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PLATE V. Rhin0phrynu.s dorsalis. Details of structure of buccal lining, tongue, and oesophagus. (a) Mesa-like 
epithelial configuration of roof of buccal cavity. (b) Surface of tongue showing glandular, villus portion medially 
that grades to simple cuboidal epithelium laterally. (c) Enlargement of villous lingual surface. (d) Oesophagus, show- 
ing complex, plate like folding oflining. (e) Enlargement ofoesophageal lining. Scale = 0.5 mm. 

FIG. 3. Rhinophrynus dorsalis. Dissections of muscle shown in ventral views for successive layers. (a) (left) Super- 
ficial view to show the Mm. intermandibularis and contiguous interhyoideus. The shaded zone represents the two 
levels of connective tissues, the anterior one reaching from mandible to mandible. The deeper one, shown more 
posteriorly unites the ventral surfaces of the two slips of the M. mentomandibularis. The connective tissues have 
been shown removed on the right hand side of the drawing disclosing the transverse and continuous M. submentalis 
anteriorly and the diagonally placed M. mentomandibularis posterolaterally. Note that the latter muscle originates 
from the bony splint of the submandibular process of the angulosplenial. Note that the posterior transverse muscles 
are paired and the lateral portions join each other along the very inconspicuous midventral raphe. (b) Diagram 
to show the two major muscles of the layer disclosed after removal of the Mm. intermandibularis and interhyoideus. 
Note that the M. geniohyoideus is single and consists of an array of subparallel fibres and overlies (in this view) 
much of the anterior attachment of the M. sternohyoideus, shown exposed on the right hand side of the drawing. 
Unlike those of most other frogs, these muscles of Rhinophrynus do not interdigitate, i.e., there is only a single 
rather an overlapping pair of geniohyoids. The dashed line indicates the outline of the tongue. (c) The muscles 
connecting the hyoid with the skull and shoulder girdle. Note the three distinct slips of the M. petrohyoideus (two 
shown on the right and one on the left side) as well as the stout M. sternohyoideus that lies ventrad. This muscle 
is in a better mechanical position to effect anteroposterior movement and its mass appears to be equivalent to that 
of the petrohyoids. (d) The complex muscles that enter into the composition of the tongue consist of the relatively 
small M. genioglossus and the enormous M. hyoglossus. The fibres of the M. genioglossus actually consist of two 
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Lingual protrusion 
The mechanism of tongue protrusion had to be extrapolated from the above-described 

morphological pattern and from the stimulation experiments. The accounts given of the indi- 
vidual muscles describe their actions when stimulation was at a level low enough and loca- 
lized enough so that we are fairly certain that only fibres of the particular muscle were 
shortening. (Stimulation at higher levels and with electrodes that have more exposed surface 
area may cause the stimulus to spread so that multiple muscle fibres are activated simulta- 
neously.) The protraction and retraction hypotheses presented below were tested also by 
simultaneous stimulation of two or more muscle groups and these confirm the pattern char- 
acterized here. 

The fundamental pattern of tongue protrusion in Rhinophrynus apparently involves two 
events (Fig. 4) that need not be temporally sequential. The first event is a stiffening and 
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FIG. 4. Two-step mechanism of tongue protrusion in Rhinophrynus dorsalis. The resting position of the tongue 
is shown by a solid outline. The shape and position of the tongue on contraction of its intrinsic muscles is indicated 
by the dot-dash outline, and its fully protruded state by the dashed line. Shaded arrows represent the major directions 
of tongue movement and deformation. 
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anterior extension of the tongue. This apparently is effected primarily by a contraction of 
the M. hyoglossus (rather than the M. genioglossus as in Rana and Bufi, Gans & Gorniak, 
in press). The fibres of the M. hyoglossus radiate outward from the anterior edge of the hyoid 
plate; some extend to form the posterior wall of the tongue, others its sides and top. In 
general, more fibres per unit area insert on the posterior and posterolateral lingual walls than 
on the anterolateral and most anterior ones. Thus, contraction of the M. hyoglossus would 
seem to narrow the posterior portion of the triangular tongue, rounding this portion and 
displacing the lymph of the internal (but never patent) lingual sinus anteriorly to the zone 
where relatively few fibres provide resistance. 

Action of the M. hyoglossus therefore squeezes the posterior portion of the tongue and 
causes its anterior part to be erected into a protruding, rodlike tube; this phenomenon was 
replicated a number of times when the muscle was stimulated. In contrast, contraction of 
the M. genioglossus inhibits forward protrusion of the lingual tip because this muscle gives 
off many fibres that insert into this tip. While it is facile to argue that action of the M. 
hyoglossus is associated with stiffening and that of the M. genioglossus with relaxation, it 
may well be that some low-level contraction of the latter muscles occurs coincident with 
protrusion, so that the Mm. genioglossus and hyoglossus show modulated activity. 

The second portion of lingual projection may not involve the glossal muscles at all. The 
hyoid plate and associated cornua of Rhinophrynus are unique in their substantial antero- 
posterior mobility (Trueb & Cannatella, 1982). The hyoid of Rhinophrynus certainly differs 
from that of other frogs in providing a basal attachment for the tongue. Thus the action of 
the erecting M. hyoglossus is not only affected by its origin on the posteromedial processes 
of the hyoid but, more important, many of the fibres turn around the anterior edge of the 
hyoid plate, as around a sheave so that the posterior portions of the tongue are pulled 
together and protrude toward this. As the hyoid supports the rigidified tongue, movement 
or protrusion of the hyoid will protrude the tongue, forcing its turgid tip out of the mouth. 
The unique M. mandibulomentalis apparently may lift the buccal floor and facilitate this 
movement. The protrusion of the hyoid plate apparently occurs by action of the stout mass 
of the M. geniohyoideus (probably enhanced by action of the Mm. petrohyoidei). In this 
connection it is interesting to note that the insertions of two of the three slips ofthe M. petro- 
hyoideus of Rhinophrynus seem to have shifted from the ventral to the dorsal portion of 
the hyoid plate. Thus, the extension of tongue in some ways resembles the positioning of 
an old-fashioned culverin on board a ship of war. The cannon (tongue) is first primed; only 
later is the gun carriage (hyoid plate) moved to protrude it through the gunport (buccal 
groove). 

Retraction of the tongue occurs by means of the stout, anteroposteriorly directed sterno- 
hyoids. These muscles have a much larger area of insertion on the corpus of the hyoid plate 
(which is reinforced by a slim, transverse bone) than in other frogs (Trewavas, 1933; personal 
observation). In this connection, we also note the fact that the geniohyoid is single in 
Rhinophrynus and does not contain two discrete slips, the origins of which are separated from 
their posteriorattachment by the sternohyoid. Also thespecies lacksan omohyoid. 

Mechanics of the tongue 
How, then, does Rhinophrynus feed on termites? The lingual mechanism described rep- 

resents an interesting subterranean foraging strategy well matched to prey operating at 
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reasonable densities in isolated, fairly narrow tunnels in hard soil. Once the frog has un- 
covered such a tunnel by burrowing up to it and breaking its wall, it need only place the 
tip of its mouth against the aperture and extend the sticky tongue each time it detects a 
passing insect. (The tongue might even be left briefly in a position which occludes the tunnel 
and retracted only when a passing ant becomes involved with the sticky secretion.) 

We visualize the tongue being stiffened and then protruded by the two-step mechanism 
described in the previous section. Because the sides of the mandibles are relatively stiff, we 
anticipate that contraction of the Mm. submentalis and mandibulomentalis lifts the buccal 
floor, thus guiding the stiffened, protruding tongue above, rather than into, the symphysial 
region. The protrusion ofthe stiffened tongue would be directed by the groovelike vault of the 
buccal ceiling that is formed by the floor of the rostra1 projection. The relatively flexible and 
anteriorly directed buccal slit then would allow the tongue to protrude from the mouth 
through what amounts to a forward-facing tunnel; the sides of the “tunnel” remain closed by 
the overlapping lips, which provide further hermetic sealing by their copious glandular 
secretions. 

Once prey has been enfolded by the cup-shaped, villous lingual tip, action of the sterno- 
hyoid would pull the tongue directly posteriorly. It is critical that the M. hyoglossus remains 
active during this retraction period. Too early an inactivation would cause the tongue to 
become flacid, but not necessarily to retract it nor to retract the prey. Thus protrusion and 
retraction of the tongue of Rhinophrynus is very much a function of the muscles attaching 
the hyoid plate to the mandibular symphysis, the skull, and the pectoral girdle, respectively. 

There are obviously several other complications to the system. One is the need for rapid 
cycling, probably before the first prey item has left the buccal cavity. Also, the tongue must 
be utilized for prey transport in the buccal cavity and toward the oesophagus. The grooves 
within the palatal roof well may be involved with this phase. 

Evolutionary implications 
The physical similarities between Rhinophrynus and various other tropical, subterranean 

species mentioned in the Introduction suggest convergence among diverse families on a 
specialized morphotype adapted to a burrowing mode of life. This habitus is characterized 
by a bulky body, usually with a dark ground colour with brilliant markings; short, stout limbs 
with well-developed palmar and plantar tubercles; and a short head with little or no apparent 
neck region. Despite these superficial similarities, detailed examination reveals that Rhino- 
phrynus is a great deal more specialized than most other burrowing frogs. The mandible is 
positioned further forward in connection with the anterior elaboration of the snout (Trueb 
& Cannatella, 1982). The snout is long and narrow, instead of blunt, and covered by a spiny 
integument that is absent in all other frogs. Most important, the tongue of Rhinophrynus 
has a Buuplun that is markedly different from that of all other frogs because contraction of 
the Mm. genioglossus and hyoglossus only serves to stiffen the tongue, but not to protrude 
it. Protrusion is induced by a shift of the entire tongue via the hyoid base to which the tongue 
is attached. Thus, instead of having a “froglike” catapulting mechanism of tongue protrusion, 
the tongue of Rhinophrynus is protruded by means of continuous muscular control without 
any projectile component. 

The occurrence of two such drastically different patterns of lingual propulsion among 
anurans raises an obvious question as to the possible existence of a more generalized, ances- 
tral condition. On the one hand, there are the aglossal pipids to which Rhinophrynus is 
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related most closely (Sokol, 1975, 1977). Had the two types oftongues arisen from an aglossal 
ancestor, the divergent lingual apparatuses would have to have evolved, de novo, on two 
separate occasions. Moreover, because the “tongueless” pipids retain both hyoid plates 
(albeit modified) and traces of tongue musculature (Chaine, 1901; Horton, 1982), they are 
not likely candidates for an ancestral “type”. On the other hand, the structure of the tongue 
in Bornbina (Discoglossidae) and Ascuphus (Leiopelmatidae) as illustrated by Regal & Gans 
( 1  976: 723) seems a more reasonable ancestral condition. In these species, the tongue is little 
more than a loose folding of mucous tissues that enclose overlapping radiations of the genio- 
glossal and hyoglossal fibre bundles in the buccal floor. Contraction of the fibres moves the 
entrained (extracellular) lymphatic fluids anteriorly; as a consequence, the mass of the tongue 
is allowed to bulge forward over the mandibular symphysis. From a functional viewpoint, 
it is not unreasonable to propose that the highly projectile tongues of most anurans and the 
“artillery-piece” tongue of Rhinophrynus might have evolved from this generalized sort of 
tongue and tongue-propulsion mechanism. Thus, in the case of most anurans that protrude 
their tongues by means of a lingual flip, the genioglossal mass hypertrophied and increased 
its capacity for intracellular stiffening, thereby producing the capacity for the “ballista 
mechanism”, as described by Gans & Gorniak (1982). In Rhinophrynus, in contrast, the 
hyoglossal mass hypertrophied and developed the capacity for hydrostatic stiffening utilizing 
extracellular fluids primarily. Given such an arrangement, the tongue would have to be 
moved by a second set of muscles; this could happen only if the tongue were connected firmly 
to the hyoid, so that movement of the hyoid would effect movement of the tongue. 

One of the more startling results of this analysis is the realization that at least one frog 
moves its hyoid in order to move its tongue. In this respect, Rhinophrynus shows an obvious 
and general similarity to the patterns of tongue protrusion characterizing salamanders, cha- 
meleons, and various, less spectacular tongue-feeding lepidosaurs. However, it should be 
kept in mind that although the hyoid must move to shift the tongue in all of these animals, 
the detailed mechanisms of lingual activation and protrusion differ drastically, and therefore, 
are unrelated in an evolutionary context. 

Summary 

Morphological, cinematographic, and stimulation studies document that the Mexican bur- 
rowing toad, Rhinophrynus dorsalis, shows several specializations here interpreted as modifi- 
cations for burrowing as well as for feeding on ants and termites. Its pointed rostrum bears 
keratinous spines, its pectoral girdle arches over the skull, and its oesophagus shows a unique 
pattern of folding. Its tongue utilizes a unique mechanism fundamentally distinct from that 
of other frogs. The muscles (Mm. genioglossus and hyoglossus) intrinsic to the tongue serve 
to stiffen it by acting on the fluid contents of the intrinsic lingual sinus. However, tongue 
protrusion and retraction, per se, involve the shift of the entire tongue on its mounting by 
means ofthe Mm. geniohyoideus, petrohyoideus, and sternohyoideus. 
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I R01 DE05 1 12 to C. Cans), and The University of Kansas Museum of Natural History (L. Trueb). 
We are grateful to Julian Lee who secured living specimens of Rhinophrynus dorsalis for our use, and 
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