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argument. were the latter group of taxa shown to have a somewhat different
karvotype. The hemipenes of Xenopeltis and Loxocemus as figured by Dowling and
Gibson (1970) do appear quite similar. and together differ from those of other boidsin
possessing a dixe-like structure without ornament terminating both lobes of the
hemipenis, The cladistic interpretation of this similarity is also uncertain until a
report on the everted hemipenis of Anilins (which alone among the remaining lower
Henophidia has a forked hemipenis, typical of most Henophidia) is available, On
present evidenee, the hemipenial morphology noted above could as well be primitive
for Xenopeltis, Loxocemus, and other boids, as a synapomorphy demonstrating the
joint monophyly of these two genera. It is here suggested that the condition of the
palate argues against the latter possibility, until stronger evidence is available.

That the palate of pyvthons is cladistically intermediate between that of
Cylindrophis on one hand. and that of boas on the other (see below), is supported by
the presence of an intermediate state of the intermandibularis anterior muscle in true
pythons (Groom bridge 1979). Lower Henophidia have a thin usually weakly defined
muscle: this musele is present in pythons, but is typically better developed. In
Calabaria and boas (also acrochordids and (faenophidia) this muscle is divided into a
pars anterior (in Calabaria and boas, retaining an insertion similar to that of the
undivided muscle in pythons) and a pars posterior. The presence of a divided
intermandibularis anterior is interpreted as a derived state.

The remaining henophidian snakes (possibly except Calabaria) share a probable
svnapomorphy. namely, the emargination of the choanal arc and presence of a median
choanal tongue. This argues against the opinions expressed by certain workers
(Hoffstetter 1968, p.208. Smith 1943, p.103) that the boas do not share an
immediate common ancestor. Calabaria and Eryx are partial exceptions in that they
possess a complete or near complete palatal are, and thus no choanal tongue (some
Eryx) or a very reduced one. It is conceivable that this condition has been reached
from a Python-like state, simply by the anterior retreat of the palatal arc up to the
rear of the vomerine flaps. In the case of Eryz, consideration of other characters
strongly suggests origin from a Boa-like state. Underwood (1976) notes evidence (see
also Bogert 1968; Hoffstetter and Rage 1972) that the erycines (Lichanura, Charina,
Eryx) form a monophyletic group, with Lichanura the most primitive, Charina
intermediate, and Eryr most derived. The palatal states run parallel to this
sequence: Lichanura is most Boa-like, Charina is modified, Eryx 1s more modified
(reduction of vomerine flaps. reduction of choanal tongue, near complete or complete
choanal arc). It is suggested that the weight of other characters demonstrates that
the relatively simple palatal morphology of Eryx is secondarily so. This is an
important point because it sets a precedent that may have been followed by the

ancestors of Caenophidia (which typically have a quite simple palate) if they stem

from a Boa-like form.
Calabaria phenetically resembles Eryx and Charina in respect of its palate, and

clusters with ervcines in the phenetic part of Underwood’s (1976) study. Cladistically
its position is uncertain; other than the palate initially, no characters clearly link
('alabaria with eryeines when interpreted cladistically. The phenetic proximity of
these taxa could well be due to parallel adaptions to a semiburrowing or burrowing
niche, the palatal similarity between Calabaria and Kryx, in particular, could follow
from a common remodelling of the proportions of the snout region in this connection.

Dowling (1975, p. 193) has figured the distinctive hemipenial morphology of
erycines; interestingly, the unusual hemipenis of Calabaria (Dowling 1975, Dowling

J.N.H. 26
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and Gibson 1970, photograph in Doucet 1963) would seem to be more similar to that
of Eryxr than to those of Xenopeltis and Loxrocemus, with which latter taxa Calabaria
is }n'()\‘isi()lmlly associated by Dowling and Gibson.

Arguing against a close cladistic proximity, among other characters, is the
presence of a postfrontal in Calabaria; accepting a close relationship between
(alabaria and Erye would require postulating the multiple loss of this bone in other
eryeines and other boas (since Eryr seems to be the end of a side branch of boa
evolution). assuming it to be primarily present in Crlabaria and not secondarily so. It
would also require postulating reversals (in Calabaria) in those derived states
relating erveines to boines. and the erveines to each other (Underwood 1976). The
weight of other characters thus appears to indicate that the shared derived state of
the superticial palate in Calabaria and Eryx is not uniquely derived.

Although the palate alone does not appear to settle the cladistic position of
(‘alabaria. certain other characters do suggest that its ancestry was more boa-like
than python-like. The sole reason for the traditional inclusion of Calabaria with
‘ems to be the possession of a post-frontal, but (if not a neomorph) this

true pythonsse
and no clue to cladistic affinity. Some states shared by

is surely a symplesiomorphy
Calabaria and boas include: single subcaudals, loss of pre-maxillary teeth, and

presence of both anterior and posterior portions of the M. intermandibularis anterior.
It is suggested elsewhere that this latterstate is a probable synapomorphy in respect
of which Calabaria and other boas (also acrochordids and Caenophidia) are more
derived relative to pythons and other Henophidia. This would agree well with
Underwood’s (1976) phyletic arrangement of boids, in which Calabaria is inter-
mediate between the pythons and the more derived boas,

Underwood (1976) has noted a degree of aflinity, in both phenetic and cladistic
senses. between his taxa Bolyeriinae and Tropidophinae: they are accordingly
associated in the Tropidophidae. McDowell (1975) also notes some similarities
between these two groups, but they are each ranked as super-families in his
treatment. Bevond the fact that in palatal morphology these groups resemble boas in
general. and not pythons, they are not particularly similarin this respect. It has been
suggested above that Bolyeria and Casarea are the most primitive of boas in palatal
morphology. while Tropidophis and Trachyboa are further derived from a Boa-like
condition. The palate of two other probable tropidophiine genera, Exiliboa and
["ngaliophis. has not yet been examined.

The combined evidence of several characters (see Underwood, 1976) indicates
that bolyeriines and tropidophiines are primitive to the other boas; e.g. the latter
group generally having the right Vidian canal larger than the left (exce[')t Candoia),
an open palatine foramen, and the palatine process of the maxilla close to or
contacting the pterygoid (all interpretated as derived states).

Ifit is accepted that belyeriines are primitive to tropidophiines and other boas in
respect of their superficial palate, and that bolyeriines and tropidophiines are
primitive to boas in respect of these skull characters. it would then follow that the
basic Boa palate had evolved in the common ancestry of tropidophiines and other
boax. and the derived skull characters subsequently evolved in the other boas alone.
It would also tollow that tropidophiines are not the sister group of bolyeriines, as
Underwood suggests, but are the sister group of other boas.

The actual physical feature forming the basis of the suggestion that the
+is primitive to that of other boas, i.e., the anterior increase in width
flaps, is composed of about a square millimetre of soft tissue. This

bolyeriine palate
of the vomerine

B e
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would seem to be an impossibly weak foundation on which to argue against the
evidence proposed by Underwood for the joint monophyly of bolyeriines and
tropidophiines. However, considering the palatal similarity of Bolyeria and Casarea
(but only one specimen of each) despite several differences in other characters
(indicating that the state islikely to be a real feature of the group, and not an artefact
of a small sample). and the apparent conservatism of the superficial palate; it is
suggested that the major evidence proposed for monophyly may bear further
examination.

Pelvie spurs are absent from female bolyeriines (and from males), and from
female Trachyboa and Tropidophis (and from male Tropidophis semicinctus, Stull
1928) among tropidophiines. Of the two genera only provisionally included in the
Tropidophinae of Underwood (1976). vestigial pelvie spurs are present in female
Erviliboa (Bogert 1968) and are variably present or absent in Ungaliophis (Corn
1074). Most other henophidian genera retain spurs: except uropeltids, Xenopeltis,
and nerochordids. Sinee this is a “loss” state, and has occurred in at least three other
lincages. and ix intra-specitically variable in Ungaliophis panamensts, it cannot be

given great signiticance in a cladistic analysis.

The hyvoid cornua of (Cacnophidia. acrochordids. tropidophiines (Dowling 1975,

p. 196, MeDowell 1975, p. 13). and Casarea, ave parallelt: those of other Henophidia,
including Bolyeria (Underwood 1967, p. 72). are divergent posteriorly. The latter
state is very probably primitive (Langebartel 1968). Bolyeria and Casarea are linked
by a very probable synapomorphy. the division (unique among vertebrates) of the
maxilla into anterior and posterior portions. The parallel condition of the hyoid in
(‘asarea must therefore have been arrived at independently from that of tropido-
phiines: unless Bolyeria is secondarily ‘primitive’ in its resemblance to other
Henophidia. having returned to a divergent condition from a parallel condition
shared by the ancestry of bolyeriines. and possibly of tropidophiines. The evidence of
the hvoid is thus not conclusive of eladistic proximity.

Underwood has noted shared derived features of the respiratory system that
appear to associate bolyeriines and ttopidophiines. Among boids, only tropidophiines
possess a well-developed tracheal lung. (‘asarea has a very slightly developed
tracheal lung. Most tropidophiines are unique. among boids, in lacking a left lung (a
vestige remains in Ungaliophis panamensis, Butner 1963), it is extremely reduced in
bolyeriines. The weight to be assigned to these features is perhaps diminished by the
observation that. among other Henophidia, Awnilius and Cylindrophis also show
extreme reduction of the left Tung (Underwood 1967), Anomochilus lacks a left lung
(Brongersma and Helle 1051). acrochordids lack a left lung and possess a tracheal
lung. although the latter is of unique form (Brongersina 1952), Also, many separate
stocks of Caenophidia havelost or reduced the left lung, and acquired a tracheal lung
(Underwood 1967). The terminal entry of the trachea into the lung is a further
derived state shared by bolyeriines and tropidophiines (Underwood 1976, p. 155).

Although. taken separately, these character states cannot be regarded as
convineing synapomorphies, when considered together they do suggest the poss-
ibility of a close cladistic relationship between bolyeriines and tropidophiines.

At least four alternatives can be considered, in order to account for the states of
the superficial palate, as noted above. Firstly, that the bolyeriine palate is actually
not primitive to that of other boas: bolyeriines and tropidophiines are monophyletic

T See addendum.
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(as suggested by Underwood 1976). and cladistically the palate can only separate
hoas from pythons without indicating a primitive boa condition. Secondly, that the
palate of holyeriines is primitive: bolyeriines and tropidophiines are monophyletie,
and tropidophiines have evolved a palate more similar to that of most other boas in
parallel, Thirdly. the palate of holyeriines is primitive: the bolyeriinae and the
tropidophiinac do rot form a monophyletic group, and tropidophiines and other hoas
share a common ancestry with a Boa-like palate subsequent to that shared with
bolyeriines. Fourthly. it is more remotely possible that tropidophiines share an
ancestry specifically with the large South American boas (Corallus, Epicrates) that
they most closely resemble in palatal morphology: this would require reversals in
those characters in respect of which tropidophines appear to be primitive to other
boas.

It is here suggested that the third of these possibilities deserves serious
consideration. At least. the evidence of the palate would indicate that the cladistic
position of the Bolveriinae and Tropidophiinae should be a matter for continued
investigation,

The salient points of the above discussion are summarised in the cladogram of
fig. 10. It must be stressed that this is in no way intended to approach a complete
phylogeny of the Henophidia. but is simply an explicit visual statement of the
suggested eladistic implications of the few characters considercd herein (and in
Groombridge 1979). Hopefully, areas of concordance, or otherwise, with interpret-
ations of other characters can thus be more readily located and subjected to useful
examination. An extensive analysis of the Boidae is to be found in Underwood
(1976). A somewhat different scheme (but with full documnentation delayed), is to be

found in Frazzetta (1975).

) - cu A X L P cL [} E UE 201' 8C AC c
A 18
26
4 A 21 19 24

M\ 23
N 14 7
~ 22

Fis. 10, Diagram to illustrate suggested cJadistie implications of characters considered
herein. and in Groombridge (1979). Numbered bars indicate transformation to
derived character state (mostly proposed as synapomorphies) present in hypothetical
ancestor at following node, or in terminal group. Key to group abbreviations (left to
vight):-—D. Dinilysia (Upper Cretaccous): N, Secolecophidiag CUL Cylindrophis,
Anomochilus, uropeltids: A, dAwilivse: Xo Xewopellis: L. Lococemus: Poopythons: CL,
Calabarin: BB, boine boas and Lichawnra: K. eryeine boas except Lichanura; UE,
Cngaliophis, Eeiliboa: V. Trachyghon . Tropidophise B Bolyeria, Casarea: AC, acro-

chordids: ¢, Cacnophidia. Key to proposed devived eharacter states: 1, presence of

toothed anterior ramus of palatine; 2. presence of antero-median pillars of frontals,
between olfactory  tracts: 3, separate prootie foramina for both maxillary and
mandibular branches of trigeminal nerve (oceasional exceptions certainly secondary, at
least in Caenophidia); 4, palatal ‘valves’ of Anilius; 5, formation of the composite
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Ninee the above material was written, an interesting work by Rieppel (1977). a
comparative study of the skulls of several Henophidia. has appeared. His basic
division of the Henophidia (except acrochordids) into the two superfamilies
Anilioidae (group CU+ A in fig. 10 of this paper). and Booidea (groups X to BC
inclusive). appears to be a useful concept. and is broadly compatible with the
cladistic arrangement suggested here. While the Anilioidae (of Rieppel, not of
MeDowell 1973) may well be a monophyletie group (sensw Henning 1966), the
Booidea would be paraphyletic on the interpretation given here. Whether a purely
cladistic classification is to be considered theoretically desirable or not, it will surely

M. newrocostomandibularis: 6. squamosal somewhat elongate and free of braincase pos-
teriorly: 7. quadrate without distinet posterior concavity: 8, squamosal mobile on
braincase: 9. presence of fully-developed vomerine flaps: 10, M. intermandibularis
anterior (=ima) well-developed. exposed medial to M. genioglossus; 11, ima divided into
s anterior and pars posterior: 12, loss of postfrontal (but also in groups 8, CU + A, and
X): 13. emargination of choanal are and presence of a choanal tongue. correlated with
relatively more anterior divergence of ectochoanal cartilages: 14, vomerine flaps lose
anterior increase in width: 13, maxilla divided into anterior and posterior portions; 16,
presence of tracheal lung: 17, cacnophidian-type hyoid, with closely parallel cornua and
adpressed M. hyoylossi (see addendum): 13, posterior palatal sutface extended and
deeply bifurcate: 19. long mtra-pulmonary bronchus: 20, non-lobed kidneys; 21,
reduced choanal tongue: 22, shift in insertion of ima, pars anterior onto postero-median
portion of intermandibular ligament’ (secondarily paired posteriorly in acrochordids);
23, spines on hemipenis (exceptions in some Caenophidia probably secondary); 24,
specialised costal cartilages (Hardaway and Williams, 1976: Persky ¢f al. 1976); 25,
presence of M. protractor quadratiz 26, presence of M. protractor laryngeuns. Notes: (a) the
basal trichotomy between the Upper (retaceous fossil Dinilysia, Scolecophidia. and
other snakes is not resolvable on evidence considered herein: (b) in most cases
autapomorphies of individual lineages are not shown, among the exceptions are
character states distinguishing group T from other ‘tropidophiines’, and three states(in
addition to those in Underwood 1967) that rather clearly indicate the monophyly (sensu
Hennig) of the Caenophidia (Colubroidea of McDowell 1975). (¢) most groups can be
further divided on evidence not considered here. (d) the two groups CU plus A lack any
clear synupmnorph_\'. but share primitive states, and lack derived states of their sister
group (remaining Henophidia and (‘acnophidia); other evidence is thus required to
decisively demonstrate their joint monophyly orotherwise. (¢) the position of Calabaria
(CL) indicated here rests on weak evidence. the presence of a postfrontal appears to
place ( ‘wlabarin primitive to the boas (groups B to BCinclusive) and the group formed of
acrochordids and Caenophidia (AC+C), in which the postfrontal isabsent. but this bone
has also been lost in groups 8, CU -+ A, and X In terms of parsimony there seems little to
choose hetween pnstu]uting four rather than five losses of the postfrontal. However,
Underwood (1976). also considering other characters, similarly places Calabaria
cladistically between pythons and boas. The resemblance of the superficial palate of
Calabaria to that of Charina and Eryx (group K), by thisinterpretation. must have been
derived in parallel. (f) if other characters emerge to indicate that the superficial palate of
bolveriines (group BC) is actually not primitive to that of other boas, I suggest that the
derived state of the superticial palate of boas (State 13 in Fig. 10) would still support the
more general hypothesis that the hoas collectively form a monophyletic group. () see
Underwood (1976) for derived states of the group B+ E. (A) the “semi-parallel” hyoid
(see addendum) must have arisen (from the typical henophidian divergent V' tvpe) at
least twice, in Casarea (of group BC, but not in Bolyerin of this group), and in
U ngaliophis. Exiliboa (or probably in the common ancestry of the group UE +T). The
observation that the intermediate state has arisen in parallel in two lincages has led me
to postulate that the caenophidian ‘parallel-type’ hyoid (State 17 in fig. 10) has also
arisen twice, in the group T, and in the ancestry of the group AC+C. (i) this scheme
implies that loss of vomerine flaps occurred in the ancestry of group AC+C.
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remain necessary and useful to recognise paraphyletic “grade’ taxa, such as the
Booidea or the ‘Honophidia. while s0o many ambiguous or controversial aspects of the
branching sequence of snake phylogeny persist.

The above account of morphological variation in the superficial palate could be
extended to consider possible functional aspects. Two areas for investigation may be
suggested. Firstly, could the vomerine laps be involved in some way in the trmisfor
of particles from the tongue tips to the ducts of Jacobson's ()rg:un for sensing?
Necondly. could the appearance of choanal elefts (i.e. emargination of the palatal mr;)
be correlated with increased independence of mobility of the lateral palato-maxillary
arches relative to the median snout complex? These areas were beyond the scope of

the present study.

Comments on Caenophidia
Asstated in the Introduction. attention was first drawn to the possible taxonomic

value of the superticial palate by the observation of variation within viperines

during a study of relations within the subfamily. This study is still in progress, but i£
may be noted here that Causus has a simple palatal structure with a non-emar,ginate
choanal arc. similar to that of most other Caenophidia examined. and thus probably
primitive. Causus also appears at present on other evidence to be primitive to other
viperines. The latter typically (there are a couple of exceptions) show sorﬁe
eclaboration rather similar either to the choanal papillae of pythons, or to the short
vomerine laps of Calabaria. Crotalines also show some elaboration of the palate (that
is not identical to that of viperines); this is contributing to the investigation of
relationships between the sub-groups of Viperidae. There is good concordance here

as in Henophidia, between palatal characters and other characters. ’

Although a taxonomically diverse sample of other Caenophidia has been
examined, no variation of a similar magnitude or of such evident systematic
relevance has emerged. The sample is still numerically extremely restricted however
Three of the major variations encountered to date may be noted here without‘
attempting comprehensive description.

Achalinus braconnieri and A. spinalis (but not A. rufescens or A. werneri) have a
median cleft in the rear of the palatal surface, the nasopharyngeal ducts thus each
form a separate lateral tube opening into the orbitonasal trough. A rather similar
condition was also found in Xenodermus javanicus, it was not found in another
xenodermatine, Fimbrios klossi.

The dipsadines and pareines examined all have a relatively long palatal velum. In
Sibon nebulata, Dipsas albifrons, and Sibynomorphus turgida, this has a medium
stiffened portion. In the latter species (two specimens) this is turned dorsally into the
orbitonasal trough and forms a median ‘valve’ over the internal choanae. The palatal
velum appears longest in Aplopeltura boa. All these forms apparently specialize in
molluses as a food source. possibly the long palatal velum becomes pushed up into
the orbitonasal trough during prey intake, thus closing off the internal choanae and
preventing mucus from oceluding the nasal passages. The palatal similarity between
the two groups may well be a parallelism, it would be a very small step from the more

typical caenophidian condition.
In several Old World colubrids (sensu Underwood 1967) the posterior palatal
surface bears on each side, a short longitudinal fold (in addition to the usual, more

lateral, folds). The posterior end of this fold intersects the choanal arc. These forms
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include. Coluber rhodorkachis. Elaphe longissima, S paderosophis arenarius, and Ptyas
mucosus (for palate of the latter. sce Fig. 9(c) in Parker and Grandison 1977).
The superficial palate is relatively simple in most Caenophidia examined.
Typically there ixashort palatal velum. the posterior margin of which forms a simple
approximately semi-cireular choanal are. Some variation was noted in the depth and
degree of pleating of the lateral folds flanking the vomerine cushion region.

Conclusions
I would suggest that the morphology of the superficial palate in Henophidia is

sufticiently stable within groups. and shows states that can be hy pothesised as either
primitive or derived with suflicient contfidence. such as to contribute usefully to the
clarification of the broad outlines of cladistic relations among lwn()phi(liam. snakes.

Anilius (with a unique palatal morphology). Cylindrophis, uropeltids, and
Nenopeltis. appear primitive to other Henophidia in respect of their superficial
palate. Livocemus and pythons, with consistent full development of vomerine flaps.
and typically with choanal papillae present. appear derived relative to the above
aroup. Boax (sensu lato: the Boinae. Erveinae, Tropidophiinae, and Bolyeriinac of
Underwood 1976) share a probable svnapomorphy. namely. vnmrginat.iun of the
choanal are with correlated presenece of choanal clefts and a choanal tongue. It is
suggested that, within hoas, Bolyeria and Casarca may rvetain the most primitive
palatal morphology. Sy, Charina and Tropidophis, Trachyboa, form two distinet
derived sub-groups. The palate of Calabaria vesembles that of Erye and Charina,
other characters suggest that this resemblance was derived in parallel. Acrochordids
have a unique palatal morphology. of uncertain derivation.

Among boids, with the exception in particular of Xenopeltis and the
Tropidophiinae. there is quite good agreement here with the recent arrangement of
Underwood (1976, p. 168) made on the basis of many more characters.

A diagram of the suggested cladistic implications of the characters considered
herein is provided (fig. 10).

The situation in Henophidia and in viperids suggests that workers in snake
systematies should be alert to the possibility of useful variation in the superficial
palate( and should take care not to destroy the palatal region, before examination, in
the preparation of skulls or removal of the palato-maxillary arch).
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Addendum
Since the above was written, the British Museum (Natural History) has acquired

a specimen of Exiliboa placata (BMNH 209.1977). through the kind cooperation of
Dr. ¢. M. Bogert and Dr. W. G. Degenhardt (of the University of New Mexico).
Although there are points of difference, the palate of Krxiliboa (a possible tropido-
phiine) most closely resembles that of the Boa group. The palate of Exiliboa could be
interpreted as showing some divergence toward the Tropidophis condition; the
choanal tongue forms two distinct, but short, lobes posteriorly, it then tapers
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postm'()-d()rsa]l_\' into the roof of the orbito-nasal trough. The long vomerine flaps are
of approximately equal depth throughout (there is a superficial appearance of a
Bolyeria-like anterior increase in width of these vomerine flaps, but this is due to the
fact that their middle portions are somewhat adpressed in this specimen). Unlike
Trachyboa and Tropidophis. the choanal tongue is not considerably extended and
deeply bifurcate.

I have also subsequently been able. through the courtesy of Dr. R. G. Zweifel of
the American Museum of Natural History, to examine a specimen of Ungaliophis
continentalis (representing a fourth possible tropidophiine). The soft oral tissues of
this specimen (AMNH 70205) are not well-preserved (the specimen s severely
decaleitied). however. it is clear that like Kxiliboa but unlike Trachyboa and
Tropidophis. the choanal tongue is not greatly extended and deeply bifurcate. The
resemblance is chiefly to Kriliboa and members of the Boa group.

Thus of the four ‘tropidophiine’ genera. two (Kadiboa and Ungaliophis) retain a
rather Boa-like palatal morphology. while the other two (Trachyboa and Tropidophis)
share what interpret asa more devived condition. It will be noted below that certain
other characters indicate the same distinetion.

The above observations are at least not inconsistent with the suggestion that
‘tropidophiines”and other boas (except holveriines) share a common ancestor, with a
Boa-type palate, and form the sister-group of bolyeriines.

[ have also examined the hyoid apparatus of Exiliboa, Ungaliophis, Trachyboa,
Tropidophis. Bolyera, and Casarea. The following comments expand and modify
those given in the discussion section above (p.465).

Of these six genera, only Bolyeria has a hyoid similar to those of the majority of
Henophidia. i.e. the ‘V" type of Langebartel (1968, p. 12), with the cornua broadly
divergent posteriorly. Tn Bolyeria. the posterior tips of the cornua lie superficial to
the ventral portions of the ribs and their musculature. A small muscle (‘omohyoideus’
of Langebartel 1968, p. 70, not present in all Henophidia) arises from the posterior
tip of the cornua and inserts over the rib musculature. The cornua are close together
anteriorly. but do not meet. These observations were made on the same specimen
(BMNH 96.3.25.2) reported by Underwood (1967, p. 72), and confirm his account. If
the contrary report of Anthony and Guibé (1952, p. 196), that Bolyeria has parallel
cornua and a lingual process, is correct for their specimen, then unprecedented
intraspecific variation occurs in B. multocarinata.

The specimen of Casarea examined does agree with the report of Anthony and
juibé (1952): the cornua arve near parallel and joined anteriorly, with a lingual
process. However, there is a very significant difference from the caenophidian
condition (‘parallel type’ of Langebartel 1968, p. 13), which Casarea otherwise
resembles; the cornua are not closely parallel. Correlated with this, their posterior
tips still lie in the usual henophidian positi.on, superﬁcial to the ribs, and the M.
hyoglossi (arising from the cornua. and entering the main body of the tongue) are not
i||1 close contact with cach other along the whole length of the cornua. The same is
true of FEeiliboa. except that the lingual process is virtually absent. The cornua of
« similar. with their posterior tips superticial to the ribs, and the

[ ngaliophis
hypoylossi not adpressed.
It thus emerges that, among Henophidia, it is only Trachyboa, Tropidophis, and

hordids. that resemble Caenophidia in respect of the hyoid apparatus. In all
forms the hyoid cornua are closely parallel, and the M. hyoglossi are typically
y adpressed. The cornua and hyoglosst are bound together in a thin fascia, and

acroc
these
closel
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lie. not superficial to the ribs. but in the ventral mid-line, entirely medial to the rib
tips. In this position they are able. posteriorly. to lie deep to the M. transversus
abdominis and M. obliquus abdominis internus. running from the medial surface of
the ribs of the ventral mid-line (Langebartel 1968, pp.5-6. 82-83).

Perhaps the most significant morphological distinetion can be made, not (as
previously) between divergent, as opposed to parallel, cornua; but between
divergent or parallel. but widely separated, cornua and hyoglossi, on the one hand,
and closely parallel cornua, medial to the rib tips, with adpressed Ayoglossi, on the
other (see tig. 11). The assumption is made here. in the absence of good evidence to
the contrary. that the hyoid cornua in all these snakes are derived from the same
visceral arch elements.

The above reinterpretation reduces the similarity between the four tropidophiine
genera, and between Cusarea and tropidophiines; they do not all possess the same
form of hyoid apparatus.

Bogert (1968, p. 33). after noting several differences between the four ‘tropido-
phiine” genera, suggested that the presence of a tracheal lung is “perhaps the most
nearly conclusive evidence of their relationship™. Underwood (1976, p. 153), only
provisionally included Exiliboa and Ungaliophis, with Trachyboa and Tropid()plti.;,
in his subfamily Tropidophinae. Dowling (1975, p. 196) and McDowell (1975, p. 13),

i 2 3

Fic. 11.  Diagram of the hyoid and M. hyoglossi of certain snakes. Shown in ventral view
anterior is toward the top of the page. Muscles attaching to the hyoid. other than thé
hyoglossus (and omohyoideus). ave not included. The hyoglossi continue anteriorly into
the main body of the tongue. The Scolecophidia are not considered. ¢

(1) Divergent type or “V' type (Langebartel 1968): cornua and Ayoglossi divergent
posteriorly, terminating posteriorly superficial to the ribs and their intrinsic muscula-
ture; cornua joined or separate anteriorly; ‘omohyoideus’ present or absent.
Characteristic of the majority of Henophidia, including Bolyeria.

(2) Semi-parallel type; cornua approximately parallel, but widely separate, Ayo-
glossi not adpressed in midline; cornua and hyoglossi somewhat divergent posteriorly
still terminating superficial to ribs. Found in Casarea, Ungaliophis, Exiliboa. G-

(3) Parallel type: cornua parallel and close together, Ayoglossi adpressed in midline;
cornua and hyoglossi entirely medial to the tips of the ribs. Found in Trachyboa,
Tropidophis, Acrochordidae, and Caenophidia.

Key: RT, rib tips and costal musculature; OM, M. omohyoideus (of Langebartel); HC,

hyoid cornua; HG, M. hyoglossus.
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both group the four genera together, at family and superfamily level, respectively;
but a major part of their evidence for this association was whatvn()w ix};;)(*ar's f() ha\‘(;
been a misleading interpretation of the hyoid apparatus. While there remains
porll\aps ju.;t enough evidence, mainly from the respiratory system( Bog/ertu 1968‘
Underwood 1976). to suggest the monophyly of the “tropi sphiines’ o i
ation is desirable. However, it is more (-(l*rtain that, withiln(tlj)llo)l(lrlrl(])];:)’ ’;I’ll(()ll((h:ril;::st)gd
Tropidophis ave distinguished as a distinet sub-group by sev:ral })1:()l)ai)l\:/(l(*ji‘\lefl-(l
states. These include. the condition of the snpm'ﬁviai palate and of tvhc hyoid
apparatus (lm_th described above), the presence of a long intrapulmonary bron;:hus
(Underwood 1976, p. 155: not long in Exiliboa and Ungaliophis. [)(*r-s();lal observ-

ation). presence of non-lobed  kidneys (Brongersma 1951, not Kxiliboa or
v = Jor b, oA g

Ungaliophis. Bogert 1968).
Although there are several points of resemblance between ‘tropidophiines’ and

Cacnophidia. neither McDowell (1975, p. 15) nor Underwood (1976, p. 172) suggest
that the two groups share an immediate common ancestor. This view is (:on('(n:;ullt
with the fact that only two “tropidophiine’ genera.and furthermore the most (l(‘l'i:’(‘(l
two (Trachyboa. Tropidophis)., share the caenophidian parallel-type hyoid. It would
thus appear that the parallel-type hyoid has arisen at least twice during snake
phylogeny (assuming it to be derived relative to the henophidian *V’ t\';:e) an(i
perhaps three times if acrochordids and Caenophidia are not jointly m()n‘oph \.'l(-ti('
(sensu Hennig 1966). It is however suggested elsewhere (Groombridge 19795 thét’
they are monophyletic. with acrochordids forming a basal, and highly divergent
lineage. A double origin (in the group Trachyboa-Tropidophis, and the g:'(;u})’
Acrochordidae-Caenophidia). of the parallel-type hyoid is perhaps not too unlikely
in view of the intermediate state (that may be termed ‘semi-parallel’) found in
(asarea. Exiliboa, and Ungaliophis. There appears to be no experimental work on
tional aspects of the snake hyoid and its associated musculature. The adaptive

func
ance, if any, of the different forms of hyoid apparatus is a subject for future

signific
study.
Summary

Attention is drawn to the possibility that the superficial palate may afford some
characters of value in snake systematies. This possibility is explored with partiLular
reference to the Henophidia. |

A rola'tn'f’l_v Rl'mpl(‘ p.nlatal mo.rphnlogy oceurs in most lower Henophidia
(Anomochilus, Cylindrophis. uropeltids, and Xenopeltis). In Anilius, the posterior
curface is turned dorsally and divided into two lobes that cover the intefnal
Loxocemus and pythons are characterized by full development of vomerine
flaps, weakly developed or absent in lower Henophidia. In boas (s..), the vomerine
flaps are extended and contribute to a median choanal tongue, accompanied b
emargination of the choanal arc. Further variation, of systematic interest occur)s;
within boas. Some cladistic implications of palatal and non-palatal charac’ters are
proposed, and compared with previous systematic arrangements.

palatal
choanae.

Appendix: specimens examined
Aerantophis dumerilii, IV.12.1.9, 92.2.20.9, 1925.4.1.13.

Acrantophis madagascariensis, I1V.12.1.a.
Acrochordus javanicus, 60.3.19.1321, 1966.12, 1974.3865, 1974.3866.

Anilius scytale, 95.3.29.4, 1904.10.29.35, 1920.1.20.1338.
Anomochilus leonardi, 1946.1.17.4.




= ~ e i e,

Variations in morphology of the superficial palate of henophidian snakes 473

Aspidites melanocephalus, 1931.12.2.2,
Boa constrictor, 1904.10.29.31, 1908.5.22.1, 1926.4.30.10, 1958.1.2.21]

Bolyeria multocarivata. 70.11.30.4B.
Bothrochilus boa. (MeDowell 1975: 31, places this species in Liasis), 77.2.24.11
Calabaria reinhardti. 63.12.1.1, 1962257, 1962.258, 1967.116 19(59’515. o

Candola asper. 1904.3.17.9.

Candoi bibronii, 1962524,

Candoia carinatus, 1967773,

Casarea dussiwmieri, 70.11.30. 48,

Charina bottae. 1V .24 1.a. 77.3.6.16, 94.3.4.5.

Chersydrus grandatus, 1905.11.29.17, 1969.1762, 1974.3863, 1974.3864
Chondropython vividix. 87.3.2.1. 1922.11.24.32, '

Corallus caninus. 49.11.8.100.

Corallis enydris, 87.6.29.24,

Cylindrophis aruensis. 1946.1.16.72.

Cylindrophis lineatus, 1901.5.17.1.

Cylindrophis maculatus, 1905.3.25.76. 1931.5.13.1-5.

Cylindrophis opisthorhodos, 1946.1.16.48,

(']/liﬁrl/'up/lix rafus IV.23.2.a,71.7.20.207, 71.7.20.213, 1938.9.8. i

Epicrates cenchria. 74.8.4.9, 89.8.23.1. 98981, unregistered spec.
Epicrates striatus, 55.10.16.314.

Erya colubrinus. 1963863, 1973.3346.

Eryr coniens. (Rage 1972, places this species in Gongylophis 11,98 5 :
Eryax jaculus, 97.11).28.539.[ I Jyiophiz). 46.11.22.9, 1955.1.2.67.
Eryx jayakari. 1971.1655.

Eryx johnii. 1921.6.15.10.

Eunectes murtnus. 1V, 1310, 1924.2.28.14.

Liasis amethistinus, (MeDowell 1975:31, places this species i

95.10.17.36. 1913.11.1.94, 1969.2630. P pecies in Python), 70.8.31.148,
Liasis childreni. 51.2.12.10, 90.12.2 22.

Liasis fuscws, 79.11.7.1, 1922.11.24.30.

Liasis olivaceus. 58.10.25.18.

Loxocemus bicolor. 1914.1.28.124,

Melanophidium punclatum, 97.7.19.9.

Melanophidium wynandense, 1914.1.26.6.

Morelia arqus, 63.7.29.24, 97.12.10.109. 1970.2387.

Platyplectrurus madurensis, 1923.10.13.29-31.

Plectrurus aureuns. 89.7.6.7-8.

Plectrurus canarvicus. 79.7.4.6.6.

Python curtus, 86.5.15.35, 97.12.30.71, 1902.11.25.13.

Python molurus, 1908.6.23.1. 1925.9.17.1, 1928.10.26.20, 1969.1691.

Python regins, 1934.6.6.25.

Python reticulatus. 97.6.21.38. 1969.1692.

Python sebae. 19681220, 1975.583.

Rhinophis drummondhayi, 1955.1.9.73.

Sanzinia madagascariensis, 79.6.11.10. 1936.3.3.93, 1961 .2024.
Trachyhoa boulengeri. 1913.11.12.37-38. 1923.10.12.9.
Tropidophis caymanensis, 1939.2.3.71-73, 1939.2.3.75.
Trophidophis hactianus, 1948.1.6.67-68.

Tropidophis melanurus, 58.4.20.65.

Uropeltis arcticeps, 93.4.18.4, 97.7.10.1.
Nenopeltis anicolor. 45.11.2.48, 97.10.8.19, 1925.5.25.6, 1974.3862. unregistered spec
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Comments on the intermandibular muscles of snakes

B. (. GROOMBRIDGE

Department of Biological Sciences, City of London Polytechnic,
0ld Castle Street, London E1 7NT

Introduction
During a recent investigation into the morphology of the superficial palate

of henophidian snakes (Groombridge 1979), dissections of the lower jaw
muscles of several species were performed in the course of fully exposing the palate to
ventral view. Some discrepancies beeame apparent between my findings regarding
come of these museles and those of certain previous workers. Although a degree of
variation is to be expeeted in biological speeimens, it appears that some misinterpre-
tations may have been made on previous occasions. It is the purpose of this paper to
make appropriate corrections. and to report some new variations of possible
svstematie significance.

In particular. this report is concerned with the 3. intermandibularis anterior and
the M. banseersus branchialis. both terms in the usage of Cowan and Hick (1951).
Their terminology for the intermandibular muscles of snakes has been used by
coveral recent workers, e.g. Frazzetta (1966). Kardong (1973). and partly b:y
Albright and Nelson (1959 a). Rome comments are also made on the M. protractor
laryngeus (Karlstrom 1952). and the M. genivimyoideus, a muscle described by Camp
(1923) in anguimorph lizards, and subsequently deseribed by MeDowell (1972) in
«nakes. Attention is not given here to other small muscles (the “constrictors’ of
Langebartel 1968, p.82). attaching to the lateral sublingual glands, which are
sometimes closely associated with the intermandibularis anterior,

All specimens used in this study are in the colleetion of the British Museum
(Natural History). The muscles were exposed ventrally by reflecting the skin of the
Jower jaw posteriorly, after making an incision adjacent to the dorsal margin of the
sublabial scales around the perimeter of the lower jaw. Although this method
conserves the appearance and usefulness of the specimen for general taxonomic
work. it means that only the anterior parts of the throat muscles can be adequately
investigated. Dissections were carried out under a binocular microscope.

General morphology of the intermandibular muscles
The infermandibularis muscle of jawed vertebrates typically arises from the
ventral or medial surface of the mandible. and inserts, with that of the opposite side,
on a mid-ventral vaphe in the throat region (Kdgeworth 1935). In amphibians,
reptiles other than Squamata. and birds, the intermandibularis (‘mylohyoideus’ of
coveral authors) tends to form a simple, thinsuperticial sheet of transverse muscle
fibrex. The musele is derived during ontogeny from the ventral part of the
mandibular muscle plate (Edgeworth 1935), and is innervated largely or entirely by
the trigeminal nerve. The Squamata differ from other tetrapods in that the
continuity of the intermandib ularis sheet is interrupted by the interdigitation of one
or more slips of the usually deeper hypoglossal-innervated M. geniohyoideus
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('mz\mlibu]oh_\'oidous' of Oclrich 1956; ‘ceratomandibularis’ of Langebartel 1968,
See Camp 1923 MeDowell 1972). These slips pass postero-dorsally from an origin on
the mandible supetficial to the intermandibularis. penetrate the intermandibularis
<heet. and insert more deeply on the hyvoid apparatus. Typically in snakes (fig. 5,
p. 486), there remains only one weakly-developed slip of the intermandibularis
superticial to the geniohyoidews (the latter usually now forming an anterior portion of
a complex muscle, the newrocostomandibularis; Langebartel 1968). even this slip is
absent in many taxa. The rest of the intermandibularis is either deep to the
geniohyoidens. or anterior to it; thus the relationship of these two muscles, with
respect to depth.is largely reversed insnakes. and partially so inlizards, as compared
with other tetrapods. Cowan and Hick (1951) divide the intermandibularis (of
Thamnophis. a genus of natricine snakes) into three groups (see ﬁg.'.")). The first of
these. the M. infermandilndaris posterior, comprises two slips originating on the
posterior part of the mandible and running antero-medially; the pars posterior
superficial to the geniohyoidens, and the pars anterior deep to it. The sccond group,
the M. intermandibularis anterior, comprises two slips originating at the anterior tip
of the mandible, and running postero-medially, anterior to the geniohyoideuns; the
pars anterior and the pars posterio. Their third group is represented by the M.
transrersus branchialis (see below). This paper is primarily concerned with the M.
rmandibalaris anterior. hereafter abbreviated to ima, and the M. transversus

inte

branchialis.
Most Henophidia and Caenophidia are unusual among tetrapods in showing

pronounced inter- and intra-mandibular kinesis. In these snakes the infermandibu-
Jaris. in particular the fma. probably acts mainly to adduct the tips of the mandibles
and raise the floor of the mouth, thus generally helping to maintain an effective grip
during prey ingestion (Albright and Nelson 1959 b). The precise actions and adaptive
significance of the various intermandibularis slips requires considerable further
study. It will be shown in the following section of this paper than an ima, pars
posterior is absent in several Henophidia. It is here suggested that the addition of a
pars posterior, and the insertion of an enlarged ima, pars anterior onto an |
intermandibular ligament (in acrochordids, where the ligament is largely paired, it
probably sécondarily. and in Caenophidia) may constitute progressive sophisti- j’f
cations of the feeding apparatus of snakes. These two modifications, along with i
liberation of the tips of the mandibles and the ability to spread laterally the
quadrate-mandibular articulation, are probably key factors in the mechanism of
unilateral feeding (Gans 1961). In other tetrapods the intermandibularis acts mainly
to raise the floor of the mouth; this motion may be variously involved in olfaction,
respiration, or prey manipulation (in mammals, the anterior belly of the digastricus,
a jaw-opening muscle. appears to be derived from the intermandibularis).

The M. transversus branchialis of snakes appears to be innervated by the i
trigeminal, and is likely to have been derived during phylogeny from the |
intermandibularis (Cowan and Hick 1951, p.47). This muscle has an anterior 15
attachment to the posterior end of the lateral sublingual gland and partly to the
adjacent oral mucosa. It then passes posteriorly, looping lfaterally around the

U!
e

h\'|>05_v‘ln.~‘.\'n|-inn('l'\'ntv(l geniotrachealis and genioglossus, and turns medially to a
ventral mid-line attachment i association with the intermandibularis and the skin of
the throat (sce tb in fig. 5). The transversus branchialis is present in all snakes

adequately reported in the literature, and in all snakes I have examined (including

Scolecophidia, where the posterior attachment is somewhat modified; work in !
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progress). 1t has been termed “portion {7 of the symphyseal part of the infer-
mandibularis by Lubosch (1933): the ‘mentalis” by Sondhi (1958, p. 184); the ‘dilator’
of the lateral sublingual gland by Langebartel (1968, p. 82) and the ‘inter-
mandibularis posterior dorsalis™ by Gibson (1966, p. 36). '

This muscle attaches only to soft tissue. and not directly to any bony element. It
may function to streteh. and thus assist to empty. the lateral sublingual gland
{perhaps antagonistically to the ‘constrictor” musele fibres attaching to the anterior
of the gland). and alxo to resist excessive dilation of the soft tissues of the throat
during prey ingestion.

Camp (1923) figures a muscle that I would identify as a transeersus branchialis, in
the scolecophidian Typhlops congestus (=T. punctatus congestus), as the ‘my-
lohyoideus anteriorsuperficialis’. He also tigures a muscle of the same name in lizards
of several families (Anguidae, Cordylidae. Helodermatidae, Tguanidae, Lacertidae,
Seincidae. Nenosauridae). He only illustrates the superficial aspect of the throat
muscles, and nowhere deseribes or ligures the entire course of the musele, so it is not
clear it he was aware of the detailed similarity between the muscele in Ty phlops and in
lizards. Inat least one anguid, Gerrhonotus caerulus (personal observation), the origin
anteriorly is actually from the posterior end of the lateral sublingual gland and the
adjacent oral mucosa. The musele in this lizard is thus identical in its course to the
transrersus branchialis of snakes. Oelrich (1956, p. 49) describes somewhat similar
fibres in the iguanid Clenosaura pectinata. The possibility should be considered that
the similar musele found in diverse lizards and all snakes is in fact homologous in
cach case. and that the presence of this muscele isa primitive state, not only for lizards
(as suggested by MeDowell 19720 p. 200), but for Squamata as a whol;.

The M. intermandibularis anterior and the M. transversus branchalis in
Henophidia and Caenophidia

Langebartel (19638, p. 76) reported that the imea is present in most snakes, “‘but is
distinetly missing in A nilius and Xenopeltis, and is represented only by a tendon in
the uropeltid Rhinophis”. His illustrations of Cylindrophis rufus and €. maculatus
(his figs. 128 and C) show a muscle labelled “ima’™ ((ntermandibularis anterior)
apparently arising from the dentary and passing posteromedially to insert in the
ventral mid-line in association with the infermandibularis posterior. In my examples
of these species (C. rufus, fig. 1) a muscle is present with the same posteromedial
insertion. however it does not attach anteriorly to the dentary, but passes close to it
looping dorso-medially around the genio-trachealis and genioglossus to attach
erior end of the lateral sublingual gland (and some fibres to the oral
mucosa, particularly €. maculatus). This muscle is thus correctly identified as the
transeersus branchialis, and does not represent the ima.

McDowell (1972) has given an important account of the tongue and associated
stpuctures in lizards and snakes. and his ideas on their evolution. However, it appears
that there has again been a similar misinterpretation. In MeDowell's fig. 21, of
Lowocemus bicolor, there is shown a muscle labelled "IMA 2°, It is apparent from his
toxt that thixis intended to refer to a muscle generally termed the ima. pars posterior,
although ealled the ‘intormandibularis anterior, pars medialis” by McDowell. He
states (p. 254). in Loxocemus. it arises from the region of the splenial and dentary
just anterior to the intramandibular hinge and runs backwardly and medially to
insert on a pad of connective tissue just beneath the orifice of the outer sheathing fold
of the tongue’". In my specimens (L. bicolor, fig. 2) there is a muscle with the same

2H

before
to the post

JN.H.




480 B. C. Groombridge

pusu-m-nmliul attachment as his "IMA 27 but which anteriorly passes close to the
dentary. and then (apart from a few fibres to the oral mucosa) loops dorso-medially
around the geniotrachealis and genioglossus to attach to the posterior end of the
Jateral sublingual gland. This muscle is thus likewise correctly identified as the
transversus branchialis. and does not represent the ima.

imp.a tb gtr agl

tsh om

Fic. 1. Cylindrophis rufus. In this and other figures, certain muscles associated with the
throat and mandibles are shown in ventral view. The animals’ right side is toward the
top of the page. the left side is not completed. Anterior is to the right. The uppermost
view (A) is the most superficial, after removal of the skin and some connective tissue.
The superficial connective tissue in the symphyseal region (s¢) is left in place in A of fig.
1. Deeper dissections are shown in the lower views (B: and (! in fig. 5) where the
separation of the various components is exaggerated. In figs. 1 and 2, the muscle here
identified as the transversus branchialis (th) is shown with adjacent muscles in place in A;
in B. the imp.a has been cut along the mid-line, the right-hand section is shown
roffected. A segment has been removed from both the gir and gyl (the latter reflected at
its origin). The attachment of the th to the lateral sublingual gland (/sg) is thus exposed.
The iml is bisected in B of fig. 1. Note the thin undivided intermandibularis anterior
(ima). Abbreviations for all figures: ¢, “constrictor’ muscle attaching to lateral
sublingual gland: d. dentary: gyl. M. genioglossus; gyl lateral head of genioglossus;
!I!l’-"'~""“‘“"| head of genioglossus: ghy. M. geniohyoideus (in most forms tigured here
this musele participates in the M. neurocostomandibularis complex, for uniformity it is
here labelled ghy throughout): gtr. M. geniotrachealis: ima, undivided M. inter-
mandibularis anteriors ima.a. M. intermandibularis anterior, pars anterior; ima.p, M.
intermandibularis anterior, pars posteriors iml, intermandibular “ligament’; imp.a, M.
intermandibularis posterior, pars anterior: imp.p. M. intermandibularis posterior, pars
posterior; Isg. lateral sublingual gland; me, Meckels cartilage; om, oral mucosa; pl, M.

protractor laryngeus; s¢, superficial symphyseal connective tissues; th, M. transversus

branchialis; tr, trachea; tsh, tongue sheath.
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Fie. 2. Loxocemus bicolor. Note that the muscle here identified as the transversus branchialis
(th) shows the course typical for this muscle, and has no attachment to the dentary. Note
also the ima. slightly exposed medial to the gg/. and compare with the much greater
exposure in pythons (Liasis. fig. 3). Abbreviations listed under fig. 1. '

Lubosch (1933) illustrates a muscle in several snakes, his portion ‘f” of the
intermandibularis group, that appears to be the same muscle as that subsequently
termed the transversus branchialis. The course of this muscle is described specifically
only for Naja ‘tripudians’ (N. naja). Lubosch notes (p. 618), “Der ursprung der
transversalen Portion (f) liegt nicht mehr am Unterkiefer, sondern an der Kapsel der
(landula labii inf. (=lateral sublingual gland)”. This would imply that the origin of
the transversus branchialis in the other species in which Lubosch found the muscle is
not from the lateral sublingual gland but from the lower jaw. This condition is clearly
shown in his fig. 22 of ‘Dryophis’ (Ahaetulla) and fig. 27 (a natricine) and also seems to
be shown in his fig. 26 of Cylindrophis maculatus. 1 have examined an Ahaetulla
nasuta (his was not identified to species); two Ceylon natricines, Amphiesma stolata
and Xenochrophis piscator (his “Tropidonotus’ was from Colombo); Cylindrophis
maculatus (4 specimens) and C. rufus (3 specimens). In all cases the transversus
branchialis has the typical course, noted above, and described correctly by Lubosch
for Naja naja.

Lubosch (1933) also illustrates. but does not describe, some muscle fibres in
Cylindrophis maculatus (his fig. 26) labelled "h” and “¢ of his ‘symphyseal portion” of
the intermandibularis. Asshown by Lubosch, these fibres closely resemble the typical
ima of Caenophidia (e.g. Xenochrophis. fig. 5). These fibres were definitely not present
in the Cylindrophis specimens (fig. 1) examined here (although it is suggested below
that the ima is probably represented in this genus by some deep fibres, not shown by
Lubosch). T am unable to account for the apparent presence of caenophidian-type
ima fibres in Cylindrophis, as figured by Lubosch. It is perhaps not unreasonable to
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suggest. in view of the probably errors in observation made by Lubosch concerning
the origin of the transrersus branchialis (as noted above). that he may have mistaken
some of the connective tissue extending from the symphyseal region for muscle
fibres. An alternative explanation is that his specimen was misidentified, but
Cylindrophis macwlatus is a rather distinetive animal. Lubosch’s figure of (',
maculatus was reproduced with new labelling in the recent major review by Haas
(1973).

The above observations appear to establish that Cylindrophis maculatus and €
rufus lack a typical ima. It was initially suppos. 1 that this is a resemblanee to
Anilins, uropeltids and Xenopeltis_in that they apparently lack an {ma, as reported
by Langebartel (1968). However. further investigation revealed that Cylindrophis,
and also Anilius. Xenopeltis.and at least Melanophidium and Platyplectrurus among
uropeltids, do in fact possess a thin variably-distinet band of muscle fibres with the
came course as the more definite ima of Lovocenius and pythons, and the anterior
portion (purs anteriory of the ima of Calubaria. most boas (5.1.). acrochordids and
Cacnophidia (insertion modified in the latter two taxa. see below), At present, there
seems to be no compelling reason not to accept the homology of the muscle fibres
found in these groups: accordingly. they are here provisionally assigned to the ima.

In Cylindrophis rufus (fig. 1) the muscle arises from the tip of the dentary just
dorsal to the genioglossus and passes posteriorly to insert on the oral mucosa just
lateral to the anterior tip of the tongue sheath (adjacent to its opening into the oral

cavity). A few fibres appeared to join the geniotrachealis and the gewioglossus. €',
nmrullulu.x' is very similar, but in one specimen the muscle was represented by only a
very few diffuse fibres. Melanophidivm punctatum and Platyplectrurus madurensis
are also similar. but as with the genioglossus. the origin of the suggested ima is mostly
from the connective tissue between the tips of the mandibles. In the probably more
derived uropeltids. Pseudotyphlops philippinus and Uropeltis arcticepts, this muscle
was not definitely seen: this group may thus be the only one in which the ima is
entirelv lacking. but this requires confirmation in further specimens. Awilius
rosvml.)les the less derived uropeltids in that the origin of the genioglossus and of the
{me (dorso-laterally) ix from the connective tissue between the tips of the mandibles.
In the Anilins figured by Langebartel (1968, fig. 12 A) the origin of the lateral head of
the genioglossus is from the dentary. Asin the other forms a very few fibres appeared
to continue past the insertion on the oral mucosa to join the geniotrachealis. In
Xenopeltis the muscle has an origin partly exposed dorso-medial to that of the
genioglossus. on the tip of the dentary. The insertion is quite similar to that in the
other forms, but near this point the musele is only poorly separable from fibres of the
medial head of the geniotrachealis (in the specimens of Xenopeltis examined the latter
was divided into two parallel heads at its origin). and some fibres appeared to
continue posteriorly with the geniotrachealis.

As noted above. Loxvocemus hasavery similar muscle (fig. 2). but it differsin being
somewhat better developed and more clearly defined. The origin is similar to that of
Xenopeltisinits partialexposure dorso-medial to the orvigin of the genioglossus, but in
Lozoremus both museles arise largely from the exposed tip of Meckel's cartilage. The
msertion is as described for the other taxa above, with the exception that a very few
fibres insert on the tongue sheath itself, and no fibres were definitely seen to join the
geniotrachealis. It appears from MeDowell's text (1972, pp. 252, 253) that this muscle
may possibly correspond to at least some of the fibres labelled ‘TMA 17 (‘inter-
mandibularis anterior, pars anterior’ sensu McDowell) in his fig. 21.
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In the true pythons (i.e. not Calabaria) examined the ima arises from the tip of
Meckel's cartilage. mostly or entirely anterior to the origin of the r/(fzzy'r)(/l(;swz)c : 0]
passes posteriorly closely parallel with the genioglossus to an inse'rtion'()n' ’th’ev alt(’l
mucosa. just lateral to the anterior part of the tongue sheath adjacent to the ;()Q.:).ra,
of its oral aperture (Liasis amethistinus Aig. 3). In Aspidites ,,,,,/',,,,,,(.,,/,/,,,/M ]'m;(l,hl(())?
the origin of the musele was more clearly dorsal to that of the genioglossus, and the
muscle was thus more closely adjacent to the geniotrachealis. In '.~l s/;il'IiI(w I(‘l'(tw'l'\' a Ki
Python schae a very few fibres appeared to continue posteriorly past‘ tJh(" 1’1’1 (1"]('
on to join the geniotrachealis. In Liasis amethistinns a very lf'(-w of these ﬁ; J-(fl
turned antero-medially again from a point postero-lateral to the larynx t()‘ fan "‘“:
over the posterior extremity of the M. dilator laryngis, (thus s(,m(xwl}m.t .l‘('\‘('lnl)l(i)xu(r
the insertion of the M. protractor laryngeus of Caenophidia. see below). In c()‘ntm% ;O
the report of Frazzetta (1966, p. 246). with reference to Python molurus and P ;(;,)MO
in none of my three specimens of P, ~ebae (from separate localities) did the in.z;z j()ien’

mserti

the franseersus branchialis posteriorly.
"The ima of pythons differs from the muscele found in the "lower’ Henophidia noted
A

above in its greater development and tyvpically in its greater exposure ventrally (i.e
it course is mostly medial to. rather than deep to, the gewioglossus). T
In Calabaric and most hoas examined (Kpierates cenchria, fig. 4) a s "

<imilarin its course to the ima of pyvthons is f()lun(l. with a muj()lfli:\mil)'t(il(;:’:::lt;?(,u:(..k;
mucosa lateral to the anterior end of the tongue sheath (and bcmsi(nmllv a.ss(’wia)t(jl
with the lateral sublingual gland). Gibson (1966). desceribing the head muscles of Boa
constrictor. does not appear to recognise this particular muscle, but I am uncertain of
thix in the absence of illustration: the muscle in my specimen of this species was
rather poorly defined. In Bolyeria the origin is mostly dorsal to that of th;e
genioglossus. In( ‘undoia asper. Tropidophis caymanensis and T haetianus. the origin
ix entirely dorsal to the genioglossus (and to the geniotrackealis in Tropidophis) éI"
Tropidophis the musele is relatively thin and weakly developed, it was not foun(ll at
all in Trachyboa boulengeri. In (‘alabaria and the remaining boas the origin is ventral
or ventro-medial to that of the genioglossus. In Boa constrictor and Eum:l(‘s muﬁn ns

a fow of the anterior-most fibres have a median insertion on the posterior portion ()f'aL
moderately developed conneetive tissue ridge present on the ventral surface of the
oral mucosa between the widely separable tips of the mandibles. In E[)i("ra’leq
cenchria some slightly deeper fibres. posteriorly associated with the lateral %lnl;-
lingual gland. divert onto the ridge. This structure, termed the ‘interman(lib‘ul&r
ligament” by Cowan and Hick (1951) or the ‘inter-ramal pad’ by Langebartel
(1968) . is weakly developed in pythons and most boas but typically well developed
in Caenophidia. In several species (e.g. Epicrates cenchria, Sanzinia madaqa.s'rarir::;;-
a very few ima fibres continued posteriorly to join the geniotra('}z.ea/i,;»‘ In m(;st
fibres. not clearly separable at the origin, diverged posteriorly to join
resembling the medial head of the genioglossus fre(iuent in
labaria and Charina. these fibres were more closely associated at

arger lateral head of the genioglossus.

si8)
species. some
the genioglossus.
Cacnophidia. In('a
their origin with the |

« used here, but in a very general manner: perhaps a distinetion should
h connective tissue directly joining the tips of the mandibles in some

+'The former termii
and the more elongate structure (not strictly a

be made between the toug

lower Henophidia (e.g. Cylindrophis).
ligament) lving mainly in the soft tissues of the floor of the mouth in most forms with
pronounced intermandibu

lar kinesis (e.g. Caenophidia).
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Fic. 3. Liasis amethistinus. In B of this and the remaining figures. the imp.a and th are
reflected together laterally from their mid-line attachment. Note the (:ours'e of) :l“‘
relatively broad undivided ima, largely exposed medial to the gyl (shown ir; A), a ]((J
compare with the divided ima of subsequent forms. As in figs. 1and 2, a segme tn"
removed from both the gir and ggl (the latter reflected at its origin). Abbm;'ia;i;)&.ns l‘ir:telg

under fig. 1.
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Fia. 4. Epicrates cenchria. Compare with fig. 3, and note here the presence of a divided ¢
with a pars posterior (ima.p), whose posterior mid-line attachment is shared with“:}(:‘
imp.a and th, and a pars anterior (ima.a). The latter is similar in its coﬁrse to the ‘
undivided ima of pythons, but typically has the origin (on the dentary) su ‘.rﬁ Jqal o
that of the ggl. As in figs. 1-3, a segment is removed from both th tpe i
Abbreviations listed under fig. 1. e gir and ggl. !
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In Acrochordus javanicus and Chersydrus granulatus a rather more bulky muscle
arises from the tip of the dentary. Like Caenophidia, but unlike other Henophidia
(with the partial exception of some large boas, noted above), the tibres of this muscle
have a more antero-medial insertion onto a well-developed intermandibular
ligament. In contrast to all examined Caenophidia, and apparently unique to
Aerochordies and Chersydras, this ligament is not a single median structure, but is
deeply bifurcate posteriorly. where it forms two parasagittal portions. This may be
correlated with the specialized mental and rostral regions (see Smith, 1943, p. 132,
for figure of head). Arising from the posterior end of each arm of the intermandibular
lignment are two thin bands of muscle fibres that run posteriorly to join the
genioglossus (as a medial head) and the geniotrachealis (with some fibres to the oral
mucosa). Also arising from this position are a few tibres having an insertion similar to
that of the ima of pythons and lower Henophidia, and to that of the more anterior of
the two portions of the ima (see below) of Calabaria and boas. Thus although their
ious attachments are similar to those of other Henophidia, the ima (anterior

var
ion) fibres in acrochordids radiate from the prominent, but largely paired,

port

intermandibular ligament.
In Caenophidia (e.g. Xenochrophis piseator, tig. 3), the anterior-most muscle

fibres arising from the tip of each dentary insert entirely on a single median
intermandibular ligament. Thix ligament would seem to be a further (lv\'e]opmént of
the structure (frequently serving as an origin for the lateral sublingual gland
sconstrictors’). found in, e.g., pythons and boas. Since some large hoas show an
incipient caenophidian state, and since the largely paired ligament in acrochordids
appears to be assoviated with the specialized mental region. it is perhaps move likely
that the acrochordid state is a derivative of the cacnophidian state rather than a
precursor of it. Also. in a single Aerockordus (from Thailand, BMNH 1966.12), there
was found a single median ligament. appearing identical to that of Caenophidia. A
third alternative ix that they may be independent derivations from a boid condition.
Since in Caenophidia there is typically a single median intermandibular ligament.
the origin of each medial head of the genioglossus (when present) are close together in
the mid-line. at the posterior extremity of that ligament. Fibres similar to the
posterior fibres that in many Henophidia are associated with the geniotrachealis ave
present in the (aenophidia that have been adequately examined. and also arise
from the posterior end of the ligament. In contrast to Henophidia. including
Aerochordus. these latter fibres in( ‘aenophidia are relatively shorter, do not join the
geniotrachealis, and insert partly on the oral mucosa and partly over the M. dilator
laryngis of the intrinsic laryngeal musculature. and/or the adjacent portion of the
fibres appear to correspond to the M. protractor laryngeus described
by Kardong in ¢'rotalus and Elaphe (1972), and Agkistrodon (1973). The name used
by Kardong derived from the initial description of Karlstrom (1932, not seen). Both
authors noted the absence of the muscle in the henophidian Charina. Similar fibres
that insert ... on the buceal membrane and/or the cartilaginous ring surrounding
the glottis™, were deseribed in Thamuophis by Cowan and Hick (1951, p. 30). Such
fibres also oceur in Opheodrys (Cundall 1974, p. 131). an insertion on the laryngeal
region was not reported. but is present inoa specimen of . vernalis examined
(p'orsnnul observation). A protractor laryngeus is consistently present, although
frequently quite thin and obscured by connective tissue, in all other Caenophidia
examined in the present study. This muscle may function, with the geniotrachealis, to
protract the larynx and anterior part of the trachea clear of the prey during

trachea. These

deglutition.
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A
Isg
B
ima.a
Isg
c
Cc
ima.a

tsh ggl.m pl iml

Fic. 5. Xenochrophis piscator. Note the presence of a divided ima, with the insertion of the
ima.a onto the single postero-median extension of the intermandibular ligament (iml).
In B. asegment of the ima.ais removed on the animals’ right. In C the trachea is exposed
dorso-lateral to the tongue. note the presence of a protractor laryngeus (pl); most other
muscles, including the lateral head of the ggl (ggl.l) and gtr, are removed. Abbreviations
listed under fig. 1.

In Calabaria. all boas, acrochordids (not pythons or remaining Henophidia), and
(aenophidia, the imais divided into two portions; the pars anterior and pars posterior
(of Cowan and Hick 1951). The single ima of Anilius, Cylindrophis, uropeltids,
Xenopeltis, Loxocemus. an_d pyvthons, has a course corresponding to that of the ima,
pars anterior of those forms with a divided ima (except that the insertion is modified
in acrochordids and Caenophidia). The pars posterior arises from the dentary
superficial to the gen ioglossus and/or geniotrachealis, and passes postero-medially to a
ventral mid-line insertion in association with that of the transversus branchialis and
the intermandibularis posterior, and to a variable extent on the skin of the lower jaw.
In some Caenophidia, the anterior-most fibres may insert on the posterior extremity
of the intermandibular ligament. The major insertion of the pars posterior is always
at a more superficial level, and largely or entirely posterior, to that of the pars
anterior (the latter inserting more deeply, on the oral mucosa, in Calabaria and boas;
or on the intermandibular ligament in Caenophidia). In most cases the two ima
portions are more or less confluent at their origin on the dentary. In some

(aenophidia the pars antgrior and pars posterior are not clearly separate, e.g.,
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Albright and Nelson (1939 a) regard these fibres as a single muscle (‘pars cut:
mandibularis’y in Elaphe obsoleta. but the two portions a:(' (~l(‘a>r|”\' \( r))arrhl(]l‘l&me()-
related Coluber vividiflavus (personal ohservation). When thm:e ‘l.ﬂl a "il: L.l,l;]' the
appearance of a single muscle. a clear division is frequently f()umll u ).ml)(lln(ml
(lissovti«.)n. l*]\:m) if a clear division is not found the two (liﬂl*rm.]t regions (If" , ‘(‘(.('per
appropriate for cach portion. are still maintained. The sin«rlohmlx;(-;(,“(l,? l.mm,'
(acnophidia is morphologically unlike the single muscle ()fhp\'nhm']s and ;(;::::,
Henophidia. 1 believe that where it does oceur i  (Cae AT .

sm-nn(}hn'_\‘ fusion of the two portions. cur i Caenophidia. it s duc to

Ihe only notable departure from the tyvpical cacnophidian condition encountered
in the present study occurs in Dasypeltis. Here the dma is single, and the im('rtio(
resembles that of the ima. pars posterior of other Cacnophidia (and with w’)m(l* ﬁhrelf
onto the hyoid lingual processin one specimen), There is no anterior pm-ti(;n in\‘('rtin:
on the intermandibular ligament. This muscle was described by Gans (1952 lp '”'5
thus. “a pair of muscles runs from the lower surface of the dentaries’ t‘ip;- :;;d
attaches to the skin folds between the first pair of chin shields at their p()stm'i();‘mmt
point of junction”. The intermandibular ligament and associated sublingual «rlar;d
‘constrictors” are very prominent. and. unlike the situation in ()thor(‘uono;hidi:; are
exposed (in ventral view) in the mid-line between the right and left dma. The v,‘,,Ml
fibres are relatively long. and lie nearly in a longitudinal plane.

Very prohably the Dasypeltis condition is related to the egg-cating habits of these
anakes. The lack of the typically short and nearly transverse i, pars anferior ﬁl)r;*s;
(that in other (‘acnophidia appear to form one restraint on the extent to which thé
mandibles can separate from cach other), would perhaps allow the longer fibres of the
remaining fma portion to swing open into a mechanically advantageous transverse
plane as the tips of the mandibles are spread widely apart during egg ingestion
The Dasypeltis condition is almost certainly derived in relatihon 20 oth.er
Caenophidia. The condition to be found in Elachistodon, a possible relative (;f
Dasypeltis (Rosenberg and Gans 1976), but very scarce in collections, is thus of some
interest.

The variations in the condition of the tma and protractor laryngeus recorded
above can be expressed as three separate characters, as follows:

Character A: divisions of the ima

state 1. undivided ima present: typically weakly developed, mostly deep to the

(except. e.g.. Loxocemus, where the ima is partly expo.;ed medial to

genioglossis
Anilius, Cylindrophis, Loxocemus, Melanophidium
g ’

the genioglossus);
Platyplectrurus. Xenopeltis.

State 2. undivided ima present; better developed, mostly exposed medial to the
genioglossus: Aspidites, Liasis, Python.

State 3. ima divided'into pars anterior, with a deep insertion corresponding to
that of the undivided ima of other forms (modified in acrochordids and
(acnophidia. see Character B). and pars poslerior, with a more superficial

insertion: Calabaria, boas, acrochordids, Cacnophidia (except Dasypeltis, see
llis,

above).

Character B: insertion of ima, pars anterior
State 1. fma. pars anterior inserts entirely, or almost entirely, onto the oral
b

mucosa. between the lateral sublingual gland and the anterior portion of the

tongue sheath: Calabaria. boas.
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State 2. jima. pars anterior inserts into the postero-medial portion of the
intermandibular ligament (paired in acrochordids); acrochordids, Caenophidia
(except Dasypeltis. see p.487).

Character C'; M. protractor laryngeus
State 1. protractor laryngeus absent (or fibres possibly corresponding to the true
protractor laryngeus, entirely, or mostly, joining the geniotrachealis); all taxa
except Caenophidia.
State 2. protractor laryngeuns present. its fibres separate from the geniotrachealis;
(‘acnophidia.

Regarding the distribution of states of Character A (divisions of the ima), the
groups of taxa so produced are of interest firstly in purely phenetic terms. The taxa
possessing a thin pars anterior only are those included by MeDowell (1975) in his
superfamily  Anilioidea. apparently defined on a largely phenetic basis. True
pythons, a phenetically well defined group (see Underwood 1976), share a similar
condition of the pars antevior. in that it is more distinetly developed than in the
cantliolds’ (sensu MceDowell 1973).

The phenetic difference between pythons and Calabaria, and the resemblance of
the latter to boas. would give independent support to Underwood's recent
classification of boids (1976). based largely on a numerical phenetic approach, in
which Calabaria is separated from the Pythoninae. This difference is also consistent
with Underwood’s cladistic arrangement (1976, p. 168) in which Calabaria is placed
intermediate between pythons (primitive) and boas (more derived); and with the
present author’s study of the superficial palate (Groombridge 1979) in which
respect Calabaria differs from pythonsand resembles Eryx and Charina among boas,

Interest would be further enhanced. for those concerned with snake phylogeny,
were a cladistic arrangement of these character states possible. This ~requires
making a decision on the primitive to derived polarity of the character state
transformations; this must be a matter for some debate, but [ suggest that a
reasonable initial hypothesis can be put forward,

One proposal, apparently supported by Langebartel (1968, pp. 76, 77), would be
that the caenophidian condition (§tate 3). which occurs in the greatest number of
species, is the most primitive. I suggest that the opposite conclusion may be better
supported by available evidence. namely that State 1, (presence of a thin undivided
ima). is the primitive state. while the caenophidian state is the most derived.

Scolecophidia seem primitive to other extant snakes in possessing a common
foramen for the maxillary and mandibular branches of the trigeminal. in lacking an
antero-median pillar of the frontals between the olfactory tracts (McDowell 1967),
and in lacking an anterior toothed ramus of the palatine. The intermandibular
muscles of Scolecophidia differ from those of all other snakes, and in general are more
lizard-like (Langebartel 1968, p. 86, McDowell 1972, personal observation). They do

however possvs's a very small muscle somewhat similar in its course to the undivided
ima of lower Henophidia such as Anilins and Cylindrophis. 1t is very deep in
position, and overlain by the supetficial transverse intermandibalaris slips. T am
uncertain at present if it is the same’ muscle (further work on scolecophidian throat
muscles is in progress). Perhaps the subsequent joint ancestry of Henophidia and
Cacnophidia passed through a phase in which the anterior parts of the superficial
infermandibularis were lost (assuming they were present in the ancestry of snakes as
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a whole), possibly in connection with burrowing. The extant henophidians that lack
very distinet intermandibular kinesix are also those with a very thin individed ima
(e.g. Anilins. Cylindrophis. Melanophidinm). and are adapted to a varying degree to
burrowing habits. The ima of Henophidia and Caenophidia may have been
progressively developed during subsequent aboveground radiations with emphasis
on the ingestion of large size prey items.

The suggestion that the presence of a thin undivided ima is primitive for
Henophidia and Caenophidia is based largely on the fact that A rilius, Cylindrophis,
Lovocemus, Nenopeltis, and uropeltids. between them also show various states of
other characters that are frequently interpreted as primitive (Bellairs and
Underwood 1931, Haas 1955, Rieppel 1977, Underwood 1967), and which in some
cases resemble states seen in the late Cretaceous fossil Dindysia (Estes, Frazzetta,
and Williams 1970). Boas are more dervived in respeet of several characters
(Frazzetta 1975, Underwood 1976). including the superficial palate (Groombridge
1079); thix suggests that possession of a pars posterior may be a derived state also.
Pythons are intermediate in the balance of several characters, and appear to be
intermediate also in respeet of the ima.

There is no evidence to sugdest that a pars posterior has appeared in morve than
one lineage: the presence of an ima. pars posterior would thus qualify as a
synapomorphy demonstrating the monophyly of the group composed of Calabaria,
boas. acrochordids, and Caenophidia.

At least two major alternatives to this proposal are possible if it is suggested that
the cacnophidian state (State 3) is actually the most primitive. This would imply
cither that those taxa lacking the pars posterior are monophyletic (sensa Hennig
1066). if the loss occurred only once; or that multiple losses have occurred in different
lincages. The former alternative is not supported by other evidence, although it is
most parsimonious in respect of the ima: the latter appears to be the strongest
opponent to the proposed scheme,

Those taxa with both portions of the ima also typically show distinet or very
pronounced intermandibular kinesis (although this is seen in pythons also).
MeDowell (1972) has termed ... the X-shaped figure ... formed by the partes
mediales (= intermandibularis anterior. pars posterior) and partes posteriores” (=
intermandibularis posterior, pars anterior), the “intermandibular chiasma’. He has
made the interesting suggestion that the intermandibular chiasma is of functional
significance. in connection with the presence of intermandibular kinesis, in unilateral
prey ingestion (Gans 1961). However. this particular formation of the inter-
mandibular chiasma cannot. as he suggests (p. 254), be diagnostic of Alethinophidia
(=Hon()phi(liu plus (acnophidia) since in Loxocemus. pythons, and other taxa

lacking a pars posterior, the anterior part of the chiasma is formed solely by the
transeersus l)l'(”l('/[l(l]?ﬁ'.
With regard to Character B (insertion of the ima. pars anterior). the suggested

polarity of the character state transformations is based on the same kind of
argument ax for Character A. Acrochordids share with Cacnophidia the insertion of
the ima. pars anterior onto an intermandibular ligament. I suggest that this is the
derived state on the grounds that this particular configuration of the anterior
intermandibular muscles is found nowhere else among Squamata, and derived states
of several other characters also oceur in Caenophidia (Underwood 1967, McDowell
1975. Hardaway and Williams 1976). The largely paired eondition of the inter-
mandibular ligament in acrochordids has probably arisen secondarily in association
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with specializations of the mental and rostral regions, and related aquatic habits; it
may alternatively be a precursor of the caenophidian single ligament. However the
significant feature that acrochordids and Caenophidia share is the shift in the
insertion of the pars anterior. There is no evidence to indicate that this has occurred
twice: the shift in insertion of the pars anterior off the oral mucosa. onto the
intermandibular ligament. would thus be a synapomorphy demonstrating the
monophyly of acrochordids and Caenophidia. Asnoted above, Aerochordus lacks the
true M. protractor laryngeus. The M. protractor quadirati is also absent (Haas 1931),
thix musele is likewise absent in all other Henophidia that have been examined. It is
present in all (‘acnophidia examined (including xenodermatines, personal obsery-
ation. and other lower Caenophidia): this point has also been noted by McDowell
(1975, p. 19). Acrochordids have a simple form of costal cartilage like Scolecophidia
and other Henophidia: all Caenophidia examined show a derived state (Hardaway
and Williams 1976, Persky. Smith and Williams 1976). Thus in lacking the M.
protractor laryngeus and M. protractor quadrati, in having simple costal cartilages,
and primitive states of several other characters (Underwood 1967), Aerochordus
retains a henophidian grade of organization. Many aspects of its anatomy are unique
and peculiar, and provide no information on aflinities (e.g. throat muscles,
Langehartel 1968: superficial pakate. Groombridge 1979; mobile frontal-parietal
joint. MeDowell 1973, p. 41, confirmed in BMNH 1966.12). .

The s‘\'na]n)m()l'])h.\' suggested above (shift in pars anterior insertion) is thus of
some significance in indicating the cladistic position of acrochordids, namely,
monophyly with Caenophidia. Two other apparently derived conditions shared with
(‘aenophidia may be noted. Firstly. the presence of spines on the hemipenis, absent
for all Henophidia other than acrochordids (but absent, probably secondarily, from
scattered cacnophidian taxa. and present ina very few Scolecophidia). Secondly, the
form of the hyoid apparatus, with closely parallel cornua and adpressed M. hyoglossi
found only in acrochordids. (aenophidia, and two of the ‘tropidophiine’ boas
(Trachyboa and Tropidophis. sce addendum in Groombridge 1979).

The cladistic relationship of tropidophiines and (‘aenophidia is an area of
considerable interest (MeDowell 1975, p. 15, Underwood 1976, p. 172). both these
workers suggest that. despite many points of resemblance, the two groups do not
<hare an immediate common ancestry. The reduction (Tropidophis). or apparent loss
(Trachyboa). of the ima, pars anlerior. is not inconsistent with this view, This would
indicate that the shared. and almost certainly derived. resemblance in the hyoid
apparatus of these two groups, although detailed, is a parallelism. If this
interpretation is correct. then the form of the hyoid apparatus may be of somewhat
Jess significance in arguing for acrochordid—Cacnophidia aflinities. If, as suggested
ochordids and Caenophidia form a monophyletic (sensu Hennig 1966)
group. the high proportion of primitive character states retained in acrochordids
would indieate that these snakes diverged very early from the common ancestry of
the group. Underwood (1967, p. 67) has previously raised the possibility that
acrochordids ... may have some relation to the origin of the Cacnophidia from
Henophidian ancestors™. In contrast. MeDowell (1975) suggests that acrochordids
and his ‘anilioids” are elosely related. while Dowling (1975, p. 169) suggests that the
© really natricine cacnophidians. Although the former proposal appears to

here. ac

group al

deserve consideration, the latter is not supported by any significant evidence.
A possible additional derived character state (in the trunk musculature), shared
by acrochordids and Caenophidia was noted by Malnate (1974, p. 229), “with the
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exception of Chersydrus (Acrochordidae) presence of the M. transversohypapo-
physeus appears to be restricted to the advanced snakes”™. However, the differing
interpretations of Autfenberg (1966. p. 158). and Gaxc (1974, pp. 109. 110). suggests
that this character (homology. presence/absence. and relationships of the M.
transeersophypapophysens) requives ceritical re-examination.

A tifth derived state shared by acrochordids and Caenophidia, is the absence of
pelvie vestiges. Thisis a loss” state and so cannot be given great significance, and is
seent elsewhere among Henophidia in uropeltids (s.s.). Nenopeltis, and Bolyeriinae.
However. the hypothesis of acrochordid-Caenophidia monophyly would have the
virtue of parsimony in requiring one less loss of pelvie vestiges during snake
evolution.

With regard to Character C (M. protractor laryngeus), this muscle, in its typical
form. occurs only in Caenophidia. The acrochordids make perhaps the closest
;1pp|'()au'h to the caenophidian condition; as in several boids, fibres apparently
homologous to the protractor laryngeas of Cacnophidia join the geniotrachealis
posteriorly. but in acrochordids many fibres also insert slightly more anteviordy, on
the oral mucosa and trachea. In the Cacnophidia examined, the muscle inserts more
anteriorly still, on the larnyx (and frequently on adjacent portions of the trachea and
oral mucosa). The presence of this muscle is rather surely a derived state, and a
probably synapomorphy of the various caenophidian lineages. Only a =mnall sample
of Caenophidia have been checked for this muscle, and some variations are to be
expected in such a large and diverse group, but the species examined are
taxonomically widespread enough to suggest that the absence of the muscle in any

caenophidian is likely to be secondary.

On the presence of a M. geniomyoideus in snakes

The M. geniomyoideus was defined by Camp (1923, p. 373) as “a cutaneous
attachment of the forward part of the genioglossus.” This muscle typically originates
at the mandibular svmphysis and shortly has a median insertion on the skin near the
tip of the lower jaw. It may not be clearly separate from the deeper yerivglossus near
the origin. Upon contraction, the geniomyoidens would presumably tend to draw the
soft tissues of the interramal region antero-dorsally. How this muscle acts in
coordination with other throat muscles is unknown, as is its adaptive significance.
The presence of thix muscle was one of the features used by Camp (1923, p. 326) to
characterize his superfamily Anguioidea. Haas (1960) describes a geniomyoideus in
the anguimorph Shinisanrus. McDowell (1972, p. 224) suggests that a muscle
described by Sondhi (1953, p. 172) in Varanus monitor (= V. bengalensis) may be a
geniomyoideus: MeDowell (p.217) also describes a geniomyoideus in Lanthanotus
borneensis. The presence of a geniomyoideus may thus be characteristic, not only of
anguioids. but all Anguimorpha. Camp (1923, pp. 302, 454) raises the possibility that
his geniomyoidens is the same as the intermaxillaris’ of snakes; the latter muscle, in

some (acnophidia at least. corresponds to the ima. pars anterior of the present paper.

MeDowell (1972) goes further than Camp and spm-ih'un]'l.\' identifies a geniomyoldeus
snakes. The presence of this muscle in snakes, otherwise known only in
wguimorph lizards. would have interesting phylogenetic implications. ‘
Work in progress on the throat muscles of Scolecophidia indicates that the
‘geniomyoideus’ described by McDowell in Anomalepis aspinosus and Leptotyphlops
humilis is probably the M. transversus branchialis. In my specimens (Anomalepis

in
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mexicana. Helminthophis flavoterminatus, Liotyphlops ternetzii, Leptolyphlops hu-
milis. L.omuerolepls, Loomaxinus. L.omelanotermus)y the muscle in question does not
have an anterior origin from the mandibularsymphysis (as MeDowell indicates 1972,
pp. 234, 239). but arises more deeply. from the lateral sublingual gland. The
Anomalepis aspinosus examined by McDowell may be atypical in this respeet. [
would identify this muscle as the transeersus branchialis. The muscle in
Scolecophidia differs from that of other snakes only in that’it passes lateral to the
genioglossus but medial to the geniotrachealis. instead of lateral to both; also the
insertion (although varving among the Seolecophidia) is not usually in the ventral
mid-line. but somewhat more lateral, most fibres apparently terminating freely, in
the fascia arvound the other throat muscles, and with some diffuse cutaneous
connections. The “geniomyoideus™ of MeDowell in Typhlops he states is the
‘intermaxillaris” figured by Camp in 7. congestus (=T punctatus congestus). Neither
the origin or insertion of this muscle correspond with those of an anguimorph
geniomyoidens, the only points of resemblance are that both muscles are short and
oceur in the region of the mandibular symphysis. T can see no firm grounds for
concluding that the muscle in Typhlops is a geniomyoidens. Typhlops also has a
transversus branchialis like that of other Scolecophidia.

MeDowell (1072, p. 252) deseribes a muscle in Lovocemus hicolor. initially called
the “intermaxillaris’. but then identitied as the “geniomyoideus’, and labelled as such
(GMY') in his fig. 21. This muscle could not be found in the three specimens of
Loxocemus bicolor examined in the present study (fig. 2.). There is no musele present
whose fibres originate . .. at the extreme tip of the jaw ... cover the ventromedial
surface of the genioglossus medialis™ (the major. lateral, head of the gendoglossus of
snakes). and run “longitudinally to an insertion on the skin in the vicinity of the
mental groove . There is a band of tendinous connective tissues linking the tip of each
dentary with the skin of the lower jaw, with a somewhat similar course, but this is
hardly to be confused with muscle fibres, and is of virtually constant occurrence in
snakes.

MeDowell also figures a muscle labelled "GMY’, for genimnyoidens, in the
cacnophidian Diadophis punctatus (his fig. 22). In this case there is no question about
the existence of the muscle, it is the muscle herein termed the ima, pars anterior, in its
typical cacnophidian form (e.g. Xenochrophis, fig. 6.). It would appear from the text
of Sondhi (1958, p. 184) that this is the muscle he terms ‘intermaxillaris’, but his
figures arve difficult to match. The ‘intermaxillaris’ of Camp, in T'yphlops, has a
superticial resemblance to the ‘intermaxillaris” in Caenophidia. This slip is not
present in other Scolecophidia. [ do not consider this muscle to be homologous to the
cacnophidian ima, pars anterior, this is e\'li(lvnt‘ from the suggestions made in the
previous section. The lateral attachment, in the specimens examined here, is not to
the mandible. but to the oral mucosa lateral to the lateral sublingual gland, partly
concealed by the mandible. In (‘aenophidia the tma, pars anterior arises from the
mandible. The medial attachment also differs in detail from that of Caenophidia.,
There are several other major differences in the throat musculature, and, in general,
Typhlops and Caenophidia stand at opposite extremes of the range of snake

morphology.
In summary, the ‘geniomyoideus’ of MeDowell (1972), as reported in snakes,

appears to be represented by the transversus branchialis in Anomalepis and
Leptotyphlops; by the ‘intermaxillaris’ in Typhlops (probably not the homologue of
the ‘intermaxillaris’, or ima, pars anterior, of Caenophidia); to be absent in
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Lozocemus bicolor (wheve it is supposedly present in additjon to the undivided ima
reported herein): and to be represented by the ima, pars anterior in Caenophidia.

If my interpretations are cortect, McDowell is proposing the elaborate hypo-
thesis that the anguimorph geniomyoideus is vepresented by at least three different
individual museles in different groups of snakes. I would suggest that unless a priori
committed to an anguimorph origin of snakes (which remains a theory for
consideration). theve is no reason at present to accept that eny musele found in
snakes is homologous to the geniomyoidens. 1 do not wish to imply that any given
muscle of snakes is definitely #ot homologous to the geniomyoideus, but simply that a
more objective nomenclature may aid further investigation by not giving the
impression that muscle homologies are already well-established. Cundall (1974,
p. 172) has previously expressed some reservations about MceDowell's interpretation
of these museles.

It would be desirable to determine the innervation of the geniomyoideus, and its
homologues ax suggested by MeDowellin snakes. A problem, as MeDowell points out
(1972, p. 226). is that his ‘geniomyoideus’. insome Caenophidia at least, is innervated
distal to an anastomosis between a ramus of the trigeminal emerging from the
mandible. and the hypoglossal. Thus innervation cannot be determined by gross
dissection. Quite possibly thix anastomosix is not present in all cases. Until such
information is available. interpretations (as given here) must be based primarily on
the topographical relationships of the muscle slips concerned.

Perhaps giving some support to one of McDowell's candidates for a snake
‘g(*niom_\'()idons'. is the observation that the ‘genioglossus portio minor’ of Sondhi
(19538, p. 172) in Varanus bengalensis, identified by McDowell (1972, p. 224) as a
geniomyvideus. is very similar in its course to the undivided ima of pythons and lower
Henophidia reported above. The muscle (presence confirmed in V. bengalensisand V.
evanthematicus) arises from the dentary immediately antero-medial to the ‘major’
portion of the gen ioglossus and passes postero-medially to insert on the oral mucosa
just anterior to a point ventral to the oral opening of the outer tongue sheath. The
insertion is thus not primarily cutaneous as in other anguimorphs, but deeper, and in
fact closely resembles that of the ima of pythons and lower Henophidia. Other close
similarities between Varanus in particular (among anguimorphs), and snakes,
include the morphology of the tongue (McDowell 1972). and the presence of a
tracheal protractor muscle (geniotrachealis of snakes). However, McDowell himself
states (p. 263) that * Varanus is not so close to the true ancestry of snakes as is
Lanthanotns”. This would suggest that the ‘genioglossus portio minor’ or
‘geniomyoideus’ is not homologous to the snake ima. The argument of Underwood
(1970, p. 90). that snakes diverged from the basal Squamata before any extant lizard
group, would imply that any such similarities, not primitive to Squamata in general,
are developed in parallel in snakes and the lizard group in question.

Sondhi (1958, p. 186, and fig. 11) also describes a ‘portio minor’ in ‘Natrix’
(= Xenachrophis) piscator; in this case it appears to be the typical lateral head of the
genioglossus,

It may also be noted here that a geniomyoidens-like musele is present in the

apparently non-anguimorph lizard Dibamus novaeguinea. This was not reported by

Gaxe (1968). It is present in both specimens examined here. The muscle arises close to
the mandibular symphysis, just superficial to the genioglossus, and runs posteriorly
for a very short distance before inserting, superficial to the anterior-most inter-
mandibularis fibres, on the skin of the lower jaw. This muscle thus conforms to
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(‘amp’s original usage of the term geniomyoideus. The presence of this muscle may
indicate that Dibamus has aftinities with the anguimorph lizards. As a rather more
probable alternative. if the muscle in Dibamus is not homologous to the anguimorph
geniomyoidews, it would tend to diminish the significance of a somewhat

geniomyoideus-like muscle in some snakes.

Conclusions

The major conclusions to be drawn from the above observations and discussion
are the following.

(1) The muscle oceurring in Cylindrophis maculatus and C. rufus, identified by
Langebartel (1968) as the dma (intermandibularis anterior), is actually the transversus
branchialis (sensu Cowan and Hick 1951).

(2) The musele occurring in Loxocemus, identitied by McDowell (1972) as the ‘pars
medialis™ of the ima (=ima. pars posterior), is actually the transversus branchiulis.

(3) The presence of cacnophidian-type ima fibres in Cylindrophis maculatus, as
figured by Lubosch (1933, fig. 26). could not be confirmed in the four specimens
examined.

(4) Anilins. Cylindrophis. Loxocemus, Melanophidiam, Platyplectrurus, and
Nenopcltis, possess a relatively thin muscle with a deep insertion. here considered to
represent the ima. o the grounds of its very close resemblance to the ima of pythons
and the anterior portion of the ima of boas.

(5) Pythons possess asitilar muscle, also identified as the ima, but it is typically
better developed. more distinet, and more exposed superficially.

(6) The ima is divided into two portions in the remaining Henophidia (Calabaria,
boas. acrochordids) and Caenophidia. In Calabaria and boas, the anterior portion
(fma. pars anterior) retains the same course as the entire undivided ima of pythons
and lower Henophidia. The posterior portion (ima, pars posterior) has a more
superficial insertion in the ventral mid-line with other elements of the inter-
mandibular musculature, many fibres here attaching to the skin. In some
Caenophidia the two portions are more or less fused, but always retain the two areas
of insertion (except in Dasypeltis, where a single muscle resembling the ¢ma, pars
Imthrinr) is present.

(7) In acrochordids and Caenophidia, the ima. pars anterior is relatively bulky,
and inserts on a median longitudinal intermandibular ligament, not on the oral
mucosa (as in Henophidia except acrochordids). This ligament is typically divided
posteriorly into two parasagittal portions in acrochordids.

(8) It is suggested that (a). the presence of an ima, pars posterior, and (b). the
insertion of the ima. pars anterior onto an intermandibular ligament, may be
svnapomorphies indicating the monophyly (a). of the group composed of Calaburia.
boas (s..). acrochordids. and Caenophidia, and (b), of the group composed of
acrochordids and Caenophidia.

() A typical M. profractor laryngeus (not joining the geniotrachealis posteriorly) is
found only in Caenophidia. Similar fibres oceur in many Henophidia (prominent in
acrochordids, and present in many boids), but become more orless confluent with the
geniotrachealis p()stcriorl y. The presence of a true protractor laryngeus may well be a

svnapomorphy of the various caenophidian lineages.
(10) Three apparent innovations, the division of the ima into a pars anterior and
pars posterior, the shift in insertion of the ima, pars anierior onto an intermandibular
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ligament. and the differentiation of a protractor laryngeus, may constitute progress-
. . . g .. : . v : . i o -
ive nnpm\'(-.nm.n.\ to the typical snake I'm)do of ‘unilateral’ feeding. The tirst two of
these moditications appear to be functionally correlated with the development of
intermandibular kinesis. and many serve to enhance control over the position of each
ramus of the mandible. relative to the other, during prev ingestion.
- - .

(11) The proposal of MceDowell (1972), that an anguimorph M. geniomyoideus is
present in snakes, is not adequately supported by available evidence

(12) A small geniomyoideus-like muscle is present in the non-anguimorph lizard

Dilutmus noraeguineq.

Summary
Some new observations and interpretations are ‘made concerning certain

intermandibular muscles in snakex.
A muscle occurring in Cylindrophis and Loxoremus, previously identified as part
of the M. intermandibularis anterior (herein abbreviated to ima). is actually the M.
transrersis branchialis (sensu Cowan and Hick. 1951). A deeper muscle found in these
taxa is here considered to represent the ima; this muscle is also present in Anilius,
Xenopeltis. and uropeltids (Melanophidium. Platyplectrurus), where the ima hud
been reported as absent. The {ma hax a similar course, but is typically larger, in
pythons. In Calabaria. boas. acrochordids. and Caenophidia, the ima is t.\'piuallv
divided into two portions, the parsanterior and pars posterior. It is proposed that thfs
condition is a synapomorphy of these four groups. In acrochordids and (‘aenophidia
(except Dasypeltis). the pars anterior is fully developed and inserts more anteriorly,
onto an intermandibular ligament. It is proposed that this condition is a syn-
apomorphy of t_hosé two groups. In acrochordids the ligament is deeply bifurcate

posteriorly.
The M. protractor laryngeus is absent from all Henophidia examined, but present

in all Caenophidia. Itis suggested that insufficient cvidence is available to accept the
proposal that a M. geniomyoideus, homologous to that found in anguimorph lizards
Y . . 3 3 3 . ’
is present in snakes. A geniomyoideus-like muscle is present in the non-anguimorph

lizard Dibamus novaeguinea.
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Appendix: Specimens Examined
SCOLECOPHIDIA
Anomalepis mexicana. 192006.1 .41,
Helminthophis flavoterminatus. 63.10.6.1.
Leptotyphlops macrolepis. 1904.6.30.5.
L. maximns, 1906.6.1.242.
. L. welanoternis, 391120013,
1 L. huneilis, 82.11.15.20.
Liotyphlops ternetzii, 1956.1.16.34.
Typhlops angolensis, 1959.1.4.76.
7. bibronii, 95.4.4.1.
T. punctatus, 1975.568, and unregistered specimen.
T. schleyelii. 1965.35, 96.9.7.2.
21
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HENOPHIDIA

Aecrochordus jaranicus. 1913.10.31.186. 1974.3865, 11.13.1.2, 1974.3860, 1966.12.

Anilins seytale, 95.2.20.4. and unregistered specimen. .

Aspidites melanocephalus. 1931°12.2.2.

Boa constrictor. 1904.10.29.31.

Bolyeria mudtocarinata. 96.3.25.2.

Calabaria reinkardti. 1967.115, 1969.515.

Candoia asper, 99.7.24 3.

Charina hottae, 94.3.4.5.

Chersydrus granulates, 19743863,

Cylindrophis mae u/uhn 1031.5.31.1, 1905.3.23.76, 97.10.20.18, 52.9.13.266.

O rufus, 1933.12. 1033.9.8.1.

Epicrates tuu/um. h!).h..’.i.l.

Eryax jaculus, 97.10.28.539.

Funeetes murinus, 97.7.23.26.

Eriliboa placata, 1977209,

Liasic amethistinus, 1969.2630.

Lichanura roscofusca, 19015142, 1902.3.3.1.

Loxocemus bicolor, 82.8.17.17. 1914.1.28.124, 61.11.18.11.

Melanophidinm punctatus. 97.7.19.9.

Platyplectrnrus madurensis, 1923.10.13.29.

Psendotyphlops philippines. 1951.1.6.17.

Python reticulutus. unregistered specimen.

P osebae, 1939.1.6.65. 1968.1220, 1975.581.

Sanzinia madagascariensis, 51.6.1.17.

Trachyboa boulengeri, V913.11.12.37.

Tropidophis cagmanensis. 1939.2.3.71.

T. haetianus, 1948.1.6.67.

Uropeltis avcticepts, 93.4.18.4,

Xenopeltis unicolor, 97.10.8.19, 1925.5. 25.6, and unregistered specimen.
CAENOPHIDIA

Agkistrodon piscivorus. 60.9.30.6.

Ahaetullna nasuta, 97.10.20.5.

Amphivsma stolata, 97.10.20.7.

Aspidwra trachyprocta. 93.9.11.11

Cansus maculatis. 1975.675.

Coluber viridiflavas, personal colleetion.

Dasypeltis fuseiata, 1975.610, 1948.1.2.80.

Elaphe obsoleta. 87.5.14.24,

Mivdon collaris, 1907.5.22.59.

Nuja nja. unregistered specimen.

Opheodrys vernalis, 1933.9. 11.108. :

Parcas monticola, 1940.3.9.15.

Pseudoboa newwiedi, 63.6.18.6.

Xenochrophis ,mrm()r 1974.896,"and unregistered Ceylon specimen.

Nenodermus javanicus, 1939.1.4.5.

SAURIA
Dibamus novaeguineae, 1966.15, 87.1.20.2.
Gerrhonotus caerulus, 8.5.12.32.

Varanus bengalensis. 50.5.19.17.

. exanthematicus, 1975.103.
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A previously unreported throat muscle in Scolecophidia
(Reptilia: Serpentes), with comments on other scolecophidian

throat muscles

B. (. GROOMBRIDGE
Department of Biological Sciences, City of London Polytechnie,
Old Castle Street, London E1 7INT

Introduction
A reeent investigation of certain anterior throat muscles in henophidian and

caenophidian snakes revealed some variation of possible phyletic significance
(Groombridge 1979b). This study was extended to the Scolecophidia, where
observations were made on several species (see Appendix: material examined).
"The primary purpose of this paper is to report the presence of a throat muscle in
scolecophidian snakes, that appears to be absent from all other extant snakes
(although a possible homologue is present in diverse lizards). This finding further
widens the already considerable morphological gap between Scolecophidia and other
snakes (Henophidia plus Caenophidia of Underwood (1967); Alethinophidia of
Hoffstetter (1955) and MeDowell (1967, 1972, 1974)). The possible cladistic
significance of the presence of thix muscle in Scolecophidia is discussed. In a
subsidiary section, some differences are noted between my observations, and reports
in the literature, regarding certain other scolecophidian throat muscles. Langebartel
(1968) may be consulted for a generally useful account of snake throat muscles.

A previously unreported throat muscle in Scolecophidia

Observations
For the purposes of discussion the new muscle is here termed the geniomucosalis.

Although there must be some reluctance to add a further name to the myological
literature, the problem of homoelogy remains unsettled and it thus seems advisable to
use a new and purely desceriptive term for the muscle in Scolecophidia. The present
name is derived from the fact that the muscle arises from the genial region of the
lower jaw, and inserts on the ventral surface of the mucosa of the floor of the oral
cavity.

The geniomucosalis is present in all Scolecophidia examined, and arises in most
cases direetly from the posterior ventro-medial region of the dentary (and adjacent
angular and/or splenial), see fig. 1 (Leptotyphlops melanotermus; the geniomucosalis,
QM in figure, passes anteriorly deep to the angular). and fig. 3 (Helminthophis
favoterminatus). In the Typhlops species examined (Hg, 2. T. punctatus), it arises
mainly from the anterior portion of the compound bone. The relatively wider origin
of the geniomucosalis is always immediately posterior to that of the geniotrachealis.
In some cases (/1. flavolerminatus) these two sets of muscle fibres appear to be
continuous with each other just at their origin along the mandible, in other cases
(Liotyphlops ternetzii, Le plotyphlops melanotermus) there is a clear division between
the two, while in others (Anomalepis mexicana, T'. punctatus) there is a distinct gap
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) Fic. 1. Leptotyphlops melanotermus. All figures are semi-diagrammatic. The mandible, oral

J'; mucosa. and muscles of the throat. regi(m are shown in ventral view, after remqval of the
3 ckin and other structures. Anterior is toward the top of the page. The portion of the
figure to the Jeft of the nwdiu.n lil}(- (t.ho animal’s .right sj(l(-) isa more superficial view, the
portion to the left of the median line is a deeper view, with overlying musclesremoved or
cut and reflected. Note: Certain musclex appearing in the figures are referred to in the
text. but are not formally named therein. and are not listed in the abbreviations below;
these are muscles AL BoL MOXCY. Abbreviations for all figures: . compound bone: 1.
¥ dentary; GG, genioglossis: GGH, hyoid portion of genivglossus; GHI, GH2, GH3.

o superficial, middle, deep, slips of geniohyoideus; GHL, lateral head of geniohyoideus;
Ei GHM. medial head of geniohyoidens; GHT, tendon of attachment of geniohyoideus;
’» GTR, geniotrachealis: H. hyoid; HTR, kyotrachealis; IM1, IM2, IM3, 1M+, portions of
4 the intermandibularis. OM, ventral surface of oral mucosa of mouth floor; OS,

oesophagus: Q, quadrate: R. ribs and associated muscles; SC, lateral sublingual gland,
enclosed in constrictor muscles; TB, transversus branchialis; TR, trachea.
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between the two muscles. Whatever the degree of separation between the geniotrae-
healis and geniomucosalis on the mandible. the two muscles subsequently diverge
from each other. As in all snakes. the geniotrachealis runs postero-medially to insert
on the anteriormost part of the trachea. In all snakes other than Scolecophidia, there
is no muscle immediately postero-lateral to the geniofrackhealis: in Scolecophidia the
geniomurosalis oceurs in this position, and forms a broad. but thin, sheet of near-
parallel muscle fibres fanning out to insert over the lateral portion of the mucosa of
the tloor of the oral cavity. This lateral region of the oral cavity has a somewhat
pouch-like form. The Leptotyphlops species examined here had an additional musele
inserting on the lateral and dorsal (i.e.. immediately ventral to the base of the
braincase) surfaces of this lateral portion of the oral cavity. This additional muscle
takes origin, with fibres of the lateral (costal) head of the lateral portion of the
geniohyoideus. and occasionally some posterior fibres of the hyotrachealis, from the
lateral surface of the anterior extremity of the vib cage (see musele "X in tig, 1),

In Typhlops and Leptotyphlops. the anterior part of the hyotrachealis passes
dingonally between the posterior portions of the geniomucosalis and geniotrachealis,
superticial to the former and deep to the latter (figs. 1 and 2). In the anomalepidids
examined. the hyotrachealis passes superticial to the geniomucosalis. but appears to
interweave with the geniotrachealis at their dual insertion on the trachea, or
(Helminthophis favoterminatus) passes mostly superficial to the insertion of the
geniotrachealis. In Typhlops punctatus. a prominent blood vessel was also seen to pass
between the geniomucosalis and geniotrachealis, superficial to the former and deep to
the latter.

In Typhlops the geniomucosalis is innervated by a twig of the same branch of the
N 1Ith cranial nerve that also innervates the genintrarhealis and genioglossus (details
of inervation could not be determined with certainty in the other, much smaller,
Scolecophidia examined). The gen iomucosalis can thus be assigned to the
hvpobranchial-spinal group of throat muscles (Edgeworth 1935, Langebartel 1968).
This group also includes, among others, the geniotrachealis, genioglossus and
geniohyoideus (‘mandibulohyoideus” of MeDowell (1972), and including the ‘cerato-
mandibularis” of Langebartel (1968)). :

Both Langebartel (1963, 120, for Liotyphlops albirostris), and McDowell (1972,
235, for Anomalepls aspinosus), state that the geniotrachealis (the ‘mandibulotra-
chealis” or ‘genioglossus lateralis” of McDowell (1972)) is unusually well-developed.
This was not the case in the specimens examined here, the geniotrachealis is a rather
slender strap-like muscle, as in other snakes; perhaps these authors noted the wide
adjacent origins of the geniotrachealis and geniomucosalis on the mandible, but did
not trace the separate insertion of the latter muscle. Certainly, the geniomucosalis is
thin and rather easy to overlook, unless first seen in one of the larger Typhlops

species, for example.
Discussion

In order to assess the possible systematic signiticance of the presence of the
geniomucosalis in Seolecophidia. some introductory remarks on the relationships of.

and within, the group are necessary.
The three families of scolecophidian snakes (Anomalepididae, Tvphlopidae,

Leptotyphlopidae), are clearly distinguished from all other extant snakes by many
character states (that are not found in the same combination, and usually not at all,
in other snakes). These states include the following: small to minute adult size
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(relative to the size range of other snakes). eylindrical body form (head not distinct
from trunk). tail extremely short, absence of enlarged ventral scales, mouth short
and ventral in position (countersunk behind snout), eyve extremely reduced, brille
absent (eve beneath head scales). single type of visual cell (rod) in retina (Underwood
1967). general construction of braincase (McDowell 1967), lack of kinesis between
bones of snout and frontals, lack of lachrymal foramen (MeDowell 1974, 5), qua(ll'att"
slanting antero-ventrally from its proximal articulation (as opposed to vertical or
postero-ventrally). squamosal (also termed tabular or supratemporal) vestigial or
absent. no teeth on palatine or pterygoid. one thymus hody (usually two in other
snakes) on each side anterior to heart (Underwood 1967), right and left systemic
arches join anterior to tip of ventricle (Brongersma 1938), liver divided into several
or many lobes (Underwood 1967). lack of left oviduct (except Liotyphlops and
Typhlophis. Robb and Smith (1966)), lack of neural spines.

In addition. members of the group are unusual among snakes in that they
specialize insmall soft-bodied arthropods as a food source, frequently ants (including
Jlarvae and pupae) or termites (see, e.g.. Punzo 1974).

The presence of the geniomucosalis in Seolecophidia clearly contributes further to

the already considerable morphological gap between Scolecophidia and other
snakes.
Despite the fairly strong general phenetic resemiblance. there are some funda-
mental differences between the three scolecophidian families. These differences
involve, in particular. the form of the upper and lower jaw apparatus and their
dentition (Haas 1930, 1964, 1968, List 1966), the form of the hyoid apparatus and
associated museles (Langebartel 1968, McDowell 1972), and the morphology of the
pituitary gland (Saint Girons 1970. 181. 194). These differences, combined with the
observation that several of the features shared by Scolecophidia (e.g. consolidation
of certain skull elements. short tail, lack of neural spines) can be interpreted as
parallel adaptive modifications for burrowing (and when scen in other snakes, are
usually seen in burrowers. e.g. uropeltids), have led several workers to question
whether the Scolecophidia do in fact represent a strictly monophyletic group (sensu
Hennig 1966).

List (1966, 55) suggests that two basic lincages can be discerned in snake
phylogeny. a group formed of anomalepidids and typhlopids, on one hand, and a
aroup formed of leptotyphlopids and remaining snakes, on the other. By this
interpretation. the Scolecophidia do not form a monophyletic group. This division is
based primarily on the nature of the jaw apparatus in the different scolecophidian
families.

In both typhlopids and anomalepidids the compound bone is rather elongated,
with a long retro-articular process. The dentary is much reduced, extremely' 80 in
typhlopids. The anomalepidids typically retain a very few dentary teeth, these are
absent in typhlopids. There may be a trace of intra-mandibular kinesis in some
anomalepidids. but the mandible is rigid in typhlopids, By contrast, in leptotyph-
lopids the compound bone is very much reduced, but the quadrate is extremely
clongate (the distal portion is inelined anteriorly in all Scolecophidia). The dentary is
<hort but deep and provided with several teeth, arranged in a near transverse 1'()\«\‘/ at.
the front of the lower jaw. Intra-mandibular kinesis s extremely well developed in
leptoty phlopids.

Although the palato-maxillary arch differs in detail in typhlopids and anomalep-
idids, in both the maxilla is of a similar form, and is highly kinetic. Somewhat similar
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to the dentary teeth in leptotyphlopids. the short tooth row is in a near transverse
position. By contrast. in leptotyphlopids the maxilla is reduced, immobile, and

without teeth.

To summarize. in all groups of Scolecophidia one element of either the upper or
lower jaw is highly kinetic. with a short and near transverse row of teeth. In
tyvphlopidsand anomalepidids this clement ix the maxilla, in leptotyphlopids it is the
dentary. In all groups the opposing clement in the other jaw (the dentary in
typhlopidsand anomalepidids, the maxillain leptotyphlopids) is immobile, or nearly
s0, and without teeth. or with very few teeth (anomalepidids). Haas (1930, 1064,
1968) and List (1966) may be consulted for further details,

These two tyvpes of jaw morphology would appear to suggest alternative
divergent strategies for the intake of small invertebrate prey items. The significant
point is that it scems rather implausible to derive the leptotyphlopid type of jaw
apparatus from the typhlopid-anomalepidid type (or vice versa). It is diflicult to
conceive of a possible selective force to drive such a shift. While both types appear to
be derived states, relative to other Squamata. they seem to be derived in different
directions from a hypothetical less-moditied ancestral form. Indeed, Haas (1968,
129) states. “the mandibular characters alone exclude any relationship between
Tvphlopids (Haas included anomalepidids in this taxon) and Leptotyphlopids™.

By contrast. Langebartel (1963, tig. 19) has proposed, primarily on the basis of
the hyoid apparatus and associated muscles. that the initial dichotomy in snake
phylogeny was between anomalepidids, on the one hand, and a group formed of all
other snakes. on the other. The next dichotomy was between the common ancestry of
tyvphlopids and leptotyphlopids, and that of the remaining snakes. By this
interpretation also, the Scolecophidia are not monophyletic (sensu Hennig 1966), but
the different character complex suggests a different grouping of the scolecophidian

families.

The differences in the hyoid apparatus between typhlopids-leptotyphlopids, and
anomalepidids, may not be quite as fundamental as Langebartel suggested. He
proposed that the hyoid apparatus is derived from different visceral arches in
different groups of snakes: either the hyoid arch, the first branchial, or second
branchial. being represented. Typhlopids-leptotyphlopids (first branchial), and
anomalepidids (hyoid arch). were said to differ in this respect. McDowell (1972, 232
4) pointed out that the composition of the hyoid apparatus should not be decided
solely on the basix of its shape (considered in isolation), and that the muscle
attachments in both groups are those of the first branchial arch in other Squamata.
He concluded that the hyoid apparatus most probably includes first branchial arch
derivatives in both groups (Langebartel includes the jaw and hyoid arches in his
‘branchial” series, i.e. the entire visceral arch series. so the second branchial arch of
Langebartel is the hyoid arch of McDowell and the present paper).

Despite this re-interpretation of the composition of the hyoid in typhlopids-
leptotyphlopids, and anomalepidids, some striking differences remain between the
two groups in its form, position, and musculature (Langehartel 1968, List 1966). For
example,unigue to typhlopids-leptotyphlopids among snakes (and probably unique
among all the jawed vertebrates), is the relatively far posterior location of the hyoid,
and the consequent slender and elongate form of the geniohyoidens, with its
tendinous origin on the mandible. According to current criteria for determining the
polarity of a transformation series (Kluge 1976, 21-25), this is rather certainly a
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derived state. The problem is whether the state was uniquely derived (a syn-
apomorphy). or derived in parallel in typhlopids and in leptotyphlopids.

This problem could perhaps be resolved more readily if the unique typhlopid-
leptotyphlopid hyoid and musculature could be seen to have some clear adaptive
significance. Possibly the important morphological character is actually not the
posterior position of the hyoid itself. but the fact that the Ayoglossi, arising from the
hyoid cornua (and forming most of the body of the tongue). are thereby considerably
lengthened. The hynglossi ave about twice as long, in relative terms, as those of
anomalepidids. I the assumption is made that a longer gross muscle means longer
individual muscle fibres. then given the same proportion of shortening during
contraction as an absolutely shorter muscle (and if other parameters remain
constant). the longer muscle can both shorten faster and shorten over a greater
absolute distance (Bock 1974, 174-130). If these two properties are adaptively
involved in tongue function in typhlopids and leptotyphlopids, there may be a
greater probability that their unique hyoid apparatus and musculature has indeed
evolved in parallel in the two groups. However, this is speculation, there is little
evidence currently available on feeding methods and tongue function in
Scolecophidia. Typically in snakes the tongue has a role only in olfaction, via
Jacobson's organ. and it is difficult to suggest the significance of longer hyoglossi in
these circumstances. Possibly they would facilitate greater tongue protraction, a
longer arc of movement of the tongue tips through the air, and more rapid retraction,
bearing the collected scent particles. It may be significant for this suggestion that
certain higher snakes, with a “parallel type” hyoid, also appear to have relatively long
hyoglossi: however, in this case the anterior portion of the hyoid remains in the
standard position, but the origins of the hyoglossi have been extended posteriorly by
the relatively long parallel hyoid cornua.

The hyoid apparatus of anomalepidids is of a very different form ("M’ type of
Langebartel (1968, 8)), that is also unique among snakes. It is in the usual squamate
position, not displaced posteriorly. This form of hyoid would also seem to be a
derived state, if McDowell is correct in rejecting Langebartel’s suggestion that the
anomalepidid hyoid apparatus is formed solely of hyoid arch derivatives. When a
lizard hyoid includes an "M’ shape component, this appears to be formed from the
hyoid arch; if the anomalepidid ‘M’ shape hyoid apparatus is formed from first
branchial arch derivatives, it cannot be a primitive state retained from a lizard
ancestry.

Also present in typhlopids-leptotyphlopids is a muscle running anteriorly from
the ventral midline (anterior to the heart) to the hyoid. Langebartel identifies this
muscle as the sternohyoideus. If this is the correct homology, then the presence of this
muscle, found in lizards and other vertebrates, but in no other snakes (Langebartel
1968), would be a shared primitive state (a symplesiomorphy), having no bearing on
the question of typhlopid-leptotyphlopid monophyly. However, since the presence
of this muscle is correlated with other, almost certainly derived, states of the hyoid
and its musculature (noted above), the possibility may be raised that the
‘sternohvoideus’ in this group is not strictly homologous to the muscle of the same
name in lizards. and is a derived state. This is a matter that requires further

comparative study.
Certain other apparently derived character states indicate the same grouping

(typhlopids plus leptotyphlopids) as the evidence of the hyoid apparatus and its
musculature. By itself the latter complex should perhaps be given less weight in a
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cladistic analyvsis than the evidence of the jaw apparatus, noted above. These
charactersinelude. loss of the levator pterygoidel musele (Haas 1973). and loss of a free
ectoptervgold (List 1966, 14- 10 notes a possibility that the ectoptervgoid has
become fused in different positions in typhlopids and in leptotyphlopids).

As does Langebartel, MeDowell (1974, 6) also suggests that typhlopids and
leptotyphlopids share a common ancestry not itself shared with anomalepidids,
primarily based on his interpretation of the hyoid and its musculature (McDowell
1972, 1074). In contrast to Langebartel (also to List. and Haas) he appears to imply
(e.g. T967. 690) that the Scolecophidia are a strictly monophyletic group.

In respeet of the hyoid apparatus and associated muscles. both typhlopids-
leptotyphlopids and anomalepidids appear to show derived states. in relation to other
Nquamata. but derived in different dirvections, It seems implausible to derive one
condition from the other. rather than from hypothetical less modified primitive
forms.

The situation thus emerges that the two major character complexes among
Scolecophidia. that appear amenable to cladistic interpretation, indicate different
groupings: a monophyletic group formed of Typhlopidae plus Anomalepididae (jaw
apparatus). or a monophyletic group formed of Tvphlopidae plus Leptotyphlopidae
(hyoid and its musculature). The transformation series proposed for one character is
not congruent with that proposed for the other.

If the polarity of the transformations in these character complexes is interpreted
correctly, two solutions are possible; either the resemblance in the jaw apparatus, or
in the hyoid and its musculature. was derived in parallel (in typhlopids and
anomalepidids. or in typhlopids and leptotyphlopids, respectively). If parallelism is
rejected. the two major alternatives imply either that the leptotyphlopid type of jaw
apparatus was derived from the typhlopid-anomalepidid type, or that the anomalep-
idid hyoid was derived from the typhlopid-leptotyphlopid condition. There seems to
be no basis on which to prefer one of these alternatives to the others. Various
subsidiary characters do not appear to resolve this conflict. Therefore either new
characters or new interpretations are required to clarify the problem of the cladistic
relationships among the families of Scolecophidia.

This problem ix closely associated with the fact that, despite a rather striking
general phenetic resemblance, there is no strong evidence, subject to an unambigu-
ous cladistic interpretation. that the Scolecophidia form a monophyletic group
(sensu Hennig 1966). Most character states occurring frequently or consistently
within Scolecophidia are either probably primitive for all snakes (rectal caecum
present, M. intermandibularis portions transverse in position. lack of frontal
processes between the olfactory tracts. undivided trigeminal foramen), or are of
uncertain polarity (the geniomucosalis, see below; short systemic arches), or their
cladistic signiticance is somewhat compromised since similar states occur sporadi-
cally in other snakes (xingle rod-like visual cells also in the uropeltid Rhinophis
(Baumeister 1908): left oviduct also vestigial in the caenophidian Tuntilla (Clark
1970): two thymus bodies instead of four in several non-scolecophidian taxa
(Bockman 1970). Also. certain apparently signiticant characters are found to vary
within the Scolecophidia (left ovi‘(luct not vestigial or absent, but normally
developed, in some anomalepidids (Robb and Smith 1966). However, a probably
derived state, the multilobed condition of the liver, has been found in all
Scolecophidia examined (Underwood 1967, Robb and Smith 1966).
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McDowell (1967, 690) suggests that the ventral enclosure of the braincase was
completed independently and in different ways, in the Scolecophidia on one hand,
and in remaining snakes on the other. However. it seems equally possible that both
general types of braincase construction were derived from a common ancestry, with
a completely enclosed braincase. among the earliest snakes. While in some respects
the scolecophidian braincase is very probably primitive to that of other snakes, the
position of the optic foramen within the frontal may be a secoudary state. derived
within the group (as is almost certainly the case in uropeltids (Underwood 1967, 64)).

Overall. although there may not be even one character that can, with confidence,
be proposed as a avnapomorphy of the families of Scolecophidia. the phenetice
resemblance is strong enough over several characters (Robb and Smith 1966, 6-7;
Underwood 1967. 58-60), to support the distinet suspicion that the Scolecophidia are
in fact a monophyletic group. The combination of primitive with unique or unusual
character states, suggests early divergence from a basal snake stock.

It should be noted that if the Scolecophidia are not monophyletic, but comprise
two lineages of separate immediate ancestry (whatever combination of families), one
of which is more closely related to other snakes. then either all the resemblances
between these two lineages (that are not primitive for snakes in general) must have
been derived in parallel. or. the common ancestry of all snakes passed through a
‘scolecophidian” grade of organization. The problem of the cladistic relationship of
the families of Scolecophidia to each other. and to other snakes, is thus a most
fundamental one in the investigation of snake phylogeny.

Unfortunately. the character ‘presence/absence of the geniomucosalis’, does not
contribute any unambiguous evidence toward the solution of this problem. In
phenetic terms, the character ciearly distinguishes Scolecophidia (muscle present),
from other snakes (muscle abgent). In cladistic terms, the polarity of the character
states is subject to some uncertainty.

This uncertainty arises from doubt about the homology of the muscle. There are
two major hyvpotheses to be considered. Firstly: was the geniomucosalis derived,
within snakes. from the closely adjacent and near parallel geniotrachealis? The
geniotrachealis is a muscle unique to snakes, and was itself very probably derived
from a portion of the genioglossus of other squamates (among the latter, Varanus
alone has a geniotrachealis-like muscle, almost certainly a parallelism). If the
geniomucosalis is regarded as a-division of the geniotrachealis, then the geniomucosalis
must have been derived within snakes. Secondly: does the geniomucosalis represent a
lateral portion of the genioglossus (of lizards), inserting on the mucosa of the floor of
the oral cavity, such as is found in diverse lizards? The snake geniotrachealis would
then represent a further division of the ancestral form of genioglossus.

The former alternative would imply that the Scolecophidia are a monophyletic
group, if the geniomucosalis was uniquely derived (a synapomorphy) in their
immediate common ancestry. The latter alternative would imply that the geniomu-
cosalis is a retained primitive feature (a symplesiomorphy), not providing any
information on whether the Scolecophidia are monophyletic or not, and that other
snakes share a derived state, the absence (loss) of the muscle.

Present evidence suggests that the latter hypothesis is somewhat more likely to

be correct.
Gnanamuthu (1937) recorded a lateral portion of the genioglossus, with an oral
insertion, in several genera of lizards; Anolis (Iguanidae), Sitana, Calotes, and Draco

(Agamidae), Cabrita (now referred to Ophisops; Lacertidae), and Varanus
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(Varanidae). McDowell (1972) found a similar condition in GQerrhonotus gadow
(Anguidae). and Heloderma (Helodermatidae). Rieppel (pers. comm.) found such an
insertion in most of many anguimorph species examined. A similar oral insertion of a
portion of the genioglossus also oceurs in the amphisbacnian Bipes canaliculatus
(Renous 1977, 486). This condition is thus found within both ascalabotan and
autarchoglossan lizards. and within amphisbacnians.

On the other hand. no such insertion was reported in Sphenodon by Haas (1973,
310}, in Clenosaura (Lguanidae) by Oclrich (1956), or in Hemidactylus (Gekkonidae)
by Gnanamuthu (1937).

Overall. it thus seems possible that an oral insertion of a lateral portion of the
genioglossus is a primitive state for lizards, This is on the grounds that it ix of
widespread oceurrence among the sample available. Consequently, it is most
parsimonious on  present evidence to suggest that the geniomucosalis of
Scolecophidia represents a lateral portion of the ancestral squamate genioglossus,
with an oral insertion. By this interpretation, the geniomucosalis is primitively
present in snakes.

This suggestion carries several implications: that other evidence is still required
to demonstrate the monophyly of Scolecophidia; that snakes other than
Scolecophidia share a derived state. loss of the geniomucosalis (in addition to those
already proposed. see fig. 10 in Groombridge. 1979a): and that the genioglossus of
lizards would have been represented in the earliest snakes by three distinet portions,
the genioglossus (of snakes). the geniotrachealis, and the geniomucosalis.

However, it should be evident from the above considerations that the decision as
to whether the presence of the gentomucosalis is a primitive or derived state for
snakes, remains very finely balanced.

Even though the presence of the geniomucosalis may possibly be a primitive state
for snakes, its retention in Scolecophidia may be associated with the specialized
feeding habits of the group. As noted above, these snakes feed largely or entirely on
small arthropods. such as ants and termites. Certain authors have suggested an
apparent ‘suction’ component in the feeding process, either in draining the
abdominal contents of termites (Leptotyphlops phenops (Smith 1957)), or in
swallowing whole prey items (Typhlops (Haas 1964, 46)). Perhaps the geniomu-
cosalis is somehow involved in production of this suction action, the muscle ‘X’ in
Leptotyphlops (see Observations, and fig. 1, this paper) may also be involved here.
Alternatively. the geniomucosalis may act to pull the oral mucosa anteriorly over the
prey, in conjunction with highly mobile jaw elements (maxilla in anomalepidids-
tvphlopids, dentary in leptotyphlopids) simultaneously pushing the prey posteriorly
into the mouth and pharynx.

Comments on other throat muscles in Scolecophidia

During the course of this study, several differences have emerged between my
findings regarding certain throat muscles, and published descriptions (in some cases
of other scolecophidian species). These differences are set out below, with associated
discussion. with the object of gaining a broader view of conditions within

Scolecophidia.

(1) Contrary to Langebartel (1968, 79-80), in the anomalepidids examined here the
hyotrackealis does not arise from the floor of the oral cavity; the fibres of this muscle,
although closely applied to the oral mucosa, continue posteriorly to attach to the
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distal portion of the recurrent arm of the hyoid (fig. 3. ‘HTR").

An origin on the hyoid is the most usual. and probably primitive, pattern in
snakes; the anomalepidids have this typical pattern, even though the hyoid itself is
of a unique form.

In Leptolyphlops the posterior portion of the Ayotrachealis is attached to the floor
of the oral cavity. ax Langebartel reported. It is joined here by fibres of the lateral
head of the geniohyoidens (fig. 1. "HTR and "GHL). There is an indistinet tendinous
raphe at this junction. A band of muscle fibres continues posteriorly from this point,
to overlie the lateral surface of the ribs; this muscle is composed largely of
geniokyoidens fibres. but in some cases (as in the speeimen figured), some hyo-
trachealis tibres also appear to continue onto the ribs. Because of this intermixing of
the two muscles, it was not always possible to determine whether the Ayotrachealis
actually terminated on the oral mucosa, or over the ribs.

In Typhlops the origin of the hyotrachealis, as noted by Langebartel (1968, 80),
lies over the lateral surface of the anterior rib cage.

With regard to the origin of the hyotrachealis, both Leptotyphlops and Typhlops

appear derived in relation to anomalepidids and other snakes, but show different
derived states (although the T'yphlops state could be derived from a Leplotyphlops-
like precursor).
(2) MeDowell (1972, 236) found three separate slips of the geniohyoideus (his
‘mandibulohyoideus’) to run between the hyoid and the mandible in Anomalepis
aspinosus, interdigitating with three transverse slips of the intermandibularis (all
passing between the most superficial and the second slips of the geniohyoideus). By
contrast, in all the anomalepidids examined here, although there are three distinct
muscle slips attaching to the hyoid posteriorly, anteriorly there are only two regions
of attachment. The second and third geniohyoideus slips (fig. 3, ‘GH2’ and ‘GH3’)
converge onto a common tendon (‘GHT’) inserting on the mandible. A further
difference in my material is that the anteriormost of the three intermandibularis slips
(fig. 3. 'IM3") was certainly deep to the entire geniohyoideus.

These apparently trivial points are noted here only because the homologies that
MceDowell suggests for the intermandibularis slips. and the resulting terminology, are
largely dependent on the nature of the interdigitation of the intermandibularis with
the geniohyoideus. This interdigitation does not appear to be of a constant pattern in
all anomalepidids. There may also be intrageneric or intraspecific variation in this
pattern. On the right side only of the Anomalepis examined here (4. mexicana), a
very thin tendinous cord (no muscle fibres) was found to diverge from the combined
"‘GH2’ plus ‘GH3" tendon and pass deep to ‘IM3’ onto the dentary. This condition
thus makes some approach to that described by McDowell for A. aspinosus.

In the accompanying figures. I have numbered the inlermandibularis slips in
posterior-anterior sequence (‘IM1,2,3,4°), without making a definite commitment
on their homology to those in lizards and other snakes. Of these slips in
Scolecophidia, "TM1" is unique to anomalepidids, ‘IM4” is unique to typhlopids, but
‘IM2" and "IM3° occur throughout.

It is appropriate to note heve that muscle "Y' in Neolecophidia (figs. 1, 2 and 3) is
virtually identical, and probably homologous, to the intermandibularis anterior of
other snakes: in particular, as it occurs in anilioids (sensu Reippel 1977) and pythons
(see Groombridge 1979b, for discussion of this musecle in snakes other than
Scolecophidia). By this interpretation, the portions ‘IM2’ and ‘IM3’ of the
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scolecophidian intermandibularis are probably homologous to the intermandibularis
posterior. pars posterior and pars anterior. vespectively. of other snakes.

Scolecophidia appear primitive to other snakes in respeet of several character
states, one of which ix the presence in Scolecophidia (as in remaining Squamata) of
relatively broad portions of the intermandibuluris, nearly transverse in position, 1f
Scolecophidia are primitive to other snakes. and if (ax suggested here) musele "Y' is
actually homologous to the infermandibularis anterior of Alethinophidia, this would
imply that some portions of the intermandibularis of Scolecophidia (‘1M1 TM4") have
been lost in other snakes (if either are actually primitively present in Scolecophidia),
some portions (‘IM2, IM3') have become reduced and diagonal in position, while a
further portion (*Y7) has been enlarged and modified within Alethinophidia.

These moditications may well have occurred during a shift to the "unilateral’ prey
ingestion mechanisin (Gans 1961), characteristic of most Alethinophidia, with the
correlated formation by the intermandibular muscles of the ‘intermandibular
chiasma’ (McDowell 1972, 254: Groombridge 1979 D).

(3) McDowell (1972, 242) states that ... in both Typhlops and Leptotyphiops™, the
geniohyoideus (his ‘mandibulohyoideus’), if traced posteriorly from its attachment
on the mandible is found to divide into “...a dorsolateral head, arising from the
lateral surface of trunk muscles, and a ventromedial head, that extends back to the
region of the hvobranchium™.

There was actually no such *dorsolateral head” in any of the typhlopids examined
here, nor in those reported by Langebartel. The muscle in T'yphlops with a posterior
attachment similar in position to that of the lateral head of the geniokyoideus in
Leptotyphlops. is in fact the hyotrachealis (compare Typhlops, fig. 2, "HTR’, with
Leptotyphlops, fig. 1. "GHL’). The geniokyoideus in Typhlops is a very slender muscle,
free of the adjacent muscles, that runs directly posterior to attach to the hyoid (itself
far back from the head).

As noted by MeDowell (1972). anomalepidids appear primitive among snakes
(and in general terms, resemble lizards) in having more than one separate slip of the
geniohyoideus arising from the hyoid. The most superficial of these (fig. 3, ‘GH1’) was
found to attach largely by a very thin aponeurosis over the lateral jaw musculature
in my material. rather than directly to the mandible. As noted above, in my
specimens the second and third portions of the geniohyoideus were found to join a
common tendon inserting on the mandible. There is a strong resemblance to
Typhlops and Leplotyphlops in respect of this form of insertion, in particular to the
latter in that the medial (typical) and lateral (costal) heads of the geniohyoideus in
Leptotyphlaps have a similar relation to each other as do the second and third
portions of the geniohyoideus in anomalepidids (fig. 3, ‘GH2, GH3'). Perhaps the
‘GH3’ wasleft behind, with posterior migration of the hyoid, to form the lateral head
of the geniohyoideus in Leptotyphlops (fig. 1, 'GHL’), but was lost in Typhlops
(regardless of whether Typhlops and Leptotyphlops are strictly monophyletic).

Snakes other than anomalepidids show a derived state in having only a single
portion of the geniohyoidens (with a lateral head in Leptotyphlops). The differences
between 7'yphlops and Leptotyphlops on the one hand (having the hyoid far posterior,
with the geniokyoideus very elongate and slender, and inserting on the mandible by a
narrow tendon), and the remaining snakes, on the other (having the hyoid in the
standard squamate position, with the geniohyoideus short and broad, occasionally




672 B. C. Groombridge

IM4

= Eo i, i

. iy

Fre. 2. Typhlops punctatus. For key to abbreviations see under fig. 1. ‘

partially subdivided, with a wide fleshy insertion along the mandible), suggests the
possibility of parallel simplification from the lizard-anomalepidid condition.

(4) Warner (19046, 3). describing a specimen of Anomalepis aspinosus, reported the
presence of two muscles atiaching to the posterior of the hyoid. OUne muscle,
“...inserts on the posterior border of the horizontal portion and on the median
surface of the posterior processes, It extends caudad to a cutaneous ovigin®, Warner s
identitied this muscle as the ‘sternohyoideus’, but Langebartel (1968, 66—69) quite  §
convincingly interprets it as an extension of the costocutaneous superior. A second
muscle, that Warner identifies as the omohyoideus, *'...inserts on the posterior
margin of the bend and runs posterolaterally to its cutaneous origin”. §
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tus. For key to abbreviation see under fig. 1. Muscle A,
extends posteriorly to a cutaneous origin.
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On the other hand. McDowell (1972, 236), describing a specimen of the same
species, reported two different layers of muscle (his ‘omohyoideus-sternohyoideus
complex’) attaching to the posterior of the hyoid. “(1) the more superficial layer,
much the broader. inserted along most of the length of the first ceratobranchial,
originating from the surface of the muscles of the vertebrae (the dorsal head) and
from the external surface of the muscles of the vibs (the ventral head): (2) a deeper
and much narrower layer. originating on the skin of the belly near the midline and
inserted on the medial portion of the first ceratobranchial™,

The situation in the specimen of Anomalepis examined here (4. mexicana) is
almost the same as that reported by Warner, and does not correspond to that
reported by McDowell. The major difference from the aceount of Warner, is that her
omohyoidens was represented by two distinet portions in my specimen.

A verv similar situation was also found in Helminthophis flavoterminatus,
Typhlophis squamosus, and Liotyphlops ternetzii, and is shown in fig. 3. Muscle ‘A’ is
the ‘sternohyoideus’ of Warner. muscles ‘L’ and *M™ are the two portions in the
position of the omohyoideus of Warner. However, in these species, an additional
muscle ('B’) was found to run between the hyoid (lateral part of the horizontal
portion. and much of the rest of the cornua) and the region of the tips of the ribs. This
muscle s very similar to the costomandibularis of Langebartel (1968, 63), as
represented in those snakes lacking a newrocostomandibularis complex (of which it is
a component). [ could not positively distinguish this muscle in A nomalepis mexicana.

The apparently atvpical condition reported for MecDowell’s specimen of
Anomalepis aspinosus (combined with Langebartel’s identification of the ‘ster-
nohyoideus’ in anomalepidids as part of the costocutaneous superior), indicates that
some doubts may be justified regarding MeDowell’s interpretation of these muscles.
(5) McDowell (1972, 242) states that the meurocostomandibularis complex (see
Langebartel 1968. 93) is present in Typllops and Leptotyphlops. Since the neuro-
costomandibularis is a composite muscle, an anterior component of which is the
geniohyoideus (includes the ‘ceratomandibularis’ of Langebartel), I do not see how
the neurocostomandibularis can logically be described as present in Typhlops when
the gentohyoideus is actually entirely independent of adjacent muscle elements (as
just noted above).

McDowell (1972, 242) suggests that the dorsolateral head of the geniohyoideus in
Typhlops and Leptotyphlops (as stated above the ‘dorsolateral head’ is actually not
present in Typhlops), *“. .. appears quite homologous with the dorsolateral head of
the omohyoideus-sternohyoideus complex of Anomalepis...”. I have already
suguested above that McDowell's concept of the ‘omohyoideus-sternohyoideus
complex’ does not appear to be valid throughout anomalepidids (certainly not in the
forms examined here, nor in A nomalepis aspinosus according to Warner’s account).
Accordingly, I do not accept that the ‘dorsolateral head’ of the geniohyoideus in
Leptotyphlops (fig. 1. ‘GHL’) is homologous to the ‘dorsolateral head’ of the
‘omohyoideus-sternohvoideus complex’. Furthermore the supposed ‘neurocosto-
mandibularis’ that McDowell describes in these forms has no costomandibularis
component, as oceurs in the typical newrocostomandibularis.

I conclude that, contrary to McDowell (1972), the rewrocostomandibularis is not

present in either T'yphlops or Leptolyphlops.

(6} McDowell (1972) has suggested that a muscle homologous to the geniomyoideus
of anguimorph lizards is also to be found in snakes. I have expressed some
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reservations about this proposal elsewhere (Groombridge 1979h). The figures
provided in the present paper show that the ‘geniomyoideus’ of McDowell in
Leptotyphlops and anomalepidids does not attach anteriorly to the dentary as
MeDowell indicates. but to the lateral sublingual gland (enclosed in constrictor
muscles ST in the figures). and is very probably identical to the transversus
branchialis of other snakes. The “geniomyoideus’ of MeDowell in Typhiops is the
muscle here labelled "1M47 (fig. 2).

McDowell shows the ‘geniomyoideus” (fransversus branchialis) in Leptotyphlops to
have two regions of insertion (his fig. 17), one labelled ‘GMY", the other labelled
‘IMP. In the Leptotyphlops examined here, the muscle (fig. 1, “I'B’, in situ on
animal’s right. deflected anteriorly in deeper view of animal’s left) does not divide
posteriorly. and the insertion does not correspond to cither of those indicated by
McDowell. The muscle arises from the lateral sublingual gland, turns superticially
(lateral to the genioglossus but medial to the geniofrachealis) over the ‘IM3’; to a
diffuse cutaneous insertion. In other words the ‘GMY’ plus ‘IMP’ of McDowell
correspond to the “TB™ or fransversus branchialis of the present paper. Since the
muscle does not attach to the dentary in Leptotyphlops, it is rather unlikely that it
serves to flex the intramandibular hinge as McDowell suggests (1972: 239). I could
not definitely identifv any muscle fibres (as opposed to connective tissue) in the
position of those labelled "IMA 17 in McDowell's fig. 17.

In Leptolyphlops maximus and L. melanotermus (other Leptotyphlops species not
checked). but not 7'yphlops or anomalepidids, the transversus branchialis appears to
divide into two portions at its origin on the lateral sublingual gland. The major
portion forms the typical transversus branchialis. The second portion remains deep in
position and becomes applied to the oral mucosa, it then runs posteriorly and latero-
dorsally around the oral mucosa and comes to overlie the mucosal insertion of muscle
‘X". The origin of this deep portion is shown (unlabelled) in fig. 1, immediately
posterior to the reflected transversus branchialis (“'TB’) on the animal’s left side.

The transversus branchialis in Typhlops and anomalepidids differs from that in
Leptotyphlops and all other snakes, in that (in the specimens examined) it passes
medial to muscle ‘Y’ (see the figures. muscle 'Y’ is probably homologous to the
intermandibularis anterior of snakes other than Scolecophidia). This may possibly be
a derived state.

In all snakes other than Scolecophidia, the fransversus branchialis passes lateral
to the genioglossus and its probable derivative, the geniotrachealis. The possible
homologue of the transversus branchialis in some lizards (‘mylohyoideus anterior
superficialis’ of Camp (1923)) also passes lateral to the genioglossus (the geniotra-
chealis is absent in lizards, although a probable analogue is present in Varanus). In
Scolecophidia the transversus branchialis passes lateral to the genioglossus, but
medial to the geniotrackealis. This may be a derived state.

(7) In Leptotyphlops there is a muscle that would seem, by its general position, to be
a portion of the genioglossus (and is labelled ‘GGH" in fig. 1). This muscle arises
anteriorly from the same median tendon as the typical portion of the genioglossus
(that inserts along the sides of the tongue), but just posterior to the origin of the
latter muscle. It passes posteriorly, closely ensheathing the typical yenioglossi and
the hyoglossi, to three regions of insertion. A median portion attaches to the lingual
process of the hyoid, and two lateral portions curve around the roots of the hyoglossi
to attach to the hyoid cornua. Langebartel (1968, 51, and fig. 10) includes this muscle
with the genioglossus. As noted by Langebartel, this muscle is unique to
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Leptotyphlops among snakes. In L. melanotermus a few fibres of this muscle appeared
to be continuous with those of the sternohyoideus (of Langebartel) around the distal
tip of the hyoid cornua. This muscle is in the approximate position of that labelled
NCM L7 in MeDowell's fig. 17, of L. kunilis (and apparently identitied with the
sternohyoidens of Langebartel). I am uncertain if it is the same musele because not
only did the situation in the Leptotyphlops examined here not correspond with
MeDowell's description (1972, 242). but the muscle was certainly not present in the
Typhlops specimens (MeDowell states that his "NCM L is present in both genera),
Although there may perhaps be some question as to the homology of the
sternohyoidens of Langebartel, the specimens examined here were found to cor-
respond quite closely with his description (1968. 69-70).

Conclusions
A throat muscle. present in Scolecophidia but absent in other snakes, is reported

here for the tirst time. This muscle, the geriomucosalis, arises on the mandible
immediately posterior to the geniotrachealis and passes posteriorly, nearly parallel
with the latter muscle. to a broad and thin insertion over the mucosa of the lateral
part of the floor of the oral cavity. This muscle is possibly homologous to a Jateral
portion of the genioglossus (of lizards). with an insertion on the oral mucosa, as is
found in diverse lizards. By this interpretation it would be primitively present in
snakes, and snakes other than Scolecophidia show a derived state, the absence (loss)
of the geniomucosalis. An alternative proposal is that it is derived, within snakes,
from the geniotrackealis (itself probably derived from the genioglossus of lizards; only
Varanus among lizards has a geniofrachealis-like muscle). By this interpretation,
that on present evidence appears less likely than the former, the Scolecophidia would
share a derived state.

iven though the geniomucosalis may be a retained primitive state, it may have
been retained in association with the unusual feeding habits, and mechanisms (as far
as known). of the Scolecophidia.

If the geniomucosalis is a retained primitive state, its presence in Scolecophidia
provides no information on the monophyly (sense Hennig 1966). or otherwise, of the
group. Current evidence (mostly based on phenetie simularities) indicates that the
Ncolecophidia are likely to he monophyletic, but a strictly cladistic approach to
available characters does not allow a more definite conclusion.

The new observations and interpretations presented here indicate that, in respect
of the throat muscles, the three families of Scolecophidia are about equally distinct
from each other (in phenetic terms). each family having its own set of peculiarities.
The precise arrangement of the intermandibularis, the geniohyoideus, and the
hyotrachealis. is different in each family. This contrasts with a distinct impression of
general uniformity in throat musculature throughout the Alethinophidia (with the
exception of the intermandibularis anterior, Groombridge 1979 b).

However. all Scolecophidia differ from Alethinophidia in several characters of the
throat muscles: the intermandibalaris muscles are broad and transverse in position,
not forming an Cintermandibular chiasma’s the geriokyoideus, whether single, or
having two or three portions, does not have a broad single (or partially divided)
fleshy insertion along the mandible; the newrocostomandibularis is absent, but
present in Alethinophidia (except anilioids, sensu Rieppel (1977)): the geniomucosalis
is present: the transversus branchialis passes medial to the geniotrachealis. The first
three of these are rather certainly primitive to the corresponding states in
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Alethinophidia. It is more cautiously suggested above that the presence of a
gentomucosalix iz primitive. The last state may be derived, with Alethinophidia
having the primitive state, ‘fransversus branchialis passes lateral to geniotrachealis’.

Within Scolecophidia, Leptotyphlops is generally the most divergent form, with
four unique derived character states: genioglossus with separate portion inserting on
hyvoid: presence of musele "X, passing from lateral surface of ribs (attachment shared
with the lateral head of the geniohyotdeus) to the lateral and dorsal surface of the oral
mucosa: franseersusbranchialis with a deep portion also inserting on the oral mucosa;
presence of a lateral (costal) head of the geniohyordeus.

With reference to the throat muscles and hyoid apparatus, the only clearly
derived character states shared between only two of the three scolecophidian
families (and thus cladistically significant within the group), are those shared by
Typhlops and Leptotyphlops. Perhaps these are better treated as a single derived
character complex, rather than as separate states. This complex involves the far
posterior position of the hyoid. with consequently eclongate geniohyoidens and
hyoglossus. Also associated in this complex is the presence, unigue among snakes, of a
muscle termed the ‘sternohvoideus’ by Langebartel (1968, 69-70). If this is the
correct homology, this is a retained primitive state, but the correlation with the
other derived states raises the possibility that the “sternohvoideus’ is not homolo-
gous to that of the same name in lizards. and is itself a derived state. Another
associated feature is that. according to Langebartel (1968, 54), the kyoglossi in these
two genera are by far the bulkiest among snakes. It would be of great interest to have
some experimental information on functional aspects of this character complex, or
indeed on any aspect of scolecophidian feeding mechanisms.

The Anomalepididae appear to be generally primitive to other Scolecophidia in
some characters of the throat musculature. as in certain other characters (e.g., teeth
retained in both upper and lower jaws; levator pterygoidel retained; posterior
extension of postorbital, probably representing a vestige of the jugal arch, retained
in Anomalepis, Haas (1968)). The "M -shape hyoid is of a form unique among
Squamata (if it includes first branchial arch elements, as appears probable after the
argument of McDowell (1972, 234)), and is thus likely to be a derived state. This
perhaps raises the question whether any of the muscles attaching to the hyoid have
been maodified in association with this transformation.

From a taxonomic viewpoint. it may be noted that a primary division of extant
snakes into two taxa of equal rank. Seolecophidia and Alethinophidia (as currently
uxed by McDowell. 1972, 1974). would not only reflect, in purely phenetic terms, the
extent of the morphological gap between Scolecophidia and other snakes (based on
the throat musculature, including the geniomucosalis, and on various characters
noted above and by Robb and Smith, McDowell, and Underwood, op. cit.); but may
also reflect, in cladistic terms, a basic dichotomy in snake phylogeny (as far as this
can be determined on available evidence).

Summuary
A throat musele, present in Scolecophidia but absent in other snakes, is reported
here for the tirst time. This musecle passes from the genial vegion of the lower jaw to
the mucosa of the floor of the oral eavity. The precise homology of the muscle is
uncertain. In T'yphiops at least, it appears to receive hypoglossal innervation, and
can thus be assigned to the hypobranchial-spinal muscle group. It may have been
J.NGH. 2x
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derived from a lateral portion of the genioglossus that inserts on the foor of the oral
cavity, as is found in diverse lizards, or it may have been derived from the snake
gewiolrackealis. Present evidence tends to favour the former hypothesis. While the
evolutionary origin of the scolecophidian muscle remains unclear a new name is
required. it is here termed the geniomucosalis, after the vegions of origin and
msertion.

Some major problems of scolecophidian phylogeny are discussed as a background
to remarks on the possible cladistic implications of the presence of the geniomucosalis
in Secolecophidia. The conclusion is reached that although the musele further
contributes to the considerable phenetic gap between Scolecophidia and other
snakes, while its homology remains uncertain the geniomucosalis is of limited
significance m a cladistic analysis.

Numerous points of difference are noted between my observations on various
scolecophidian throat muscles. and observations reported in the literature.
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Appendix: Material examined
All specimens examined are in the collection of the British Museum (Natural
History).

Anomalepididae
Anomalepis mexicana, 1929.6.1.41
Helminthophis flavoterminatus, 65.10.6.1
Liotyphlops ternetzii, 1956.1.16.34
Typhlophis squamosus, 95.5.7.1

Leptotyphlopidae
Leptotyphlops eming, 1947.1.2.87
L. macrolepis, 1904.6.30.5
L. maximus, 1906.6.1.242
L. melanotermus, 89.11.20.13
L. humilis, 82.11.15.20

Typhlopidae
Rawphotyphlops australis, 1974.750
R._bicolor, 1904.10.7.61
Typhlops angolensis, 1959.1.4.75
T. bibronii, 95.4.4.1
T. lumbricalis, 1932.11.11.21-22
T. punctatus, 1975.568, & unreg.spec.
T. schlegelii, 1965.35, 96.9.7.2
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