A HUMP-BACKED CARP, CATLA CATLA (HAMILTON).
By NirmaL CoaNDRA Law, M.Sc.
(Communicated by Dr. S. €. Law, F.N.I.)

(Received November 18, 1943.)

CONTENTS.

Page.
Introduction .. .. .. .. .. .. . 97
Observations
Fxternal Features .. .. .. .. . .. .. 97
Vertebral Column .. .. .. .. .. .. .. a9
Trunk Muscles .. .. .. .. .. .. .. 101
Spinal Nerves .. .. .. .. .. B o101
Discussion .. .. .. .. .. .. .. 101
Acknowledgments .. .. .. .. .. .. ..o 102
List of References .. .. .. .. .. .. .. 103
Summary .. oL .. . .. .. .o 103

INTRODUCTION.

Among various kinds of minor abnormalities found in fishes, Gemmill (1912, pp. 51-54)
has recorded over half a dozen instances of hump-backed condition in trout {Cobbold,
1855; Ritchie, 1908), cod (Smith, 1855), sole (Howes, 1894), cte., but, so far as the writer
is aware, such a deformity has not vet been described from among the members of the
carp family (Cyprinidae). Hora (1942, pp. 176-178), however, in a communication to the
Rayal Asiatic Society of Bengal on " A hump-backed Catla’ referred to some of the salient
features of the abnormal specimen which form the subject-matter of the present article.
A brief history of the specimen has already been given by Hora (loc. cit.), but it secmns
worth while to reiterate here some of the salient points.  The abnormal Catle was presented
to the Zoological Survey of India by Mr. Pulin Krishna Das of the Geological Survey of
India. Tt was purchased on the 18th April, 1941, from the College Street Market and had
been caught that morning from a freshwater tank near Rashmoni Bazar, Belliaghata,
a suburb of Caleutta. It was definitely stated to be not more than three years old as
the tank had been completely dewatered 3 years back. From enquiries made among
dealers in fish, it was ascertained that such abnormal specimens are very rare indeed.
In fact, no one had seen another specimen like it.

()BSERVATIONS.

Ewternol Features.—In order to realise fully the changes in the form (Plate I) of
the abnormal Catla due to its hump-backed condition, it may be compared with a normal
specimen of the same head-length, for the head of a fish is one of its least variable struc-
tures and in the case of the abnormal specimen it seems to have undergone practically
no change from the normal condition.
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Measurements in centimelres, number of fin rays and scale counts of the hump-backed and a normal Catla.
of the sume head-length.

Hump-backed Normal

Total length . .. .. .. .. e 41-8 49-8
Length of caudal .. .. .. .. . .. 117 10-8
Length of head - .. . .. .. 12-8 12-8
Depth of body at commencement of dorsal .. . .. .. 20-4 16-3
Depth of body at middle of dorsal . - .. .. 16-9 13-0
Depth of body at end of dorsal .. .. .. .. .. 12-1 10-1
Diameter of eye .. .. .. . 1-8 1-9
Interorbital distance 7-3 7-6
Distance between tip of snout and wmmencemeut of dorsa,l 18-2 19-9
Distance betwoen tip of snout and commencement of pelvic 20-2 22-6
Distance between tip of snout and commencement of anal 258 325
Distance between anal and pelvic 97 121
Distance between pectoral and pelvic 49 11-2
Length of base of dorsal .. 9-2 119
Length of base of anal 2-9 31
Length of caudal peduncle . 3-8 6:2
Least helght of caudal peduncle 6-1 57
L.1 . 41 42
L. tr. e 17 17
No. of rows of scales hetween L. 1 and pelvu, . .. .. 7 7
No. of predorsal scales .. .. .. .. .. 16 16
No. of rays in dorsal .. .. .. .. .. 3/15 3/15
No. of rays in pectoral .. .. .. .. ‘e 1/17 1/17
No. of rays in pelvic .. .. .. .. AN 2/8 2/8
No. of rays in anal .. .. .. .. . .. 3/7 3/6
No. of rays in caudal .. .. .. .. .. 19 19

From the table of measurements. it will be seen that the total lcngbh of the abnormal
speeimen is reduecd approximately by one-sixth and that the caudal fin is relatively more
developed, presumably to maintain the normal mode of locomotion of the species in
spite of its much deeper form. The depth of the trunk (total length excluding head and
caudal fin) in the abnormal specimen is considerably greater than its length, while in a
normal specimen it is about three-fifths of the length. Another noticeable feature of

a. b

TexT-rig. 1.—Outline drawings of a body scale of a normal Caéla (a) and of the hump-backed Catla,
(b) of the same head length. x3.

the abnormal specimen is its much shorter and considerably deeper caudal peduncle
which, along with the general increase in the depth of the body, imparts the fish a
Perch-like or Pomfret-like rounded form. Owing to the change in the general form of
the fish, the positions of the various fins have also undergone slight changes relative to
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the other parts of the fish, but these are not very appreciable. The number of rays in
the various fins has undergone no change and the fin-formula of the abnormal specimen
isD.3/15; A.3/7; P. 1/17; V. 2/8, C. 19. The lepidosis is normal with 41 scales along the
lateral line, 17 between the middle points of the dorsal and ventral surfaces, 7 between
the lateral line and the base of the pelvic fin and 16 before the dorsal fin. In conformity
with the deepening of the body the scales have become somewhat broader and shorter,
but their detailed structure has not undergone much change.

Vertebral Column.—Even a superficial examination of the specimen showed that
the deformation must have resulted from some abnormality of the vertebral column.
This assumption was confirmed after a study of the literature dealing with similar types
of abnormalities in other kinds of fishes, but until a skiagram of the fish was taken the
precise nature and extent of the malformation did not become quite clear. From a
close study of the skiagram (Plate IT), it will be seen that the vertebral column, instead of
consisting of a series of individual vertebrae (with the exception of the normal compound
vertebra comprising vertebrae 1 to 4), is composed of a series of compound bones without
any clear demarcation of the extent of each vertebra. Such a condition, in which the
vertebral elements coalesce to form a compound bone, is known as synostosis of the
vertebral centra (vide Gemmill, 1912, p. 52). The number of vertebrae represented by
cach compound bone can, however, be made out by the number of neural spines and ribs
or haemal spines attached to each. It is indeed remarkable that in the whole of the
vertebral column there is not a single normal vertebra; each compound bone represents
from 2 to 5 vertebrae. In Catla, there are usually 37 vertebrae, of which the first four
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Texr-rie. 2.—Schematic drawings of the vertebral columns of & normal and the hump-backed Catla.
The relative positions of the dorsal and anal fins are also indieated.
AF = Anal fin; DF = Dorsal fin.

form the normal compound vertebra of the Physostomous fishes. Of the 37 vertebrae,
18 belong to the trunk region and are provided with ribs while 19 belong to the caudal
region and are provided with haemal spines. In the hump-backed Catla, the vertebral
column consists of 11 compound bones which are composed as follows:—

Compound vertebra plus one trunk vertebra.

Two trunk vertebrae.

Four trunk vertebrae.

Three trunk vertebrae.

Two trunk vertebrae.

Two trunk plus one caudal vertebrae.

Three caudal vertebrae.

Four caudal vertebrae.

Five caudal vertebrae.

Five caudal vertebrae.

One caudal vertebra plus urostyle.
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Besides synostosis of the centra described above, attention must also be invited to the
following other malformations:—

(i) In the hump-backed Catla, the trunk vertebrae 17th to 19th forming one
compound bone, are devoid of ribs.

(ii) The dorsal fin is situated over the 6th to the 20th vertebrae instead of being

) over the 10th to the 22nd.

(iii) The anal fin is situated under the 22nd to the 26th vertebrae instead of being
under the 26th to the 30th.

{iv) There is considerable derangement in the bones supporting the caudal fin.

All these abnormalities can be associated with the compression of the body and
indicate the violent nature of the force that produced the compression.

For a detailed study of the compound bones, the vertebral column was exposed on
the left side. It was then found that each centrum could be demarcated from the other,
though it is considerably reduced and telescoped into the one preceding it. The

Texr-rie. 3.—The ninth compound bone formed by the coalescence of five caudal vertebrae with
portions of the compound bones preceding and following it. x 3-

vertebral column is crooked throughout its length, slightly projecting this way or that.
It would thus appear reasonable to assume that the vertebral elements had been separately
formed before coalescence took place under the impact of some force or factor which
seems to have produced fairly violent results.
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Trunk Muscles—The skin from the left side of the hump-backed Catla was care-
fully removed and the muscles were exposed. The number of muscles was the same as
that of the vertebrae, that is thirty-seven, but those associated with the first thirty
vertebrae were comparatively very narrow. Taking the head length as a standard
peasurement, the proportions of the breadth of muscles were worked out in a normal
and the hump-backed specimen and the results are tabulated below.

Proportionate breadth of muscles as compared with the length of head in a normal and the hump-backed

Catla.
J Length of Head ' Length of Head
Serial No. Breadth of Muscle | Serial No. Breadth of Muscle
of Muscle. ! a ‘ of Muscle.
Normal. | Hump-backed. || Normal. Hump-backed.
| | |
| ; g
1 ! 820 : 2413 ; 20 20-50 40-00
2 | 1012 21-33 § 21 20-50 42-67
3 11:21 ; 2065 I 22 20-50 32-00
4 1121 | 20065 ! 23 20-50 41-29
A 13:67 i 20-98 i 24 21-57 42-67
6 15-45 : 20198 ; 26 27-33 44-14
7 15-45 | 25-60 ‘; 26 2733 42-67
8 16-08 . 2560 27 ; 2733 40-00
9 16-08 21-33 ; 28 27-33 42:67
10 16-40 18-82 29 29-29 38-79
11 16-40 20:83 30 32-80 36-57
12 16-40 19-69 31 43-16 25-10
13 20-(0) 25:60 32 43-16 17-78
14 ! 20450 2844 33 28-27 19-69
15 ' 2050 26-67 34 27-33 25-10
16 | 20-50 29-77 35 2827 25-00
17 1 20-50 32-81 36 32:80 25-00
18 16-40 32:00 37 35-54 2841
19 16:40 3765

It will be seen from the above table that the compression of the muscles is very
pronounced in the case of the first compound bone (5 vertebrae), while in the case of the
next four compound bones (2444342 vertebrae) it is not so strongly marked. The
musecles associated with the next three compound bones (34344 vertebrae) are also
strongly compressed. The three anterior muscles of the ninth compound bone are fairly
compressed, the fourth is very slightly compressed while the fifth is actually more
developed than the corresponding muscle of a normal specimen. Al the remaining
muscles of the caudal region are considerably more extensive than the corresponding
muscles of a normal specimen. The greater development of the muscles of the caudal
region is no doubt associated with the greater development of the caudal fin to which a
reference has already been made (vide supra, p. 98). These malformations are presumably
due to the greater efforts the animal had to make to maintain its normal mode
of locomotion in spite of its hump-backed condition.

Spinal Nerves—The origin and distribution of the spinal nerves have not been
affected by the deformity and they, like the muscles, are segmentally arranged as in the
case of a normal specimen.

Discussion.

Gemmill (1912, p. 53) has classified hump-backed and associated conditions in fishes
under the following main groups:—

(i) Coalescence or synostosis of the vertebral centra in groups of several segments, while the
neural and haemal spines, the muscle masses, and the spinal nerves retain their normal
number.
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(ii) Simple shortening of the length of the vertebrae with increase in their transverse measure-
ments, but without fusion of centra.

(iii) The backbone may show twisting and curvature with coalescence of vertebrae.

(iv) Trregular curvature may be associated with absence, more or less complete, of the great
lateral muscle masses on one side.

With regard to the causation of ‘twisted bodies’ and the allied deformations,
Gemmill observed that we are still in the dark, but was of the opinion that ‘No doubt
they are mainly congenital, and it is probable that their production depends on some
very early developmental aberrations capable of being induced by the action of external
factors’,  Some of these malformations plainly seem to be due to the action of the environ-
ment {Barrington, 1768; Day, 1880-84), but usually the cause and effect are difficult to
ascertain.

The hump-backed condition of Catle reported upon here does not appear to be due
either to pathological condition, muscular deformity or to any obvious effect of the
environment, but may have been caused by the premature calcification within the sheath
of the notochord. Gemmill noticed that such was the case in certain twisted trout
embryos and stated, ‘Conceivably, localised conditions of this kind might, by preventing
normal axial elongation, lead in some cases to curvature of the backbone and in others
to shortening without curvature. The membranous character of the ossification in the
formation of vertebral centra seems highly favourable to coalescence of centrum units
wherever very marked anterio-posterior shortening ocecurs, especially if the shortening
be accompanied by tissue irritation such as pressure might produce.’

A more or less similar deformity, as described above in Catla, was reported by Ritchie
(1908) in a hump-backed Trout from Stranraer. In the case of the Trout, however,
compound bones bearing two or more neural spines showed no traces of segmentation
even on dissection and from this Ritchie concluded that the coalesced centra never existed
as separate bodies. According to Ritchie, therefore, the derangement must have occurred
not in the centra as fully developed but in those earlier parts which foreshadowed the
existence of centra.

Since the full complement of neural arches was present in the Trout, the full comple-
ment of those parts which foreshadowed the existence of centra must be assumed to
have been present also. From these facts Ritchie suggested the following two
alternatives:—

‘(1) That certain of the arcualia did not give rise to the usual skeletogenous tissue within which the
ossification of the centra proceeds, and that, therefore, certain of the potential centra never actually
existed; that is to say, each of the abnormal internodes in the vertebral column of our specimen is a
true centrum to which one or two neural arches, properly belonging to missing centra, have become
attached. The deficiency in the internodes would in this case be due to the actual absence of centra.
(2) The alternative is that—the skeletogenous tissue of the future centra having been completely
formed—a compression in certain regions took place succeeded by continuous ossification, uninterrupted
by nodes. Such an interpretation would mean that in the Stranraer specimen, the abnormal internodes
contain the elements of as many centra as they bear neural spines, but that those elements had not
the opportunity of developing into separate centra.’

The condition of derangement found in Catla lends considerable support to the second
alternative. In Catla, compression in certain regions must be assumed to have taken
place when all the vertebral elements had been formed, as in each compound bone, centra,
though distinet, are telescoped into one another. Such a compression must have been
succeeded by a continuous ossification which coalesced the centra into compound bone.
The final cause of malformations of this type is undoubtedly compression in certain regions,
but what factors are responsible for compression it is difficult to say. From the nature
of the habitat of the fish, its occurrence among thousands of normal specimens and its
being the only deformed specimen, it may be inferred that environment did not play any
part in bringing about this malformation and that it must be attributed to some
congenital defect at a particular stage in the development of the individual.
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SUMMARY.

External features, vertebral column, trunk muscles and spinal nerves of a hump-backed Catla,
Catla catla (Hamilton), are described and it is shown that the malformation is due to synostosis of the
vertebral centra in certain regions. The normal number of 37 vertebrae together with the urostyle
form 11 compound bones, which, according to the bony elements coalesced in the formation of each
bone, are composed as follows:—5, 2, 4, 3, 2, 8, 3, 4, 5, 5, 1 4urostyle.

The body of the deformed Catla is perch-like, short and stumpy. The caudal fin is better developed.
The neural spines, ribs and haemal arches are segmentally arranged. Only the centra of the vertebrae
are coalesced to form the compound bones. The centra are telescoped into one another but their
boundaries can be made out after dissection. The muscles and the spinal nerves are segmentally
arranged. The first 30 trunk muscles are much narrower but the remaining 7 are better developed
than those of a normal specimen. These deformations of the muscles are no doubt associated with the
corpression of the body and the enlargement of the caudal fin,

After discussing various views that have been advanced to account for hump-backed and associated
conditions in fishes, the deformation of Catle is attributed to some congenital defect which caused
compression in certain regions at a time when all the vertebral elements had been formed. The
evidence of compression is afforded by the telescoping nature of the centra in the formation of the com-
pound bone. This compression must have been succeeded by continuous ossification which produced
synostosis of the centra resulting in the formation of compound bones.






Law. Proc. Nat. Inst. Sci. India, Vol. X, Plate 1.

Photographs of a normal and the hump-backed Catla of the samne head-length.
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Skiagram of the hump-backed Catla.



