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ABSTRACT

Cranial muscles of the hill-stream Cyprinid fish Garra mullya (Sykes) are grouped under
the lateral, the dorsal and the ventral cranial muscles, the masticatory muscles and the
branchial muscles.

Stress has been laid on the muscles associated with the adhesive apparatus and with
the feeding mechanism of the fish. :

The functional réle of each muscle has been dealt with in detail.

The general plan of the musculature of G. mullya resembles that of other Cyprinids but
the intermandibularis and the geniohyoideus muscles, which are responsible for the functioning
of the dise, are highly modified. The intermandibularis muscle is infiltrated partly by fatty
and tendinous tissues and is not fully developed.

INTRODUCTION

Ecological conditions in the hill-streams have brought about various interest-
ing modifications in the morphology of torrential fishes. The chief modifications
are those associated with the feeding mechanism of the fish. With a view to
understanding these modifications, the study on the cranial muscles of a hill-stream
Cyprinid fish Garra mullye (Sykes) was undertaken.

Various aspects of the cranial muscles of fishes have been studied by several
workers. Among the earlier investigators: mention may be made of Vetter (1874,
J1878); Allis (1897, 1903) on Amia calva and Scomber; Haempel (1908) on Cyprinoids.
Takahasi (1925) gave a comparative account of the phylogenetic significance of
each cranial muscle in Cypriniform fishes; Edwards (1926) and Eaton (1943) on
the muscles responsible for the protraction of jaws in Catastomid and Cichlid fishes
respectively. Recent papers on the cranial muscles associated only with the
feeding mechanism are by Al-Hussaini (1949) on Cyprinus carpio, Gobio gobio and
Rutilus rutilus, and Girgis (1952) on Labeo horie. More recently Nawar (1955)
published a paper on the cranial muscles of a Siluroid fish Clarias lazera. From
the above review it is scen that little attention has been paid to any of the Indian
hill-stream fishes.

The material for investigation was collected in 1948 from the shallow rivulets
of the Aravalli Range of Rajsthan, India. Fishes used for dissections, varying
from 30 mm. to 60 mm. in standard length, were preserved in 70 per cent alcohol.
The dissections were done under a binocular dissection microscope. Nomenclature
of the muscles adopted, is that followed by previous workers, but certain new names
assigned on the basis of function of the muscles, have been introduced. The names
of the masticatory muscles and some of the lateral muscles of the head, are after
Girgis (1952).

Laterar, Craniar Muscres (Figs. 1, 2, 3)

The lateral cranial muscles are divided into superficial and deep lateral muscles.
The superficial muscles lie immediately underneath the skin and consist of protractor
hyomandibularis, dilator operculi, levator operculi and depressor labii superioris.
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The deep lateral muscles lie below the superficial muscles and consist of adductor
operculi, retractor maxillaris and adducter hyomandibularis.

Protractor - hyomandibularis {p. hy.). The muscle lies behind the orbit. Its
origin on the sphenotic is below the dilator operculi. Just below the insertion of
these muscle fibres, another set of muscle fibres of the same muscle originates and
is attached on the hyomandibula above the origin of adductor mandibularis. The
function of the protractor hyomandibularis is to elevate the hyomandibula forward
and thus to enlarge the buccal cavity.

Dilator operculi (d. op). The muscle lies dorsal to the protractor hyomandibularis.
It has a narrow origin from the ventral surface of the frontal and is attached to
. the opercular process of the opercular bone. The contraction of this muscle dilates
the opercular aperture and thus helps the water current to pass out.

Levator operculi (I. op.). Tt is a flat thin muscle that lies behind the dilator
operculi. The muscle originates from the pterotic and is inserted on the inner
side of the dorsal edge of operculum. The contraction of this muscle elevates the

operculum and brings its marginal flap nearer to the cleithrum to close the opercular
aperture.

TexT-¥1e. 1.

Fic..l. @arra mullya (Sykes).  Lateral crania]l muscles (superficial). d., dentary;
d.ad.m.1., dorsal fibres of adductor mandibulris I; d.{.s. depressor labii superioris; d.op.,
delator operculi; ecp., ectopterygoid; enp., endopterygogd; l.op., levator operculi; m., maxnll_&;
mp., metapterygoid; op.pr., opercula.x: process; p., palatine; p.hy., protactor hycmandibularis;
pm., premaxilla; r.m., retractor maxillaris.

Adductor operculi. The muscle lies below the levator operculi and internal
to the dorsal edge of operculum. The deeper part of the muscle originates from
the pterotic and the prootic bones, while the superficial part takes its origin from
the inner side of pterotic articular facet of hyomandibula. The muscle runs
ventrally backwards and is attached on the inner side of the dorsal edge of oper-
culum. This muscle adducts the operculum.

Depressor labii superioris (d.l.s). It is the largest and most superﬁcia.l_muscle
of the head, lying immediately under the skin on the lateral sides. It originates
on the posterior lateral marginal surface of the hyomandibula and the lateral surface
of preoperculum, reaching upto its ventral edge. A few of the most dorsal fibres
also originate only from the hyomandibula. Al the muscle fibres converge into
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a strong tendon which attaches on the lower edge of the maxilla in close contact
with the anterior lip. Contraction of this muscle on both the sides depresses the
anterior lip and thus it is partly responsible for the closing of the mouth. The
posterior lip is non-protractile and takes no active part in its closure.

Retragtor maxillaris (r. m.). Major part of the muscle lies under the depressor
labii superioris except its anterior part, adhering to the maxilla which remains
exposed. It takes origin by two heads—the retarctor maxillaris 1 and retractor
maxillaris 2, which originate from the different bones. Both the parts run together
anteriorly but remain separate up to a considerable distance and then blend together
into a common tendon to get attached on the lateral surface of the posterior part
of maxilla, dorsal to the depressor labii superioris. The retarctor maxillaris 1 and 2
originate from the quadrate and the ventral margin of the preoperculum respec-
tively. At the origin, the dorsal fibres of retractor maxillaris 2 run over the ventral
fibres of the retractor maxillaris 1, but become internal to it anteriorly, where
they blend with each other. The contraction of this muscle on both the sides
retracts the maxilla along with the premaxilla and serves in closing the mouth.

TEXT-FIG. 2.

Fia. 2. Garra mullya (Sykes). Lateral cranial muscles (deep). ed.m.l., adductor
mandibularis 7; d.ad.m.1., dorsal fibres of adductor mandibularis 1; d., dentary; ecp., ectoptery-
goid; enp., endopterygoid; hy., hyomandibula; 1.l., lateral limb of premaxilla; m., maxilla;
mp., metapterygoid; op.pr., opercular process; p., palatine; p.hy., protractor hyomandibularis
pm., premaxilla; p.op., preoperculum; r.m. 1., retractor maxillaris I; r.m.2., retractor maxillaris 2;
sym., symplectic. )

Adductor mandibularis. The muscle lies immediately below the depressor
labii superioris and consists of two parts, the adductor mandibularis 1 and 2
(d.ad.m.1., ad.m.1., ad.m.2). The adductor mandibularis 1 is a broad flat muscle.
A mark of bisection separates the dorsal fibres of the muscle for a short distance
posteriorly. The muscle as a whole has a broad origin on the medial surface of
the hyomandibula but a few ventral fibres have their origin on the symplectic.
Adductor mandibularis 2 originates from the lateral surface of the metapterygoid
and fuses with the inner fibres of the adductor mandibularis 1. The muscle fibres
originating from the hyomandibula run forward, obliquely and ventrally, while
those from the symplectic run dorsally forward. The broad insertion of the muscle
is on the dentary and angular. The simultaneous contraction of both the side
muscles, adducts the mandible in exactly the same way as stated by Girgis (1952)
for Labeo horie.
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Dorsar Craniar Muscris (Fig. 3,)

The dorsal muscles of the head comprise of the adductor hyomandibularis
and the adductor arcus palatinus.

Adductor hyomandibularis (ad. hy.). The muscle originates from the prootic
and the parasphenoid bones, runs laterally outward and gets attached to the iriner
surface of cranial part of hyomandibula. The muscle is continuous at origin and
insertion but the muscle fibres which originate from the prootic are short and are
attached to the proximal cranial end of hyomandibula. The rest of the muscle
fibres originate from the parasphenoid and are longer. Contraction of this muscle
adducts the hyomandibula with its associated bones resulting in the contraction
of the pharyngeal cavity.

Sym.

TEXT-¥IG. 3.

Fic. 3. Gurra mullya (Sykes). Deep lateral and dorsal cranial muscles. ad.a.p.,
adductor arcus palatinus; ad.hy., adductor hyomandibularis; ad.m.!., adductor mandibularis I;
ad.m.2., adductor mandibularis 2; d., dentary; d.ad.m.1., dorsal fibres of adductor mandibularis 1,
removed; ecp., ectopterygoid; enp., endopterygoid; hy., hycmandibule; 1.1, lateral limb of pre-
maxilla; m., maxilla; mp., metapterygoid; op.pr., opercular prccess; p., palatine; zm., premaxilla;
p.0p., preoperculum; q., quadrate; sym.. symplectic.

Adductor arcus palotinus (ad.a.p.). It is a large uniformly flat muscle with
a broad base that arises from the parasphenoid. The muscle fibres run forward,
laterally outwards and slightly backwards. The fibres directed forward and laterally
outward, adhere over the dorsal surface of the endopterygoid and nearly cover it
underneath. The posteriormost fibres are attached to the dorsal edge of the meta-
pterygoid. The principal action of the muscle is to narrow the buccal cavity, although
the muscle fibres attached on the metapterygoid also depress the roof of pharynx.

VENTRAL CraNTAL MuscLes (Figs. 4, 5.)

The ventral muscles of the head consist of intermandibularis, geniohyoideus,
anterior and posterior hyohyoideus and sternohyoideus muscles. The presence
of the disc on the ventral side of the mentum and the functional association of
the geniohyoideus muscle with the disc have caused a modification in the muscles
which is described later.

Imtermandibularis (t.mn.). When the callous portion of the disc is pealed
off superficially, both the intermandibularis and the geniohyoideus muscles get

5
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exposed. Intermandibuiaris lies transverse to the median axis of the body, below
the anterior margin of the callous portion, in between the mandibular arches. The
muscle is partly mixed with the fatty and tendinous tissues and therefore presents
an emaciated condition. It is ventral to the geniohyoideus a muscle and contrac-
tion of this muscle is partly responsible for creating vacuum inside the adhesive
dise.

" Geniohyoideus (gh.a.: gh.b.: lgh.). The muscle originates from the outer
surface of the ceratohyal and the head of the second branchiostegal ray. A few
‘muscle fibers run forward dorsally to the intermandibularis, and are attached
to the lower edge of the oral head of dentary. It is the geniohyoideus ¢ muscle.
But most of the muscle fibres diverge laterally to unite with those of the opposite
side on the median axis of the body. To these lateral fibres is attached the posterior
margin of the callous portion of the disc (where the callous part merges into the
tuberculated border). A few posteriormost lateral fibres adhere on the anterior
process of the urohyal. The lateral fibres from where they diverage, form a thick
muscular belly. From the inner side of the muscular belly another muscle, genio-
hyoideus & originates on each side and is attached to the posterior surface of inter-
mandibularis.

Contraction of the geniohyoideus & depresses the mandible. resulting in the
opening of the mouth, while the simultaneous coutraction of the lateral fibres of
geniohyoideus, geniohyoideus » and the intermandibularis retracts the callous
portion of the disc.

TEXT-FIG. 4.

Fic. 4. 'Garra mullya (Sykes). Ventral cranial muscles. abd., abdominal muscles;
a.bh., anterior hyohyoideus; bet., branchiostegal rays; cth., ceratohyal; d., dentary; gh.a., genic-
hyoxdeus a; gh.b., geniohyoideus b g.0., gill opening; imn. mtermandlbulans, L.gh., ]ateral muecle
fibres of gemohyondeus, m., maxilla; mo., mouth; pc.m., pectoral muscle; p.hh., postericr hyo-
hyoideus; pm., premaxilla.
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Hyohyoideus. The muscle lies behind the geniohyoideus and some part under
cover of the branchiostegal rays. Due to a transverse stristion the muscle can
be divided into anterior and posterior parts (a.hk., p.hh.).

Anterior ‘hyohyoideus muscle originates from the inner side of the ceratohyal
and from the first and second branchiostegal rays. The muscle fibres run forward
and obliquely inward to fuse with those of the opposite side over the urohyal on
the median axis of the body. The anteriormost fibres of this muscle run below
the posteriormost lateral fibres of the genichyoideus muscle and are attached on
the most anterior ventral surface of urohyal.

Posterior hyohyoideus muscle originates from the inner surface of the subopercle
much more posteriorly than the anterior hyohyoideus. The muscle fibres run
obliquely forward on the median axis in contact with the first and second bran-
chiostegal rays.

The contraction of the anterior hyohyoideus narrows the buccal cavity. The
action of the posterior hyohyoideus pulls the opercular bones and also partly
constricts the pharynx.

TEXT-FIG. 5.

F1¢. 5. Gorra mullya (Sykes). Masticatory and branchial muscles. e.ep.d., constricter
epibranchialis dorsalis; cl., cleithrum; ol.ph., cleithropharyngeus; d., dnetary; d.ph.i., depressor
pharyngeus interioris; 1. ph.b.,inferior pharyngeal bones; l.a.br.e.1,2,3,4., levator arcus branchialis
externus; l.a.br.i., levator arcus branchialis internus; l.l., lateral limb of premaxilla; L.ph.i.c.,
levator pharyngeus inferioris caudalis; m., maxilla; p., palatine; ph.r., pharyngeal roof; pm., pre-
maxilla; p.op., preoperculum; g., quadrate; r.ph.i., retractor pharyngeus inferioris; st.h., sternc-
hyoideus; tr., trapezius; uh., urohysl. .

Sternohyoideus (st. h.). The muscle has a broad origin from the cranial surface
of the cleithrum anterior to the cleithropharyngeus, and internal to the depressor
pharyngeus inferioris muscles. The muscle runs forward and is attached to the
dorsal surface of the urohyal, slightly fusing with the muscle of the opposite side.
Insertion and action of this muscle seem to be identical in all the teleosts. The
-contraetion of this muscle pulls the urohyal behind, thereby depressing the basi-
branchials and the basihyal. Its contraction through geniohyoideus muscle
also causes slight protrusion of the upper jaw. :

MasticaTory MuscLEs (Figs 5, 6.)

This group of muscles is associated with the inferior pharyngeal bones which
bear teeth for mastication. These masticatory muscles are trapezius, levator
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pharyngeus inferioris caudalis, retractor pharyngeus mfenorls, dep1 e880T pha.rvngeus
inferioris and transverse pharyngeus inferioris.

Trapezius (tr.). It is a thick muscle having a broad origin on pterotic and
exoccipital bones. The muscle on each side gradually tapers down and gets attached
on the posterior surface of the dorsal process of the respective inferior pharyngeal
bones so as to bring crowns of the pharyngeal teeth in contact with the ventral
surface of the pharyngeal pad.

Levator pharyngeus inferioris caudalis (I.ph.i.c.). It is a pair of circular bundle
of muscle fibres which arises from the posterior projection of the basioccipital
{Pharyngeal process, Ramaswami, 1952). The muscles run ventrally forward and
slightly lateral and are inserted on the lower parts of the posterior surface of the
inferior pharyngeal bones. Contraction of this pair of muscle adducts and retracts
the inferior pharyngeal bones in such a way that the crowns of the pharyngeal
teeth rub against the surface of the pharyngeal pad.

{,". ;3\.\

e
PO st

TEXT-FI1¢G, 6.

F1e. 6. Garra mullya (Bykes). Branchial and masticatery muscles (Ventral view).
cbr., ceratobranchial; c.cbr.v., constrictor ceratobranchialis ventralis; cl.ph., cleithropharyngeus;
d pln ., depressor phary'ngeus inferiorirs; i.ph.b., inferior pharyngeal benes; Lphii.c. levator
pharyngeus inferioris caudalis; o.vs., obliquus ventrahs inferioris; ph.a.hy., pharyngo arcualis-
hyoideus; r.ph.i., retractor pharyngeus inferioris; st., stomach; tr., trapezius; tr.ph.i., transverse
pharyngeus mferxorxs, tr.v., transverse ventralis.

Retractor pharyngeus inferioris (r.ph.i.). The muscle lies below the ventral
surface of each inferior pharyngeal bone. On each side the muscle originates from
the inner cranial surface of cleithrum slightly above its median angle, runs forward
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internal to the depressor pharyngeus inferioris muscle, along the ventral surface
of the inferior bone and is attached on its anterior ventral surface. Contraction of
the muscles pulls the inferior pharyngeal bones back and slightly upward thereby
rubbing the crowns of the pharyngeal teeth against the pharyngeal pad.

Depressor pharyngeus inferioris (d.ph.i.). It is a flat muscle which originates
from the cleithrum externally to the origin of cleithropharyngeus and sternohyoideus.
The inner fibres of the depressor pharyngeus inferioris are in close contact at origin
with these muscles. This pair of muscles runs dorsally and obliquely backwards
and is inserted on the ventro-lateral margin of the inferior pharyngeal bones exter-
nally to the retractor pharyngeus inferioris muscles. With the contraction of
this pair of muscles, the inferior pharyngeal bones are pulled downwards thereby
withdrawing the inferior pharyngeal bones from the surface of the pad.

Transverse pharyngeus inferioris (tr.ph.i.). This thin flat muscle stretches
transversely on the ventral surface of the inferior pharyngeal bones. The muscle
originates from the side edge of each bone, runs transversely, to blend with the
muscle of the opposite side on the median suture of the two bones. The inferior
pharyngeal bones are held together by this transverse band of muscles. When
the muscles are lifted away, the bones are observed to separate out from each other.

Braxcuiar Muscres (Figs. 5, 6)

The muscles associated with the branchial system of the fish are the cleithro-
pharvngeus, constrictor ceratobranchialis ventralis, transverse ventralis, obliquus
ventralis inferioris, pharyngo-arcualis-hyoideus, constrictor epibranchialis dorsalis,
levator arcus branchialis externus and levator arcus branchialis internus.

Clesthropharyngeus (cl.ph.). The muscle originates from the cranial surface
of the cleithrum, internal and slightly anterior to the depressor pharyngeus inferioris.
A few anterior fibres of the muscle have their origin from the posterior part of the
sternohyoideus mnscle. The muscle runs dorsally forwards, fuses with the same
muscle of the opposite side on the median axis and then is attached by a common
tendon on the floor of the pharynx and partly also on the fourth ceratobranchial.
The contraction of this muscle dilates the pharyngeal cavity. -

Constrictor ceratobranchialis wventralis (c.chbr.v.). There are five constrictor
ceratobranchialis ventralis muscles of which the first and the fifth are most pro-
minent. The first muscle arises from the anterior end of the first ceratobranchial
arch in contact with the obliquus ventralis inferioris muscle. The muscle runs
forward obliquely and is attached on the inner surface of ceratohyal and hypohyal.
The successive second, third and fourth muscles bridge between the first, second,
third and fourth ceratobranchials respectively. The muscles become smaller in
size posteriorly, the fourth being the smallest. The fifth muscle originates from
the ventral process of the inferior pharyngeal bone and runs forward, dorsal to
the cleithropharyngeus and gets attached on the ventral surface of the fourth cerato-
branchial. Contraction of these muscles brings the ceratohyals, ceratobranchials
and the inferior pharyngeal bones nearer to each other, narrowing the slits between
them.

Transverse veniralis (tr.v.). It is a set of three of muscles which originate
ventral to the obliquus inferioris from the ventral surfaees of the anterior parts
of the first three ceratobranchials. The muscles run transversely and get attached
on the respective hypobranchials but do not meet the muscles of the opposite side.
Contraction of these muscles brings the ceratobranchials nearer together to the
median axis of the fish body.

Obliquus ventralis inferioris (0.v.i.). The three obliquus ventralis inferioris
muscles originate from the ventral surface of the anterior parts of the first there
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ceratobranchials and in contact with the respective transverse ventralis muscles.
The muscles run obliquely inward and- get attached on the hypobranchials. The
first muscle is the longest but the second and third are very small. Contraction of
these muscles separates the ceratobranchials from each other.

Pharyngo-arcualis-hyoideus (ph.a.hy.). A pair of very thin muscle fibres origi-
nates from the antero-ventral process of the inferior pharyngeal bones. The muscles
run forward parallel to each other. They are attached on the third hypobranch
of each side. Contraction of the muscles raises the floor of the pharynx lying
between the fourth ceratobranchial and the inferior pharyngeal bones.

Constrictor epibranchialis dorsalis (c.ep.d.). The muscle is represented by
three parts which bridge over between the anterior portions of four epibranchials.
The first two muscles originate from the prootic and the third and fourth muscles
from the exoccipitals. The muscles bring the epibranchials closer to each other.

Levator arcus branchialis externus (l.a.br.e.). These are four serially arranged
muscles attached on thea nterior part of the dorsal surface of the eplbranchlals The
first two muscles originate from the prootic while the third and fourth arise from
the exoccipitals. These muscles elevate the epibranchials.

Levator arcus branchialis internus (l.a.br.i.). The two levator arcus branchialis
internus muscles originate from the prootic and are attached on the dorsal surface
of the two pharyngobranchs.

FuncrioNaL ROLE oF THE MUSCLES

The ventral position of the mouth of Garra mullya having a protractile anterior
and non-protractile posterior lips, and jaws with horny covering and sharp cutting
edges, is well adapted for scraping the algae from stones, rocks, etc. to which it
remains attached. The jaws are protracted out of the mouth for this purpose by
the contraction of muscles, geniohyoideus @ and sternohyoideus. Contraction of
these muscles depresses and slightly retracts the posterior jaw. This results in
the protraction of the premaxillae, as their lateral limbs are attached with the
dentary by ligaments. The premaxillae pivoting over their lateral limbs are
obtruded beyond the oral head of the dentary, since it is attached dorsally to the
rostrum by a considerably long inverted U-shaped rostral ligament. The anterior
and the posterior jaws while they retract, scrape off the algae. The retraction of
jaws is effected by the retractor maxillaris, which retract the premaxillae through
the ligamentous attachment of maxillae with them and the adductor mandibularis
by adducting the mandible. Thus the edges of the jaws come in contact with
each other and food is drawn inside the buccal cavity. The contraction of the
depressor labii superioris depresses the anterior lip, bringing it in contract with the
posterior lip, and causing the closure of the mouth. Tn Labeo horie the food is
procured by the highly protrusuble lips which possess sharp horny cutting edges
(Girgis, 1952). No such horny cutting edges are found on the lips of G. mullya,
though the stratum corneum extends over ‘the tubercles of the lips to form spines,
- and are similar to the horny protuberances described in L. horie. The lips of
. G. mullya perform an adhesive function, which has been dealt with in detail in a
previous paper (Saxena, 1959).

As food and water enter the mouth, the buccal cavity dilates by the contraction
of protractor hyomandibularis. But sooner it narrows as the contraction of anterior
muscle fibres of adductor arcus palatinus depresses the roof and anterior hyohyoideus
muscle elevates the floor of the buccal cavity. Thus the focd is pushed back into
pharynx. Now the levator arcus branchialis and the cleithropharyngeus contract
thereby dilating the anterior pharyngeal cavity. Simultaneously, constrictor
ceratobranchialis ventralis, transverse ventralis, and constrictor epibranchialis
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dorsalis contract to bring the branchial arches close together and form a sieve for
the filtration of water. The contraction of single cleithropharyngeus on each side
ean depress the ceratobranchials as they are held together by the ventral branchial
muscles. With the opening of the mouth, water again gushes inside and the food
is pushed still backwards as the pharyngeal floor is raised by the contraction of
posterior hyohyoideus and pharyngo-arcualis-hyoideus. The contraction of the
muscle fibres of the adductor arcus palatinus attached on the metapterygoid, and
the adductor hyomandibularis depress the roof, which exerts pressure on the surface
of the water contained in the pharvngeal cavity, to pass out the water through
the gill-arches. The slits in between the gill-arches get widened by the contraction
of the obliquus ventralis inferioris. As food is pushed to the back portion of pharynx,
the depressor pharyngeus inferioris muscles depress the inferior pharyngeal bones
and give access to food to enter the posterior part of the pharynx for mastication.
The inferior pharyngeal bones now begin mastication. Trapezius muscle contracts
to bring the crowns of the teeth in contact with the pharyngeal pad while the
grinding is done by the contraction of levator pharyngeus inferioris caudalis and
the retractor pharyngeus inferioris. The inferior pharyngeal bones act together as
they are held by transverse pharyngeus inferioris muscle. When mastication is
completed, the food passes inside the stomach by dilating the oesophageal opening.

The geniohyoideus muscle performs two-fold functions. The contraction of
geniohyoideus a depresses the mandible thereby resulting in the protrusion of the
upper jaw. Another important function is performed by the lateral muscles of
geniohyoideus and the geniohyoideus b muscles in the adhesive mechanism of the
disc. When the fish adheres to the substratum, the lateral fibres of the geniohyo-
ideus and the geniohyoideus / along with the intermandibularis contract and create
a vacuum inside the callous portion of the disc, thereby enabling fish to adhere
through the disc suctorially.

DiscussioN

The general plan of musculature of Garra mullya is similar to that of Cyprinids,
described by Takahasi (19253). But the presence of a suctorial dise on the ventral
side of the mentum and shifting of the mouth to a more ventral position have
resulted in the modification of the muscles associated with them.

The protractor hyomandibularis muscle of . mullye is synonymous with
levator arcus palatinus of other fishes studied by previous workers. The name
attributed by Gregory (1933), justifies its function and has therefore been adopted.

The depressor labii superioris and retractor maxillaris correspond to Takahasi’s
(1925) Alx and Alg maxillaris parts of adductor mandibulae in Cyprinus carpio
and Pseudogobio esocinus. These muscles have been described as united at origin
in Cyprinus and totally separate in Pseudogobio. The retractor maxillaris or
Ala muscle is not described in Labeo horie by Girgis (1952).

All the Cyprinid fishes studied by Takahasi show the fusion of maxillaris muscle
with mandibularis muscle either internally or at their origin. The depressor labii
superioris and retractor maxillaris in G. mullya do not fuse with the adductor mandi-
bularis or with each other. A comparative study by the author on the cranial myo-
logy of Crossocheilus, an allied genus of Garra, has revealed that the retractor maxi-
1laris, though originating from the same bones as in Garra, is fused internally at the
insertion with the overlying depressor labii superioris. Thus, it can be inferred that
the depressor labii superioris and the retractor mamllarxs also correspond to the single
maxillaris muscle of Opsariichthys.

The musele, levator labii inferioris, described by Girgis in Labeo horie is not
present in Garra. However, due to the presence of & non-protractile posterior lip,
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it can be presumed that the dorsal fibres of the adductor mandibularis /, probably
represent the atrophied condition of the levator labii inferioris.

The dorsal cranial muscles have been grouped under a single mame ““Adductor
arcus palatinus.” by many previous authors and under ‘“Adductor hyomandibularis’
by Gregory (1933). But in Garra, the muscle has been divided into two separate
parts. The muscle attached to the hyomandibula is named as adductor hyomandi-
bularis, while the rest of the anterior part of the muscle as adductor arcus palatinus.
The same names have been used here owing to the separation of the hyomandi-
bular part from the rest of the muscle and partly due to the difference in their func-
tions.

Intermandibularis muscle has been reported poorly developed in Cyprinids
(Ta.ka.ha.'ﬂ 1925) and totally absent in Labeo horie (Girgis, 1952). This muscle
though in a degenerated condition, in Garra is fairl y conspicuous due to its special
mode of function in association with the geniohyoideus muscle.

The mode of operation of the muscles, geniohyoideus and the intermandibu-
laris shows that the lower jaw is independent of the disc¢ in movement, while the
fish is attached. Geniohyoideus ¢ muscle is only responsible for opening the mouth
by depressing the mandible, while the simultaneous action of geniohyoideus b, the
lateral fibres of the geniohyoideus and the intermandibularis creates vacuum in the
disc and is thus independent of geniohyoideus ¢ muscle. Thus it is evident that
the adhesive apparatus of the fish does not affect the movements of the lower jaw.
The Cyprinids which do not hear any adhesive apparatus on the ventral side of the
mentum, usually lack the intermandibularis and also do not show any modification
of the geniohyoideus muscle.

The present study of thesc muscles associated with the disc confirms the previ-
ous assumptions beyond doubt that the disc of Garra functions most efficiently as
a vacuumatic sucker. When the fish adheres, it applies the callous portion of the
disc to the substratum and contracts the intermandibularis. geniohyoideus b and the
lateral fibres of the geniohyoideus. The contraction of these muscles retraects the
callous portion of the dise from the substratum, therby creating a vacuum. As
stated in the prvious paper (Saxena, 1959), the vacuum in the disc is maintained by
the callous portion and not by the tuberculated border, as was thouaht by the pre-
vious workers.

The position, origin and insertion of hyohyoideus muscle in Garre mullya is
similar to the hyohyoideus of Cyprinus carpio and Amia calva, studied by Takahasi
(1925) and Allis (1897), respectively. The same muscle in Labeo horie has been des-
cribed by Girgis (1952) as constrictor pharyngeus.

Takahasi (1925) described the presence of two trapezius muscles, (ttapezius
superficialis and trapezius profundus), in the Cyprinids he studied. But in Garra
there is only one musele corresponding to trapezius profundus. Taking into
consideration the fact that the inferior pharyngeal bones of Cyprinids are the
modified fifth branchial arch of other fishes (Goodrich, 1930, p. 441), it becomes
evident that the various muscles associated with the inferior pharyngeal bones
correspond to the muscles associated with the fifth branchial arches of those fishes.
Therefore, Takahasi’s statement in regarding the Vetter's fifth levator arcus bran-
chialis externus becomes self-explanatory.

The levator pharyngeus inferioris caudalis muscle of Garra corresponds to
Takahasi’s superior and inferior parts of the retractor arcus branchialis dorsalis
in Cyprinus carpio. The single pair of levator pharyngeus inferioris caudalis probably
represents the fused state of the superior and inferior parts of retractor arcus bran-
chialis which is concluded by his following statement :—

“It arises from the lateral surface of the cranium (m&sticating process of the
basioccipital), runs forward, ventrad and outward, and is inserted on the dorsal
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part of the fifth ceratobranchial ventral to the insertion of trapezius profundus.”
Further, regarding the inferior part of the muscle he states, “It is a rather stout
muscle placed just ventral to the trapezius profundus and dorsal to the fifth trans-
verse ventralis in its insertion, and external to the superior in its caput. Arising
from the cranium (external surface of the masticating process of the basioccipital)
the muscle runs forward, outward, and ventrad, and is inserted on the hind surface
of the dorsal or posterior portion of the fifth ceratobranchial.”

Takahasi groups a few other muscles associated with the fifth branchial arch.
He identifies this set of muscles as pharyngo clavicularis internus and pharyngo
clavicularis externus. Further, he describes the pharyngo clavicularis internus
as anterior and posterior. From his description of the origin and insertion of these
muscles in Opsariichthys uncirostris, it becomes evident that the posterior pharyngo
clavicularis internus corresponds to the retractor pharyngeus inferioris of G. mullya
and L. horie while the anterior pharyngo clavicularis corresponds to the cleithro-
pharyngeus of these fishes. The pharyngo clavicularis externus of Opsariichthys
is the depressor pharyngeus inferioris of Garra and Labeo.

Keeping in mind that the inferior pharyngeal bones of carps are homologous
to the fifth branchial arch of other fishes, the homology between the transvese
pharyngeus inferioris of Garra and Labeo with the fifth transverse ventralis muscle
of the Cyprinoids dealt by Takahasi needs no explanation.

The first four ceratobranchialis ventralis muscles of Garra correspond to the
four obliquus ventralis superioris muscles of the Cyprinids studied by Takahasi,
while the fifth constrictor ceratobranchialis ventralis is the fourth transverse ventralis
of Opsariichthys uncirostris, as is evident by the following description:

“The fourth ventralis originates from the ventral side of the anterior portion
of the fourth ceratobranchial, and thus runs backward to its insertion on the external
side of the anterior (ventral) portion of the fifth ceratobranchial of the same side.”

Thus the only difference is the reverse origin and insertion of the muscle. But
the action of the muscle in Opsariickthys uncirostris would be similar in this position
to the action of the fifth constrictor ceratobranchialis of Garra.
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