I1I. JIHE DISPOSITION OF MUSCLES ASSOCIATED WITH RESPIRATION

IN CERTAIN TELEQSTIS

While numerous papers have been published in India and
elsewhere on the habitats of the air-breathing fishes, the
morphology of the air-breathing organs etc., sufficient attention
has not been paid to the study of the associated structures
viz. the muscles which are helpful during inspiration and

expiration.

Hora, however, has made a brief mention of some of the
muscles in one of his papers (1933). It is desirable to know
the disposition of these muscies not only, in order to understand
the working of the respiratory mechanism but also to find out
whether any differences with regard to musculature exist between
the water-breathing teleosts and the air-breathing ones. A study
of these muscles therefore has been made in the following Indian

teleosts comprising both water-breathing and air-breathing forms:

Water-breathers
1. GCallichrous pabda (Ham.)
2. Barbus dobsoni (Daﬁ) |

Occasional ajr-breathers

3. Macrones gulio (Ham.)
4. Notopterus notopterus (Lacep)



Habitual air-breathers
5. Ophichthys (Pisoodonophis) boro (Ham.)
6. Ophiocephalus punctatus (Bloch)

7. Osphronemus gourami (Lacep)
8. Boleopthalmus dussumieri (Cuv. & Val.)

9. Mastecembalus armatus (Lacep).

The inspiratory phase of respiration first consists
in the opening of the mouth by the lowering of the lower jaw
whereby the water enters the bucco-pharyngeal cavity. During
this period, the gill arches are brought close together so
that no water escapes into the gill chambers. In the act of
respiration, first the sphincter muscles at the opening of
the oesophagug close the oesophagus in order to prevent the
water from entering the gullet. The mouth is now closed by
the adductors:of the lower jaw and the gill arches simultaneously
diverge from one another. The pressure caused on the water as
a result of this action, forces the water into the opercular
chambers resulting in the exchange of gases. Almost at about
the same bime the opercular slits are opened and the expiration

—

of water takes place.

The lowering down and the raising up of the lower jaw
resulting in phe opening of the closure of the mouth, the coming
together as well as the separation of the gill arches and the
opening or the closure of the opercular slits, are all brought
about by the action of certain cranial muscles. These include
the mandibulaf, the hyoid, the branchial and the hypobranchial

muscles.
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The mandibular muscles of teleosts are divided into
Adductor msndibulae, Constrictor dorsalis and Intermandibularis.

Usually the Adductor mandibulae is divided further into 2 to 3

parts while in others, each of these parts gets divided further.
The Congtrictor dorsalis is also divided into two parts viz.

the Levator arcus palatini and the Dilatator operculi. The

Intermandibularis remains single in a few forms. More usually

however it is divided into an anterior and a posterior part,.

The hyoid muscles comprise the Adductor arcus palatini,
the Levator operculi, the Adductor operculi, the Interhyoideus
and the Hyohvoideus muscles. Of these, the Interhyoideug and

the Hyohvoideus show wide variations in different species of

fishes,

The branchial muscles comprise the Levatores arcuum
branchialium, the Attractores arcuum branchialium, the
Coraco=-branchiales, the Subarcuales recti (including the

Subarcualis communis), and the Transversi ventrales. The

sphinctor oesdéhagi group of muscles in the branchial region
which are differentiated into the Transversi dorsales, the
Obligqui dorssles, (superioris and inferiorig). and the
Rétractores arcuum branchialium, are also helpful in moving

the branéhial Ears.

The hypobranchial forms a single muscle known as the
Coraco-hyoideus {(the Rectus cervicis of Edgeworth-1935 and
Sterno-hyoideus of Takahasi-1925).
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(It may be mentioned here that there is considerable
confusion in the terminology of muscles used by various workers
who have investigated the cranial musculature of fishes. The
terminology adopted here is that of Edgeworth (1935) with certain

modifications.)

As far.as the respiratory function of these muscles is
concerned, it becomes necessary to divide them into three
groups viz. (i) the mandibular group of muscles primarily
associated with the closure and opening of the mouth, (ii) the
opercular group associated with the closure or the opening of
the opercular slits and (iii) the branchial group for the

movements of the gill aréheso

I. THE MANDIBULAR GROUP OF MUSCLES

In this group have been included all those muscles
which are associated with the first two visceral arches except
those directly concerned with the closure and the opening of
the opercular slits. For the sake of convenience the hypobranchizal
muscle which takes a érominent part in the opening of the mouth
besides effecting the movement of the gill arches - which is
its main function - is described under the branchial group of

muscles,

Punctionally, these muscles may be divided under two

main parts viz. the depressors and the levators of the jaw.
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The depressors

The muscles which serve as depressors of the lower Jaw

consist mainly of the Intermandibularis and the Constrictor

hyoideus ventralis. They depress the lower jaw and at the same
time make the gill arches come close together, as a result of
which the mouth opens wide and the gill slits become closed.
Their origin is fleshy and they arise from the branchiostegal
rays, the ventral hyoid bones and/or the opercular bones on

the ventral side,

The Intermandibularig muscle remains single or more

usually separated into an anterior and a posterior part. The
former part which is present in most of the fishes examined

in the present investigations, runs transversely behind the
symphysis of the dentaries, while the latter which runs
longitudinally, arises from the distal part of the hyoid arch
and/or the bones of the operculum. In some fishes, this muscle
meets its feliow of the opposite side anteriorly along the
median line in a thin tendinous raphe and has a common insertion
behind the symphysis of the dentaries. In other fishes, however,

the insertion shows considerable variation.

The Constrictor hyoideus ventralis muscle separates into

an anterior Interhyoideug and a posterior Hyohyoideug. In some
fishes, the Interhyoideus runs along the outer surface of the

Intermandibularis posterior with which it is closely associated,
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while in others a part or whole of this Interhyoideus together
with the Intermandibularis posterior forms a single Protractor
hyoidei muscle.

The Hzéhzoideus muscle is situated in the opercular
fold behind the distal series of hyoid bones and passes downwards
and forwards. Its upper end is attached to one or more of the
opercular bones. It remains single or is divided into a
Hyohyoideus superior and a Hyohyoideus inferior. The portion
which extends in between the‘branchiostegal rays is known as

Hyohvoideug superior and the portion extending anterior to the

lowermost branchiostegal ray is known as the Hyohvoideus inferior.

In some, the Hyohvoideus superior is segmented further

into a number%of parts passing from ray to ray. The Hyohyoideus
inferior arises from the anterior branchiostegal rays, the
ceratohyal or the ceratohyal and the epihyal. It passes forwards
and downwards and is inserted on the hypohyal of the same side

or on that of the opposite side.

Innervation

The Intermandibularis ¢ This muscle whether single or
divided is innervated by the R. mandibularis inferior portion

-—

of the R. mandibularis nerve, which forms a branch of the Vth

nerve,

The Interhyoideus ¢ It is innervated partly by the
Maxillo-mandibularis branch of the Vth nerve and partly by

the Hyomandibularié‘branch of the VIIth nerve.
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In those fishes where the Protractor hyoidei is formed
as the result of the union of the Intermandibularis and the
Interhvoideus, possesses the same respective sources of

innervation as those of the two individual muscles.

The Hyohyoideug ¢ It is innervated by the Hyomandibularis
branch of the VIIth nerve.

The following is the disposition of the mandibular

depréssors in the fishes investigated.

Céllichrous

The Intermandibularis ¢ The Intermandibularis anterior
(Fig.5) runs in between the dentaries immediately behind their
éjmphyéis, ventral in position to the Intermandibularis posterior
and the inner fibres of the Interhyoideus and dorsal in position
to the outer fibres of the latter. The Intermandibularis
posterior muscle (Fig.5) arises from the ceratohyal and epihyal.
It runs forwards and inﬁards and is inserted on the dentary

towards the inner angle of the rami of the lower jaw.

The Interhyvoideus : It (Fig.5) arises from the ceratohyal,
epihyal and the uppermost branéhiostegal rays. It runs forwards
and inwards in close association with the Intermandibularis
posterior muscle. The insertion is on the dentary external to

that of the Intermandibularis posterior muscle.

The Hyohyoideus ¢ The Hyohyoideug muscle consists of
two parts (Fig.5). Of these, the Hyohyoideus superior passes
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from ray to ray as usual. The portiocn of the Hyohyvoideus below
and in front of the lowest ray is known as Hyohyoideus inferior.
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Fig. 5. KFigo 6.

Fig.5. Callichrous. Depressor muscles of the lower jaw
: (after removal .of the Ihy. and Imn.pt.of the right side).

Fig,6. Barbus. Depressor muscles of the lower jaw.

This muscle meets its fellow along the median line and is
inserted on the hypohyal of the same side. Towards the origin,

however, it consists of two parts, an upper i.e. anterior and

Lettering for figures 5-13

BR. or BR.R. = Branchiostegal rays; DENT. - Dentary;

HY, - Hyohyoideus; Ihy. - Interhvoideus; I.hy. - Hyohyoideus
inferior; l.hy.ant. - Hyohyoideus inferior anterior; l.hy.post.
- Hyohyoideus inferior posterior; Imn.ant. - Intermandibularis
anterior; Imn.pt. - Intermandibularis posterior; Pr.hy. -

Protractor hyoidei; S.hy. - Hyohvoideus superior..
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a lower i.e.'posterior. The upper part which remains dorsal
to the lower one, arises from the epihyal. The lower part
arises from the first five branchiostegal rays and the
ceratohyal. Both parts meet—each other as.-they- pass forwards

> . ..tq‘&n
-

to “gain 1nsertlon on” the hypohyal. Y S
Barbus

The Intermandibularis : The Intermandibularis anterior
(Fig.6) is déveloped as usual immediately behind the symphysis
6f the-dentanies and dorsal to and in front of the insertion

of the Protractor hyoidei. In this fish the Intermandibularis

posterior and the Interhyoideus form together a well developed
Protractor hyoidei (Fig.6). The Intermandibularis part of the

muscle lles anterior to the Interhyoideug one. The Protractor

|

h201del arxses from the ceratohyal and the inner branchiostega
rayse. The insertion is as usual on the dentary behind and
ventral to the insertion of the Intermandibularis anterior

muscle,

The Hyohyoideus : It is divided into its usual two
parts. Of theée, the Hyohyoideus superior (Fig.6) is segmented
into a number of parts passing from ray to fay. The Hyohyoideus
inferior (Fig;é) arises from the lowermost branchiostegal ray,

the ceratohyal and epihyal bones. It is inserted on the hypohyal.
Maerones

The Intermandibularis : The Intermandibularis anterior
(Pig.7) lies throughout ventral to the Intermandibularis posterior
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and dorsal to the fibres of the Interhyoideus. While its
anterior fibres are inserted behind the symphysis of the
dentaries, some of the posterior ones get separated into

two sets. The middle set of these runs in between the proximal
end of the base of the anterior mandibular barbel, and the
posterior one in between the anterior and the posterior barbels.
The Intermandibularis posterior (Fig.7) arises from the distal
hyoid bones viz. ceratohyal aﬁd épihyal. Dorsally it forms a
continuous sheet of muscle, while its ventral fibres are

separated into three parts due to the intervening bases of the
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Fige.7. Macrones. Depressor muscles of the lower jaw.

barbels. The insertion is on the dentary by the side of the

symphysis.
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The Interhyoideus : It arises from the ceratohyal,
passes forwards and is inserted on the dentary external to

the insertion of the Intermandibularis posterior (Fig.7).

The Hyohyoideus : It is divided as usual into two
parts (Fig.7). The superior part is, as in others, segmented
into a ﬁumbef of parts passing from ray to ray. The Hyohyoideus
inferior arises from the lowermost branchiostegal ray, the

ceratohyal and the epihyal. The insertion is on the hypohyal.

Notopterus

The Intermandibularis ¢ The Intermandibularis anterior
(Fig.3) is practically reduced to a tendon with only a few

fleshy fibres. It lies dorsal to the insertion of the Protractor

hyoidei.

The Protractor hyoidei : The Intermandibularis posterior
and the Interh oidéus, form a-fully developed Protractor hyoidei.
It (Fig.8) arises from the anterior end of the'branchiostegal
rayé, the ceratohyal and the epihyal. It runs as usual forwards
and inwards and unites with its fellow along the median line.
The insertion is on the dentary ventral to the disposition of

the Intermandibularis anterior.

The onhgoideus ¢ This muscle is divided iﬁto twe parts.
Of these, the Hyohyoideus superior (Fig.8) is segmented as usual.
The Hyohyoideus inferior (Fig.8) arises ffom the lower end of
the lowermost branchiostegal ray and the ceratohyal. It passes

forwards and inwards and crosses the median line in such a way
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that the muscle on the left side lies ventral to its fellow
of the opposite side. The insgertion is consequently on the

hypohyal of the opposite side.

Hy.
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Fig.8. Notopterus. Fig.9. Ophichthys.

Depressor muscles of the lower jaw.

Ophichthys

The Intermandibularis ¢ The Intermandibularis ancerior

part of this muscle is poorly devéléped and lies dorsal in

position to the insertion of the Protractor hyocidei.

The Protractor hyoidei : It is well developed in this

fish (Fig.9). Its anterior portion consists of the Intermandibularis
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posterior and the posterior portion of the Interhvoideus.

The origin of the Interhyoideus is from the tips of the lower
series of branchiostegal rays as well as the lower hyoid bones
with which they are attached. As the muscle runs forwards it
.-is-joined. by the Intermandibularis posterior muscle to form a
" “common Prdtraétof hxbidei. The inseftion is és usual on the

dentary.

The Hyohyoideus : It remains single and runs as a
continuous broad sheet of muscle covering the lower series of
branchiostegal rays (Fig.9). Its anterior fibres extend upto

the posterior portion of tﬁe hypohyal on which they are inserted,

Oghiocephalus

The Intermandibularis : The Intermandibularis anterior
(Fig.10) is well developed and remains dorsal in position to

the insertion of the Protractor hyoidei.

The Protractor hyoidei : The Intermandibularis posterior

and the Interhyoideus together form the Protractor hyoidei., It
(Fig.10) arises from the ceratohyal and epihyal in such a way
that the fibres of the Intermandibularis lie anterior to those
of the Interhvoideus. The insertion is on the dentary below

that of the Intermandibularis anterior muscle.

The Hyohyoideus : The Hyohyoideus muscle is divided as
usual into two parts. The Hyohyoideusg superior of these (Fig.10),

which arises from the opercular bones is segmented into portions
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passing from ray to ray. The Hyohyoideus inferior (Fig.10) is

well developed and is inserted on the hypohyal.

Osphronemus

The Intermandibularis : The Intermandibularis anterior
(Fig.11) lies dorsal in position to the anterior fibres of

the Protriactor hyoidei.

Imn. ant, :
DENT. !
Imh.ant. ‘
DENT,
Pr.ny. Pr.hy. \ |
Ihy.

s.ny. 1, A%\”@a’ff'q/

Fig.10. Ophiocephalus. Fig.11, Osphronemus.

Depressor muscles of the lower jaw.

The Protractor hyoidei and the Interhyoideus ¢ The
Intermandibularis posterior and inner fibres of the Interhyoideus
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unite to form the Protractor hxoidei (Fig.11). The outer
fibres of the Interhyoideus (Fig.11) however remain separate
from the Protractor hyoidei, pass forwards and are inserted

on the dentary behind the insertion of the latter.

The Hyohyoideug : This muscle is divided as usual into
a superior and an inferior part. The fommer part (Fig.11) is
segmented as usual into portions passing from ray’to ray. The
latter part arises from the distal portion of the lowermost
branchiostegal ray and the ceratohyal:; It crosses its fei;OW,
anteriorly in such a way that the fellow of the left side
becomes ventral in position. The insertion is consequently on

the opposite hypohyal.

Boleopthalmus

The Intermandibularis : The Intermandibularis anterior

is not represented in this fish,

' The Protractor hyoidei : The Intermandibularis and
Interhyoideus together form a Protractor hyoidei muscle (Fig.12).
It arises from the ceratohyal and is inserted on the dentary

as usual.

.. The Hyohyoideug ¢ This muscle isﬁdivi@gd into the usual
suﬁéfisr ;ﬁd‘iﬁfef{or parté (Fig.12). Of thééé; the superior
part extends in between the bfanchiéstegal rays. The infericr
part is further divided into an anterior and a posterior segments.
Of these, the anterior one arises, from the anterior portion of

the lowermost branchiostegal ray, runs forwards and is inserted
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on the hypohyal. The posterior segment runs forwards'and

downwards and meets its fellow of the opposite side in a

median raphe. .

Pig, 12.

Boleo thalmus.-Dépressor muscies of the lower jaw

after removal of- the I,

.hy. of the right sid

-Pr

Fig.12.

Mastécémbalgg. Depressor muscles of the lower jaw,

Fige13.

Mastecembalus

The Intermandibulafis ¢ The Intermandibularis anterior
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(Fig.13) remains dorsal to the Protracior hyoidei.

The Protractor hyoidei and the Interhyoideus muscles

The Intermandibularis posterior which forms the anterior portion
,‘?nd the inne? fibres of:the Interhgoideug which forggithe

- boétéfior poffién;iiogether férﬁ tﬁe Protractor hzoidei (Fig.13).
The outer fibres of the Interhyoideus however arise separately
from the hyoid bones to gain insertion on the dentary behind

that of the Protractor hyoidei.

The Hyohyoideus : The Hyohyoideus superior (Fig.13)
is developed as usual and lies in between the opercular bones
and the lowefmost branchiostegal ray and segmented as usual,

The hyohyoideus inferior (Fig.13) which arises from the middle

portion of the lowermost branchiostegal ray and the lower
hyoid bones crosses its fellow in such a way that the left
muscle remains ventral in position. The insertion is consequently

on the opposite hypohyal.

Discusgsion

The Intermandibularis muscle : It consists of an anterior

and a posterior part in almost all the fishes examined. In only
one fish viz. Boleopthalmug the anterior part is not represented.
In Cgllichrous and Macrones, the anterior part remains ventral

in position to the pésteriér one, whereas in all the other fishes
examined it remains dorsal in pésition. It is fairly well

developed in all the fishes in which it is represented except
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in Notopterus and Ophichthys. In Notopterus, it is practically
reduced to a tendon and in QOphichthys, it is represented by a

few muscle fibres only.

The posterior part is well developed in all the fishes
examined. In Barbus, Notopterus, Ophichthys, Ophiocephalus,
Os hronemus, o;eogthalmus and Masctecembslus, it is joined
w1th the Interhyoideus to form a Protractor hyoidei. In other
fishes, it remains separate. In Barbus, Ophichthys, Ophiocephalus

and Mastecembalus, the Intermandibularis posterior and the
Interhxoideﬁs portions of the Proﬁractor hzoidéi can be easily
distinguished. The fibres of the former, lie'aﬁterior to0 those
of the latter. In Notopterus and Osphronemus, they are

indistinguishable.

The Interhx01deus It remains a separate muscle in
Callichrous and Macrones and in all other fishes examined it
is Jjoined to form a Protractor hyoidel as stated earlier. In
Barbus, Notopterus, Oghlchthzs and Oghloceghalus all the fibres
of this muscle join to fOrm the Protractor hyoidei. In
Osphroneémus and Mastecembalus however, the inner fibres alone
take part in the formation of the Protractor hyoidei and the

outer fibres remain separate,

The Hyohyoideus : In Ophichthys, it forms a broad sheet
of muscle covering ﬁhe lower series' of the branchiostegal rays.
In all other fishes examined it is divided into a superior and

an inferior part. The former part is further divided into segment:



extending between one branchiostegal ray to the other. The
Hyohyoideus inferior is inserted on the hypohyal of the same
side in Barbus, Callichrous, Macrones and Ophiocephalus., In

Hotopterus, Osphronemus and Mastecembalus, the muscle passes
obliquély forwards in such é way that the left muscle remains
ventral in position to the right one. The insertion is
consequently on the opposite hypohyal, In Callichrous and
Boleopthalmus, this is further divided into an anterior and

2 posterior part. In Callichrous,both the parts are inserted

on the hypohyal of the same side. In Boleopthalmus, the anterior
part is inserted on the hypohyal, whereas tﬁe posterior part

meets to join its fellow in a median raphe,
The levators

The levator muscles of the lower jaw are associated
mainly with the elements formed by the first two visceral arches
viz. the mandibular and the hyoid. These musches include the
Adductor mandibulae, the Levator arcus palatini and the Adductor
ﬁEOmandibuLg. All these muscles have a fleshy origin and the
inseftion is either fleshy or tendinous. The Adductor mandibulae
muscles act as adductors of the lower jaw bringing about the
closure of the mouth and at the same time the separation of the
gill arches effecting the widening of the gill slits. The Levator
arcus palatini and the Adductor hyomandibula muscles are not

- normally associated with the movement of the jaws or any other

part except the barbels in the siluroid fishes.
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The Adductor mandibulae usually arises from the lateral
bones of the:cranium situated behind and also in some cases
above the orbit, and some of the bony elements of the hyoid
arch such as hyomandibula, the sympletic and elements formed
by the palato-pterygo-quadrate bar such as the pterygoid series
of bones and the quadrate. The muscle extends as far back,often
including the preopercle bone. It may remain single or may be
divided further into a Maxillaris and a Mandibularis. The
Mandibularis of these is more usually divided further into a

superficialis and a profundus part. In some teleosts these

parts are divided further. (The nomenclature adopted by Edgeworta
in naming the various pafts~of the Adductor mandibulae is that
of Vetter (1878). The Maxillaris muscie is termed as A, the
Mandibul aris su?erficialis aé A, and the Mandibularis profundus
as 33. These muscles divide further as Aqt , Ay etc. Takahasi,

whose nomenclature is followed here with suitable modifications,

names Ay as the Maxillaris and Ay and Aﬁ together as the
Mandibularis.)

The Levator arcus palatini is covered partly or entirely

by the Adductor mandibulae or one or more of its parts. Usually
it is situated behind the orbit and arises from the lateral
bones of the cranium such as the postfrontal, sphenotic and
pterotic. The insertion is usually on one or more of the

following bones viz. hyomandibula, the quadrate and pterygoid.

The Adductor hyomandibula remains single in most of the

fishes examined and is known as the Adductor arcus palatini.
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It arises usually from the lateral and/or ventral series of
cranial bones such as parasphenoid and prootic and runs forwards
and downwards to gain insertion on the pterygoid and/or

hyomandibula. In the two siluroid fishes examined here, the

Adductor Qyomandibulg gives rise to another muscle or muscles

known as the Extensor(es) tentaculi. This muscle remains

completely separate from the Adductor arcus palatini. It arises
from the cranial bones situated towards the anterc~dorsal border
of the latter muscle, passes forwards and is inserted on the

base of the barbel or the barbels as the case may be.

Innervation

The Adductor mandibulse ¢ All the parts of this muscle
are innervated by the Maxillo;mandibular;s branch of the Vth
nerve, In addition to this, some branches arising from the
Hyomandibularis of the VIIth nerve are also given off to this

muscle or one or more of its partse.

The Levator arcus palatini ¢ This muscle is innervated

by the Maxillo-mandibularis branch of the Vth nerve.

The Adductor hyomandibula : Both the parts of this
muscle viz. the Adductor arcus palatini and the Extensor(es)

tentaculi when present, are innervated by the Hyomandibularis

branch of the VIIth nerve.

The following is a description of the levator muscles

of the lower jaw in the fishes investigated :
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Gallichrous

The Adductor mandibulae : The Maxillaris part of this
muscle is not present in this fish and the Mandibularis (Fig.14)
remains single as a thick mass. Besides its origin from ihe
hyomandibula énd preopercle bones, the origin also extends
anteriorly on the frontal anq pterotic bones of the cranium.

It becomes narrow as it passes downwards and slightly forwards.
It gains a slightly tendinous insertion on the hind portion

- of the mandible.’

The Levator arcug palatini : This muscle (Fig.15) is
almost completely covered By the Mandibul aris. Iﬁ arises from
the pterotic and sphenotic bones. Towards the origin,it is
broad and becomes narrow as it passes downwards to be inserted

on~the hyomandibula and pterygoid bones,

The Adductor hyomandibula : This muscle is differentiated
into the Exteﬁsores tentaculi and the Adductor arcus palatini
muscles. Of these, the Extensores tentaculi (Figs.14 & 15) arise
from the ?entral surface of the post-frontal'and consist of a
superior and én inferior part. They run forwards and their
insertions are on the base of the barbel in such a way that the
insertion of the former part is above that of the latter. The

Adductor arcus palatini (Fig.15) muscle arises from the

parasphenoid and prootic bones behind the Extensores tentaculi.
It is a fan shaped muscle becoming narrow towards the insertion
which is on the pterygoid extending as far as the upper border

~of the quadrate,
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Fig, 14.
Without A.0.
mscle.

Fig. 15, After removal of
superficially disposed
muscles,

Figs.14=15, Callichrous. Levator muscles of the jaw and‘fhé
: opercular muscles,

Lettering for figures 14-37

ﬁ'a.§° - Adductor arcus palatini; AL%@N% Aligphenoid;DANG. -
ngulare; A.,o. - Adductor operculi; « = Dentary; D.os - Dila-
= tator operculi; BGPT. or EPIG. - Ectopterygoid; BTH, - Ethmoid;
Bxt. = Extensor tentaculi; BExt.i. = Ext.tent.inferior; Extes. =
Ext.tent.superior; For. - Foramen; FR, - Frontal; HIM, -
Hyomandibula; Intr. - Intramandibuleris; IOP. ~ Interopercle;
L.a.p. - Levator arcus palatini; L.o. = Levator operculi; L.o.i.-
L.o.inferior; L.o.s. - L.o.superior; MAN, - Mandible; Man., -
Mandibularis; Man.s. or Man.sup., - M.superficialis; Max, -
Maxillaris; Max.a. - M.anterior; Max.d. - M.preofundus; Max.p. -
M,posterior; Max.s. or Max.sup. - M.superficialis; M.d. -
Mandibularis profundus; MPTG, - Metapterygoid; M.s. - Mandibularis
superficiaglis; M.s.i. - Mandibularis superficialig deep;
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M,s.8, - M.superficialis su%erficial;?MX. - Maxilla; Mx, =
Maglllarig; NAS, - Nasal; NPTG. - Bndopterygoid; OP. - Opercle;
OPS, - Opisthosphenoid; PAR, - Parietal; PAS, - Parasphenoid;
PMX, - Premaxilla; POP, = Preopercle; PRO, - Prootic; PST. -
Posttemporal; PTC. - Pterotic; PTFR., - Postfrontal; PTG. -
Pterygoid; RART. - Retroarticular; Q. - Quadrate; SOG, -
Supraoccipital; SOP, - Subopercle; SP. er SPH. - Sphenotic;
STMP, ~ Supratemporal; SYM. - Sympletic; T. - Tendon. :

!

7 Fig. 16.
== Without AcQ_o )
muscle.

Fig. 170 . Figo 18.
After removal of superficially Mandibular superficial
disposed muscles. muscles.

Figs.16-18. Barbus. Levator muscles of the jaw and the opercular
. muscles.
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Barbus

The Adductor mandibulae : The muscle is divided in this

fish into three main parts viz. the Maxillaris, the Mandibularis

superficialis-and the Mandibulagris profundus. The Maxillaris
of these (Fig.16) arises from the hyomandibula, preopercle,
sympletic, quadréte and metapterygoid bones and becomes narrow
as it passes forwards and downwards to be inserted by a tendinous
ribbon on the'maxilla along the dorsal border and the inner
surface, The Mandibularis superficialis muscle (Figs.17 & 18)
is divided into a superficial and a deep part. The former forms
the main mass of the muscle. It arises from the hyomandibula
and . sympletic bones. The latbe; arises from the metapterygoid,
sjmpletic and quadratejand is covered by the superficialis.
~5’1‘1’16:8@9 two parts join anteriorly and gain a common tendinous
insefﬁion on %he postero-~dorsal margin of the inﬂer surface

of the mandible. The Mandibularis profundus muscle (Fig.18)
extends dorsally upto the ékull. Its origin is from the
hyomandibula and metapterygoid bones. Its middle and lower
portions are covered by the superior part of the Mandibularis
superficialis muscle. Anteriorly it is provided with a ribbon
shaped tendon which is inserted on postero-dorsal portion of
the mandible viz. the articulare, internal to the insertion of

" the superficialis muscle.

The Levator arcus palatini : The postero-ventral portion

of this muscle is covered by the Maxillarig and the Mandibularis
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profundus muscles. It (Figs.16 & 17) arises from the frontal
and hyomandibula, and descends downwards on the metapterygoid

bone on which it is inserted.

The Adductor hyomandibula ¢ This muscle is represented
by the Adductor arcus palatini muscle (Fig.17). It arises from
the parasphenoid and is inserted on the anterior surface of

the hyomandibula and metapterygoid bones,
Macrones

The Adductor mandibulae @ The Maxillaris part of this

muscle is not represented in this fish. Both the superficialis

and profundus parts of the Mandibularis are howevér represented
(Fig.19). Of these, the Mandibularis superficialis, arises from
-ﬁhe hyoﬁandibﬁla, pterygoid and quadrate bones. It passes forwards
and downwards .and hés a blunt tendinous insertion on the tip of

the mandible. The Mandibularis profundus muscle arises from the
postfrontal, hyomandibula and>the preopercle bones internal to

and internal and above the origin of the Mandibularis superficialis.
Anteriorly it is provided with a quadrangular piece of tendon

which is inserted on the mandible below and internal to the

insertion of the M.superficialis muscle.

The Levator arcus palatini : This muscle (Fig.19) arises
as usual behiﬁd the orbit ffoﬁ the postfrontal aﬁd hyomandibula
bones. It becomes narrow towards the insertion which is well
spread 6n the hyomandibula and inserted on the postero-dorsal

portion of the pterygoid bomes. This muscle is partly covered

by the M.profundus.
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The Adductor hyomsndibula : In thig‘f
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is represented by the Extensor tentaculi aﬁg:%hg Adducggnygécus
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palatini. The former of these (Figs.19 & 20) a iéégz

= P = S s

Fig.19. After
removal of L.Q.
muscle.

Fig.20. After removal
of some superficially
disposed muscles.

Figs.19-20. Macrones. Levator muscles of the jaw and the
- opercular muscles.
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postfrontal and hyomandibula bones. It becomes narrow as it
passes forwards and anteriorly it is provided with two tendinous

ribbon~shaped structures. Each of these is inserted respectively

on the base of one of the maxillary barbels. The Ad@uctor{grqgﬁ
palatini muscle (Fig.20) is a triangular shaped muscle which
*arises from the prootic, hyomandibula and the preopercle bones.
Towards the insertion it forms two fasciculi both of which are
attached anteriorly with a thick tendinous ribbon, inserted

on the quadrate bone.

Notopterus

The Adductor mandibulae is represented by a single

Mandibularis muscle (Fig.21). It arises from a portion of the

")"‘ A
i it
gt

Fig.21. ’ Fig.22.
D.o. muscle not shown. After removal of some super-
~-ficially disposed muscles.

Figs.21-22, Notopterus. Levator muscles of the jaw and the
opercular muscles., .
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prootic, hyomandibula, preopercle, sympletic, metapterygoid

and ectopterygoid bones. It forms a thick sheet of muscle with
a broad belly becoming slightly narrow as it passes forwards
and downwards towards the insertion which is partly tendinous
and partly fleshy. The dorsal portion which is tendinous, is
“inserted along the upper and inner border of the maxilla whereas
the fleshy portion is inserted on the posterior edge of the

mandible,

The Levator arcus palatini : This muscle (Fig.21) arises

from the sphenotic, the lower edges of the opisthotic, brcotic
and hyomandibula bones. It has a fleshy insertion on the

metapterygoid and ectopterygoid bones.

The Adductor hyomandibula : This muscle is represented
by a single A&ductor'ggggg éélatini muscle- (Fig.22). It has a
fieshy 6rigin:from the parésphenoid,becomes—broadef as it passes
downwards and backwards to be inserted on the ectopterygoid

metapterygoid, sympletic and hyomandibula bones.

Ophichthys

The Adductor mandibulase is divided in this fish into

...the Maxillaris and a single Mandibularis. The Maxillaris of

'”ﬁﬁesé (Fig.ZB) is peculiar in the sense that it is practically
devoid—df muscle fibres. It is in the form of a thin rectangular
tendinous ribﬁon. It arises from the inner angle of the
preopercle bone, passes forwards and is inserted on the inner

surface of the posterior edge of the maxilla. The Mandibularis
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(Fig.23) is well developed and extends dorsally so as to meet

its fellow of the opposite side. The main mass of the muscle

Fig.23.
A.0. and D.o.
muscles not shown,

Fig.,2L. -
After removal

of some super-
-fiecially
disposed muscles.

Figs.23-24, Ophichthys. Levator muscles of the jaw and the
opercular muscles, :

- however, arises from preopercle, hyomandibula. and quadrate
bones and passes downwards and forwards to gain a tendinous

insertion along the inner and upper surface:. of the mandible,

The Levator arcus palatini : This muscle (Fig.24) has




a thick fleshy origin from the postfrontal, parietal and
pterotic bones, and running downwards as far as mandible to

gain insertion on the pterygoid and hyomandibula,

The Adductor hyomandibuls remains single and is
represented by the Adductor arcus palatini. It arises (Fig.24)

from the prootic internal to the origin of the Levator arcus

palatini and the parasphenoid bones. It runs doﬁhwards and

gains a fleshy insertion on the pterygoid.
Ophiocephalus

The Adductor mandibulae is divided into all its three
usual parts. Of these, the Maxillaris is further divided into
an upper Maxillaris superioris and a lower Maxillaris inferioris.

This Maxillaris (Fig.25) arises from the sphenotic, pterotic,

preopgrcle andwhﬁomandibula bones. The superioris part is
inserted on tﬁe postero-dorsal portion of the maxilla whereas
the inferiorié one on the posterior tip of the mandible. The
Mandibularis superficialis (Figs,.26 & 27) is also divided in
this fish inté a suéeriérisaand an inferiorisg part. Both thq :
parts are situated below and the upper part élso internal to
the Maxillarig. The former arises from the preopercle,
hyomandibula and metapterygoid bones and the latter from the
hyomandibula and metapterygoid. They join anteriorly and have

a common tendinous -insertion on the hind tip of the mandible.
The Mandibularis profundus which remains single (Fig.27) arises
from the sympletic and quadrate bones and is inserted b& a thin
tendon on the posterior portion of the inner surface of the

mandible,
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The Levator arcus palatini (Fig.28) which is completely

covered by the Adductor mandibulae arises from the frontal,
sphenotic and pterotic bones, extends downwards and is inserted

on metapterygoid and hyomandibula bones.

The Adductor hyomandibula is represented by the Adductor
arcus palatini (Fig.28) which arises internal to the origin
of the Levator arcus palatini from the pterotic. Its insertion

is situated 6n the hyomandibula, metapterygoid and quadrate

bones internal to the insertion of the Levator arcus palatini.

Osphronemus ;>,

The Adductor mandibulae in this fish also is represented
’by all the three parts. The Maxillaris (Figs.29 & 30) of these
ig further divided into a superficialis and a profundus part.
The sugerficialis part arises from the hyomandibula, symﬁletic
and the basai portion oflthe preopercle bone. The Maxillaris
profundus is the smaller of the two and arises from'the sympletic.
It is compleﬁely covered by the superficialis. These two parts
join anteriorly to gain a common tendinous insertion on the
premaxilla along the inngf and dorsal portion of its surface.
The Mandibularis superficialis (Fig.29) arises from the preopercle,
hyomandibula. and metapterygoid bones,rits lower border being
covered by the Maxillaris. Towards the insertion it is joined
by the Mandibularis profundus (Fig.31) which arises from the
quadrate and the sympletic and gets inserted by a_ gommon ribbon

like tendon. Another muscle known as the Intramanéibularis

-



%

Fig.31. Mandibular and intra-  Fig.32. After removal of some
. mandibular muscles. . superficial muscles.

Figs.29-32, Osphronemus. Levator muscles of ‘the Jjaw and the
. opercular muscles, -



(bl .31) dfises-from the antéfior end of this tendon. This
muscle runs along the imner surface of the mandible on which

it is finally inserted.

The Levator arcus palatini arises behind and above the

orbit from frontal, prootic and pterotic bones (Fig.29). I
becomes narrow as it passes downwards and backwards and has

its insertion on the metapterygoid and hyomandibula bones.

The Adductor hyomandibula : It is represented by the

Adductor gycﬁs palatini (Fig.32) which arises from the pterotic

and becomes broader as it passes downwards to be inserted on
k4

the hyomandlbula, metaptoryg01d endopteryg01d and the quadrate.

Boleopthalmus

- The &dductor mandibulae : This muscle is divided into
a Max1llarls and a 31ngle Mandibularis. Of these, the Maxillaris
(Fig.33) arises partly from the frontal just below its median
ridge. Anteriorly the muscle arises immediately behind the
supraorbital bones of the orbit. As it passes downwards it is
split into two fasciculi, an anterior and a posterior. The anterior
fasciculus has a broad base which is inserted on the upper border
of the maxilla, while the posterfor becomes narrow as it passes
downwards to gain a tendinous cord-like insertion on the
postero~dorsai portion of the mandible. The main mass of the
Mandibula%is (Blg’33) is situated 1mmed1ately behlnd -the Maxmllarls.
Its dorsal flbres extend as far as the frontal. Laterally it

arises from the preopercle, hyomandibula, sympletic and the
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quadrate. Its fibres pass downwards and forwards and the
muscle becomes slightly narrow and tendinous to gain insertion

on the mandible.‘

Ty =

Fig, 33.
, A,0. muscle
Nan. not shown.

Fige34. After
removal of super-
ficially disposed
muscles,

- So— —

Figs.33=34, Boleopthalmusg. Levator muscles of the jaw and
the opercular muscles.

The Levator arcus palatini arises from the parasphenoid

and the lower border of the sphenotic and hyomandibula (Fig.34).
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It passes downwards and forwards towards the maxilla and
premaxilla and is inserted on the pterygoid and quadrate bones.,

The Adductor hyomandibula is represented by a single
Adductor arcus palatini (Fig.34). It arises from parasphenoid,

hyomandibula and sympletic in such a way that its anterior
portion remains covered by the Levator arcus palatini. The

insertion is on the pterygoid.and the sympletic.

(It may be mentioned here that a muscle (Fig.33) hitherto
unreported consisting of two fasciculi arises from the
supraorbital bones,. passes backwards and is inserted partly
on the gase of the flrst ray of the dorsal fln and partly on
the myotomes with which it becomes contlnuous. However. it is

in no way connected w1th'resp1ratory movements of the fish.)
Mastecembalus

The Adductor mandibulae in this fish is represented
by a Maxillaris and a“single Mandibularis. The Maxillaris
(Fig.35) arises from the inner angle of the preopercle, as
well as the sympletic and quadrate bones. It passes forwards
to become a thick tendon by which it is inserted practically
along the entire inner surface of the maxilla and premaxllla.
The Mandibularis (Fig.35) arises from the pterotic, 'sphenotic,
hyomandibula and pterygoid bones. Its lower fibres are covered
by the Maxillaris. The insertion is on the posterior portion

of the mandible, jusﬁ internal to the tendon of the Maxillaris.
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3 Y L — Fig. 35,
i ¢ ) ™" D.o. and L.o.
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Fig, 36. Aftér |
removal of some

superficial 2:?§:
muscles,
Fig. 37.
. A.a.p.muscles

A.&.p.

Figs.35=-37. Mastecembalus. Levator muscles of the jaw and the
. opercular muscles.
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The Levator arcus palatini is a well developed muscle

(Fig.36) and is practically covered by the Adductor mandibulae
except "1 its antero-dorsal portion. Its origin is from the
frontal, pterotic, sphenotic, parasphenoid, and hyomandibula

bones and the insertion on the quadrate, sympletic and preopercle

-

bones,

The Adductor hyomandibula : 1s represented by.a single

w

Adductor arcus 2 tlnl (Flg.37) Arlslng from the parasphenoid,

AT

hyomandibula and the pterotlc 1t galns 1nsert10n on the pterygoid

and quadrate bones,

Discussion

The Adductor mandibulae ¢ It is a single muscle in
Callichrous and Notogtérus. In these as well as Macrones, the
Maxillaris part 1s not present. In all other flshes 1nvest1gated
both the M§x1llarls and the Mandibularis parts are represented.
The~Max1llénrs;1stfurthervspllt»intoftwoaparts‘ln Ophiocephalus
and Osphronemus. These parts develop as superior and inferior

ones in the former, whereas in the latter they form a superficial

and a deep part. In Boleopthalmus, the Maxillaris arises as a
single muscle towards its origin. Towards the insertion however
it is divided into two fasciculi, an anterior and a posterior.
In. Oghlchthxs 1t is represented by a rlbbon shaped tendon, In
leoceghalus and Boleogthalmus only one fa501culus is inserted

on the maxilla, the other one being inserted on the mandible.
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The Mandibularis remains single in Callichrous,
Notopterus, Oéhichghzs, Boleopthalmus and Mastecembalus. In
others;it is split into a superficialis part and a profundus
one. In Ophiocephalusg, the superficialis part is further split
into a superficial and a deep part. In one fish viz. Osphronemus,
both the parts of the Mandibularis possess anteriorly an
intermediate tendon from which another muscle khown as the
Intramandibularis arises. The latter muscle passes forwards

t0 be inserted on the mandible.

The Levator arcus palatini is present in all the fishes

examined., The insertion of this muscle is usually on the
elements formed by the palato-pterygo-quadrate bar in Barbus,
Notopterus and Boleopthalmus. In others the insertion is on
these elements as well as the hyomandibula. These elements are
the immovable elements of the skull and as such the muscle

does not take an active part in elevating the lower jaw.

Thé‘Adductor hyvomandibula ¢ In all the fishes examined
except Callichrous and Macrones it is represented by a single
Adductor arcus palatini. In the last two fishes, the muscle
splits further to fbrﬁ the Extensor(es) tentaculi in addition

t¢ the Adductor arcus palatini. In Callichrous the Extensores

tentaculi consist throughout of two parts viz. an upper and a
lower. In Macrones,the Extensor arises as a single muscle and
towards insertion, is provided with two ribbon shaped tendons.

The insertion of the Extensor{es) tentaculi is on the base of
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the barbels. The Adductor arcus palatini is inserted internal

to that of the Levator arcus palatini muscle on the elements

formed by the palato-pterygo-quadrate bar in Macrones, Notopterus,
Ophichthys. and Mastecembalus. In other fishes the insertion

is on these elements as well as the hyomandibula.

II. THE OPERCULARIS GROUP

The following are the muscles which comprise this

group viz., (i) the Dilatator operculi, (ii) the Levator operculi

and (iii) the Adductor operculi.

Like the Levator arcus palatini, the Dilatator goperculi

is also derived from the Constrictor mandibularig dorsalis and
lies immediately behind thé levator muscle. The Levator operculi
and the Adducﬁor operculi are formed by the diviéion of the
Hyoid operculi (Edgeworth-1935).,

The Dilatator operculi arises usually immediately behind

the Levator arcus palatini, from the lateral and;or ventral

bones of the cranium. In some forms, it also arises from the
hyomandibular bones. In only one form the origin was alsc from

the preopercle,

It runs backwards and usually downwards and the insertion
is on the dorsal and upper surface of the preopercle and/or the

opercle bones of the operculum. The Levator operculi arises

usually from one or more of the following bones viz. pterotic,



: 63

sphenotic, hyomandibula and in few forms also from frontal,
parasphenoid and the preopercle. The insertion is usually on
the opercle along its inner surface. The origin of the Adductor
operculi is usually from the cranial bones situated above the
operculum, The muscle runs downwards and the insertion is
usually on the dorsal and inner surface of the opercle,internal

to the insertion of the Levator operculi.

These muscles are developed in all the fishes examined
and the origin as well as the insertion of all the muscles is

fleshy.

Functionally these muscles can be divided into two
groups, viz. the Dilators and the Constrictors of the opercular
slits. The Dilatator and the Levator operculi belong to the
former groub. They raise up the operculum whereby the opercular
slit widens. This enables the water and/or air that might have
entered into the branchial chamber to escape to the outside.

The Adductor operculi on the other hand serves as a constrictor
muscle., By its contraction, the operculum comes in close contact
with the body and the opercular slit is closed. This results

in the water and/or air that might have entered from the

pharyngeal chamber being retained there,
Innervation

The Dilatator operculi ¢ The same branch which innervates

the Levator arcus palatini {i.e. the Maxillo-mandibul aris branch

of the Vth nerve) innervates this muscle also.
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Both the Levator and the Adductor operculi are innervated
by the Hyvomandibularis branch of the Vth nerve,

It might be mentioned here that some branchial muscles
such as the Hyohvoideus superior and the Coracohyoideus also
function to a certain extent as dilators or constrictors of
the opercular slits. The role played by these muscles is

discussed elsewhere.

The Dilatator operculi

In Callichrous, it is a poorly developed muscle arising
partly from the pterotic and partly from the postero-dorsal
border of the hyomandibula. The insertion is on the tip of
the preopercle and the antero-dorsal corner of the opercle

bone (Fig.14).

In Barbus : Dorsally it arises from the pterotic and
laterally from the hyomandibula, It passes downwards and
backwards and the insertion is on the dorsal tip of the preopercle

and the antero-dorsal corner of the opercle bone (Fig,16).

In Macrones : It arises (Fig.20) from the postfrontal
and the hyomandibula bones and the insertion is on the dorsal

tip of the preopercle.

In Notopterus, it arises (Fig.22) from the ventral
border of the prootic, sphenotic and also from a portion of the

hyomandibula bone situated immediately below. The muscle runs
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downwards and backwards and has an insertion on the dorsal

and outer border of the preopsercle.

In Ophichthys : The origin is from the antero-ventral
edge of the parietal and the hyomandibula. The insertion is

on the postero~dorsal tip of the preopercle (Fig.24).

In Ophiocephalug ¢ It is poorly developed in this fish
(Fig.25). The origin is from the postero-ventral edge of the
éterotio and the hyomandibula. It runs backward to be inserted

on the dorsal tip of the preopercle,

In Ogsphronemus : The muscle (Fig.29) arises mostly

from the ventral extremity of the péérotic, the postero-dorsal
border of the hyomandibula &nd the preopercle, The insertion
is on a portion of the antero-dorsal border of the opercle

situated immediately behind the origin,

In Boleopthalmus, it (Fig.34) is well developed and
arises from the sphenotic and hyomandibula and becomes broader
as it passes backwards. The insertion is on the antero-dorsal
border of the preopercle and the adjoining portion of the

opercle,

In Mastecembalus ¢ It (Fig.36) arises from the pterotic,
parasphenoid and hyomandibula‘frog where it descends downwards.

It is inserted along the antero-dorsal border of the preopercle,
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The Levator operculi

Th;Callichrous ¢ It (Fig.14) is poorly developed. Its
origin is partly from the pﬁeroticﬁthe posttemporal and
hyomandibuls.:it becomes narrow as it passes downwards and
backwards and is inserted on the antero-~dorsal angle of the

opercle.

In Barbus : It (Fig.16) is well developed. Arising
partly from the pterotic and partly from the hyomandibula, it
is well spread on the opercle on which it is inserted. Dorsally
the insertion extends along its entire upper border and

anteriorly along the upper half of its border,

In Macrones ¢ Here, the origin is similar to that in
Barbus, but the insertion is only along the dorsal border of

the opercle (Fig.20).

In Notopterus : Here the muscle (Fig.21) arises from
the pterotic. 4s it.passes downwards,howéver,iﬁ divides into
two fasciculi, The upper fasciculus is inserted along the dorsal
border of the opsrcle whereas the lower one also on the opercle

immediately below the insertion of the former,

In Ophichthys ¢ It arises anteriorly from the preopercle,
whereas dorsally it arises partly from the parietal and partly
from the ventral portion of the otic (Fig.23). The insertion
is on the dorsal tip of the interopercle as well as most of

the upper and inner surface of the opercle,
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In Ophiocephalus : This muscle arises (Fig.25) from
the posterior border of the pterotic and is inserted along

the dorsal berder of the opercle,

In Osphronemus, its upper fibres aii'se from the
pterotic while the lower ones from the preopercle (Fig.32),

It runs backwards and downwards and is inserted on the opercle.

In Boleopthalmus : Arising partly from the pterotic
and partly from the hyomandibula (Fig.33),it is inserted along

antero-dorsal surface of the operéle.

In Mastecembalus, this muscle (Fig.36) is divided into
two fasciculi, a superior and an inferior one. The superior
one arises partly from the pterotic, partly from the hyomandibula
and partly from the preopercle. The insertion is along the
antero~dorsal surface of the opercle. The inferior fasciculus
arises from the preopercle. Its upper border is continuous with

the lower border of the superior. The insertion is on the opercle.

The Adductor operculi

In Callichrous : Here the muscle (Fig.15) arises from
the postfrontal and the posttemporal, runs downwards and is

inserted on the upper portion of the opercle.

In Barbus, it arises (Fig.17) from the lower horder
of pterotic and opisthotic to gain insertion on the inner

surface of the dorsal portion of the opercle.,
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In Macrones, the origin is similar to that in Callichrous,
the insertion being on the inner surface of the dorsal border
of the opercle and the adjoining membranous portion of the

operculunm (Fig.19).

In Notopterus, it arises from the sphenotic and the

pterotic. It has the usual insertion on the opercle (Fig.22).

In Ophichthys, this muscle is best developed (Fig.24).
Here the opercular bones support only the anterior quarter to
cne third of the operculum, whereas the rest of the portion
is supported by the branchiostegal rays which extend . upwards
almost reaching the vertebral column, Consequently the origin
is not only from the ventral surface of the hind portion of
the cranium, but also from the vertebral column. The muscle
fibres pass directly downwards and gain insertion on the upper
surface of the opercle as well as the dorsal border of the
membranous portion of the operculum which is supported by the

branchiostegal rays.

In'Othoceghalus : Here the muscle (Fig.27) arises
from the pterotic and supratemporal bones. Its fibres run

downwards and the insertion is on the opercle as usual.

In Osphronemus : The.origin of the muscle in this fish
is from the pterotic above and internal to the origin of the
Levator gperculi. It runs downwards and backwards and is

inserted on the postero-dorsal portion of the opercle (Fig.29).
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In Boleopthalmus, it (Fig.34) is well represented. It
arises from the pterotic and/bostbemporal bones and inserted

on the upper half of the inner surface of the opercle.

In Mastecembalus : The muscle (Fig.35) arises from
‘the parietal and the epiotic. It runs downwards and forwards
and 1s inserted on the opercle and a postero=dorsal portion

of the hyomandibula.

Disgcussion

The Dilatator opverculi ¢ This muscle is fairly developed

in all the fishes examined and arises behind the Levator arcus

palatini. Its origin is restricted to the cranial.bones and
hyomandibula in all the fishes except Usphronemus where it
extends also on tﬁe dorsal tip of the preopercle. The insertion
is on the preopercle only in Macrones, Notopterus, Ophichthys,
Ophiocephalus and Mastecembalus. In Callichrous, Barbus and
Boleopthalmus,the insertion is on the preopercle as well as

the antero-dorsal border of the opercle. In Osphronemus this

insertion is on the opercle only.

The Levator operculi : In Callichrous, Barbus, Macrones,
Boleopthalmus and Masteéembalus,this muscle arises from the
cranial bones as well as the hyomandibula. In Mastecembalus,
this muscle is further divided into a superior and an inferior
fasciculus, In ngogterus,the origin is restricted to the cranial

bones only. In other fishes viz. Ophichthys and Osphronemus,
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the muscle arises from cranial bones as well as the dorsal

tip of the preopercle. In Ophiocephalug the origin is restricted
to‘the cranium only. The insertion of this muscle is restricted
to the antero-dorsal portion of the opercle bone in Callichrous,
Osphronemus, Boleopthalmus and Mastecembalus. In other fishes
ioé. Barbus, Macrones, Notopterus, Ophichthys and Ophiocephalus,
the insertion is spread practically along the entire dorsal

border of the opercle.

The Adductor operculi : This muscle arises from the
cranial bones directly internal to, as well as behind the
Levator operculi. The insertion is on the opercle extending
élong its entire dorsal border except in Osphronemus, where
it occupies only the anterior portion of this border. In
Oghichthzs,the insertion also extends on to the membranous
portion of the operculum behind the opercle, where the operculum

is supported by the upwardly directed branchiostegal rays.
ITI.- THE BRANCHIALIS GROUP

These are the muscles associated with the branchial
bars. They form two series of muscles viz. the dilators and
the constrictors of the gill openings (branchial slits) -~. .
situated in between the branchial bars. The constrictof series
of muscles bring about the closure of the gill opening, the
dilator series on the other hand bring about the dilation of
the gill opeﬁings. Based on their position the branchial muscles

could be divided into two main groups @
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A, Dorsal series of muscles comprising:
1. The Transversi dorsales
2. The LevatoresAggggg@ branchialium
3. The Obligqui dorsales superioris
4o The Obliqui dorséles inferioris

5. The Retractores arcuum branchialiuvm

6. The Attractores arcuum branchialium.

B. Ventral series of muscles comprising:

1+ The Transversi ventrales

2. The Subarcuales recti

3. The Coraco-branchialis

- Le The Coraco-hyoideus of the Hypobranchial muscle.

s

Dorsal series of Branchial muscles

L7 .
The Transversi dorsales : These muscles are formed of

the Sphinctor oesophagi. Theylare however closely associated
with the dorsal portion of the branchial bars. If present, they
run transversely and usually cqnnect some or all the
pharyngobranchials with their fellows of the oppoéite side,

A single Transversus is usually present and it may remain.:
single or is divided into an anterior and a posterior part.
Posteriorly this muscle becomes partly or completely continuous

with the antero-dorsal portion of the Sphinctor oesophagi.

By contraction the muscle pulls up the branchial bars

resulting in the gill slits becoming narrow.
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The Levatores arcuum branchialium : They are present

in all the fishes examined, and more usually their number is
four. In some fishes however only three of them are present
and still in some others the number is five, Fifth muscle if
present,is named as the Trapegzius profundus by Takahasi (1925).
The first two muscles are more'or less completely divided into
an external and an internal fasciculus. All these muscles have
a fleshy origin usually from the otic region of the cranium
one behind the other. In some, the origin may extend on
hyomandibula also. The internal fasciculi however lie internal
to their external counterparts. These muscles run downwards
and backwardé. The insertions of the external fasciculi of the
1st and the 2nd muscles and the insertions of the 3rd and the
Lth muscles, all of which are fleshy, are situated usually on
the dorsal surfaces of the 1st, 2nd, 3rd and the 4th branchial}
bars usually on the epibranchials or cerato-branchials. The
insertion of the 5th muscle which, when present, is also fleshy,
is on the dorsal aide of the 5th ceratobranchial behind the
insertion of the 4th muscle., The insertions of the internal
fasciculi are usually on the pharyngobranchials., Mention may

be made here of a muscle known as the cephalo~clavicularis

which according to Edgeworth, is probably the 5th Levator arcus

branchialis that has changed its insertion on to the pectoral

girdle. Further, according to him the Cephalo-clavicularis
is found'only in those fishes where the 5th muscle is not

observed,
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Due to the contraction of these muscles the branchial
arches tend to become straight as a result of which the gill

openings are closed,

The Obligui dorsales superioris : Only one muscle

which may remain single or divided into two or more parts,

is usually present. The origin which is fleshy is on the
pharyngobranchials only or also on“the pharyngeal wall
immediately behind them. Each part runs backwards and outwards
and 1is inserted variously usually on .epibranchials, Ip either

case the insertion is partly dorsal and partly internal to

that of the Levatores arcuum branchialium,

The Obliquus dorsalis superioris serves as the cons-

trictor of the gill openings.

The Obligui dorsales inferioris : A single obliguus

dorsalis inferioris comsisting of one or more parts is usually

present. The parts of this muscle connect the epibranchials
usually with the posterior ones in their series. They run

backwards and inwards and remain ventral in position to the

Obliguus dorsalis superioris.

They serve as the constrictors of the gill openings.

The Retractores arcuum branchialium : These muscles are

present in most of the fishes examined, and are represented
by a single muscle which may be divided further into an anterior

and a posterior part. The origin of this muscle is from the



ventro-lateral portion of the cranium such as the basioccipital
and otic bones. In a few forms, the origin is from the centra
of one of the anterior vertebrae. When it arises as a single
muscle,.its insertion is on the anterior pharyngobranchial,

Wnhen the muscle is divided into two parts the anterior part

is inserted variously and the posterior part is inéerted on

the last pharyngobranchial or the 5th ceratobranchial. In either

case the muscle runs forwards, downwards and inwards.

The contraction of this muscle brings about the separation

of the branchial bars resulting in widening of the gill openings.

The Attractores arcuum branchialium : Only a single
muscle is present in the fishes examined, Usually however it
is divided into two fasciculi. It runs downwards and connects

the 4th epibranchial with the last ceratobranchial,

The contraction of this muscle brings the 4th branchial
arch in close agsociation with the 5th one whereby the last

gill opening gets closed.
Innervation

All. the dorsal series of branchial muscles are innervated

by the branches arising from the post-trematic of the 5th nerve.

. The following is the arrangement of the dorsal series

of branchial muscles in the fishes investigated.



Callichrous

The Transversus dorsalig : This muscle which is well

developed remains single and is posteriorly continuous with

the Sphinctor oesophagi (Fig.38).
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Fig.38, Callichrous. Dorsal series of branchial
: muscles.

Lettering for figures 38-46.

Asa.b. - Attractor arcus branchialis; L.a.b. - Levator arcus
branchialis; L.a.b.e. - L.2sbeexternus; L.a.b.i, = L.a.b.internus;
O.dei. - Obliguus dorsalis inferioris; O.d.i.ant. -.0.d4.1i.
anterior; O.d.i.post. - U.d.i.posterior; O.d.s. - Obliguus
dorsalis superioris; O.des.ant., - O.d.s.anterior; U.d.s.med. -
O.dos.medial; O.d.s.post. = O.d.s.vosterior; PH.BR., - Pharyngo-
branchial; R.a.b. - Retractor arcug branchialis; R.a.b.ant. -
R.2.b.anterior; R.a.b.post. - R.a.b.posterior; Sph.o. - Sphinctor
oesophagi; Tr.d. - Trangversus dorsalis; Tr.d.ant. - Ir.d.
anterior; Tr.d.post. - ITr.d.posterior.
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The Levatores arcuum branchialium : Only the first
three muscles are present in this fish (Fig.38) and the first
two are divided as usual into two fasciéﬁli each. The origin
of the 1st muscle is partly from the hyomandibula and partly
from the pterotic. The 2nd muscle arises from the hyomandibula
and sphenotic and the 3rd muscle arises from. the sphenotic
alone. These ﬁusdles have the usual insertions, those. of the

internal fasciculi being situated on the median pharyngobranchial,.

The Obliqui dorsales superioris : They comprise two
parts viz. an antérior and a posterior (Fig.38). The anterior
of these. is divided into. three fasciculi viz. an internal, a
medial and an external one. All of. them arise from the anterior
pharyngobranchial from its inner and lateral surface. The
insertion of the external fasciculus is on the 3rd epibranchial,
and those of the other two fasciculi is on the 4th epibranchial.
The O.d.s.posterior muscle arises from the median pharyngobranchial
and runs immediately below the anterior muscle, Its insertion

is on the 5th ceratobranchial,

The Qbligui dorsales inferioris : These muscles are

not represented in this fish.

The Retractores arcuum branchislium : They are represented
by two parts, The R.a.b.anterior and the E.g.g.gésterior (Fig.38),
Of these, the former arises from the junction of the pterotic
with the occipital bones, and is inserted on the anterior

phayyngobranchial, external to the origin of the Obligquus muscle.
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The posterior part arises directly internal to the origin
of the R.a.b.anterior and is inserted on the posterior

pharyngobranchial,

The Attractores arcuum branchialium : A4 single muscle

is present and is divided into two fasciculi (Fig.38).

4

Barbus

The Transversus dorsalis is absent in this fish.

The Levatores arcuum branchiaglium : Five of these
muscles are present (Fig.39). The first two of these are
further divided into two fasciculi each as usual. The first
three muscles arise from the prootic one behind the other,
while the kth\and the 5th ones arise from the basioccipital.
All the muscles have normal insertions, those of.the internal
fasciculi being on the anterior and median pharyngobranchials

respectively.

The Obliqui dorsales superiorig ¢ It is represented by
two parts on each side (Fig.39). The first Obliquus dorsalis
superioris of these ariéés from the postero-lateral surface
of the anterior pharyngobranchial, runs obliquely backwards
and is inserted on the anterior margin of the 2nd epibranchial.
The 2nd Q;g.§. arises from the median pharyngobranchial and is
inserted on the 2nd epibranchial dorsal and external to the
insertion of the 1st. The 3rd O.d.s. arises from the last

pharyngobranchial behind the origin of the second part and is
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inserted on the 3rd epibranchial, The 4th O.d.s. arises
from the posterior pharyngobranchial behind the origin of

the 3rd and has an inseption on the L4th epibranchial,

The Obligui dorsales inferioris : They are represented
by three parts (Fig.39) in this fish. They arise from the
epibranchials 1, 2 andKB respectively and run forwards in such
a way that the successive muscle lies ventral and internal
in position to the. former. The insertion is on the 2nd, 3rd

and the Lth epibranchials respectively.

The Retractores arcuum branchiaglium ¢ Two muscles

(Fig.39) are present on each side. The anterior of these arises

R.a_b.ant“
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Fig.39. Barbus. Dorsal series of branchial muscles
after removal of superficially disposed
muscles on the left side).
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as usual from the basioccipital bone and has an insertion

on the anterior pharyngobranchial. The R.a.b.posterior muscle
which also arises from the basioccipital external to the
origin of the anterior muscle, is inserted on the last

pharyngobranchial,

The Attractores arcuum branchialium : They are represented

by a single muscle. (Fig.39) divided into two fasciculi having

the usual origin and insertion.
Macrones

The Transversi dorsales are represented by a poorly
developed Iransversus dorsalis divided into an anterior and
a posterior part. (Fig.40). The anterior of these is stretched
in between the éntérior bhafyngobranchials and the posterior

one behind it in between the median pharyngobranchials.

The Levatores arcuum branchialium : Only three muscles
are represented in this fish (Fig.40), and all remain single.
Their insertions are on the Zﬁd, 3rd~and Lth epibranchials

respectively.

The Obligui dorsales superioris : Two parts are present
in this fish (Fig.40). The anteriér of these arises from the
median pharyngobranchial and is inserted on the 4th epibranchial.
The Q.g,gtgpstgripg_is however divided into two fasciculi, This
muscle ar;ges;from;the posterior pharyngobranéhial aﬁd’lies

ventral in position to the anterior muscle. The external and
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the internal fasciculi arise from the outer and inner portions
respectively of the posterior edge of the posterior

pharyngobranchial. They are inserted on the 4th epibranchial

. / a’b’ :: .
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Fig.40. Macrones. Dorsal series of branchial
muscles (after removal of super-
ficially.disposed muscles on the
left side).

in front of and internal to the. insertion of the anterior
muscle in such a way that the insertion of the anterior

fasciculus lies anterior to that of its external counterpart.

The Obliguus dorsalig inferioris ¢ A single muscle is

present (Fig.40), It lies ventral and external to the Obligui

dorsales superioris and counnects the 1st epibranchial with the
Brdo
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The Retractores arcuum branchialium : The Retractor

muscle is divided into an anterior and a posterior part (Fig.QO).
These parts arise from the basloccipital and are inserted on

the anterior pharyngobranchial and the 5th ceratobranchial

respectively., -~ -~ - - S o . e

v

The Attractores arcuum branchislium remain absent in

this fi&h'

Notopterus

The Transversi dorsales : A single well developed
Transversus dorsalis muscle (Fig.41) is present in this fish
stretching anteriorly as far as and including the anterior

pharyngobranchial and posteriorly continuous with the Sphinctor

oesophagi,
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Fig.4ts Notopterus. Dorsal series of branchial
muscles, :
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The Levatores arcuum branchialium : Five muscles (Fig.41)

are present in this fish and they arise froﬁ the epiotic,
exoccipital and basioccipital., The first two are divided as
usual into an external and an internal fasciculus. The internal
fasciculus of the 1st Levator muscle lies internal to the 1st
and anterior half of the external fasciculus of the 2nd muscle.
The internal fasciculus of the 2nd muscle lies internal to the
posterior half of its external counterpart and the 3rd muscle.
The insertions are also situated as usual, those of the internal
fasciculi being attached on the cartilaginous pad external to

the anterior pharyngobranchial and behind it respectively.

The Obliguus dorsalis superioris : It consists of an
anterior and a posterior paftu (Fig.41). The anterior one
arises from the anterior pharynéobranchial and is inserted on
the- 3rd epibranchial. The O.d.s.posterior which is comparatively
thinner also arises from the anteridr pharyngobranchial,
immediately behind the anterior muscle. The muscle is spiral
in nature and lies vertral .to the former muscle towards the
origin and becomes dorsal in position towards the insertion

which is on the 4th epibranchial.

L4

The Obliguus dorsalis inferioris : It consists of an

anterior and a posterior part‘(Fig.h1). The former part arises
from the 2nd epibranchial and lies dorsal and anterior to the
latter part. The insertion is on the 4th epibranchial. The
posterior part éfiées'behind the anterior one to“g%in insertion
on the 4kth epibranchial behind and external to the insertion of

the anterior muscle,
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The Retractores arcuum branchialium and the Attractores

arcuum branchiaglium are not present in this fish.

Ophichthys
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Fig.42. Ophichthvs. Dorsal series of
branchial muscles,
The Transversi dorsales are not represented in this

fiSho

The Levatores arcuum branchialium : Four muscles (Fig.42)
are present on each side and all of them remain single. They
are all slender muscles and arise from the basioccipital bone

of the cranium one behind the other., They pass downwards and
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backwards and are inserted as usual on the respective

epibranchials,

The Obligui dorsales superioris : They are represented
by thrée parts on either side viz. an anterior, a medial and
a posterior (Fig.42). The -anterior of these arises from the
anterior pharyngdﬁrahchial;'rﬁns Eackwards‘and is inserted on
the 2nd epibranchial, The mediaﬁ part also arises from the
anterior pharyngobranchial ventral to and behind the origin
of the anterior muscle, It runs backwards and the insertion
is on the 2nd epibranchial. The posterior muscle arises from
the posterior pharyngobranchial, passes backwards and slightly

inwards and is inserted on the 4th epibranchial.

The Obliqui dorsales inferioris remain absent in this

fishe.

The Retractores arcuum branchia}iumamﬁ represented by
a single muscle (Fig.42). It arises from the base of the otic
capsule infront of, and'éxiernai‘tp ﬁhe‘ofigin of the Levatores
arcuum branchialium and runs backwards to be inserted on the

5th ceratobranchial,

The Attractores arcuum branchialium : They are represented

by three parts of a single muscle (Fig.42). The first of these
stretches .in between the inner angle formed by the epibranchials
2 and 3. The 2nd is also similarly disposed in between the
epibranchials 3 and 4. The 3rd is better devéloped and stretches

in between the 4th epibranchial and the last ceratobranchial,
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Cphiocephalus

The Transversi dorsales are absent in this fish.

The Levatores arcuum branchialium : This group consists

of four muscles (Fig,43) the first two of which, unlike in many
other fighes, are not divided further. The originsof the 1st
and 2nd musclesatre from the sphenotic situated one behind the
other, The originsof the 3rd and 4th muscles which are also

one behind the other are from the pterotic. The first one is
inserted on the 1st ceratobranchial. The insertion of the 2nd
muscle is on the 2nd ceratobranchial behind that of the 1st.

The third one is having its insertion on the 3rd ceratobranchial

L.a.b.1 i
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Fig.43. Ophiocephalus. Dorsal series of
branchial muscles of the right side.
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as usual., The fourth onesisastout muscle and is inserted as
usual on the 4th ceratobranchial behind the insertion of the
third., Except the second, all others are narrow towards the

origin beconing broader towards insertion.

The Obligqui dorsales superioris consist of three parts
of a single muscle (Fig.43) all of which arise from the
pharyngeal. wall. The 1st arises internal to and in between the
anterior and the median pharyngobranchials and is inserted on
the 3rd epibranchial along its entire anterior surface. The
2nd muscle arises behind and dorsal to the median pharyngobranchial,
becoming broader backwards and outwards to gain insertion on

the 3rd epibranchial internal to that of the 3rd Levator arcus

branchialis. The 3rd muscle arises behind and external to the
origin of the 2nd and remains ventral to the latter along the
anterior edge. This muscle also has the same disposition as

the previous one. The insertion is on the 4th epibranchial.

The Obligui dorsales inferioris are not represented in

this fish.

The Retractores arcuum branchialium : It consists of an

anterior and %a: posterior part (Fig.k3). The anterior one is
inserted as usual on the anteriof pharyﬁgobranchial while the
posterior one is inserted on the median pharyngobranchial instead
of the 5th cergtobranchial which is the usual insertion for this

-

muscle, U
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The Attractores arcuum branchialium though present,

remains undivided (Fig.43). It has the usual origin and insertion.

Osphronemus

The Transversi dorssles remain: absent in this fish.

The Levatores arcuum branchialium : Four muscles are
present and the first two are divided into two fasciculi (Fig.hklL).
Théy arise from the basioccipitals of the cranium one behind ‘
the other. The insertion is on the distal ends of the
ceratobranchials 1, .2, 3 and 4 respectively, those of the internsal

fasciculi being internal to their external counterparts.

The Obligui dorsales superioris : It is a single muscle

consisting of an anterior and a posterior part (Fig.44). The
former part consists of thrée broad bellies broader towards

the middle and narrow towards the ends. It arises from anterior
pharyngobranchial passing backwards and outwards and is inserted
on the Lth ceratobranchial. The latter arises from the median
pharyngobranchial behind and ventral to the origin of the
anterior muscle and turns slightly so as to occupy a dorsal
position towards its insertion which is also on the 4th

ceratobranchial a little behind that of the anterior muscle,

The Oblicui dorsales inferioris are absent in this fish.

The Retractores srcuum branchialium are represented by

a single muscle (Fig.Lh), arising from the basioccipital in

front of the origin of the Levatores arcuum branchialium and
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inserted on the posterior pharyngobranchial,

The Attractor arcus branchialis is not represented

in this fish.

Figohle Osphroﬁemus. Dorszl series of
branchial muscles of the right
side.

Boleopthalmus

The Transversi dorsales are absent in this fish,.

The Levatores arcuum branchialium : There are four of
them and the first two are divided as usual into 2 fasciculi
(Fige45). The external fasciculi of the first two muscles are
directe& downwards and forwards, whereas the 3rd and Lth muscles
are directed downwards and backwards. The 4th muscle is short

and relatively broader towards insertion. All these muscles
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arise as usual from the otic bones of the cranium and are
inserted on the respective epibranchials except the internal

fasciculi which are inserted on the pharyngeal wall.

The Obliocuus dorsalis superioris consists of 4 parts
(Fig.45). The 1ét one which is divided into 3 fasciculi arises
from the antero-lateral portion of the pharyngobranchial 1, 2,
and remains broad towards the base. All the three fasciculi
become narrow as they run outwards and are inserted on the iIst
epibranchial one behind the other. The 2nd is a larger and
longer than the 1st one and consists of two bellies. This
muscle also arises from the pharyngobranchial 1, 2, behind and
ventral to the origin of the 1st part. It first runs directly
outwards and then outwards and backwards, the insertion being
on the proximal end of the last pharyngobranchial. The 3rd

muscle arises behind to the origin of the 1st and is divided

j i

Fig.45. Boleopthalmus. Dorsal series of
branchial muscles of the right side,



into 2 fasciculi. These fasciculi run obliquely backwards

and are inserted on the proximal end of the 4th epibranchial,

The 4th muscle which remains single arises from the pharyngobranchial
behind the origin of the 2nd and ventral to the origin of the 3rd
and runs backwards to gain its insertion on the distal end of

the Lth epibranchial.

The Obligui dorsales inferioris are not represented

in this fish,

The Retractor arcus branchialis is represented by a

single muscle (Fig.45). It arises from the ventral surface of
the anterior portion of the vertebral column,passes directly
forwards and is inserted on the last pharyngobranchisl behind

the origin of the 3rd Obliguus dorsalis superioris.

The Attractor arcus
this fish,

branchialis is not represented in

Mastecembalus

The Transvergi dorsales ¢ There is a single Transwvérsus
{Fig.46) sseparated into an anterior and a posterior part. Both
éﬁe par%s are broad in the middle and narrow towards the ends.
The anterior part extends in between 2nd and 3rd branchial bars
and is inserted on them at the junction of the 2nd and 3rd
ceratobranchials. The posterior part which is narrow anteriorly
and broader towards the posterior end is similarly disposed

o Ee T

in between the 4th and: the 5th branchial bars. -

. 1
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The Levatores arcuum branchialium consist of five
muscles (Fig,46), Besides the 1st and the 2nd which are divided

into an external and an internal fasciculus as usual, the 4th

|

3
i

ng.aé. Mastecembalus.

Dorsal series of branchial
muscles of the right side.

muscle is also divided into 2 fasciculi, viz. an anterior and

a posterior. The internal fasciculus of the 2nd and the posterior
fasciculus of the 4th and the 5th muscle are comparatively
developed better than others. All these muscles arise as usual
from the cranium (the first two arising from the basioccipital
and the rest from'the exoccipital). They are inserted as usual,

those of the internal fasciculi béing on the pharyngeal pads.

The Obliguus dorsalis superioris ¢ This is a single

muscle (Fig.46) which arises from the pharyngeal pad in between
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the posterior ends of the two parts of the Transversus
dorsalis. It runs obliquely backwards to be inserted on the

4th epibranchial near its junction with the 4th ceratobranchial.

R
s

" ''hé Obliquus dorsalis inferioris is not represented

in this fish,

The Retractores arcuum branchialium are represented

by a single muscle which arises from the ventral surface of
the centrum of the 8th vertebra, passes forwards in close
association with its fellow of the opposite side and becomes
slightly broader a little behind the anterior extremity to be
inserted on the last pharyngobranchial‘behind the origin of

the Obligquus dorsalis superioris (Fig..6).

The Attractor arcus branchialis which is -. single
has its usual origin and insertion (Fig.46).
Discusgion

The Transversi dorsales : They are present in
Callichrous, Macrones, Notopterus and Mastecembalus and
remain absent in Barbus, Ophichthys, Ophiocephalus, Osphronemus
and Boleopthalmus. In Callichrous and Notopterus it remains

single where as in Macrones and Mastecembalus, it consists

of an anterior and a posterior part. This muscle is feebly

developed in Macrones.
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The Levatores arcuum branchialium : In Barbus,

Notopterus and Mastec mbalus,these muscles are associated
with all the branchial bars, five muscles being present. In
Ophichthys, Ophiocephalus, Osphronemus and Boleo thalmus,
only four muscles are present, while in Callichrous and
Macrones, there are only three of them. In Callichrous,
Barbus, Notopterus, Osphronemus, Boleopthalmus and
Mastecembalus, the first iwo muscles are divided into an
external énd an internal fasciculus. In Mastecembalus, the

Lth muscle also is divided into an anterior and a posterior

fasciculus. The origin as well as the insertion of these

muscles show little variation,.

The Obliguus dorsalis superioris is represented in
all the fishes examined as a single muscle., In Mastecembalus,

it remains undivided whereas in Callichrous, Macrones,

Notopterus and Osphronemus, it is represented by two parts
viz. an anterior and a posterior one. In Barbus, Ophichthvs,

and Ophi ce.h lus, it is represented by three parts viz.

an anterior, a medial and a posterior, whereas in Boleopthalmus,

it is divided into four parts.

The anterior part remains single in Barbus, Macrones,
Notopterus, Ophichthyvs and Ophiocephalus. In Notopterus, it
is split into two fasciculi while in Callichrous, Osphronemus
and Boleopthalmus, sach of them is split inté three. The

middle part of Barbus, Ophichthys and Ophiocephalus remains
single. In Boleopthalmus, the 2nd and the 3rd parts are split
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into 2 fasciculi.each, The last one remains single in

Callichrous, Barbus, Notopterus, Ophichthys, Ophiocephalus

Osphronemus and Boleopthalmus, while in Macrones, it is

split into two fasciculi,

The Obliquus dorsglis inferioris which remains single,
is present only in three fishes viz. Barbus, Macrones and
Notopterus. In Macrones, it is undivided. In Notopterus,
it consists of twé parts while in Barbus, three parts are

present,

The Retractores arcuum branchiglium group of muscles

are represented by a single muscle in all the fishes except

Notopterus. It remains undivided in Macrones, Osphronemus,

Boleopthalmus and Mastecembalus. In Callichrous, Barbus,
Ophichthys and Ophiocephalus, the Retractor arcus braenchialis

ig divided into an anterior and a posterior part. Excepting
Boleopthalmus and Mastecembalus the origin of this muscle
is from the cranium. In those, the muscle originates from
the centrum of sne of the anterior vertebrae. The insertion
in the fishes investigated, is as usual with one exception
viz. in Ophiocephalus. Here the posterior fasciculus is

inserted on the median pharyngobranchial.

The Attractores arcuum branchialium are absent in

Macrones, Notopterus, Osphronemus and Boleopthalmus. In
Dphiéhthxs, there are three of them and in others only a
single muscle is present. In Ophiocephalus and Mastecembalus,

it remaing undivided, whereas in Barbus and Callichrous,



it is divided into two fasciculi.

Ventral gseries of branchial muscles

The Iransversi ventrales : These muscles are present

on all the branchial bars, with which they are attached on

the ventral surface. Each of these muscles passes inwards
towards the median line from the lower parts of the branchial
bar. Those of the h?h and the 5th branchial bars are usually

in continuation with their fellows of the opposite side. In

a few forms, the 4th muscle is divided further into an anterior

and a posterior part. The 5th muscle is continuous posteriorly

with the Sphinctor gesovhagi.

They have a fleshy origin usually from the cerato-
~branchials towards their junction with the basibranchials
and pass either directly inwards in a transverse manner or
inwards and forwards obliquely. When they run obliquely,
they are also termed as the QObligui ventrales. In some forms,
either one or more of the first three muscles are split each
into a Transversus and an Obligquus part. The insertion which
is usually fleshy is on the junction of the basibranchial

with the hypobranchial or the hypobranchial only.

Due to the contraction of these muscles the branchial
bars are brought close together, resulting in the narrowing

of the gill slits.
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The muscles of the 1st branchial bar are innervated
by the post-trematic branch of the IXth (Glosso~-pharyngeal)
nerve, whereas the muscles of the remaining bars are
innervated by the post-trematic branch of the Xth (i.e.Vagus)

nerve,

The Subarcuales recti ¢ These are a series of

longitudinal muscles which remain ventral in position to the

Transversi ventrales and connect the branchial bars from one

bar to the anterior one in the series. The origin is usually
from the ceratobranchials behind and ventral to that of the

Transversus ventralis. The insertion is usually on the

hypobranchial of the preceeding branchial bar. In some cases
the insertion is on a tendinous cord which runs obliquely
forwards so as to connect the preceeding or any of the more
anterior bars. The last i.e. the 5th muscle usually develops
into a subarcualis communis which extends forwards from the
last branchial bar for a variable distance anteriorly and
the insertion may be on the hypobranchial, basibranchial of
any one of the anterior branchial bars, hypohyal or urchyal.

Still in some others the last muscle splits into an arcus

and a communis parts. The origin as well as the insertion

of all these muscles is usually tendinous,

These muscles, by their contraction, bring about the

separation of the branchial bars whereby the gill slits widen,

The innervation of these muscles is from the post-trematic

branch of the Xth nerve.
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The Coraco-branchialis : A single ¢oraco-branchialis

muscle is present in all the fishes examined and it is usually
divided into an anterior and a posterior fasciculus. In only
one fish (Ophichthys) examined it remained.undivided. The
origin of this musclé is fleshy from the ventral portion of
the pectoral girdle. When the muscle is divided into two
fasciculi, the external of these is more anteriorly situated
than the internal one., The external fasciculus passes forwards,
inwards and upwards and has a fleshy insertion on the 5th
ceratobranchial. The internal fasciculus passes backwards,
inwards and upwards and is inserted on the last ceratobranchial
as well as the adjoining basibranghial. Thus the insertion

‘of the internal fasciculus remains anterior in position to

that of the external one,

The contraction of these muscles resultsin bringing
together of the gill arches whereby the gill slits become

narrow.

“

- This muscle is innervated by the post-trematic

branch of the Xth nerve.

.The Coraco-hyoideus : This muscle is formed of the
hypobranchial muscle, In éll the fishes examined, it arises
either only from the cleithrum of the pectoral girdle, or
partly from the cleithrum and partly as a continuation of
the ventral body muscle. It arises from a fleshy origin fronm

where it passes forwards and inwards. Towards the anterior
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end it is generally fused with its fellow to form a common
attachment towards the insertion. The insertion which is
usually tendinous is on the hypo-, basi~, uro-, or glosso-

hyal.

=

The contraction of this muscle brings about the
opening of the mouth, the widening of the opercular slits

and the separation of the gill arches,

The innervation of this muscle is from the

occipito-spinal nerve,

The following is a description of the various ventral

series of muscles in the fishes investigated :i=

Callichrous

The Transversi ventrales ¢ All the five muscles
(Fig.47) are present in this fish. .The first three of these
are situated obliquely. The 4th Iransversus remains single

and the 5th muscle has the usual disposition.

The Subarcuales recti ¢ There are five of them
(Fig.47) and the last one is represented by a gommunis muscle.
411 of them arise from their respective positions from the
ceratobranchialé and as they pass forwards, the outer fibres
get themselves inserted on the preceeding branchial arch in
the usual manner. The inner fibres «ie however become

continuous with the subarcualis communisg. The common insertion
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of all these fibres as well as the insertion of the communis
muscle is on the hypohyal,

The Coraco-branchialis : It is divided into two

fasciculi as usual viz. an external and an internal (Fig.48).

S.alrl
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Fig. 48,

\Fige 470

Figs.47-48. Callichrous. Ventral branchial muscles

Lettering for figures 47-6L

B,BR, = Basibranchial; B.HY. - Basihyal; C.BR. = Cerato=-

branchial; C.br. - Coraco-branchialis; C.br.ex., - C.br.externus;
C.br.,i., - C.br.internus; C.hy. - Coraco-hyoideus; H.HY. -

Hypohyal; R.a.b. =~ Retractor arcus branchialis; S.a.c. =
Subarcualis communis; S.a.r. = Subarcualis rectus; Sph.o. -
phinctor oesophagi; Tr.v. - Iransversus ventralis.
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The former arises from the anterior portion of the clavicle
while the latter arises from the inner angle of the girdle

internal and in between the origin of the Coraco-hvoideus.

The Coraco-hyoideus arises from cleithrum alone. Its
insertion is on the hypohyal (Fig..8),

Barbus

The Transversi ventrales : These muscles are developed
on all the branchial bars (Fig.49). Each of the first three
is further split into a Transversus ventralis and an Obliguus
ventralis parts. The 4th and the 5th muscles are developed

in the usual manner.

The Subarcuales recti : The muscles of the first four

arches are present as recti muscles as usual (Fig.49), The -

5th one however forms the Subarcualis communis and is

inserted on the 3rd hypobranchial.

The Coraco-branchiglis : The external fasciculus of
this mgsqle arises from the anterior portion of the clavicle
whereas internal oné ié from the anterior surface of the
cleithrum internal to the origin of the Coraco-hyoideus
(Fig,.50). :

The Coraco-hyoideus : The upper fibres of this muscle
arise from the cleithrum of the pectoral girdle, whereas the
lower fibres are continuous with the ventral body muscles.

The insertion is on the urohyal (Fig.50).
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[ 1]

Macrones

-

The Transversi ventrales' : All the Tive wuscles are

present and are disposedrin the usual manner (Fig.51), the

first three of them being situated obliquely.,

The Subarcuales recti : The first four muscles are

- present as recti muscles and the 5th one forms the Subarcualis

commnis (Fig.51). 4s in Callichrous the outer fibres of all

the recti muscles are inserted on the respective bars and

the inner fibres become continuous with those of the communis
muscle., The common insertion of these fibres as well as that

of the communis is on the hypohyal.

The Coraco-branchialig is divided into its two usual
" ‘parts, tﬁe extérnal bﬁe being slightly shorter than the

internal (Fig.52). The origin of the external fasciculus is
: from the anterior portion of the clavicle, whereas that of

the latter is from the cleithrum abovelthe origin of the
Coraco=hyoideus.

The Coraco-hyvoideus : This muscle arises from the
cleithrum only and is inserted on the hypohyal (Fig.52)

. Notopterus

-

The Transversi ventrales : All the five muscles are

present and all are well developed (Fig.53). The 5th does

_not however, arise close behind the Lth one as in other

fishes,
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The Subarcuales recti : Only four muscles are present
in this fish (PFig.53). The first two are disposed in the usual

’Fig . 540

Fig. 53 s

Figs,53-54, Notopterus., Ventral branchial muscles

manner. The originsof the 3rd and the L4th muscles are as usual
from the ceratobranchials of the respective branchial bars,
Their insertions are however on a common tendinous cord which
arises from the junction of the 2nd hypobranchial with the
2nd basibranchial. As a result the 3rd muscle remains the
longer of the two. The Subarcualis communis is absent in this

fish,
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The Coraco-branchialis : Both the parts of this

muscle are ribbon shaped and the external fasciculus is the

longer of the two (Fig.54). The origin of the external

fasciculus is from the anterior portion of the clavicle
~‘;y§gmeas the origin of the internal is from the upper half

" "'8% the cleithrum.

The Coraco-hvoideus : All the fibres of this muscle

arise from a membranous partition situated behind the pectoral

girdle and inserted on the basi- and glosso-hyal (Fig.54).

Ophichthys

The Transversi ventrales : 411 the five muscles are

present in this fish and the first three of them diquse& ;j
obliquely (Fig.55).
The Subarcuales recti : Only three muscles are
;;éresené in this fish (Fig.55). The muscles corresponding

to the third recti as well as the Subarcualis communis are

absent. The first Subarcualis rectus is a spindle shaped
muscle having the origin as well as the insertion as usual.
The second Subarcualis rectus also arises from the cerato-
branchial 2,as usual. Anteriorly however it runs as a long
tendinous cord to be inserted on the hypohyal behind the
insertion of the 1st. The 3rd, which corresponds with the

Subarcualis rectus 4 of other fishes arises along the anterior

border of the ceratobranchial 4, and is inserted on the

hypobranchial 3.
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Figs.55-56, Ophichthys. Ventral branchial muscles
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The Coraco-branchialis : Unlike in other fishes
it is not split - into two fasciculi but remains single
(Fig.56). The origin of this muscle is from the cleithrum
internal to the origin of the foraco-hyoideus. It passes
forwards, upwards and inwards and is inserted on the

ceratobranchials 4 and 5 towards their junction,

The Coraco-hyoideus : All the muscle fibres (Fig.56)
arise from the pectoral girdle and are inserted on ﬁhe

hypohyal.,

Ophiocephalus

The Iransversi vengtrales ¢ All the five muscles are
present in this fish (Fig.57). The first two are situated
obliquely, whereas thé'disposition of the 3rd muscle is
transverse. The 4th muscle is divided into an anterior and
a posterior part. The anterior is more slender and is united
with its fellow of the opposite side by means of a short
horizontally disposed tendinous cord. The latter is a
comparatively better developed one and its disposition is
similar ﬁo that of its.éﬁterior counterpart, The 5th muscle
arises a little behind the 4th one and is divided into a

number of obliquely disposed muscle blocks,

The Subarcuales recti : Only one muscle is present
and it corresponds with a combined subsrcuales recti 3 &

L of other fishes (Fig,.57). It is narrow towards the origin
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Fig. 58.
Figs.57-58. Ophiocephalus., Ventral branchial muscles
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which is along the anterior border of the ceratobranchlal I
and is much broader towards the 1nsert10n whlcﬁ is situated

on the basibranchizls 2 and 3.

The Coraco-branchialis : Of the two fasciculi of
this muscle,the external one is more slender and longer than
the short and thick internal (Fig.58). The origin of the
external fasciculus is from the anterior portion of the
clavicle, whereas that of the internal is from the cleithrum

of the girdle partly internal to and partly above the origin

of the Loraco-hyoideus.

The Coraco-hyoideus : All the fibres arise from the
cleithrum of the pectoral girdle and the insertion is on

the basihyal .(Fig.58),

Osphronemus

The Iransversi ventrales : All the five muscles are
present in this fish and they are disposed in the usual

manner (Fig.59).

The Subarcuales recti are represented by two

Subarcuales recti énd a Subarcualis communis (Fig.59). The

muscles corresponding to the 1st and the 2nd recti muscles

of other fishes are not found here. In this fish the tst and
the an fegti muscies 6hefefore"c6rrespohd to the 3rd and

the 4th muscles in others. The 1st rectus arises from the
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hind border of the 3rd ceratobranchial and the 2nd from

the hind border of the 4th ceratobranchial. The insertion

ii.

S.a.r.111
Cbr

iv.

Fig. 60,

Fig. 59,
Figs.59~60. Osphronemus. Ventral branchial muscles

of both these is on a common tendinous cord, extending
betwesn the 2nd and the 4th hypobranchials. The Subgrcualis
communis arises from the 5th ceratobranchial. It is spindle

shaped and its insertion is on the hypohyal (Fig.59).

The Coraco-branchialis is divided as usual into two
fasciculi. The origin of the external fasciculus is from
anterior portion of the clavicle whereas that of the internal

is from the cleithrum internal to the origin of the

Coraco-hyoideus (Fig.60).
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The Coraco-hyoideus arises partly from the cleithrum
and partly it is continuous with the ventral muscles of the

body. -The .insertion is on the hypohyal (Fig.60).

Y
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Boleopthalmus

The Iransversi ventrales : All the five muscles are

represented in this fish (Fig.61). Bach of the first three
is further split into an Cbliguus and a Iransversus parts,

The 4th Transversus is also divided further. The anterior

of these is obliquely disposed like the anterior Iransversus.
The posterior part, like the 4th muscle of other fishes, is
éontinuous with the fellow of its opposite side. .The 5th- .

disposed in the usual manner,

B

muscle is




: 108 :

The Subarcuales recti : These muscles (Fig.61) are

present on all the branchiai bars. The origin as well as
the insertion of the first two muscles is as usual. The
origin of the 3rd and A4th muscles is also in the usual

manner, The insertion of these two muscles is however on
a common tendinous cord which connects the 2nd branchial

bar with the 4th. The 5th muscle is present as a Subarcualis

communis and its insertion is on the hypohyal.

'

The Coraco-branchialis ¢ The muscle is divided into

two fasciculi as usual (Fig.62). The origin of the external
fascicultis is from the anterior portion of the clavicle
whereas the origin of the internal is from the cleithrum
above- the disposition of the Coraco-hvoideus.

- The Coraco-hyoideus : All the fibres of this muscle

‘areECGﬁﬁfﬁﬁBﬁé‘ﬁith;the-@gntral muscles of the body (Fig.62).

T 3 e
- €

-

Mastecembalus

The Transversi ventrales : All the five muscles are

present (Fig.63). The first two are disposed obliquely and
the 3rd is split intoaTransversus and an Obliguus part. The

disposition of the 4th and the 5th is as usual.

The Subarcuales recti : These muscles are present
on all the branchial bars (Fig.63). Their origin is as usual.

The® irserfich of the -1st muscle is on the junction of the
i o, 4.,-,.,1’,‘;‘?“, ‘::‘ R ‘“‘:: 4\_::‘, I

v
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Figs,63-64. Mastecembalus. Ventral branchial muscles
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hypohyal and éératphyal while that of phe 2nd is on the

1st branchial bar. The 3rd and the 4th are inserted on a
common tendinous cord connecting the 2nd branchial bar with
the 4th. The 5th muscle is split into a prectus and a communis,
the former being inserted on the L4th bar whereas the latter,

on the hypohyal,

The Coraco=-branchialis : The external fasciculus

which is longer and thinner arises as usual from the anterior
portion of the clavicle and the internal which is thick and
short arises from the cleithrum partly directly internal to,
and partly internal and above the origin of the Coraco-hyoideus
(Fig.éh).

The Coraco—hxeldeus All»mhe flbres of this muscle

are in contlnuatlon thh the ventral body muscles arising

as a separate block (Fig.64). The insertion is on the hypohyal.

. .
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The Transversi ventrales ¢ All the branchial bars
are provided with these muscles, The disposition of all

these muscles is normal in Callichrous, Macrones, Osphronemus

and Ophichthys. In Barbus, each of the first three is split
into a Iransversus and an Obliguus. In Boleopthalmus, the

first two and in Mastecembalus, the 3rd,are split similarly.

..4',;‘-;- i

uxcoptwln Qphlocephalus and Boleontbalmqu 1n‘all"@EFer I

LR

fishes examined the disposition of the Lth is normal. In
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these, this muscle is further divided into an anterior and
a posterior part. In the former the anterior part is united
with its fellow of the opposite side into a common tendinous
cord and in the latter it is present as an QObliguus muscle.
In both these fishes the posterior part is continuous with
the fellow of the opposite side. In Ophiocephalus, the
disposition is similar to that of its anterior counterpart.
The disposition of the 5th muscle is similar in all the
fishes investigated, except in Ophiocephalus, where it is
split into a number of blocks and in Notopterus, where it

is situated a little behind the 4th,

The Subarcuales recti ¢ They are present on all the
branchial bars in Callichrous, Barbus, . Macrones, Boleopthalmus
and Mastecembalus. In Noto terus, these are developed on the

first four branchial bars 6ﬁly. In Ophichthys, only three
muscles corresponding to S.a.r. 1, 2 and 4 ére present. In
Ophiocephalus, it is represented by a single muscle
corresﬁonding to a joined S.a.r. 3 and 4 of other fishes.

In Osphronemus, only three muscles are present and they
correspond to‘§,gﬂg. 3, 4 and 5 of other fishes. The 5th
muscle is represenﬁed by a Subarcualis communis in Callichrous,
Barbusg, Macrones, Osphronemus énd Boleopthalmus. In

Mastecembalus, it is divided into a Subarcualis rectus and

a Subarcualis communis.

The insertion of the Subarcualis rectus of the 1st

branchial bar is normal in all the fishes investigated. The
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insertion of the 2nd Subarcualis rectus is alsoc normal in

Barbus, Notopterus, Boleopthalmus and Mastecembalus. In

Ophichthys, its insertion is on the basihyal. The 3rd and
the 4th muscles are inserted on a common tendinous cord in

Notopterus, Osphronemus, Boleopthalmus and Mastecembalus.

in Barbus, Ophichthys and Ophiocephalus, the insertions of
these muscles if present, are on the preceeding bars. The

insertion of the Subarcualis rectus portion of the 5th muscle

is on the 4th branchial bar. The insertion of the Subarcualis
communis muscle is on the 3rd basibranchial in Barbus and
on the basihyal in other fishes investigated. In Callichrous
and Macrones,the insertions of the outer fibres of all the
muscles are as usual. The inner fibres however have become

continuous with those of the Subarcuslis communis muscle to

gain a common insertion on the basihyal.

The Coraco-branchialis ¢ This muscle remains single
in Ophichthys and in all other fishes investigated it is
divided into external and internal fasciculi. But for this,

the muscle shows very little variation,

The Coraco-hvoideus arises from the pectoral girdle
only in Callichrous, Macrones, Ophichthyvs and Ophiocephalus.

. In Notopterus, Boleopthalmus and Mastecembalus,this muscle
is wholly continuous with the ventral body muscles. In Barbus
and OSEhronemusﬁthe upper fibres arise from the pectoral

girdle whereas the lower ones are continuous with those of

-’

the body muscles,

-



IHE MUSCLES OF INSPIRATION AND EXPIRATION AND THEIR ROLE
IN AIR-BREATHING

In the teleostean fishes investigated, the process
of inspiration starts with the opening of the mouth. This
is achieved mainly due to the contraction of the Inter-

mandibularis posterior, the Interhyoideus and the Coraco-

-hyvoideus. The contraction of these muscles results in

" the lowering of the lower Jjaw, whereby the mouth opens
suddenly thereby creating a negative pressure in the
bucco-pharyngeal chamber as a result of whicﬁ’water/air
rushes into it. In air-breathing forms such as Ophigcephalus
in which the aerial respiratory organs are associated with
the bucco-pharyngeal chambers, the air directly comes into
contact with the respiratory organs resulting in the gaseous
exchange. Meanwhile, the mouth is already kept closed by the
contraction of the Mandibular levators and the relaxation

of its depressors, The air, which has entered into the
bucc0wphar&ngeal chamber may be retained there for some

time and may not be allowed to pass into the branchial chamber
immediately. The prevention of the air from entering into the
branchial chamber is made possible due to the contraction of
some of the constrictor muscles of the gill slits. The
branchial muscles such as the Traansversi dorsales, the
Levatores arcuum brgnchialium, the Obligui dorsales, the
Attractores arcuum branchialium, the Iransversi ventrales,
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the Subgrcugles recti and the Coraco-branchialis serve
this purpose, By contraction, they bring the gill arches

close together and the gill slits become narrow. Moreover,

in Ophiocephalus, there are special outgrowths which arise
from the branchial arches, in addition to the gill rakers,
which are pressed firmly against the adjoining gill arches

as well as a portion of the side wall of the bucco-pharyngeal
chamber. These outgrowths also help in making the chamber
air-tight and preventing the air from escaping into the

branchial chamber.

The expiratory phase of respiratioﬁ may or may not
start immediately. More usually ;he alr is retained in the
chamber for some time, During expiration, the air may be
ejected out either throﬁgh the mouth or the opercular slits.
Ophiocephglus is observed to eject the air either through
the mouth, through the opercular slits, or by employing
both the methods one after another. The ejection of the air
through the mouth is made possible due to the contraction
of the mandibular depressors, at a time when the constrictors
of the gill slits are still in the state of contraction.
However, as happens sometimes, the mouth is kept closed and
the branchial constrictors relax. As a consequence, the gill
arches separate and the gill slits become wide. The
contraction of the Retractores arcuum branchialium also
possibly helps in the separation of the gill arches. The
widening of the gill slits while the mouth is still kept
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closed, results in the air entering into the branchial
chamber. The air escapes to the outside immediately due to
the widening of the opercular slits. This is achieved mainly
due to the contraction of the Levator operculi and to a

certain extent, the contraction of the Dilatator operculi.

In fishes such as Haplochilus, Mastecembalus and others

where the gills and/or the epithelial lining of the branchial
chamber are/is utilised for absorbing atmospheric oxygen,

as well as in the fishes such as Osvhronemus, Clarias,

Heteropneusteus and others where the accessory respiratory
organs are associated with the branchial chamber, the process
of respiration does not end with admitting of the air into

the bucco-pharyngeal chamber. In these fishes, the air has

to be admitted first into the branchial chamber before the
gaseous exchange is effected. The bucco-pharyngeal chamber
merely serves as a passage fo: the passing of air from the
outside towards the bran&hial chamber. This process is
essentially similar to the one which is employed during

aquatic respiration for admitting oxygen into the gill chamber.
The process of .expiration however may not start immediately

as is the case during aquatic respiration, The air may be
retained in the branchial chamber for some time to facilitate
gaseous exchange, before it is driven out to the exterior,

This is made possible due to the contraction of the constrictor

muscles of the opercular gill slits, viz. the Adductor opercu-i

and the Hyohvoideus. ?he former brings the edge of the operculum
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in close contact with the body while the latter also serves
the same purpose by bringing the branchiostegal rays nearer

to one another, Moreover, the normal position of the operculum
is such, that the opercular slits are naturally closed. Thus
the opercular slit is closed when the air is admitted into

the branchial chamber and it opens for the escépe of the air

only when. the dilators of the opercular slits contract.

From the above mentioned account it is seen that,
whether a fish resorts to aquatic respiration or the aerial
one, the muscles brought into action are the same and process
involved is also more or less similér. The only main difference
observed is that among the teleosteans such as the O hioce halus,
the air which enters into the bucco-pharyngeal chamber does
not necessarily enter into the branchial chamber immediately.
Moreover, the expiratory passage may be the same as the
inspiratory one. In those teleosteans in which aerial
respiration is associated with the branchial chamber, like
water, air is also made t0 enter immediately into this chamber.
The water during aquatic respiration is however forced out
of the branchial chamber immediately. It is not the case in
aerial respiration. The expiratory phase may not start
immediately. The air may be retained in the branchial chamber
for sometime to facilitate the gaseous exchange to take place,

before it is ejected out by widening of the opercular slits.
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CONCLUSION

1. Functionally the muscles associated with respiration
can be divided into thres main groups viz. (i) the mandibular
group‘bf muscles, which serve mainly as depressors and
levators of the lower jaw, (ii) the opercular group of muscles
which serve mainly as the constrictors and dilators df the
operculum and (iii) the branchial group of muscles which

serve main%y as the constrictors or the dilators of the

* branchial slits.

2o The depressor muscles of the mandibular group, which
bring about the opening of the mouth by lowering the lower
Jaw are the Intermandibularis posterior and the Interhvoideus,

In a number of forms the Intermandibularis posterior and a

part or whole of the Interhvoideus together forms a single

muscle known as the Protractor hyoidei. The Intermandibularis

anterior which is phylogenetically associated with the

Intermandibularis posterior is situated behind the symphysis |
of the rami of the lower\jaw. It does not take part however

¢

in the lowering of the lower jaw.

{

3. The levator muscles of the mandibular group which
bring about the closure of the mouth belong to a group of
muscles known as the Adductor mandibulase. The Adductor
mandibulae may remain single or more usually divided into

a Maxillaris, a Mandibularis superficialis and a Mandibularis
profundus. Bach of these parts may remain single or divided

further,
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L The Mandibularis group of muscles which are not
actively associated either as depressors or the levators of

the lower jaw are (i) the Levator arcus palatini and (ii)

the Adductor hyomandibula. The latter muscle is represented
by Adducteor arcus palatini in most of the fishes except in

the siluroids investigated where this muscle is represented

by the Adductor arcus palatini as well as the Extensor{es)

tentaculi,

5. The Hyohyoideus muscles of the Mandibular group serve

mainly as constrictors of the operculum, Other muscles which
serve as constrictors of the opercular slit are the Adductor

6g§rculi of the opercular group. The other two muscles of

this group viz. the Dilatator operculi and the Levator operculi

serve as dilators of the opercular slit,

O, The Coraco-hyoideus muscle which is grouped along
with the branchial series, serves a number of purposes. It
serves partly as a depressor of the‘lower jaw, partly as
tde dilator of the opercular slit and partly as wde dilator
of the branchial slits,

7e Besides the Coraco-hyoideus, other muscles which

comprise the branchial group of muscles are the Obligui

dorsales superioris, the Obligui dorsales inferioris, the

Retractores arcuum branchialium, the Attractores arcuum

branchialium,which constitute a dorsal series of muscles

and the Iransversi ventrales, the Subarcusles recti and the
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Coraco-hyoideus, a ventral series., All the above mentioned
muscies except the Retractores arcuum branchialium and the
. Goraco~hyoideus bring about the closure of the branchial
slits, by drawing the branchial bars closer to one another,
The last mentioned muscles on the other hand bring about
the separation of the branchial bars and thus serve as the

dilators of the branchial'slits.

g, As regards the disposition of all these muscles, it

is observed that the following muscles viz. the Intermandi-
bularis posterior, the Interhyoid us, the Hyohyoideus, the
Adductor mandibulge, the Adductor hyomandibula, the Adductor -

Iransversi dorsales, the Levatores arcuum branchialium, the

Obligqui dorsales superioris, the Obligui dorsales inferioris,
the Retractores arcuum branchialium, the Iransversi ventrales,
and the Subarcuales recti show a good deal of variation in

the different fishes.

The Intermandibularis anterior, the Levator arcus
alatini, the Dilatapof o) erculi; the Levator operculi, the
Adductor operculi, the Coréqoubranchialis and the Coraco-
~hyoideus muécles show only minor variations in different

fishes,

should however be mentioned that in aguatic respiration the

expiratory phase follows soon after the inspiratory phase
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while in aerial respiration some time may elapse in hetween

these two phases,

10, The inspiratory passage and the expiratory one are
always different during aquatic respiration. While this is
true with aerial respiration also in the majority of the
cases, at least one fish viz. Ophiocephalug is found to
employ at times the same passage for inspiration as well
as expiration which seems to suggest a higher level in the

evolution of the air-breathing habit.

The following tabulated statement gives a general
account of the origin, insertion, disposition, innervation

etc, of the different respiratory muscles in teleosts.
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N ) o S O O Y
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cranium £ branchials
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Y branechial bdbar
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posterior bars

~

Otic region of the
cranium

Retractor areus
grggchlggi

Last cerato-
branchial and/or
pharyngobranchial
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4th epibranchial

5th ceratoe
branchial
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Transversi ventrg;g
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WV e do -

CDEN WD O
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United and conti-
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fellow of the
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