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INTRODUCTION.

The discovery of Horaichthys setnai Kulk. possessing a specialised gonopodium
in the male and representing a new family Horaichthyidae allied to the equally
unique, but widely separated, family of Tomeuridae in South America led to a study
of the skeletal structures of the gonopodium of the former (Kulkarni, 1940). A
comparative account of the anatomical structures (loc. ctt., p. 398) revealed that
the gonopodium of H. setnai had not only advanced in the same direction as the
specialised viviparous Poecillids of America but had become even a more complicated
and specialised structure than the gonopodium in any member of the Poecillidae.
The oocurrence of H. setnas in India among other comparatively simple cyprinodonts,
such as Aplocheilus and Oryzias, illustrates how remarkable a turn evolution may take
in what would otherwise appear to be a very ordinary fish. The author has already
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indicated (loc. cit., p. 383) that H. setnat must have evolved directly from Oryzias
melastigmae (McClelland). Dr. C. L. Hubbs, University of Michigan, Ann Arbor
and Dr. G. 8. Myers, Stanford University, (alifornia, also expressed this view
(Hubbs, 1941).

The aforesaid relationships of these fishes were based on only their superficial
resemblance, but this could not be conclusive without a comparison of their skeletal
structures. Fishes appearing superficially to belong to a particular group have
been found to differ taxonomically when the details of their bony structures were
investigated. Considerable changes have been made particularly in the taxonomy
of cyprinodonts after a closer study of their osteology. Starks (1904a), Regan
(1911), Hubbs (1924), Myers (1928) and Chapman (1934) investigated the skeletal
structures of these fishes on different occasions. In the light of their investigations,
Berg (1940) separated the members of the group once listed under the single order
Haplomi into three different orders, viz. Esociformes, Cyprinodontiformes and
Phallostethiformes.

The determination of the precise relationship of H. setnai to other members
of the cyprinodont group postulated a comparative study of its endoskeleton. No
detailed osteological investigation of this group of Indian fishes has, so far, been
carried out except for the study of their jaws and teeth undertaken by Sundara
Raj (1916). Studies of the osteology of oviparous cyprinodonts occurring in other
countries are also not sufficiently detailed. Further, Dr. Myers and Dr. 8. L. Hora
also suggested that a detailed study of the skeletal structures of these fishes would
be invaluable. The present study was undertaken in order to have a fairly ex-
haustive account of the skeletal features of the Indian cyprinodonts, particularly
with a view to establishing their inter-relationships. Three different genera, viz.
Aplocheilus, Oryzias and Horaichthys, have been selected for the study. A. lineatus,

. being the commonest form along the western coast of India and being also slightly
larger among these small fishes, was selected for a detailed account of its osteology.
Other genera are discussed in general terms for comparison of their important skeletal
structures. An American genus is also compared.
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METHODS AND TECHNIQUE,

Preparation of dry skeletons by maceration of the fleshy tissue or by any other
-method was practically impossible in view of the extremely small size of the fishes
studied. Staining in bulk of the entire skeletons by Benda’s Alizarine KOH method
(Lee, 1928) was, therefore, employed for each fish after the specimens had been
fixed in alcohol and also in formalin on different occasions.

HEAD SKELETON OF Aplocheilus lineatus (Cuv. and Val.),

The head skeleton of Aplocheilus lineatus C. & V., as i3 common with most
fishes, is made up of the original cartilage bones, the secondarily developed investing
bones, and a certain number of cartilaginous structures which remain unossified even
in the adult condition. The head skeleton consists of the skull proper, the jaws
and the visceral skeleton, including the bones of the opercular apparatus. The
head of an average well-built specimen is about 11 or 12 mm. in length from the tip
of the jaws to the posterior margin of the skull. It is dorsally flat and is fairly
broad as compared with its length and the size of the fish. The jaws, being wide



C. V. KULKARNI: THE OSTEOLOGY OF INDIAN CYPRINODONTS, 67

and laterally flattened, do not make the skull wedge-shaped or pointed as in many
other fishes, but considerably broad at the anterior end. The breadth of the skull
in the postorbital region, is contained about 1:5 times in the total length of the
head. The jaws are obtusely rounded and their breadth at the corner of the mouth
is contained twice in the total length of the head skeleton.

(A) Skull. (Figs. 1, 2 and 3.)

The skull proper or the cranium for all practical purposes, may be considered
to represent that complex of bones and cartilage which is situated around the brain
and is not very readily separable from it. This includes all those bony structures
developed out of the original chondrocranium and the secondary bones attached
to it, including the vomer and parasphenoid.

The skull as defined above is almost flat on the dorsal surface except for the
slight crests on the surface of the frontals corresponding with the regions marked
on them. There is no supra-ocecipital crest, and the elongated posterior processes
of the supra-occipital bone are situated at the dorsal level of the skull. The postero-
lateral corner of the skull and the surface on either side of the supra-occipital
process, sinks below the general level, the depression in the living condition being
filled up by connective tissue. On the postero-dorsal margin, the epiotic is situated
on the same level as the supra-occipital, but on account of the adjoining arca being
low appears like an epiotic crest.

On the ventral side, the anterior two-thirds of the skull is excavated by the large
orbits with a narrow ridge of the parasphenoid in between. Right from the vomer
to the basi-oceipital, the mid-ventral line is almost on the same level. Small
depressions are present in the postero-lateral corners. Two small elevations are also
formed due to the presence of large sacculiths, one on etther side of the hasi-occipital.
Most of the bones which are performed in cartilage are separated from ecach other
by thin interspaces of cartilage between their margins. Another peculiarity of
these bones is that between the inner and outer surfaces of each bone, there is a thin
layer of cartilage which remains unstained in alizarine preparations.

When the membrane bones are removed, the brain case is insufficiently provided
by bony structures in its anterior region. There is only a small ethmoid cartilage
in front. The orbitosphenoids and the basisphenoid are absent. Alisphenoids
are very small, posteriorly situated and do not meet in the median line. The only
connecting link between the alisphenoids is a thin strand of cartilage which runs
between the distal end of the supra-occipital and the alisphenoid of each side. A
thin membrane from the latter extends to the posterior membranes of the ethmoid
region and establishes a connection with the anterior region of the brain case.

Different methods of describing skull are followed by different authors; some
deal with the replacing (cartilage) bones and investing bones separately, while
others follow the method of describing the bones region by region. The latter method
appears to be preferable and it has been followed in this paper as far as possible.

The skull is thus divided into four different regions:

(1) the ethmoidal,

(2) orbito-temporal,

(3) otic or auditory, and
(4) occipital region.

The details of these regions are given as follow :—

(1) Ethmoid Region.

The ethmoid region (fig. 4).—The anterior-most part of the cranium is formed
by bones and cartilages arising out of the original ethmoid cartilage and also by
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those bones which subsequently attach themselves to it superficially. Dorsally,
it is partially covered by the nasals and the anterior portion of the frontals, while
ventrally, it is supported by the vomer, which is so much anteriorly disposed as to
be attached to this region only by its posterior portion. In the same region the
parasphenoid is also ventrally attached by its anterior end which overlaps the
bosterior extremity of the vomer. Anteriorly, the region is in contact with the
pre-maxillaries, the posterior median processes of which actually project into the
anterior concavity of this region. The whole region, therefore, comprises the
median ethmoid cartilage, the paired lateral ethmoids, & median mes-ethmoid,
paired nasals and a vomer (see Fig. 4).

The median ethmoid cartilage is a prominent bar-like structure situated trans-
versely and forming the actual anterior margin of the brain case. Its lateral
extremities are covered by well-ossified secondary bones called the lateral or ect-
ethmoids. In the posterior direction, the cartilage is basally produced into a thin hori-
zontal membrane which forms the anterior floor of the brain case. A similarly direct-
ed narrow membrane with a median triangular projection also arises from the dorsal
margin of the cartilage. These two membranes, along with the posterior face of the
ethmoid cartilage, and a part of the lateral ethmoids which are all concave internally,
form the anterior concavity of the brain chamber. The other face (anterior) of the
cartilage is excavated in the middle into a specious conical recess and is also basally
produced in the anterior direction into another extensive thin membrane similar
to the one directed posteriorly. The conical recess of the cartilage lodges the pos-
terior end of the mesethmoid.

Mesethmoid. —Mesethmoid is a small, median, heart-shaped piece of cartilage
resembling a heart-shaped locket. It is situated in the anterior concavity of the
ethmoid cartilage with its (mesethmoid) broad end facing anteriorly. The posterior
extremities of the pre-maxillary processes which converge medially, rest on this
cartilage and are closely attached to it by muscular tissue. It is also attached by a
few muscle strands to the ethmoid cartilage and also to the articulating surface
of the maxillae. With the movement of the pre-maxillary processes the mesethmoid
also slides backwards and forwards. The attachment of the mesethmoid to all
these bones help in co-ordinating the movements of the jaws.

Similar type of mesethmoid is found in both 4. panchax and 4. blochii.

Lateral ethmotd.—Starks (1904, b) records that Owen originally designated this
bone as pre-frontal and Parkar (W. K.) ecto-ethmoid or lateral ethmoid. Starks
himself has retained Owen’s terminology in his several writings. Gregory (1933)
mentions par-ethmoid as synonymous with lateral ethmoid and states clearly that
it is wrongly called pre-frontal. Starks (1926) describes pre-frontal in some forms
as being ‘composed of surface bone only containing unossified cartilage, that is,
continuation of the median mass of cartilage of the ethmoid region’. This descrip-
tion shows that Starks refers to the lateral ossification on the ethmoid region.
Parkar’s self-explanatory term, viz. lateral ethmoid, should, therefore, be preferable.
By calling the bone pre-frontal, its association with the frontal is shown to be much
closer than it is in reality. Actually, its relation with the ethmoid region is much
closer as it has actually grown on, or applied itself to, that cartilage. Again, the
bone is not on the same level as the frontal, and it is distinctly below the frontal in
Aplocheilus. In Dallia, Fundulus, Umbra and in many other forms as shown by
Starks (1926) the bone is mainly below the frontal although a portion of it extends
beyond the margin of the former. To call the bone pre-frontal thus appears rather
misleading. Parker’s terminology, which is also accepted by Regan and others,
has accordingly been followed in this paper also.

The lateral ethmoids are paired bones ossified, as has already been stated, on
- the lateral extremities of the ethmoid cartilage. They are very irregular in shape
and present different aspects dorsally and ventrally. Each lateral ethmoid is
situated in the preorbital region and is dorsally covered by the anterior and posterior
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margins of the frontal and the nasal respectively. Laterally, it is in contact with
the lachrymal.

Ventrally viewed (fig. 2), each ossification appears to be composed of two
portions, one an antero-posteriorly disposed medial part and the other a more or
less vertically directed transverse twisted plate. The latter is obliquely attached
from above to the posterior half of the former. The medial portion, although it
appears like a horizontal membrane of bone when seen from above, is, in fact, a
hoodlike bent membrane which fits like a cap on the lateral extremity of the ethmoid
cartilage. The distal outer expansion of the twisted plate, being also ventrally
disposed to some extent, gives the appearance of a lateral wing of the bone and forms
a wide and shallow concavity opening posteriorly. The margins of the plates are
sinuous and smooth except in the medial part, where its external lateral margin is
thickened and gives attachment to the anterior extremity of the palatopterygoid
element.

In the dorsal aspect (fig. 4), the lateral ethmoid appears quite different in shape
when the covering bones (frontal and nasal) are removed. Instead of giving the
appearance of twisted and curved plates, the lateral ethmoid roughly resembles a
butterfly, with the medial and lateral parts representing the wings, and the median
antero-lateral stem the body of the butterfly.~ Its surface is irregular and thickened
at places for articulation with other bones. The articular surfaces between the
bone and the palatopterygoid as also the twisted articular surface of the maxilla
are evident in dorsal view. In the antero-lateral corner the medial and lateral parts
are slightly curved and enclose between them a large space which, along with the
nasal on the top and the portions of maxilla and pre-maxilla antero-laterally and the
lachrymal on the external side, forms the olfactory cavity of the fish. The olfactory
nerve opens into this cavity by a prominent foramen situated in the antero-lateral
corner of the brain case and passing through the central portion or the body of the
lateral ethmoid bone.

Nasals.—The nasals (fig. 1) are a pair of almost circular discs of membrane
bones situated in front of the frontals towards the lateral margin of the skull. Each
nasal lies over the medial wing of the lateral ethmoid and possesses an indistinct ridge
on its ventral surface. It partially covers olfactory area and is attached by its
anterior edge to the articular region (twisted portion) of the maxilla. The palatine
head and medial wing of the lateral ethmoid are also attached to it from below like
the maxilla.

Vomer—The vomer (fig. 2) is a median comparatively well-sized flat membrane
bone, attached ventrally to the skull and forming the roof of the buccal cavity
situated below. The bone is roughly ogee-shaped (a term used in drawing), with
its posterior end much drawn out and pointed. By its pointed portion it is attached
to the parasphenoid, and passing over the ventral surface of the ethmoidal region
extends sufficiently forward so as to project beyond the mesial extremities of the
maxillae and the posterior processes of the pre-maxillaries. Its major portion is in
front of the ethmoid cartilage and laterally extends only below the anterior ex-
tremities of the lateral ethmoid. The anterior margin has a single row of short conical
teeth directed ventrally. Numbering about 40 to 50, they cover almost the whole
of the anterior margin. At some places the row is double and consequently the total
number of teeth on the bone is larger. At the extreme anterior end of the bone,
instead of a single or a double row, there is a small group of tceth which forms a sort
of crown of teeth on the bone. :

Dr. Myers, diagnosing the characters of the tribe Rivulini of 1931 (Aplocheilini
of later years) which includes Aplockeilus (Panchar), states (1931, p. 10) that ‘the
vomerine teeth are in a rounded patch and usually reduced in number’. In a few
Panchaz {Aplocheilus) he found them to be even missing. The teeth in 4plockeilus
lineatus (P. lineatus), as the present investigations showed, were quite numerous
and disposed on the anterior margin as described above. Sundara Raj (1916) has
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figured a vomer (plate XXV) showing about four rows or almost a band of teeth.
Such a band, however, was never observed during the present study.

(2) Orbito-temporal Region,

The orbito-temporal region, although comparatively extensive, is rather im-
perfectly developed and, unlike in many other fishes (Otolithus, Labeo rokita, etc.)
cannot be divided clearly into orbital and temporal or sphenoidal regions. There
is neither the basisphenoid on the ventral side nor the orbitosphenoid on the lateral
sides. The alisphenoid (fig. 5), though present, is rather inconspicuous and lies in
only a corner between the sphenotic and orbital portions of the frontal. The lateral
walls of the brain chamber in this region has no bony supports for its protection,
but are covered by the large eye-balls which occupy the entire lateral orbital space.
The orbital space is bounded on the anterior side by the lachrymal and the lateral
ethmoid, and posteriorly by the alisphenoid, sphenotic and the dermosphenotic.
The parietals also are comparatively small and so much posteriorly disposed that
they almost lie over the auditory capsules. The frontals are, however, remarkably
well developed and compensate for the scanty growth of other bones. They not
vnly cover the entire orbito-temporal region but extend anteriorly on the ethmoidal
region, which also they cover considerably. On the ventral side the orbito-temporal
region is supported by the elongated parasphenoid only. This region although it
covers a major portion of the skull represents only a small number of bones, viz.
the paired frontals and parietals on the dorsal side, the parasphenoid on the ventral
side and the boues of the circum-orbital series and alisphenoids on the lateral side.
Of these only the last (alisphenoid) which, in fact, is the smallest of all, is the true
bone, the rest being membrane bones attached secondarily to the cranium. Details
of these bones are as follows:— ,

Frontals,—The frontals (fig. 1) are the largest of the bones of Aplocheilus and
cover a considerable part of the skull on the dorsal side. Anteriorly, they overlie
the anterior margin of the ethmoidal region and reach the auditory region pos-
teriorly. They are elongated, broad, flat ossified plates overlapping the margins
of each other medially in the inter-orbital space. After covering the inter-orbital
space the proximal parts of the frontals diverge laterally and the median supra-
occipital is wedged in between them.

Superficially, the dorsal surface of the frontal appears to be divided into three
different regions, viz. the inter-orbital, supra-orbital and sphenoidal regions owing
to the corresponding curvatures on its dorsal surface. Moreover, on the ventral
surface there is a distant triradiate ridge which is also visible from above, and
helps to separate these regions more clearly. The inter-orbital area is slightly
convex dorsally. The supra-orbital area is-also convex dorsally and its posterior
curvatures are so developed as to afford protection to the rounded eye-ball. As
this part projects somewhat more laterally, it also appears like an orbital wing.
Posterior to these two regions is the sphenoidal area. This area is situated between
the inter-orbital area anteriorly and the supra-occipital and the auditory areas
posteriorly, and may be, therefore, rightly considered to correspond with the
sphenoidal area of other fishes (there being no basi-sphenoid in Aplocheilus). The
area is also laterally supported by the alisphenoid, which runs obliquely upwards
and meets the frontal in this area.

Pagrietals.—The parietals (fig.1) are paired thin membrane bones situated
obliquely on the either side of the supra-occipital. As compared with the expansive
frontals, each parietal is a small bone attached to the postero-lateral margin of the
frontal. Antero-laterally, it is attached to the sphenotic, laterally to the pterotic,
and posterio-laterally to the epiotic and supra-occipital. It serves as a covering
bone and protects the unossified area between the epiotic, pterotic and sphenotic.
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Parasphenoid.—The parasphenoid (fig. 2) is a prominent median bone on the
ventral side situated posterior to the vomer. Itiselongated and shaped like a dagger
with the anterior pointed end being somewhat obtuse and broadened. It is ventrally
applied to the skull and forms a narrow floor for the brain case almost along its entire
length. Anteriorly, it is attached from below to the posterior membrarmous exten-
sion of the ethmoidal cartilage and overlaps the posterior end of vomer. Posteriorly
it is attached to the mesial portions of the pro-otics and finally ends on the anterior
half of the basi-occipital. There are two pairs of very short lateral extensions of the
bone, the posterior one on the pro-otic and the anterior in front of the alisphenoid.

On the ventral or outer surface of the bone there is a pair of very thin elongated
ridges, forming narrow median groove which disappears at both ends. The
posterior end of the above groove is broad and breaks up into a number of fine
ridges as it disappears finally.

Internally the bone is somewhat concave, the inner surface of its posterior
region being produced into a pair of small posteriorly opening pockets below the
lateral extensions on the pro-otic. In the same area there is a median round
depression or pit exactly below the posterior wider part of the ventral groove of the
bone. This depression corresponds with the position of the hypophysis which is
situated above it.

There is no myodome or the so-called eye muscle canal which Allis (1919)
describes in Hyodon, Scomber, ete. The superior and inferior recti of the eye are
attached to the external or lateral edge of the parasphenoid just in front of the
antero-lateral extension of the bone. The oblique muscles which Dharmrajan
(1936) describes as forming the anterior myodome are attached to the posterior
face of the lateral ethmoid.

Alisphenoid.—The alisphenoid (fig. 5) is a somewhat obliquely situated plate
of bone which forms a part of the lateral wall of the brain case immediately behind
the orbit of the eye. It is attached to the bones of the auditory capsule postero-
laterally and proceeds obliquely upwards and forwards to meet the orbital part of
the frontal from below. Being oblique in form and situated on the lateral wall,
the bone appears triangular in a dorsal view. Basally it is composed of two plates
forming an inverted V with its apex produced anteriorly into a plate twice the
length of the arms, the intervening space between the arms being filled by clear
cartilage. By the outer plate the bone is attached to the sphenotic and by the
inner to the vertically disposed columnar structure on the pro-otic. The bone thus
has a wide and firm base which tapers upwards into a thin twisted plate to support
the frontal from beneath.

Circum-orbital sertes.—In common with such fishes as Fundulus, Goodea,
Poccilia, ete., the bones of the circum-orbital series are very few in Aplocheilus also.
They are represented by only two bones, a prominent lachrymal in the pre-orbital
region and dermosphenotic in the post-orbital area, there being no supra- or sub-
orbitals. In place of the supra-orbitals, a lateral extension of the frontal known
as the supra-orbital wing serves as a roof for the orbit and protects the eye from
above, the orbital wing itself being covered by three or four prominent scales.
Details of the existing circum-orbitals are as follows :—

Lachrymal.—The lachrymal (fig. 7) is a purely dermal bone situated in the
pre-orbital region of the head. It is loosely embedded in the tissue and can be
eagily pulled out from outside. It has a very irregular channeled structure with
curved plates produced in different planes. A major portion of the lachrymal
bone has a channel-like appearance extending vertically. Its distal portion is
twisted and bent so as to resemble a narrow neck where another twisted plate-like
portion joins it from behind. Two short channeled pieces are also grafted on tl}e
outer edge of this region on the orbital side. There is a small central aperture in
the neck region for the passage of the sensory nerve. The channeled nature of the
bone is intended for the lodgment of the sensory canal system.

2
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Dermosphenotic.—Dermosphenotic (fig. 8) is another bone of the circum-orbital
geries situated anteriorly to the sphenotic process in the post-orbital region. Like
the lachrymal, it is slso loosely sunk in the dermal tissue as the name of the bone
suggests and is shaped like an elongated scoop. It is not attached to any bone
except that it touches the post-orbital process of the frontal from where it starts
and extends downwards to form the post-orbital margin of the eye. Posteriorly
it is closely attached to the sphenotic spine.

Besides these two bones, a most unusual peculiarity is the appearance of two
independent patches of bony elements noticeable in the sclerotic coat of the eye of
Aplocheilus. With alizarine dye these patches stain red just as other bony elements.
This fact gives ground for the view that they must be bony elements which have
developed in that area. The patches are situated in the anterior and posterior
corners of the eye-ball opposite the lachrymal and the dermosphenotic respectively.
They are very thin, small and somewhat oval in shape. Ramaswami also (1945)
has recently recorded the occurrence of broad cup-shaped sclerotic bones in the
sclerotic coat in the eye of Gambusia.

The fact that ossification has taken place in the sclerotic coat of this fish in
close proximity of the dermosphenotic and lachrymal ossifications only, bears out
an apropos observation of Ridewood (1904, p. 56) that ‘the endosteal ossification
is set up in sympathy with the ossification taking place in the dermal tissue. The
process of ossification is infectious if one may employ such a term in this connection.’

(3) Otic Region.

The otic or the auditory region is composed of bones forming the auditory
capsules, situated as usual in the postero-lateral corners of the skull. The bones
of the capsule originate during development as separate ossifications in the original
cartilaginous capsule, which gets secondarily attached to the brain case on either
side in its hind region. Normally, there are five separate bones forming the auditory
capsule on each side, but in Aplocheilus and its allies only four elements, namely,
the epi-otie, pro-otic, pterotic and sphenotic are present, the fifth, opisthotic, being un-
developed or fused with the ex-oceipital which thus takes some part in the formation
of the auditory capsule. A space which remains unossified between the epiotic, pter-
otic and sphenotic, is covered by the parietals leaving a small fontanelle at the junction
of the epiotic, pterotic and parietal. Below the parietal, the anterior strip of
cartilage which stretches between the supra-occipital, and the other otic bones on
the dorsal side, is thickened into a band and appears different from the other
cartilage. Chapman (1934, p. 384) met with similar elements in Novumbra hubbsi
and called them supra-otics. He described them as ‘highly ossified ridges running
parallel and just posterior to the posterior edge of the frontals’. In Dalliaz and
Umbra, however, the same structure remains unossified and resembles the carti-
laginous band occurring in 4. lineatus. (See fig. 6a.)

The otic bones are most irregular in shape all throughout, and are curved in
different ways so as to form the walls of an irregularly shaped capsule. Internally,
the inner laminae of some of these bones are ossified in such a way as to give rise to
canals or tunnel-like passages which form a sort of bony labyrinth for the lodgement
of the semi-circular canals of the membraneous labyrinth. Concavities are also
formed on the inner surfaces of the bones for the ampullae and otoliths. Columnar
bony supports running from the floor to the ceiling of the capsule are present in some
places in order to strengthen the auditory capsule. A few more details of these
bones and their locations are as follow:-—

Pro-otic—The pro-otic (fig. 2) is a ‘ventrally situated bone which forms$
a major portion of the floor of the auditory capsule. It is the most anteriorly
disposed element of the group and although concave internally is comparatively
flat on its outer ventral surface. It is somewhat oblong in form and is disposed
2B -
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obliquely so as to meet the basi-occipital postero-laterally, the ex-occipital posteriorly
and the pterotic and sphenotic laterally and antero-laterally respectively. The
pro-otic in its antero-lateral direction also supports the alisphegoid and the sphenotic
by a dorsally directed buttress-like structure originating from the inner surface of
the bone. From the base of the buttress-like support (fig. 7a) two or three small
ridges radiate sideways and enclose between them concavities on the floor of the
bone which, along with the portions contributed by the basi- and ex-occipitals,
form the recesses for the sacculith (auditory ossicles) and for the ampulla of the
posterior and the anterior semi-circular canals, the epiotic forming only a part
of the dorsal cover. Basally, the pro-otic protrudes a short distance beyond the
margin of the capsule and bears one large and another small foramen on its surface.

Epiotic—The epiotic (fig. 1 and 5a) occupies the postero-dorsal corner of the
auditory capsule and extends somewhat downwards. It forms an epiotic crest on
the dorsal side. It is somewhat boat shaped in form, with its concavity facing
anteriorly and the keel forming the postero-dorsal margin of the auditory sac.
Medially, the opiotic is in contact with the supra-occipitals and ex-occipitals and
laterally with the pterotic. Internally, its lamina is rolled up to form a bony canal
for the passage of the posterior semi-circular canal. Ventrally it shares with the
ex-occipital of its side a recess for the reception of the ampullae of the posterior
and horizontal semi-circular canals of the membranous labyrinth.

Pterotic—The pterotic (fig. 5b) occupies the postero-lateral corner of the
skull and is conspicuously irregular in shape. It extends both on the dorsal and
ventral surfaces of the skull and forms the lateral margin of the skull. Medially,
it is in contact with the epiotic, ventrally, with the pro-otic and antero-laterally
with the sphenotic. Like the epiotic, the pterotic also is excavated or tunnelled
internally for the passage of the horizontal semi-circular canal and is depressed dorso-
ventrally towards the outer margin. Laterally, it develops two blade-like extensions
or wings, the upper or the dorsal one being broader than the ventral. Behind these
two extensions there is a third small projection directed postero-laterally, while
the fourth one is posteriorly directed. The junction of the third and the first two
projections form a comparatively large ventrally disposed facet for the reception
of the posterior condylar head of the hyomandibular.

Sphenotic.—Like the pterotic, the sphenotic (figs. 5b and ¢) also extends on the
dorsal and ventral surfaces and occupies the antero-lateral corner of the auditory
capsule. In addition to its contact with the pro-otic and the pterotic the bone
is also attached to the small alisphenoid antero-dorsally. Internally it (sphenotic)
is excavated into a short tunnel for the anterior semi-circular canal and shares with
the pro-otic and pterotic, a recess for the lodging of the ampulla between that canal
and the horizontal one. On the dorsal side of the bone there is a posteriorly directed
blade-like expansion or wing which faces an anteriorly directed similar expansion
of the pterotic. The ventral margin of this wing is considerably thickened and
projects out posteriorly as a thick prominent spine known as the sphenotie process.
Below this spine and situated on the ventral surface there is an articular facet for
the anterior condylar head of the hyomandibular.

A semi-transparent (lightly stained) quadrilateral area extending from the
pterotic to epiotic and giving the appearance of a large fontanelle is visible, in
stained preparations, both on the dorsal and ventral surfaces of the auditory capsule;
but in fact, there is no fontanelle of that type. Its apparent presence is merely
due to the margins of the inner canals of the bony labyrinth which bound the area
on all sides, there being no canals or any other thickening in the quadrilateral areas
excepting the thin layers of the pterotic and the epiotic, which, in contrast with the
surrounding thickened area, appears semi-transparent.

Out of the three otoliths the sacculith (sagitta) is the largest. It is situated
in a depression formed by the basi-oceipital, ex-oceipital and pro-otic on the ventral
side, and is roofed over by thesupra-occipital and epiotic. It is a laterally flattened
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piece almost round in outline and being situated vertically appears oblong in the
dorsal or ventral view, Utriculith (lapillas) is a much smaller piece and is situated
in front of the sacculith in the antero-lateral direction. It is almost a spherical
piece and is situated on the ampulla between the horizontal and anterior semi-
circular canals. The lagenalith (astericus) lying in the lagena or the rudimentary
cochlea is situated immediately behind the sacculith. It is slightly longer than the
utriculith. The three otoliths together form an arc which faces the postero-lateral
corner of the skull.

(4) Occipital Region.

The occipital region is composed of four replacing bones, the supra-occipital
basi-occipital and the two ex-occipitals situated on the dorsal, ventral and lateral
sides of the skull respectively. The bones originate from the primary chondro-
cranium as independent ossifications and form the hinder region of the brain case,
which articulates posteriorly with the vertebral column, the articulating surfaces
being situated on the median basi-occipital and the two ex-occipitals. The foramen
magnum is formed jointly by two ex-occipitals on the lateral sides and the basi-
occipital on the ventral side. Laterally, the occipital region is in contact with the
auditory capsules and anteriorly with the frontal on the dorsal sides and the para-
sphenoid on the ventral, there being no basisphenoid and the parietals, although
present, being very small and laterally disposed. All the bones of the occipital
" region are comparatively large and prominent in Aplocheilus and may perhaps
compensate for the absence of basisphenoid and the reduced parietals. (Figs. 2 and 3.)

Supra-occipital (fig. 6a).—The supra-occipital is situated as usual in the
hinder region of the skull, but unlike in many other forms does not form the hind-
most margin of the foramen magnum of the skull. The bone is roughly paw-shaped
{fig. 6a) and concave ventrally (internally) and is provided with a pair of long
processes trailing behind. The processes, instead of starting from the hind margin
of the bone, originate from its convex upper surface and extend posteriorly beyond
the margin of the skull on the same level. They are in the form of a pair of vertical
laminae, which, in the proximal portion, fuse ventrally so as to form a sort of keel.
After the formation of the keel the laminae again separate and protrude posteriorly
as occipital processes to which the dorsal muscle fibres are attached.

The supra-oceipital in Aplocheilus is prominently disposed anteriorly in com-
parison with other Teleosts. It not only touches the frontals but is also wedged
between the posterior portions of the bones and extends even below their margins.
1t is attached by a narrow surface to the parietals laterally and comes in contact
with the two ex-occipitals by its posterior margin which is directed ventrally. It
does not figure in the formation of the occipital condyles.

The frontals and parietals, being membrane bones developed secondarily on
the cranium, overlap the margins of the supra-occipital on both sides and reduce
its open surface. In the distal portion of the bone, there is a triangular area which
is lightly stained in all specimens. The area has a thin sheet of cartilage on its
inner side which divides into a pair of narrow bands at the distal margin of the bone
and proceeds laterally on each side to meet the distal extremity of the alisphenoid.

Basi-occipital —~The basi-occipital (fig. 2) is another prominent bone on the
mid-ventral side of the skull corresponding to the supra-occipital on the dorsal
surface, but the basi-occipital, unlike the supra-occipital contributes materially
towards the formation of the posterior margin of the skull. Anteriorly it is in
contact with the mesial portions of the pro-otiecs and laterally and dorsally with the
ex-occipitals. Its anterior end is overlapped ventrally by the posterior extremity
of the parasphenoid. The bone is somewhat rhomboid in shape (fig. 6b) and has a
large circular concavity which forms an articulating surface with the centrum of
the first vertebra. Its ventral outer surface is flat, but internally there are two
bony plates running vertically upwards and backwards from its inner surface and
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connecting the bone dorso-laterally with the ex-occipitals on each side. The bony
plates, starting from the posterior articular concavity of the bone, are disposed
longitudinally and cut off the lateral corners of the rhomboidal bone. They
thus form a narrow channel in which the posterior portion of the medulla oblongata
is lodged. The lateral corners of the bone are somewhat excavated and form a part
-of the recess for the auditory ossicles. The plates thus separate the brain case
from the auditory capsules and also strengthen the occipital region internally.
There is a large foramen in front of the vagus foramen of the ex-occipital.

Eux-occipitals—The ex-occipitals (fig. 2) are paired bones, situated posteriorly
in the occipital region. They take part in the formation of the otic capsule in
place of the opisthotic and this become the auto-occipital, but-the term ex-occipital
is retained here for convenience. They form the dorsal and lateral margin of the
foramen magnum and also give rise to a pair of occipital condyles for the articulation
of the skull with the vertebral column. The articulating surfaces of the condyles
are large and flat and situated on the ventro-lateral corner of the foramen magnum.
Each ex-occipital is in contact ventrally with the basi-occipital and the pro-otic,
laterally with the pterotic and dorsally and dorso-laterally with the supra-occipital
and epiotic respectively. The ex-occipital figures in the formation of a major
portion of the dorsal surface of the foramen magnum, in addition to the lateral walls,
the share of the supra-occipital in its formation being almost negligible. After
bordering the foramen magnum, the ex-oceipitals extend laterally and ventrally
to join the basi-occipital and pterotic to form a large recess for the ampulla and the
ear ossicles of the auditory capsule. Being produced in different directions and
planes, the shape of the bone (figs. 6¢ and d) is very irregular. The origin of the
vertical supports or plates joining the basi- and ex-occipitals internally is not yet
quite certain, but they appear to issue more probably from the latter than the
former.

Each ex-occipital has three or four foramina on its surface. Three medium-
shaped foramina for the passage of the occipito-spinal nerves are situated in a row
on the lateral wall above the oceipital condyle. A large vagus foramen exists on
the ventro-posterior margin of the skull and forms an exit for the glassopharyngeal
and vagus nerves. Another equally large foramen occurs as stated earlier, on the
inner vertical plate through which the glassopharyngeal and vagus emerge and
immediately leave the skull through the vagus foramen.

(B) Visceral Skeleton.

The visceral skeleton consists of the (1) Mandibular arch or the suspensorium
of the jaws, (2) the hyoid arch forming the hyoid cornu supporting the tongue, and
(3) the skeleton of the branchial arches. The entire skeleton is made up of seven
arches. The first two arches are more specialised than the rest and being close
to the chondrocranium are associated with the latter in their early development.
The first or the mandibular arch gives rise to the palato-quadrate and mandibular
bars which support the upper and lower jaws respectively. From the second or
the hyoid arch, the hyomandibular is developed and gives attachment to both
the palato-quadrate and hyoid arch or the hyoid cornu. The next four arches
support the gill filaments and the seventh arch is reduced in size and forms a tooth
bearing inferior pharyngeal bone for masticatory purpose.

(1) Mandibular Arch.

In A. lineatus, the mandibular arch (fig. 10) has the usual palato-quadrate and
mandibular bars.* The former develops three independent ossifications, viz. the
metapterygoid, quadrate and palato-pterygoid. A thin secondary bone, the mesop-
terygoid (entopterygoid) is attached to the above three from behind. The metap-
terygoid which forms the posteriormost limit of the arch is attached to the antero-
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ventral edge of the hyomandibular. The quadrate which is in front of and some-
what below the metapterygoid is also in contact with the hyomandibular through
a large symplectic, to the distal end of which the quadrate is attached. The distal
piece, the palatopterygoid or autopalatine is a fused element and lies in front of the
distal end of the quadrate. Tt ascends upwards and forwards and articulates with
the lateral ethmoid of the cranium and also the maxillae. The palato-quadrate has
therefore connection on the posterior side with the otic region of the cranium through
the hyomandibular and on the anterior side with the ethmoid region directly
through the palatine itself. The mandibular part of the arch, which represents
the Meckel’s cartilage gives rise to the articular bone of the lower jaw and persists
as a slender rod of cartilage even in the adult. The tooth-bearing dentary is grown
around the distal part of the Meckel’s cartilage and forms the biting part of the lower
jaw. A small angular and a sesamoid articular are also developed on the inner
portion of the jaw. The lower jaw is connected with the palato-quadrate arch
through the condylar head of the quadrate which articulates with the articular of
the jaw. The upper jaw is formed of independently developed paired dermal
bones, the pre-maxillaries and the maxillaries. The pre-maxillae of both sides
together form the entire gape of the mouth. The maxillae are closely associated
with them and further articulate with the distal ends of the palatine and the lateral
ethmoid. The different bones of the mondibular arch are further discribed as
under:—

Metapterygoid —It is a flat, somewhat chisel-shaped bone (fig. 10a) with a
broad anterior end. At the posterior extremity it has a number of pointed splinter-
like processes which fit into corresponding sutural notches in the antero-ventral
corner of the hyomandibular. Tts upper margin is entire but slightly concave and
forms a part of the upper edge of the palato-quadrate arch. The lower margin is
straight and is applied all along its length to the upper margin of the symplectic
without the intervention of any cartilage. At the anterior margin of the bone,
there is a thin layer of cartilage by which it is connected with the broad portion
of the quadrate.

The presence of a distinct metapterygoid in 4. lireatus is quite remarkable.
Starks (1904, a), Regan (1911) and Myers (1931) dealing with the distinguishing
characters even of the sub-order Poecilloidea, to which the family Cyprinodontidae
belongs, have stated that the metapterygoid is absent in this group. Contrary
to their observations it is found to be in its normal position in A. lineatus. It is a
well-ossified bone with an endosteal element in it and its associations with the hyo-
mandibular, symplectic, quadrate and the mesopterygoid confirm its identity. More-
over, its shape and position are typically those of the metapterygoid in the Haplomous
fish Novumbra hubbsi (Chapman, 1934) and others,

In A. panchaz and A. blochii (parvus—Sundara Raj) too, this bone is present
just as in A. lineatus. In A. blochii, however, it is rather more elongated than in
A. lineatus.

The other bones of the mandibular arch in A. blockit are similar to those in
A. lineatus but somewhat more elongated. The mesopterygoid is, however, more
anteriorly placed and is not quite in contact with the metapterygoid in this fish.

Quadrate—1In front of but slightly below the metapterygoid is a large quadrate
(fig. 10a) which too is connected with the apex of the symplectic. Tt has two
distinet portions, viz. a large vertical one and the other narrow and somewhat
horizontal in position. Both the portions are fused at the middle of the ventral
margin of the vertical portion where they have a fused condylar head for articulation
with the mandible. The horizontal portion is narrow, straight and extends pos-
teriorly from the condylar portion to end in a point. Being narrow and obliquely
situated, the portion appears like a thick rod in a lateral view. The vertical portion
is thin and more expansive. It is connected with-the metapterygoid behind and the
palatine in front by a thin sheet of cartilage at either end. Tts anterior portion is
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slightly tapering upwards and has a posteriorly directed part of the palatine attached
to its ventral edge.

Mesopterygoid.—The mesopterygoid (fig. 10c) is a thin flat bone, slightly canoe-
shaped in outline. It adheres internally to the quadrate and is attached to the
metapterygoid by its posterior end. Anteriorly it extends to the dorsal portion of the
palatine to which it is firmly attached from behind. Its upper concave margin is
slightly thickened and forms the dorsal margin of the palato-quadrate arch.

Palatine.—The palatine or autopalatine which is a fused element of palatop-
terygoid, forms the anteriormost bone of the palato-quadrate arch. It is divided
into dorsal and ventral portions by a wavy line running along its long axis. The
ventral portion is somewhat lanceolate in shape, smooth and toothless. Its posterior
end is pointed and lies free on the upper margin of the palato-quadrate arch. The
dorsal portion is thickened and irregular in outline. Its distal portion bears two
thick processes or heads, ethmopalatine and rostropalatine for articulation with the
lateral ethmoid and the maxillae respectively.

Dentary.—The dentary which forms the ramus of the lower jaw is a curved
bone (fig. 11a) with its anterior thick portion bearing teeth on its broader upper
surface and the posterior thinner portion devoid of them. The anterior portion is
circular in outline, slightly narrowing in front and along with its fellow (ramus)
on the other side which it meets in the middle, forms the entire semi-circular tooth-
bearing part of the lower jaw. The anterior ends of the two rami instead of being
fused into a symphysis are attached to eagh other in the middle of the jaw by a short
ligament. The posterior portion of the dentary in edentulous, thin and vertically
disposed, with a small horizontal part extending medially from the ventral margin
below the angle of the bone. The vertically disposed posterior portion is excavated
internally in which the anterior pointed end of the flat articular bone as also the distal
part of the Meckel’s cartilage are lodged.

The teeth on the dentary are disposed into a broad band consisting of four or
five rows. The anterior row is composed of conical teeth, slightly curved inside, while
the innermost has slightly smaller but erect teeth. In between these two rows
there are two or three rows of close-set smaller but erect conical teeth. In the angle
of the dentary or posterior dentigerous part of the bone, two or three teeth of the
outer row are slightly thicker and longer than the rest of the outer row. The inner
smaller teeth are also more numerous in this area.

Articular —The articular which immediately precedes the dentary forms the
ventro-lateral margin of the jaw on the posterior side. It (fig. 11a) has two distinct
wings—a ventrally disposed internal one and the other vertically disposed external
or lateral. The external wing is broad in first one-third and then narrows anteriorly.
The narrow tapering end is applied internally to the dentary, resulting in only the
broad posterior portion of the articular being visible in the side-view of the entire
mandible, the rest being covered by the dentary. The ventrally disposed wing is
thin flat, somewhat linear cbovate in outline and helps to form the floor of the jaw.
The external and inner margins of the two wings meet posteriorly and fuse into a
ridge which finally dilates at the extreme posterior end into a specious double arti-
cular facet for the double condylar head of the quadrate.

Sesamoid articular.—On the inner side of the vertical wing of the articular is
situated a small oblong tendon bone, the sesamoid articular (fig. 11a). It is super-
ficially attached to the proximal part of the rod-like Meckel’s cartilage and marks
the insertion of a part of adductor mandibulae muscles to the articular. Sesamoid
articular of Fundulus is large and of a different shape; but that of a Percoid fish
Labraz lupus (Starks 1916, p. 30) is strikingly similar in shape and position to that
in Aplocheilus.

Angular—Angular (fig. 11a) is a very small triangular bone which forms the
inner angle of the ventral wing of the articular. It is close to the articular facet
but does not take part in the actual articulation of the jaw.
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Pre-maxillary.—The pre-maxillaries are prominent tooth-bearing bones which
on both sides together form the-entire upper jaw. They share equally in the forma-
tion of the jaw and meet anteriorly in the middle but do not fuse into a symphysis.
Each side after bordering the jaw protrudes backwards and downwards as a stout
arm to end into a thick prominent spine below the angle of the mouth. The arm
is slender at the angle of the jaw, but flattens posteriorly and finally terminates
into the aforesaid spine. Further, the teeth-bearing portion of the bones have
flat triangular processes of considerable size extending posteriorly along the dorsal
level of the skull. The processes on both sides approach each other medially, but
remain slightly apart all throughout. The teeth on the upper jaw are almost of
" the same type as on the dentary except that in the former there are more rows of
smaller teeth between the larger outer row and the smaller inner one. All the rows
together form a broad band of conical teeth. A few teeth in the corner of the jaw
are also thicker and longer corresponding to similar teeth on the dentary. The
descending arm of the pre-maxillary, too, has one or two rows of smaller teeth within
the gape of the mouth which are directed anteriorly. The remaining terminal
portion of the pre-maxilla is devoid of teeth.

Mazillo.—The maxillae or the maxillary bones of both sides do not take part in
the formation of the upper jaw but are situated immediately behind it and in front
of the lachrymal. Each maxilla is a curved, rod-like bone which starts externally to
the terminal process (spine) of the pre-maxilla, which it overlaps, and ascends medially
upwards, describing a slight curvature. ¢As it reaches below the nasal bone, it
twists over itself and changes its curvature and proceeds medially to reach below
the distal portion of the posteriorly directed triangular processes of the pre-maxil-
laries. At the twisted portion, the bone is considerably thickened and possesses
articular surfaces. Of these a prominent articular facet is situated in the ventro-
posterior direction for the terminal rostropalatine head of the palatopterygoid.
The lateral ethmoid and the nasal are also in contact with this surface. The distal
curvature is shorter and the bone slenderer than the proximal portion. The lower
end of the maxilla is in contact with the posterior spine-like portion of the pre-
maxilla, and upper extremity is attached ventrally to the posterior process of the
same bone. Thus, with the help of the articular surfaces on the palatine both the
?nds og the maxilla may be easily turned to push the pre-maxilla outwards and

arwards.

(2) Hyoid Arch.

The second or the hyoid arch has two portions, the dorsal including the hyo-
mandibular and symplectic, and the ventral forming the hyoid cornu. The hyo-
mandibular is one of the most important bones of the visceral arches. Tt gives attach-
ment to the jaws, the hyoid cornu and the opercular bones. The palato-quadrate
arch is suspended from the skull through the intervention of this bone, giving the
hyostylic suspensorium to the jaws. The details of these bones are as follows:—

The hyomandibular (fig. 10a) is a somewhat quadrilateral flat bone, vertically
disposed in the post-orbital region with several short processes, condyles and facets
on its surface for attachment to other bones. There are two prominent condylar
heads on its upper edge by which it is articulated with the pterotic and sphenotic
of the otic capsule, corresponding facets for this articulation being situated on the
respective bones. The third prominent condyle is situated on the posterior edge of
the bone and serves for the articulation of the operculum. The two upper condylar
heads are at the extremities of two distinct rod-like stems on the body of the bone
which appear to meet in the middle of the posterior half of the bone. From the
upper half of the"bone a flange-like ridge passes obliquely downwards to terminate
into a point on the posterior edge. A passage for the hyomandibular nerve is
present but not quite apparent in the lateral view.
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At the lower extremity of the hyomandibular three separate bones, viz. inter-
hyal, symplectic and metapterygoid are attached to it. At the postero-ventral
corner a small inter-hyal is attached through a short interspace of cartilage. To
the same cartilage but above the antero-ventral corner the metapterygoid is sutured.
The hyomandibular thus forms an important link through which the mandibular
arch as well as the entire branchial skeleton are attached to the cranium.

Symplectic—Unlike in many other fishes the symplectic in Aplockeilus is quite
large and well developed (fig. 10a). It is roughly plough-like in shape, with its base
towards the hyomandibular and apex anteriorly directed. The inner or the upper
margin is bent inwards, making a small angle. There appear to be two different
regions located on this bone, namely a main pointed rod-like portion and a thin
membranous wing below and in front of it. The rod-like portion is fusiform, like the
symplectic of many other fishes, and is in contact with the lower articular end of
the hyomandibular, with a portion of cartilage covering both the articular surfaces.
The wing-like portion forms the lower and the front border of the bone, including
the pointed apex. The latter has a small ridge on it running to its extremity, and
the whole is firmly wedged in the posterior notch of the quadrate.

The hyoid cornu.—The hyoid cornu or the hyobranchial skeleton is fully de-
veloped with all its usual characteristic structures.” It consists of two lateral arches
on two sides of the buccal cavity, starting from the respective hyomandibula, and
sloping downwards and forwards to meet the corresponding bone from the” other
side in the mid-ventral line below the floor of the same cavity. Each half of the
arch is made up of four segments, the inter-hyal epi-hyal, cerato-hyal and a double
hypo-hyal on each side. These are attached to a median basi-hyal on the ventral
floor, which, in fact, forms the anteriormost part of the arch and supports the
tongue. The last element is further supported by a median urohyal from below.
These segments are connected with one another by means of a small layer of
cartilage and form a strong supporting structure to the hody wall. Being closely
associated with the branchial arches which are in close proximity on the posterior
side, this arch is also called the hy-branchial skeleton.

The dorsalmost segment of the arch is a small inter-hyal or the stylo-hyal
which is dorsally attached to cartilaginous interspace below the postero-ventral end
of the hyomandibular. ‘It has sometimes been compared to the epi-branchial
but probably is a new formation (Goodrich, 1930).” The thickened dorsal head of
the bone is lodged in the cartilaginous interspace, being immediately behind the
symplectic, which is also attached to the same cartilage but lies in a different direc-
tion. The inter-hyal is a small hour-glass shaped bone (fig. 9a) extending obliquely
forward from its origin and furnishing means of attachment to the next piece of the
arch, viz. the epi-hyal, with a pad of cartilage in between. To the same cartilage,
the dorsal edges of the preopercle and interopercle are attached by ligaments and
help to synchronise the joint action of the opercular apparatus and that of the
branchiostegals which are placed on this arch. )

The epi-hyal (fig. 9a) is a roughly triangular piece hanging from the inter-hyal
and proceeding in the antero-ventral direction. Its posterior margin is circular
(convex) and the apex, which is directed posteriorly is slightly bent and thickens
to form a cup which fits exactly on the cartilage at the lower end of the inter-hyal.
The base of the triangular bone is broad, points anteriorly and touches the following
segment of the arch, the cerato-hyal with a thin interspace of cartilage between them.
The dorsal side, however, is without any cartilaginous interspace owing to a secondary
thickening of the bones, which form a sort of long ridge running along the entire
dorsal edge of the bone right from its posterior end and continuing over the dorsal
edge of the cerato-hyal to its anterior extremity. Such connections on the corres-
ponding bones but in the shape of very small splints have also been recorded in
O. ruber (Dharmarajan, 1936). The ridge found in Aplockeilus is of a similar type,
but comparatively pronounced and long, and appears to exist merely to strengthen
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the bones. Appearance of such strengthening ridges on the particular bone in
fishes phylogenetically far apart is significant in view of an opinion which states
that the epi-hyal and the cerato-hyal of modern Teleost have been a single element.

But for the aforesaid ridge and the posterior articulating head, the epi-hyal is
thin and its surface plain. The first or the posteriormost branchiostegal ray is
attached to this bone from outside. The next ray is only partially attached to this
bone as a portion of its attaching surface lies on the cartilaginous interspace between
this bone and the cerato-hyal. There is no depression on the bone for the attach-
ment of either of these rays as recorded in O. ruber. :

The cerato-hyal (fig. 9a) which immediately follows the epi-hyal and is connected
with it along the dorsal edge, has a broad proximal portion which immediately narrows
into a bar in the middle of the bone, eventually bifurcating into two rod-like
extremities. The extremities are tipped with cartilaginous heads for attachment
to the two hypo-hyals. The bony membrane connecting them is not complete and
towards the distal ends they have a quantity of cartilage between them also. The
third and the fourth branchiostegal rays are attached to the broad proximal portion
of the bone from outside, while the remaining two branchiostegals are attached to
the anterior bifurcating part of the bone from inside.

The hypo-hyals (fig. 9a) which are in close contact with the cerato-hyals, are
double pieces of bone on either side of the arch. They are small nodule-like structures
placed one over the other as dorsal and ventral pieces with a thin layer of cartilage
in between. They correspond with the anterior dorsal and ventral extremities of
the cerato-hyal, the terminal cartilaginous heads fitting closely in the small posterior
concavities of the hypo-hyals. One of these bones is somewhat large in some
specimens, but in Aplocheilus both hypo-hyals appear to be of almost equal size and
enclose a good amount of cartilage in them, the ossifications occurring in only the
superficial layers of the bones.

The hypo-hyals are fronted by a median, large cartilaginous plate, the basi-
hyal, which extends forward from the hypo-hyals and forms the support for the
tongue. Tt is a flat triangular piece, with the base facing anteriorly and the apex
lying above the hypo-hyals to which it is attached by fibrous tissue. The apex of
the bone is ossified and develops an articular surface by which it is attached to the
anterior head of the first basibranchial. Though the basi-hyal is mainly carti-
laginous, ossifications, nevertheless, appear in different places and specially, to a
greater extent at the posterior portion near the hypo-hyals and the articulating apex
of the bone.

Description of the hyoid cornu would be incomplete without mention of two
other elements, although they do not belong to this arch. These elements are the
branchiostegal rays, attached directly to the segments of the hyoid cornu, and the
uro-hyal or the basi-branchiostegal attached to the cornu only through short
ligamenits.

The number of branchiostegals is six. They are attached to the hyoid cornu
anteriorly while they are free posteriorly. In the living condition they are connected
all throughout by a thin fold of skin between them and are folded fan-like below the
opercular elements. They are grouped according to their attachments, the posterior
group consisting of the first (posterior) four rays and the anterior of the remaining
two rays.

The rays (fig. 9a) of the first group are broad, sabre-shaped and attached, Jas
already stated, to the outer surfaces of the porterior margin of the epi-hyal and the
cerato-hyal. The attaching surfaces are broad and flat and adhere to the respective
bones without any ligament. The rays are curved, pointed posteriorly and broader
towards their anterior extremities. They are thin and flattened laterally,
but in the middle third of their length they thicken slightly on their]dorsal edge.
Further on, the thickening develops into a central ridge on the outer surface of the
rays as they approach the attaching surfaces. The first (posterior) ray is the broadest
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of all and is also the longest, reaching even the posterior extremity of the opercle.
The other rays that follow become gradually shorter and narrower as they extend
towards the anterior end. All the rays fold below the opercular apparatus, but
only the first two are covered by the lower margins of the opercular bones, behind
which they fold.

The rays of the second group, namely, the 5th and 6th rays although similarly
disposed and folded, are shorter than the rays of the posterior group. There is an
appreciable distance between the points of attachment of the rays of the two groups.
Moreover, the rays of the anterior group are not so modified in different regions as
they are in case of the posterior group. Another important point of difference is
that, unlike the rays of the posterior group, the 5th and 6th rays are attached to the
inner surface of the narrow anterior portion of the cerato-hyal. This attachment
being through a short ligament is firmer than the posterior group of rays which
having no ligament can be easily detached.

Hubbs (1920) pays considerable attention to the form and arrangement of the
branchbiostegal rays in different groups of fishes. His own view is that in higher
groups of teleosts there is ‘a peculiarly constant arrangement of the branchiostegals’
and that the arrangement found in Microeyprini is similar to that in Acanthopteri.
The arrangement of branchiostegals in A. lineatus studied here also agrees with the
description given by Hubbs for Microcyprini and, thus justifies for it a place near
the Acanthopteri (Perciformes) which Hubbs, too, has allotted to this order (Micro-
cyprini).

The uro-hyal or the basi-branchiostegal which was also styled ‘sternum’ by
Allis, is a thin, vertically situated plate of bone lying very close to, or as if bisecting,
the angle formed by the mesially meeting halves of the hyoid cornu below the floor
of the throat. The uro-hyal is, somewhat triangular (acute-angled) in shape, with
its apex near the angle of the cornu and the rest of the body trailing behind. At
the apex the uro-hyal thickens into a round tuberosity from which two strong, short
ligaments proceed to the mesial surfaces of the lower hypo-hyals on each side. To
the lateral surfaces of the posterior part of the bone similar ligaments arising from
the antero-ventral extremities of the pectoral arch are attached. The shape of the
bone slightly varies, however, in some specimens in which on the dorsal side there
is either a dorsally or postero-dorsally directed process just behind the anterior
tuberosity. The thickness and the length of the process also vary according to
specimens.

The opercle (fig. 8) is a prominent bone on the lateral side of the skull. Tt is
almost triangular in shape, the triangle being equilateral with its base parallel to
the dorsal profile, and the apex pointing below. At the anterior corner there is a
prominent spine, at the base of which lies a facet for the articulation of the opercle,
with a large condyle on the posterior edge of the hyomandibular. The inner surface
has two or three ridges radiating from the articular facet. The outer surface is
smooth and slightly convex.

The pre-opercle is peculiarly shaped. It has two arms one posterior and the
other ventral and anteriorly directed with a membranous connecting lamina between
them. The posterior arm is almost vertical and originates near the hyomandibular
articulation of the opercle. It extends round the angle of the bone and the ventral
arm proceeds anteriorly to meet the quadrate. Both arms are channelled and form,
in fact, a single continuous canal along the entire posterior and ventral margin of
the bone. The canal is comparatively wide and opens outwards (laterally) along
the vertical arm and then slowly twists at the angle to open ventrally along the
lower arm. This ventral arm, terminating near the quadrate, is disposed in such a
way that the articular condyle of the latter is in the same curvature as that of the
former, and, superficially examined, appears continuous. )

The sub-opercle is another thin membranous bone bordering the opercle pos-
teriorly as well as below. The inner edge has a wide notch wherein fits the lower
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extremity of the opercle. The bone terminates in a truncated edge near the angle
of the pre-opercle. Immediately in front of the truncated edge is another mem-
branous bone, the inter-opercle, which together with the sub-opercle forms the
posterior and ventral margin of the operculum. The inter-opercle is also some-
what triangular in form with a short base at the truncated edge of the sub-opercle
and two long sides directed anteriorly. The bone runs below the margin of the pre
opercle and ends along with the latter near the articular surface of the quadrate.
A ligament joins the inter-opercle to the angular of the lower jaw.

(3) Branchial Arches.

Immediately behind the hyoid cornu are situated five branchial arches, which
together form the branchial basket or the skeleton supporting the gills in the pharyn-
geal wall. Of these only the anterior four bear gills on their posterior faces. The
fifth is thickened and modified to bear the lower pharyngeal teeth for mastication.
Each arch, is, as usual, made up of two lateral halves in the pharyngeal wall and
unite in the mid-ventral line. Unlike in the hyoid cornu, the halves of the branchial
arches meet in the mid-dorsal line also. Each half of the arch consists of almost
the same number of segments as in hyoid cornu with certain parts modified and
other missing according to the specialised functions of the parts. Generally, each
half is made up of the pharyngo-branchial and epi-branchial on the dorsal side, the
cerato-branchial on the lateral and ventral side, and the small hypo-branchial near
the mid-ventral line. In addition to these four there is a median basi-branchial,
corresponding to basihyal on the hyoid cornu and is attached to both hypo-branchials
as a common piece to both halves.

The higher degree of specialisation expected in the branchial skeleton has led
to different modifications of its parts. Nevertheless, corresponding segments of
different arches have almost similar modifications or special structures on them.
Hence, instead of each arch being described separately, the corresponding segments
from different arches are treated serially group by group in the following account.

Pharyngo-branchials.—The pharyngo-branchials are originally the dorsal seg-
ments of the branchial arches. In the embryonic stages they are cartilaginous and
rod-like, but as they develop their structure changes completely. They become
thicker, flattened dorso-ventrally and are ultimately designated as pharyngeal
bones. In addition to these changes, the bones undergo further modification to
bear prominent teeth on their ventral surfaces which project inside the throat from
the roof of the pharynx. The bones from both sides meet in the mid-dorsal line,
but do not fuse, there being some muscular tissue between them. They, thus, form
two patches of strong tooth-bearing bones on the dorsal side. The ventrally directed
teeth on these bones work against similar but dorsally pointed teeth on the fifth
arch on the floor of the throat and help in mastication.

The pharyngo-branchial bones on each side are three irregularly shaped pieces
of bones (fig. 9¢) which together form the pharyngeal bone on that side. The middle
piece is nearly double the size of the other two and represents fused pharyngo-
branchials. All the pieces, though separate in themselves, are imbricated and very
closely set together. The bone can, however, be split up on maceration.

The first pharyngo-branchial is thickened triangular piece of bone which has a
single row of teeth on its posterior margin. The last tooth on the mesial side is
bigger in size, the others behind being smaller. In the anterior corner of the tri-
angular bone there is a short articular head covered with a thin layer of cartilage.
- To the back of the head a cartilaginous rod is attached and it points laterally in
place of the respective epi-branchial.

The second and third pharyngo-branchials are fused into the large middle piece
of the pharyngeal bone. It is a broad quadrangular piece of bone, bearing on its
ventral surface prominent conical teeth slightly curved at their tips. They are
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thick at their bases, two or three of them on the anterior margin being particularly
thickened and larger than the rest. The lateral edge of the bone has two small
articular heads—one anterior and the other posterior—for the articulation of the
second and third epi-branchials. A third very prominent articular head is situated
on the posterior edge of the bone, with which the fourth thickened epi-branchial is
articulated.

The third toothed piece which represents the 4th pharyngo-branchial, is more
thickened than the first bone and has on it a larger number of teeth of different sizes.

Epi-branchials.—Among several ossifications in this area the first epi-branchial,
remarkably enough, remains quite cartilaginous and rod-like throughout the adult
condition. It is attached, as stated previously, below the anterior articulating
head of the first pharyngo-branchial and extends towards the lateral wall of the
pharynx to meet the cerato-branchial. At the junction of and in the angle of these
two bones is a rod-like ossification firmly attached to the cartilaginous joint. In
form, it is similar to the third and fourth epi-branchials, although much smaller in
size. Its position suggests that it must be either a super-epi-branchial ossification
similar to the supra-pharyngo-branchial in some forms like Scomber, Otolithus, ete.
(Dharmarajan) or that the posteriormost gill-raker of the first cerato-branchial
must have developed abnormally and attached itself to the cartilaginous end of the
first epi-branchial.

The second epi-branchial is rod-like towards the pharyngeal bone, but at its
contact with the cerato-branchial it has a hammer-shapped double head. It is
attached by fibrous tissue to the first pharyngo-branchial, but its real articulating
surface is on the second bone as stated previously.

The third epi-branchial is also rod-like towards the pharyngeal bones and
hammer-like at the other end, but is shorter in length and slightly thicker than the
previous piece. The hammer-like portion is considerably larger, and the outer head
is also longer. The bone articulates mesially with the second pharyngeal bone
at the antero-lateral corner of the latter. )

The fourth or the last epi-branchial is the most thickened and well-developed
piece amongst the epi-branchials. Tt is slightly flattened and bent outwards behind
the spot where it attaches itself to the pharyngo-branchial bone. The outer
surface of the bent portion has a thickened head projecting outwards. Unlike in
the former two epi-branchials there is no hammer-shaped thickening or any other
tuberosity at the other end of the bone, the cartilage at the tip of the corresponding
cerato-branchial being attached only to the inner surface of its extremity. The bone
is attached to the second pharyngo-branchial bone by a prominent articulating surface
on the posterior face of the latter and to the fourth pharyngo-branchial by a fibrous
connection. Thus, the fourth epi-branchial is, by far, the most prominent and best
developed bone of the group and on it must be falling the task of mastication through
the movement of the pharyngeal bones. (See figs. 9¢ and d.)

Cerato-branchials.—The cerato-branchials are the most prominent as also the
longest parts of the branchial skeleton. Their structure, position and points of
attachment are almost similar. They are four elongated and slightly rod-like
structures on the lateral wall and the floor of the pharynx. Dorsally, they have
cartilaginous tips which are attached to the epi-branchials at the lateral margin of
the pharynx. Immediately behind this point of attachment they bend sharply
inwards and converge from both sides mesially, ventrally and anteriorly for a consi-
derable distance from their origin, to meet the corresponding hypo-branchials near
the mid-ventral line. The first three cerato-branchials are alike in this respect,
because their anterior ends are capped with the cartilage and are firmly united with
the hypo-branchials. The fourth pair is, however, different from the rest as the
cerato-branchials fuse with hypo-branchials and the fused elements from either side
are attached to the median cartilaginous basi-branchjal. (Fig. 12.)
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The inner and outer faces of the cerato-branchials have gill-rakers of different
forms in different places. Unlike O. ruber and other species in which gill-rakers are
found on all the three pieces, namely the epi-, cerato- and hypo-branchials, they (gill-
rakers) are usually found only on the cerato-brantchials in A. lineatus.-

On the first cerato-branchial, the first gill-raker (fig. 12) on the outer side is a
small triangular bunch of minute conical teeth attached to the outer face of the
branchial bar. The second and succeeding gill-rakers on the outer face of the first
cerato-branchial are peculiarly modified. The second gill-raker (fig. 9b) is a linear
lanceolate flat piece, on the postero-mesial edge of which grow, inwardly directed,
minute conical teeth on the distal two-thirds of its length. The teeth are in a single
row, but towards the proximal portion there are a few double rows also. The
succeeding gill-rakers on the outer face are of the same shape as the second, but
longer posteriorly. The fifth and sixth, or at times the seventh also are of the
maximum size, while the rest are shorter posteriorly. The lanceolate gill-rakers
are generally eight or ten, and are attached obliquely to the face of the branchial
bar, so that the row of teeth points towards the throat. The last two or three gill-
rakers are small and of the same type as the first raker. The posteriormost, however,
is large, dorsally placed and modified as a rod-like piece of bone on the proximal
portion of the epi-branchial.

The inner row of gill-rakers on the first cerato-branchial consists of teeth (fig. 9b)
almost of the same type as the first gill-raker on the outer side, but the row of teeth
in each group is slightly semi-circular, instead of triangular, and attached from the
inner side. Each group forms a single gill-raker and the total number is almost the
same as on the outer side. '

The gill-rakers of the inner and outer rows of the second and third, and outer
row of the fourth are similar and of the same type as on the inner row of the first.
There are no gill-rakers on the inner side of the fourth, but on the inner surface of
the bar itself there is a narrow band of conical teeth along its entire length. On the
outer surface of the reduced fifth arch also there is a row of vestigeal gill-rakers
attached only to the middle portion of the bone.

Hypo-branchials—The hypo-branchials (fig. 12) are present only in the first
three arches. They are thick nodule-like structures attached to the distal end of
the cerato-branchials on the one side and to the basi-branchials in the median line,
cartilaginous interspaces intervening hetween all attachments. On the dorsal
surface of these hypo-branchials there are groups of erect conical teeth projecting
into the throat. On the first hypo-branchial the group of teeth is rather small,
but increases in extent on the second and is widest on the third, on which the teeth
also are bigger and more prominent.

There is no separate and distinet hypo-branchial segment in the fourth arch
just as in the Haplomous fishes, but the terminal portions of the fourth cerato-
branchials have fused with the hypo-branchials. These portions bear prominent
teeth just as in case of the third hypo-branchials; the patch of teeth, however, being
continuous with small teeth on the inner surface of the bone. Chapman (1934) also
subscribes to this view in respect of Novumbra, wherein the same segment is found to
be absent.

Basi-branchials.—The four functional arches are supported by four basi-branchials
(fig. 12). Being the median segments of the arches the basi-branchials are situated
in the mid-ventral line, and the hypo-branchials from both sides are attached to
them laterally in the horizontal level. The four basi-branchials, along with the three
hypo-branchials, a basihyal and the cartilage between all these pieces produce a
strong and firm floor for the buccal cavity. As the basi-branchials in the adult
form are considerably displaced from their premordial position between the hypo-
branchial segments of the respective arches, their attachments are not strictly limited
to the corresponding segments only but are mutually adjusted according to their
positions, so as to perfect a firm supporting floor.
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Only the first three out of the four bagi-branchials (fig. 12) are ossified and
elongated, while the fourth, which is cartilaginous throughout, is short and rhomboid
in shape. Curiously enough, the same fourth basi-branchial is small and unossified
both in O. ruber and Scomber (Dharmarajan, p. 43). This indicates that some
definite significance is attached to the cartilaginous nature of this segment, which
remains unossified among the assemblage of 80 many other bony structures. Per-
petually mobile condition of the branchial apparatus for respiration and for food
requires a firm binding quality and at the same time certain amount of elasticity for
the central uniting piece. These qualities are better afforded by cartilage, and that
appears to be the reason why the fourth basi-branchial remains cartilaginous in
A. lineatus as also in other forms.

Fifth arch.—The fifth arch, which forms the posteriormost element of the
branchial skeleton, is a considerably reduced and much modified piece of this skeleton.
Instead of forming part of the lateral wall, the arch remains entirely on the floor
of the pharynx and is developed into two pharyngeal bones. The posterior halves
of the bones are somewhat tapering, bent postero-laterally and thus diverge from each
other. The anterior parts are straight and lie close and parallel to each other near
the mid-ventral line. The anterior extremities approach the fourth cerato-branchials
from behind and are attached to the fourth basi-branchial. The pharyngeal bones
are considerably thickened-in the middle angle of their bodies and bear thick promi-
nent teeth of different sizes on their dorsal surfaces. The teeth project into the
throat from the floor of the pharynx, which is formed by the bones themselves. The
posterior row of teeth is very large and thick ; particularly two or three teeth towards
the median line are remarkably large and are the biggest of the whole lot. They
are of the same type as the large teeth occurring on the upper pharyngeal bones.
The tips of the ventral teeth are bent anteriorly and those of the dorsal posteriorly.
Both these types of teeth work on each other with the help of the strong muscles
attached to the respective bones and masticate the food. The other teeth on the
lower pharyngeals become smaller towards the anterior end and are of the same
type as the small teeth on the upper pharyngeals.

Post-temporal —The post-temporal (fig. 8) is a purely dermal bone through
which the pectoral arch on each side is connected with the skull. It has a rod-like
anterior portion which rests on the epiotic end and a broad slightly channelled
posterior portion which is applied to the outer surface of the cleithrum below its
spine. The channelled portion faces anteriorly and the lower side of the channel in
that position is broader and extends more anteriorly than the other side which
remains narrow and small. The sides of the chaunel represent the upper and lower
wings of the complicated post-temporal bone, developed in Poecillidae. Although
the distal end of the bone rests on the dorsal crest of the epiotic, there is no liga-
mentous connection between them. The bone merely lies in the dermal tissue and
may be easily dislodged with the flesh. The real contact of the post-temporal with
the skull, however, is through a ligament which arises on the inner anterior surface
of the bone in front of the posterior broad portion and attaches itself to the posterior
ventral margin of the epiotic. In some specimens the ligament is ossified at its
insertion on the skull while in others it is ossified at the other end onthe post-temporal.
The ligament when ossified in the post-temporal region appears like a small pointed
process which originates in front of the broad portion, almost in the middle of the
bone. The distal ossification of the ligament is disc-like and is applied to the outer
surface of the epiotic. Some specimens have both ossifications. The post-temporal
fork found in many fishes is absent in A. lineatus, but since its place is taken up by
the ligament which has a tendency to ossify, the ligament may be said to represent
the lacking fork, as has been conjectured by Gilbert (1895, p. 403) in regard to
Haplomous fishes.
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HEAD S8KELETON OF Oryzias melastigma (MCCLELLAND).

The head skeleton of O. melastigma (fig. 13) comprising the skull proper and
the visceral skeleton, is hardly 6 mm. in length and less than half as long as that
of Aplockeilus lineatus. Although the skull is not very broad and dorsally flattened
like that of Aplocheilus, it is nevertheless, moderately flat and slightly tapering
anteriorly, on account of the jaws being comparatively smaller in size. Moreover,
the jaws not being much prolonged anteriorly, the pre-orbital region is also ratber
short, the orbits, however, being proportionately larger than in 4. lineatus. The
dorsal surface of the skull is smooth, with the characteristic curvatures of the
frontals, and has a transverse oblong depression in the pre-ethmoidal region. The
depression is not so evident in Aplocheilus. The visceral arches are situated mainly
below the posterior portion of the skull and contribute towards the height of the
head skeleton which is greatest in this region. The arches extend anteriorly also
and give a tapering character to the ventral profile. The dorsal profile is almost
straight except in the pre-ethmoidal region, where there is a slight depression. The
height and the breadth of the head skeleton in the posterior region are almost equal,
and are contained about 1-5 times in the total length of the skuil with the jaws.

(1) The Skull. (Figs. 13 and 14).

The skull proper is limited anteriorly by a thin mesethmoid, as the usual vomer
is absent in O. melastigma. On the posterior side the processes of the supra-occipital
are shorter than in A. lineatus. Another remarkable difference in this region is that
the epiotics bear a pair of long posteriorly directed processes on their outer surfaces.
These are not found in Aplockeilus. The epiotic crest is also not so prominent as
in the latter. The skull is depressed in the postero-lateral corner and the pterotic
bone representing this area is placed on a lower level than that of the adjoining frontal
and the supra-occipital. On the inclined portion of these two regions is a small
cartilaginous area between the pterotic and the frontal, which remains uncovered
due to the absence of patietals. The cartilaginous area, being on the inclined
portion, is not quite visible in the dorsal view, but is evident only if the skull is tilted
slightly. There is another prominent quadrilateral area in the postero-lateral corner,
which is very lightly stained; but just as in 4. lineatus, the area is apparent only
because there are no thickened structures below it in contrast with the adjoining
area which possesses them.

The ventral surface of the skull is excavated by the orbits as usual, and the
inter-orbital space being uncovered by any skeleton structures, is wider thanin 4.
lineatus owing to narrower parasphenoids. The ventral level of the skull is also
not so uniform. The ethmoid region being low in height and there being no vomer,
the parasphenoid which occupies the mid-ventral position ascends upwards in the
anterior region to meet the dorsally situated mesethmoid.

The basi-occipital (fig. 14) is on a slightly higher level than the pro-otic and the
parasphenoid, which proceeds to meet the former, leaves a small gap between itself
and the ventral surface of the pro-otic. The ventral surfaces of both basi-occipital
and the pro-otics are inclined on the lateral sides, and with the narrow parasphenoid
in the median line form a low keel on the ventral side. At the posterior end of the
skull there is the articulatory concavity of the basi-occipital, with a wide constriction
behind it. On the lower level of this concavity are the ex-occipital condyles on
either side of the foramen magnum. The postero-lateral corner of the skull is
flattened just as on the dorsal side, but the depression on the medial portion of the
ptielrotic is deeper than in A. lineatus and resembles the pterotic recess of other
fishes.

Just as in A. lineatus there are no cartilaginous areas on the ventral surface of
the skull of this fish, but the replacing bones of the skull are separated by thin layer



C. V. KULKARNI: THE OSTEOLOGY OF INDIAN CYPRINODONTS. 87

of cartilage between them, the layer being somewhat wider between the pterotic
and other bones. The other peculiarity in common with that of A. lineatus is that
the replacing bones have a thin layer of cartilage even between the inner and outer
surfaces or laminae of each bone.

After the removal of the frontal bone, which covers a major portion of the brain
case, the anterior region is almost as equally ill-provided with skeletal structures as
in A, lineatus. The orbito-sphenoid and basi-sphenoid are absent and the ethmoid
remains cartilaginous. The only improvement in O. melastigma is that the carti-
laginous strand at the distal extremity of the supra-occipital, joining the alisphenoids
on either side, is wider and more extensive. Moreover, the alisphenoids are also
wider and more strongly built in this fish.

The skull is divided as usual, in the four regions, namely, the ethmoid, orbito-
temporal, otic and occipital. -

Ethmoid region.—The ethmoid region of 0. melastigma differs from that of A,
lineatus in certain remarkable features. It has a prominent mesethmoid, which is
both large and well ossified, and has no vomer developed on its ventral surface.
It has the same position in relation with other bones as in A. lineatus and forms the
anterior margin of the brain cavity. The median transverse portion of the ethmoid
region remains cartilaginous. The lateral extremities are covered by the lateral
ethmoids. On the ventral surface, the paraspbenoid extends beyond the median
cartilage and meets the mesethmoid from below. The posterior face of the ethmoid
cartilage extends posteriorly, on both the dorsal and ventral levels into the mem-
branous projections, almost in the same way as in A. lineatus, but the membrane
is narrower, and the triangular extremity of the dorsal entirely absent. The ethmoid
cartilage is produced in the anterior direction just as in A. lineatus, but, unlike in
the latter, tho membrane is on the dorsal level of the cartilage, and is ossified into
a mesethmoid bone in this fish.

Mesethmoid.—The mesethmoid (fig. 13) is a median, circular scale-like bone
in front of the ethmoid cartilage. It has the nasals on its either side, the lateral
ethmoid in the postero-lateral direction and the frontals behind. In front, the
extremities of the posterior processes of both pre-maxillaries rest on the anterior
portion of the bone. The ventral surface has a shallow groove in the posterior half
of the bone in which the anterior extremity of the parasphenoid is lodged.

As stated above, the mesethmoid in O. melastigma is an ossification of the anterior
prolongation of the ethmoid cartilage, and according to some authors it is termed
as ethmoid bone. A narrow strip of cartilage continues to remain unossified on the
anterior and lateral margins of the bone even in the adult condition. Between the
upper and lower surfaces of the bene, is a layer of cartilage which is continuous
with the ethmoid cartilage behind and divides the bone into upper and lower laminae.
The cartilaginous layer is thin anteriorly and thicker in the posterior portion, so as
to make the two laminae more evident only on the posterior side.

The mesethmoid in O. melastigma agrees in certain respects with the descrip-
tion of that bone in Fundulus (Starks, 1926) as well as in Poecillidae in general.
Starks, however, describes the bone in Fundulus as having a double laminae only
in the posterior part with some cartilage between. In Belonesox belizanus also
(Starks, op. cit.) ‘the mesethmoid is a thin disc, scarcely ossified, though it is easily
separable from the cartilage under it. In some of the Haplomous fishes the meseth.
moid is actually in the form of two bony discs, with a short column of cartilage
between.” A double laminar structure with cartilage in between thus seems to be
a common feature of mesethmoid in many fishes.

Starks (loc. cit.) believes that mesethmoid is generally of dermal origin and in
some cages (Percoids) of a ‘dual origin, its surface being ectosteal and its interior
endosteal though often of cartilage, with spicules of bone scattered through it’.
Elsewhere he observes that ‘very often’, even in most specialised fishes, ‘mesethmoid
is a thin shell of surface bone with the interior filled with cartilage’. The association

3
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of mesethmoid with a certain amount of cartilage, thus, appears to be constant
factor in most fishes and may indicate that the mesethmoid may be of cartilaginous
origin, the cartilage having a tendency to ossify only on the upper and lower surfaces
and to assume different shapes. In O.melastigma, at least, the mesethmoid seems to
have originated in cartilage, ossifying only in a circular area on the upper and lower
surfaces. Even on its anterior and lateral sides there is still a thin strip of cartllage
persisting. Moreover, ossification on either surfaces, with cartilage in between, 1s
a condition prevalent in all the replacing bones of this fish, ‘inclu(hng even the
complicated otic bones. A similar condition in the mesethmoid also strengthens
its claim to be replacing bone originating in cartilage.

The mesethmoid in 4. lineatus, although entirely cartilaginous (vide infra, p. 4)
is different from the type of mesethmoid described above, and is independent of the
ethmoid cartilage.

Lateral ethmoid.—The lateral ethmoid (fig. 14) is almost similar to that of
A. lineatus, except that the margins of the bone in O. melastigma are less thickened.
Moreover, a small postero-lateral lobe is not covered by ossification. The posterior
transverse portion of the bone lies below the anterior margins of the frontals. The
nasals are attached from above and roof the olfactory area which is situated in the
antero-lateral corner of the bone. The area is bounded by the anterior and trans-
verse portions of the bone on two sides and the lachrymal on the external side. The
olfactory nerve opens, as usual, through the olfactory foramen, which passes through
the antero-lateral corner of the ethmoid cartilage. Unlike in 4. lineatus, nelthel'
the palatine nor the maxilla comes in contact with the margins of the lateral ethmoid.

Nasals—The paired nasals (fig. 13) are not thin, scale-like circular as in 4.
lineatus. They are comparatively thicker, concave ventrally and somewhat bean-
shaped in outline. The hilum side of the bean-shaped nasal, which is attached to
the anterior end of the lateral ethmoid, is situated medially and is thicker than the
outer thin margin of the bone. It is more prominent than the nasal in 4. lineatus.

Orbito-temporal Region.

Just as in A. lineatus, the orbito-temporal region of O. melastigma is quite
extensive and contains a small number of bones as compared with the expanse
of the region. In addition to the orbito-sphenoid and basi-sphenoid, the parietals
too, are absent in O. melastigma. The frontals cover the entire dorsal surface of the
region. The alisphenoids are somewhat bigger than in 4. lineatus, but thc para-
sphenoid is narrower and leaves more space uncovered by bones on the ventral

surface of the skull. The circum-orbital series are represented by the dermosphenotic
and the lachrymal only.

Frontals.—The frontals (fig. 13) are very similar to those of 4. lineatus both in
shape and position. They have also the conspicuous triradiate ridge on the ventral
surface, which is clearly visible dorsally and separates the three different regions of
the frontal, viz. the supra-orbital, inter-orbital and the sphenoidal. The supra-
orbital portion is rather more extensive than in A. lineatus and also descends a bit
more ventrally on the posterior side for the protection of the eye. On the dorsal
surface the frontal has the typical curvatures corresponding to the three regions of
the bone. The mesial margins of the frontals overlap in the median lino, and the
distal extremity of the supra-occipital is wedged in between their posterior portion
just as in 4. lineatus.

Parasphenotd.—The parasphenoid (fig. 14) differs from that in 4. lineatus in
several respects. It is bent at two ends, has a different shape with additional pro-
cesses, and is slender than in A. lineatus. It extends from near the base of the
basi-occipital to the middle of the mesethmoid, and is perhaps the longest of the
bones of this fish.

3B
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The bone is a slender, elongated structure with a broad bridge in the middle,
on either side of which it bends slightly. The bridge is situated in front of the
anterior margins of both pro-otics and is formed of a pair of lateral plates arising
from the lower side of the parasphenoid, and proceeding dorso-laterally to meet the
mesially directed plates of the pro-otics. The portion of the bone in front of the
bridge gradually broadens out anteriorly and ends into an obtuse point. Along
the median line of this portion there is a flange-like blade of bone which is at right
angles to the broad outer surface for about two-thirds of its length from the bridge.
The posterior portion is slender and slightly flattened. There is no flange-like
support in this region, except for a few indistinct ridges on its outer surface. _

At the base of the dorso-lateral plates there is a pair of small foramina for the
oculomotor nerves of the eye muscles. Behind the foramina and almost from the
summit of the bone a pair of short arm-like processes extends postero-laterally.
They meet on each side the anterior edge of the pro-otic, while the dorso-lateral
plates of the bone meet the dorso-medial plates of the pro-otics on each side. They
thus, enclose between them a large concavity which opens anteriorly at the base of
the eye. There are no such plates in relation with the parasphenoid or pro-otics
of 4. lineatus, and consequently no such foramen is formed in that fish. The
foramen and the plates forming the bridge may perhaps indicate a formation of an
opening of the trigemino-facialis chamber or a posterior myodome.

Behind the bridge the parasphenoid runs posteriorly over the ventral surface
of the pro-otics leaving a small space between the pro-otics and the bone itself,
and is firmly attached to the basi-occipital. Anteriorly it ascends upwards to meet
the mesethmoid. At both these ends there are grooves on the attaching surfaces,
giving more firmness to the contact. Such grooves are absent in A. lineatus. The
parasphenoid in O. melastigma is, thus, more specialised both in structure and
attachments and shows a distinct advance over A. lincatus.

Alisphenoid —The alisphenoid (fig. 14) is similar in structure position and
attachment to that in 4. lineatus, but extends more mesially and is thicker in build
than in the latter. At the distal eud, too, it is broader and thicker and is almost
rectangular in shape. Its structure with respect to the laminae and the intervening
cartilage is the same as in 4. lineatus. From its distal end a band of cartilage extends
mesially and meets the distal cartilage of the supra-occipital. On the ventral side
of the distal end it is connected by a ligament to the distal end of the dorso-lateral
plate of the parasphenoid. The alisphencid, thus plays better part than in A.
lineatus in affording lateral protection to the brain case and appears to be a step in
advance towards the Pereoid skull where the alisphenoids are more developed.

Circum-orbital series.—Just as in 4. lineatus, the circum-orbital bones are
represented by only two bones, namely the lachrymal and dermosphenotic.

Lachrymal.—TDis boue occupies the same pre-orbital position as in A. lineatus
and possesses a similar tubular structure with other curved plates attached to its
distal end. 1In O. melastigma the tubular portion is narrower and there is an addi-
tional curved plate in its proximal portion (fig. 15).

Dermosphenotic.—This is almost similar to that in A. lineatus but is not so bent
or concave as in the latter. Another difference (fig. 13) is in the position of the bone.
In A. lineatus it is placed anterior to the sphenotic process aud forms the posterior
boundary of the orbit, whercas in 0. melastigma it is attached to the posterior face
of the sphenotic process.

The sclerotic bones found in 4. lineatus arc absent in this fish.

Otic Region.

The otic region in O. melastigma consists of the four usual ossif}ca,tiops, pro-
otic, epiotic, pterotic, and sphenotic, just as in 4. lineatus, the fifth opisthotic being
characteristically absent in both. The otic-bones in O. melastigma are more complex
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and specialised than in the latter. They are irregular in shape and are either com-
pressed or enlarged in different ways, so as to perform their main function of sheltering
the auditory organ. The otic capsule is not a complete bony case. On the dorsal
side a thin cartilaginous membrane remains unossified. It extends from the lateral
extremity of the supra-occipital to the base of the alisphenoid in front, the sphenotic
and pterotic on the side, and the epiotic behind. The cartilage is partially covered
by the frontal leaving only a small open area on the posterior side. Similar cartilage
is found in A. lineatus also, but the anterior margin of this cartilage, which remains
distinct from the other cartilage in that fish, is not evident in O. melastigma.

In common with the other replacing bones of the fish, the otic bones also have
outer and inner laminae with a thin layer of cartilage in between. The laminae arc
ossified and rolled up in such a way as to give rise to tunnel-like bony passages for
semi-circular canals. Larger spaces are also provided for the ampullae of the canals
and the otoliths. '

Pro-otic.—The pro-otic (fig. 14) as usual, forms the floor of the auditory capsule
on the anterior side and has the concavities on its floor for the ampullae and the
utriculith, just as in A. lineatus, but, besides these structures, it has developed a
vertical plate on its anterior margin. The plate originates in the lateral corner and
proceeds mesially upwards to meet the dorso-lateral plate of the parasphenoid. The
dorsal edge of the base of the plate is in contact with the base of the alisphenoid
and, as in Novumbra hubbsi (Chapman, page 385), forms the postero-mesial wall of
the orbit. The antero-lateral corner of the bone (pro-otic) has a number of foramina
for the branches of the facial and the trigeminal nerves.

Behind the foramina there is a buttress-like support to the auditory capsule,
which arises from the inner surface of the pro-otic. There is a similar support in
A. lineatus, but that in 0. melastigma proceeds more dorsally and develops into a
dorsal process, just as in V. hubbsi. The dorsal portion of this process curves in-
wards at the dorsal level and supports from inside the anterior margin of the dorsal
cartilaginous membrane of the capsule. On the dorso-lateral side the anterior
lamina of the process is in contact with the base of the alisphenoid, while the posterior
lamina connects with one of the laminae of the sphenotic. As the bases of these
three bones meet at the anterior lateral corner of the skull, the cartilage between
the laminae of their bases fuses together and forms a cartilaginous column to
strengthen the region.

Epiotic—The bone (fig. 13) occupies the normal postero-dorsal position on the
skull, but is not so much compressed laterally as to form the epiotic crest as in
A. lineatus. The bone is, nevertheless, remarkable for its possession of a long
slender process (fig. 13) on the outer surface, somewhat like the epiotic process of
Labeo rokita. It is a thin laterally compressed membranous prolongation wlhich
extenids posteriorly from the outer surface of the bone. It is about twice the length
of the supra-occipital processes and is more prominent than the latter. A process
from each epiotic proceeds somewhat mesially and the two processes connect with
the neural spines of the vertebral column by fibrous tissue.

Pterotic—The pterotic (fig. 13) is comparatively a simpler and less complicated
bone than in 4. lineatus. 1t has only a single curved wing along its outer margin
and does not bear the articulating facet for the hyomandibular on its ventral surface.
The anterior edge of the wing, however, is slightly thickened at its end and helps
in articulation of the hyomandibular. The bone is tunneled as usual for the passage
of the horizontal semi-circular canal. :

There is a lightly stained quadrilateral area visible in the postero-lateral corner
of the skull just as in A. lineatus, and, as in the latter, is apparent only because the
other surrounding portion is more dense on account of the presence of bony passages
for the semi-circular canals within those bones. '

Sphenotic.—This bone (fig. 13) also has a shape different from that in 4. lineatus.
It is pushed in the antero-lateral corner of the capsule and takes but a minor part in
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sheltering the auditory organs. Only a portion of the anterior semi-circular canal
is lodged in the cavity of the bone without any tunnel being formed. The semi-
circular canal, therefore, could be pulled out intact without any part of bone being
damaged. In A. lineatus the semi-circular canal cannot be removed without cutting
a portion of the lamina of the bone which forms a small tunnel inside.

A portion of the bone which forms the sphenotic spine in 4. lineatus is flattened
antero-posteriorly with a slight concavity in front and forms the posterior margin
of the orbit. The articular facet for the hyomandibular situated on the ventral side
is elongated instead of being round as in the other fish. Its association with other

* bones is identical with that in 4. lineatus.

The otoliths are almost of the same type as in A. lineatus, except that they are
situated in a straight line, instead of forming an arc just as in the latter.

Occipital Region.

The occipital region is almost similar in composition to that of A. lineatus
except in details of shape of the bones, etc. The foramen magnum is dorsally and
laterally bordered by the ex-occipital which has also the occipital condyles for arti-
culation with the vertebral column. The articular concavities of the basi-occipital
and also the ox-occipital condyles are comparatively smaller than in A. lineatus.
The latter are somewhat mesially directed and have concave articular surfaces. The
basi-oceipital and the ex-occipital have internal plates running between them to
support the region just as in 4. lineatus while the ex-occipital has an additional plate
developed for the support of its own curved region.

Supra-occipital—This bone (fig. 13) differs in shape from that in A. lireatus
but the difference is due only to the modifications of structures found in the latter.
Both the distal and lateral processes which are quite short in A. lineatus, are drawn
out and elongated, and the body of the bone is made slenderer in this fish. The
lateral prolongations extend antero-laterally towards the sphenotic and compensate
to some extent for the absence of the parietals. The posterior processes of the bone
are shorter and slenderer and do not extend beyond the posterior margin of the skull.
The lightly stained wedge-like area seen in the distal portion of this bone in 4.
lineatus is noticeable in this fish, too, in the same position but the cartilage extending
from below the area in the anterior direction is distinctly broader and more ex-
tensive in O. melastigma. Consequently, the lateral bands of cartilage proceeding
towards the alisphenoids also originate away from the distal margin of the supra-
occipital. As stated previously, a sheet of cartilage extends from the lateral pro-
longation of this bone to join the alisphenoid, pterotic, sphenotic, and epiotic. Just
as in 4. lineatus, the supra-occipital in this fish, too, is wedged between the posterior
parts of the frontals, but unlike in the former there are no parietals on the lateral
side of this bone.

Basi-occipital.—Although similar in shape, the basi-occipital in 0. melastigma
(fig. 14) is relatively larger in extent than in 4. lineatus. TIts posterior articulating
concavity, a cone-shaped centrum, is smaller and more constricted behind. The
outer surface of the bone has a slight curvature and in the median line there is a
groove extending about two-thirds of the distal portion of the bone, in which t‘he
posterior end of the parasphenoid is lodged. The bone has internal plates running
from its inner side to the inner side of the ex-occipital just asin 4. lineatus, but these
are narrower and arise from the middle third of the bone. They are lengthwise
on the basi-oceipital, but as they approach the ex-occipitals they twist sideways so
as to support the extension of ex-occipitals. .

Ex-occipitals.—These paired bones in 0. melastigma are even more complicated
in structure than in A. lireatus. Each ex-occipital {fig. 13) has a n}edlal portion
antero-posterior in direction and a lateral portion. The medial portion forms the
dorsal and lateral margin of the foramen magnum and has a flat condyle for the
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articulation of the skull with the vertebral column. The lateral portion starting
from the foramen magnum forms a portion of the posterior skull in the antero-
lateral direction. The epiotic is attached from above to the lateral portion of the
bone and shares a space for the ampulla between the horizontal and posterior semi-
circular canals; with the basi-occipital it shares a concavity for the legenalith.

The ex-occipital condyles (fig. 14) are flat and broadly oval in shape. They are
directed slightly mesially on either gide of the foramen magnum and meet similar
articular surface of the first vertebra. The foramina for the glosso-pharvngeal, vagus
and oceipito-spinal nerves are as usual present on the bone. The large foramen on
the inner plate between the basi- and ex-occipital of A. lineatus is absent in this
fish. The plate being narrow, the pharyngeal and vagus nerves open out directly
through the vagus foramen.

(2) Visceral Skeleton.

Considerable similarity exists between the visceral skeleton of this fish and that
of A. lineatus, except for the palato-quadrate arch, which does not contain a metap-
terygoid, and for the possession of a different type of pharyngeal bones. The
palato-quadrate arch,compared with that of 4. lineatus, is slender and more elongated,
and resembles the typical Poecillid type. The suspensorium is much anteriorly
disposed and the guadrate extends considerably beyond the anterior margin of the
orbit for the articulation of the jaws. Other minor differences regarding shapes
and sizes also exist to a certain extent and are described below.

Hyomandibular.—The hyomandibular (fig. 17b) is more elongated, but com-
paratively less complicated, than in A. lineatus. It appears like a narrow plate
which twists in the middle, so that the lower half, which is narrower at its lower
end, makes a small angle with the upper half. Thin, flange-like bony plate is also
found on the outer surface of the bone. Instead of the two condylar heads of A.
lineatus the dorsal edge itself is turned into an elongated condylar ridge which
articulates with a corresponding concavity on the ventral surface of the sphenotic.
There is no condylar head for the operculum, but the latter articulates with the
posterior thickened edge of the hyomandibular. A foramen for the passage of the
hyomandibular nerve is situated in the middle but somewhat on the eurved side of
the bone.

Symplectic.—Attached to the lower end of the hyomandibular is a slender
symplectic (fig. 17b) with a cartilaginous interspace hetween the two bones. (‘om-
pared with the large and broad symplectic in A. lineatus, this bone is considerably
more elongated and slender. Tt is almost twice as long as hyomandibular and
curves upwards in the middle. Its posterior half is directed antero-ventrally, while
the anterior half is directed antero-dorsally. The bone thus, forms a small angle
which delimits the ventral margin of the orbital cavity. The bone, posteriorly is
slightly broad and gradually tapers into a point which reaches from inside almost
on the middle of the quadrate. The metapterygoid, situated above this bone in
A. lineatus, is missing in 0. melastigma.

Quadrate.—The quadrate (fig. 17b) is roughly similar to that in A. lineatus, but
is considerably more elongated just as the symplectic. Its posteriorly directed
narrow portion is rod-like and almost reaches the angle of the symplectic. Its
anterior portion is broad and extending upwards, while its antero-dorsal margin
is truncated. The articular head is double, just as in 4. lineatus.

Mesopterygoid.—Mesopterygoid (fig. 17b) is roughly rectangular, but has its
upper margin slightly concave, just as in 4. lineatus. It is elongated in shape and
has slender curved ridges on its outer surface. There being no metapterygoid, the
bone is free at its posterior end and is only feebly attached to the dorsal portion of
the quadrate from behind and merely touches the posterior margin of the fused
palatine by its anterior edge. )
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Palatine.—Compared with the palatine of A. lineatus, the bone in this fish
(fig. 17b) is considerably smaller and is of a different shape too. It also appears
reduced when compared with the elongated symplectic and quadrate of the same
fish. It is attached to the antero-dorsal edge of the quadrate through a cartilaginous
interspace and after extending along the antero-dorsal direction for a short distance
ends in a thick articular head which has an anteriorly directed concavity for articula-
tion with the maxilla. Unlike in A. lineatus, the articular head is more anteriorly
placed and is not in contact with the lateral ethmoid or the nasal. It is connected,
however, with the ethmoid region through its contact with a small circular notch on
the cartilage on the lateral margin of the mesethmoid.

Lower jaw.—The lower jaw (fig. 15a) consists of the same elements as in A.
lineatus, but their shapes differ. The artigular is comparatively small in size and
roughly triangular in shape with a blunt apex, while at its posterior thickened edge,
it bears a large facet for the double condylar head of the quadrate. Unlike in
A. lineatus, the bone has no inner and outer portions. The inner side of the apex
of the articular bone has a distinct sesamoid articular hone. This bone is small in
size, but compared with the size of articular and the jaw, it is quite well developed.
The angular (fig. 15) is almost of the same size as the sesamoid articular, and occupies
the usual position on the jaw.

The extremity of the ligament joining the inter-opercle to the angular is also
slightly ossified at the point wheve it meets the latter. The dentary which is more
prominent and well developed than in 4. lineafus, does not narrow down towards
the median line, but forms a uniform transverse bar which approaches its fellow
(ramus) in the median line. The two rami are much further apart in the median
line than in . lineatus and are connected by a short ligament. Posteriorly, each
dentary broadens out dorso-ventrally and extending up to the articulating surface
of the articular ends in a postero-dorsally directed broad lobe-like process. The
latter is somewhat narrow in young specimens. In a few old specimens the anterior
margin of the broad process is slightly dentate.

The transverse bar of the dentary has a double row of conical teeth. The
outer row has large teeth, which are slightly curved inwards at their apices. The
teeth on the inner row are small and erect. In old specimens the teeth on the outer
row are not finely pointed. A few smualler teeth are also found at the base of the
second row in some specimens. They are particularly more numerous at the corner
of the jaw (fig. 16D).

Male specimens are remarkable for their possession of additional special teeth
(fig. 16b) on the anterior face of the dentary at the corner of the jaw. They, too,
are conical, but thicker and larger than those on the jaw and are closely set in a
vertical row. Their number varies from three to seven. They are anteriorly
directed and curved slightly downwards. The female is devoid of any such special
feeth on the dentary surface, which is plain and smooth.

Meckel's cartilage is unossified for a short distance in front of the articular,
but at its extremity it is slightly ossified on its outer surface. Close to the point
of this ossification there is a thin dermal ossification adhering to the corner of the
dentary from inside. The ossification probably represents the splenial or the
infradentary which is not found in A. lineatus. _

Upper jaw.—The upper jaw is formed entirely by the pre-maxillaries, the maxil-
laries being behind and guiding the movements -of the former. The shape of the
pre-maxillaries (fig. 16a) is roughly similar to that in 4. lineafus except for the addi-
tional teeth which vary accordingly tosex. The pre-maxillaries are thicker and short-
er in structure than in A. lineatus, and have a transverse portion which forms the
actual transverse part of the jaw and a ventrally directed descending portion which
bounds the jaw on the sides. The descending portion does not terminate in the spine
as in A. lineatus, but has a comparatively broader and shorter ventral extremity.
The posterior triangular process of the transverse portion of the jaw near its
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mid-dorsal region is shorter and more rounded at its distal end than the prominent
triangular process in A. lineatus. In some specimens the process is rather small.

The teeth on the transverse portion are similar to those on the lower jaw, but
the dentition varies on the descending portion. In males the descending portion
bears a row of three to five thick and large antero-laterally directed conical teeth.
They are similar in build to those found in males on the anterior face of the dentary
and are slightly curved downwards. Some forms which have only three such teeth,
have them equally developed while in others which have more teeth, the uppermost
tooth is the smallest and the others have progressively larger ventrally. Females
have a single large antero-laterally directed tooth situated somewhat above the
ventral extremity of the bone. In a few specimens even this tooth is absent.

Sundara Raj (1916, plate XXV, fig, 3) has figured a female pre-maxilla ending
in a bifid tooth, which appears in fact, like two teeth. In some specimens examined
during the present investigation there was only one large antero-laterally directed
tooth on the anterior face of the ventrally directed extremity of the bone, but in
other specimens even this tooth was missing, its place being taken by a short crenate
margin.- The absence of the tooth may be accounted for by its having been acci-
dentally dislodged. The male pre-maxilla also does not terminate in four to six
teeth as shown by Sundara Raj. The teeth are borne on the anterior face of the
descending portion of the arm, leaving the extremity separate as in fig. 16c¢.

Opercular bones.—The operculum (fig. 17a) is not triangular and so much pointed
as in A. lineatus. The ventral extremity being rather broad, it appears quadri-
lateral in shape. Its articular surface is wider and glides over an undefined thiekened
posterior edge of the hyomandibular.

The sub-operculum (fig. 17a) is similar in shape and attachment to that in
A. lineatus, but the former is more thickened and larger than in the latter. The
ventral margin of the opercle is closely attached to, and extends over, the dorsal
notched portion of the bone, so that the two bones appear like one piece. The
sub-opercle extends almost up to the dorsal margin of the opercle from behind and
forms the entire posterior and postero-ventral margin of the opercular apparatus.

The inter-opercle (fig. 17a) is somewhat differently shaped from that in A.
lineatus. The posterior one-third is broad, the remaining part being narrow, and
elongated and slightly pointed. The bone runs almost ventral to the palato-quadrate
arch, its anterior third being attached to the ventral edge of the quadrate. The
distal extremity is connected with the angular through a short ligament.

The pre-operculum (fig. 17a) has the familiar vertical channeled portion but
the horizontal portion has the channel branched ventrally. The whole bone is
smaller and different in shape compared with the pre-operculum of 4. lineatus. At
the dorsal end, it is attached to the hyomandibular behind the outer flange on the
bone and possesses small openings in the channeled portion, suggesting its origin
as a sensory canal bone. The thin membrane in the inner angle of the two arms
attached by its dorsal margin to the ventral edge of the symplectic. Unlike in 4.
lineatus, this horizontal arm of the hone is not elongated and extends only up to
two-thirds of the symplectic.

Hyoid cornu.—The inter-hyal of the hyoid cornu is not present in this fish and
the epi-hyal is directly attached to the cartilaginous interspace between the hyoman-
dibular and symplectic. The epi-hyal and the cerato-hyal (fig. 17c) are almost of the
same shape as in A. linentus, except that the distal part of the latter is not bifurcated
and contains large amount of cartilage. The bony ridge continuous on the dorsal
margins of both the bones in A. lineatus is present in this fish also. The
hypo-hyals are absent. The basi-hyal is relatively extensive. Its narrow posterior
half is ossified and the wider anterior half remains cartilaginous.

The branchiostegals (fig. 17¢) are five in number, the posterior two are more
curved and flattened than the rest. They are not excessively thickened and except
in the posterior first do not possess the upper ridge like thickening at the attaching
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surface found in A. lineatus. The posterior four rays are attached as usual to the
outer surface of the epi-hyal and the cerato-hyal, but the fifth instead of being attached
to the inner surface of the cerato-hyal as in most fishes (Hubbs, 1921) is attached to
the outer surface near the base of the previous ray. At times, the fifth ray is attached
to the anterior edge of the broad portion of the cerato-hyal. In one specimen a
rudiment of a sixth branchiostegal was also found but it was only on one side. It
was thin and slender, and lay in the same level and in the same direction as the
other rays. The slightly flattened anterior extremity was, however, considerably
away from the attaching surface of the cerato-hyal. In another specimen the fourth
and the fifth rays were almost fused together.

The attachment of the fifth branchiostegal ray to the outer surface of the cera-
to-hyal in O. melastigma is rather exceptional in Teleosts according to Hubbs (1921),
but in a dozen specimens examined during the present investigation its character
was quite constant, except for the slight variation mentioned above.

Branchial skeleton—There are four functional branchial arches having gill
filaments on their cerate-branchials and the usual hypo- and basi-branchials forming
the floor of the bramchial apparatus. The fifth branchial arch is reduced and modified
into teeth-bearing, inferior pharyngeal bones. The fourth basi-branchial is reduced
almost to a cartilaginous vestige. Just as in 4. lineatus, the last gill raker of the
first arch is excessively thickened and enlarged and appears like a first epi-branchial,
which is undeveloped in this fish. The second epi-branchial is represented by a
minute nodule of bone, the third being undeveloped. The fourth (fig. 18a) is
remarkably well developed. Its proximal portion is rod-like, the distal region being
bent and flattened into a thin plate.

The pharyngo-branchial elements on each side fuse into a single triangular
pharyngeal bone (fig. 15b) with its apex directed posteriorly. On the ventral
surface of the bone there are 12 to 14 transverse rows of fine accicular teeth (fig. 15b)
which project into the throat. Each individual row is again made up of a double
row of closely set teeth. The floor of the bone, instead of being of a compact struc-
ture, is made up of a spongy network of bony lamellae on which the teeth are borne.
The bone is concave on its dorsal surface and there is a narrow bridge over the
concavity joining the longer sides of the bone. The whole structure, therefere,
exactly resembles a bath brush, with the teeth representing the bristles, the bony
network, the surface on which the bristles are fixed and the narrow bridge connecting
the sides of the bone, the strap at the back of the bath brush.

By the side of the apex of the pharyngeal bone there is another bony structure
(fig. 15b) with a row of minute teeth on its ventral edge and a thick, short shaft
directed vertically upwards. The shaft has a slight cartilage at its tip and arti-
culates with the cranium above. The bone may represent cither the supra-
pharyngeal element present in some Haplomous fishes or the first pharyngo-branchial
which, instead of fusing with other similar segments, remains separately ossified and
has its articular extremity turned upwards.

The pharyngeal bones on each side lie side by side in the roof of the pharynx
and their teeth work on similar teeth of the inferior pharyngeal bones on the floor
of the pharynx. The latter bones are derived from the fifth branchial arches which
are completely modified to give rise to these teeth-bearing bones. These structures
are identical in all respects with the pharyngo-branchial bones on the upper side.

The gill rakers (fig. 18b)are found, as in A. lireatus,in a double row on each cerato-
branchial of the four gill arches. The rakers on the outer row of the first cerato-
branchial are somewhat similar to those in 4. lineatus. They are, however, pointed
much more distally than in the latter and do not possess the minute teeth on their
inner surfaces. They are somewhat awl-shaped in appearance. Those in. the
middle of the arch are the longest becoming shorter at either extremity. The inner
row, also, has similar gill rakers, but of a shorter type, which is found on both the

_inner and outer rows of the following three cerato-branchials,
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The median uro-hyal (fig. 18c) on the ventral side is a peculiarly shaped structure.
Its anterior portion, which is close to the distal extremities of the cerato-hyal, is small
and triangular with its base in front and its apex behind. The apex is produced
posteriorly and divides into thin, lateral membranes, which extending upwards,
fuse in the median line. After extending a short distance, the membranes end in
five short processes. At the apex of the anterior triangular portion, there is a
dorsally directed spur at right angle to the length of the bone. Anteriorly, the
uro-hyal is attached to the basi-hyal and cerato-hyal, and posteriorly to the pectoral
arch, just as in A. lineatus.

The post-temporal (fig. 18d) is comparatively much reduced in size and appears
like a narrow splint of bone. It is more firmiy attached, however, to the epiotic
and the cleithrum than in 4. lineatus.

Hrap SRKELETON OF Horaichthys setnai KULKARNT,

The head skeleton of Horaichthys setnai (fig. 19) which is hardly 3 to 4 mm. in
length, differs slightly according to sex, the female having a larger head than the
male. The length of the skull of an average full grown female specimen measures
about 3-8 mm. with the jaw, and that of males 3-3 mm. The breadth is 2:5 mm.
and 2-2 mm. and the inter-orbital space -9 mm. and -6 mm. respectively. The
dorsal surface of the skull and its tapering nature are almost identical in these
particulars with O. melastigma. A slight crest formed by the frontals in the inter-
orbital area is more proeminent, however, in H. setnai. The dorsal profile is straight,
but the ventral one at the lower jaw rises up suddenly to reach the dorsal level.
The proportion of the depth and breadth of the skull to its length is also the same as
in 0. melastigma. )

(1) Skull. (Figs. 19 and 20.)

The skull proper is limited anteriorly by a prominent mesethmoid owing to the
absence of the vomer. The posterior process of the supra-occipital is even much
smaller than in O. melastigma. The frontals cover a large part of the skull. Most of
the other bones are feebly ossified and particularly the bones of the otic region are so
very thin and feebly ossified that they appear almost transparent. The parietals are
absent. A small eartilaginous area exists behind the posterior edge of the frontals,
but the lightly stained area found both in A. lineatus and O. melastigma is not very
apparent on account of the absence of thicker parts. The postero-lateral corners
of the skull are flattened, but the margin of the skull of either side of the foramen
magnurm is not so depressed as to give rise to the epiotic crest.

The ventral surface of the skull represented by the occipital and otic regions is
flat as in A. lineatus; but the anterior region resembles that of 0. melastigma owing
to the slender, ascending parasphenoid meeting the mesethmoid. On the posterior
margin the articular concavity of the basi-occipital and the ex-occipital condyles are
present. )

As in the other two cyprinodonts, namely, 4. lineatus and 0. melastigma, replacing
cartilage bones in H. setnai are also separated by a thin layer of cartilage, and each
bone, however complicated in shape, has a thin layer of cartilage between its upper
and lower laminae.

Ethmoid Region.

This region is almost similar to that in O. melastigma except for the better de-
veloped mesethmoid. There is the bar-like cartilaginous ethmoid to which other bones
are attached. A remarkable feature of the mesethmoid in H. setnai {fig. 19) is that
the development of the bone differs according to sex, being quite pronounced in
males as compared with the size of the fish. The bone takes the form of a trans-
versely extending median plate in front of the ethmoid cartilage. The position of
the nasals, lateral ethmoids, lachrymals and frontals is the same as in O. melastigma -
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but none of these bones overlap the mesethmoid. Even the frontals, which Starks
considered (1926) as almost invariably covering at least some portion of the meseth-
moid by their anterior margins, are guite behind the bone in this fish.

The antero-lateral corners of the mesethmoid are circular in outline and have
thickened edges covered by a granulated surface. The median anterior margin
is concave, but not so thick as at the corners. The posterior side is slightly truncate,
but is also rounded in some specimens. Where the margin is truncated the postero-
lateral corners of the bone have small notches. The dorsal surface has a low con-
cavity bounded by the antero-lateral thickened edge. The ventral surface has a
very low median crest, on the posterior region of which there is a slight groove in
which the anterior extremity of the parasphenoid is lodged (fig. 22).

The mesethmoid has upper and lower laminae with cartilage between, as in
O. melastigma. As in the latter the laminae are more apart in the posterior region
and the intervening cartilage is continuous with the ethmoid cartilage. The laminae
fuse on the anterior and lateral margin except for a few small gaps on the antero-
lateral corner.

In the females the mesethmoid (fig. 19) is less developed and its osseous portion
is smaller in size than in the males. The thickenings of the antero-lateral margins
and the concavities on the dorsal and ventral surfaces are also absent. The upper
and the lower laminae mect in only the middle of the anterior margin, and have wide
cartilaginous border all round as an extension of the inner cartilage between the
laminae.

The lateral ethmoids are simple in structure.  Each bone is an antero-posteriorly
flattened vertically situated plate at either end of the ethmoid cartilage. Tt is made
up of two laminae with cartilage between. Tt comes in contact with the frontal
and nasal on its dorsal side, and with the palatine and lachrymal by the mesial and
outer margin of its anterior face respeetively. The olfactory area is bounded by the
lateral ethmoid, mesethmoid and lachrymal and roofed over by the nasal. The
olfactory nerve passes into the area through the cartilage between the lateral ethmoid
and the mesethmoid.

The nasals (fig. 19) are semi-lunate in shape and, being attached to the lateral
cthmoids and the froutals hehind. reach the articular area of the pre-maxillaries by
their apices.

Orbito-temporal Region.

The frontals (fig. 19) cover, as usual, the entire dorsal surface of the region.
The triradiate ridge on the ventral surface of the bone, which was clearly visible
on even the dorsal side both in A. lineatus and O. melastigma, is missing in this fish.
The bone is, nevertheless, divided into three regions, viz. supra-orbital, inter-
orbital and sphenoidal, just as in the other two cyprinodonts, the divisions being
apparent from the respective curvatures, which in H. setnai are particularly more
prominent on the surface of the bone. Another difference in H. sefnai is the presence
of small pores of the sensory canal system on the bone. These are not aparent
in the other two forms. TFurther their posterior portions of the frontals do not
diverge so much from each other as in 0. melastigma or A. lineatus. Consequently
the supra-occipital does not seem to be much embedded between them, but its
distal portion remains merely covered by the latter. . '

The parasphenoid (fig. 20) is slender and bent, as in O. melastigma, but is shorter
than in the latter. Tt has a narrow anterior portion forming about two-thirds.of
the bone, a broader middle portion and a short proximal flat portion. The anterior
portion is similar to that in O. melastigma in all respects. The broader portion h?,s
“two large foramina on either side of the median line. The entire bone is bent in
the middle of this rounded portion, so that the posterior half of the broader portion
is horizontal and the anterior portion is inclined in front. *The foramina are situated
on the inclined portion and face anteriorly. so as to resemble the openings of the
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trigemino-facialis chamber or a rudimentary myodome found, but differently shaped,
in O. melastigma. The proximal portion is short, slightly thickened in the median
line and hardly reaches the extremity of the basi-occipital. It is attached only to
the mesial margins of the two pro-otics.

The alisphenoid in this fish (fig. 20) is slightly different in shape, being somewhat
more dorsally situated than in the other two cyprinodonts and roofing the dorso-
lateral corner of the brain case behind the orbit. The base is moderately broad and
pyramidal in shape, but its anterior part for two-thirds of its extent, instead of being
flattened as in O. melastigma is narrow and slender. Being more mesially directed,
the alispbenoids approach the distal end of the supra-occipital closer than in the
other cyprinodonts and connects with the bone by a strand of cartilage. The distal
end of the alisphenoid is also connected by thin membranes with the broader portion
of the parasphenoid on the ventral side andalso with the ethmoid region in the
anterior direction.

The lachrymal does not possess the tubular structure found in other fishes. Tt
is a very thin mesially bent lamina to which another curved lamina is attached at
its upper half. The bone is perforated by the sensory canal system.

The dermosphenctic also is a very thin, slightly hent, scale-like bone, with a
distinet perforation in the middle, and is attached posteriorly to the sphenotic
process as in O. melastigma.

Otic Region.

The otic region has the usual four ossifications as in 0. melastigma. The region
is much less complicated than in even A4. lineatus. The tunnel-like passages giving
rise to the bony labyrinth are not well developed, while the cartilaginous areas on
the capsule are present as in O. melastigma.

The pro-otic is a simple bone and has a single but large foramen instead of two
as in 4. lineatus. The buttress-like support to the wall of the auditory capsule and
its connections with other bones resemble similar features in 4. lineatus. On the
sutural margin between each pro-otic and the rounded portion of the parasphenoid
in the antero-mesial direction, there is an opening left on either side of the para-
sphenoid and the two openings appear like another pair of foramina behind the
previously described pair on the parasphenoid.

The epiotic is comparatively small and more dorsally situated than in the other
eyprinodonts. The bony passage on the inner side is not completely developed.
In some specimens a very small process arises from the dorsal surfaces of the bone.
A ligament starting from this bone proceeds in the same direction and is attached to
the neural spines in the same way as the epiotic process of O. melastigma. This
shows probably that the small process in H. setrai may be an occasional ossification
of the base of the ligament.

The pterotic does not possess the lateral wings on its margin nor the articular
facet for the hyomandibular epiphysis. It accommodates in its cavity only the
horizontal semi-circular canal. The sphenotic is similar to that in 4. lineatus. The
articular head of the hyomandibular is attached to the cartilage between the margins
of the sphenotie, pterotic and pro-otic.

Occipital Region.

The occipital region is quite extensive as in 4. lineatus. The supra-occipital
{fig 19) is almost similar in shape and position to that in 4. lineatus except on the
posterior margin, where it develops on its upper surface three low crests which
terminate in short processes. The middle of the three crests is median in position;
its process, which is a single flat membrane, arises from the dorsal surface of the
bone as does the posterior process of A. lineatus. The other two crests have their
progesses similar but shotter than that of the median one. The lateral projections
of the bone have a thin cartilaginous membrane connecting the base of alisphenoid,
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sphenotic, pterotic and epiotic, as in O. melastigma. At its distal end, the supra-
occipital has the typical wedge-shaped area as in the other two cyprinodonts.

The basi-occipital (fig. 20) is identical with that in 4. lineatus in most respects.
The contact of the internal supporting plates with this bone is not so firm as in
A. lineatus or O. melastigma and shows that the plates belong to the ex-occipital
element. The parasphenoid is not attached to the outer surface of the bone. The
ex-occipitals are more extensive than in the other two cyprinodonts and extend more
on the ventral side. They have internal supporting plates between them and the
basi-occipital. In addition to these plates each ex-occipital has another supporting
bridge as in O. melustigma. The ex-occipitals behave just as in the other two

cyprinodonts in respect of the formation of the oceipital condyles and the foramen
magnum, as also in other details.

(2) Visceral Skeleton.

The visceral skeleton of H. setnat is almost identical with that of O. melustigmna
except for the pharyngeal bones, which resemble those of A. lineatus. The hyo-
mandibular arch is of the Poceillid type (fig. 21b) and the suspensorium (fig. 21b)
is anteriorly disposed as in O. melastigma; the metapterygoid is missing. H. setnai
is remarkable in that it does not have the maxilla developed in the pre-orbital region.
The pre-maxillaries forming the upper jaw (fig. 21a) articulate directly with the
palatine.

The hyomandibular (fig. 21b) is strikingly similar to that in O. melastigma, but
is relatively shorter. The articular head 1s elongated and, as stated previously,
articulates with the cartilage bctween the pterotic, sphenotic and pro-otic on the
ventral surface of the otic capsule. The condylar head of the opercle is rounded
and prominent, while the flange on the outer surface is present on only the lower
half. The foramen for the hyomandibular nerve pierces the lower half of the bone
from behind downwards, but the foramen being between the upper and lower laminae
of the bone is not visible laterally.

The symplectic and quadrate (fig. 21b) are also shorter in length and thicker
than in O. melastigma. The mesopterygoid is missing. The palatine (fig. 21b) is
almost ideutical with that in O. melastigma, except that it articulates directly with
the pre-maxillary and at its distal articular head there is a small postero-mesially
directed nodule which articulates with the lateral cartilaginous margin of the meseth-
moid.

The deuntary of the lower jaw (fig. 21a) is well developed and constitutes almost
the entire jaw. The transverse portion of the jaw bears only a single row of small,
conieal teeth, the special teeth on the anterior face of the dentary in the male of
0. melastigma being not developed in H. setrai.

The articular (fig. 21b) is elongated and adheres to the dentary from inside.
The angular (fig. 21a) is comparatively large. Meckel’s cartilage persists as an
inner core of the dentary and extends right up to the extremity of the dentary on the
median line.

The upper jaw (fig. 21a) is formed by the pre-maxillaries only. The transverse
portion of the jaw is slender and bears a single row of conical tecth. The descending
portion is flat and thick and bears stout thickened teeth as in the male of O. 77_1,e'la-
stigma, but more numerous than the latter. There is no difference in the dentition
of either sex. ) .

The operculum and sub-operculum (fig. 21a) closely adhere asin O. melastsgma,
and the two together form a thin quadrilateral plate. The operculum possesses,
however, a short process above the articular head as in 4. lineatus and the articular
cavity, too, is deep and well defined. The iuter-opercular is somewhat similar to that
-in 0. melastigma but its anterior slender portion is more elongated and approaches
the articular surface of the lower jaw.
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The pre-operculum differs slightly from that in O. melastigma. It has the same
general outline, but does not possess the characteristic channeled appearance. The
upper half of the vertical portion of the bone has a somewhat ill-defined canal and
possesses the perforations of the sensory canal system. The ventral and the an-
teriorly directed portion is thin and smooth. The attachment of the bone behind
the upper flange of the hyomandibular is present as usual, but, in addition, the inner
margin of the bone is firmly in contact with the cartilage of the lower end of the
hyomandibular and is difficult to dislodge.

The hyoid cornu consists of the epi-hyal and cerato-hyal as in O. melastigma, but
the dorsal ridge on these bones is much more thickened and enlarged. The articular
facet is also wider than in the former. The hypo-hyals are absent and basi-hyals are
present in the normal manner.

The branchiostegal rays (fig. 23a) are only four in number and are shaped
just as in O. melastigma. The posterior three of them are attached to the outer
side of the epi-phyal and cerato-hyal, but the anteriormost is not attached to any
bony element and remains free in the dermal tissue on the outer side of the cerato-hyal
and on the same level as the other rays.

The lower pharyngeal bone resembles similar bone in A. lineatus, but with
fewer and more erect teeth. The upper pharyngeals also possess thickened and erect
teeth as in the latter, but are disposed on two pharyngeal bones as in 0. melastigma.
The anterior pharyngeal is comparatively small and has unlike in 0. melastigma, a
laterally direct shaft and represents the first pharyngo-branchial clement. The
other pharyngo-branchials fuse together to form the main enlarged upper pharyngeal
bone, which bears most of the thickened teeth.

There are only two epi-branchials to support the dentigerous pharyngeal plates.
The first is very small and probably represents the first epi-branchial element and the
second is enlarged structure and may repgesent the 2nd and 3rd and 4th epi-branchial
clements. It is slender proximally and broader in its distal half, where it bears a.
cartilaginous margin for attachment to the major pharyngeal bone. The general
plan of the development of these structures is, however, quite similar to that form
in 0. melastigma, there being two pharyngo-branchials and two epi-branchials, one
large and one small in each case.

The post-temporal is small and rod-like as in O. melastigma, but at the point
of its contact with the cleithral spine there is a short process at the extremity of the
bone which works like a hook and strengthens its grip on the spine (fig. 19).

HEAD SKELETON or Mollienisia.

The head skeleton is flat dorsally as in the Indian cyprinodonts, but considerably
tapers in the anterior direction. The jaws are small and their suspensorium is
anteriorly disposed. The lateral ethmoids extend more medially than in the Indian
cyprinodonts, but do not meet in the median line. The mesethmoid is much less
developed than in the male of H. setnai, but resembles that of 0. melastigma or the
female H. seinai. Vomer is present with a few teeth on it. The frontals are exten-
sive and divided into three regions as in the Indian forms. Parietals, orbito-sphenoids
and basi-sphenoid are absent.

Alisphenoids are somewhat larger than in O. melastigma. Each has a mesially
directed plate, which meets the lateral plate of the parasphenoid. The anteriorly
directed plate of the pro-otic also meets the alisphenoid to form a larger foramen
opening anteriorly. The parasphenoid is somewhat similar to that in O. melastigma,
but differs from it in the length of its lateral plates extending sufficiently to meet
the mesially directed plates of the alisphenocids. The parasphenoid is firmly attached
to the basi-occipital but while it passes over the pro-otics, it leaves a narrow space
between the anterior ventral surface of the pro-otic and the bone itself. The space
indicates the formation of a myodome in these fishes. The pro-otics have all the
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plates and processes found in O. melastigma. The supra- and basi-occipitals have
the same structure as in the Indian cyprinodonts. The ex-occipitals being compara-
tively small, the supra-occipital unlike the Indian cyprinodonts takes part in the
formation of the foramen magnum. The internal supporting plates of the basi-
occipital support the ex-oceipitals, but the latter bave no condyles for articulation
with the vertebral column.

The structure of the hyomandibular, symplectic and quadrate is as found in
0. melastigma, but the autopalatine is rather complicated. 1t has a thick articular
head at its dorsal extremity and a concavity on the mesial side, both for articulation
with the curved maxilla. On the lateral margin of the bone there is another thickened
head for articulation with the lateral ethmoid.

The pre-maxilla is very small as compared with the bone in the Indian cyprino-
donts. It has no posterior processes on its transverse portion. The teeth are in
two rows, those on the outer row being slender, elongated and curved inwards, and
those on the inner row being short, erect and situated at the basis of the former.
The dentary is also small and has similar type of teeth. The maxilla is extremely
curved and twisted. The hyoid cornu is normal as in the other cyprinodonts.
Branchiostegals are five in number and are attached in the same manner as in O.
melastigma. The gill rakers and the pharyngeal bones and their teeth are strikingly
similar to those in O. melastigma.

The post-temporal bone is quite different, however, from that in any Indian
cyprinodont. Tt is straight and slender in the anterior portion but is forked in
the posterior region.

(COMPARATIVE SUMMARY.

The salient features of the head skeleton of 4. lineatus, 0. melastigma and H.
setnut described above may he summarised as follows:—

Chondrification of the skull is incomplete; brain case being inadequately pro-
tected by bones. Small cartilaginous areas remain unossified at places. Cartila-
ginous interspaces are visible between the margins of replacing bones, and also
between their outer and inner laminae.

Most of the ethmoid region in all the three gencra is unossitied except the lateral-
ethmoid area.

Orbito-sphenoid and basi-sphnoid are universally absent.

Large and extensive froutals are developed in all the threc genera.

Mesethmoid (or ethmoid of other authors) is cartilaginous and detached frowm
the ethmoid cartilage in 4. lineatus. In 0. melastigma, however, it is an ossification
of the anterior part of the median ethmoid mass of cartilage and consists of double
laminae with cartilage in between. The bone in H. setras has the same origin and
structure as in 0. melastigma, but is further specialised to manifest sexual dimorphism
both in shape and size, and it articulates with the palatine (autopalatine).

Alisphenoids are comparatively small in 4. lineatus and slightly more enlarged
in the other two genera.

Supra-oceipital does not take part in the formation of the foramen magnum in
the three genera.

Ex-oceipitals, in view of their share in the formation of the otic capsule, in place
of opisthotic, become auto-oceipitals in all the three genera.

Basi-occipitals and ex-occipitals afford coudylar surfaces for articulation of the
skull with the first vertebra.

Small parietals are present in A. lineatus, but are absent in the other two

enera.
¢ A distinet vomer with rows of teeth on it is present in A. ltneatus, but the bone
is absent in the other two genera.

Opisthotic is absent in all the three genera.
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There are no epiotic processes in A. lineatus and H. setnai whereas they are
present in 0. melastigma.

The pro-otic is comparatively more developed and complicated in O. melastigma
and H. setnai.

An elongated parasphenoid is attached ventrally to the vomer in A. lineatus
and to mesethmoid in the other two genera in which it is more complicated.

A. lineatus has no myodome, but a rudimentary concavity of this type is ob-
servable in the other two genera.

The lachrymal and dermosphenotic, the only bones of the circum-orbital series,
are present in all three genera. Dermosphenotic is attached, however, to the pos.
terior face of the sphenotic process in both O. melastigma and H. setnas.

Metapterygoid hone is present in A. lineatus, but is undeveloped in the other
two genera. .

Mesopterygoid element is present in A. lineatus and O. melastigma, but absent in
H. setnai.

In 4. lincatus the palatine (or autopalatine) of the palato-quadrate arch has
a double condylar head for articulation with the ethmoid and the maxilla, whereas
it is more anteriorly disposed in O. melastigma, articulating with only the maxilla on
each side. In H. setnai, however, it articulates directly with the pre-maxillaries and
partially with the mesethmoid. The suspensorium of the jaws is, thus, progressively
disposed in an anterior direction.

Maxillae are present in A. lineatus and O. melastigma, but not in H. setnas.

The pre-maxillaries are well developed in all the three genera, but have, in
addition, posterior processes developed in A. lineatus and O. melastigma, in which
also there is sexual dimorphism in the dentition on these bones. '

Hyomandibular in 4. lineatus has two articular heads for articulation with the
skull, whereas the other two genera have a single elongated ridge.

Sclerotic bones are present in A. lineatus, but not in the other two genera.

A wedge-shaped cartilaginous area at the extremity of the supra-occipital
connecting it to other bones by cartilaginous strands occurs in all the three genera.

Symplectic is well developed in A. lineatus, but only less developed in the other
two genera.

Dentary, articular and angular occur in all the genera, but are well developed
inonly 4. lineatus. Dentition on dentary shows sexual dimorphism in O. melastigma.

There is a distinct condylar head on the hyomandibular for articulation of the
operculum in A. lineatus and H. setnat. Such a head is absent in 0. melastigma, the
operculum hinging on the thickened edge of the hyomandibular.

Hypo-hyals are separate in A. lineatus, but fused with the cerato-hyals in the
other two genera.

In A. lineatus the last two branchiostegal rays, viz. fifth and sixth are attached
to the cerato-hyal from inside, as is found in the higher groups, such as Perciformes,
etc. The attachment of the last branchiostegal rays is, however, exceptional in
the other two genera, the last rays being attached to the outer surface of the cerato-
hyals.

Y Fourth basi-branchial is reduced in size and cartilaginous in 4. lineatus and
0. melastigma, but absent in H. setnas.

The structure of the lower and upper pharyngeal bones is similar in A. lineatus
and .H. setnai, but different in O. melastigma.

In A. lineatus there are three pharyngeal hones (four pharyngo-branchials) and
four epi-branchs. In O.melastigma and H. setnai there are two pharyngeal bones
and two epi-branchs, the first pharyngo-branch and epi-branch representing the
bones of the first arch, and the second pharyngeal bone and second epi-branch
representing fused bones of respective elements of second, third, and fourth arches.

A strengthening ridge between the epi-hyal and carato-hyal, characteristic of
some higher groups, is found in all the three genera.
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Gill rakers are of two different shapes on the first cerato-branchials in 4. lineatus.
Those in O. melastigma and H. setnai bear a greater resemblance to each other than
those in 4. lineatus.

Post-temporal is unforked in all the three genera.

This comparison of the skeletal structures reveals that O. melastigma is more
closely related to H. setnai than to A. lineatus. H. setnai, appears, however, to have
further progressed and shows structural similarities to Gambusic and Mollienisia
(Poecillidae) under the following heads:—

(1) Suspensorium of the jaws disposed considerably in an anterior direction;

(2) Pre-maxillaries having no posterior processes;

(3) Presence of a typical mesethmoid;

(4) Absence of metapterygoid;

(5) Presence of rudimentary myodome;

(6) Absence of basi-sphenoid and orbito-sphenoid ;

(7) Development of typical gonopodium and its suspensorium (Kulkarni,
1940).

CoNCLUDING REMARKS.

Detailed study of the osteology of 4. lineatus emphasises the need for a revision
of the present distinguishing characters of the sub-order Poecilioidea, of the order
Microcyprini to which the cyprinodonts belong. The skeletal features so far consi-
dered to be characteristic of the aforementioned sub-order are not universally
applicable to all representatives of this group. Starks (1904a) listed the presence
of a circular, scale-like ethmoid (mesethmoid) and the absence of a metapterygoid
in the palato-quadrate arch as the first two diagnostic features of the super-family
Poecilioidea. Regan (1911), revising the classification of the order Microcyprini
(Cyprinodonts), considered the absence of the metapterygoid as one of the distinguish-
ing features of the sub-order Poecilicidea. Myers, too, in 1931 accepted this view.

The present investigation reveals, however, that the absence of the metaptery-
goid cannot be regarded as a distinguishing character of the group, since the metap-
terygoid is invariably present in 4. lineatus, 4. blochit (A. parvus of Sundara Raj)
and A. panchax, all of which are members of the family Cyprinodontidae of the
sub-order Poecilioidea. The metapterygoid is absent, however, in O. melastigma and
H. setras.

Further, the structure of the mesethmoid in the three species of Aplocheilus
examined, is peculiar. In these forms the element is not a thin and scale-like bone
but an independent piece of cartilage. The typical mesethmoid characteristic of
other Cyprinodonts is, however, present in O. melastigma and H. setnai. This
indicates that the genus Aplocheilus may be somewhat differently organised in the
Cyprinodont group, both in possession of a distinct metapterygoid piece and in having
a peculiar cartilaginous mesethmoid.

Regan (1911) has characterised the post-temporal of the order Microcyprini as
being forked, but this bone in all the three Indian genera (sub-order Poecilioidea)
is not forked.

A comparison of the various skeletal features of the three Indian Cyprinodonts
studied reveals greater affinity between H. setnai and O. melastigma than between
A. lineatus and 0. melastigma and finally substantiates the view held previously by
the author that H. setnas must have evolved directly from O. melastigma. Moreover,
the slight sexual dimorphism apparent in 0. melastigma in respect of the modification
of & few anal fin rays of the male is further accentuated in H. setrai (Kulkarni, 1940)
so as to give rise to a complicated gonopodium—a feature that necessitated the
inclusion of the latter in a separate family Horaichthyidae. In view of this, H.
setnat marks a definitely higher stage of specialization.

The skeletal foatures of the Indian forms H. setrai and O. melastigma have also
disclosed a striking similarity with those of the American viviparous Poecillids,

4
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Mollienisia and Gambusia suggesting convergent affinities in forms, geographically
distributed so widely apart.
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EXPLANATION OF ABBREVIATIONS.

8. lat. eth. anterior process of lateral ethmoid.
al. sph. .. alisphenoid.

ant. lat. eth. .. anterior process of lateral ethmoid.
ant. t. .. anterior teeth.

ang. .. angular,

ant. th. .. anterior thickening.
art. .. articular.

art. bas. oc. .. articular surface of basi-occipital.
bas. con. .. basi-occipital condyle.
bas. oc. .. Dbasi-occipital.

b. br. .. basi-branchial.

b. hl. .. basi-hyal.

br. st. 1-6 .. branchiostegal rays 1-6,
b. s. .. buttress-like support.
b.s.r, .. branchiostegal ray.
cart. & .. cartilaginous area.
cer-br. 3 .. cerato-branchial (third).
cer, br, 1 .. cerato-branchial (first),
cer, hl. .. cerato-hyal.

clt. .. cleithrum.

den. .. dentary.

der. sph. .. dermosphenotic.

ep. .. epiotic,

ep. br. 1-¢ .. epi-branchials 1 to 4.
ep. hl. .. epi-hyal.

ep. pr. .. epiotic process.

eth. ctl, .. ethmoidal cartilage.

ex. con. .. ex-occipital condyle.
ex. oc. .. ex-occipital.

fr. .. frontal.

fr. mag. .. foramen magnum.

g. fil. .. gill filament.

hym. .. hyomandibular.

hyp. pl. .. hypo-hyal.

in. gl. r. .. inner glll raker,

int. hl. .. inter-hyal.

in. op. .. inter-opercular.

i. phr. b. .. inferior pharyngeal bone.
lat. eth. .. lateral ethmoid.

le. .. lachrymal.

Mec. .. Meckel’s cartilage.

mes. .. Iesethmoid.

ms. pt. .. mesopterygoid.

mt. pt. metapierygoid.

mx. .. maxilla.

na. .. nasal.

oc. con. occipital condyle.
o.gl.r. outer gill raker.

par. sph. parasphenoid. =

phr. b. 1.2 pharyngeal bones 1 to 2.
phr. br. .. pharyngo-branchial.
pal. .. (auto) palatine.

phr. t. .. pharyngesal teeth.
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p. max. ..
p. max, pr.

P. pro.

pro. ..
pr. op. ..
pr. ot. ..
pr. par. sph. .
pt. clt.

pto.

pt. temp. ..
pt. tp. ..
qu. .
sc. pl.

ses.

sm. c.

s. Op.

sph.

sph. pr.

sub, op.

sup. oc,

sup. pr.
8y.
tr. Iat. eth.

-ur. hl,
vo.

F16. 1.—The dorsal view of the skull of Aplockeilus lineatus (C. & V.). x10.

pre-maxilla.

posterior pre-maxillary proceas.
pro-otic process.

pro-otic.

pre-opercular,

pro-otic,

parasphenoid process.
post-cleithrum.,

pterotic,

post-temporal.
post-ternporal.

quadrate.

sclerotic plate.

sesamoid articular.

part of semi-circular canal.
sub-operculum.

sphenotic,

sphenotic process.
sub-operculum.
supra-occipital bone.
supra-occipital process.
symplectic.

transverse process of lateral ethmoid.
uro-hyal.

vomer.
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na.

3.

bas.ac. gm ex.0C. pto,
pro. /| ex.oc.con.

F16. 2.—The ventral aspect of the skull of Aplocheilus lineatus (C. & V.). x10.

ac.con. bas.con .

bas.ocC.
F1a. 3.—Posterior view of the skull of 4. kineatus (C. & V.). X13.
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mes.

ant. lat.eth.

ethctl.

Fie, 4.—Ethmoid region of 4. lineatus (C. & V.). X 13.

pto.

F1a. 5—The bones of the auditory capsule of A. lineatus (C. & V.). x18.
(a) Inner view of epiotic.
(b) Ventral aspect of the right side pterotic.
(¢) Dorsal aspect of the left side pterotic.
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F16. 6.—The occipital bones of 4. lineatus (C. & V.). x18,
(a) Supra-occipital.
(b) Inside aspect of Basi-oceipital.
(e) Ex-occipital (outer view).
(d) Ex-occipital (inner view).

ng

p-max.

P L L L

o Jadetuded ol ddesduadalabe

der,

pr.at .

-F16. 7.—(a & ¢) Internal aspect of the Pro-otic bone of 4. lineatus (C. & V.). x14
(b) The lateral view of the pre-orbital region of the skull of 4. lineatus. x10.
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Fi1a. 8.-—The lateral view of the post-orbital portion of the skull of 4. lineatus (C. & V.). x10.

inthl.

ephl. cerhl.

%iﬁ \ingvl-r, Fhr.t. ep 4.

Fr1a. 9.—Bones of the visceral skeleton of 4. kneatus (C. & V.).
(a) Lateral view of the hyoid cornu. x10.
(b) Gillrakers. x22.
(c) Pharyngeal bone. x10.
(d) Fourth epi-branchial. x14,
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Fig. 10.—(a) Hyomandibular arch of 4. lineatus. x10.
(b) Inner aspect of quadrate. x10.
(c) Lateral aspect of mesopterygoid. x10.

~ang.

F1a. 11.—Jaw bones of 4. lineatus (C. & V.). x10.
(a) Internal aspect of left lower jaw.
(b) Inner view of left pre-maxilla.
(0) Inner view of left maxilla.
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Fi1c. 12.—Pharyngo-branchial skeleton of 4. lineatus (C. & V.). x10.

Fie. 13.—Dorsal view of the skull of Oryzias melastigma (Mclld.). x16.
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t.lat.elh,

par.sp.
pr.parsph- 5":.‘ ‘
sph.
al.sph: Ppro.
ro
P plo.

bas.ct.
art. bas.oc.

Fic. 14.-—Ventral view of the skull of O, melastigma (Mclld.). x16.

lat.eth
Pai sph

F16. 15.—(a) Lateral view of the skull of Q. melastigma. x22.
(b) Pharyngeal bones of 0. melastigma_(Mclld.). X 27.
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Fic. 16.—Jaw bones of 0. melastigma (Mclld.). x35.

(a) Right pre-maxilla of female.
(b) Left dentary of male.
(¢) Right pre-maxilla of male,

F1a. 17.—Bones of visceral skeleton of 0. melastigma (Mclld.).

(a) Opercular bones. x26.
(b) Hyomandibular arch. x26.
(o) Hyoid cornu. x20.
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Fia. 18.—Bones from visceral skeleton of 0. melastigma (Mclld.).
(8) Fourth epi-branchial. x35.
(b) Lateral view of first cerato-branchial. x35.
(¢) Ventral aspect of uro-hyal. x35.
(d) Post-temporal bone. x12.
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F16. 20.—Ventral view of the skull of H. setnai Kulk. § x26.
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Fic. 21.—(a) Lateral view of the skull of H. setnat Kulk. 4 x29.
(b) Hyomandibular arch of H. setnat Kulk. x 29,
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Fic. 22.—Dorsal view of the pre-orbital region of a male H. setnai. < 33.

Fie. 23.—(a) Hyoid cornu of H. setnei Kulk., x26.
(b) A part of branchial skeleton of H, setnai Kulk. x26.



