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 Abstract: With at least 3006 species, the family Cyprinidae is the most varied group of freshwater fishes in the 

entire globe. The development of a more thorough understanding of the evolution within any taxon can be assisted 

using osteological data. The current study is the first attempt to investigate the osteological relationships among 

members of the Subfamily- Labeoninae- tribe Garrini (Garra mullya), Subfamily Smiliogastrinae (Puntius mahecola, 

Puntius sahyadriensis, Rohtee ogilbii and Systomus sarana), Family Danionidae (Barilius barna, Barilius bendelisis and 

Salmophasia balookee), Family- Danionidae Subfamily Danioninae (Devariao aequipinatus) and Family Danionidae- 

Subfamily Rasborinae (Rasbora daniconius and Rasbora labiosa). Members of the aforementioned species were 

procured from local markets or collected from the wild from Lonavala, Karjat, Patan, Pune, Bhor, and Malvan, and 

they were then preserved in either absolute alcohol or 4% buffered formalin. These preserved specimens were 

identified and used for cleaning and staining with slight modifications to the Taylor and Van Dyke (1985) 

methodology. Under an Olympus SZX Stereo microscope, these cleaned and stained specimens were examined. 

Photos were taken, and pictures or drawings were created for further research. Variations in the caudal fin's 

components were studied.  
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Introduction 

With 3006 species the family Cyprinidae is the most diverse family of freshwater fishes in the 
world (Nelson et al., 2016). Molecular 

phylogenetic analyses, sometimes combined with 

osteological data  have been used to investigate the evolution of this complex family. Different 
molecular markers, such as RAPDs or sequences 

from mitochondrial genes (cytochrome b, 12S and 

16S rRNA, control region) have been used to 

estimate relationships within the Cyprinidae. 

Molecular studies to investigate relationships of 

Cyprinidae include studies by Cunha et al. (2002), 

He et al. (2004), Xiao et al. (2001), Briolay et al. 

(1998), Gilles et al. (1998, 2001), Simons et al. 
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(2003), Wang et al. (2012) and Zardoya and 

Doadrio (1998).  

 The higher-level relationships of 

Cypriniformes have been incompletely resolved by 

earlier morphological studies as they were based 

on study of too few species and study of too few 

osteological characters. Howes (1981) based on 

22 morphological characters, attempted to resolve 

the phylogenetic position of Chinese major carps, 

Ctenopharyngodon and Hypophthalmichthyes. 

Sawada (1982) based on osteological features has 

attempted to study cladistic relationships and 

zoogeography in members of Cobitoidea. Mabee et 

al. (2011) based on 62 morphological characters 

have studied the phylogenetic relationships 

between 53 cypriniform species.  Conway and 

Mayden (2007) have attempted to resolve the 

position of Psilorhynchus sucatio and P. balitora 

based on gill arch osteology. Nelson (1969) has 

studied skeleton of gill arches in some tropical 

freshwater fishes. A new genus Waikhomia has 

been proposed by Katwate et al. (2020) in their 

study based on integrative taxonomic analysis 

using osteological study and cox1 and cyt b gene 

analysis.  

 Osteology of pelvic girdle and fins in various 

genera of hill stream cyprinid fishes has been 

studied by Saxena and Chandy (1966). Mehta and 

Tandon (1984) have studied the osteology of 

Weberian apparatus, pelvic and pectoral girdles 

and caudal skeleton in Indian cyprinid fishes with 

their application in systematics. Shantakumar and 

Vishwanath (2006) have studied 

interrelationships within genus Puntius species 

from Manipur region of India. Vishwanath and 

Shantakumar (2007) have studied osteology of 

genus Osteobrama species from Northeast India. 

Shangningam and Vishwanath (2012) have 

observed vertebral counts in Garra namyaensis 

from Manipur region. Pethiyagoda et al. (2012) 

have studied osteology of Puntius and Systomus. 

Katwate et al. (2013) have studied osteology of 

Pethia setnai. Raghavan et al. (2013) have studied 

osteology of new genus Sahyadria. Katwate et al. 

(2014) have studied osteology of Pethia 

longicauda. Katwate et al. (2016) have observed 

osteology of a new species Pethia sanjaymoluri. 

Yadav et al. (2018) have studied osteology of 

caudal skeleton of some cyprinid fishes from 

Northeast India. Arunkumar et al. (2018) have 

studied the osteological characters of Puntius 

species from 6 different river systems of southern 

Western Ghats. Osteological data could be of great 

assistance in understanding of the evolution within any taxon. The present study is the first 
attempt to document osteological features of 

caudal fins within the aforementioned members of 

Cyprinidae in this regard. 

Materials and Methods 

Collection of fish specimen: 

Members of Subfamily Labeoninae; tribe Garrini 

(Garra mullya), Subfamily Smiliogastrinae (Puntius 

mahecola, Puntius sahyadriensis, Rohtee ogilbii and 

Systomus sarana), Family Danionidae (Barilius 

barna, Barilius bendelisis and Salmophasia 

balookee), Family Danionidae; Subfamily 

Danioninae (Devariao aequipinatus), Family 

Danionidae and Subfamily Rasborinae (Rasbora 

daniconius and Rasbora labiosa) were collected 

from local market or wild from Lonavala, Karjat, 

Patan, Pune, Bhor, and Malvan and were 

preserved in the 4% buffered formalin or absolute 

alcohol. These preserved specimens were 

identified and were used for clearing and staining. 

Clearing and staining of fish specimens: 

Clearing and staining of fish specimens was done 

as per protocol by  Taylor and Van Dyke (1985) 

with some modifications. These cleared and 

stained specimens were observed under Olympus 

SZX stereo microscope, photography was done 

and illustrations or drawings were made for 

further studies. Elements of caudal fin were 

studied for variations. Illustrations were made 

using Adobe Photoshop CC. Osteological 

nomenclature follows Conway (2011). 

Results  The caudal fin skeleton of fishes under study are 
depicted in Figures 1 to 3.  There are principal 
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rays, dorsal and ventral procurrent rays. Caudal fin rays are supported by the neural and haemal 

spines of the second and third preural caudal 

centra, the pleurostyle, a single epural, hypural 

elements, and the parhypural. The neural and 

haemal arches of the second and third preural 

centra bear large neural and haemal spines that form laminar flanges of membrane bone along 
their anterior edges.  The haemal arch of the 

second preural centrum, which exhibits an 

enlarged base, is autogenous from the centrum. 

Haemal spines of the second and third preural 

centra have expanded tips which provide support 

for ventral procurrent rays.  The tip of the neural 

spine of the second preural centrum is also 

expanded and provides support for all dorsal 

procurrent rays. The compound centrum bears a 

short neural process that is fused to the centrum. The anteriormost tips of the parhypural and first hypural, are fused and are firmly attached to the 
compound centrum but are autogenous from this 

element. The anterior tip of the second hypural is firmly fused to the posteroventral edge of the compound centrum. The pleurostyle is firmly 
fused to the compound centrum at the 

posteriodorsal edge. The third hypural, which is 

comparable in length but little narrow anteriorly 

and similar in width to the second, touches the 

compound centrum in the ‘v’ formed between the 

pleurostyle and second hypural. The remaining 

hypurals, which become successively smaller in 

size dorsally, are loosely bound to the pleurostyle. 

A paired uroneural is present just above hypural 6. 

 There are very few differences in the caudal 

skeleton. Some of them are variations in number 

of principal rays, dorsal and ventral procurrent 

ray and pattern of fusion of parhypural and 

hypural elements.  In Subfamily- Labeoninae; tribe – Garrini (Garra mullya) (Fig. 1A) there are 10 plus 

8 principal rays, 10 dorsal and 9 ventral 

procurrent rays. A paired uroneural is present just 

above hypural 6. Spine shaped hypurapophysis is 

present on parhypural.  

 Among Subfamily- Smiliogastrinae members, 

Puntius mahecola shows 10 plus 8 principal rays, 7 

dorsal and 7 ventral procurrent rays. Posterior 

margin of hypural 3 is almost equal to the 

posterior margin of hypural 4. The posterior 

margin of parhypural is almost equal to the 

posterior margin of hypural 1. A paired uroneural 

is present just above hypural 6. Keel shaped 

hypurapophysis is present on parhypural (Fig. 

1B). In P. sahyadriensis there are 11 dorsal plus 8 

principal rays, 5 dorsal and 6 ventral procurrent 

rays. Posterior margin of hypural 3 is narrower 

than the posterior margin of hypural 4. The 

posterior margin of parhypural is narrower than 

the posterior margin of hypural 1. A paired 

uroneural is present just above hypural 6. Keel 

shaped hypurapophysis is present on parhypural 

(Fig. 1C). In Rohtee ogilbii there are 11 dorsal plus 

8 principal rays, 7 dorsal and 7 ventral procurrent 

rays. Posterior margin of hypural 3 is narrower 

than the posterior margin of hypural 4. The 

posterior margin of parhypural is narrower than 

the posterior margin of hypural 1. A paired 

uroneural is present just above hypural 6. Keel 

shaped hypurapophysis is present on parhypural 

(Fig. 1D). In Systomus sarana there are 11 dorsal 

plus 8 principal rays, 7 dorsal and 8 ventral 

procurrent rays. Posterior margin of hypural 3 is 

narrower than the posterior margin of hypural 4. 

The posterior margin of parhypural is narrower 

than the posterior margin of hypural 1. A paired 

uroneural is present just above hypural 6. Keel 

shaped hypurapophysis is present on parhypural 

(Fig. 1E). 

 In family Danionidae, Barilius barna there are 

11 plus 8 principal rays, 8 dorsal and 10 ventral 

procurrent rays. Posterior margin of hypural 3 is 

narrower than the posterior margin of hypural 4. 

The posterior margin of parhypural is almost 

equal to the posterior margin of hypural 1. A 

paired uroneural is present just above hypural 6. 

Blunt ended hypurapophysis is present on 

parhypural (Fig. 2A). In B. bendelisis there are 10 

plus 8 principal rays, 8 dorsal and 10 ventral 

procurrent rays. Posterior margin of hypural 3 is 

narrower than the posterior margin of hypural 4. 

The posterior margin of parhypural is narrower 

than the posterior margin of hypural 1.   A   paired  
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Fig. 1: Caudal fin skeletons of Subfamily Labeoninae; tribe Garrini (A. Garra mullya) and Subfamily 

Smiliogastrinae (B. Puntius mahecola; C. Puntius sahyadriensis; D. Rohtee ogilbii; E. Systomus sarana), left side in 

lateral view. Anterior to left. Abbreviations: CC, compound centrum; Ep, eplural; H1–5, hypurals 1–5; HS, 

haemal spine; NS, neural spine; Ph, parhypural; Pls, pleurostyle; PU2, preural centra 2; Un, uroneural. Upper- and lowermost principal caudal fin rays are indicated with *. Scale corresponds to 1mm. 
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 Fig. 2: Caudal fin skeletons of Family Danionidae (A. Barilius barna; B. Barilius bendelisis; C. Salmophasia 

balookee), left side in lateral view. Anterior to left. Abbreviations: CC, compound centrum; Ep, eplural; H1–5, 

hypurals 1–5; HS, haemal spine; NS, neural spine; Ph, parhypural; Pls, pleurostyle; PU2, preural centra 2; Un, 

uroneural. Upper- and lowermost principal caudal fin rays are indicated with *. Scale corresponds to 1mm. 
uroneural is present just above hypural 6. Pointed 

hypurapophysis is present on parhypural (Fig. 

2B). In Salmophasia balookee 9 plus 8 principal 

rays, 9 dorsal and 7 ventral procurrent rays are 

present. Posterior margin of hypural 3 is narrower 

than the posterior margin of hypural 4. The 

posterior margin of parhypural is narrower than 

the posterior margin of hypural 1. A paired 

uroneural is present just above hypural 6. Pointed 

hypurapophysis is present on parhypural (Fig.2C).  
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Fig. 3: Caudal fin skeletons of Family Danionidae, Subfamily Danioninae (A. Devario aequipinatus) and 

Subfamily-Rasborinae (B. Amblypharyngodon mola; C. Rasbora daniconius; D. Rasbora labiosa), left side in 

lateral view. Anterior to left.  Abbreviations: CC, compound centrum; Ep, eplural; H1–5, hypurals 1–5; HS, 

haemal spine; NS, neural spine; Ph, parhypural; Pls, pleurostyle; PU2, preural centra 2; Un, uroneural. Upper- and lowermost principal caudal fin rays are indicated with *. Scale corresponds to 1mm. 
 In family- Danionidae; Subfamily –Danioninae, 

Devariao aequipinatus shows 10 plus 8 principal 

rays, 7 dorsal and 6 ventral procurrent rays are 

present. Posterior margin of hypural 3 is broader 

than the posterior margin of hypural 4. The 

posterior margin of parhypural is also broader 

than the posterior margin of hypural 1. A paired 

uroneural is present just above hypural 6. Pointed 

hypurapophysis is present on parhypural           

(Fig. 3A). In family- Danionidae; Subfamily –
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Rasborinae, Amblypharyngodon mola shows 9 plus 

8 principal rays, 9 dorsal and 9 ventral procurrent 

rays are present. Posterior margin of hypural 3 is 

narrower than the posterior margin of hypural 4. 

The posterior margin of parhypural is also 

narrower than the posterior margin of hypural 1. 

A paired uroneural is present just above hypural 6. 

Keel shaped hypurapophysis is present on 

parhypural (Fig. 3B). In Rasbora daniconius 11 

plus 8 principal rays, 6 dorsal and 8 ventral 

procurrent rays are present. Posterior margin of 

hypural 3 is narrower than the posterior margin of 

hypural 4. The posterior margin of parhypural is 

almost equal to the posterior margin of hypural 1. 

A paired uroneural is present just above hypural 6. 

Pointed hypurapophysis is present on parhypural 

(Fig. 3C). In R. labiosa 11 plus 8 principal rays, 7 

dorsal and 7 ventral procurrent rays are present. 

Posterior margin of hypural 3 is narrower than the 

posterior margin of hypural 4. The posterior 

margin of parhypural is almost equal to the 

posterior margin of hypural 1. A paired uroneural 

is present just above hypural 6. Pointed 

hypurapophysis is present on parhypural (Fig. 

3D). 

Discussion The caudal fin skeleton of fishes under study 
shows principal rays, dorsal and ventral procurrent rays. Caudal fin rays are supported by 
the neural and haemal spines of the second and 

third preural caudal centra, the pleurostyle, a 

single epural, hypural elements, and the 

parhypural. Variations in caudal fin skeleton 

include number of principal rays, dorsal and 

ventral procurrent ray and pattern of fusion of 

parhypural and hypural elements.  

 Neural arches of posterior three vertebrae 

shows little variation. The neural arch of the 

compound centrum shows great deal of variation 

with respect to its shape, size and length. It may be 

stout, short or long. Hemal spines of preural 

centra 2 and 3 are long originating from the neural 

arches. 

 Doubling of neural spine on preural 2 vertebra  

has been recorded earlier in Danio (Sanger and 

McCune, 2002) and other cyprinids (Eastman, 

1980). Accessory neural spines are observed in 

Amblypharyngodon mola on PU2, in Barilius barna 

on PU3, in Devariao aequipinatus on PU3, in 

Systomus sarana on PU3. Doubling of hemal spines 

on PU 3 is seen in Amblypharyngodon mola, 

Barilius barna and Devariao aequipinatus.  

 Parhypural bears a preural flange in all 

cyprinid species under study. In Garra mullya and 

Salmophasia balookee it is along the entire length 

of parhypural, In Barilius barna and Rasbora 

labiosa it is present on anterior 3/4th length of the 

parhypural approximately, In Puntius mahecola 

and Puntius sahyadriensis it is present along the 

anterior ½ length of the parhypural while in 

Barilius bendelisis, Devariao aequipinatus, Rasbora 

daniconius and Rasbora ogilbii it is present on 

anterior 1/3rd part of hypural.  

 The parhypural foramen is located between 

parhypural and hypural 1. It is very small in 

Barilius bendelisis, Puntius mahecola and Puntius 

sahyadriensis, small in Garra mullya, Barilius 

barna, Amblypharyngodon mola and Devariao 

aequipinatus, while it is large in Rasbora ogilbii, 

Salmophasia balookee, Rasbora daniconius and 

Rasbora labiosa.  

 The hypural foramen is located within Hypural 

1 and hypural 2. In Garra mullya, Puntius 

mahecola, Rasbora ogilbii, Barilius barna, Barilius 

bendelisis and Rasbora daniconius it is small, it is 

very small in Puntius sahyadriensis and 

Salmophasia balookee, while in Devariao 

aequipinatus and Rasbora labiosa this foramen is  

not distinct.  

 Posterior margin of hypural 3 is approximately 

equal in width to the posterior margin of hypural 

4 in Puntius mahecola. Posterior margin of hypural 

3 is wider than the posterior margin of hypural 4 

in Devariao aequipinatus while in remaining other 

cyprinid species it is narrower than posterior 

margin of hypural 4. Posterior margin of 

parhypural is approximately equal in width to the 

posterior margin of hypural 1 in Puntius mahecola, 
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Barilius barna, Rasbora daniconius and Rasbora 

labiosa. Posterior margin of parhypural is wider 

than the posterior margin of hypural 1 in Devariao 

aequipinatus while in remaining other cyprinid 

species it is narrower than posterior margin of 

hypural 1.  

 Presence of four hypurals in the upper lobe of 

the caudal fin is typically observed in Cyprinidae 

(Sanger and McCune, 2002). Systomus sarana 

shows absence of hypural 6. It appears as if 

hypural 6 is fused with hypural 5. Hypurals might 

abut one another. Sometimes they can be seen to 

be fused at their tips or through their entire length 

along the margins.  

 The hypurapophysis of the parhypural is 

highly variable among different species under 

study. They may be blunt, keel shaped or pointed. 

Hypurapophysis is pointed  in Garra mullya, 

Barilius bendelisis, Salmophasia balookee, Devariao 

aequipinatus, Rasbora daniconius and Rasbora 

labiosa. It is keel shaped in subfamily 

Smiliogastrinae members and Amblypharyngodon 

mola. In Barilius barna it is blunt. 

Epural is separated from the neural arch in all 

species. A single uroneural is present in all species. 

It is in the form of a very thin bone along the side 

of pleurostyle. 

Acknowledgements 

Authors are thankful to the Principal, Elphinstone 

College, Mumbai for providing facilities. Part of the 

work was done as a part of UGC Minor Research 

Project Grant to Rupesh Raut.  

References 

Arunkumar AA, Lakshmi NV and Manimekalan A. 

(2018) Osteological characterization of the genus 

Puntius (Teleostei: Cyprinidae) recorded from six 

river systems of southern Western Ghats, India. 

Iranian J Ichthyology 5(2): 139-166.  

Briolay J, Galtier N, Brito RM and Bouvet Y. (1998) 

Molecular phylogeny of Cyprinidae inferred from 

cytochrome bDNA sequences. Molec Phylogenetics 

Evol. 9(1): 100-108.  

Conway KW. (2011) Osteology of the South Asian genus 

Psilorhynchus McClelland, 1839 (Teleostei: 

Ostariophysi: Psilorhynchidae), with investigation of 

its phylogenetic relationships within the order 

Cypriniformes. Zool J Linnean Soc. 163(1): 50-154.  

Conway KW and Mayden RL. (2007) The gill arches         

of Psilorhynchus (Ostariophysi: Psilorhynchidae). 

Copeia, 2007(2): 267-280.  

Cunha C, Mesquita N, Dowling TE, Gilles A and Coelho 

MM. (2002) Phylogenetic relationships of Eurasian 

and American cyprinids using cytochrome b 

sequences. J Fish Biol. 61(4): 929-944.  

Eastman JT. (1980) The caudal skeletons of Catostomid 

Fishes. American Midland Naturalist 103(1): 133.  

Gilles A, Lecointre G, Faure E, Chappaz R and Brun G. 

(1998) Mitochondrial phylogeny of the European 

Cyprinids: Implications for their systematics, 

reticulate evolution, and colonization time. Molec 

Phylogenetics  Evol. 10: 132-143.  

Gilles A, Lecointre G, Miquelis A, Loerstcher M, Chappaz 

R and Brun G. (2001) Partial combination applied to 

phylogeny of European Cyprinids using the 

mitochondrial control region. Molec Phylogenetics  

Evol. 19: 22-33.  

He S, Liu H, Chen Y, Kuwahara M, Nakajima T and Zhong 

Y. (2004) Molecular phylogenetic relationships of 

Eastern Asian Cyprinidae (Pisces: Cypriniformes) 

inferred from cytochrome b sequences. Sci China 

Series C Life Sci. 47(2): 130-138.  

Howes G. (1981) Anatomy and relationships of the 

Chinese major carps Ctenopharyngodon Steind., 1866 

and Hypophthalmichthys Blkr, 1860. Bull Br Mus Nat 

Hist (Zool.) 41: 1-52. 

Katwate U, Jadhav S, Kumkar P, Raghavan R and 

Dahanukar N. (2016) Pethia sanjaymoluri, a new 

species of Barb (Teleostei: Cyprinidae) from the 

northern Western Ghats, India. J Fish Biol. 88(5): 

2027-2050.  

Katwate U, Kumkar P, Raghavan R and Dahanukar N. 

(2020) Taxonomy and systematics of the ‘Maharaja 

Barbs’ (Teleostei: Cyprinidae), with the description of 

a new genus and species from the Western Ghats, 

India. Zootaxa 4803(3): 544-560.  

Katwate U, Paingankar MS, Jadhav S and Dahanukar N. 

(2013) Phylogenetic position and osteology of Pethia 

setnai (Chhapgar and Sane, 1992), an endemic barb 

(Teleostei: Cyprinidae) of the Western Ghats, India, 

with notes on its distribution and threats. J 

Threatened Taxa 5(17): 5214-5227.  

Katwate U, Paingankar MS, Raghavan R and Dahanukar 

N. (2014. Pethia longicauda, a new species of Barb 

(Teleostei: Cyprinidae) from the northern Western 

Ghats, India. Zootaxa 3846(2): 235-248.  

Mabee PM, Grey EA, Arratia G, Bogutskaya N, Boron A, 

Coburn Miles M, Conway KW, He S, Naseka A, Rios N, 



826 

 

Simons A, Szlachciak J and Wang X. (2011) Gill arch 

and hyoid arch diversity and cypriniform phylogeny: 

Distributed integration of morphology and web-

based tools. Zootaxa 2877(1):1.  

Mehta R and Tandon KK. (1984) The comparative 

morphology of the osteocranium, the Weberian 

apparatus, the girdles and the caudal skeleton of 

Indian cyprinid fishes with their value in 

systematics. Zoological Survey  India. http://archive. 

org/details/dli.zoological.occpapers.058. 

Nelson GJ. (1969) Gill arches and the phylogeny of 

fishes: With notes on the classification of 

vertebrates. Bull AMNH. 141: 4. 

Nelson JS, Grande TC and Wilson MVH. (2016) Fishes of 

the World, 5th ed., John Wiley and Sons. 

Pethiyagoda R, Meegaskumbura M and Maduwage K. 

(2012) A synopsis of the South Asian fishes referred 

to Puntius (Pisces: Cyprinidae). Ichthyol Exploration  

Freshwaters 23: 63-95. 

Raghavan R, Philip S, Ali A and Dahanukar N. (2013) 

Sahyadria, a new genus of Barbs (Teleostei: 

Cyprinidae) from Western Ghats of India. J 

Threatened Taxa 5(15): 4932-4938.  

Sawada Y. (1982) Phylogeny and zoogeography of the 

superfamily Cobitoidea (Cyprinoidei, Cypriniformes). 

Memoirs Faculty Fisheries Hokkaido Univ. 28(2): 65-

223. 

Sanger TJ and McCune AR. (2002) Comparative 

osteology of the Danio (Cyprinidae: Ostariophysi) 

axial skeleton with comments on Danio relationships 

based on molecules and morphology. Zool J Linnean 

Soc. 135(4): 529-546.  

Saxena SC and Chandy M. (1966) The pelvic girdle and 

fin in certain Indian hill stream fishes. J Zool. 148(2): 

167-190.  

Shangningam B and Vishwanath W. (2012) A new 

species of the genus Garra, Hamilton, 1822 from the 

Chindwin Basin of Manipur, India (Teleostei: 

Cyprinidae: Labeoninae). ISRN Zoology 2012: 1-6.  

 

 

 

 

 

 

 

 

 

Shantakumar M and Vishwanath WB. (2006) Inter-

relationship of Puntius Hamilton-Buchanan 

(Cyprinidae: Cyprininae) found in Manipur, India. 

Zoos’ Print J. 21(6): 2279-2283.  

Simons AM, Berendzen PB and Mayden RL. (2003) 

Molecular systematics of North American Phoxinin 

genera (Actinopterygii: Cyprinidae) inferred from 

mitochondrial 12S and 16S ribosomal RNA 

sequences. Zool J Linnean Soc. 139(1): 63-80.  

Taylor W R and Van Dyke GC. (1985) Revised 

procedures for staining and clearing small fishes and 

other vertebrates for bone and cartilage study.  

French Ichthyol Soc Cybium 9(2): 107-120. 

Vishwanath W and Shantakumar M. (2007) Fishes of 

the genus Osteobrama Heckel of northeastern India 

(Teleostei: Cyprinidae). Zoos’ Print J. 22(11): 2881-

2884.  

Wang X, Gan X, Li J, Mayden RL and He S. (2012) 

Cyprinid phylogeny based on Bayesian and 

maximum likelihood analyses of partitioned data: 

Implications for Cyprinidae systematics. Sci China 

Life Sci. 55(9): 761-773.  

Xiao W, Zhang Y and Liu H. (2001) Molecular 

systematics of Xenocyprinae (Teleostei: Cyprinidae): 

taxonomy, biogeography, and coevolution of a special 

group restricted in East Asia. Molec Phylogenetics  

Evol. 18(2): 163-173.  

Yadav K, Singh S, Pandit S and Dhanze R. (2018) 

Comparative osteology of caudal skeleton of some 

cyprinids from north-east, India. J Entomol Zool Stud. 

6: 215-219. 

Zardoya R and Doadrio I. (1998) Phylogenetic 

relationships of Iberian cyprinids: Systematic and 

biogeographical implications. Proc Royal Soc London 

Series B Biol Sci. 265(1403): 1365-1372.  

 

 

 

 

 


