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Abstract

In this paper I study the oral, buccopharyngeal, and musculoskeletal configuration in tadpoles of nine Telmatobius spe-
cies from Northwestern Argentina (T. atacamensis, T. ceiorum, T. laticeps, T. oxycephalus, T. pinguiculus, T. pisanoi, T.
cf. schreiteri, T. scrocchii, and T. stephani; N = 30, Gosner stages 31–36). Specimens were prepared according to stan-
dard clearing and staining protocols; additionally, I applied landmark and outline-based geometric morphometric meth-
ods in order to quantify shape variation in chondrocrania, hyobranchial skeletons, and suprarostral cartilages. Although
preliminary, results show a marked morphological uniformity on the analyzed levels, and overlapping interspecific and
intraspecific variation, which renders species discrimination difficult. Some distinctive traits for the genus are bicuspi-
date buccal spurs, peculiar arrangement of buccal roof and floor papillae, tetrapartite suprarostral, adrostral cartilages, a
lateral slip of the m. subarcualis rectus II-IV invading branchial septum IV, and a characteristic pattern of muscles
inserted on the diaphragm. The conservative larval internal morphology in this genus could be explained by a recent spe-
ciation and a development possibly characterized by the postmetamorphic appearance of specific features. 

Resumen

En este trabajo estudio la morfología oral, bucofaríngea y musculoesquelética de larvas de nueve especies de Telmato-
bius del Noroeste argentino (T. atacamensis, T. ceiorum, T. laticeps, T. oxycephalus, T. pinguiculus, T. pisanoi, T. cf.
schreiteri, T. scrocchii y T. stephani; N = 30, estadios de Gosner 31–36). Los especímenes se prepararon siguiendo proto-
colos clásicos de transparentación y coloración diferencial; adicionalmente, apliqué métodos de morfometría geométrica
basada en landmarks y contornos para cuantificar la variación de formas en condrocráneos, esqueletos hiobranquiales y
cartílagos suprarostrales. Aunque de carácter preliminar, los resultados muestran una notable uniformidad morfológica
en los niveles analizados, y una variación intraespecífica que se superpone con la interespecífica, dificultando la distin-
ción entre especies. Algunos rasgos distintivos del género son un par de espolones bucales bífidos, un arreglo particular
de las papilas del techo y piso bucales, suprarostral tetrapartito, adrostrales, un haz del m. subarcualis rectus II-IV invadi-
endo el septo branquial IV, y un patrón aparentemente característico de los músculos insertos en el diafragma. La mor-
fología larval interna conservadora en el género podría explicarse por una especiación reciente y un desarrollo
posiblemente caracterizado por la aparición postmetamórfica de los rasgos específicos. 

Key words: Telmatobius, tadpoles, buccal cavity, musculoskeletal configuration, geometric morphometrics

Introduction

The genus Telmatobius (Ceratophryidae: Telmatobiinae) includes 57 species of Andean frogs distributed from
Southern Ecuador to Northern Chile and Northwestern Argentina (Frost et al. 2006, updated in Frost 2008);
till moment, 14 species are cited for Argentina (Lavilla & Barrionuevo 2005). The literature on the genus
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comprehends mainly studies on adult specimens, considering external morphology, morphometrics, osteol-
ogy, soft anatomy, genetics, reproductive and ecological aspects, etc. (e.g., Vellard 1946; 1960; Pisanó 1954/
1957; Laurent 1970; 1973; 1977; 1979; Lynch 1971; 1978; Heyer 1975; Trueb 1979; Cei 1980; 1986; Lavilla
& Laurent 1988a,b; Montero & Pisanó 1990; Wiens 1993; Córdova & Descailleaux 2005; Sinsch et al. 2005;
see a commented bibliographic list in Lavilla 2005). Phylogenetic relationships within the genus have not
been completely elucidated, and the most recent approaches are the researches by Aguilar (2006) and Barrion-
uevo (in prep.), on Peruvian and Argentinean species respectively.

As regard to tadpoles, most of the available literature concerns external morphological features (e.g.,
Pisanó & Rengel 1954; Trueb 1979; Lavilla 1983; 1984; 1985; Díaz & Valencia 1985; Lavilla & Scrocchi
1986; Lavilla & De la Riva 1993; Cuevas & Formas 2002; De la Riva & Harvey 2003; Formas et al. 2003,
2006; De la Riva 2005; Formas et al. 2005; Lehr 2005; Merino-Viteri et al. 2005). Wassersug and Heyer
(1988), Carr and Altig (1991), Fabrezi and Lavilla (1993), Lavilla and De la Riva (1993), Palavecino (1999),
Aguilar and Pacheco (2005), Aguilar (2006), Aguilar et al. (2007) and Vera Candioti (2007) contributed with
punctual descriptions and comparative studies on skeletal, muscular and buccopharyngeal configuration.

The aims of this paper are (1) to analyze oral, buccopharyngeal, and musculoskeletal features of tadpoles
of nine species of Telmatobius from Northwestern Argentina, and (2) to discuss this in a more general frame
of larval morphology associated with phylogenetic and ecological aspects; this intend to provide base data
that can be useful for more integrative studies on anuran tadpoles. 

Material and Methods

I worked with tadpoles housed at the Herpetological Collection of the Instituto de Herpetología, (Fundación-
Miguel Lillo; N = 30, Gosner–1960–stages 31–36), collected from varied sites in Northwestern Argentina.
Studied species are: Telmatobius atacamensis, T. ceiorum, T. laticeps, T. oxycephalus, T. pinguiculus, T.
pisanoi, T. cf. schreiteri, T. scrocchii, and T. stephani; specimen list and collection data are detailed in Table 1.
For oral and buccopharyngeal configuration studies, I exposed buccal roof and floor, staining structures with
methylene blue prior to observation. For skeleton and musculature studies, specimens were treated with a
double staining protocol (Wassersug 1976a), interrupting the procedure before clearing, and then staining with
lugol solution to enhance the contrast between skeleton and muscles. The terminology employed to describe
oral, buccal, and musculoskeletal structures is that suggested by Altig (2007), Wassersug (1976b), and Haas
(2003) respectively. 

In order to explore skeletal interspecific variation, I carried out preliminary analyses on shape variation of
three structures through geometric morphometrics (N = 1–5 per species). For the study of chondrocranium
and hyobranchial skeleton shape, on the right side of cartilage pictures I defined 28 and 24 landmarks respec-
tively, and I applied a principal component analysis on shape variable matrices (partial warps + uniform com-
ponent), first separately and then combined (details on landmark-based geometric morphometrics in Rohlf &
Bookstein 1990, Monteiro & Furtado dos Reis 1999, and Zelditch et al. 2004, among others; landmark selec-
tion based on Vera Candioti et al. 2007). For suprarostral cartilages, I applied the mean-centered approach of
extended eigenshape analysis –EEA–, which describes curves through a phi function that represents the devi-
ation from a circumference (closed curves in this case), plus landmarks delimiting comparable segments, also
calculating a minimum number of points to describe each segment (details on standard and extended eigen-
shape analysis in Lohmann 1983; MacLeod 1999; Krieger et al. 2007, among others). For certain structures,
this method gives more accurate results than the elliptic Fourier analysis –EFA– (Kuhl & Giardina 1982),
since additional landmarks constrain the alignment of outlines to comparable segments, and then “the extrane-
ous variation generated through biological miscorrespondence of the outline can be reduced” (MacLeod
1999).
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TABLE 1. Studied specimens and collection data. 

*Tadpoles of this lot were used for external morphology examination; all larvae of a new lot, collectioned at the same
locality, were employed for dissection and thus no whole specimens were deposited at the Herpetological Collection. 

Results 

I describe oral, buccal, and musculoskeletal configuration of nine Telmatobius species studied. Variable fea-
tures are detailed for corresponding species, when relevant. 

Oral apparatus and buccopharyngeal cavity. The oral disc represents about 23–25% of the tadpole
body length. It is oblong and not emarginated; in relaxed position, the lower labium often forms two ventrolat-
eral folds. It is lined by a single row of conical marginal papillae, interrupted by a dorsal gap that occupies
almost half of the upper labium. Large submarginal papillae appear in several series in the commissural
region, and aligned in one row in the lower labium. Labial teeth form frequently on lower submarginal papil-
lae. Rostrodonts are curve, well-developed, keratinized, dark, and serrated. Labial tooth rows have similar
length, and are disposed according to a 2(2)/3(1) labial tooth row formula (Fig. 1). Labial teeth have an
oblong, curve head with 10–14 cusps, a short, poorly defined body, and a wide sheath. In Telmatobius
oxycephalus, T. scrocchii, and T. stephani, the head curvature is less marked than in the remaining species
(Fig. 2). 

FIGURE 1. Oral apparatus in Telmatobius. T. ceiorum, frontal view. The arrows show commissural and lower labium
submarginal papillae. Scale line = 1 mm.  

Collection number Collection site Gosner stages

Telmatobius atacamensis FML04472* San Antonio de los Cobres, Salta 34, 36, 36

Telmatobius ceiorum FML05068 Tafí del Valle, Tucumán 35, 36

FML05070 Tafí del Valle, Tucumán 36

FML05074 Tafí del Valle, Tucumán 31

FML05075 Tafí del Valle, Tucumán 31

Telmatobius laticeps FML04625 Tafí del Valle, Tucumán 31, 31, 32

Telmatobius oxycephalus FML10211 Parque Nacional Calilegua, Jujuy 31, 34

Telmatobius pinguiculus FML05536 La Ciénaga, Catamarca 32

Telmatobius pisanoi FML04081 Tafí del Valle, Tucumán 36

FML04613 Tafí del Valle, Tucumán 31, 36, 36

FML04609 Tafí del Valle, Tucumán 31

Telmatobius cf. schreiteri FML05113 El Plumerito, La Rioja 31, 31

FML05161 Macho Muerto, La Rioja 31, 36

Telmatobius scrocchii FML04482 Río el Arenal, Catamarca 31, 31, 32, 31, 34

Telmatobius stephani FML05534 La Cumbrecita, Catamarca 31, 34, 35
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FIGURE 2. Labial teeth in Telmatobius (tooth row A1). Lateral (top) and frontal (bottom) views; Ta T. atacamensis, Tc
T. ceiorum, Tl T. laticeps, To T. oxycephalus, Tp T. pinguiculus, Tpi T. pisanoi, Ts T. cf. schreiteri, Tsc T. scrocchii, Tst T.
stephani. Magnification = 1000x, excepting T. laticeps and T. pinguiculus, with magnification = 400x.

FIGURE 3. Telmatobius atacamensis buccal cavity, stage 36. (A) Buccal roof, (B) Buccal floor. bfa buccal floor arena,
bfp buccal floor papilla, bp buccal pocket, bra buccal roof arena, brp buccal roof papilla, dv dorsal velum, gz glandular
zone, ilp infralabial papilla, in internal nare, lp lingual papilla, lrp lateral ridge papilla, mr median ridge, mrp median
ridge papilla, pna prenarial arena, pnp prenarial papilla, ptna postnarial arena, ptnp postnarial papilla, s spur, ta tongue
anlage, vv ventral velum. Yellow lines show the two (roof) and three (floor) papilla arrangements. Scale line = 1 mm.

The buccal roof (Figs. 3 and 4) is rhomboidal and unpigmented. The prenarial arena is naked, or shows
scarce pustules. The internal nares are oblong, arranged at an angle of 31–48º regarding the transversal axis;
the extreme values correspond to Telmatobius pinguiculus and T. cf. schreiteri, respectively; 1–3 small prenar-
ial papillae may appear on the anterior margin, and the nasal valve is poorly developed. On the postnarial
arena, 3–4 pairs of tall, conical papillae align in an inverted V pattern, accompanied by several pustules and
low papillae; papillae of the second pair are taller than the others. Lateral ridge papillae are flat, wide, well-
developed, with 3–5 uneven, frequently pustulate tips. The median ridge is disposed at the level of lateral
ridge papillae; it is triangular, with a markedly uneven margin, and in its folded position, conceals a couple of
small pustules or low papillae anteriorly placed. The buccal roof arena is ovoid and limited by 7–12 pairs of
symmetrically arranged marginal buccal roof arena papillae; these papillae are tall, conical and pustulate, the
anterior pair more developed; numerous pustules and low papillae appear among the main papillae; on the
arena central region, posterior to the median ridge, several pustules and small papillae are scattered. A second
papilla arrangement includes conical papillae disposed following a line that continues the arena posterior
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edge, diverging lateral and anteriorly, and often ending in discrete groups of 3–6 simple papillae. Posteriorly,
the wide glandular region appears in an open-V pattern, and includes conspicuous, large secretory pits. The
dorsal velum is short and recurved, and interrupts medially in a wide gap. 

FIGURE 4. Buccal roofs in other Telmatobius. Tc T. ceiorum, Tl T. laticeps, To T. oxycephalus, Tp T. pinguiculus, Ts T.
cf. schreiteri, Tsc T. scrocchii, Tst T. stephani. T. pisanoi picture is not shown because after examination the specimen
was too destroyed to be photographed. Scale lines = 1 mm.

The buccal floor (Figs. 3 and 5) also lacks pigmentation. Posteriorly to the infrarostrodonts, a couple of
small, keratinized, scarcely prominent, and bicuspidate spurs appear, medially oriented. Two pairs of infrala-
bial papillae place posteriorly; the medial ones are small and conical, and the lateral ones, directed medially
from the medial edge of the Meckel’s cartilage, are larger, flat, slightly pustulate, and do not overlap in the
middle axis. The tongue anlage has one pair of conical, often pustulate lingual papillae; some pustules may
appear accompanying lingual papillae. The buccal floor arena is rounded or slightly hexagonal, delimited by
25–40 pairs of papillae symmetrically arranged in two lines that diverge anteroposteriorly, run caudally
almost parallel to each other, and then converge on the medial region of the ventral velum anterior edge; the
anterior papillae are small and simple, whereas the medial and posterior ones are larger and more developed,
several also branched; papillae placed at the level of the buccal pockets are often joined at their base, resulting
in wide, flat and deeply bifurcate papillae. Groups of tall, pustulate papillae diverge laterally, and locate on the
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ceratohyal lateral region and following the anterior margin of the buccal pockets. A third arrangement
includes papillae that are disposed following two lines that diverge lateral and anteriorly from the arena poste-
rior edge, lining the ventral velum anterior margin. Numerous pustules and low papillae scatter among the
main papillae and on the central region of the arena, posterior to the level of the buccal pockets. The buccal
pockets are long and oriented transversal or slightly oblique regarding the body longitudinal axis. The ventral
velum is long and thick, supported by spicules; it has 6 conspicuous marginal projections disposed on the fil-
ter plates, medially oriented; the most lateral projections are smaller and rounded, and the remaining are larger
and pointed; on the medial region, there is a couple of projections on both sides of the small median notch, lat-
erally oriented; in some specimens, there is a second pair of small projections placed between the median and
the first marginal projections. Secretory pits appear on the posterior, ventral margin of the velum.

FIGURE 5. Buccal floors in other Telmatobius. Tc T. ceiorum, Tl T. laticeps, To T. oxycephalus, Tp T. pinguiculus, Ts T.
cf. schreiteri, Tsc T. scrocchii, Tst T. stephani. T. pisanoi picture is not shown because after examination the specimen
was too destroyed to be photographed. Scale lines = 1 mm.

Chondrocranium and hyobranchial skeleton. The chondrocranium of these larvae (Figs. 6 and 7) rep-
resents about 42% of the body length, and maximum width is at the level of the posterior region of the suboc-
ular bar. The suprarostral cartilage is tetrapartite, formed of distinguishable corpora and alae. The corpus
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portions are subtriangular, and are joined to each other by a connective commissure. The alae are quadrangu-
lar and show dorsal anterior and posterior processes well-developed. Next to the dorsal edge of each ala, there
is a small and polyhedric adrostral cartilage; in some specimens of Telmatobius atacamensis, T. laticeps, T.
pisanoi, and T. stephani, two chondrification centers are visible. The trabecular horns are long (22–26% of the
chondrocranium total length), and have an oblique anterior edge. The lateral trabecular process is well-defined
in some specimens of T. pisanoi, T. cf. schreiteri, and T. stephani. The nasal septum and the antorbital pro-
cesses are developed, and the latter approach to the muscular process tip. The chondrocranium is dorsally
open through the frontoparietal fenestra, lined on both sides by the taeniae tecti marginales. The chondrocra-
nial lateral walls are represented by the orbital cartilages; oculomotor and optic foramina are visible, the latter 

FIGURE 6. Telmatobius atacamensis chondrocranium and hyobranchial skeleton, stage 34. (A) Neurocranium, dorsal
view (B) Hyobranchial skeleton, ventral view (C) Detail of upper and lower jaw cartilages, frontal and ventral views
respectively. a ala, adc adrostral cartilage, alpc anterolateral process of ceratohyal, alpo anterolateral process of the otic
capsule, anp antorbital process, apc anterior process of ceratohyal, arp articular process, asp ascending process, bb basi-
branchial, c corpus, cb(I-IV) ceratobranchial, ch ceratohyal, fp frontoparietal, hp hypobranchial plate, ic infrarostral car-
tilage, lpc lateral process of ceratohyal, mc meckel’s cartilage, mp muscular process, ns nasal septum, oc otic capsule,
plpo posterolateral process of the otic capsule, pp pseudopterygoid process, ppc posterior process of ceratohyal, pr pars
reuniens, qc quadratocranial commissure, qp quadratoethmoid process, rp retroarticular process, sb subocular bar, sf sub-
ocular fenestra, tc terminal commissure, th trabecular horn, ts tectum synoticum, ttm taenia tecti marginalis, up urobran-
chial process. Scale lines = 1 mm.
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FIGURE 7. Chondrocrania in other Telmatobius. Tc T. ceiorum, Tl T. laticeps, To T. oxycephalus, Tp T. pinguiculus, Tpi
T. pisanoi, Ts T. cf. schreiteri, Tsc T. scrocchii, Tst T. stephani. Scale lines = 1 mm.

FIGURE 8. Hyobranchial skeletons in other Telmatobius. Tc T. ceiorum, Tl T. laticeps, To T. oxycephalus, Tp T. pinguic-
ulus, Tpi T. pisanoi, Ts T. cf. schreiteri, Tsc T. scrocchii, Tst T. stephani. Scale lines = 1 mm.

slightly larger. The trochlear foramen is placed near the dorsal margin of the orbital cartilage, partially con-
cealed by the frontoparietals. The prootic foramen appears between the orbital cartilage and the otic capsule.
The cranial floor is completely cartilaginous; carotid and craniopalatine foramina are visible, the latter larger
and medially placed. The otic capsules are quadrangular and occupy about 23–27% of the chondrocranial
length; anterolateral processes are evident in T. laticeps and T. stephani, and both antero- and posterolateral
processes appear in T. atacamensis, T. pisanoi, and T. cf. schreiteri. Otic capsules are joined to each other by
the tectum synoticum; in some specimens of T. atacamensis, T. ceiorum, T. laticeps, T. oxycephalus, T. scroc-
chii, and T. stephani, a thin cranial roof develops. The fenestra ovalis represents about 37–42% of the capsule
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length. The palatoquadrate cartilage is oriented slightly convergent to the body longitudinal axis. It has a wide
and long articular process, a rounded muscular process medially inclined, and a smooth subocular bar slightly
wider in its posterior region. From the anterior edge of the muscular process, a small, pointed process projects
laterally, this process is well-developed in some specimens of T. laticeps, T. oxycephalus, T. pisanoi, and T. cf.
schreiteri. Anteriorly, the palatoquadrate articulates with the neurocranium through the quadratocranial com-
missure, which has a triangular quadratoethmoid process (well-developed in some specimens of T. ceiorum, T.
cf. schreiteri, and T. pisanoi) and a long, thin pseudopterygoid process, attached to the cranial floor (T.
oxycephalus) or free (remaining species). The ascending process attaches to the neurocranium below the ocu-
lomotor foramen. In the lower jaw, Meckel’s cartilages are long and sigmoid, and have a long, medially ori-
ented retroarticular process, point of articulation with the palatoquadrate, and ventro- and dorsomedial
processes articulating with the infrarostral cartilages. On the posterior margin, there is a rounded process lying
on a small sinus in the palatoquadrate articular process; this process is well-developed in T. atacamensis, T.
laticeps, T. cf. schreiteri, and T. stephani. The infrarostral cartilages are oblong, dorsally curved, and have a 

FIGURE 9. Telmatobius laticeps musculature, stage 31 (A) Dorsal view (B) Ventral view (C) Lateral view (D) Detail of
the muscles of the muscular process; mm. orbitohyoideus and hyoangularis have been removed, in order to show the
insertions of mm. quadratoangularis, suspensorioangularis, and suspensoriohyoideus. cb (II–IV) constrictor branchialis,
cl constrictor laryngis, db diaphragmatobranchialis, dl dilatator laryngis, gh geniohyoideus, ha hyoangularis, ih interhy-
oideus, im intermandibularis, lab (I–IV) levator arcuum branchialis, lma levator mandibulae articularis, lmep levator
mandibulae externus profundus, lmes levator mandibulae externus superficialis, lmi levator mandibulae internus, lml
levator  mandibulae lateralis, lmlp levator mandibulae longus  profundus, lmls levator mandibulae longus superficialis,
ml mandibulolabialis, oh orbitohyoideus, qa quadratoangularis, rc rectus cervicis, sa suspensorioangularis, sh suspenso-
riohyoideus, so subarcualis obliquus, sr (I–IV) subarcualis rectus, tp tympanopharyngeus. Scale line = 1 mm. 
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FIGURE 10. Detail of the diaphragm muscles, with the apparently typical disposition in Telmatobius. The photograph
corresponds to T. ceiorum. d diaphragm, ms medial slip, ih interhyoideus, ihp interhyoideus posterior, o operculum, oh
orbitohyoideus, ra rectus abdominis. Scale line = 1 mm.

FIGURE 11. Detail of the m. subarcualis rectus II-IV, varied patterns in Telmatobius. Tc T. ceiorum, Tsc T. scrocchii.
The arrows show the diverging muscle slips in T. scrocchii, discontinuous in the second specimen. Scale lines = 1 mm.

small notch on the posterior margin; they are joined to each other through a connective intramandibular com-
missure. Finally, regarding ossifications of the neurocranium, at the analyzed stages the frontoparietals appear
as long, narrow structures placed dorsally to the taeniae tecti marginales. In the hyobranchial skeleton (Figs. 6
and 8), the ceratohyals are long and have conspicuous processes. On the anterior margin, there is a triangular,
wide anterior process, a lower and medially oriented anterolateral process, and a small process placed near the
edge of the ceratohyal. The anterior process is rounded in T. laticeps and T. cf. schreiteri, and pointed in the
remaining taxa; the anterolateral process is short and smooth in T. ceiorum, tall and thin in T. atacamensis, and
has an average development in the remaining species. On the posterior margin, a tall, triangular, laterally ori-
ented posterior process is visible. Finally, a rounded articular condyle, point of articulation with the palato-
quadrate, appears on the ceratohyal dorsal surface. The ceratohyals articulate medially through a quadrangular
pars reuniens. The basihyal is absent, and the basibranchial is short and wide, and on its edge shows a wide,
rounded urobranchial process (quadrangular in most specimens of T. ceiorum, T. cf. schreiteri, and T. pisanoi).
The hypobranchial plates are flat, long, and articulate on the middle line, leaving an ovoid notch on the most
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caudal portion; they are anteriorly fused to the basibranchial. The ceratobranchials are thin and curve, with
numerous lateral projections on their margins. They are proximally joined to the hypobranchial plates through
cartilaginous commissures, excepting the ceratobranchial I, which is fused to the hypobranchial. Distally, they
are joined by terminal commissures. The ceratobranchial I has a wide, rounded anterior branchial process. In
the ceratobranchial II, lateral projections are frequently less-developed than in the others. The ceratobranchial
IV is wider and shorter. In the proximal edge of the ceratobranchials II and III, there is an open branchial pro-
cess, where ceratobranchial projections face to each other without constituting a cartilaginous bridge. Three
long, thin, curve spicules appear dorsally, and the fourth one is flat, wide and rectangular. 

FIGURE 12. Detail of the mm. levator arcuum branchialium IV, tympanopharyngeus, and dilatator laryngis in Telmato-
bius. The photograph corresponds to T. pinguiculus. Scale line = 1 mm.

FIGURE 13. Detail of the m. rectus abdominis frequent pattern in Telmatobius, with a medial slip inserting on the ven-
tral surface of the diaphragm and extending anteriorly reaching the palatoquadrate articular process (arrow). The photo-
graph corresponds to T. pinguiculus. Scale line = 1 mm.
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TABLE 2. Larval musculature of Telmatobius atacamensis. 

Muscle Insertions Comments and variations

Mandibular muscles

Intermandibularis medial region of the Meckel’s cartilage –
median aponeurosis

the whole structure has a U-shaped configuration 

Levator mandibulae
articularis

medial, inferior surface of the muscular
process – dorsal region of the Meckel’s car-
tilage 

short and poorly developed 

Levator mandibulae
externus profundus

medial, inferior surface of the muscular
process – lateroventral margin of the
suprarostral ala 

the anterior insertion is through a tendon common
with that of the m. l. m. l. profundus

Levator mandibulae
externus superficia-
lis

medial, inferior surface of the muscular
process – dorsal posterior process of the
suprarostral ala 

poorly developed, formed of 5–6 fibers; the branch
V3 of the trigeminal nerve runs dorsally to this mus-

cle; the anterior insertion can be on  mandibulosu-
prarostral ligament (T. ceiorum), connective tissue
next to the adrostral cartilage (T. laticeps, T. cf.
schreiteri, T. scrocchii), or posterior surface of the
adrostral cartilage (T. oxycephalus, T. pinguiculus,
T. pisanoi, T. stephani)

Levator mandibulae
internus

ventral surface of the ascending process –
distal edge of the Meckel’s cartilage 

the insertion on Meckel’s cartilage is through a long
tendon 

Levator mandibulae
lateralis

dorsal edge of the articular process –poste-
rior surface of the adrostral cartilage

very thin, formed of few fibers; the anterior inser-
tion can be on connective tissue next to the adrostral
cartilage (T. oxycephalus, T. stephani).  

Levator mandibulae
longus profundus

external and posterior margin of the suboc-
ular bar – external margin of the supraros-
tral ala

the surface of origin coincides with that of the m. l.
m. l. superficialis

Levator mandibulae
longus superficialis

external and posterior margin of the suboc-
ular bar – mediodorsal region of the
Meckel’s cartilage 

Mandibulolabialis ventromedial region of the Meckel’s carti-
lage – 
lower labium of the oral disc 

formed of a single slip, corresponding to the m.
mandibulolabialis inferior

Submentalis absent present in studied specimens of T. ceiorum, T. lati-
ceps, T. oxycephalus, and T. stephani,  between
infrarostral cartilages

Hyoid muscles

Hyoangularis dorsal surface of the ceratohyal – retroar-
ticular process

Interhyoideus ventral surface of the ceratohyal – median
aponeurosis

Interhyoideus poste-
rior +
Diaphragmatoprae-
cordialis

I couldn’t dissect these two muscles in 8 of the 9 species studied. However, in T. ceiorum there
appear two muscles in a characteristic pattern (Fig. 10): the lateral slip corresponds to the m. inte-
rhyoideus posterior, in its typical disposition lining the peribranchial chamber; the medial slip
originates ventrally on the diaphragm, next to the m. interhyoideus posterior, and runs anteriorly
to insert on connective tissue of the region surrounding the articular process. Histological studies
would be required to verify if this pattern maintains in other species of the genus.

......continue
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TABLE 2. (continued)

Muscle Insertions Comments and variations

Orbitohyoideus anterior and dorsal margin of the muscular
process – edge 
of the ceratohyal 

Quadratoangularis ventral surface of the palatoquadrate – ret-
roarticular process 

in lateral view, it is concealed by the m. hyoangu-
laris

Suspensorioangu-
laris

inferior region of the descending margin of
the muscular process – retroarticular pro-
cess 

the origin is concealed by the m. orbitohyoideus;
fibers occupy the lower half of the muscular process 

Suspensoriohyoi-
deus

posterior descending margin of the muscu-
lar process – dorsal surface of the edge of
the ceratohyal 

Branchial muscles

Constrictor branchi-
alis II

branchial process II – terminal commissure
I

Constrictor branchi-
alis III

branchial process II – terminal commissure
II

Constrictor branchi-
alis IV

branchial process II  – terminal commis-
sure III

in T. pinguiculus, the anterior insertion is on the
branchial process III

Constrictor laryngis sphincter-like disposition, surrounding the
glottis

Diaphragmatobran-
chialis

peritoneum – distal edge of the ceratobran-
chial III

Dilatator laryngis posterolateral, ventral region of the otic
capsule – arytenoid cartilage 

Levator arcuum
branchialium I

lateral margin of the subocular bar –lateral
margin of the ceratobranchial I

Levator arcuum
branchialium II

lateral margin of the subocular bar and part
of the ascending process – terminal com-
missure I

in T. ceiorum, the dorsal insertion reaches part of
the otic capsule 

Levator arcuum
branchialium III

lateral region of the otic capsule – terminal
commissure II

Levator arcuum
branchialium IV

posterolateral, ventral region of the otic
capsule – medial region of the ceratobran-
chial IV

it shows a division into two slips

Subarcualis obliq-
uus

urobranchial – branchial process II

Subarcualis rectus I two slips: region lateral to the base of the
posterior hyal process – 
proximal region of the ceratobranchial I
(dorsal slip) and branchial 
process II (ventral slip)

Subarcualis rectus
II-IV

branchial process II – proximal, ventral
region of the 
ceratobranchial IV 

a single slip (T. pinguiculus, T. pisanoi, T. scroc-
chii), or with some fibers slightly diverging towards 
the distal part of the ceratobranchial IV, invading 
the branchial septum IV (T. ceiorum, T. laticeps, T. 
oxycephalus, T. pisanoi, T. cf. schreiteri, 

......continue
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The results of geometric morphometric analyses carried out show a marked overlapping among species
and a high intraspecific variation. The ordination of species according to their chondrocranium plus hyobran-
chial skeleton shape is almost identical to that of the hyobranchial skeleton itself, suggesting that chondrocra-
nium shape does not contribute significantly to shape variation. Figure 14 shows the scatterplot of species
according to both structure shape, on the first three principal components (explained variance ≅ 41.5%); it can
be noted that species are better discriminated along PC2, with Telmatobius ceiorum, T. pisanoi, T. scrocchii,
and T. oxycephalus scoring high on the axis, T. laticeps and T. pinguiculus scoring low, and T. cf. schreiteri, T.
atacamensis and T. stephani scattered among them. Shape change implies a slight enlargement of the bran-
chial basket relative size, and a widening of the buccal pocket (this defined between the ceratohyal lateral pro-
cess and the ceratobranchial I). On PC3, T. stephani diverges from T. atacamensis and T. cf. schreiteri.
Regarding suprarostral cartilages (Fig. 15), T. laticeps, T. ceiorum, and T. stephani appear grouped in the mor-
phospace defined by the three first ES axes (explained variance ≅ 50%), and their resemblance with T. cf.
schreiteri on ES1-ES2 fades on ES3; ES3 also helps to discriminate among T. cf. schreiteri, T. oxycephalus,
and T. atacamensis, and T. pisanoi from T. scrocchii. The apparent divergence of T. pinguiculus in both geo-
metric morphometric analyses could be an artifact of having included only a single specimen. Figure 16
shows suprarostrals modeled on the first three eigenshapes, in order to interpret shape change; ES1 shows a
change at the corpus-ala ventral junction, ES2 is mainly associated with alae shortening and dorsolateral pro-
cess orientation, and ES3 reveals a slight change on corpus-ala dorsal junction. 

Musculature. The musculature in these species includes 35 muscles: 10 mandibular (innerved by cranial
pair V), 8 hyoid (pair VII), 14 branchial (pairs IX and X), and 3 spinal muscles (pair II) (Figs. 9–13). Table 2
summarizes main features of each muscle in Telmatobius atacamensis, and details some interspecifically vari-
able characters. 

TABLE 2. (continued)

Muscle Insertions Comments and variations

Subarcualis rectus
II-IV

branchial process II – proximal, ventral
region of the 
ceratobranchial IV 

T. scrocchii, T. stephani). In one specimen of T.
pisanoi, the muscle interrupts on the branchial pro-
cess II, resulting in anterior and posterior portions.
In one specimen of T. scrocchii, the diverging slip is
discontinuous. Finally, in some specimens, some
lateral fibers of the m. s. r. II-IV are continuous with
those of the m. constrictor branchialis II (T. pisanoi,
T. scrocchii, T. stephani), or those of the mm. c. b. II
and III (T. cf. schreiteri) (Fig. 11).

Tympanopharyn-
geus

posterolateral, ventral region of the otic
capsule – connective tissue of the pericar-
dium 

fibers diverge medially from the medial slip of the
m. l. a. b. IV (Fig. 12)

Spinal muscles

Geniohyoideus posterior, ventral surface of the infrarostral
– hypobranchial plate, 
next to the junction with the ceratobran-
chial IV

Rectus abdominis dorsal surface of the diaphragm – pelvic
girdle

it shows a medial slip inserting on the ventral sur-
face of the diaphragm, next to the insertion of the
m. rectus cervicis, and extending far anteriorly to
the palatoquadrate articular  process (same condi-
tion in T. oxycephalus, T. pinguiculus, T. pisanoi, T.
cf. schreiteri, T. scrocchii, and T. stephani) (Fig. 13) 

Rectus cervicis dorsal surface of the diaphragm –branchial
process II
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FIGURE 14. Principal component analysis on the combined matrices of chondrocranium and hyobranchial skeleton
shape variables (almost identical to the PCA on the hyobranchial skeleton matrix). The discrimination of species is
clearer on the PC2; grids depict modeled specimens on this axis, with maximum (top) and minimum (bottom) scores.
Shape change implies a slight enlargement of the relative size of the branchial basket (enclosed area), and a widening of
the buccal pocket (arrow). The classification according to biogeographical regions is based on Laurent (1970) and Olson
et al. (1998).

FIGURE 15. Extended eigenshape analysis on suprarostral cartilages. A high superposition among specimens is evident,
and ES3 helps to discriminate species that overlap on ES1-ES2 morphospace. The classification according to biogeo-
graphical regions is based on Laurent (1970) and Olson et al. (1998).

Discussion

Oral morphology in the genus Telmatobius has been widely commented by previous researchers on species
across the whole distribution (Trueb 1979; Díaz & Valencia 1985; Lavilla 1983; 1984; 1985; 1988; Lavilla &
De la Riva 1993; Cuevas & Formas 2002; De la Riva & Harvey 2003; Formas et al. 2003; compilations by De
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la Riva 2005, Formas et al. 2005; Lavilla & Barrionuevo 2005, Lehr 2005, and Merino-Viteri et al. 2005, and
references in those chapters; Aguilar 2006; Formas et al. 2006; Aguilar et al. 2007). All described forms share
a not emarginated (transangular, sensu Lavilla 1988) oral disc, surrounded by a complete (T. atahualpai) or
dorsally interrupted (remaining species) papillar margin. Commissural submarginal papillae appear in differ-
ent patterns in these species, including papillae present only in the supraangular region (e.g., T. espadai), only
in the infraangular region (T. atahualpai), or constituting a continuous band mainly concentrated in the angu-
lar region, frequently extending to supra - and infraangular regions (remaining species from Bolivia and Perú,
and Argentinean, Chilean and Ecuadorian species described). Lavilla (1985) proposed a division of the genus
into meridional and septentrional groups, subject to lower submarginal papillae being present (Argentinean
species, T. atahualpai, T. brevirostris, T. espadai, T. yuracare, T. vilamensis, T. rimac) or absent (remaining
described tadpoles from Bolivia, Chile, Perú, and Ecuador). Regarding the morphology of keratinized struc-
tures, most species have curved, well-keratinized, serrated rostrodonts, and labial teeth arranged according to
a 2(2)/3(1) labial tooth row formula. Telmatobius atahualpai tadpoles constitute the only exception so far,
with unusual formulae 3/6(1) and 3/7(1). Labial tooth configuration had not been explored in the genus
before; species here studied show a typical labial tooth morphology: head with 10–14 cusps, short body, and a
wide sheath. Finally, the occurrence of labial teeth on papillae has been mentioned in other species (e.g., Altig
& McDiarmid 1999a; Alcalde et al. 2006; Borteiro & Kolenc 2007), and represents further evidence support-
ing the idea about papilla and labial ridge homology (Altig 2006). 

FIGURE 16. Modeled suprarostrals along the first three eigenshapes, at minimum, 25%, 50%, 75%, and maximum
scores. Open curves, more evident on ES2 models, are due to the modeling technique, which generates mathematically
constructed shapes (MacLeod 1999; Krieger et al. 2007). Figures within the squares at right show overlapped curves to
highlight places where the shape change is more evident: ES1 shows a change at the corpus-ala ventral junction, ES2 is
mainly associated with alae shortening and dorsolateral process orientation, and ES3 reveals a slight change on corpus-
ala dorsal junction. Note also the minimum number of points calculated by EEA to describe each outline segment (i.e., 3,
13, 23, 28, and 19). 

The buccopharyngeal morphology of the studied species is very conservative, with a distinct combination
of characters. On the buccal roof, species share the barely naked prenarial arena, 3–5 pairs of postnarial papil-
lae in an inverted-V pattern, one pair of pustules or low papillae anterior to the median ridge, well-developed,
multifid lateral ridge papillae, a characteristic arrangement of buccal roof papillae –with a first group lining
the arena lateral and posteriorly, and a second group laterally divergent–, a conspicuous glandular zone, and a
short, medially interrupted dorsal velum. The buccal floors have one pair of small, bicuspidate spurs, two
pairs of unevenly-developed infralabial papillae, two lingual papillae, a characteristic arrangement of the buc-
cal floor papillae –with a first group lining the arena, a second group following the buccal pocket anterior
margin, and a third group following the ventral velum anterior margin–, and a well-developed velum with
spicular support, median notch, marginal projections, and secretory pits. Peruvian species described, even the
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highly specialized rheophilous tadpole of Telmatobius atahualpai, have almost identical features (Wassersug
& Heyer 1988; Aguilar & Pacheco 2005; Aguilar 2006; Aguilar et al. 2007). 

The skeletons are very similar as well, with common characters such as the tetrapartite suprarostral, adros-
tral cartilages, quadratoethmoid process, long pseudopterygoid process, free or attached to the neurocranium
floor, absent larval otic process, crista parotica often with antero- and posterolateral processes, and mostly
generalized hyobranchial skeleton. There are no significant differences regarding previous descriptions of Tel-
matobius ceiorum, T. laticeps, and T. pisanoi (Fabrezi & Lavilla 1993). Aguilar (2006) carried out a phyloge-
netic analysis of 15 Peruvian species (including two Batrachophrynus species proposed to be integrated to
Telmatobius) using, among others, larval skeletal characters; this author found features similar to those of the
species here considered, and suggested the non-straight anterior edge of the trabecular horns and the absence
of quadratoorbital commissure to be genus synapomorphies. In geometric morphometric analyses carried out,
results show a marked overlapping among species and a high intraspecific variation. The configuration of the
chondrocranium does not appear to contribute significantly to shape variation; regarding hyobranchial skele-
ton (Fig. 14), Telmatobius ceiorum, T. pisanoi, T. scrocchii, and T. oxycephalus tend to show smaller branchial
baskets and narrower buccal pockets than the remaining species. Suprarostral cartilages of T. laticeps, T.
ceiorum, and T. stephani have well delimited alae with dorsolateral processes acuter than those of other taxa
(Figs. 15 and 16). Some ordinations maintain on both geometric morphometric analyses, such as the grouping
of T. laticeps and T. stephani, T. pisanoi and T. scrocchii, and the placement of T. stephani and T. atacamensis,
intermediate between T. scrocchii and T. cf. schreiteri. It is interesting to note that T. pisanoi and T. laticeps,
very similar in adult morphology (Lavilla & Barrionuevo 2005), are consistently separated in larval skeletal
morphology. Finally, there is no clear pattern of morphological distinction completely coincident with biogeo-
graphic distribution of Telmatobius species according to Laurent (1970) and Olson et al. (1998), but some
observations are noteworthy. Species of Laurent’s High Andean complex (including arid Puna and Subandean
pampas: T. atacamensis, T. cf. schreiteri, and T. pinguiculus) tend to group in chondrocranium plus hyobran-
chial skeleton ordination; among Interandean valley taxa, T. pisanoi and T. scrocchii are more similar to each
other than to T. laticeps, and can be told apart according to suprarostral morphology; lastly, there appears to be
a trend for Yungas species to group in skeletal morphospace. All these very preliminary results should be con-
firmed after the analysis of wider samples that take into account intraspecific variation (at ontogenetic, inter-
populational levels, etc.).

 Species studied have a similar muscular configuration. Common features are the single slip of the m.
mandibulolabialis, mm. levatores mandibulae externus superficialis and profundus, m. l. m. lateralis, m. sub-
arcualis rectus I with two slips, compact and thin m. tympanopharyngeus, m. rectus abdominis often with a
medial slip inserted on the diaphragm ventral surface and extending far anteriorly, and a lateral slip of the m.
subarcualis rectus II-IV frequently invading the branchial septum IV. The diaphragm muscle pattern seen in
Telmatobius ceiorum still needs to be verified in the remaining species. A previous study on an Argentinean
Telmatobius showed similar results (Palavecino 1999), and Carr and Altig (1991) reported the absence of m.
mandibulolabialis in T. sp. Noble (1929) interpreted the muscle slip disposed between the palatoquadrate ante-
rior region and the diaphragm of Amolops ricketti tadpoles (very similar to T. ceiorum configuration) to be a
second slip of the m. interhyoideus posterior; since the author also identified the m. diaphragmatopraecordia-
lis in these torrent tadpoles, this consideration seems probable. Developmental studies could clarify this
homology issue; in this case, the m. diaphragmatopraecordialis would be absent in Telmatobius. An interest-
ing observation is that when the medial slip of the m. rectus abdominis is lifted, this diaphragmatic muscle
also lifts, showing that both muscles are connected, and that the effective insertion of m. rectus abdominis
reaches far anteriorly, at the level of the articular process of the palatoquadrate. Noble (1929) mentioned a
subbranchial (interhyoideus posterior) musculature continuous with the m. rectus abdominis in mountain-
brook tadpoles of Heleophryne rosei, and a m. rectus abdominis inserting far anteriorly on the palatoquadrate
or Meckel’s cartilage are found in lotic tadpoles of Ascaphus truei (Gradwell 1973), Boophis, Hyloscirtus,
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Litoria (Haas & Richards 1998), and burrowing tadpoles of Otophryne robusta (Wassersug & Pyburn 1987)
and Leptobrachella mjobergi (Haas et al. 2006). Finally, the m. s. r. II-IV with the diverging lateral slip is sim-
ilar to the typical arrangement in Bufonidae (e.g., Haas 2003; Vera Candioti 2007).  

Telmatobius tadpoles develop in several types of Andean aquatic environments, e.g., in Argentina, Lavilla
and Barrionuevo (2005) mentioned the rhithron portion of lotic environments, thermal waters, and high
Andean phanerogam peat bogs, and in Bolivia, some species appear also in lacustrine systems. Despite that,
larval morphology appears to be conservative enough to preclude attempts to relate microhabitat and mor-
phology, at least at the analyzed levels. Exceptions would be the specialized rheophilous larvae of T. espadai,
T. atahualpai, and apparently T. sanborni and T. verrucosus (Lavilla & De la Riva 1993; De la Riva 2005;
Aguilar et al. 2007). These forms have wide oral discs modified into functional oral suckers, in T. atahualpai,
also with supernumerary labial ridges and a complete papillar margin. At a skeletal level, even when several
characters are shared with other Telmatobius, some subtle differences appear. In T. espadai and T. atahualpai,
for instance, the suprarostrals are tripartite, with fused corpora, the articular process is short and wide, and the
palatoquadrate runs parallel to the chondrocranium longitudinal axis (corresponding traits in other species are
a tetrapartite suprarostral, longer and narrower articular process, and palatoquadrates slightly convergent
towards the middle axis). These features are surely correlated with the relatively wider oral disc employed in
substrate fixation. In the hyobranchial skeleton, differences, if any, are also subtle: in-lever arm ratio (taken as
the projected width of the lateral part of the ceratohyal to its total width; Wassersug & Hoff 1979) is around
0.25 in all species, the ceratobranchial area is similar to the species here studied, although among the smaller
values, along with those of T. oxycephalus, T. pisanoi, and T. scrocchii (47–48% of the total area vs. 50–53%),
the ceratohyal area is among the larger values, along with that of T. oxycephalus (34–36% vs. 31–33%), and
finally, the ceratohyal tends to orient more inclined than in other species (59–66º regarding the longitudinal
axis vs. 68–72º). Some of these skeletal features can be found also in other lotic tadpoles (e.g., Haas & Rich-
ards 1998; Aguayo et al. in prep.). Lastly, the configuration of the m. rectus abdominis found in most Telma-
tobius analyzed, in other species often appears associated with specific locomotor habits (e.g., living in fast-
flowing streams, burrowing). 

As a final comment, the conservative larval internal morphology in Telmatobius genus could be explained
by recent speciation events, correlated with the relatively recent age of the Andes (Maxson & Heyer 1982),
and an ontogenetic development possibly characterized by a postmetamorphic appearance of specific features.
In most species, numerous morphological characters (e.g., body shape, configuration of the oral disc and buc-
copharyngeal cavity, several skeletal and muscular traits) coincide with features usually mentioned in pond-
type larvae (e.g., Wassersug & Heyer 1988; Altig & McDiarmid 1999b; Lavilla & Barrionuevo 2005),
although some of them resemble traits found in lotic tadpoles (e.g., some characteristics in the hyobranchial
skeleton, configuration of the m. rectus abdominis). The appearance of these latter features in these mostly
lentic, generalized species could be maybe explained from a phylogenetic frame; in this regard, more data
about larval morphology in other related ceratophryids (e.g., Batrachyla, Atelognathus), and comprehensive
phylogenetic analyses on the genus (e.g., Barrionuevo in prep.) would be required.    
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