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ABSTRACT

The paper deals with the functional morphology and histology of the integumentary
modifications of Garra mullya (Sykes).

The adhesive apparatus consists of the modified lips, mentum and paired fins, which
enable the fish to ahdere to substratum in torrential streams. The histology of these parts
along with that of the snout and thorax has been dealt with in detail.

Adhesion is performed suctorially by the callous portion of the disc. The lips, tuber-
culated border of the disc and the paired fins act as frictional device to prevent skidding, while
the snout and thorax play only a secondary rdle in adhesion. The functional réle of these
organs has been attributed on the basis of their morphology and histology.

Due to the absence of any muscle in the tuberculated border, the process of attachment
to the substratum and detachment from it, appears to be under some reflex control.

INTRODUCTION

The present paper deals with the adhesive modifications of the integument
of a hill-stream cyprinid fish Garra mullya (Sykes) which belongs to the genus Garra,
sub-family Cyprininae and family Cyprinidae. Genus Garra enjoys a wide distri-
bution in Asia and Africa. However, the species Garra mullya (Sykes) is limited
to the hills of peninsular India, Satpura Vindhya mountains and the Chota Nagpur
Plateau.

One of the earliest papers on the torrential fishes of India was “Evolution
of the adhesive apparatus in the hill-stream fishes” by Annandale (1919). Hora
(1921 and 1922) described the systematics of the genus Garra and gave & compara-
tive account of the structural and histological modifications in a few Cyprinoid
and Siluroid hill-stream fishes ; Garra annandalei and Glyptothorax species were
dealt with in detail, Hora (1952) also reported on the food and feeding habits
of Garra mullya (Sykes). Rauther (1928) published a paper on the histology of
mouth parts of two species of Discognathus (= Garra) emphasising their hill-stream
adaptations. Wu and Liu (1940) described the “Adhesive Apparatus” of a Chinese
Siluroid fish Glyptothorax. Bimla Bhatia (1950) gave an account of the epidermal
adaptive modifications in Glyptothorax telchitia.

The material for investigation was sent in 1950 to the department of Zoology,
University of Delhi, by the late Dr. S. L. Hora, Director, Zoological Survey of
India. Tt was originally collected in 1948 from the shallow rivulets and pools
of considerably fast currents of Aravalli Range of Rajasthan. Specimens ranging
from 33 mm. to 90 mm. in standard lengths were fixed in formalin and preserved
in 70 per cent alcohol. Sections were cut at 5-74 and were stained with haematoxy-
lin-eosin or with Mallory’s triple stain for connective tissue. Frozen sections were
taken for histochemical detection of fat and silver impregnation for collagen fibres.
The histological studies are mainly based on the adult specimens.

INTEGUMENTARY MODIFICATIONS
Gross Anatomy

The Cyrpinoid fishes found in the hill-streams of India are represented by
genera belonging to the families Cyprinidae, Cobitidae, and Homalopteridae. These
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fishes show a remarkable uniformity in their body contour. Dorsally the body
is slightly arched, while ventrally the surface from snout to anus is usually flat.

The snout of Garra mullya is dorso-ventrally compressed, anteriorly rounded,
smooth and coated with mucus. The mouth is located ventrally at about one
third distance from the anterior tip. With the shifting of the mouth, the snout
has extended to a ventral position, Mouth, crescentic in shape, is guarded by
the heavily tuberculated, protractile anterior and posterior lips (Fig. 1). The
anterior lip is more protractile than the posterior and has swollen corners. The
posterior lip lies in front of the disc from which it is separated by a shallow groove.
There is a pair each of maxillary and mandibular barbels.
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TexT-FIiG. 1.

Garra mullya (Sykes). Ventral view of head and trunk.
a. 1., anterior lip; ea. p., callous portion of the dise; co., swollen corner ofthe anterior lip;
g- o., gill opening; md. b., mandibular barbel; m., mouth; mx. b., maxillary barbel;
o. f., pectoral fin; p. L., posterior lip; pt. b., postero-lateral tuberculated border of the
disc; sn., snout; th., thorax.

The dise, present in the mental region, consists of a central circular, smooth
callous portion with an involuted postero-lateral tuberculated border. The invo-
luted surface of the border is devoid of tubercles. The tubercles of the lips and
those on the border of the disc bear microscopic spines. The relative position of
the mouth-parts with the disc is shown in Fig. 2.

Garra midlye has very well developed cycloid scales over its body, but the thorax
on the ventral surface is scaleless and smooth. The pectoral and pelvic fins are
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more ventrally attached to the body. The fin rays are segmented and branched
distally. In gross anatomy they do not show any modifications but histology of
the integument reveals an interesting feature which is described later.
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TEXT-FI1G. 2.

Garra mullye (Sykes). Longitudinal section of the head showing relative position
of mouth parts and disc from specimen of 50 mm. standard length.

a. L., anterior lip; a. j., anterior jaw; ad. t., adipose tissue; ca. p., callous portion of the
dise; ct., modified connective tissue; in d., involution of the dise; m. b., muscle bundle;
p. 4., posterior jaw; p. I., posterior lip; pt. b., postero-lateral tuberculated border of

the disc; sn., snout; &p., spine.

HisToLoGgY
The Snout

The epidermis of snout (Fig. 3a), covered by a thin stratum corneum, consists
mainly of oval, thick-walled epithelial cells, among which are embedded myriads
of mucus secreting cells. The cells of stratum germinativum are distinct from
the rest and are columnar with dense cytoplasm and oval nuclei. In the basal
epidermal layers are large clavate cells with distinct nuclei and homogenous cyto-

- plasm which stains with difficulty. The dermis is composed of many layers of
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what seems to be adipose tissue. A narrow belt of collagen fibres, stratum com-
pactum, cements the dermis with the epidermis. To determine the true nature
of the tissues of dermis, frozen sections were cut and examined. In unstained
sections a yellow substance that fills up spaces gave a positive reaction with Sudan ITT

and Sudan Black B, thereby confirming the presence of fat.
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TexT-FiG. 3.
Garra mullya (Sykes). a. Longitudinal section through the integument of snout; b., Transverse
section through the tubercle of anterior lip; ¢. Transverse section through the tubercles of posterior
lip; d. Transverse section through the tubercle of posterior lip from specimen of 43 mm. standard
length., a. b. and c., sections from specimens of 90 mm. standard length. ad. ., adipose tissue;
b. »., blood vessel; ¢. f., collagen fibres; ct., modified connective tissue; cl. ¢., clavate cell; ep. ¢., oval
epithelial cells; I. ct., loose connective tissue; mwu. c., mucous cell; pg., c., pigment cell; po. ep.,
polygonal epithelial cells; s. c., sensory cell; sp., spine; st. ¢., stratum compactum; &t. cr., stratum

corneum; st. g., stratum germinativum. -
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The Anterior Lip

The anterior lip is densely beset with tubercles. The stratum corneum extends
over the tubercles to form spines, which are not present in grooves between the
adjacent tubercles. Each tubercle (Fig. 3b), is packed up with polygonal epithe-
lial cells, having clear cytoplasm and centrally placed big nuclei. The cells of
stratum germinativum are distinct from the rest of the epithelial cells by their
columnar appearance, dense cytoplasm and big oval nuclei. Sensory and mucous
cells in the labial epidermis of young fish (33 mm. standard length), are absent
in the adult (90 mm. standard length). The epidermis rests on fibrous stratum
compactum. Pigment cells are present in between the stratum compactum and
stratum germinativum. Below the stratum compactum is & distinet zone of
modified and compactly arranged connective tissue cells, which are knit together
by collagen fibres. This arrangement of connective tissue is quite peculiar. Under
this zone lies the loose connective tissue.

The Posterior Lip

The tubercles of the posterior lip, unlike those of the anterior lip, are formed
both by epidermis and dermis (Fig. 3c¢). The epidermis conforms in structure
to that of the anterior lip. However, mucous cells are present on the corners of the
lip, but in young fishes (43 mm. and 50 mm. standard length), the sensory and
mucous cells are prominent on the tubercles (Fig. 3d). These tubercles are covered
by thin stratum corneum which usually does not form spines. Each cluster of
sensory cells is supplied with a blood vessel at its base. Dermis consists of loose
connective tissue supported below by adipose tissue.

The Disc

The epidermis of the central callous portion (Fig. 4) extends over the marginal
tuberculated border. Stratum corneum on the callous portion is thin but it
becomes thicker over the tubercles, eventually giving rise to spines. A large number
of mucous cells and a few sensory and clavate cells are present on the callous
portion, while the tuberculated border is devoid of such cells. '

The dermis of the callous portion consists of modified compactly arranged
connective tissue cells knit together by collagen fibres. Below the modified con-
nective tissue lie a few adipose tissue cells. In the tuberculated border, the dermis
consists of strips of collagen fibres that form a pad-like swelling below each tubercle.
The space between the adjacent strips of collagen fibres is filled with adipose and
loose connective tissues. In the centre of callous portion is inserted a muscle which
is attached to urohyal of the branchial skeleton.

Histological study in serial sections of the disc in young fishes (33 mm., 43 mm.
and 50 mm. standard lengths), reveals that the anteriormost callous portion of
the disc is devoid of mucous cells but has sensory cells. Towards the centre both
the sensory and the mucous cells are present, but posteriorly they diminish in

number. The clavate cells are uniformly present in the epidermis of callous
portion.

Dermis of the disc shows gradual modifications with increase in the standard
length. In a fish of 43 mm. standard length, the whole dermis-of the disc consists
of adipose tissue, with strips of collagen fibres in the tuberculated border (Fig. 5a).
In fishes of 50 mm. and 72 mm. standard length, the adipose tissue is partly
replaced by a modified connective tissue in the callous portion and by the collagen
fibres in tuberculated border. The collagen fibres in a fish of 90 mm. standard

length become much prominent and extend for a short distance in the dermis of
the callous portion.

6
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The Thoraz

_Hist‘;ologiqal study of the skin of thorax shows the presence of low, narrow,
longl.tudn.xal ridges in the central portion, the lateral areas being devoid of such
modifications.

The epidermis of thora.'x is composed of loose epithelial cells. The sensory and
mucous cells lie embedded in the epidermis. The dermis consists of adipose tissue
and collagen fibres.
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Garra mullya (Sykes). Longitudinal section through the callous portion and tuber-
culated border of the disc from specimen of 90 mm. standard length.

ad. t., adipose tissue; b. v., blood vessel; c. f., collagen fibres; c. p., collagen pad;
cl. c., clavate cell; ct., modified connective tissue; [. cf., loose connective tissue;
m. b., muscle bundle; mu. ¢., mucous cell; po. ep., polygonal epithelial cells; s. c., sensory
cell; sp., spine; 'sf. ¢., stratum compactum; st. ¢r., stratum corneum; st. g., stratum

germinativum.

The Paired Fins

Epidermis and dermis of the body integument extend over the pectoral and
the pelvic fins. The modification of integument of the paired fins is mainly asso-
ciated with the development of spines on the ventral surface of the first two fin
rays (Fig. 5b). There are no spines over the other fin rays.
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The Development of Tubercle and its Spines

During the course of investigation on Garra mullya of various standard lengths,
it was possible to find the different developmental stages of tubercles and spine.
Histological study shows that the development of tubercle on the anterior lip and
the border of the disc is almost alike but differs from that of the posterior lip. On
the anterior lip and the border- of the dise, the rapid divisions of epidermal cells
of stratum germinativum form papilla like structure, which protrudues out till
a definite tubercle is formed ; but on the posterior lip (Fig. 3c, d} it is initiated by
the outpushing of the dermis,
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Garra mullya (Sykes). a. Longitudinal section through the border of the disc showing
formation of collagen pads from specimen of 43 mm. standard length; b. Transverse
section of the pectoral fin showing the first two fin-rays from specimen of 72 mm.
standard; length.

ad. t., adipose tissue; c. f., collagen fibres; ¢. p., collagen pad; de., dermis; D. S., dorsal
surface; f. »., fin-ray; 4n. s., involuted side of the border; po. ep., polygonal epithelia
cells; sp., spine; V. S., ventral surface.

The development of spines is similar on all the organs of adhesion i.e. the lips,
border of the disc and the fin rays of the paired fins. The spines are formed by the
utermost layer of the epithelial cells, lying immediately below the stratum corneumo.
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The cytoplasm of each peripheral cell (Fig. 6a, b) becomes differentiated into, outer
thick and inner thin areas with the result that the cell wall protrudes out to form
a conical projection. After the formation of conical projection, the nucleus of
each peripheral cell divides and one of the daughter nuclei migrates into the projec-
tion (Fig. 6¢). Soon, the chemical changes in the cytoplasm of each outer projection
take place and transform it into a cornified spine (Schafer, 1949). The nucleus

TEXT-FI1G6. 6.

Garra mullya (Sykes). Developmental stages of spine. a. and b. Two peripheral
cells showing the outer thick protruding and inner thin area; c. Peripheral cells of a
tuberele of posterior lip showing a few developing spines; d. Peripheral cells of a tubercle
of anterior lip showing partially cornified spines From specimen of 43 mm. standard
length.

tk., thick; tn., thin; nu., nucleus.

disappears in the process of cornification but it is seen disﬁnctly in the partially
cornified spines (Fig. 64). The spiny layer breaks off at intervals due to wear
and tear and is soon replaced by the underlying layer of the epithelial cells.

Di1scussioN

Our knowledge of the functional morphology of the lips and disc of the genus
Garra, is based on the investigations of Hora (1922) and Rauther {1928). Rauther
in his paper made no mention of Hora’s previous detailed work on this genus. Their
interpretations of the adhesive mechanism of the disc are mainly based on its external
morphology. By the present study of the morphology and histology of the snout,
the lips, the disc, the thorax and the paired fins of G. mullya it has been possible
to determine the exact functional réle of these organs in adhesion.

The snout of @. mullya conforms more or less in shape to that of less adapted
hill-stream fishes such as Crossocheilus and Schizothorax. 'The abundance of mucous
cells in the epidermis of snout of Q. mullys is remarkable, which renders the fish
with an oily appearance (Hora, 1952). Thus, the dorso-ventrally compressed form
of the snout with mucous coating, offers minimum resistance to water current.
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The study of the anterior and posterior lips reveals that both the lips having
the same function, differ considerably in structure from each other. The histo-
logical differences exist primarily in the dermis of the lips. The dermis of the
anterior lip consists of modified connective tissue (Vesikuloses Stiitzgewebe of
Rauther, 1928), while in the posterior lip, it is composed of loose connective tissue
and adipose tissue. The adipose tissue in the ordinary sections presents a reticulate
appearance but is identified in frozen sections, by its reaction with Sudan IIT and
Sudan Black B. Presumably, in the dermis of the posterior lip of Discognathus
blanfordi Rauther could not detect its presence and hence named as “‘bindegewebe”
(binding texture). Further, while dealing with the histology of the lips of D. lamta
and D. blanford:, he has not described the stratum compactum layer, which is &
characteristic feature of the fish integument. The very layer in the lips of a
Siluroid fish, Qlyptothorax telchitta, has been described by Bimla Bhatia (1950), as a
circular layer of muscles. In fact, this layer is composed of collagen fibres which
stain blue in Mallory’s connective tissue stain and brown in Silver impregnation,
but in haematoxylin eosin stain, it takes a pink colour and gives a false appearance
of muscles.

The protractile nature of the anterior lip shows that during adhesion, it has
to bear more strain (maximum on its middle part, the mouth being -crescentic),
than the posterior lip, and the modified connective tissue appears to havesecondarily
developed as it is present only in the dermis of the protrusible part of the lip. The
rigid and constant contact of the anterior lip with the substratum has resulted in
the swelling of its corners, which have been interpreted as ‘“‘connectives” by Hora
and “rudiments of true lips” by Rauther. The presence of thick, spiny cornified
layer over the tubercles shows the primary function of the lips to be adhesive, the
tubercles and spines acting as frictional device. This fact is confirmed by the small
number of sensory cells and their gradual disappearance from the lips of the adult
fish. Rauther has assigned only a protective function to this cornified layer of
the lips. He further states that the mouth may help in adhesion, by acting sucto-
rially, the suction being maintained by the respiratory current. The suctorial
force can only function in adhesion, provided there is a complete or partial vacuum.
The respiratory current cannot bring about the suctorial force, however steady
it may be, as water passes out through the gill openings.

The disc with its round shape, smooth shallow depression in the -centre, is
an admirable device for adhesion. Tt is the callous portion of the disc which forms
an effective sucker when fish rests on the substratum. Contraction of the muscles
under the callous portion forms a cavity with vacuum inside. The vacuum is
maintained by the smooth margin of the callous portion (where the callous part
merges into the tuberculated border), and not by the border as Hora suggested.
The film of mucus formed along the margin further increases the adhesive power
of the disec. The lips and border of the disc which act as frictional devices get
fastened to the substratum and minimise chances of slipping. The tubercles and
spines of the border do not allow it to keep a perfect contact with the substratum,
but at the same time the row of collagen pads present below the tubercles render
the border with tensile strength to adhere on the surface to serve as frictional device.
As the cornified layer is of no adaptational value to the callous portion, it is very
thin and can be detected only under very high magnification. But it becomes
very thick and spiny over the border to increase friction. Dermis of the callous
pad consists of the same modified tissue as that of the anterior lip. Thus, it is
apparent that histological modifications of the callous portion and the border have
a close correlation with their respective functions.

The lips are thrust against the substratum by the contraction of certain cranial
muscles (Al-Hussaini, 1949 ; Girgis, 1952 ; Takahasi, 1925). Function of the callous
portion is also under the control of the muscle. In the absence of muscles in the
border, it can be surmised that it acts under some reflex control.
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Owing to frequent adhesion and friction with the substratum, the thorax becomes
flat and it is scaleless ventrally. The formation of incipient ridges in its central
portion is in response to friction, and it plays only a secondary réle in adhesive
mechanism. The perching habit of the fish has brought about the ventral attach-
ment of the paired fins to provide a large area for adhesion. Spines on the ventral
surface of the first two fin rays further add to the mechanism of adhesion.

To summarise, adhesion is performed suctorially by the callous portion of the
disc while the lips, postero-lateral border of the disc and the paired fins have only
a frictional function. The snout and the thorax play a minor rdle only. When
the fish detaches itself, it first releases the border from the substratum, and relaxes
the muscle underlying the callous portion. Thus, the vacuum produced at the
time of adhesion is disturbed and the fish swims away.
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