AN ACCOUNT OF THE CHONDROCRANIUM OF RANA AFGHANA
AND MEGOPHRYS, WITH A DESCRIPTION OF THE
MASTICATORY MUSCULATURE OF SOME TADPOLES.

By L. S. Ramaswawmi, Department of Zoology, University of Mysore,
Tntermediate College, Mysore.

(Communicated by Dr. Baini Prashad, O.B.E,, D.8Sc.,, FN.I)
(Received June 18, 1942 ; Read October 5, 7942.)

INTRODUCTION.

In another paper (Ramaswami, 1941), I described the chondrocranium
of two torrent-dwelling tadpoles, viz., Heleophryne and a ‘Cystignathid’
frog.* Tt was concluded there that on account of various dissimilar features,
the ‘Cystignathid’ tadpole showed no resemblance with Heleophryne at all,
except in a fow external characters.

In this short paper, besides describing the salient features in the chon-
drocranium of the mountain-brook tadpoles of Rana afghana (Giinth.),
Megophrys parva (Blgr.) and Megophrys robusta (Blyth), T propose to describe
the masticatory musculature of Heleophryne and the ‘Cystignathid’ tadpole
and also the muscles connected with the suctorial apparatus of these forms.
For purposes of comparison, I have studied tadpoles of Microhyla (Microhylidae)
and several species of Rana also.

In my previous papers (Ramaswami, 1940, 1941, 1941a) the historical
account of work done on the chondrocranium of anuran tadpoles has been
detailed. While a large number of papers has been published on ranid
chondrocranium (Parker, 1871, 1881: Stohr. 1881: Gaupp, 1893; Spemann,
1898 ; Peeters, 1910; de Beer, 1937 and Pusey, 1938) there ix only one account
by Kruijtzer (1931) on Megophrys montana (Kuhl).

MATERIAL.

T am very grateful to Dr. S. L. Hora of the Zoological Survey of India
for makin;g available some stages of the tadpoles of Megophrys parva and
Megophrys robuste and a stage of Rana afghana. T am also thankful to
Mr.J.L Bhaduri for sending me some tadpoles of M. parva, and to the Director,
Zoological Survey of India, for an adult specimen of Rana afghana. I wish to
express my sincere thanks to Prof. A. Subba Rau for helpful eriticism.,

* Annandale and Hora (1922) described a tadpole from the hills of Cochin, India, as
resembling that of Heleophryne and, therefore, assigned it to the Cystignathid family,
the adult of which is still unknown. T have called this tadpole a ‘Cystignathid’
tadpole.
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The following stages of the tadpoles have been studied:

1. Rana afghana (Ginth.). (2 limbed), total length 51 mm.; head and
trunk 18 mm.
2. Megophrys parva (Blgr.) (premetamorpbic stage).
Stage A-—total length 25 mm.; head and trunk
9 mm,
Stage B—total length 34 mm.; head and trunk
10 mm.
Stage C—total length 55 mm.; head and trunk
14 mm. (metamorphosing tadpole, 4 limbed).
3. Megophrys robusta (Blyth) (premetamorphic stage), total length
39 mm.; head and trunk 11 mm,

OBSERVATIONS.
Rana afghana (Ginth.) (51 mm. premetamorphic stage).

I shall restrict myself to the very important features noticed in the various
regions of the chondrocranium since they resemble those of a ranid tadpole very
closely.

Occipitoauditory region : The notochord is present on the ventral aspect
of the basal plate and anteriorly becomes wedge-shaped. An operculum is
noticeable. A tectum synoticum is developed in the roof.

An interesting feature is noticed in this region. The pterygoquadrate
unites with the base of the otic capsule (text-fig. 1, otc.) (posterior to the

TexT-F16. 1.—Transverse section of B. afghana in the region of otic connection, X 24,

bp., basal plate; fp., frontoparietal; gg., gasserian ganglion; Ima., M. levator m. anterior ;
1s., M. levator m. posterior superficialis; otc., otic capsule; pasp., parasphenoid; pbe.,
pseudobasal connection; pro., otic connection; fm., taenia medialis; ttm., taenia tecti
marginalis; vel., vena capitis lateralis.
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facial nerve) forming a pseudobasal connection (pbc.) and dorsally it unites
with the crista parotica forming the otic connection (pro.). The head vein (vcl.)
runs in the cranio-quadrate passage.

Orbitotemporal region : The processus ascendens is prominently present
and this bears the typical relation with the pila antotica and with the branches
of the trigeminal nerve. The side of the cranium is formed as in Rana (de
Beer, 1937).

Ethmoid region: A pseudopterygoid process is wanting; anteriorly the
quadratocranial commissure bears the processus quadrato-ethmoidalis which
forms the quadrato-ethmoidal connection with the processus lateralis of the
trabecula. The cornua trabeculae are short, thick and broad. The supra-
rostral is large and powerfully built. The cartilages supporting the olfactory
chambers are not formed. The infrarostrals are connected together by basi-
mandibular and each is connected with Meckel’s cartilage of its side by pro-
cartilaginous cells.

Ossification :  Frontoparietal (text-fig. 1, fp.) and parasphenoid (pasp.)
bones are noticed.

Megophrys parva (Blgr.) Stage A, 25 mm., Stage B, 34 mm., premeta-
morphic stages.
Megophrys robusta (Blyth)—39 mm., premetamorphic stage.

Occipitoauditory region: The mnotochord is wedge-shaped and is not
included dorsally and ventrally by cartilage. A tectum synoticum is not
developed in both species. Two acustic foramina (median and posterior)
are noticed in both species. No operculum is developed. An otic connection
is absent.

Orbitotemporal region: In stage A of M. parvae, a hypophysial fenestra is
present, while in stage B of the same and in M. robusta, the fenestra is absent.

There is an interesting feature in this region of the tadpoles of M. parva
examined. There is a tongue-like projection from the roof of the buccal
cavity (text-figs. 2a, 2b) anteriorly in stage B; this is supported by a cartila-
ginous piece. I have called these the subethmoidal process (sep.) and cartilage
(sec.) respectively. In stage A this subethmoidal process is noticed but is not
supported by a cartilage. In M. robusta again, the arrangement is as in stage
A of M. parva.

In both species the ventral process from the pterygoquadrate (Pl. I,
figs. 1, 2, pv. and text-figs. 2e, 2f, vp.) and the processus infundibularis (Pl I,
figs. 1, 2 and text-fig. 2¢, pi.) from the anterior end of the pterygoquadrate
are conspicuously present.

The lateral process from the trabecula gives rise to the quadrato-ethmoidal
ligament (text-fig. 2f, gel.).

As in M. montana (Kruijtzer, 1931) there are two pairs of suprarostrals
(text-figs. 2¢, 2d, 2e, 2f, sry., srp.). Suprarostral 1 is large (Pl I, figs. 1, 2,
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Texr-FIGS, 20, 2b, 2¢, 2d, 2¢ and 2f.—Transverse sections of Megophrys parva in the
subethmoidal cartilage region (2a, 2b, x50) and in the region of upper and lower
jaws (2c anterior and 2f posterior, x 25).

be., buccal epithelium; be¢’., buccal cavity; chy., ceratohyal; ct., cornua trabeculae; ep.,
ethmoid plate; gh., M. geniohyoideus; inm., M. infundibularis; ir., infrarostral; ip., M. inter-
mandibularis posterior; la., M. levator m. anterior articularis; le., M. levator m. externus;
lp., M. levator m. posterior profundus; mc., Meckel’s cartilage; os., olfactory sac; pi.,
processus infundibularis; pg., pterygoquadrate; gel., quadrato-ethmoidal ligament;
sec., subethmoidal cartilage; sep., subethmoidal process; sry., sry., suprarostral 1 and 2;
tle., tendon of M. levator m. externus; tlma., tendon of M. levator m. anterior;
tls., tendon of M. levator m. posterior superficialis; vp., processus ventralis; v;., r.
ophthalmicus profundus V.
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sry.), articulating ventrolaterally on either side of the ends of cornua trabeculae,
proceeds posteriorly under the lateral portion of the cornua as a rodlike struc-
ture (sr'y.). The suprarostral 2, starting as a piece of cartilage articulating with
the lateral aspect of the cornua trabeculae, proceeds internally and embraces
as a semicircle the rod-like portion of the suprarostral 1.

Megophrys parva (Blgr.) Stage C, 55 mm., metamorphosing stage.

Occipitoauditory region: The notochord is surrounded on all sides,

except ventrally, by the parachordal. A tectum synoticum and an operculum
have appeared. Three acustic foramina are present. The foramen acus-
ticum medium and posterior are noticed together and the anterior in the region
of the ductus endolymphaticus.
. Orbitotemporal region: The processus ascendens has broken down.
A carotid foramen is absent and in the region of the oculomotor foramen the
hypophysial artery becomes intracranial through the oculomotor foramen.
Anterior to the metoptic foramen the pila metoptica is indicated in the form
of a slight elevation from the trabecula, which does not reach the orbital
cartilage. Therefore, there is no true pila metoptica.

Ethmoid region : The suprarostral and quadratocranial commissure have
broken down. The cartilages of the nasal region are well developed.

Ossification: While in M. robusla a parasphenoid is developed, in
M. parva it is absent.

Masticatory muscles.

1. Levator mandibulae posterior superficialis (Edgeworth, 1935).

This muscle arises from the processus ascendens and the pterygoquadrate
fanwise and has its tendon (text-figs. 3a, 3b, tls., ls.) inserted on the inner aspect
of Meckel’s cartilage in Rana hexadactyla Lesson, R. cyanophlyctis Schneid.,
R. afghana, Heleophryne, Microhyla and the ‘Cystignathid’ tadpole. In R.
tigrina Daud. (text-figs. 4a, 4b), peculiarly the tendon (ls.) is inserted on
infrarostral (ir.), a feature in which it stands apart from other tadpoles.

2. Levator mandibulae posterior profundus (Edgeworth, 1935).

Arising similarly as the above but below it in position, this muscle
has its tendon inserted on suprarostral. In R. temporaria (Gaupp, 1893), a
part of the tendon is inserted on Meckel’s cartilage while the main one is on
suprarostral. In R. tigring the smaller portion is lost in the connective tissue
near Meckel’s cartilage; the longer (text-fig. 4a, tlp.) gains attachment on
suprarostral (sr.). In R. cyanophlyctis, R. hexadactyla, Heleophryne and the
‘Cystignathid’ tadpole, the large tendon is inserted on suprarostral; in Mego-
Phrys, it is on suprarostral 1. In Microhyla the tendon is noticed posterior
to the origin of L. m. externus. In Pelobates Schulze (1892) found a single
insertion, while Luther (1914) described two as in R. temporaria (Gaupp, 1893).
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GQ.

TExT-FIGS. 3a, 3b.—Transverse sections in the anterior region of R. hexadactyla, x 20.

an., anterior naris; bm., basimandibular; ca., M. ceratohyoangularis; ct., cornua trabeculae;
hj., horny lower jaw; ip., M. intermandibularis posterior; ¢r., infrarostral; la., M. levator
m, anterior articularis; lab., M. mandibulolabialis; le., M. levator m. externus; Ip., M.
levator m. posterior profundus; Is., M. levator m. posterior superficialis; mec., Meckel's
cartilage; pl., processus lateralis; pg., pterygoquadrate; tle., tendon of levator m. externus;
tlma., tendon of M. levator m, anterior; tlp., tendon of M. levator m. posterior profundus;
tls., tendon of M. levator m. posterior superficialis; v,., r. maxillaris V.

TexT-F168. 40, 4b.—Transverse sections in the anterior region of E. tigrina, X 21.
ca., M. ceratohyoangularis; cc., commissural cartilage; co., cartilago obliqua; ep., ethmoid
plate; gh., M. geniohyoideus; ¢a., M. intermandibularis anterior; ip., M. intermandibularis
posterior; 4r,, infrarostral; lab., M. mandibulolabialis; le., M. levator m. externus; os.,
olfactory sac; pl., processus lateralis; pre., processus quadrato-ethmoidalis; gel., quadrato-
othmoidal ligament; sn., septum nasi; sr., suprarostral; tlma., tendon of M. levator m.
anterior; tlp., tendon of M. levator m. posterior profundus; ¢ls., tendon of M, levator m,
posterior superficialis; ¢r., tectum nasi; »,., v,., v3., the three branches of trigeminal nerve;
wp., Worm parasite,
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In Xenopus (Edgeworth, 1935 ; Paterson, 1939) the levator mandibulae posterior
is not differentiated into superficial and deeper parts; the muscle extends
from the posterior part of processus muscularis.

3. Levator mandibulae anterior (Edgeworth, 1935).

This muscle arises invariably from the base of the otic capsule and the
tendon is inserted on the external aspect of Meckel’s cartilage (text-figs. 3b, 4b,
tlma.); this is seen in R. cyanophlyctis, R. hexadactyla, R. tigrina and the
‘Cystignathid’ tadpole.  In Megophrys it arises from the ventral aspect of
processus ascendens; in Heleophryne the origin is from the pseudobasal process
before the latter unites with the cranium.

In Xenopus (Edgeworth, 1935; Paterson, 1939) this muscle arises poste-

riorly to lL.m. posterior on the subocular bar of the pterygoquadrate and is
dorsal to the latter muscle.

TexTt-¥1g. b.—Transverse section of the ¢ Cystignathid’ tadpole in the quadratocranial
commissure region, X 30.
¢a., M. ceratohyoangularis; gh., M. geniohyoideus; ip., M. intermandibularis posterior;
la., M. levator m. anterior articularis; le., M. levator m. externus; lma., M. levator m.
anterior; Ip., M. levator m. posterior profundus; Is., M. levator m. posterior superficialis;
n., nagal; oh., M. orbitohyoideus; pe., pila ethmoidalis; pén., posterior portion of tectum
nasi; ga., M. quadratoangularis; sa., M. suspensorioangularis; vp’., ventral process;
y., ¥g., ¥3., branches of the trigeminal nerve; z., tongue.
4



50 L. 8. RAMASWAMI. AN ACCOUNT OF THE CHONDROCRANIUM

4. Levator mandibulae externus (Edgeworth, 1935).

This muscle arises (text-figs. 5, 6, 7, le.) from the inner aspect of the
processus muscularis and inserts by a tendon on suprarostral (text-fig. 2e, tle.).
In Microhyla, where the processus muscularis is not prominent, the muscle
(text-fig. 7, le.) arises from the external aspect of the pterygoquadrate. The
tendinous insertion may be separate from that of l.m. posterior profundus
(Megophrys suprarostral 1, Rana) or united as in the ‘Cystignathid’ tadpole and
Heleophryne. In Microhyla 1 was not able to discover a tendon, for the muscle
shows itself by the side of suprarostral from the very anterior sections.

N
SRS -

TexT-FI¢. 6.—Transverse section of R. afghana in the region of processus muscularis, X 30.

¢p., cavum nasale principale; ep., ethmoid plate; la., M. levator m. anterior articularis;
le., M. levator m. externus; Ip., M. levator m. posterior profundus; ls., M. levator m. pos-
terior superficialis; Ima., M. levator m. anterior; gce., quadratocranial commissure; pm.,
processus muscularis; tima., tendon of M. levator m. anterior; fn., tectum nasi; vy., T.
ophthalmicus profundus V.

5. Levator mandibulae anterior articularis (Edgeworth, 1935).

This muscle arises (text-figs. 5, 6, la.) below l.m. externus inside the
processus muscularis and inserts directly on Meckel’s cartilage and the tendon,
4B
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if present, is extremely short. Only in Microhyla 1 was not able to note the
presence of this muscle.

The levator mandibulae anterior lateralis (R. temporaria, Pelobates ; Luther,
1914) and the levator mandibulae anterior subexternus (Pelobates; Luther, 1914)
are absent in the tadpoles examined by me. Probably the lL.m. anterior
subexternus is merged with l.m. externus.

Texrt-F1¢, 7.—Transverse section in the anterior region of Microhyla ornata, x 30,

c., cartilage, ca., M. ceratohyoangularis; chy., ceratohyal, gh., M. geniohyoideus; le., M.
levator m. externus., Ip., M. levator m. posterior profundus; lma., M. levator m. anterior;
ls., M. levator m. posterior superficialis; pq., pterygoquadrate; qa., M. quadratoangularis;
sa., M. suspensorioangularis; k., M. interhyoideus; v,., r. maxillaris V; z., tongue.

Muscles of the oral sucker.
1. Intermandibularis anterior (Edgeworth, 1935).

In R. afghana, arising from Meckel’s cartilage and inserted into the median
portion of the posterior lip, is a muscle called 4 (Bhaduri, 1935), which is
considered to be a modified M. intermandibularis anterior. In the ‘Cystignathid’
tadpole, R. hexadactyla and Heleophryne the muscle is wanting; in R. tigrina
(text-fig. 4a, da.), Microhyla and Megophrys it is present and runs between
the two infrarostrals as in Pelobates (Luther, 1914).

2. Mandibulolabialis (Edgeworth, 1935).

In R. afghana (Bhaduri, 1935) this muscle goes into the lower lip fanwise
from Meckel’s cartilage; similarly, it is noticed in the ‘Cystignathid’, Heleo-
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phryne, R. tigrina (text-fig. 4b, lab.) and R. hexadactyle (text-fig. 3b, lab.)
tadpoles. In Microhyla and Megophrys it is absent. Probably in Megophrys
the infundibular muscles are modified M. mandibulolabialis (see below).

Special muscles.

In R. afghana, Bhaduri (1935) described a muscle C, which finds a pro-
bable homologue with the M. diaphragmatobranchialis medialis of Schulze
(1892). According to him this muscle arises from the skin posterior to the
diaphragm and passing through the same is inserted to the ceratobranchial
cartilage. Edgeworth (1935) considers this as M. rectus cervicis. Bhaduri
also described a muscle E, which he considered to be modified, arising from
the diaphragm and inserting into a ‘cartilage in the exoccipital region’. A
probable homology with M. diaphragmatobranchialis lateralis (Schulze, 1892)
was noted. However, this muscle—diaphragmatobranchialis IV (Edgeworth,
1935) in Pelobates—arises from the diaphragm and is inserted to the
ceratobranchial cartilage. In the ‘Cystignathid’ tadpole, the M. rectus
cervicis arising from the diaphragm, running by the side of the heart is
inserted on the ceratobranchial cartilage. In Heleophryne this muscle arises
from the ventral skin and is inserted to the ceratobranchial ; it is short.

Mention must be made of the infundibular muscles of Megophrys (text-
fig. 2¢, inm.). They arise from the infundibular process of the pterygoquadrate
and spread into the lower lip; probably these are modified mandibulolabialis
muscles,

Discussiox.

The salient features in the organisation of the chondrocranium of the
torrent-dwelling R. afghana and Megophrys can now be enumerated and
compared with those in Heleophryne and the ‘Cystignathid’ tadpole which
also inhabit similar brooks.

In R. afghana, in the occipitoauditory region, a tectum synoticum is
developed as in other genera, viz., Rana, Bufo (Parker, 1871, 1876), Pelobates
(Schulze, 1892), Alytes (van Seters, 1922), Polypedates (Okutomi, 1937), Rana
(de Beer, 1937), Xenopus (Paterson, 1939), Calyptocephalus (Reinbach, 1939),
Microhyla and Uperodon (Ramaswami, 1940). In Heleophryne it is absent
while in the “Cystignathid’ tadpole it is developed (Ramaswami, 1941). In
the metamorphosing stage of M. parva it has appeared. According to Kruijtzer
(1931) it is noticed in M. montana that ‘the tectum posterius originates in two
phases, the anterior part before metamorphosis, the posterior part during
metamorphosis’. I have observed the occurrence of a tectum synoticum
only in stage C of M. parva and whether it makes its appearance prior to
this can only be settled by an examination of the intervening stages.

The otic connection of the pterygoquadrate with the crista parotica is
not uniformly met with. In Alytes (van Seters, 1922), Megophrys (Kruijtzer,
1931), Discoglossus (Pusey, 1938), Calyplocephalus (Reinbach, 1939), some
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species of Bufo (Parker, 1876; Ramaswami, 1940) and Rana curtipes (Rama-
swami, 1940) the otic connection is absent. However, in one series of M.
montana tadpoles (series 16) Kruijtzer (1931) recorded the occurrence of
an otic connection.

Rana afghana possesses only two acustic foramina—foramen acusticum
anterins and foramen acusticum posterius—as in ranids generally. In M. parva
there are only two acustic foramina—the foramina a. medius and posterior
in stages A and B. In stage C, all the three foramina are formed, the anterior-
most appearing just behind the foramen ductus endolymphaticus, while the
foramen acusticum medium and posterior appear near each other, the former
gituated ventrally to the latter. Kruijtzer (1931) also recorded in series
2 (17 mm.) of M. montana that ‘At first (series 2) these foramina form one
whole (fig. 4)° and later on the three foramina are formed in the septal wall
of the otic capsule. The existence of three acustic foramina has been reported
in a large number of anuran forms (Miyawaki, 1927, 1929; Reinbach, 1939).

The operculum makes its appearance during different stages of develop-
ment in different tadpoles. The examined stage of R. afghana possesses an
operculum while only in stage C of M. parve it is noticed. Kruijtzer (1931)
described the appearance of an operculum in a tadpole of M. montana measuring
37 mm. In the ‘Cystignathid’ tadpole prior to metamorphosis, I have re-
corded (Ramaswami, 1941) the occurrence of an operculum, while the same
appeared during metamorphosis in Heleophryne.

In the region of the processus oticus connection in R. afghana the
pterygoquadrate unites with the base of the otic capsule forming a pseudobasal
connection being posterior to the r. palatinus facialis. The vena capitis
lateralis runs in the cranioquadrate passage between the otic and pseudobasal
connections. In the adult this connection breaks down into a pseudobasal
articulation. While a pseudobasal connection is formed in R. temporaria
(de Beer, 1937) only during metamorphosis (20 mm.} which later becomes a
pseudobasal articulation, in R. afghana, long prior to the onset of metamor-
phosis a pseudobasal connection is formed. In R. curtipes (Ramaswami, 1940)
I have reported the occurrence of a pseudobasal articulation in premetamor-
phic tadpole examined. In Megophrys (Kruijtzer, 1931), however, ‘During
metamorphosis this ventral process [processus ventralis capsulae auditivae)
forms a basal articulation with the basal process of the pterygoquadrate
(fig. 8). After metamorphosis both processes fuse, so that the joint disappears’.
Thus, while the chondrocranium is incompletely autosystylic, the adult skull
is completely autosystylic. On the other hand, Rara afghana tadpole with
the possession of a quadratocranial, ascendens, otic and pseudobasal connections
is typically autosystylic and it becomes incompletely autosystylic after meta.
morphosis. The tabular form below shows the arrangement in the two other
torrent dwelling forms from which it can be noted that R. afghana is the only
typically completely autosystylic form. Further, Megophrys, though a denizen
of torrential streams, possesses only two pterygoquadrate connections whereas
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common tank-dwellers like R. temporaria, R. hexadactyla and R. tigrina possess
three connections, viz., quadratocranial, ascendens and otic.

Cartilaginous connections of the pterygoquadrate with the cranium before

metamorphosts.
nggnr?‘;f ) Ascendens Pseudobasal Otic
by connection. connection. connection.
commissure.

Rana afghana ‘e present present present present

The ' Cystignathid’ tad-
pole .. . present present absent present
Heleophryne purcellt . . present absent present present
Megophrys parva present present absent absent

I have not been able to discover in M. parva (stage C) the pseudobasal
process appearing as a procartilaginous Anlage independently of the quadrate
below the otic capsule as described by Kruijtzer (1931) in Megophrys and Alytes.
Pusey (1938) considered this rudiment in R. temporaria as the basitrabecular
process which secondarily gained attachment with the quadrate and later
formed the pseudobasal articulation.

The carotid artery becoming intramural through its foramen gives off
the ophthalmica magna and palatine arteries. In Megophrys, there is no
palatine artery, and as in Eanae, during metamorphosis, the trabecular portion
between the carotid and oculomotor foramina breaks down.

Slightly posterior to the ethmoid plate, in stage B of M. parva, there
is a subethmoidal cartilage. This is situated ventrally to the ethmoid plate,
and is independent, establishing no connection with any other cartilage. In
an earlier stage and also in stage C of the same species this cartilage is absent;
in the examined stage of M. robusta, there is a digitiform process but this is
not supported by a cartilaginous core. Such a subethmoid cartilage has
not been described in any tadpole so far examined.

A processus quadrato-ethmoidalis is reported to be absent in M. montana
(Kruijtzer, 1931) and Xenopus (Kotthaus, 1933; Paterson, 1939). In my
sections of M. parva, I have noticed the quadrato-ethmoidal ligament running
from the processus lateralis of the trabecula to the anterior face of the
quadratocranial commissure. In R. hexadactyla (Ramaswami, 1940) T have
reported that in the premetamorphic stages, besides a ligamentary quadrato-
ethmoidal commissure, there is also a cartilaginous one.

The suprarostral is powerfully built in R. afghana as in the ‘Cystignathid’
and Heleophryne tadpoles (Ramaswami, 1941). In Megophrys, there are two
pairs of suprarostrals—suprarostral 1 and 2. Kruijtzer (1931) also recorded
the samein M. montana. In Pelobates (Schulze, 1892; Luther, 1914) the supra-
rostral 1 is large and crescentic while the suprarostral 2 projects from the
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posterolateral face of suprarostral 1. Some species of Bufo (Parker, 1881)
have also two suprarostrals.

Unlike the ‘Cystignathid’ and Heleophryne tadpoles (Ramaswami, 1941)
the processus muscularis is well developed in R. afghana and Megophrys.

From the region of the pars quadrata arises in the two early stages of
M. parva and M. robusta an anterior extension called the processus infundi-
bularis. In my figures muscles associated with this process are also depicted.
A similar process is also noticed in M. montana (Kruijtzer, 1931), This infundi-
bular process of Megophrys supports the lower lip from which arises an extension
which along with a modified part of the upper lip goes to form the ‘funnel’-
shaped mouth so characteristic of these tadpoles. Moreover, in the premeta-
morphic stages of Megophrys examined at the region where the pterygoquadrate
gives off the infundibular process, there also arises a ventrally directed process
which is called the ventral process. It is free from muscular attachment and
extends as far as the anterior region of the articulation of the ceratohyal with
the ventral aspect of the pterygoquadrate. Such a process is also described
by Kruijtzer (1931) in M. montana. These two processes in the stages
examined show signs of breakdown during metamorphosis. In M. moniana
(Kruijtzer, 1931) the ventral process ‘remains during and after metamorphosis
and plays an important part in the formation of the ventral part of the later
pars quadrata’.

The development of a complete autosystyly in R. afghana, i.e., the attach-
ment of the pterygoquadrate with the cranium in four regions, is peculiar to
this and the other two tadpoles, viz., the ‘ Cystignathid’ and Heleophryne, lack
one or the other connections. But all these are torrent-dwellers. While
Heleophryne has specialised in the possession of extra cartilages (dorsal rostral
and sub-Meckelian) and ligamentary connections (quadrato-otic), the ‘ Cystig-
nathid’ has developed by the widened rostral cartilages, a powerful oral
suctorial dise. In Megophrys which simply float vertically in water, the
infundibular and ventral processes of the pterygoquadrate are developed.
Thus each tadpole has specialised in its own way and it is difficult to say
which has evolved more suitable adaptations for a life in torrential waters.

In R. afghana, the intermandibularis muscle is believed to be so modified
that instead of running between the two infrarostrals, arises from Meckel’s
cartilage and runs into the lower lip. Such a feature is not noticed in the
three other mountain brook tadpoles, viz., the ‘Cystignathid’, Heleophryne
and Megophrys. In fact the muscle is wanting in the two former and R.
hexadactyla ; in Megophrys it resembles that of the ranids as described by Luther
(1914) and Edgeworth (1935). Further, in Megophrys the mandibulolabialis
muscle is wanting and instead of this, the infundibular muscles arising from the
processus infundibularis spread into the lower lip. In the ‘Cystignathid’
and Heleophryne tadpoles, the mandibulolabialis muscles are well developed.

As regards the M. diaphragmatobranchialis in R. afghana, the median
(= Rectus cervicis) and lateral (= diaphragmatobranchialis IV) ones are well
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developed. In both the ‘Cystignathid’ and Heleophryne tadpoles there is
only one pair of muscles arising from the skin or diaphragm and ending in
the ceratobranchial cartilage—the M. rectus cervicis, the diaphragmato-
branchialis IV being absent. It is clear that in the absence of this lateral
diaphragm muscle, which is supposed to create the vacuum necessary for
adhesion in these torrent-dwelling tadpoles, some other muscle must be
responsible for it.

Bhaduri (1935) described in R. afghana a muscle which he labelled F
as a modified subbranchial muscle (Schulze, 1892). Edgeworth (1935) in his
fig. 418 labels the same muscle as interhyoideus posterior but in the table of
synonyms (p. 271) he homologises Schulze’s subbranchialis with constrictor
colli. This muscle has not been noticed by me in the ‘Cystignathid’ and
Heleophryne tadpoles.

No muscle enters into the upper lip directly as in the lower; but the upper
beak is controlled by the Mm. 1.m. posterior profundus and 1.m. externus
which are inserted to the suprarostral.

CONCLUSION.

In the possession of an infundibular process, from which the infundibular
muscles originate and spread into the lower jaw, Megophrys seems to be well
adapted for a floating life. No other special modifications are noticed in the
chondrocranium. R. afghana seems to be pre-eminently suited for a life in
torrential waters; the possession of modified muscles of the sucker and dia-
phragm and the four connections of the pterygoquadrate with the cranium are
characteristic.

SUMMARY.

1. In the metamorphosing stage of Megophrys, there are three acustic
foramina; in earlier, there are only two.

2. In Megophrys a processus ascendens is present and an otic connection
is absent. In R. afghana a processus ascendens, otic and pseudobasal con-
nections of the pterygoquadrate are noticed. As in ranids, the pseudobasal
connection breaks down and the adult has only a pseudobasal articulation.

3. In stage B of M. parva a subethmoidal process is given off from the
roof of the mouth into the buccal cavity; this is supported by an independent
piece of cartilage.

4. A processus quadrato-ethmoidalis is noticed in M. parva; it is reported
to be absent in M. montana.

5. From the region of pars quadrata of Megophrys, an infundibular
process is given off from which infundibular muscles enter into the lower lip.
This process breaks down during metamorphosis.

6. No other tadpole shows all the four connections of the pterygo-
quadrate in premetamorphic stage as is the case in R. afghana, viz., quadrato-
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cranial, ascendens, otic and pseudobasal connections. Thus R. afghana is
typically completely autosystylic.

7. The modified intermandibular muscle noticed in R. afghana is absent
in the ‘Cystignathid’ and Heleophryne tadpoles.

8. A diaphragmatobranchialis IV is wanting in the ‘Cystignathid’ and
Heleophryne tadpoles. ,

9. Uniformly all the tadpoles examined by me have the masticatory
muscles, viz., levator m. posterior superficialis, 1.m. posterior profundus, 1.m.
externus, L.m. anterior and 1.m. anterior articularis; only in Microhyla the
last one is wanting. The 1.m. anterior subexternus and 1.m. anterior lateralis
are absent in all these. A mandibulolabialis is wanting in Microkyla and
Megophrys. Peculiarly in R. t2grina, the 1.m. posterior superficialis is inserted
to the infrarostral.

REFERENCES.

Annandale, N. and Hora, S. L., (1922). Parallel evolution in the Fish and Tadpoles of
mountain streams. Rec. Ind. Mus., 24, 505.

Bhaduri, J. L., (1935). The anatomy of the adhesive apparatus in the tadpoles of Rana
afghana (Gunth.), with special reference to adaptive modifications. Trans. Roy.
Soc. Edin., 58, 339.

de Beer, G. R., (1937). The Development of the Vertebrate Skull. Oxford.

Edgeworth, F. H., (1935). The Cranial muscles of Vertebrates. Cambridge.

Gaupp, E., (1893). Beitrage zur Morphologie des Schidels I. Primordial cranium und
Kieferbogen von Rana fusca. Morph. Arb., 2, 275.

Goodrich, E. 8., (1930). Structure and Development of Vertebrates. London.

Gotte, A., (1875). Die Entwicklungsgeschichte der Unke. Leipzig.

van Kampen,* P. N, (1926). Mededeelingen over het laterohyale. Verg. der Ned. Dierk.,
Ver. 2, DL 20, Afl. 1.

Kotthaus, A., (1933). Die Entwicklung des Primordial-craniums von Xenopus laevis bis
zur Metamorphosis. Z. wissen Zool., 144, 510.

Kruijtzer, E. M, (1931). De ontwikkeling van het chondréeranium en enkele kopzenuwen
van Megalophrys montana. Proefschrift, Roermond.

Litzelman, E., (1923). Entwicklungsgeschichtliche und vergleichend anatomische
Untersuchungen tber den Visceral apparat der Amphibien. Z. ges. 4nat., 67, 457.

Luther, A., (1914). Uber die von N. trigeminus versorgte Muskulatur der Amphibien.
Aecta. Soc. Sci. Fennicae., 44, 1.

Miyawaki, 8., (1927). Das Vorhandensein des Foramen acusticum medium an der
Ohrkapsel von Anuren. Fol. Anat. Jap., 5, 313.

(1929). Die Entwicklung der Ohrkapsel und des Schalleitenden apparates von
Hyla arborea japonica. Fol. Anat. Jap., 8, 1.

Noble, G. K., (1931). The Biology of Amphibia. New York.

Okutomi, K., (1937). Die Entwicklung des Chondrocraniums von Polypedates buergeri
schlegelit. Z. Anat. Entwick., 107, 28.

Parker, W. K., (1871). On the structure and development of the skull of the common
frog Rana temporaria, Part I. Phil. Trans. Roy. Soc. Lond., 161, 137.

(1876). On the structure and development of skull in Batrachia, Part JI.
Ibid., 166, 601.

* This paper was not available for consultation.



58 L.S. RAMASWAMI: CHONDROCRANIUM OF RANA AFGHANA AND MEGOPHRYS,

Parker, W. K., (1881). On the structure and development of skull in Batrachia, Part I1I.
Ibid., 172, 1.
Paterson, N. F., (1939). The head of Xenopus laevis. Quart. J. micr. Sci., 81, 161,
Peeters, J. L. E., (1910). Chondrocranium en wervelkolom van Urodela en Anura.
Proefschrift, Leiden.
Pusey, H. K., (1938). Structural changes in the anuran mandibular arch during meta-
morphosis, with reference to Rana temporaria. Quart, J. micr. Sci., 80, 479.
Ramaswami, L. 8., (1938). Connexions of the pterygoquadrate in the tadpole of Philautus
variabilis (Anura). Nature, 142, 577.
(1940). Some aspects of the chondrocranium in the tadpoles of South Indian
frogs. Half-yearly J. Mys. Univ., 1, 15.
(1941). The chondrocranium of two torrent-dwelling anuran tadpoles, (In
press, J. Morph., Philadelphia.)
(1941a). Some aspects of the head of Xenopus laevis. Proc. Indian Sci.
Congress, 28, 183.
Reinbach, W., (1939). Untersuchungen iiber die Entwicklung des Kopfskelettes von
Calyptocephalus Gayi. Jenai. Z. naturwiss., 72, 211,
Schulze, F. E., (1892). Uber die inneren Kiemen der Batrachierlarven.—Mitt. II. Das
Skelett. Abh. Kon. Preuss. Akad. wissen. Berlin, 1,
van Seters, W. H., (1922). Le développement du chondrocrane d’Alytes obstetricans avant
la métamorphose. Arch. de Biol., 32, 373.
Spemann, H., (1898). Uber die Entwicklung der tube FEustachi und des Kopfskeletts
von Rana temporaria. Zool. Jahrb., 11, 389,
Stadtmiiller, F., (1936). Cranium und Visceralskelett der Stegocephalen und Amphibien.
Handbuch der Verglei. Anat. der Wirbeltiere., 4, 501.
Stohr, P., (1881). Zur Entwicklungsgeschichte des Anuranschidels. Z. wissen. Zool.,
36, 68.
Versluys, J., (1927). Das Skelett. Verglei. Anat. der Wirbeltiere., 2, 58.
Winslow, G. M., (1898). The chondrocranium in the Ichthyopsida. Tufts Coll. studies,
nr. 5, 147.



Ramaswami. Proc. Nat. Inst. Sci. India, Vol. IX, Plate 1.

Fia. 1.—Dorsal aspect of the anterior portion of the chondrocranium of Megophrys parva;

Meckel's eartilage and infrarostrals not shown. medel, X 30.
Fic. 2.—Ventral aspeet of the anterior portion of the echondrocranium of Megophrys parva,
model, X3,
ct., cornua trabeculae: ep., ethmoid plate; ir., infrarostral; me,. Meckel's cartilage; ms.,
median posterior portion of suprarostral 1: pa.. pars articularis Meckeli; pi., processus
infundibularis; pm., processus muscularis; pq.. pterygoquadrate; pr., processus ventralis;
gee., quadratoeranial commissure: sry., suprarostral 1; sry., suprarostral 2; sr,”., posterior
portion of sry. gaining relation with sry.



