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INTRODUCTION.

Barbus sarana (Ham.), B. chrysopoma Cuv. and Val., B. caudimarginatus Blyth,
B. pinnauratus Day, B. oatesit Boulenger, B. sewelli Prashad and Mukerji, B.
myitkyinae Prashad and Mukerji and B. binduchitra Hora, form a series of closely
allied species (Hora, 1937). Several authors have commented on their close resem-
blances but their proper taxonomic status has not so far been elucidated. Dr. K. K.
Nair suggested to me this problem, and I am grateful to him for the keen interest
he took in the progress of this work, and also for placing at my disposal the measure-
ment data of some of the species he had collected. My sincere thanks are due to
Dr. S. L. Hora for his guidance and help, and to Dr. J. D. F. Hardenberg for
kindly going through the manuscript and making some valuable suggestions.

MATERIAL.

The present work is based on a study of specimens in the collections of the
Zoological Survey of India, Calcutta, authentically identified by Ichthyologists
like Day, Annandale and Hora and on type specimens of species described by
Prashad and Mukerji. Ginsburg (1938) has stressed the necessity of examin-
ing a large number of ‘constituent samples’ in statistical studies in taxonomy.
He found that ‘specimens in the same lot bearing the same data, evidently having
been obtained in one or but a few drags of the net at the same place at the same time,
and consequently, most likely having a common immediate genotypic origin, would

* Even though the species referred to here, belong to the sub-genus Puntius Ham., they
have been generally described under the generic name Barbus Cuv. & Val. in Indian literature
and so to facilitate references this name has been used in this paper throughout.
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tend to group themselves in a predominant manner within a narrowly circumsecribed
space, sometimes even near either end of the frequency distribution of their species
or race as a whole’. This is more clearly discernible in cases where the specimens
in the lot are of nearly the same size. It will be evident from the above, that if the
sample studied be collected at the same time from the same locality, it is quite
likely that in many cases a correct picture of the population would not be obtained.
Though the ‘sampling’ in the present study was limited to the material available,
in the majority of cases a nearest approach to the aim has been attempted. All
the specimens examined were the ones preserved in aleohol. Only the data obtained
from well-preserved specimens has been utilised in thisstudy. Fifty-three specimens,
of B. sarana (Ham.) collected from Burma, Assam, Bengal, Orissa, Bihar, Punjab,
Sind, Bombay and Madras, were examined in detail. Nine specimens of B. chryso-
poma Cuv. & Val. collected from Coorg (Cauvery river), Lake Beale, Cutch, and
Jubbulpore ; twenty-one specimens of Barbus myitkyinae Prashad and Mukerji
obtained from Indawgyi Lake and Kongon Thana (Namya river); 39 specimens of
B. caudimarginatus Blyth collected from Burma and Manipur; 19 specimens of B.
pinnauratus Day collected from Bihar and Malaya and 11 specimens of B. binduchitra
Hora obtained from Sandoway, Burma, were studied. The number of specimens of
B. sewelli Prashad and Mukerji examined were only two, and of B. oatesii, four.
The former were obtained from N. Burma and the latter from Manipur.

METHODS.

In classical systematics descriptions of new species have often been based on
one or but a very few specimens. When only such a limited number of specimens
are examined, closely related populations are likely to appear sharply differentiated
as by the law of chance such few individuals are apt to fall in most cases near the
centre and away from the extremes of a regular frequency distribution. But modern
systematics lay great stress on the range and manner of intraspecific variations. The
morphometry of all available material was therefore first studied and the range of
variation of characters determined.

Taxonomic characters are generally found to intergrade between closely related
populations when a sufficiently large number of individuals are studied in detail,
The degree of intergradation varies considerably and the determination whether
two populations constitute two distinet species, sub-species, races, ete., is dependent
on, the degree of intergradation or in other words the degree of divergence.

Different methods of measuring intergradation or divergence have been pro-
posed (Davenport and Blankinship, 1898; Pearl, 1930; Ginsburg, 1938; and
Amadon, 1949). Ginsburg (op. c¢it.) used a simple method of measuring the
intergradation and divergence of populations and indicated its superiority to the
standard methods in taxonomical work. This method consists of determining the
point of intersection of the frequency distribution of the characters of two
populations, ~ascertaining the number of individuals of one population that
pass to the right of the vertical line drawn from the point of intersection, and the
number of individuals of the other population that pass to the left of this line. The
simple average of the percentages of such intergrading individuals to the total
of each population studied, gives the measure of intergradation of the two popula-
tions., Based on this method he designated species, and its sub-divisions as follows:
‘Other things being equal, a given population isto be considered a race with respect
to another closely related population when the average intergradation of the character
showing the greatest divergence is between 309, and 40%,; a sub-species constitutes
a population intergrading between 15%, and 259%,; it is to be considered a full species
when the degree of intergradation is not more than 10%,. Concomitantly, the
divergence between races is 609, to 70%,, between sub-species 75%, to 85%, and full
species diverge to an extent of 90°/ or more.’
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Instead of determining intergradation or divergence, several workers have
based their studies on what is known as ‘Probability’ which in its numerical expres-
sion is often referred to as the ‘test of significance’. The taxonomist judges the
systematic position of entire populations by the study of relatively restricted samples
drawn from them. We know that different samples drawn even from the same
variable populatioh may exhibit differences. By this test it can be determined how
often such a difference in any given character is likely to be obtained at random,
by mere chance, from two samples of the same population. Several authors have
employed this method in different forms in their investigations. Dice and Leraas’
graphical method as quoted by Hubbs and Perlmutter (1942) has distinct advantages
in that it is easier to prepare and can be readily interpreted and compared. Hubbs
and Perlmutter (op. c¢it.) improved this method and presented formulae and tables
to test the significance accurately. In this method, for each variable character,
the range, mean, one standard deviation on each side of the mean, and two standard
errors on each side of the mean are delineated on a graph and the significance of
difference between samples determined from the degree of overlap or separation of
the standard errors of the samples delineated. Even though this technique makes
it possible to compare samples with ease and say whether an observed difference
is significant or not, it does not indicate definitely whether the difference is of specific,
subspecific or racial magnitude. By means of Ginsburg’s (op. cit.) method the
taxonomic rank of two populations can be determined.

In the present study, which as indicated had necessarily to be based on limited
samples, it was considered necessary to first ascertain the probability of the samples
of the different species being statistically identical with the B. sarane samples
which showed the greatest range of variation. The reliable characters were com-
pared employing Dice and Leraas’ method as improved by Hubbs and Perlmutter
(op. cit.). Inthe case of the 2 samples which consisted of only 4 and 2 individuals res-
pectively, this method could not be adopted. Simpson and Roe (1939, pp. 205-209)
have given a modified method for the comparison of small samples. This method
differs from the conventional method only in that the standard deviation is calculated

_ Z(d?)

by the formula o = J 1) where

¢ is the standard deviation, X (d2) is the summation of the squares of the deviation of
each observation from the mean and N is the number of individuals in the sample;
and P is determined from a special table of ¢ given. This method was employed in
comparing these small samples. Where the samples were found to be significantly
different from the samples of B. sarana the degree of intergradation of characters
was examined employing Ginsburg’s (op. cit.) method and the taxonomic rank
determined.

Matsubara (1936 and 1938) in his studies which were very similar to the present
one, presented the morphometric data in graphic form. Though his method is not
altogether suited to calculate the degree of divergence in exact figures, it gives a
fair idea of the relationships of the populations. Further, this method provides an
easy means of demonstrating the close resemblance or otherwise of characters.
The morphometric characters of the samples examined in this study were therefore
presented in the form of scatter diagrams to demonstrate the homogeneity or
otherwise of the samples.

ReviEwW OF LITERATURE.

Hamilton Buchanan (1822) described for the first time ‘a proper Cyprinus
with four tendrils; with 10 rays in the fin of the back, the longest of the rays being
indented behind; with 8 rays in the fin behind the vent; with large scales; with
jaws nearly equal; with under lip erect and smooth edged; and with pale fins’ from
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the Ganges under the name Cyprinus sarang and considered it the same as Kunnamoo
of Russel (1803). Cuvier and Valenciennes (1842) erected the genus Barbus and
included Cyprinus sarana in this genus under the name Barbus sarana. They
described another species, B. chrysopoma (1842) from the Malabar Coast. From
the description it appears that they have distinguished this new species from B.
sarana (Ham.) by its projecting lower lip and big eyes (2} times in the length of
head). Jerdon (1849) in his paper ‘On the Freshwater Fishes of Southern India’
distinguished this species from B. sarana (Ham.) by the following characters:

B. sarana (Ham.)
Height 3 times in standard length.

B. chrysopoma Cuv. & Val.
Height 3} times in standard length,

Ll. 28, Ltr. 9 Li. 27, Ltr, 10-11
A, 7 A. 8
Bluish above, rest of body yellowish, fins Green above, silvery beneath, a black spot

yellowish, on each side of the tail.

He stated that it is probably nearly allied to Systomus immaculatus McClelland and
described it as Systomus chrysopoma Val. He also observed that it sometimes
wants the black spot on the tail. Day (1869) in his paper ‘On the fishes of Orissa’
treated Barbus (Barbodes) sarana (Ham.) as synonymous with B. chrysopoma Cuv.
& Val. and B. russellii Ginther, and stated that B. sarana is subject to slight
variations in accordance with age, the locality it inhabits and the sex of the specimens.

Bleeker (1853) suggested the probability of Barbus sarana (Ham.) being the
same as B. gardonoides Cuv. & Val., which in his opinion is closely related or
probably even identical with B. rubripinnis Cuv. & Val., but found Hamilton’s
description insufficient to decide the question.

Day (1865) described a new species, Cyclocheilichthys pinnauratus from a single
specimen of the length of 34#;” captured from a small pond in Cochin. Day in
his work on the fishes of Malabar (1865) included it in the genus Puntius under
the name Puntius pinnauratus. In his Fishes of India (1878) Day stated that this
species and B. chrysopoma may be merely varieties of a single species, whilst B.
sarana (Ham.) is closely allied to it. From Day’s descriptions in the Fauna of
British India (Fishes, Part I, 1889) the three species can be distinguished by the
following characters.

B. sarana (Ham.)
D.11(3/8)P.15V. 9
A. 8 (3/5)

L1. 32-34.

Hd. 5-5} times in totallength.
Diameter of eyes 414}
times in length of head.
Eyes 1-1} diameters from
end of snout and two dia-
meters apart.

Rostral barbels about as long
as the orbit.

Maxillary barbels sometimes
equalling 1} diameters of
the orbit,

Dorsal fin commences slightly
opposite to the insertion of
the ventral.

Predorsal scales 10-11,

B. chrysopoma Cuv. & Val.
D. 12 (4/8) P. 17 V. 9
A. 8 (3/5)
Ll. 28-30,

Hd. 4}-5 times in totallength.
Diameter of eyes 33-3%
times in length of head.
Eyes 1 diameter from end
of snout and 1-1} dia-
meters apart.

Rostral barbels not so long as
the eye.

Maxillary barbels as long as
the orbit.

Dorsal fin commences slightly
opposite the insertion of the
ventral.

Predorsal scales 12.

B. pinnauratus Day.
D. 11 (3/8) P. 17 V. 8
A, T (2/5)

Ll. 29-30.

Hd. 5-5} times in total length.
Diameter of eyes 3% times
in length of head. Egyes
1 diameter from end of
spout and 1}-1§ diameters
apart.

Rostral barbel a little less
than 1} times the orbit.

Maxillary barbels are only
half longer than the orbit.

Dorsal commences slightly in
advance of the ventral.

Predorsal scales 10.
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The only characters that would help to distinguish the three species from the
descriptions of Ginther (1861) are the following:

B. sarana (Ham,) B. chrysopoma Cuv. & Val. B. pinnauratus Day
Ll 31 LL 29 Ll 29
Ltr. 53/6 Ltr. 6/5 Lir, 5[4}
Barbels of moderate length, Barbels small, not longer Barbels small, scarcely as
about as long as the eye, than the eye. long as the eye.

He also remarked (Ginther, op. cit., p. 116) that B. caudimarginatus Blyth was
indistinguishable from the specimens of B. rubripinnis Cuv. & Val.

Raj (1916) found examples of Barbus possessing the characters of the
three species, B. sarana (Ham.), B. chrysopoma Cuv. & Val. and B. pinnauratus
Day, and doubted whether they formed distinct species. Hora and Misra (1942)
‘after an examination of large series of specimens of these three species’ stated that
they are synonymous. They however mentioned that the specimens occurring in
Northern India possess more scales along the Ll (32-34) and in front of the dorsal
fin (12) than those found in South India and Burma (Ll 28-32, Predorsal 10-12).

Blyth (1860) described the species, B. caudimarginatus from Tenasserim province.
He gave the distinguishing characters of the species as ‘barbules well developed, the
principal dorsal spine robust and passing into a soft ray for its terminal fourth, being
finely pectinated behind and preceded by three distinct spines, the first very minute;
Ll 32; Ltr. 10, D. 4/8; and vertical diameter of the eye fully half that of head.’
Boulenger (1883) described the species B. oatesti from the South Shan States.
As judged from Boulenger's description, the chief characters that distinguish it
from B. sarana (Ham.) is its longer head (444 times in total length) the rostral
barbel which is shorter than the eye, the number of rays in the dorsal fin (4/8)
and Ll scales (29-33). Annandale (1918) compared a co-type of this species from
Fort Stedman and a series of specimens from the Inle Lake and He-Ho basin
with B. caudimarginatus Blyth and stated that they do not differ in any respect
from specimens in the Indian Museum obtained from Tenasserim and Upper Burma
and identified by Day and others as B. sarans (Ham.). He considered that ‘this
form is no more than a Burmese race of the common Indian B. sarana (Ham.),
differing only in colouration and in more variable number of lateral line scales.
Vinciguerra (1889) discussed the wide variations of characters shown by B. sarana
(Ham.) and pointed out its close relationship with B. caudimarginatus Blyth,
B. pinnauratus Day, B. chrysopoma Cuv. & Val. and B. rubripinnis Cuv. & Val.
However, Hora (1921), who consulted the same sources examined by Annandale
(op. cit.), was convinced after a careful examination of the large series of specimens,
that B. oatesit Boulenger is a distinet species and that Annandale’s own specimens
undoubtedly belong to the true B. caudimarginatus Blyth. He distinguished
B. oatesit Boulenger from B. caudimarginatus Blyth as follows:

B. oatesii Blgr, B. caudimarginatus Blyth
Dorsal spine strongly serrated, 12 to 19 serra- Dorsal spine finely serrated only in its
tions on each margin of its posterior border. upper half or 2/3, number of serrations
indefinite.
Each scale edged with black. ceas

Caudal fin is long and deeply notched, the Caudal relatively shorter in length and isnot
lower lobe being broader and longer. so deeply notched, lobes are equalin length.

Prashad and Mukerji (1929) agreed with Annandale (op. cit.) that B. caudimarginatus
Blyth is only a Burmese race of B. sarana (Ham.) differing jn the number of L1 scales.

Prashad and Mukerji (op. cit.) described two new species, B. sewelli and B.
myitkyinae from Indawgyi Lake, Upper Burma. A comparison of the data given in
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their descriptions with the description of B. sarana in Day (1889) shows that they
distinguished the species from B. sarana (Ham.) by the following characters:—

B. sarana (Ham.) B. sewelli P, & M, B. myitkyinae P. & M,
L1, 32-34, Ltr. 54-6/6 L1 32-36, Ltr. 10 (5§—4%) L1. 32-34, Ltr. 9 (6§-3%)
Diameter of eye 4}—4} in Diameter of eye 3-4-3-8 in Eye 3-2-3-8 in length of
length of head. length of head. head.
Predorsal scales 10-11. Predorsal scales 10 or 11. Predorsal scales 11 or 12,

Maxillary barbels longer than Maxillary barbels almost

orbit, sometimes 1% dia- equal to or slightly longer
meters of the orbit, than the diameter of the
eye.

Hora and Mukerji (1934), however, after an examination of the material in the
Indian Museum stated that B. sewelli P. & M. should be regarded as only a local
race of B. sarana (Ham.) distinguished from it and from B. caudimarginatus Blyth by
its ‘gorgeous colouration,’ proportionately longer head, bigger eyes and somewhat
narrower caudal peduncle.

Hora (1937a) described a new species, Barbus binduchitra from Sando-
way, Lower Burma. From a comparison of his description of the species with Day’s
B. sarana (Ham.), it will be seen that he distinguished it from the latter by the
following characters:

B. binduchitra Hora B, sarana (Ham,)
P. 16 V. 10 P. 16 V.9
Ll. 28-30 Ll. 32-34
Ltr. 5}/4% Ltr, 53-6/6
Head 4-5-4-7 times in total length. Heed 5 to 5} in total length.
Diameter of eyes 4}—4% in head, Diameter of eyes 2-6-3-5 in head,
Broad vertical band below the commencement Vertical band absent.
of the dorsal fins which extends to the lateral
line,

He remarked that B. binduchitra Hora shows considerable affinity with B. pinnaur-
atus Day from South India and with B. sewelli Prashad and Mukerji from Myitkyinae
District. He was able to distinguish B. sewelli by its deeper body (2-3 to 2-5 times
in total length) and the absence of the vertical band and the caudal spot character-
istic of B. binduchitra Hora. B. pinnguratus (Day) was considered a separate
species on account of its proportionately longer and less high head, relatively
smaller eye, lesser interorbital width, and the relatively more compressed and less
high body. The sub-dorsal band though smaller and less prominent has been noted
in specimens of B. pinnauratus Day by Hora (1937 b) and Das (1937). Hora (1937 g,
p- 336) added the names of B. caudimarginatus Blyth, B. oatesii Boulenger, B.
sewelli Prashad and Mukerji, B. myitkyinae Prashad and Mukerji and B. binduchitra
Hora to the complex of allied species of B. chrysopoma Cuv. & Val., B. pinnauratus
Day and B. sarana (Ham.) already referred to by Raj (1916). Hora and
Nair (1941) stated that B. pinnauratus Day and B. chrysopoma Cuv. & Val. can
be distinguished by the difference in the number of predorsal scales. However,
they remarked that the three species, B. sarana, B. chrysopoma, and B. pinnauratus
along with B. caudimarginatus Blyth and B. sewelli Prashad and Mukerji ‘form a
series of very closely allied species the specific limits of which are by no means well
defined’. A close scrutiny of the descriptions and notes relating to these species
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failed to provide dependable characters for the identification of these species.
The only form of a satisfactory key that could be drawn up from these characters is
as follows:—

1. Beight of body not more than 3 times in total length .. - o2
Height of body more than 3 times in total length .. .. .. .. 4
2. Hoaight of body not more than 2-5 times in total length .. B, sewelli P, & M.
Height of body more than 2-5 times in total length .. .. .. .. 3
3. Length of head not more than 4% in total length .. . B. oatesii Blgr.
Length of bead more than 4} in total length .. .. B. myitkyinae P. & M.
4, Diamseter of eye 2 times in length of head .. B. caudimarginatus Blyth.
Diameter of eye more than 2 times in length of head .. .. .. b
5. Diameter of eye more than 4 times in length of head .. B. sarana (Ham.)
Diameter of eye less than 4 times in length of head .. . .. .. 6
6. A dark blotch behind the gill opening present .. .- .. A |
A dark blotch behind the gill opening absent .- . B. binduchitra Hora.
7. Predorsal scales 12 (A. 8) .. .. .. B. chrysopoma C.V,
Predorsal scales 10 (A. 7) .. .. .. .. B, pinnaguratus Day.

That this key is not tenable and does not serve to distinguish them as different
species will be evident from the morphometric data given below.

@
MORPHOMETRIC DATA.

The morphometry of 53 specimens of B. sarana (Ham.), 9 specimens of B.
chrysopoma C.V., 39 specimens of B. caudimarginatus Blyth, 21 specimens of B.
myitkyinae P. & M., 11 specimens of B. binduchitra Hora, 19 specimens of
B. pinnauratus Day, 4 specimens of B. oaltesit Boulenger and 2 specimens of B.
sewelli P. & M. were studied and the ranges of morphometric characters are
presented in Table I. This shows that the characters of each of the species are
almost completely overlapped by the characters of B. sarana (Ham.) samples. The
colouration and the serrations of the dorsal spine have been found to be highly
variable within populations and cannot at any rate be employed in separating them
into species. In this connection the observation of Mookerjee et al. (1943), that a
linear band is present on the back below the insertion of the dorsal fin in the young
of B. sarana (Ham.) which gradually gets rounded and disappears in the adult, is of
interest.

BIOMETRIC COMPARISON.

The various measurements of the samples studied are plotted against the total
length of individuals in Text-figs. 1-56. These diagrams demonstrate how closely
the particular values for different species crowd together along the curve,

For a correct estimate of the taxonomic position of each of the samples the range,
mean, standard deviation, and standard error, were calculated for six characters
considered dependable. Text-figs. 6 to 8 present this data in graphic form.
For each sample the diagram shows (1) the total range of variation of the particular
character by a vertical line; (2) by the solid long rectangle, one standard deviation
on each side of the mean ; (3) by the hollow broader rectangle, twice the standard
error on each side of the mean ; and (4) the mean which is marked by the cross-bar.
From the overlap of the rectangles delineating the standard error it will be clear
that the differences between the samples are not significant except for B. pinnauratus
Day in the length of head, height of body and number of predorsal scales and for B.
binduchitra Hora in the number of Ll scales and predorsal scales and the height
of body. As already mentioned, the data of the small samples of B. sewelli P. & M.
and B. oatesii Boulenger were compared with samples proved to be identical
with B. sarana (Ham.) following the method recommended by Simpson and
Roe (op. ¢it.). The results are given in Tables IT and III.
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Tasie II.
Biometrical data for B. oatesii Blgr.

Standard
error of the
Character Range Mean gbapdt@rd Stendard difference t P
eviation error botwoeen
means
TL/Hd .. 4-83-4-91 4-87 <057 <040 0-026 100 | greater
than
0-10
TL/Ht .. 4-1-4-9 4-49 579 409 1:486 0-64 do.
Hd/Length o
Rostral Barbel 4-0-5-5 445 507 254 0-423 0-57 do.
Hd/Length of
maxillary Barbel 4-0-5-5 4-45 354 177 1-593 1.01 do.
L. .. .. 29-33 31-50 1.756 ‘878 0-892 0-42 do.
Predorsal e 11-12 11.25 0-500 +250 0-087 1-00 do.
TasLe III.
Biometrical data for B, sewelli P, & M.
Standard
error of
the diff-
Character Range Mean dSta.n%fxrd Standard erence t P
eviation. error. between
the
means
Hd/Length of
Rostral Barbel 3-67-3-75 3-71 -056 040 +591 1-6 0-10
Hd/Length of
maxillary Barbel | 2:44-3-00 272 -396 279 414 1-8 greater
than
0-05
L1, scales . 31-32 31-5 700 =500 1-220 0-4 greater
than
0-10
Predorsal scales 11-12 11-5 =700 500 17 1-0 0-10

In the case of B. sewellt P. & M. two characters, viz. TL/Hd and TL/Ht were not
statistically tested since only a single value was available in each case. Even
though Simpson and Roe (op. cit., p. 212-221) gives a method for statistical tests
of single observations, it was found unnecessary to adopt it in the present case
as the observed values fell well within the range of values for B. sarana (Ham.).
From Tables II and III it will be clear that the samples of B. sewelli P. & M.
and B. oatesii Blgr. are statistically the same as B. sarana.

Text-figures 6a, 6b and 7a showed significant differences for the values of B.
binduchitra Hora and B. pinnauratus Day. The degree of intergradation of the
significant characters of each sample was therefore determined employing
Ginsburg’s (op. cit.) method. Table IV gives the frequency distribution of the
number of predorsal scalesof B. binduchitra, B. pinnauratus and B. sarana, expressed
as percentages of the total number of specimens of each species examined.



TABLE I.
Range of Morphometric Characters of the Samples

’

ToraL LENGTH / Sranparp LexeTs | LeneTr oF Heap [
| ! ' ] | | ! ] ! ! 1
i | 4 ‘ | ‘ ! ; : ; ‘ | : ! . . ! !
Species Caudal Depth of | Length Length of Length of Length | Length of | Caudal | Depth of . Length of | Length of ' Length Length | Length Width | Height Diameter © Length ~ Length of
length bod ' of head | longest ctoral of | longest . length i bod ; head . longest of of . of longest of of of + of rostral | maxillary
Yo, . rayof D , P° i ventral ., ray of 4 y i | oy of D pectoral 14 . tay of A head head eye : barbel i barbel
. I ! i { : i
| Sbekith R | | | e
B. sarana . 3-7-3-2 3-1-4-1 | 4-0-5-4 4:1-6-4 | 5-0-6-8 l 5:8-7-8 7 -10-2 2.8-4-3 2-4-3-7 * 3.2-53 3-0-4-8 4-1-5-7 [ 4:.4-6-2 i 54-8:3 1-5-1-9 ’ 1-1-1-5 2:8-5-2 3-0-6-8  2.0-4:5
B. chrysopoma 4-3-5-1 3-4-3-7 4-6-5-1 4-9-5-7 5-7-6-8 6-9-7-9 7-4- 80 3-3—4-1 2:7-3-0 | 3-6-4-1 3:-8-4-6 +4-54 5-5-6-3 1 58-6-8 1-5-1.9 |} 1-2-1-4 2.8-4-3 3-1-5-2 2-3-4-3
B. caudimarginatus 4-1-5-5 3145 4-4-5-2 '4-9-6-3 | 56-7-0 6-1-7-6 74— 96 3-1-4-4 2:5-3-4 3442 4-0-5-3 < 45-57 4-6-6-1 i 5-8-87 1-4-1-8 | 1-1-1-3 2-8-4-5 3:0-4-8 2.2-3-8
B. oatesit 4-5 4-1-4-9 ‘ $-8-4-9 54-6-4 3-8-7-0 | 6-8-7-3 6-8-7-3 3545 | 3448 3-8-4.8 |, 4-2-5-8 52-5-8 | 5-3-5-6 i 5-3-7-4 1-6-1-9 ,  1-2-1-4 3-0-3-7 4.0-5-5 $-0-5-5
B. myitkyinae 3-8-4-6 3-4-4-4 | 4-3-5-6 4-6-6-0 5865 5967 6-9-8-1 2:8-3-8 2-5-3-1 | 3443 | 3546 4-3-5-1 4452 | 52-63 1-6-1-8 1-2-1-4 2-7-4-3 3-2-6-2 2:1-5-6
B. binduchitra 4-2-4-7 3645 | 4549 4-8-54 . 60-69 ' 6-3-78 6-8-7-8 3-2-3.7 | 2834 | 3438 3642 47-52 1+ 4460 3-2-6-0 1-4-1-6 1-1-1-3 2-7-3+5 3.4-4-7 2-0-2-8
B. sewelli 45 3-4 . 4-3 5 i 5-5 ' 6-3 7-8 35 i 2:-5-2-6 | 3-3-3-6 ‘ 3-8-4-9 4349 4-9-5-1 6-1-6-7 | 1-6-1-8 1-2-1-3 3-1-3-3 3-7-3-8 2-4-3-0
B. pinnauratus 4:0-53-5 i 3-4—4-0 ! 3:9—4-6 4-4-6-1 5:5-6-8 | 5-8-7-6 6-7- 8:4 3-0-43 | 2833 1 3-0-3-8 . 3-3-53 4-4-5-3 4-5-6-2 5-2-6-8 | 1-6-1-8 1-3-1-5 2:8-4-2 3:1-6-0 | 2-4-3-8
I : | i i | | i ! |
Length of . .l
Depth of | Interorbital caudal Rows of .
body distance peduncle scales bet- | Prodorsal No. of rays in
Species } Ll Ltr. ween LI, and , © ] 58,
Height of | Diameter of | Least ht. base of scales
head eye of caudal ventral
peduncle. D P v A C
i
B. sarana .. ol 1-3-2-1 1.0-2-3 1-1-1-9 28-34 10-14 3:5-5-5 9-13 H 13-17 8-9 v—% 18-19
B. chrysopoma ol 15-29 10-1.8 1-2-1-6 20-32 12-13 3-5-4-5 n-13 | 34 15-16 8-9 -3 18-19
B. caudimarginatus .. 1-2-1-9 1-0-2:0 1-2-1-6 28-32 10-12 3-5-45 10-12 g% 13-16 89 -3 19
B. oatesii .. . 1-3-34 1-3-1-7 1:3-1-7 29-33 9-10 3.0-3-5 11-12 % 15-16 9 ¥ ! 19
B. myitkyinae oo 16-241 *1:0-1-8 1-2-1-9 20-33 10-12 3-5-4-5 1112 4 15-18 9 3 18-19
B. binduchitra Lol 1-2-15 10-14 | 1-1-1-6 28-30 9-10 | 3:5-45 9-11 | 4 15 9 | 18-19
B. sewelli .. .o 1-6-18 1-3-1-4 14 31-32 12 45 IS § 55 DA R 15-16 9 | 4 19
B. pinnauratus R N 10-1-9 1-2-1-8 28-32 9-12 35-45 | 812 3 14-15 9 -3 18-19
i | | .
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TaBLE IV,
Predorsal scales
Species
8 9 10 11 12 13
B. sarana .. 21 19.2 29-8 38:3 10-6
B. binduchitra .. .. .. 286 571 14-8 .. ..
B. pinnauratus .. . 5-3 26-3 36-8 15-8 15-8

It will be seen from the above Table that B. binduchitra intergrades with B. sarana
to the extent of about 189, and the divergence is nearly 82%,. B. pinnauratus
intergrades with B. sarana to the extent of about 279%, the divergence being 73%,.
Table V gives the frequency distribution of the number of Ll scales of B. sarana
and B. binduchitra expressed as in Table IV.

TaBLE V.
L1 sceles
Species
28 \ 29 i 30 l 31 32 1 33 ! 34 ‘
B. sarana .. 4-(4 84 12-0 320 26-0 12-6 6-0
B. binduchitra .. 430 28.5 28-5 .

The above Table shows that B. binduchitra intergrades with B. sarana to the
extent of 129 and the divergence hetween them is 889,. Table VI gives the
frequency distribation of the properticn of height of bedy in total length of B.

sarana, B. binduchitra and B. pinnauratus, expressed as in the previous Table.

TasLE V1.

Total Length/Height of body
Species
3.1-3.2 | 3-3-3-4 | 3-5-3-6| 3-7-3.8 | 3940 | $142 | 4344 ]| 4546
B. sarana .. 9-1 36-4 273 242 . 3-0 .. e
B. binduchitra .. .. .. 91 273 27-3 .. 272 9-1
B. pinnauratus . . e 59 23-4 29-3 .. .. .. ..

The intergradation between B. sarana and B. binduchitra as can be seen from the

above Table is about 18%, and the divergence, 82%. B. pigznauratus intergrades

to the extent of 279, with B. sarana and the divergence is 73%,. )
Thus in respect of these three characters B. binduchitra intergrades with B

sarana more than 109, and less than 25%, qualifying for the rank of a sub-species
]
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as proposed by Ginsburg (op. cit.). In the case of B. pinnauratus it has been seen
that it intergrades with B. sarana to the extent of 27%, in the number of predorsal
scales and the height of body, and as such can be considered a race.” That B.
pinnavratus and B. binduchitra are separate will be evident from the diagrams
showing the biometric data for Tl/Hd, Hd/d and Ll. scales.

While B. sarana binduchitra forms a geographic sub-species recorded only
from Sandoway, Lower Burma, B. sarana race pinnauratus is more widely distributed.
Day (1889) describes its habitat as ‘from fresh waters at Coconadda own the East
Coast of India to Ceylon, and inland as far as the Nilgiris, also along the Western
Ghats and rivers at their bases’. It has since been recorded from Bihar (Das, 1937)
and identified from Malaya by Mr. A. G. K. Menon of the Zoological Survey of India
Laboratories (Private communication).

SyNoNyYMY.

The synonyms of Barbus sarara (Ham.) are the following:—

Barbus sarana (Ham.)

Cyprinus kunnamoo .+ Russell. Fish. Vizag., 2, 1803, 82,
. kakoo .. Russell. Fish. Vizag., 2, 1803, 83.
ve kadoon Russell, Fish, Vizag., 2, 1803, 83.
- s Bleeker, Verh. Bat. Qenoo,, 25, 1853, 60,
. sarana Hamilton Buchanan. Fish. Ganges, 1822, 307, 388,

Systomus immaculatus

’” LR
» »
Systomus chrysosomus

Syst’émus chrys:);ponm
Barbus deliciosus

2 ”
” L .
Barbus gardonoides

Barbus kakus

’ / s
Ba;'bus duvaucelli
Barbus immaculatus
Barbus rusellit
Barbus polyodori

Ba;'ims chrygopmna
” 0

£ 3

L L4
Barbus caudimarginatus

Barbus sarana

McClelland. Astat. Res., 19, 1839, 284, 380-381.

Cuvier and Valenciennes. Hist, Nat, Poiss., 16, 1842, 409,
Bleeker. Verh. Bat. Genoo., 25, 1853, 62.

McClelland. Asiat. Res., 19, 1839, 284,

Cuvier and Valenciennes, Htist. Nat. Poiss., 16, 1842, 409,
Jerdon. . Madr. Journ. Lit. Sci., 1849, 314.

McClelland., Asial. Res., 19, 1839, 272, 342.

Cuvier and Valenciennes, Hist. Nat. Poiss., 15, 1842, 172,
Bleeker. Verh. Bat. Genoo., 25, 1853, 60.

Cuvier and Valenciennes, Hist. Nat. Poiss., 16, 1842, 156,
Bleeker. Verh. Bat. Genoo., 25, 1853, 60, 126,

Cuvier and Valenciennes. Hist. Nat. Poiss. 16, 1842, 153,
Bleeker., Verh, Bat. Genoo., 25, 1853, 60.

Cuvier and Valenciennes. Hist. Nat. Poiss., 16, 1842, 167.
Giinther. Catal. Acanth, Fish. Brit. Mus., 7, 1861, 121.
Giinther. Catal. Acanth. Fish. Brit. Mus,, 7, 1861, 121,
Cuvier and Valenciennes. Htst. Nat. Poiss., 16, 1842, 165,
Bleeker. Verk. Bat. Genoo., 25, 1853, 60.

Cuvier and Valenciennes. Hist. Nat. Poiss., 16, 1842, 165,
Bleeker. Verh. Bat. Genoo., 25, 1853, 60.

Day. Fish. Mdl., 1865, 208,

Giinther. Catal. Acanth. Fish. Brit. Mus,, 7, 1861, 113.
Blyth. J. Asiat, Soc. Bengal., 23, 1860, 156.

Cuvier and Valenciennes. Hist. Nat. Poiss.,, 16, 1842, 151,
Bleeker. Verh. Bat. Genoo,., 25, 1853, 60,

Jerdon. Madr, Journ. Lit. Sci., 15, 1849, 312,

Giinther. Catal. Acanth. Fish. Brit, Mus., 7, 1861, 115.

Puntiue sarana .. Steindachner. Sitz. A.K. Wiss. Wien, 61, 1867, 58.
Puntius chrysopoma .. Day. Fish. Mal., 1865, 208.

Though it has not been possible to examine material relating to the above species
and B. rubripinnis Cuv. & Val. the morphometric table indicates that they are
only synonyms of B. sarana (Ham.) Synonyms of B, sarana race pinnauratus have
already been considered in the review of the literature.

2B
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SvMMARY.

The literature relating to the systematics of B. sarana, B. chrysopoma, B. pinnauratus
B. caudimarginatus, B, oatesii, B. myitkyinae, B. sewelli, and B. binduchitra is reviewed and from
the descriptions of previous workers a key for the species is drawn up. The morphometry of
the samples of these species in the collections of the Zoological Survey of India is presented and
it is shown that this key is not tenable and the characters of B. sarana almost completely over-
laps the characters of the other species. The morphometric data is biometrically analysed and
the results show that B. binduchitra can be considered a sub-species of B. sarana and B. pinnau-
ratus as a race of B. sarana. The other species are synonymous with B. sarana.
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34}
331 13}
32 121
31~ 11+ c "
30 10} Ca
29 C M S | B
®r s ca P B °f P
@ b

TEXT-¥16. 8. 6—CGraph showing the variation in the number of lateral line scales in the
samples of each species.
b—Graph showing the variation in the number of predorsal scales in the samples
of each species.
S—Barbus sarana, C—B. chrysopoma, M—B. myitkyinae, Ca—B. caudimarginatus,
P—B. pinnauratus, B—pB, binduckitra. (The same lettering is used in
Text-figs. 7 and 8.)
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TEXT-F1¢. 7. a—~Qraph showing the variation in the length of head in the samples of each
species.
b—Graph showing the variation in the height of body in the samples of each
species.
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TEXT-F1e. 8. a—Graph showing the variation in the length of the maxillary barbel in the

samples of each species.

b—Graph showing the variation in the length of the rostral barbel in the

samples of each species.



