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INTRODUCTION,

In a series of articles, Dr. S. L. Hora has shown that some of the
morphological characteristics and biological features of torrential animals
are determined by a group of physical conditions, such as, swiftness of
current, coolness of water, richness of oxygen, nature of substratum, type
of shelter, etc., and in this connection he has drawn repeated attention to
certain adaptive modifications undergone by torrential fishes for respiratory
purposes. The normal method of respiration is by taking in water through
the mouth, which is generally extensive and is anterior or superior in position,
and expelling it through the gill openings, which are fairly extensive with
a very narrow isthmus on the ventral surface. The exacting environmental
factors, so characteristic of the torrential streams, have brought about in
highly specialized fishes diverse adaptations, the most important being the
necessity to resist the swift current and prevent themselves from being
washed away. The habit of lying close to the substratum and adhering to
the rocks by means of the ventral surface of the body in these highly
specialized hill-stream fishes has ultimately resulted in the modification of
the entire respiratory mechanism, In such cases the mouth is ventral or
subterminal in position and the isthmus is also much wider.

Tt is generally agreed that the respiratory metabolism (oxygen consump-
tion) in poikilothermous animals tends to vary directly with the temperature
to which they are subjected. Hence, the cold and rapid waters of the
torrential streams being highly oxygenated, the fishes living in them are
favourably placed as far as the oxygenation of the blood is concerned.
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GLYPTOSTERNOID FISHES AND THEIR ADAPTATIONS,

In this article, it is proposed to deal with the respiratory adaptations
of one such group of torrential fishes, viz., the Glyptosternoid fishes of the
family Sisoridae, the Systematics (now under publication in the Rec. Ind.
Mus., Vol. XLIX for 1951), and the Evolution and Distribution of
which have been recently studied. They constitute a remarkable group in-
habiting the torrential streams of certain parts of South-East Asia. Like
the Cyprinoid families Homalopteridae and Gastromyzonidae of South-
East Asia, they are also greatly flattened forms, in which the head and the
body are considerably depressed and the outer halves of the paired fins
and the ventral profile are flattened and horizontal.

Ecological conditions and geographical isolation have brought about
a great diversity of form and structure in the Glyptosternoid fishes. The
genera and species are distinguished on the characters of dentition, nature
of the gill-openings, nature of the labial fold, extent of the pectorals in
relation to the pelvics, number of rays in the paired fins, etc.  Of these,
the first three, are directly associated with respiration in these fishes, As
in the Homalopteridae and Gastromyzonidae, according to the variations
in the extent of the gill-openings, the Glyptosternoid fishes may be grouped
under the following categories:—

(1) Gill-openings extend to the ventral surface for a short distance.

(2) Gill-openings extend to opposite the base of the pectoral spine
dorsally.

(3) Gill-openings greatly restricted and hardly extend to the pectoral
spine.

TexT-FIGURE 1. Lateral view of head and anterior part of body of Glyptosternoid
fishes showing the extent of the gill-opening. a—gill-opening; b—opercular flap ;
c¢—limit of bony operculum,

(A) Glyptothorax pectinopterus (McClell.) (after Hora, 1934.)
(B) Glyptosternum reticulatum McClelland.

(C) Exostoma labiatum (McClelland).

(D) Euchiloglanis sinensis Hora and Silas.

(E) Euchiloglanis hodgarti (Hora).

The table given below shows at a glance the distribution of these
characters in the different species of Glyptosternoid fishes,
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Gill-openings extend to:—

(1) above  (2) opposite (3) ventral
base of base of surface for
Name of species, pectoral pectoral short
spine. spine. distance.

Z
=

Glyptosternum reticulatum McClelland
Qlyptosternum maculatum (Regan) ..
Qlyptosternum akhiari Silas s
Coraglanis kishinouyei (Kimura)
Euchiloglanis hodgarti (Hora)
Euchiloglanis davidi (Sauvage)
Euchiloglanis myzostoma Norman
Euchiloglanis feae Vincigerra -
Euchiloglanis sinensis Hora and Silag
Fuchiloglanis macretrema Norman . .
Myersglanis blytht (Day)
Glaridoglanis andersonii (Day) e
13 Oreoglanis macropterus (Vinciguerra)
14 OQOreoglanis siamensis Smith ..
15 Exostoma berdmoeri Blyth.

16 Exostoma yunnanensis (Tichang)

17 Exzostoma vinciguerrae Regan

18 Ewzostomna stuarti (Hora).

19 Ezoestomna labiatum (McClelland)
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With the exception of Glyptosternuin, in all other genera the gill-openings
are restricted to the dorso-lateral sides and do not extend to the ventral
surface. The genus Coraglanis, which resembles Glyptosternuim in general
facies and in the nature of the dentition, is easily distinguished from the
latter by its greatly reduced gill-openings. Specific variations exist as to
the relative extent of the gill-openings in the genera Euchiloglanis, Oreo-
glanis and Kzostoma. In the genus Myersglanis, the aperture extends to
opposite the base of the pectoral spine dorsally, whereas in Glaridoglanis
they are greatly restricted. '

MopE oF RESPIRATION IN GLYPTOTHORAX,

Speaking of the respiratory movements of another Sisorid, viz.,
Glyplothorax Blyth, Hora (1923) observed.:

‘In members of the genus Glyptothoraz, the gill-openings are fairly wide and those
of the two sides are separated by a narrow isthmus on the under surface, but for purpose
of respiration, the aperture is divided,into three portions, (1) a small upper portion
which by its continuous flapping guides the expiratory current. This portion is
provided with a well-marked membrane; (2) next is the portion between (1) and the
base of the pectoral fin. This only opens when the fish takes a deep breath and
throws out any undesirable particles that may have entered the gill-cavity; (3) the
last portion is represented by a slit on the under surface of the body and is never
opened for respiratory purposes. In fact, it is as I can see merely vestigeal and, is of
no use to the fish.’

Glyptothorax closely tesembles Glyptosternum MecClelland and differs
from it only in the first ray of the dorsal and the paired fins being spinous
and strong and also in the possession of an adhesive apparatus on the chest.
In the nature of the gill-openings, the fishes of these two genera are alike.
Moreover, Glyptothorax also inhabits the torrential streams. Though no
direct observations have yet been recorded on the respiratory movements
of Glyptosternum, the nature of the mouth, gill-openings, gill-flaps, ete.,
suggest that they should be more or less similar to those of Glyptothorax.
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RoLE or DENTITION AND LIps IN RESPIRATION.

On the position of the teeth, mouth, lips and associated structures, the
Glygtasternaid. ishes may he hraadly divided into two categories, viz.,
those genera in which the labial fold and the labial groove are continuous
(Exostoma, Oreoglanis, and Myersglanis) and those in which the labial fold
is widely interrupted and consequently the labial groove is also not con-
tinuous (Glyptosternum, Coraglanis, Euchiloglanis and Glaridoglanis),

Texr-FIGURE 2. Ventral view of the Glyptosternoid fishes showing the nature of the
mouth, lips and associated structures.

(A) Glyptosternum reticulatuwm McClelland.
(B) Buchiloglanis hodgarti (Hora).

(C) Oreoglanis siamensis Smith.

(D) Exostoma labiatum (MceClelland).

1t is of interest to note that in the first group, where the labial fold is
continuous, the teeth are also exposed, whereas, with the situation of the
teeth well within the mouth, the labial fold is also widely interrupted.
As owing to the position of the tooth bands the mouth cannot be completely
closed in Exostoma, Oreoglanis and Myersglanis, the suctorial lip in these
fishes might have arisen as a respiratory adaptation, so as to prevent the
outflow of water through the mouth during the expiratory phase of res-
piration. Now they serve both at the time of respiration and when the fish
wants to secure a firm hold on the substratum. In both cases the purpose
of the expanded lips is adhesion, In Glyptosternum and other genera, where
the labial fold is broadly interrupted, the function of adhesion is more or less
relegated to the fins and consequently the lips are also not reflected and

6B
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spread round the mouth. It is probable, however, that they live in deeper
waters, where the swiftness of the current does not affect them to the same
extent as in the small shallow torrential streams.

GILL-OPENINGS AND PHARYNGEAL (CHAMBER.,

With the reduction of the gill-openings and the small size of the
mouth, it is obvious that the volume of the respiratory current is also
. considerably reduced. Due to the high percentage of oxygen contained in
the cool waters of the torrential streams, the quantity inhaled at a time is
sufficient to carry on normal respiratory activities for a longer period than
in fishes living in the slow flowing warmer streams of the plains. The
suspension of respiratory activities for short intervals would thus enable
the fish to adhere to the substratum in the swift currents, especially during
times of floods. As such it would be advantageous if the fish possesses
some sort of ‘receptacles’ for the shortage of water. On dissection it was
found that the pharynx and the gill-cavities have undergone certain
modifications to enable them to accommodate and store more water.

In" Glyptosternum reticulatum, where the gill-openings are wide and
extend to the ventral surface for a short distance, the roof of the mouth and
the sides of the gill-chambers are slightly depressed to form shallow de-
pressions, In this species as in Qlyplothoraz (p. 175, vide supra) the opercular
membrane is broad in its outer half. Tn both cases, the expiratory current

Texr-FiGURE 3. Dissection of the ventral surface of the buccal cavity and gill-
chambers of:

(a) Gluptosternum reticviatum McClelland.
(b) Hzostoma labiatum (McClelland),
(e) FEuchiloglanis hodgarti (Hora).

is guided by the continuous flapping of this portion of the operculum, the
rest being closely pressed to the sides of the body and not being much used.
Inhalation is through the mouth and stored water is probably expelled at
intervals. A slight rising of the thick and fleshy lip would help the fish
to take in fresh quantities of water. How far, the labial and rostral groove
would serve for conducting water to the mouth is not known, The numerous
minute papillae surrounding the lips and the mouth in these fishes are
adhesive in function as described by Bhatia (1950) in the case of Glyptothorax
telchitia. The situation of the teeth within the mouth helps it to close the
mouth firmly during expiration.

In Exostoma labiatum, where the gill-openings extend to opposite the
base of the pectoral fin dorsally, the ‘pouches’ or depressions are more
developed and marked in outline than in G. recticulatum. The teeth being
exposed, the continuously reflected labial fold in this species helps in
keeping the mouth firmly closed during expiration.
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Buchiloglanis hodgarti, im which species the gill-openings are very much
restricted, have the ‘receptacles’ well developed. The well developed
opercular membranous flap in this species would help to a certain extent,
with its constant movement, in the expulsion of water during expiration.
The internal position of the teeth facilitates the closure of the mouth during
this phase.

An intermediate condition between the greatly reduced gill-opening,
and its extent opposite to the pectoral spine is seen in Kuchiloglanis sinensis.
Here the opercular portion shows the development of a ridge at its lower
half which closely fits into a groove on the elevated portion found corres-
pondingly at the base of the pectoral spine. It is evident that the lower
region which is more or less non-functional, is in the process of closing up,
thus to a certain extent foreshadowing the condition where the gill-openings
are restricted to small apertures well above the base of the pectoral spine,

BRANCHIAL STRUCTURES, °

An examination of the branchial structure in G. reticulatum; E. hodgarti
and E. labiatum were made in order to find out the changes that they have
undergone. The number of specimens, their standard length, the number
of gill-filaments and their length are given below :

Approximate Average

Number of  Standard number of length of
Name of species. specimens length in gill-filaments gil-fila-
- examined. mm, in 3rd ments in
Br. arch. mm,
Glyptosternum reticulatum,
McClelland i 6 9098 65-75 354
Exostoma labiatum
(McClelland) e 3 58-60 60-63 25
Euchiloglanis hodgarti
(Hora) aie 4 78-80 4(0-50 2

Though specimens of the same length of the three species could not be
obtained for study, still it is seen that in Glyptosternum reticulatum, where
the gill-openings extend to the ventral surface and the receptacles are very
shallow, the gill-filaments are also comparatively longer and larger in
number. Well developed gill-rakers are also present on the branchial arches.
The branchiae are less numerous, but compactly arranged. From the large
surface area exposed it would seem that G reticulatum takes in the respiratory
current more frequently. ;

In Buchiloglanis hodgarti the gill-filaments on the branchial arches are
fewer and comparatively not as long as in . reticulatum. But the branchiae
are numerous and each filament gives the appearance of a feather. An
intermediate stage between . reticulatwin and E. hodgarti is seen in
Ezostoma labiatum. In the last two species the gill-openings are restricted
and the ‘receptacles’ are well developed, Thus, in these fishes there is a
reduction in the length of the gill-filaments, but at the same time the
branchiae and the receptacles are much better developed. This would
enable the fish to accommodate and store more water for respiration. The
inner walls of the pharyngeal cavity may also help in the absorption of
oxygen. This adaptative modification would seem to help the fish in
suspending its respiratory activities for short periods during heavy floods
and thus enable the large reflected lips round the mouth to adhere to the
substratum in the swift currents,
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No such extreme adaptation, as a separate incurrent and excurrent
openings into the branchial chamber in the region of the gill-opening, as

TEXT-FIGURE 4. Structure of the branchial arch in:

(a) Glyptosternwm reticulatum MeClelland,
(b) Exostoma labiatum (McClelland.)
(¢) Buchiloglanis hodgarti (Hora).

(Gill-filaments on the outer side of the branchial arch are only shown )

seen in the Cyprinoid genus Gyrinochilus of Borneo and Siam or the Catfish
Arges of the Andes of South America, is met with in the Glyptosternoid
fishes. Though Smith (1934, p. 294) suggested the possibility of a similar
mode of respiration in Oreoglanis siamensis, it seems highly doubtful.
According to Smith:

“There is no evidence of a current of water into the mouth and out of the branchial
openings. It is possible that the feeble current of water through the restricted
branchial opening is induced simply by the movement of the gill-flaps.’

The restricted gill-openings of 0. siamensis would seem to obviate
any need for constantly taking in fresh quantities of water for respiratory
purposes. It also seems likely that the fish is capable of storing water in
the gill-chambers and thereby of suspending respiratory movements for
short periods.

RESPIRATORY CONVERGENCE AND CONCLUSION.

In the Homalopteridae and Gastromyzonidae, Hora and Law (1942)
found that the reduction of the gill-opening and the development of large
pharyngeal gill-spaces for the storage of water seem to go hand in hand.
The same is true with the Glyptosternoid fishes also. According to Hora
(1935), in the evolution of the storage cavities, these torrential fishes show
a parallel development to the air breathing fishes of India, such as, Perioph-
thalmus Bloch and Schneider, Periophthalmodon Bleeker, Boleophthalinus
Valencienpes, Pisoodonophis Kemp., Taenioides Lacépéde, .Apocryptes
Valenciennes, Pseudapocryptes Bleeker, ete., in which the pharyngeal lining

7
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of the gill chambers seems to serve as the main respiratory organ. These
air breathing fishes could also suspend their breathing for considerable
periods after gulping in fresh air.

In conclusion it may be noted-that the directiveness of such adaptive
trends in the Glyptostemmd fishes cannot be denied. This is so, especially
because, in the region of the Hastern Himalayas, Tibet, and China the
tempestuous environment of the torrential streams having been repeatedly
intensified by the Pleistocene orogenic movements, provided factors of
sufficient importance for indueing such adaptations w'hlch ultimately resulted
in the evolution of these fishes.
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SUMMARY.

: The respiratory modifications of the Glyptosternoid fishes are discussed

in the light of their correlations with the habitat and form of the fish. The
probable causes which led to the reduction of the gill-openings and the
formation of the receptacles for the storage of water are explained, and the
modifications resulting in the reduction of the gill-filaments and the better
development of the receptacles are described. An account of the lips and
associated structures in the Glyptosternoid fishes is given and the probable
function of the various structures explained. Attention is directed to
the close parallelism between the respiratory adaptations of the
Glyptosternoid fishes and the Cyprinoid families Homalopteridae and
Gastromyzonidae and also the bucco-pharyngeal chambers of certain air-
breathing fishes of India.
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