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Abstract. Leptodactylidae is a diverse assemblage of anurans that
varies in their life history, ecology, and morphology. Little is known
about the chondrocranial anatomy of this family. Current knowledge
of the evolutionary relationships of the family does not include
chondrocranial data. The present paper focuses on understanding
the larval chondrocranial morphology and internal oral anatomy of
Leptodactylidae. Chondrocranial morphology and internal oral
anatomy correlate with ecology and life history. A phylogenetic
analysis of the family was executed based on 28 chondrocranial
characters using Hyla lanciformis as the outgroup. The phylogenetic
analysis resulted in two clades within Leptodactylidae: the
Leptodactylinae-Odontophrynus clade and the Telmatobiinae-
Hylodinae-Ceratophryinae clade. Analyses of chondrocranial and
internal oral morphology can provide useful phylogenetic

information for members of Leptodactylidae.
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INTRODUCTION

The word amphibian comes from the Greek amphi, meaning
“on both sides,” and bigs, meaning “life” or “mode of life.” Anurans
most accurately define the word amphibian because considering
their larval and adult forms, they live a dual lifestyle, aquatic and
terrestrial. These two stages of their life cycle are connected by an
intricate metamorphic event that morphologically, ecologically,
behaviorally, and physiologically transforms the tadpole into the
adult frog (Orton, 1953). Any shift in the timing or rate of the
metamorphic events would be an example of heterochrony, and
heterochronic mechanisms have been shown to be driving forces in
amphibian evolution (Gould, 1977; Wassersug, 1980; Trueb and
Alberch, 1985; Davies, 1989; Richardson, 1995; Haas, 1996b;
Wakahara, 1996). An increase in the ways anurans have diversified
results from heterochronic mechanisms acting on the larval stage of
the life cycle and selective pressures acting on both the larva and
the adult.

The diversity of anurans is not reflected in their overall simple

body plan (Sokol, 1975). Anurans have achieved high levels of



specialization yet the anatomical differences across frogs are subtle.
This constancy of form presents a challenge to studies of anuran
evolution and systematics. Consequently, a variety of data sets
must be used to decipher anuran evolution (Duellman and Trueb,
1994; Kluge, 1989; Brooks and McClennan, 1991).

In fact, anuran research has expanded into“a diverse field of
study incorporating a variety of data sets. Osteological studies have
been useful in diagnosing species and determining anuran
relationships (Cope, 1865, 1889; Noble, 1922, 1931; Parker, 1927;
Lynch, 1970, 1971; Trueb, 1973). More recently, many studies have
included additional characters such as: karyotype (Barrio and
Rinaldi de Chieri, 1970; Bogart, 1970; Veloso et al., 1973; Duellman
and Veloso, 1977; King, 1990; Green and Sessions, 1991), behavior
(Wells, 1977; Greer and Wells, 1980; Martins, 1989; Cardoso and
Heyer, 1995), diet (Premo and Atmowidjojo, 1987; Toft, 1995;
Kovacs and Torok, 1997; Howard et al., 1997), call analysis (Barrio,
1964; Duellman, 1973; Duellman and Veloso, 1977; Ryan and Rand,
1995), development (Wassersug and Hoff, 1982; Trueb and Hanken,

1992) and molecular data (Hillis and Davis, 1987; Maxson and



Heyer, 1988; de Sa and Hillis, 1990; Hillis et al., 1993; Hay et al.,
1995; Ruvinsky and Maxson, 1996).

Anuran research has also focused on larval characters.
Research on the structure of the head in anuran larvae and studies
of their internal oral anatomy date back to the early 19* century
(Martin St. Ange, 1831; Schulze, 1870, 1892). THese initial studies
are characterized by inconsistent terminology and varied
thoroughness of their descriptions. De Beer (1937) summarized
what was known about the development of the vertebrate skull
through detailed descriptions and illustrations of four anuran taxa.

The use of larval characters in systematics began in the 1950s
when a comparative study of tadpoles at similar stages of
development was undertaken (Orton 1953, 1957). Orton (1957)
grouped tadpoles into four major categories based on external
morphology. Subsequently, Orton’s data were combined with other
larval characters such as larval musculature and chondrocranial
data (Starrett, 197 3; Sokol, 1975, 1977).

Larval chondrocranial descriptions exist for less than 5% of

known species (Haas, 1996a). Few chondrocranial studies place



their results in a phylogenetic context (Sokol, 1977, 1981; de Sa and
Trueb, 1991; Haas, 1995, 1996a, 1997). Furthermore, only recently
has chondrocranial variation been analyzed in closely related
species to understand its utility in phylogenetic studies (Larson and
de S4, 1998). Still, there is a lack of baseline comparative data that
precludes the use of chondrocranial characters il anuran
phylogenetics and systematics.

Another relatively recent systematic tool is the analysis of the
characteristics of the internal oral anatomy of anuran larvae.
Wassersug (1976) examined the oral morphology of species
representing six anuran families. Detailed analyses, illustrations,
and descriptions, showed the usefulness of these characters in
species identification (Wassersug, 1980). Additionally, Wassersug
and Heyer (1988) surveyed the internal oral anatomy of species
from three anuran families and concluded that these characters are
phylogenetically informative at both the generic and specific levels.
However, the inclusion of internal oral characters in anuran
phylogenetics and systematics is also hindered by a lack of baseline

comparative intrageneric data.



The Leptodactylidae are placed in the superfamily Bufonoidea
(Reig, 1958; Lynch, 1973, Duellman, 1975; Laurent, 1979, 1986;
Ford and Cannatella, 1993). However, Bufonoidea lack
synapomorphies uniting them and are grouped together because
they lack characters that would place them in any other group (Ford
and Cannatella, 1993).

The family Leptodactylidae is a strictly new world assemblage.
Their distribution extends from Southern United States and the
Antilles south to southern South America (Frost, 1985).
Leptodactylidae is considered “grossly paraphyletic” (Ford, 1989).
There are no synapomorphies defining the Leptodactylidae; in other
words, the group is based on their lack of the characteristics that
unite other Bufonoid families (Lynch, 1971; Ford and Cannatella,
1993).

The evolution of the family has hinged on the ability to adapt
to forests, stream habitats, and increasingly xeric conditions
correlated with continental drift (Lynch, 1971). The fossil history of
the family dates to the Eocene of Argentina (Caudiverbera

casamayorensis, Telmatobiinae) (Lynch, 1971). There is no fossil



record for any members of Hylodinae (Duellman and Trueb, 1994);
yet, Ceratophryinae dates to the Miocene (Lynch, 1971), and
Leptodactylinae dates to the Pleistocene (Heyer, 1979).

The family Leptodactylidae consists of 54 genera and over 840
species distributed into four subfamilies--Ceratophryinae,
Hylodinae, Leptodactylinae, and Telmatobiinae (Frost, 1985;
Duellman, 1993). Leptodactylidae has been the focus of extensive
systematic and phylogenetic studies both intergenerically (Bogart,
1970; Lynch, 1971; Heyer, 1975) and intragenerically (Heyer,
1969a, 1970, 1973, 1974, 1977, 1978, 1979, 1984, 1994; Bogart,
1974; Duellman and Veloso, 1977; Heyer and Maxson, 1982; Lavilla,
1983, 1988; Cannatella and Duellman, 1984; Lobo, 1995; Cannatella
et al., 1998; Larson and de S4a, 1998).

The systematic and phylogenetic reviews of Leptodactylidae
have resulted in varied degrees of resolution (Boulenger, 1882;
Lynch, 1971; Heyer, 1975, Hay et al., 1995; Ruvinsky and Maxson,
1996). Two of the four subfamilies, Hylodinae and Ceratophryinae,
are well supported. However, results from the examination of adult

and larval external morphology, myology, life history, behavior,



osteology, and cytogenetics of Telmatobiinae and Leptodactylinae
are not as definitive (Lynch, 1969, 1971; Barrio, 1971; Barrio and
Rinaldi de Chieri, 1971; Formas, 1975, 1976; Heyer, 1975; Lavilla,
1983, 1988).

The members of the subfamily Leptodactylinae are prime
candidates for larval evolutionary study because‘they represent the
extremes in reproductive biology; some species are completely
aquatic while others are completely terrestrial (Heyer, 1969b;
Langone and Prigioni, 1985; De la Riva, 1995). The existing
diversity of reproductive modes would be expected to have a direct
effect on tadpole diversity. Furthermore, morphological differences
that correlate with different larval ecologies could reveal taxonomic
information on the group.

Leptodactylinae is divided into 11 genera (Adenomera,
Edalorhina, Hydrolaetare, Leptodactylus, Limnomedusa, Lithodytes,
Paratelmatobius, Physalaemus, Pleurodema, Pseudopaludicola, and
Vanzolinius) and over 120 species (Frost, 1985; Duellman, 1993).

Four of these genera are monotypic, and the larvae of some are only



known from a few specimens or not at all (Frost, 1985; Heyer, pers.
comm.).

Leptodactylinae has been defined by the presence of an
osseous sternal plate although this character is not a synapomorphy
for the group (Noble, 1931; Lynch, 1971). Lynch (1971) suggested
a close relationship between Physalaemus and Pstudopaludicola,
Heyer (1974) supported this conclusion. Alternate arrangements
have been proposed for Paratelmatobius and Limnomedusa, the
latter of these being the most controversial (Heyer, 1975; Lynch,
1978).

Heyer (1975) suggested that Edalorhina and Pseudopaludicola
are sister taxa. Limnomedusa and Hydrolaetare also formed a sister
clade within Leptodactylinae. Furthermore, the clade comprised of
Adenomera, Leptodactylus, Lithodytes and Vanzolinius was
consistent with Heyer’s arrangement (Heyer, 1974). Although it
shared a majority of characters with Physalaemus, Pleurodema
presented confusing results in its relationships with the rest of

Leptodactylinae (Heyer, 1975).



Heyer (1975) excluded Paratelmatobius from Leptodactylinae.
Instead, he suggested that Paratelmatobius should be included in a
clade with Cycloramphus, Crossodactylus, and Hylodes (Heyer,
1975). The latter share a large number of derived character states
and were sister taxa in Heyer’s (1975) study. Another highly
derived clade corresponded to the carnivorous Ceratophrys and
Lepidobatrachus (Heyer, 1975).

The relationships of Limnomedusa are controversial. Barrio
(1971) and Barrio and Rinaldi de Chieri (1971) showed that
Limnomedusa possess 2n = 26, departing from the standard 22
chromosome number for Leptodactylinae, and based on these data
they suggested that Limnomedusa is a telmatobiine. However,
Bogart (1973) showed that Adenomera also diverges in chromosome
number (2n = 26). Lynch (1978) used Limnomedusa and
Pleurodema as outgroups in an osteological study of Telmatobiinae.
Limnomedusa and Pleurodema did not group together in his
analysis, and consequently, he suggested that Limnomedusa should
be assigned to the Telmatobiinae (Lynch, 1978). Neither Frost

(1985) nor Duellman (1993) accepted Lynch’s (1978) arrangement.



However, Lavilla (1985, 1988), Langone and Prigioni (1985), and
Lavilla and Scrocchi (1986) did recognize that arrangement.

These examples illustrate the ongoing debate over the
systematics of Telmatobiinae and Leptodactylinae and the need for
further analysis utilizing new characters.

I focused my research on Leptodactylidae in order to
determine the usefulness of chondrocranial and internal oral
characters in systematic and phylogenetic studies of this anuran
family. To achieve this goal, I examined the chondrocrania of eight
species of the Leptodactylinae: Adenomera marmorata, Edalorhina
perezi, Limnomedusa macroglossa, Physalaemus gracilis, P. henselii,
P. pustulosus, Pleurodema brachyops, and P. tucumana.
Furthermore, I analyzed and described the internal oral anatomy of
Physalaemus gracilis, P. henselii, and Limnomedusa macroglossa and
the skeletogenesis of P. gracilis and P. pustulosus. Subsequently, I
integrated these data with all available data on the larval
chondrocrania and internal oral anatomy of the family

Leptodactylidae.
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BACKGROUND ON CHONDROCRANIAL STUDIES

Within the Leptodactylidae, the larval chondrocrania have
been reported for the following 39 taxa: Caudiverbera caudiverbera
(Reinbach, 1939), Lepidobatrachus laevis (Ruibal and Thomas,
1988), Cycloramphus stejnegeri (Lavilla, 1991), Alsodes barrioi
(Lavilla, 1992), Lepidobatrachus llanensis, Ceratophrys cranwelli
(Lavilla and Fabrezi, 1992), Telmatobius ceiorum, T. laticeps, T.
pisanoi (Fabrezi and Lavilla, 1993), T. bolivianus (Lavilla and De la
Riva, 1993), Odontophrynus americanus, O. lavillai, Physalaemus
biligonigerus, P. cuqui, Pleurodema borellii, P. tucumana (Fabrezi
and Vera, 1997), Ceratophrys cornuta (Wild, 1997) and 22 species
of Leptodactylus (Fabrezi and Vera, 1997; Larson and de S3, 1998).
Additionally, osteological development within Leptodactylidae has
only been reported for Ceratophrys cornuta (Wild, 1997).

There are no chondrocranial synapomorphies uniting the
Leptodactylidae. However, Lavilla and Fabrezi (1992) suggested two
synapomorphies for the Ceratophryinae: (1) fused suprarostrals
with no distinction between each corpus and ala and (2) fused

infrarostrals. Data on other ceratophryine species support these

1



synapomorphies (Ruibal and Thomas, 1988; Wild, 1997). The
chondrocrania of all Ceratophryinae described so far lack the
following characters: a commissura quadratoorbitalis, a processus
pseudopterygoideus, spiculae, and a processus branchialis (Ruibal
and Thomas, 1988; Lavilla and Fabrezi, 1992, Wild, 1997).

The chondrocrania of eight species representing five genera of
Telmatobiinae have been described (Reinbach, 1939; Lavilla, 1991,
1992; Fabrezi and Lavilla, 1993; Lavilla and De la Riva, 1993;
Fabrezi and Vera, 1997). Caudiverbera caudiverbera has a
commissura quadratoorbitalis, commissura quadratoethmoidalis,
processus lateralis trabeculae, and a well-developed crista parotica,
which bears a processus anterolateralis and processus
posterolateralis. The cornua trabeculae of C. caudiverbera are equal
to about 129% of the total chondrocranial length.

Telmatobius larvae are characterized by unfused suprarostral
alae and corpora. In addition, members of this genus lack both a
commissura quadratoorbitalis and a closed processus branchialis.
The posterior curvature of the palatoquadrate in these species

extends past the anterior margin of the capsulae auditivae. The

12.



processus ascendens has an intermediate attachment to the
braincase in Telmatobius pisanoi and T. bolivianus, and a low
attachment in T. ceiorum and T. laticeps (Sokol, 1981).
Furthermore, a well-developed processus urobranchialis and two
parietal fenestrae are present in the chondrocrania of Telmatobius.
(Fabrezi and Lavilla, 1993; Lavilla and De la Riva, 1993).

Lavilla (1991) described the chondrocrania of Cycloramphus
stejnegeri. This species also lacks a commissura quadratoorbitalis
and a closed processus branchialis. However, the processus
ascendens has a high attachment to braincase. Additionally, the
chondrocranium of C. stejnegeri exhibits fused infrarostrals, ventral
fusion of the suprarostral corpus and ala, an undivided
frontoparietal fontanelle, and extreme reducsion of both the cornua
trabeculae and the processus muscularis quadrati (Lavilla, 1991).

The chondrocrania of two Odontophrynus have been
described, O. americanus and O. lavillai. The presence of a
commissura quadratoorbitalis, a processus pseudopterygoideus, an
open processus branchialis, and an undivided frontoparietal

fontanelle characterize Odontophrynus larvae. Moreover, the

13



suprarostral corpus and ala are fused dorsally, and the cornua
trabeculae equal approximately 22% of the total chondrocranial
length (Fabrezi and Vera, 1997).

Alsodes barrioi also possesses a commissura quadratoorbitalis
and an undivided frontoparietal fontanelle. However, Alsodes
barrioi is the only telmatobiine species described*to exhibit a larval
processus oticus. In addition, the processus ascendens has a low
attachment to the braincase (Lavilla, 1992).

The earliest references to leptodactyline chondrocrania were
those of Sokol (1981) for Leptodactylus chaquensis and Pleurodema
bibroni. However, this was a review of tadpole chondrocrania
comparing distantly related taxa. Wassersug and Hoff (1982)
illustrated the chondrocrania of Pleurodema borellii and
Leptodactylus wagneri in their analysis of the developmental
changes in jaw suspensorium. Fabrezi and Vera (1997) provided a
complete description of P. borellii.

Larson and de Sa (1998) examined chondrocrania from 22
species of Leptodactylus in a phylogenetic context. The results of

that study showed that the members of Leptodactylus examined
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share the following characters: (1) quadripartite suprarostrals fused
to each other and to the alae; (2) processus posterior dorsalis
present on the suprarostral alae; (3) larval crista parotica present;
(4) larval processus oticus absent; (5) commissura quadratoorbitalis
present; (6) processus quadratoethmoidalis present; (7) processus
dorsomedialis, processus ventromedialis, and protessus
retroarticularis of cartilago Meckeli present; (8) proximal ends of all
ceratobranchials fused to hypobranchial plate; (9) spiculae present
on ceratobranchials I, II, and III; (10) processus anterior branchialis
present; (11) palatoquadrate wide and outwardly rounded; and (12)
capsulae auditivae ovoid and representing approximately 30% of
the length of the chondrocranium. Larson and de Sa (1998) also
illustrated Crossodactylus gaudichaudii and Hylodes nasus

(Hylodinae) and used them as outgroups.

BACKGROUND ON INTERNAL ORAL ANATOMY STUDIES

Wassersug and Heyer (1988) reported the internal oral
anatomy of species representing Leptodactylidae. Leptodactylid

larvae are characterized by the presence of four lingual papillae.
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The species studied correspond to larvae that range in a variety of
larval ecologies. The internal oral anatomy correlated well with
differing habitats. For instance, Cycloramphus stejnegeri has non-
feeding tadpoles that survive solely off of yolk reserves,
consequently, it exhibits a reduction in the size and number of
feeding structures, such as infralabial papillae antl secretory ridges.
Lepidobatrachus larvae are macrophagous and carnivorous (Cei,
1968), and their internal oral anatomy lacks the mucous-
entrapment surfaces typical of pond dwelling tadpoles (Wassersug
and Heyer, 1988). As previously mentioned, internal oral features
do not help to resolve intergeneric relationships, but these
characters can provide information intragenerically or at the species

level.
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MATERIALS AND METHODS

CHONDROCRANIAL DESCRIPTIONS

All specimens used in this study were measured with a
Mitutoyo Digimatic caliper and staged according to Gosner’s (1960)
table. Collection numbers, measurements, status, and stages of all
specimens examined are given in Appendix 1. Chondrocranial
descriptions are based on specimens that were cleared and double-
stained (Alcian blue and Alizarin red) for cartilage and bone
following Dingerkus and Uhler (1977). Chondrocrania were
observed through a Wild M3C stereomicroscope. Illustrations were
done with a camera lucida attachment. Chondrocranial terminology
follows de Beer (1937), De Jongh (1968), Haas (1995, 1996), and
Sokol (1981); osteological terminology follows Trueb (1973). Where
more than one species is described for a genus, the chondrocranial
description is representative for the genus and interspecific

differences are described.
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SCANNING ELECTRON MICROSCOPY

In preparation for scanning electron microscopy, specimens
were dissected following Wassersug (1976). These were then
ultrasonically cleaned, fixed in 10% glutaraldehyde for 2 hours, and
washed in three changes of 0.1 M phosphate buffer for 15 minutes
each. The specimens were then fixed for an houx"J in 4% osmium
tetroxide and again washed in three changes of the phosphate
buffer. They were then dehydrated through increasing
concentrations of ethanol for 15 minutes each: 35, 50, 70, 80, 95,
and 3 changes of 100%. The specimens were critical point dried
with CO, in an EMS 850, mounted on aluminum stubs and sputter
coated with gold/palladium (35 nm) using a Hummer VII sputtering
system. Two of the specimens required 23 nm of additional coating.
All specimens were examined with an Hitachi S-2300 scanning
electron microscope at 15kV, and images were captured using
Polaroid type 55 positive/negative film (de Sa and Lavilla, 1997).
Descriptions of the internal oral anatomy of Adenomera marmorata,
Crossodactylus gaudichaudii, Cycloramphus stejnegeri,

Lepidobatrachus laevis, Leptodactylus chaquensis, L. gracilis,
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Odontophrynus americanus, Physalaemus pustulosus, Pleurodema
borellii, and P. brachyops (Wassersug and Heyer, 1988) were
synthesized with new data on Physalaemus gracilis, P. henselii, and

Limnomedusa macroglossa.

SPECIMENS EXAMINED

Adenomera, Edalorhina, and Pleurodema larvae were loaned
from the National Museum of Natural History, Smithsonian
Institution. Chondrocranial descriptions are based on stage 36 of
Adenomera marmorata (USNM 209363), stage 36 of Edalorhina
perezi (USNM 342752), stages 35-370of Pleurodema brachyops
(USNM 302093), and stages 31, 34, and 35 of P. tucumana (USNM
307190). Significant differences in the chondrocrania of
Pleurodema brachyops specimens were noted after clearing and
staining, therefore, the chondrocrania of P. brachyops is illustrated
and referenced in the chondrocranial description as P. brachyops
and P. brachyops2.

Limnomedusa macroglossa larvae that were used in this study

were wild caught and fixed in 10% formalin by R. O. de S4 and A.
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Gehrau, Pajas Blancas, Montevideo, Uruguay, July 3, 1978. Six
individuals were cleared and double-stained, and one was dissected
and prepared for scanning electron microscopy of internal oral
anatomy. Chondrocranial descriptions are based on a stage 34
specimen, and descriptions of internal oral anatomy are based on a
stage 37 specimen. 4

Physalaemus pustulosus larvae used in this study were captive
bred. The ossification sequence is based on 73 cleared and double-
stained larvae, while the chondrocranium is described and
illustrated at stage 38.

Physalaemus gracilis larvae used in this study were wild
caught and fixed in 10% formalin by R. O. and N. de S3, Atlantida,
Uruguay, July 26, 1993. The ossification sequence is based on 66
cleared and double-stained larvae, and the chondrocranium
illustrated for a stage 40 individual. Two stage 37 individuals were
dissected and prepared for scanning electron microscopy of internal
oral anatomy.

Physalaemus henselii larvae used in this study were wild

caught and fixed in 10% formalin by A. Gehrau, Barra de Valizas,
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Depto. de Rocha, August 17, 1981. Seventeen individuals were
cleared and double-stained, and the chondrocranial description is
based on a stage 39 specimen. One stage 31 individual was
dissected and prepared for scanning electron microscopy of internal

oral anatomy.

PHYLOGENETIC ANALYSIS

Phylogenetic analyses were performed under maximum
parsimony using PAUP version 3.1.1 (Swofford, 1993). Characters
were run unordered and were polarized using Hyla lanciformis as
the outgroup. Character coding is summarized in Table 1. The
chondrocrania of Caudiverbera caudiverbera and Pleurodema
bibroni were excluded from this analysis because many character
states could not be determined based on the illustrations and
descriptions available. Additionally, Telmatobius laticeps and T.
ceiorum exhibited identical characteristics, consequently only T.

ceiorum is included in the analysis.
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RESULTS

CHONDROCRANIAL DESCRIPTIONS

ADENOMERA MARMORATA

The chondrocranium of Adenomera marmorata is ovoid (Fig.
1). Its greatest width corresponds to 80% of the total length, while
the greatest depth is only about 40% of the total fength.

The quadripartite suprarostrals, composed of the central
corpora and the lateral alae, support the keratinized beak and serve
as the larval upper jaw. The ventromedially directed corpora are
shaped like an inverted-T; they are continuous medially, and a
lateral protrusion exists along their ventral margin. Each corpus is
dorsally fused with the ventromedially directed ala. The ventral tip
of the ala is rounded, and the dorsal margin is concave (Fig. 2).
This concavity exists between the well-developed processus
posterior dorsalis and the point of articulation of the suprarostrals
with the cornua trabeculae.

The cornua trabeculae are concave anteroventral extensions of
the planum trabeculare anticum. They are about 10% of the total

chondrocranial length (Fig. 1). The margins of the cornua
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trabeculae are medially convex with their anterior tips expanded
laterally. A processus lateralis trabeculae is absent (Fig. 2).

Posterior to the divergence of the cornua trabeculae, the
anterior wall of the braincase is occupied by the large foramina
olfactoria (Fig. 2). These foramina are delimited by the septum nasi
medially, by the preoptic root of the cartilago orbitalis laterally, by
the taenia ethmoidalis dorsally, and by the planum ethmoidale
ventrally. The brain is enclosed laterally by the cartilago orbitalis,
which bears 3 foramina: the trochlear, otic, and oculomotor. At the
confluence of the commissura quadratocranialis anterior and the
cartilago orbitalis, a lamina orbitonasalis projects laterally.
Posterior to the lamina orbitonasalis a fourth foramen is visible on
the cartilago orbitalis. The foramen prooticum is found between the
posterior margin of the cartilago orbitalis and the capsula auditiva;
it is delimited dorsally by the taenia tectum marginalis.

The floor of the braincase is perforated by two pairs of
foramina, the foramina craniopalatina anteriorly and the foramina
carotica primaria posteriorly (Fig. 1). The roof of the braincase is

divided into three fenestrae. The anterior fenestra is limited
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laterally by the taeniae tecti marginales and posteriorly by the
taenia tectum transversalis. Posteriorly, the taenia tectum
transversalis is continuous with the taenia tectum medialis, which in
turn contacts the tectum synoticum, creating two posterior parietal
fenestrae.

The tectum synoticum bridges the two ovoid capsulae
auditivae and serves as the dorsal margin of the foramen magnum.
Each arcus occipitalis is continuous with the tectum synoticum
dorsally and the planum basale ventrally forming the foramen
magnum and foramen jugulare. The capsulae auditivae are about
one-third of the total chondrocranial length. They form the lateral
margin of each foramen jugulare. A small crista parotica extends
laterally from the capsulae auditivae. Beneath the crista parotica a
large fenestra ovalis is found, but it lacks an operculum (Fig. 2).

The palatoquadrate has two attachments to the braincase,
anteriorly, the commissura quadratocranialis anterior, and
posteriorly, the processus ascendens. The rod-like processus

ascendens has an intermediate attachment to the braincase
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Fig. 1. Chondrocranium of Adenomera marmorata at stage 36
(USNM 209363). A. Dorsal view. B. Ventral view. ca = capsula
auditiva, ci = cartilago infrarostralis, cm = cartilago Meckeli, cqa =
commissura quadratocranialis anterior, ct = cornu trabecularum, fca
= foramen caroticum primarium, fcp = foramen craniopalatinum, fh
= facies hyoidis, fj = foramen jugulare, fo = fenestra ovalis, lon =
lamina orbitonasalis, pa = pars articularis quadrati, pal = processus
anterolateralis, pao = processus antorbitalis, paq = processus
ascendens quadrati, pm = processus muscularis quadrati, ppl =
processus posterolateralis of the crista parotica, pq =
palatoquadrate, pqge = processus quadratoethmoidalis, pra =
processus retroarticularis, sa = suprarostral ala, sc = suprarostral
corpus, tm = taenia tectum marginalis, ts = tectum synoticum, ttm =
taenia tectum medialis, ttt = taenia tectum transversalis. Bar = 1.0

mm.
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Fig. 2. Chondrocranium of Adenomera marmorata at stage 36
(USNM 209363). A. Lateral view. B. Ventral view of hyobranchial
apparatus. cbI- IV = ceratobranchialsI -1V, co < cartilago orbitalis,
con = condylus articularis, cop = copula Il, cot I - IIl = commissurae
terminales I - III, foc = foramen oculomotorium, fop = foramen
opticum, ft = foramen trochleare, opb = open processus branchialis,
pab = processus anterior branchialis, pah = processus anterior
hyalis, palh = processus anterolateralis hyalis, pd = processus
dorsomedialis, phy = planum hypobranchiale, plh = processus
lateralis hyalis, pph = processus posterior hyalis, pr = pars reuniens,
pra = processus retroarticularis, pub = processus urobranchialis, pv
= processus ventromedialis, sp = spiculae, te = taenia ethmoidalis.

Bar = 1.0 mm. Other labels as in Fig. 1.

27



A
scsact telon co ft ttttm ttm

pd
pv
ci
pa |pao fop |pagpal | pp!
pra pqe foc fo
B
plh pab pah coppr pub pph palh con

N

phy sp cot |-l




(sensu Sokol, 1981). The lateral margin of the palatoquadrate
curves dorsally. The confluence of the palatoquadrate with the
processus ascendens forms a pocket-like depression. Anteriorly, the
processus muscularis quadrati projects dorsally from the lateral
margin of the palatoquadrate at the level of the posterior margin of
the commissura quadratocranialis anterior. Howdver, the processus
muscularis quadrati is reduced in Adenomera marmorata. Ventral
to the processus muscularis quadrati is the facies hyoidis, which
articulates with the ceratohyal. There is a well-developed processus
antorbitalis, but a commissura quadratoorbitalis is lacking in A.
marmorata.

The commissura quadratocranialis anterior is a ventrolateral
extension of the braincase. Its anterior margin possesses a blunt
and triangular commissura quadratoethmoidalis that serves as the
posterior point of attachment for the ligamentum
quadratoethmoidale. Adenomera marmorata lacks a processus
pseudopterygoideus. The pars articularis quadrati is a poorly-
developed anterior extension of the palatoquadrate; it articulates

broadly with cartilago Meckeli.
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Cartilago Meckeli is unipartite, but consists of three regions.
Laterally, the processus retroarticularis extends beneath the pars
articularis quadrati. The body of cartilago Meckeli is in the same
plane as the palatoquadrate and has a small knob posteromedially.
The largest region of cartilago Meckeli is an anteromedial extension
composed of the processus dorsomedialis and prdcessus
ventromedialis. The cartilagines infrarostrales articulate with
cartilago Meckeli between these processes (Fig. 2). The cartilagines
infrarostrales are angled ventromedially. They are overall
rectangular in ventral view and anteriorly U-shaped (Fig. 1).

The hyobranchial apparatus has a V-shaped pars reuniens that
unite the ceratohyals medially (Fig. 2). The broad ceratohyals bear
two processes, the processus anterior hyalis and the processus
posterior hyalis. The processus anterolateralis hyalis is also present
along the anterior margin of the ceratohyal, but it is extremely
reduced. Adenomera marmorata lacks copula I. The condylus
articularis is produced dorsally from the processus lateralis hyalis

and articulates with the palatoquadrate. The pars reuniens is
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posteriorly continuous with copula II, which bears a thick and
round, posteroventrally directed, processus urobranchialis.
Posterolaterally, the copula I is continuous with the planum
hypobranchiale. The plana hypobranchiales do not contact each
other medially, but they are continuous with the four
ceratobranchials and their corresponding dorsal $piculae laterally.
The dorsally concave ceratobranchials are united posteriorly by the
commissurae terminales, each of which bears a small posterior
process. Adenomera marmorata lacks an extensive cartilaginous
network within the ceratobranchials. Ceratobranchial I, the widest
of the four, possesses the processus anterior branchialis along its
anterior margin. Ceratobranchials II and III bear opposing but non-
continuous, poorly chondrified, processes that form an open

processus branchialis.

EDALORHINA PEREZI

The chondrocranium of Edalorhina perezi is circular in dorsal

view (Fig. 3). Its greatest width is about 90% of the total length,

31



while its greatest depth is about 31% of its total length. The
specimen examined did not have cartilagines infrarostrales.

Anteriorly, the suprarostral corpora and alae are fused
dorsally. The L-shaped corpora are ventromedially angled. Each
corpus has a small medial process along the ventral margin, but
they are not continuous. The semicircular alae pdssess the
processus posterior dorsalis, which reaches over the horizontal body
of cartilago Meckeli (Fig. 4). The point of articulation of the
suprarostrals with the cornua trabeculae is knob-shaped.

The cornua trabeculae are about 15% of the total
chondrocranial length (Fig. 3). They are ventrally concave and V-
shaped. A processus lateralis trabeculae is present proximally from
their lateral margin (Fig. 4). It serves as the anterior point of
attachment for the ligamentum quadratoethmoidale.

The cartilago orbitalis forms the braincase laterally. The
lamina orbitonasalis projects anterolaterally from the braincase at
the junction with the commissura quadratocranialis anterior. The

cartilago orbitalis has three foramina. The smallest is the foramen
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Fig. 3. Chondrocranium of Edalorhina perezi at stage 36 (USNM
342752). A. Dorsal view. B. Ventral view. plt = processus lateralis
trabeculae, ppd = processus posterior dorsalis, pps = processus

pseudopterygoideus. Bar = 1.0 mm. Other labels as in Figs. 1 and 2.
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Fig. 4. Chondrocranium of Edalorhina perezi at stage 36
(USNM 342752). A. Lateral view. B. Ventral view of
hyobranchial apparatus. ao = arcus occipitalis, cao =
cartilaginous operculum, ch = ceratohyal, fpo = foramen

prooticum, sn = septum nasi, Bar = 1.0 mm. Other labels as in

Figs. 1 and 2.
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trochleare, which is dorsal to the foramen opticum. Posterior to the
foramen opticum is the foramen oculomotorium.

The roof of the braincase is divided into three fenestrae, an
anterior frontal fenestra and two posterior parietal fenestrae (Fig.
3). The floor of the braincase has two pairs of foramina:
craniopalatina and carotica primaria. The planum basale serves as
the floor of the braincase between the capsulae auditivae and
diverges posteriorly forming the otic notch.

The tectum synoticum bridges the capsulae auditivae dorsally.
Each capsula auditiva is slightly more than 25% of the total
chondrocranial length and slightly less than 25% of the total
chondrocranial width. A small processus anterolateralis projects
from the crista parosica of the capsula auditiva. Ventral to the
crista parotica, the fenestra ovalis is partially occluded by a
cartilaginous operculum (Fig. 4). A larval processus oticus is absent
in Edalorhina perezi larvae.

The palatoquadrate of Edalorhina is broad (Fig. 3). A large
fenestra subocularis is located between the medial margin of the

palatoquadrate and the braincase. A small rounded posterior
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protrusion is on the posterolateral margin of the palatoquadrate.
The posterior curvature does not extend past the level of the
intermediate attachment of the processus ascendens to the
braincase (sensu Sokol, 1981) (Figs. 3, 4).

The commissura quadratocranialis anterior has three
processes: the commissura quadratoethmoidalis dnteriorly, the
processus pseudopterygoideus posteriorly, and the processus
antorbitalis dorsally (Fig. 3). A commissura quadratoorbitalis is
lacking.

At the level of the commissura quadratocranialis anterior, the
broad processus muscularis quadrati is a dorsal outgrowth of the
lateral edge of the palatoquadrate. Ventral to the processus
muscularis quadrati is the facies hyoidis.

The pars articularis quadrati is slightly angled medially and
articulates broadly with cartilago Meckeli. The anterolateral margin
of the pars articularis quadrati has a rounded protrusion that is the

posterior point of attachment for the ligamentum cornu quadratum

laterale.
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Cartilago Meckeli is sigmoid in shape and thus divided into
three regions. Laterally, the processus retroarticularis curves
ventrally, around, and under the pars articularis quadrati. The
horizontal part of cartilago Meckeli is its largest component; it has a
convex posterior margin that overlaps the pars articularis quadrati.
The processus ventromedialis and processus dorsbmedialis are
distinct on the medial region of cartilago Meckeli (Fig. 4). The
posteromedial margin of cartilago Meckeli is slightly enlarged (Fig.
3).

The broad ceratohyals are united medially by the pars
reuniens (Fig. 4). Anteriorly, each ceratohyal has a well-developed
processus anterior hyalis and a less developed processus
anterolateralis hyalis. Laterally, the ceratohyals are thicker at the
level of the condylus articularis, which articulates dorsally with the
palatoquadrate. The processus posterior hyalis is large and
triangular. Posterior to the pars reuniens, copula II bears a large
and rounded posteroventral processus urobranchialis. Copula I is
lacking. The plana hypobranchiales articulate with copula II

anteriorly and are fused medially along the posterior half of their
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length. The plana hypobranchiales are continuous with the four
dorsally concave ceratobranchials and their corresponding dorsal
spiculae. At the confluence of the planum hypobranchiale with
ceratobranchial I, a processus anterior branchialis is found. The
ceratobranchials are united distally by the commissurae terminales;
the commissura terminalis III between ceratobrarchials III and IV
bears a small rounded posterior process. A cartilaginous network is
present among the ceratobranchials. Ceratobranchial I is
perforated. Proximally, ceratobranchials I and III each bear ventral
opposing non-continuous processes forming an open processus

branchialis.

LIMNOMEDUSA MACROGLOSSA
Overall the chondrocranium of Limnomedusa macroglossa is
ovoid (Fig. 5). The widest portion of the chondrocranium is
approximately 80% of the total length, and the maximum
chondrocranial height is approximately 33% of the total length.
The suprarostral corpora are fused ventromedially forming a

continuous broad sheet of cartilage. The dorsal margin of the



corpora is widely V-shaped, and their ventral margin is horizontal.
The corpora are not continuous laterally with the semicircular alae.
The dorsal margin of each ala is slightly concave between the
processus posterior dorsalis and the well-developed and knob-like
point of articulation of the suprarostrals with the cornua trabeculae
(Fig. 6).

The cornua trabeculae are slightly more than 209% of the total
length of the chondrocranium (Fig. 5). They are deeply V-shaped
and anteriorly expanded. They have a well-developed and
triangular-shaped processus lateralis trabeculae.

The brain is enclosed laterally by the cartilago orbitalis (Fig.
6). The lamina orbitonasalis is present as a dorsolateral outgrowth
of the anterior region of the cartilago. Posteriorly, the foramen
trochleare, foramen opticum, and foramen oculomotorium are seen
on the cartilago orbitalis. A thin ventromedial bar of cartilage
connects the anterior margin of the foramen oculomotorium with
the floor of the braincase. The oculomotor nerve exits the braincase
dorsal to this bar, and the ophthalmic artery leaves the braincase

ventral to this bar (Sokol, 1981).

41



The anterior wall of the braincase is perforated by the
foramina olfactoria. In dorsal view, the braincase has an anterior
frontal fenestra and two posterior parietal fenestrae (Fig. 5). The
floor of the braincase is pierced by two pairs of foramina: the
foramina carotica primaria and the foramina craniopalatina.

The tectum synoticum bridges the capsulae‘auditivae dorsally.
The capsulae auditivae are overall diamond-shaped, and they are
25% of the total chondrocranial length. The width of each capsula
auditiva is about 80% of the their length and accounts for 25% of
the total width of the chondrocranium. Each capsula auditiva has a
well-developed and finger-like processus anterolateralis of the crista
parotica that contacts, but is not continuous with, the posterior
curvature of the palatoquadrate. However, these will fuse by stage
40. Ventral to the crista parotica is the fenestra ovalis, which is
occluded by a large cartilaginous operculum (Fig. 6).

The palatoquadrate of Limnomedusa is wide and the posterior
curvature extends past the anterior margin of the capsula auditiva
(Fig. 5). The posterior and lateral margins of the palatoquadrate

curve dorsally forming a concavity at the confluence of the
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Fig. 5. Chondrocranium of Limnomedusa macroglossa at stage 34.
A. Dorsal view. B. Ventral view. cqo = commissura

quadratoorbitalis. Bar = 1.0mm. Other labels as in Figs. 1 and 2.
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Fig. 6. Chondrocranium of Limnomedusa macroglossa at stage
34. A. Lateral view. B. Ventral view of hyobranchial apparatus. cop
I = copula I, cpb = closed processus branchialis, fol = foramina

olfactoria. Bar = 1.0mm. Other labels as in Figs. 1 and 2.
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palatoquadrate with the processus ascendens. The processus
ascendens has an intermediate attachment to the braincase (sensu
Sokol, 1981) (Fig. 6).

The confluence of the commissura quadratocranialis anterior
with the palatoquadrate is about twice as wide as its confluence with
braincase (Fig. 5). The commissura quadratocrarialis anterior bears
a processus quadratoethmoidalis and a well-developed and finger-
like processus pseudopterygoideus. The commissura
quadratoorbitalis is present, fused to the tip of the processus
muscularis quadrati.

A laterally concave processus muscularis quadrati extends
dorsally from the lateral margin of the palatoquadrate at the level of
the commissura quadratocranialis anterior. The dorsally concave
anterior margin of the pars articularis quadrati articulates broadly
with cartilago Meckeli.

Cartilago Meckeli is sigmoid in shape and bears three
processes: the processus retroarticularis, the processus
ventromedialis, and the processus dorsomedialis. A distinct medial

process also extends from the posteroventral margin of cartilago
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Meckeli. Each cartilago infrarostralis articulates posteriorly with
cartilago Meckeli between the processus ventromedialis and the
processus dorsomedialis. The lateral margins of the cartilagines
infrarostrales are thicker than the medial margins, which
accentuates the ventromedial slope of the cartilages.

The hyobranchial apparatus has a poorly cHondrified pars
reuniens, which unites the broad ceratohyals and the copula II
posteriorly (Fig. 6). Anterior to the pars reuniens, a small elliptical
copula I is present. The anterior margin of each ceratohyal bears
the processus anterior hyalis and the processus anterolateralis
hyalis. The posteromedial margin of the ceratohyal has a broad,
flat, laterally concave processus posterior hyalis. The lateral region
of the ceratohyal bears the dorsally protruding condylus articularis.
A long and round posteroventral processus urobranchialis is located
on copula I, which articulates posteriorly with the plana
hypobranchiales.

The plana hypobranchiales are not continuous medially;
furthermore, they are only continuous with ceratobranchials I and

IV and their corresponding spiculae. An extensive network of



poorly chondrified cartilage exists among the ceratobranchials. The
four ceratobranchials are united distally via fenestrated
commissurae terminales. Commissurae terminales II and III bear
posterodorsal processes. At the confluence of ceratobranchial I with
the planum hypobranchiale, a processus anterior branchialis is
present. Ceratobranchials I and IV are fenestrate. A processus
lateralis hypobranchialis forms on the lateral margin of the planum
hypobranchiale and articulates with ceratobranchials II and III. A
closed processus branchialis is found between ceratobranchials II

and IIIL.

PHYSALAEMUS: P. GRACILIS, P. HENSELII, P. PUSTULOSUS
Overall, the chondrocrania of Physalaemus larvae are ovoid
(Fig. 7). The greatest width being about 87% of the total length,
while the greatest height is about 33% of the total length.
Anteriorly, the suprarostral corpora are rectangular and unite
ventrally by a thin cartilaginous commissura. In Physalaemus
pustulosus, the corpora are narrow, therefore, the ventral

cartilaginous commissura uniting them is longer. Each corpus is
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continuous dorsolaterally with the ala. The semicircular alae are
thin broad sheets of cartilage that bear the processus posterior
dorsalis and articulate with the cornua trabeculae dorsally. The
processus posterior dorsalis is reduced in P. henselii (Fig. 8).

The cornua trabeculae are approximately 20% of the total
length of the chondrocranium (Fig. 7). Overall, the cornua
trabeculae are U-shaped in Physalaemus pustulosus and P. henselii,
while in P. gracilis these form a V. Each cornu trabecularum bears a
blunt, triangular, processus lateralis trabeculae.

The foramina olfactoria are large perforations in the anterior
wall of the braincase. These foramina are reduced in Physalaemus
henselii, and they are not visible in lateral view (Fig.8). The
braincase is enclosed laterally by the cartilago orbitalis. Anteriorly,
a lamina orbitonasalis protrudes laterally from the cartilago
orbitalis. In Physalaemus pustulosus and P. gracilis, the foramen
orbitonasalis is visible on the proximal portion of this outgrowth.
The foramen oculomotorium, foramen opticum, and foramen
trochleare perforate the cartilago orbitalis. The latter is not

distinguishable in P. pustulosus.



The roof of the braincase is subdivided into a large anterior
frontal fenestra and two smaller posterior parietal fenestrae (Fig. 7).
However, the taenia tectum transversalis and taenia tectum
medialis are absent in Physalaemus henselii leaving a large
frontoparietal fontanelle delimited posteriorly by the tectum
synoticum. The taeniae tecti marginales are abseht in_Physalaemus
larvae, therefore, the dorsal margin of the cartilagines orbitales is
not continuous with the capsulae auditivae. Ventrally, the braincase
bears the foramina carotica primaria and the foramina
craniopalatina.

The capsulae auditivae are bridged dorsally by the tectum
synoticum. Each capsula auditiva is overall ovoid and is about 33%
of the total chondrocranial length. However, in Physalaemus
gracilis, the capsulae auditivae are smaller, about 25% of the total
~length of the chondrocranium. The width of each capsula auditiva
is about 80% of its length; however, in P. gracilis, the width is
slightly more than 90% of the length. Laterally, beneath the crista
parotica, the fenestra ovalis is partially occluded by a cartilaginous

operculum. The cartilaginous operculum is less-developed in P.
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henselii (Fig.8). Each crista parotica has a processus anterolateralis;
this process is best-developed in P. pustulosus. A larval processus
oticus is absent in Physalaemus.

The posterior curvature of the palatoquadrate is the broadest
point in the chondrocranium (Fig. 7). The processus ascendens has
an intermediate attachment to the braincase (serisu Sokol, 1981)
(Fig. 8). An orifice exists at the confluence of the processus
ascendens with the palatoquadrate in Physalaemus gracilis. In P.
henselii, a ventral depression is present in this region of the
palatoquadrate, and this depression is accented by dorsal curving of
the posterior and lateral margins of the palatoquadrate. An orifice
is variably present here during earlier stages of development in the
P. henselii specimens examined.

The commissura quadratocranialis anterior is wider towards
the palatoquadrate (Fig. 7). The well-developed commissura
quadratoethmoidalis and the processus pseudopterygoideus are
found on the commissura quadratocranialis anterior. In
Physalaemus gracilis, the processus pseudopterygoideus is a well-

developed process, however, it is lacking in P. henselii. Itisa
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Fig. 7. Dorsal and ventral view of chondrocranium. A. Physalaemus
gracilis at stage 40. B. P. henselii at stage 39. C. P. pustulosus at

stage 38. Bar = 1.0mm.
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Fig. 8. Lateral view of chondrocranium and ventral view of
hyobranchial apparatus. A. Physalaemus graci]is"at stage 40. B. P.

henselii at stage 39. C. P. pustulosus at stage 38. Bar = 1.0 mm.
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defined process in stage 31 of P. pustulosus, but it is reduced by
stage 38. The processus antorbitalis is well-developed in P. henselii
and P. gracilis; these species lack a commissura quadratoorbitalis.
In P. pustulosus, a commissura quadratoorbitalis is present.

The processus muscularis quadrati is a well-developed
dorsomedial extension of the lateral margin of thé palatoquadrate at
the level of the commissura quadratocranialis (Fig. 8). This process
is thin in Physalaemus henselii. Ventral to the processus muscularis
quadrati is the facies hyoidis. Physalaemus henselii has a small
facies hyoidis.

The pars articularis quadrati articulates broadly with the
convex posterior margin of cartilago Meckeli (Fig. 7). Cartilago
Meckeli is sigmoid in shape and bears three processes: the processus
retroarticularis, the processus ventromedialis, and the processus
dorsomedialis; the latter is most distinct in Physalaemus henselii
(Fig. 8). A slight ventral swelling is noticeable on the posteromedial
margin of cartilago Meckeli. Each cartilago infrarostralis articulates
with cartilago Meckeli between the processus dorsomedialis and

processus ventromedialis. Overall, the cartilagines infrarostrales are



dorsally concave and ventromedially directed. In P. gracilis, the
dorsolateral tip of each cartilago infrarostralis almost reaches the
cornua trabeculae.

The pars reuniens of the hyobranchial apparatus unites the
wide ceratohyals and copula II. Copula I is absent. A processus
anterior hyalis and a processus anterolateralis hy4lis are present.
These processes are poorly developed in Physalaemus henselii. The
tip of the processus posterior hyalis, a broad triangular outgrowth
of the ceratohyal, is dorsal to the planum hypobranchiale in P,
henselii and P. gracilis. A condylus articularis is present on the
dorsolateral region of the ceratohyal. The pars reuniens is
continuous posteriorly with the copula II, which bears a long and
rounded posteroventral processus urobranchialis. Copula II is
continuous posteriorly with the plana hypobranchiales in P.
pustulosus. The plana hypobranchiales are broad sheets of cartilage
that are continuous with Ceratobranchials I and IV and their
corresponding spiculae. The plana hypobranchiales are not fused
medially. The processus lateralis hypobranchialis of each planum

hypobranchiale articulates with ceratobranchial II. An extensive



network of poorly chondrified cartilage exists among the four
dorsally concave ceratobranchials. Distally, the commissurae
terminales unite the ceratobranchials, and commissurae terminales
II and III each bear a posterodorsal process. The processus
branchialis is open. The processus anterior branchialis is a medially
concave process of ceratobranchial I, the widest of the four
ceratobranchials. In P. pustulosus, ceratobranchial I and the

commissurae terminales are fenestrated.

PLEURODEMA: P. BRACHYOPS, P. BRACHYOPS2, P. TUCUMANA

The chondrocrania of Pleurodema tadpoles are overall ovoid
(Fig. 9). The width of the chondrocrania is approximately 85% of
the total length, while the height is about 30% of the total length.

The I-shaped suprarostral corpora are continuous ventrally by
a cartilaginous commissura. Each corpus is continuous
dorsolaterally with the semicircular ala. This continuity is not
evident until stage 35 in Pleurodema tucumana. Ventral fusion
between the corpus and the ala exists in P. brachyops2 and in later

stages of P. tucumana. The broad alae are concave between the
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processus posterior dorsalis and the point of articulation with the
cornua trabeculae. These two protrusions of the alae are poorly
developed in P. brachyops2, however, overall, the ala in P.
brachyops2 is broader (Fig. 10). Posterior to the tip of the
processus posterior dorsalis, cartilaginous adrostrals are present.
Pleurodema brachyops lacks adrostrals.

The V-shaped cornua trabeculae are about 20% of the total
chondrocranial length (Fig. 9). In P. brachyops2, the cornua
trabeculae are not as long, only about 15% of the total
chondrocranial length. They are broad and thinly U-shaped. The
proximal lateral margin of each cornu trabecularum bears a
processus lateralis trabeculae. The processus lateralis trabeculae is
poorly-developed in P. brachyops.

- The anterior wall of the braincase is perforated by the large
foramina olfactoria. A lamina orbitonasalis protrudes
anterolaterally from the cartilago orbitalis. The cartilago orbitalis
has three foramina: the foramen trochleare, the foramen opticum,
and the foramen oculomotorium (Fig. 10). Pleurodema tucumana

lacks foramina olfactoria, a taenia ethmoidalis, a lamina



orbitonasalis, and a foramen trochleare. The taeniae tecti
marginales are continuous with the capsulae auditivae.

In the floor of the braincase, the foramina craniopalatina and
foramina carotica primaria are present in Pleurodema brachyops
and P. brachyops2, however the former are indistinguishable in P.
tucumana (Fig. 9). There is a large frontoparietal'fontanelle. In P.
tucumana, the tectum synoticum bears a rounded posterior
protrusion and a reduced taenia tectum medialis. In P. brachyops2,
the frontoparietal fontanelle is subdivided by the taenia tectum
transversalis and taenia tectum medialis.

Each capsula auditiva is approximately 25% of the total
chondrocranial length and approximately 27% of the total width of
the chondrocranium. Laterally on the capsula auditiva, the crista
parotica bears a processus anterolateralis that is most distinct in P.
tucumana. A processus posterolateralis of the crista parotica is also
present. Ventral to the crista parotica is a large fenestra ovalis,
which is partially occluded by a cartilaginous operculum (Fig. 10).
The cartilaginous operculum is lacking in Pleurodema brachyops.

Pleurodema lacks a larval processus oticus.
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Fig. 9. Dorsal and ventral view of chondrocranium. A.
Pleurodema brachyops at stage 35. B. P. brachyodps2 at stage 37. C.

P. tucumana at stage35. Bar = 1.0 mm
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Fig. 10. Lateral view of chondrocranium and ventral view of
hyobranchial apparatus. A. Pleurodema brachyops at stage 35. B. P.

brachyops?2 at stage 37. C. P. tucumana at stage35. Bar = 1.0 mm






The processus ascendens has an intermediate attachment to
the braincase (sensu Sokol, 1981). The posterior curvature of the
palatoquadrate is wide, however, it does not extend past the level of
attachment of the processus ascendens (Fig. 9). Due to dorsal
curving of the posterior and lateral margins of the palatoquadrate, a
slight pocket-like depression exists in Pleurodem? tucumana at the
level of the processus ascendens. The lateral margin of the
palatoquadrate bears a facies hyoidis and a processus muscularis
quadrati. A commissura quadratoorbitalis is present. The
processus pseudopterygoideus is present in P. tucumana. The pars
articularis quadrati articulates broadly with the horizontal region of
cartilago Meckeli.

Cartilago Meckeli is sigmoid in shape. The medial region of
cartilago Meckeli is more elongate and curves less anteriorly in
Pleurodema brachyops (Fig. 9). A well-developed medial protrusion
exists on the posteroventral margin of cartilago Meckeli in P.
brachyops. The cartilagines infrarostrales articulate posteriorly
with cartilago Meckeli. In ventral view, the posterior margin of each

cartilago infrarostralis in P. brachyops and P. brachyops?2 is



concave. Furthermore, the posterior margin of the cartilagines
infrarostrales is overall broadly V-shaped ventrally.

The pars reuniens is poorly chondrified. A processus anterior
hyalis, a smaller processus anterolateralis hyalis, and a processus
posterior hyalis are present on the ceratohyal. Copula I is absent.
Copula II is continuous with the pars reuniens. Copula Il bears a
processus urobranchialis, a rounded posteroventral protrusion best-
developed in Pleurodema brachyops. Copula II articulates
posteriorly with the plana hypobranchiales, and in P. brachyops,
these are continuous. The plana hypobranchiales are not fused
medially in P. tucumana, however, in both P. brachyops and P.
brachyops2, the plana hypobranchiales are fused posteriorly.

Each planum hypobranchiale is associated with four dorsally
concave ceratobranchials and four dorsal spiculae. In Pleurodema
brachyops and P. brachyops2, spiculae I and II are indistinguishable.
All of the ceratobranchials are continuous posteriorly with
commissurae terminales; commissurae terminales II and III each
bear a posteroventral process. A network of poorly chondrified

cartilage exists among the ceratobranchials. This cartilaginous
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network is lacking on the medial margin of ceratobranchial IIl. In P.
brachyops, this network is also lacking on the lateral margin of
ceratobranchial II. Proximally, ceratobranchial I bears a well-
developed medially concave processus anterior branchialis.
Ceratobranchial I is perforated. In P. brachyops, ceratobranchial IV
is also perforated. Pleurodema brachyops2 lacks'perforations on
ceratobranchials I and IV, but the commissurae terminales are
fenestrated. A closed processus branchialis is present between

ceratobranchial II and III.

INTERNAL ORAL ANATOMY

LIMNOMEDUSA MACROGLOSSA

The buccal floor is shaped like a tear-drop, wider than long
(Fig. 11). Four infralabial papillae are transversely oriented; the
medial pair are attenuate with pustulate anterior margins while the
lateral pair are broader with seven to ten pustulations on their tips.
Four lingual papillae lie in a cluster at the midline. The most
anterior is palmate and the other three are.bifurcated at least once.

The buccal floor arena is U-shaped and contains about 50-60



papillae per side among about half as many pustulations. The
buccal floor arena papillae are unbifurcated and, for the most part,
are directed medially or anteriorly. Prepocket papillae are
indistinguishable. The ventral velum is smooth, and its margin
hangs free and bears a marginal projection over each filter cavity.
Four blunt papillae are on either side of the median notch.

The buccal roof of Limnomedusa is pear-shaped, and tooth-like
projections extend from the lateral portions of the upper lip (Fig.
12). Posterior to the keratinized upper beak, hundreds of
pustulations cover the prenarial arena. A wide transversely
compressed papilla extends medially into the prenarial arena from
each side. A semicircular pustulated ridge lies anterior to the
prenarial valves. Two prenarial papillae exist on each side. The
postnarial arena has two rows of anteriorly serrated papillae on
either side of the midline increasing in size posteriorly. Postnarial
papillae have a very broad continuous base, and some of these
papillae extend posteriorly past the median ridge. The median
ridge contains a total of seven papillae that decrease in size

laterally.
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Fig. 11. Scanning electron micrograph of the buctal floor of
Limnomedusa macroglossa at stage 37. (15Kv, 30x, Bar = 1.0 mm).

The anterior of the specimen is toward the top of the page.
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Fig. 12. Scanning electron micrograph of the buccal roof of
Limnomedusa macroglossa at stage 37. (15Kv, 30x, Bar = 1.0 mm).

The anterior of the specimen is toward the top of the page.
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The buccal roof arena has two papillae just posterior to the
median ridge among about 50 pustulations, and two more papillae
posterior to these so they appear as four corners of a square. The
buccal roof arena papillae are well-developed and are arranged in
two rows among scattered pustulations. A few lateral roof papillae
exist anterior to a smooth semicircular region surfounding the
buccal roof arena. The glandular zone is well defined and secretory
pits are visible. The dorsal velum bears many pustulations,
however, it is discontinuous at the midline where it bears six to

eight papillae.

PHYSALAEMUS GRACILIS

The buccal floor is triangular (Fig. 13). Two pairs of
infralabial papillae are present, the anteromedial pair is smaller,
~ while the posterolateral pair is larger and more rugose. The four
lingual papillae are all equal size bearing pustulate tips; the medial
pair abut each other. The buccal floor arena is defined by two
posteromedial rows of large papillae, some of which bifurcate.

Between these papillae are about 30 pustulations. The buccal
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pockets are angled about 25° off the transverse plane. The ventral
velum is textured, but lacks any distinguishable glandular zone or
secretory pits. A distinct free lip, lacking any marginal protrusions
is discontinuous at the median notch.

The upper lip bears six papillae laterally, exterior to the
keratinized beak (Fig. 14). The prenarial arena cdntains many
pustulations anteriorly, but posteriorly the surface is smooth.
However, a ridge exists posteriorly bearing four peaks; each peak
exhibits three to five pustulations. Prenarial papillae appear to be
lacking in Physalaemus gracilis. Nares are approximately one-third
of the way back into the oral cavity. The postnarial arena is broadly
triangular. Two moderate sized pustulations are medial to two large
papillae with serrated apices. On each side of the buccal floor, the
pair of lateral ridge papillae share a common base and both have
jagged tips. The median ridge is semicircular and free anteriorly.

The buccal roof arena is circular and is delimited by about ten
papillae having pustulate tips. Between the papillae are 35-40

pustulations. A semicircular row of pustulations lies anterior to the
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Fig. 13. Scanning electron micrograph of the buccal floor of
Physalaemus gracilis at stage 37. (15Kv, 30x, Bar = 1.0 mm). The

anterior of the specimen is toward the top of the page.
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Fig. 14. Scanning electron micrograph of the buécal roof of
Physalaemus gracilis at stage 37. (15Kv, 30x, Bar = 1.0 mm). The

anterior of the specimen is toward the top of the page.
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glandular zone, which is full of secretory pits. The anterior margin
of the glandular zone is wavy laterally, and medially, the zone itself

is thinner. The dorsal velum is interrupted medially.

PHYSALAEMUS HENSELII

The buccal floor produces two large polyfu?tated infralabial
papillae, both angled medially (Fig. 15). The two attenuate lingual
papillae are adjacent to each other on the midline. The buccal floor
arena is demarcated by ten bifurcating papillae. Three longitudinal
rows of pustulations extend posteriorly toward the ventral velum.
The buccal pockets located 60% of the posterior distance of the
buccal floor, and these are angled 30° off the transverse plane. The
ventral velum bears a distinct wavy lip bearing a few random
marginal projections. No median notch is evident.

The prenarial arena of the buccal roof is covered with many
small antler-like papillae near the beak (Fig. 16). These papillae are
graded posteriorly into pustulations. Posteriorly in the prenarial
arena a multi-peaked ridge exists bearing 15-20 pustulations.

Prenarial papillae are indistinguishable. The nares are 25% of the



distance back into the oral cavity. The postnarial arena bears two
well- developed papillae each containing many small branches. The
lateral ridge papillae are rugose, broad based, and bear five to six
pustulations on their tip. The median ridge bears 10-15 distinct
pustulations along its anterior margin. The buccal floor is rugose.
The buccal roof arena is demarcated by six well—dEveloped
bifurcating papillae between which are approximately 10
pustulations. About 30 pustulations form a semicircle around the
buccal roof arena anterior to the glandular zone. The anterior

margin of the glandular zone is wavy.
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Fig. 15. Scanning electron micrograph of the buccal floor of
Physalaemus henselii at stage 31. (15Kv, 40x, Bar = 1.0 mm). The

anterior of the specimen is toward the top of the page.
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Fig. 16. Scanning electron micrograph of the buccal roof of
Physalaemus henselii at stage 31. (15Kv, 40x, Bar = 1.0 mm). The

anterior of the specimen is toward the top of the page.






LARVAL CHARACTERS FOR PHYLOGENETIC ANALYSIS

The present study, combined with previous chondrocranial
descriptions and character matrices (Lavilla, 1992; Lavilla and
Fabrezi, 1992; Larson and de S4, 1998), identified the following 28
characters:

A. Ventromedial fusion of suprarostral corpora. Corpora are
independent in the subfamily Hylodinae, fused in Ceratophryinae
and Edalorhina perezi, and both conditions exist present in the
Telmatobiinae. 0 = unfused, 1 = fused.

B. Dorsal fusion of the suprarostral corpus and ala. The corpus and
ala are independent in Hylodinae, fused in Ceratophryinae, and
both conditions are present in the other subfamilies. 0 = unfused,
1 = fused.

C. Ventral fusion of the suprarostral corpus and ala. The
suprarostrals are ventrally fused in Ceratophryinae, however, this
fusion is variably present in all other subfamilies. O = unfused, 1 =
fused.

D. Cornua trabeculae length relative to total length of the

chondrocranium. The cornua trabeculae of Hylodinae are greater



than 25% of the length of the chondrocranium. The cornua
trabeculae of the members of Leptodactylus, Limnomedusa, Alsodes,
Odontophrynus, and Telmatobius are 20-25% the length of the
chondrocranium. Physalaemus and Edalorhina have shorter cornua
trabeculae, between 15-20% of the total chondrocranial length.
Ceratophrys, Adenomera, and Cycloramphus havé very short

cornua trabeculae, less than 15% of the length of the
chondrocranium. This character was variable among the remaining
genera. 0 =>25%, 1 = 20-24%, 2 =15-19%, 3 = <15%.

E. The length of the capsulae auditivae relative to total
chondrocranial length. Except for Cycloramphus stejnegeri,
Telmatobiinae, Hylodinae, and Ceratophryinae have capsulae
auditivae that are less than 30% of the length of the
chondrocranium. This character is variable within Leptodactylinae.
O = less than 30%, 1 = greater than 30%.

F. Processus anterolateralis of the crista parotica. It is lacking in the
subfamily Ceratophryinae and present in all others. 0 = present, 1 =

absent.



G. Larval processus oticus. This character is only present in
Ceratophrys and Alsodes barrioi. O = absent, 1 = present.

H. Projection of posterior.curvature of palatoquadrate. This
character is only present in two leptodactylines, Edalorhina perezi
and Leptodactylus chaquensis. O = absent, 1 = present.

I. Processus posterolateralis of the crista paroticaf This character is
absent in Ceratophryinae, present in Hylodinae, and variably
present in the other subfamilies. O = absent, 1 = present.

J. Posterolateral extension of the palatoquadrate. The posterior
curvature of the palatoquadrate is anterior to the attachment of the
processus ascendens in Hylodinae. It is past the level of the
processus ascendens in Ceratophryinae. This character is variable
among the remaining subfamilies. O = anterior to the processus
ascendens, 1 = at the level of the processus ascendens, 2 = posterior
to the processus ascendens.

K. Attachment of the processus ascendens. The processus
ascendens of Leptodactylinae has an intermediate attachment to the
braincase with the exception of Leptodactylus petersii, which has a

low attachment. The processus ascendens of Hylodinae and



Ceratophrys also has a low attachment. This character is variable in
all other genera. O = low, 1 = intermediate, 2 = high.

L. Processus pseudopterygoideus. This character is variably present
in Telmatobiinae and Leptodactylinae; it is absent in Ceratophryinae
and Hylodinae. O = absent, 1 = present.

M. Fusion of the processus pseudopterygoideus tO the braincase. It
is fused in Alsodes barrioi and Telmatobius pisanoi. 0 = unfused, 1
= fused.

N. Pars articularis quadrati. The pars articularis quadrati is distinct
from the processus muscularis in Hylodinae, Telmatobiinae, and
Leptodactylinae, except for Leptodactylus petersii and L. chaquensis.
the condition is variable in Ceratophryinae. O = distinct from the
processus muscularis quadrati, 1 = not distinct.

O. Processus muscularis quadrati. Cycloramphus stejnegeri,
Adenomera marmorata, Crossodactylus gaudichaudii, and
Lepidobatrachus have a reduced processus muscularis quadrati. All
other taxa have a well-developed processus muscularis quadrati. O

= well-developed, 1 = reduced.
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P. Commissura quadratoorbitalis. This connection is absent in
Ceratophryinae and Hylodinae; it is variable in other subfamilies. O
= absent, 1 = present.

Q. Processus anterolateralis hyalis. This process is present in
Leptodactylinae and Telmatobiinae, except Telmatobius bolivianus.
It is variable in Hylodinae and absent in Ceratoph"r’yinae. 0=
absent, 1 = present.

R. Processus branchialis. A processus branchialis is absent in
Telmatobiinae and Hylodinae. It is variable in other subfamilies. O
= open, 1 = closed.

S. Processus lateralis of the cornua trabeculae. Except for
Cycloramphus stejnegeri, this process is present in Telmatobiinae
and Hylodinae. It is variable in other subfamilies. O = present, 1 =
absent.

T. Frontoparietal fontanelle. The frontoparietal fontanelle may be
divided by the taenia tectum medialis and taenia tectum
transversalis. It is variable in all subfamilies. 0 = divided, 1 =

undivided.



U. Taeniae tecti marginales in relation to the capsula auditiva.
They are not continuous in Physalaemus and Pleurodema borellii.

0 = continuous, 1 = not continuous.

V. Foramen trochleare. This foramen is variable present in all
subfamilies. 0 =distinguishable, 1 = indistinguishable.

W. Ventral protrusion of the posteromedial margfn of cartilago
Meckeli. This protrusion is variable within Leptodactylinae. It is
not present in the other subfamilies. O = absent, 1 = distinct.

X. Copula I. This cartilage is present in Telmatobius bolivianus,
Limnomedusa macroglossa, and Ceratophrys cornuta. O = absent,

1 = present.

Y. Processus quadratoethmoidalis. This character was not found in
Lepidobatrachus or Cycloramphus stejnegeri; it is present in the rest
of the Telmatobiinae, Hylodinae, and Leptodactylinae, and is
variable in Ceratophrys. O = present, 1 = absent.

Z. Plana hypobranchiales. The fusion of these cartilages is variably
present in each of the subfamilies. O = not fused, 1 = fused

posteromedially, 2 = completely fused.
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Aa. Processus urobranchialis. This process is lacking in
Cycloramphus stejnegeri, however, it is present in Telmatobiinae,
Hylodinae, and Leptodactylinae, and is variable in Ceratophryinae.
0 = present, 1 = extremely reduced or absent.

Ab. Cartilagines infrarostrales. The cartilagines infrarostrales of
Cycloramphus stejnegeri and Ceratophryinae are tused. 0 =

unfused, 1 = fused.

The data matrix for these character states can be found in

Table 1.



TABLE 1: Data matrix for phylogenetic analysis.

ABCDEFGHIJKLMNOPQRSTUVWXYZAaAb

Leptodactylus rhodomystax 110110001210000110000010010
Limnomedusa macroglossa 100100000111000111000011000
Physalaemus biligonigerus 1102000000N0000110011NN0000

Hyla lanciformis 110110000000000011000100000 O
Alsodes barrioi 000101101201100110010000000 O
Cycloramphus stejnegeri 101311000220001010110100121 1
Odontophrynus lavillai 1101000011N1000110010NNO0OO 0
Odontophrynus americanus 0101000001N1000110010NN000O 0
Telmatobius bolivianus 100100000210000000010N01010 O
Telmatobius ceiorum 1001000012010000100000NQ000 O
Telmatobius pisanoi 0001000012111000100000N0000 -0
Ceratophrys cornuta 111301100200000001000101101 1
Ceratophrys cranwelli 111301100200010000100N00000 1
Lepidobatrachus laevis 1112010002N0011000110N00121 1
Lepidobatrachus llanensis  111101000220011000000N00121 1
Crossodactylus gaudichaudii 000001001000001010010100020 0
Hylodes nasus 000000001000000000000100000 O
Adenomera marmorata 110310001210001010100010000 0
Edalorhina perezi 010200011111000010000000010 N
Leptodactylus chaquensis 110110011210010111000010010 O
Leptodactylus gracilis 110110001110000110110110020 ©
Leptodactylus petersi 110111000200010111110000020 O
0
0
0
Physalaemus cuqui 1002010001N0000110011NNO0OOO ©
Physalaemus gracilis 110200000111000010001000000 0
Physalaemus henselii 110211000210000010011000000 O
Physalaemus pustulosus 110210000111000110001100000 0
Pleurodema borellii 1112000002N1000111011NN0O00O ©
Pleurodema brachyops 110200001110000111110010010 O
Pleurodema brachyops?2 111100001110000111000000020 0
Pleurodema tucumana 111100001111000111010100000 O



DISCUSSION

CHONDROCRANIAL MORPHOLOGY AND SKELETOGENESIS

Chondrocranial synapomorphies were identified at the generic
and subfamilial level. Ceratophryinae is united by the following
synapomorphies: 1) fused infrarostrals, 2) fused suprarostrals, 3)
posterior curvature of the palatoquadrate extending past the level
of attachment of the processus ascendens, 4) processus
anterolateralis hyalis absent, 5) commissura quadratoorbitalis
absent, and 6) processus pseudopterygoideus absent. Other
characters vary within the subfamily and within genera of the
subfamily.

Sokol (1981) defined three conditions for the attachment of
the processus ascendens to the braincase: high, intermediate, and
low. A “high” attachment, which is considered the primitive
condition for anurans (Sokol, 1981) corresponds to the fusion of the
processus ascendens to the braincase above the foramen
oculomotorium. An attachment behind, and at the level of, the
foramen oculomotorium corresponds to Sokol’s “intermediate”

condition. The most derived condition, a “low” attachment,
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corresponds to the fusion of the processus ascendens below the
foramen oculomotorium. Lepidobatrachus has a high attachment,
while Ceratophrys has a low attachment (sensu Sokol, 1981). The
size of the processus muscularis quadrati (reduced in
Lepidobatrachus) and the degree of fusion of the plana
hypobranchiales (fused in Lepidobatrachus) also varies between
these two genera. The processus lateralis trabeculae is variably
present in Ceratophrys and Lepidobatrachus. The frontoparietal
fontanelle is open in Lepidobatrachus laevis, a derived condition
(sensu Sokol, 1981). Ceratophrys cranwelli has a commissura
quadratoethmoidalis on the commissura quadratocranialis anterior
and a processus urobranchialis on copula II, while no other species
in the subfamily have these elements. Ceratophrys cornuta is the
only ceratophryine reported to have a closed processus branchialis
(Wild, 1997).

The loss and fusion of chondrocranial components in
Ceratophryinae are adaptations associated with a carnivorous diet
(Cei, 1968; Heyer, 1979; Ruibal and Thomas, 1988; Wassersug and

Heyer, 1988, Larson and de S&, 1998). Another character associated
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with carnivory is the shortening of the cornua trabeculae (de Sa,
1994). The cornua trabeculae of Ceratophrys are less than 15% of
the total length of the chondrocranium. The length of the cornua
trabeculae is variable in Telmatobiinae and Leptodactylinae.
Cycloramphus stejnegeri and Adenomera marmorata have cornua
trabeculae that represent less than 15% of their total chondrocranial
length. However, these are not carnivorous taxa. Lavilla (1991) and
De la Riva (1995) reported that these taxa have non-feeding larvae,
surviving solely off of yolk reserves. Therefore, the shortening of
the cornua trabeculae may be associated with chondrocranial
modifications associated with their non-feeding larval ecology.

The majority of known leptodactylids have cornua trabeculae
that are 20-25% of the total chondrocranial length. This is slightly
shorter than the reported average length of cornua trabeculae, 33%
of the chondrocranial length, for free-swimming pond-type larvae
(Sokol, 1981; de Sa, 1988). Physalaemus, Edalorhina, and some
species of Pleurodema have slightly shorter cornua trabeculae,

representing 15-20% of the chondrocranial length. Hylodinae have



cornua trabeculae that are greater than 25% of the chondrocranial
length.

The two species studied from Hylodinae share several
chondrocranial characteristics. However, Crossodactylus
gaudichaudii exhibits the following derived character states as
defined by Sokol (1981): 1) processus anterolaterilis of the crista
parotica absent, 2) taenia tecti medialis and taenia tecti
transversalis absent, and 3) processus muscularis quadrati reduced.
Hylodes nasus has unfused plana hypobranchiales and lacks a
processus anterolateralis hyalis.

The chondrocrania of Telmatobiinae are greatly diverse, but
they share the following synapomorphies: 1) larval processus oticus
present, 2) open processus branchialis, 3) a well-developed
processus muscularis quadrati, 4) processus anterolateralis hyalis
present, and 5) processus lateralis trabeculae present.

The fusion of the suprarostral corpora and alae varies in
Telmatobiinae, both inter- and intragenerically. The corpora of
Cycloramphus stejnegeri are ventromedially fused and in turn, they

are fused with the alae dorsolaterally. Alsodes barrioi and



Telmatobius pisanoi have four independent suprarostral
components, while T. bolivianus and T. ceiorum only have the
suprarostral corpora fused ventromedially. The attachment of the
processus ascendens to the braincase is also variable.
Cycloramphus stejnegeri has a high attachment, T. bolivianus and T.
pisanoi have an intermediate attachment, and A. barrioi and T.
ceiorum have a low attachment (sensu Sokol, 1981). The posterior
curvature of the palatoquadrate in Odontophrynus extends to the
level of the attachment of the processus ascendens; however, in
other known telmatobiines, it extends beyond this point.
Considerable chondrocranial variation exists in the
Leptodactylinae; however, the subfamily is characterized by
suprarostral corpora that are fused ventromedially and an
intermediate attachment of the processus ascendens. In addition,
they possess a processus anterolateralis hyalis, a well-developed
processus muscularis quadrati, a processus quadratoethmoidalis,
and lack a larval processus oticus. Limnomedusa macroglossa is
unique in having a pronounced finger-like processus anterolateralis

of the crista parotica and a copula I. Adenomera marmorata has a



reduced processus muscularis quadrati and a noticeably narrow
commissura quadratocranialis anterior. Physalaemus tadpoles are
characterized by an open processus branchialis and the lack of
continuity between the orbital cartilages and the capsulae auditivae.

Pleurodema brachyops specimens showed clear differences in
chondrocranial morphology. The specimens desctibed as
Pleurodema brachyops differed from P. brachyops2 specimens by
possessing the following character states: 1) ventral fusion of
suprarostral corpora and alae absent, 2) taenia tectum medialis and
taenia tectum transversalis absent, and 3) ventral protrusion on the
posteromedial margin of cartilago Meckeli distinct, 4) processus
lateralis trabeculae absent, and 5) cornua trabeculae that represent
less than 20% of the total chondrocranial length. The cornua
trabeculae of P. brachyops were noticeably broader than those of P.
brachyops2.

Skeletogenesis has been reported for four species of
Leptodactylidae, Ceratophrys cornuta (Wild, 1997),
Eleutherodactylus nubicola (Lynn, 1942), E. guentheri (Lynn and

Lutz, 1946), and E. coqui (Hanken et al., 1992). Eleutherodactylus



exhibits direct development, consequently, deviations in its pattern
of skeletogenesis from other leptodactylids are probably related to
the lack of a free-swimming tadpole.

Among free-swimming larvae, ossification begins later for
Physalaemus than other reported anurans including dendrobatids
(Henle, 1992; Haas, 1995; de Sa and Hill, 1998), ﬁicrohylids (de Sa
and Trueb, 1991), Hyla and Pseudacris (Hylidae) (Gaudin, 1973; de
Sa, 1988), and other leptodactylids (Wild, 1997), however,
skeletogenesis in Physalaemus occurs earlier than that reported for
Myobatrachidae (Davies, 1989) and Osteopilus (Trueb, 1966) occurs
later in development than Physalaemus.

Cranial ossification in Physalaemus pustulosus begins before P,
gracilis (Table 2). In general, the first three cranial elements to
ossify in anurans are the frontoparietals, parasphenoid, and
exoccipitals (Hanken and Hall, 1988). Current data for Physalaemus
gracilis agrees with this pattern. However, in P. pustulosus the
premaxillae appear before the exoccipitals. The premaxillae and

squamosals appear after the onset of metamorphosis (about stage
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TABLE 2: Sequence of skeletal ossification in Physalaemus gracilis and Physalaemus

pustulosus. Endochondral bones are in bold type. The dashed line indicates the end of

metamorphosis.
Gosner Stage Physalaemus gracilis Physalaemus pustulosus
CRANIAL POST-CRANIAL CRANIAL POST-CRANIAL
36 Frontoparietals
37 Frontoparietals Femurs
38 Parasphenoid Neural Arches Parasphenoid Clavicles
Transverse . Tibiofibulae
processes o Vertebral centra
39 Clavicles Premaxillae
Femurs
Humeri
40 Premaxillae Cleithra Squamosals Tibiales
Exoccipitals Tibiofibulae Exoccipitals Fibulares
Tibiales Humeri
Fibulares Radii
Metacarpais Ulnae
Metatarsals Scapulae
Radii Ilia
Ulnae Neural Arches
Coracoids
Scapulae
Ilia
Vertebral centra
41 Squamosals Carpals Angulosplenials Cleithra
Prootics Tarsals Nasals Ischia
Ischia Septomaxillae Transverse
Urostyle Prootics processes
Coracoids
Metacarpals
Carpals
Metatarsals
Tarsals
Urostyle
42 Angulosplenials Maxillae
Nasals
Maxillae
Dentaries
43 Pterygoids Pterygoids
Septomaxillae Dentaries
44
45 Palatines
Mentomeckelians
Palatines Vomers
Mentomeckelians Quadratojugals
Vomers Columellae
Quadratojugals Sphenethmoids
Columellae Opercula
Sphenethmoids
Opercula
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42) in most anurans including Hylidae (Gaudin, 1973; de Sa, 1988;
de Sa and Lavilla, 1996), Hamptophryne (de Sa and Trueb, 1991),
Dendrobates (Haas, 1995; de Sa and Hill, 1998), Bombina (Maglia
and Pagener, 1998), and Ceratophrys (Wild, 1997). These elements
were observed earlier in Physalaemus, between stages 39 - 41,
Furthermore, the prootics usually are present by %tage 38 in
Dendrobatidae (Haas, 1995; de Sa and Hill, 1998), Hyla and
Pseudacris (Gaudin, 1973; de Sa, 1988; de Sa and Lavilla, 1996),
Ceratophrys (Wild, 1997), and Hamptophryne (de Sa and Trueb,
1991), however, in Physalaemus the prootics appear during stage
40. The septomaxillae are observable as early as stage 38 in
Dendrobates (de Sa and Hill, 1998) and Phyllomedusa (de Sa and
Lavilla, 1996) or after the completion of metamorphosis in
Epipedobates (de Sa and Hill, 1998) and Pseudophryne (Davies,
1989). The variation in developmental pattern of this bone is also
seen in Physalaemus, appearing in stage 41 of P. pustulosus and
stage 43 in P. gracilis. Ossification of the mentomeckelians and the
palatines occurs post-metamorphically in most anurans (Trueb,

1985; Davies, 1989; de Sa and Trueb, 1991; de Sa and Lavilla, 1996;
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de S4 and Hill, 1998), and the present data for Physalaemus gracilis
agrees with this tenet, however, in P. pustulosus, these bones appear
in stage 45.

The post-cranial ossification sequence is less reported for
anurans. Generally, the pectoral girdle does not ossify before the
pelvic girdle and the ischium is the last post-cranial bone to form
pre-metamorphically; Physalaemus demonstrates these patterns.
Additionally, the carpals and tarsals ossify post-metamorphically in
most frogs, however, these elements form at stage 41 in
Physalaemus. Overall, the patterns of post-cranial skeletogenesis
among the two species of Physalaemus observed is similar
throughout development with the exceptions of the neural arches
and transverse processes. These elements appear at stage 38 in P.
gracilis and at stages 40 and 41, respectively, in P. pustulosus. The
developmental differences between Physalaemus and other taxa
seem to be in the pattern of specific bones, not regions of

ossification.
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INTERNAL ORAL ANATOMY

The examination of the internal oral anatomy of
Leptodactylidae provided some clues on the evolution the group.
The internal oral anatomy of leptodactylid larvae correlates with
their ecology (Wassersug and Heyer, 1988). Members of
Telmatobiinae and Hylodinae have more buccal floor arena papillae
and buccal roof arena papillae than either Ceratophryinae or
Leptodactylinae. The ceratophryine species whose internal oral
anatomy has been described previously have macrophagous
tadpoles, and the loss of papillae has been postulated an adaptation
to their feeding mode (Cei, 1968; Ruibal and Thomas, 1988).
Additionally, several leptodactyline larvae develop in a foam nest
feeding on yolk reserves. The observed reduction in the number of
papillae in Leptodactylinae correlates with the amount of time spent
as a free-swimming tadpole. Foam nesting is not observed in
Limnomedusa macroglossa (Gudynas and Gehrau, 1981), and
Limnomedusa has more than 30 papillae on their buccal floor and
about 20 papillae on their buccal roof. Furthermore, Physalaemus

larvae initially develop inside a foam nest, but later larvae escape
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the nest and complete their development as a free-swimming
tadpole. Physalaemus has less than ten papillae on their buccal
roof and floor. Adenomera larvae complete their development in
the foam nest, and they lack papillae on their buccal roof and floor
(Wassersug and Heyer, 1988).

Physalaemus henselii differs from other members of the genus
by having only two infralabial papillae and two lingual papillae. A
characteristic of leptodactylid larvae is the presence of four

infralabial papillae (Wassersug and Heyer, 1988).

PHYLOGENETIC ANALYSIS

The 28 characters identified here (Table 1) were used in
phylogenetic analyses with Hyla lanciformis (Hylidae) as the
outgroup. A heuristic search resulted in four equally parsimonious
trees, (114 steps long, C.I. .289, Fig. 17). A strict consensus tree is
given in Figure 18.

This analysis identifies two major clades within
Leptodactylidae: A) Telmatobiinae, Ceratophryinae, and Hylodinae

(clade I) and B) Leptodactylinae and Odontophrynus (clade II) (Figs.
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17, 18). Clade I can be further sub-divided into two monophyletic
groups; the first consists of Hylodinae, Alsodes, Telmatobius pisanoi,
and T. ceiorum, and the second consists of Ceratophryinae and
Cycloramphus.

The four trees differ in the relationships of two taxa:
Telmatobius bolivianus and Pleurodema borellii. * Telmatobius
bolivianus alternates as the sister taxa to the Hylodinae-Alsodes-
Telmatobius clade or to the Ceratophryinae-Cycloramphus clade.
The strict consensus tree shows an unresolved trichotomy among
these two clades and T. bolivianus (Fig. 18).

Pleurodema borellii alternatively clusters as the sister group to
a monophyletic assemblage of three Physalaemus or Pleurodema
borellii forms an unresolved trichotomy with Physalaemus and
Edalorhina.

Within Leptodactylidae, clade I is supported by having
capsulae auditivae that are less than 30% of the total
chondrocranial length (E;), an open processus branchialis (Ry), and
processus anterolateralis hyalis absent (Qp). However, the capsulae

auditivae of Cycloramphus stejnegeri are greater than 30% of the
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total chondrocranial length. Furthermore, Ceratophrys cornuta has
a closed processus branchialis. An equally parsimonious
interpretation of the evolution of the processus anterolateralis
hyalis is for it to be present in the ancestor and to have been lost
independently in several lineages.

Within clade I, a group consists of Ceratophryinae and
Cycloramphus. This group is supported by suprarostral corpora
and alae that are ventrally fused (C,), cornua trabeculae that are
less 15% of the chondrocranial length (Ds), and a processus
anterolateralis of the crista parotica absent (F,), larval processus
oticus present (G,), pars articularis quadrati that is not distinct from
the processus muscularis in lateral view (N;), and fused infrarostrals
(Ab;). Areversion to cornua trabeculae that are greater than 15% of
the chondrocranial length occurs in Lepidobatrachus. Shortening of
the cornua trabeculae has been previously associated with a
carnivorous diet (de S3a, 1994). Lepidobatrachus is carnivorous, but
has longer cornua trabeculae than expected. This can be explained
if we consider that Lepidobatrachus larvae are carnivorous, but

macrophagous, swallowing prey whole through suction feeding (Cei,
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Fig. 17. Four equally parsimonious trees produced from the data
matrix. C.I. =.289, Tree length = 114 steps. Species are as follows:

Outgroup = HYLAN - Hyla lanciformis +
Ceratophryinae = CECOR - Ceratophrys cornuta
CECRA - Ceratophrys cranwelli
LELAE - Lepidobatrachus laevis
LELLA - Lepidobatrachus llanensis
Hylodinae = CRGAU - Crossodactylus gaudichaudii
HYNAS - Hylodes nasus
Leptodactylinae = ADMAR - Adenomera marmorata
EDPER - Edalorhina perezi
LECHA - Leptodactylus chaquensis
LEGRA - Leptodactylus gracilis
LEPET - Leptodactylus petersii
LERHO - Leptodactylus rhodomystax
LIMAC - Limnomedusa macroglossa
PHBIL - Physalaemus biligonigerus
PHCUQ - Physalaemus cuqui
PHGRA - Physalaemus gracilis
PHHEN - Physalaemus henselii
PHPUS - Physalaemus pustulosus
PLBOR - Pleurodema borellii
PLBRA - Pleurodema brachyops
PLBR2 - Pleurodema brachyops2
PLTUC - Pleurodema tucumana
Telmatobiinae = ALBAR - Alsodes barrioi
CYSTE - Cycloramphus stejnegeri
ODAME - Odontophrynus americanus
ODIAYV - Odontophrynus lavillai
TEBOL - Telmatobius bolivianus
TECEI - Telmatobius ceiorum
TEPIS - Telmatobius pisanoi
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1968; Ruibal and Thomas, 1988). The Lepidobatrachus and
Cycloramphus clade loses the larval processus oticus. The pars
articularis quadrati in Ceratophrys cornuta and Cycloramphus are
distinct. Previous analyses have not associated Cycloramphus with
Ceratophryinae (Lynch, 1971; Heyer, 1975). The chondrocranial
characteristics that currently support this clade niay result from
larval ecological adaptations.

Within clade I, Hylodinae clusters with Alsodes, Telmatobius
pisanoi, and T. ceiorum. This clade is supported by having
independent suprarostral corpora (Ay), processus posterolateralis of
the crista parotica (I;), and processus anterolateralis hyalis present
(Q,). However, the suprarostrals of Telmatobius ceiorum become
fused ventromedially, and a processus anterolateralis hyalis is
present in Hylodes. Hylodinae forms a monophyletic group and the
sister-group to the other three species in the clade. The monophyly
of Hylodinae concurs with previous phylogenetic analyses (Heyer,
1975; Larson and de S4, 1998) (Fig.17). However, this cluster
suggests a paraphyletic Telmatobius with respect to Alsodes.

Furthermore, the alternative placement of T. bolivianus would make
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Telmatobius polyphyletic. The present arrangement for
Telmatobiinae is polyphyletic; Cycloramphus clusters with
Ceratophryinae while Odontophrynus clusters with Leptodactylinae.
Lynch (1971) suggests that Leptodactylinae derived from a
telmatobiine ancestor, however, the current phylogeny suggests that
Leptodactylinae-Odontophrynus clade is the sistet group of the
other leptodactylids.

Clade II is supported by the following characters: commissura
quadratoorbitalis present (P,), foramen trochleare distinguishable
(Vy), and plana hypobranchiales that are completely fused (Z,).
Leptodactylus petersii is the sister group to the rest of this clade,
making Leptodactylus paraphyletic, and the remaining members of
the clade are supported by a processus posterolateralis of the crista
parotica (I;) and an intermediate attachment of the processus
ascendens (K;). The commissura quadratoorbitalis is lost in
Adenomera marmorata, Physalaemus henselii, P. gracilis, and

Edalorhina perezi. Additionally, the foramen trochleare is
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Fig. 18. Strict consensus tree. Characters are as follows:

A. Ventromedial fusion of suprarostral corpora. (0) unfused, (1) fused.

B. Dorsal fusion of the suprarostral corpus and ala. (0) unfused, (1) fused.

C. Ventral fusion of the suprarostral corpus and ala. (0) unfused, (1) fused.

D. Cornua trabeculae length relative to total length of the chodrocranium. (0)
>25%, (1) 20-25%, (2) 15-20%, (3) <15%.

E. Length of the capsulae auditivae relative to total chondrocranial length. (0)
<309%, (1) >309%.

F. Processus anterolateralis of the crista parotica. (0) present, (1) absent.

G. Larval processus oticus. (0) absent, (1) present.

H. Projection of the posterior curvature of the palatoquadrate. (0) absent, (1)
present.

L. Processus posterolateralis of the crista parotica. (0) absent, (1) present.

J. Posterolateral extension of the palatoquadrate. (0) anterior to the processus
ascendens, (1) at the level of the processus ascendens, (2) posterior to the level of
the processus ascendens.

K. Attachment of the processus ascendens. (0) low, (1) intermediate, (2) high.

L. Processus pseudopterygoideus. (0) absent, (1) present.

M. Fusion of the processus pseudopterygoideus to the braincase. (0) unfused, (1)
fused.

N. Pars articularis quadrati. (0) distinct from the processus muscularis quadrati,
(1) not distinct.

O. Processus muscularis quadrad. (0) well-developed, (1) reduced.

P. Commissura quadratoorbitalis. (0) absent, {1) present.

Q, Processus anterolateralis hyalis. (0) absent, (1) present.

R. Processus branchialis. (O) open, (1) closed.

S. Processus lateralis trabeculae. (O) present, (1) absent.

T. Frontoparietal fontanelle. (0) undivided, (1) divided by taenia tectum medialis
and taenia tectum wansversalis.

U. Taeniae tecti marginales in relation to the capsulae auditivae. (0) continuous,
(1) not continuous.

V. Foramen trochleare. (0) distinguishable, (1) indistinguishable.

W. Ventral protrusion of the posteromedial margin of cartilago Meckeli. (0)
absent, (1) present.

X. Copula . (0) absent, (1) present.

Y. Processus quadratoethmoidalis. (0) present, (1) absent.

Z. Plana hypobranchiales. (0) not fused, (1) fused posteromedially, (2) completely
fused.

Aa. Processus urobranchialis. (0) present, (1) extremely reduced or absent.

Ab. Cartilagines infrarostrales: (0) not fused, (1) fused.

112



Jo

J2

FIGIMIPITI
K
L.V, A ' !
Al Q, !
DyJ, F,0,T,Z,
Q,
B,E,N,Q
EsQoR, G,K,0,Z ———|S‘T‘ I; =
Y1Aa1 02142 D 2
c,D.F,G,N,Ab 1
CLADE e N,R,X,
S,
K, T.X,Z,
A,
Ro —
l AH,,U,Z
0 T°J1 E v Q8§11 gé=y
191
T,
D,U,
L, ByJ,
F
”"l‘_L E,PyJ;
L1z° C1R1J2
C.\v, &
EOJO Bﬁ!ﬁwixi
c )
1K 1
b D,0,P.Z,
S, T V,Z,
R, “{ D.EJR,
w1zl
P‘VQZQ H1N1_
FiN,S,T,

CLADEl

Hyla lanciformis

Alsodes barrioi
Telmatobius pisanoi
Telmatobius ceiorum
Crossodactylus gaudichaudii
Hylodes nasus
Cycloramphus stejnegeri
Lepidobatrachus laevis
Lepidobatrachus llanensis
Ceratophrys cornuta
Ceratophrys cranwelli
Telmatobius bolivianus
Odontophrynus lavillai
Odontophrynus americanus
Physalaemus gracilis
Edalorhina perezi
Physalaemus pustulosus
Physalaemus biligonigerus
Physalaemus cuqui
Physalaemus henselii
Pleurodema borellii
Pleurodema tucumana
Limnomedusa macroglossa
Pleurodema brachyops?2
Adenomera marmorata
Leptodactylus gracilis
Pleurodema brachyops
Leptodactylus rhodomystax
Leptodactylus chaquensis
Leptodactylus petersii



indistinguishable in Leptodacytlus gracilis, Pleurodema tucumana,
and Physalaemus pustulosus. The evolution of the fusion of the
plana hypobranchiales can have several equally parsimonious
routes; the ancestor for the Leptodactylinae-Odontophrynus clade
could have exhibited any of the three character states.

Heyer (1975) pointed out that Pleurodema presented
confusing relationships with other leptodactylines. Wassersug and
Heyer (1988) showed that interspecific differences in Pleurodema
larvae were greater than most other leptodactylid genera. This
analysis results in a grossly polyphyletic Pleurodema. The
relationships of this genus are not resolved through chondrocranial
data. Pleurodema is considered to be a primitive leptodactyline
(Duellman and Veloso, 1977), but P. brachyops clusters within
Leptodactylus in the Adenomera-Leptodactylus clade, both of which
are considered to be advanced leptodactylines and have been
closely related in other arrangements (Heyer, 1974, 1975; De la
Riva, 1995). Moreover, Physalaemus is paraphyletic with respect to

Pleurodema borellii and Edalorhina.
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Limnomedusa macroglossa is nested within the
Leptodactylinae-Odontophrynus clade. This arrangement agrees
with Heyer (1975), Frost (1985), and Duellman (1993). Itis
interesting to note that the foramen oculomotorium of
Limnomedusa is divided by a cartilaginous bar, and this condition
has also been reported for Pleurodema bibroni, Caudiverbera
caudiverbera, and Heleophryne (Reinbach, 1939; Sokol, 1981).

Odontophrynus groups within Leptodactylinae in this
arrangement and does not form a monophyletic genus. Previous
studies have not allied Odontophrynus with Leptodactylinae (Lynch,
1971). Heyer (1975) suggested a close relationship between
Odontophrynus and both Ceratophrys and Lepidobatrachus,
however, this assertion is not supported by chondrocranial data.

This study suggests that we must be careful when using larval
characters in the phylogenetic analysis of Leptodactylidae at the
familial level. Tadpoles are subjected to selective pressures
throughout their development, and these pressures may lead to
larval adaptation, or caenogenesis, which in turn can lead to

homoplasy (Haeckel, 1866; de Beer, 1958; Smith, 1997; Hall and
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Wake, 1998). Convergences in larval morphologies are common,
especially when larvae occupy similar ecological niches or have a
similar life history (Wassersug and Heyer, 1988; Smith, 1997; Hall
and Wake, 1998). Developmental patterns are plastic, and resulting
caenogenesis can misrepresent relationships in phylogenetic
analyses (Smith, 1997). In future studies, chondrdcranial anatomy
should be combined with non-larval characteristics in order to
understand the role of caenogenesis in resulting phylogenies.
However, chondrocranial anatomy is probably more useful to
understand the evolution of closely related taxa (e.g. intrageneric

comparisons).
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APPENDIX 1: List of stages and measurements in millimeters of larvae used in this study.
BL =body length, TL = total length, SEM = dissected and prepared for scanning electron
microscopy of internal oral anatomy, C&S = cleared and double-stained, L = late in the
stage (Gosner, 1960), E = early in the stage (Gosner, 1960).

Adenomera marmorata USNM 209363

Edalorhina perezi USNM 342752

# Stage BL TL Status # Stage BL TL  Status
1 36 6.19 1679 C&S 1 36 10.64 25.65 C&S
3 36 6.18 13.77 C&S

Limnomedusa macroglossa Pleurodema brach}ops USNM 302093

# Stage BL TL Status # Stage BL TL  Status
2 34 13.51 3744 C&S 1 35 11.30 25.07 C&S
4 40E 10.97 29.53 C&S 3 35 11.43 27.56 C&S
6 31 10.12 2932 C&S 4 36 11.63 2723 C&S
7 37 13.07 33.28 C&S 6 37 10.25 19.92 C&S
9 37 14.16 37.18 SEM

12 39 16.86 42.16 C&S

13 41L 16.64 3930 C&S

Physalaemus henselii Pleurodema tucumana USNM 3071910
# Stage BL TL _ Status # Stage BL TL _ Status
1 33 10.6 342 C&S 1 31 8.74 19.17 C&S
2 31 9.2 310 C&S 2 34 9.41 20.83 C&S
3 38 9.90 27.1 C&S 3 35E 9.37 22.51 C&S
4 40 9.60 2778 C&S 4 35 11.18 29.46 C&S
5 44 11.4 128 C&S

9 28 6.6 17.1 C&S

12 31 9.42 32.10 SEM

16 41 10.58 31.02 C&S

17 39 83 274 C&S

18 30 9.3 249 C&S

21 yg 8.8 88 C&S

23 41 10.9 30.7 C&S

24  40E 10.50 317 C&S

25 37 10.0 28.1 C&S

28 40 10.2 258 C&S

28 40 C&S

29 45 10.4 124 C&S

141 38 10.3 246 C&S
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Appendix 1 CONTINUED

Physalaemus gracilis

Physalaemus graciliscontinued

# Stage  BL TL__Status  # ____Stage BL TL __ Status
1 27 45 107 C&S 95 35 9.2 206 C&S
3 29 60 154 C&S 97 40 9.7 254 C&S
4 32 66 166 C&S 99 33 83 189 C&S
5 30 71 167 C&S 100 34 83 199 C&S
7 34 17 180 C&S 101 37L 9.0 28 C&S
12 29 67 166 C&S 104 33 57 168 C&S
13 27 58 92 C&S 105 41 9.8 254 C&S
16 31 56 158 C&S 106 45 867 159 C&S
18 34 178 193 C&S 108 31 6.5 107 C&S
21 29 64 160 C&S 113 37 9.5 250 C&S
2 39 91 2.6 C&S 115 40E 94 259 C&S
24 36 78 197 C&S 119 44 9.0 13.0 C&S
25 37 9l 2477 SEM 120 41 10.0 264 C&S
30 34L 84 209 C&S 122 41 10.6 289 C&S
32 37 80 219 C&S 126 43 93 175 C&S
37 4L 86 26 C&S 128 38 8.6 240 C&S
40 45 81 103 C&S 131 38 8.7 228 C&S
43 39E 83 22 C& 135 yg 10.6 106 C&S
49 45 83 105 C&S 133 44 8.2 115 C&S
51 44 98 129 C&S 137 45 9.7 119 C&S
53 40 9.4 239 C&S 138 43 10.9 158 C&S
58 42 90 29 C&S 139 35 8.7 229 C&S
59 37 83 28 C&S 140 42 8.1 233 C&S
61 41 94 247 C&S 142 45 9.1 106 C&S
62 32 70 175 C&S 144 42 9.1 106 C&S
66 39 9.1 24 C&S 146 36 8.6 212 C&S
68 40 93 249 C&S 148 41 9.5 248 C&S
69 42 98 209 C&S 150 30 6.1 175 C&S
B 45 86 99 C&S 151 38 9.0 232 C&S
77 37 788 2040 SEM 152 43 8.7 186 C&S
78 33 71 12.1 C&S 153 42 9.1 240 C&S
84 28 64 103 C&S 154 44 9.4 132 C&S
86 45 8.1 83 C&S

87 38 90 28 C&S

9 40 97 23.10 C&S
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APPENDIX 1 continued

Physalaemus pustulosus

Physalaemus pustulosus continued

#___ Stage BL TL Status #  Stace  BL TL  Status
2 39 8.8 277 C&S 88 44 93 13.6 C&S
5 43 10.1 174 C&S 9% 45 83 9.6 C&S
8 yg 9.6 9.6 C&S 92 41 9.7 267 C&S
13 yg 8.8 8.8 C&S 93 33 7.2 19.1 C&S
15 45 9.8 11.0 C&S 94 41 9.2 246 C&S
18 45 10.4 11.0 C&S 95 37 59 23.0 C&S
20 43 8.6 119 C&S 97 34 7.1 184 C&S
24 45 9.7 9.8 C&S 100 36 8.§ 22.1 C&S
26 yg 11.3 11.3 C&S 102 yg 8.9 8.9 C&S
30 43 9.2 17.1 C&S 106 45 6.8 8.4 C&S
31 38 9.0 253 C&S 108 42 8.70 249 C&S
32 41 8.6 9.6 C&S 112 41 8.4 263 C&S
34 41 9.7 279 C&S 114 35 6.8 19.1 C&S
37 g 9.2 9.2 C&S 117 33 7.1 180 C&S
43 43 8.6 202 C&S 119 38 84 262 C&S
44 g 9.8 9.8 C&S 123 yg 84 8.4 C&S
45 g 10.3 103 C&S 125 45 6.8 8.0 C&S
47 38 9.7 26,6 C&S 126 43 83 229 C&S
49 g 9.8 9.8 C&S 127 44 7.79 14.19 C&S
53 44 7.6 9.3 C&S 128 44 8.11 145 C&S
55 yg 8.6 8.6 C&S 130 40 9.82 25.59 C&S
57 yg 9.7 9.7 C&S 131 36 8.2 219 C&S
59 42 9.2 23.5 C&S 133 32 6.8 127 C&S
60 g 9.5 9.5 C&S 134 33 7.8 214 C&S
61 38 9.1 24.8 C&S 141 34 7.5 203 C&S
63 41 10.0 288 C&S 142 41 8.6 25.1 C&S
65 31 5.8 122 C&S 143 41 9.1 25.6 C&S
68 41 93 26.1 C&S 144 38 8.5 239 C&S
72 35 7.1 11.2 C&S 147 39 8.5 23.1 C&S
75 43 10.3 22.8 C&S 150 32 7.0 180 C&S
76 40 9.17 2595 C&S 152 40 9.7 28.2 C&S
77 44 8.05 12.81 C&S 157 40 9.9 28.8 C&S
79 38 7.7 23.0 C&S 158 41 8.1 24,1 C&S
81 34 6.2 11.1 C&S 159 yg/adult C&S
&3 41 9.3 240 C&S 160 adult C&S
85 43 9.3 21.6 C&S

87 36 8.7 224 C&S
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