
earmarked for extensive conservation of habitats
and ecosystems. However, a review of the
protected area network in India reveals a poor
representation of freshwater fish biodiversity in
that network. Recently, the Ministry of
Environment and Forests, Government of India,
has prepared National Biodiversity Action Plan to
help conserving biological diversity in both
terrestrial and aquatic ecosystems (MOEF 2008).
India has very rich aquatic biodiversity spanning
the country. In India there is about 2319 fish
species that have so far been documented, of which
about 838 fishes inhabit freshwaters (Lakra &
Sarkar 2010).

Cypriniformes constitutes the largest order
of freshwater fishes encompassing more than 3,000
extant species (Nelson 2006). The taxonomy of
Cypriniformes has been the subject of a long
debate since the 19th century. However, literature
on comparative osteological studies ofCyprinidae is
rare. The genus Puntius is the largest in number of
species of all cyprinid genera in Asian tropics.
Fishes of this genus occur throughout the region
from Pakistan to Southern China, inhabiting
various types of freshwater. The status of Puntius is
obscure; the delimitation and nomenclatural
validity of the genus have remained unsettled (Hora
and Mukerji, 1934; Smith, 1945; Hoedeman, 1958;
Myers, 1960).
Puntius is a complex genus, which exhibit
high degree of variability in colour pattern, size,
and habitat such as lake, ditches, pond, river and
hill-stream. Kottelat (1999), described Puntius as a
„catchall‟ genus in which a large number of
unrelated small barbs have been placed, however
restricted to a very limited geographical area and
without information on the limits of the genera
Kullander and Fang (2005) mentioned that the
obscure status of the group is owing to scantiness
in the knowledge of its inter and intrageneric
relationship. Numerous species Puntius occur in
the Salween, Irrawady and Ganga drainages of the
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Indian region. Some of them have very similar
characters making it difficult to differentiate.
Examination of species inhabiting these rivers is
required to elucidate more clearly the lines of
differentiation and dispersal of Puntius (Taki et al.,
1978).
The characteristic feature of the new
genus Puntius was the absence of barbels. It
became apparent later, however that within the new
genus Puntius there were some species with
barbels. Therefore, a great deal of uncertainty
remains and Barbus and Puntius are both used as
names for the genus. All previous Sri Lankan
workers who studied the family Cyprinidae were
primarily concerned with describing of new species
(Deraniyaga1a, 1952: Munro, 1955: Mendis and
fernando, 1962: Pethiyagoda, 1990).
Almost all the authors studied only colour
patterns and meristics and ignored the internal
anatomy and osteology which are very important in
understanding the taxonomy and phylogeny of
fishes. As the phylogenetic studies are the basis of
Zoological Classification, attention was given to
the osteology of Sri Lankan cyprinids with a view
to resolve the identity and phylogeny of Puntius.
The importance of osteology in the taxonomy of
fishes is evident by the work carried out on other
fishes by Norden (1961), Goslin (1965), Collette
and Chao (1975), Tyler et al., (1989), Frame et al.,
(1978), Weitzman (1962) and Topp and Cole
(l968). Osteological studies of some Cyprinids
have been carried out by Wilimovesky and
Weitzmann (1955), Harrington (1955) and Yousuf
et al., (1988).

dissected out using needle and artery forceps, to
remove tissue carefully of the bones.
Vertebral bone counts were obtained from
radiographs also. The vertebral bones were counted
fromend of the Weberian apparatus to caudal bones
origin point of the all specimens. X-radiographs
were made with a Philips MG-105 low voltage Xray unit, and photographs obtained with a
Caresteam 500 MAS T Mammography camera.
Institutional abbreviations are as listed in Leviton
et al., (1985) and Leviton and Gibbs (1988).
Results
Systematic position
1.

Kingdom
Phylum
Class
Order
Family
Genus
Species

3.

Kingdom
Phylum
Class
Order
Family
Genus
Species

4.

Kingdom
Phylum
Class
Order
Family
Genus
Species

The KollidamRiver inhabits ornamental
and edible fishes like Puntius species. The species
were collected from Lower Anicut 11° 15‟N
latitude and 79° 30‟ E longitude (Figure1).
Puntius sophore, Puntius filamentosus, Puntius
sarana, and Puntius ticto were collected from this
site. The specimens were captured by cast net (2-4
cm squares size) and were brought to the laboratory
in ice box. Specimens were mopped by filter paper
to remove excess of water from their body surface,
thereafter recorded the biometric characters.
Puntius individuals were identified at species level
following by Smith, et al., 1945. Meristic
characters were followed by Hubbs, et al., 1964,
Dwivedi, et al., 1974, Jayaram,1984;1999.

: Animalia
: Chordata
: Actinopterygii
: Cypriniformes
: Cyprinidae
: Puntius
: Puntius sophore
(Hamilton, 1822)
Common name : Pool barb
Vernacular name: Saanipodi (in Tamil)

2.

The aim of present study is taxonomic
identification of Puntius species by osteologcial
work of the vertebral bones.
Materials and methods:

Kingdom
Phylum
Class
Order
Family
Genus
Species

The whole specimens were boiled in hot
water at 5-10 minutes for 100-110°C; each side
were mopped for 2 minutes and turned. The whole
fish after cooking were chiled and placed on a
dissecting tray, skeleton and pin bone were
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: Animalia
: Chordata
: Actinopterygii
: Cypriniformes
: Cyprinidae
: Puntius
: Puntius filamentosus
(Valenciennes, 1844)
Common name : Black-spot barb and
Indian Tiger barb
Vernacular name : Chevalli, MachaKendai (in Tamil)
: Animalia
: Chordata
: Actinopterygii
: Cypriniformes
: Cyprinidae
: Puntius
: Puntius sarana
(Hamilton, 1822)
Common name : Olive barb
Vernacular name: Panjalapodi (in Tamil)
: Animalia
: Chordata
: Actinopterygii
: Cypriniformes
: Cyprinidae
: Puntius
: Puntius ticto
(Hamilton, 1822)
Common name : Two spot barb, Firefin
barb and ticto barb
Vernacular name: Saanipodi (in Tamil)
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Morphological characters:
Puntius sophore- Body is elongated, deep
and compressed. Concave type of anal and no
barbels. Caudal fin deeply forked (Figure-2). Body
colour with silver bright and bright reddish strip
along entire mid body from snout to caudal fork in
breeding season. Colour in life, beautiful silvery,
black gray-green to brownish. Abdomen white
colour and a deep black round blotch at base of
caudal fin.
Puntius filamentosus- Body is elongated and
lateral line are complete; Horizontal oval type of
spot on the caudal peduncle. Concave type of anal
and no barbels (Figure-3). Colour of caudal fin
lobes tip side black colour formed. Colour in life at
various stages distinctly different and adults
uniformly silvery to greenish silvery.
Puntius sarana - Body is elongated and lateral
lines are complete; mouth moderate with subterminal; Barbels are two pairs, with reddish
brown, rostral ones as long as orbit, maxillary pair
much longer. Dorsal fin spine is serrated; Concave
type of anal fin, (Figure-4). Colour in life, olive
black, and flanks silvery with golden reflections.
One black round spot located in caudal peduncle
and another in operculum.
Puntius ticto- Body is elongated. Mouth is terminal
and small size; no barbels. Dorsal fin spine
serrated. Lateral line origin and end of body located
in two black round spots. First spot occurred in 3, 4
lateral line scales and another in 16, 17, 18 lateral
line scales. Concave type of anal fin, (Figure-5).
The black colour of the small bands spread in entire
tip of the body scales and tip of the caudal fin.
Meristic characters:
The morphological characters were
analyzed in four Puntius species. The number of
black spots, position and their dorsal fin spine and
rays were distinguishing character in these fishes.
Puntius sophore: 2 spots were noted and first
black spot located in centre of the caudal peduncle
each side on the lateral line 20-23rd scales and
another black spot located on 4-6 branched rays
base of dorsal fin. Smooth type of dorsal fin spine.
Fin formula: D. 12 (III/9); A. 8-9 (III/5-6); V.
9(I/8); P. 14-15 (I/13-14); L.l.25-26.
Puntius filamentosus: One black blotch was
observed in 17-19th lateral line scale sides. Caudal
fin 1-4thupper and lower lobe tip side red and black
colour present. Dorsal fin spine serrated.
Fin formula: D. 12 (III/9); A. 9 (III/6); V. 10 (I/89); P. 14-15 (I/13-14); L.l.22-23.
Puntius sarana: Noted on two black blotch and
first blotch present in each sides of caudal
peduncle. And another blotch present each side of
operculum. Dorsal fin spine serrated.

Fin formula: D. 12 (III/8-9); A. 8-9 (III/5-6); V.
8(I/7); P. 14-17 (I/13-16); L.l.30-32.
Puntius ticto: Noted 2 spots, the first spot located
in operculum each side of 3-5th scales and 16 21stscales. Dorsal fin spine serrated. Incomplete
lateral line.
Fin formula: D. 12 (III/9); A. 9-10 (III/6-7); V.
9(I/8); P. 13-14 (I/12-13); L.l.24-25.
Isolation of vertebral bones through boiling in
Puntius species:
The numbers of vertebral bone by boiling
in Puntius species were shown in Figure 6 and
Table – 1.
The number of vertebral bone in Puntius
sophore was 26 whereas in Puntius filamentosus
the number of vertebral bones 27-28, Puntius
sarana 32 and Puntius ticto 24.
Vertebral bone counts through Radiograph in
Puntius species:
Vertebral bones of various species of
Puntius by X – ray were shown in Figure 7 and
Table 1.
Vertebral bone counts in Puntius sophore was 26
whereas in Puntius filamentosus 27-28, Puntius
sarana 32 and Puntius ticto 24.
Vertebral bone counts are of great value in
separating Puntius species which are superficially
similar but little level variations. Vertebral counts
also aid in identification of closely related
taxonomic such as this species. The intra specific
variation in vertebral counts must be known when
using these characters to separate closely related
taxonomic identification.
The taxonomic significance of the
variation observed in the present study has to be
assessed in relation to the available taxonomic
information on the Puntius species. Observed
osteological variations provide good evidences for
intra-specific heterogeneity among Puntius species
populations.
Discussion
The shape and structure of projecting
processes of the vertebrae, term “apophyses”
(Wake, 1979), can be of taxonomic significance.
The size and shape of the apophyses were used as a
taxonomic characters by Clothier (1950) and
Clothier and Baxter in their keys to adult California
fishes based on the vertebral column.
The number, morphology, and sequence
of ossification of the vertebral column and
associated bones of the vertebral centra and their
appendages, of the neural and haemal spines, and
of the ribs and intramuscular bones are useful as
taxonomic aids and are of systematic importance.
The manner of formation of vertebral centra,
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arches, and ribs was described for herring by
Manavala Ramanujam (1929).
Partial counts of vertebrae (or myomeres)
are useful when applied to certain groups of fishes.
Vertebrae (or myomeres) are one of the basic
metric characters used in identification of larval
fishes. Myomeres form in the embryo (Fowler,
1970) and are considered to be nearly, if not
exactly; equivalent to the number of vertebrae.
Possible exceptions to this generality have been
suggested by Hempel and Blaxter (1961) and by
Berry and Richards (1973). Myomeres may be
difficult to count, particularly those near the skull
of near the end of the caudal peduncle. When
counting vertebrae, some authors (e.g., Berry and
Richards 1973) include the ural bones (or urostyle)
as a single unit irrespective of the number of
constituent elements: other (e.g., Cohen and
Nielsen, 1978) do not include ural bones in their
counts. Vertebral counts are great value in
taxonomical level separating of the species.
Gopalakrishnan et al., (1970) have quoted
that the fundamental similarities among animals are
deep seated and the various internal structures
show remarkable resemblance. Superficially,
however, the animals look entirely unlike each
other. Cain (1971) has ascertained that reliance on
a single character will not only group together
unrelated forms but may even get us into a position
where we can produce no diagnosis at all.
Hemalatha and Rajkumar (1996) have coined that
the internal organs can be used to establish the
taxonomic position of fishes. Considering these
opinions, it may be presumed that the method of
classification of fishes based entirely on the
external characters, especially the fin-ray count,
may not be accurate and so the study of internal
structures as tools for establishing taxonomy
should be given due consideration. The present
study, thus, supports the conclusions of Popova
(1970), Dzhumaliyev (1978) and Sujatha and Duttt
(1985) regarding the validity of comparison of
vertebrae for the classification of fishes.
The axial skeleton of P. sarana commonly
consists of 36 vertebrae (Shanthakumar &
Vishwanath, 2006) and the variation in vertebral
number seems to be linked to the doubling of the
neural spines in the preural caudal vertebrae. For
instance, specimens from the rivers Nilwala,
Walawe and Kirindi, which had less than 36
vertebrae, all showed doubling of the neural spines
on preuralcentra. It is generally believed that the
doubling process is a result of vertebral fusion or
more correctly, non-separation during development
(Kandler, 1932).
The number of vertebrae in fishes is fixed
early in development, usually by the time of
hatching (Gwyne, 1940; Garside, 1966), and
believed to be influenced by physical, chemical and

biological conditions of the water where eggs and
larvae are laid and develop (Arratia, 1992).
Vertebral fusion is known to be a common feature
in other cyprinids as well (Eastman, 1980). The
observed results are in agreement with the above
interpretation, (Irfan & Suneetha Gunawickrama,
2011) and indicate that the vertebral number seems
to be a powerful adjunct in studies of intra-specific
variation in P. sarana fish. Similar complex
vertebrae have been encountered in the preural
region of variety of fishes (Kandler, 1932;
Barrington, 1937; Ford, 1937; Buhan, 1972;
Patterson and Rosen, 1977).
Sarana group is larged-sized fishes which
differ from others in having comparatively less
body colour markings, presence of two pairs of
well-developed barbels, a pair of uroneurals on the
dorsal tip of the urostyle, higher total vertebral
counts than smaller species (35-36 Vs. 29-33).
Mirza and Abdumssad (1982), reported higher
vertebral counts in the sarana group to larger
species (from 4 to 6) i.e., from sophore group to
sarana group. The number of vertebrae is within
certain limits often characteristic of a given species
or at least genus (Harder, 1975). Bailey and
Gosline (1955) reported certain differences in the
vertebral counts between general and most
subgenera and between many species within a
subgenus.
The vertebral column of Puntius sarana
generally consists of 36 vertebrae, out varied from
34 to 36, where the specimens from the rivers Gin,
Kalu and Menik had36 vertebrae. Speciemens from
Nilwala River and the Walawe River mostly had 34
vertebrae, while those from the Kirindi Oya
commonly had 35 (Irfan et al., 2011).
The Puntius sarana X-Ray analysis
revealed that truncated body is due to vertebral
fusion in 5th and 6th vertebrae and from 24th and
25th vertebrae. In aberrant fish, neutral and haemal
spines were bifurcated and wavy. This aberration
appears to be due to development error (Nisha
Bhagat and Ravinder Kumar, 2014).
The present observation resulting in the
placement
of
Puntius
sophore,
Puntius
flamentosus, Puntius sarana and Puntius ticto
under the species also supports the idea of Jayaram
(1991) and Talwar and Jhingran (1992).
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Fig.1 Study Area (Lower Anicut)
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Puntius sophore

Puntius filamentosus

Puntius sarana

Puntius ticto

Fig. 6 Showing Vertebral bones in Puntius species by boiling

Fig. 7 Showing Vertebral bones in Puntius species by X-ray radiograph
Table. 1 Differentiation of Vertebral bones among Puntius Species through boiling and X-ray
Sl.
No.

Meristic Character

Puntius
sophore

Puntius
filamentosus

Puntius sarana

Puntius ticto

1.

Vertebral bones through boiling

26

27-28

32

24

2.

Vertebral bones through X - ray

26

27-28

32

24
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