RELATIONSHIPS OF THE MARMORATUS
SPECIES GROUP (AMPHIBIA, LEPTODACTYLIDAE) WITHIN
THE SUBFAMILY LEPTODACTYLINAE!

By W. RONALD HEYER?

ABSTRACT: The relationships of the marmoratus group (sub-
family Leptodactylinae) are analyzed. Primitive and derived
states for 50 morphological characters are categorized and direc-
tions of change of character states are hypothesized for each
character. The study sample of 29 taxa includes the five currently
recognized species of the marmoratus group of the genus Lepto-
dactylus and representatives of the other genera comprising the
subfamily Leptodactylinae as defined by Lynch (1971). Rela-
tionships among the 29 taxa are analyzed by computer on the
basis of clusterings of shared advanced character states. The re-
sults indicate that the relationships of the marmoratus group are
best expressed by placing the group in a distinct genus, for which
the name Adenomera is available. An additional systematic
change resulting from the study is the placement of Leptodactylus
discodactylus Boulenger in the genus Lithodytes. The genera
Adenomera, Leptodactylus, and Lithodytes are redefined.

INTRODUCTION

The composition of the marmoratus species group of the genus Lepto-
dacrylus has recently been reviewed (Heyer, 1973). The purpose of this paper
is to examine the relationships of the marmoratus species group to the other
species groups within the genus and to other genera within the subfamily
Leptodactylinae.

METHODS AND MATERIALS

One aim of this analysis is to utilize suites of different types of characters
to infer relationships. My working hypothesis is that the total information
gathered from the external morphology of adults and larvae, musculature and
osteology of adults, egg morphology, and life history patterns, will more closely
approximate relationships than could be inferred by using any one character
suite by itself. Two overlapping levels of difference of kinds of information are
involved in the hypothesis. Both assume that closeness of relationships are re-
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flected by similarities of genotypes. The first level of difference can be ex-
plained by comparing possible information content from characters of external
morphology and life history patterns. Both are samplings, albeit indirect, of
the genotype. If one of the taxa being compared is a forest floor frog and the
other is a burrowing frog, but they have identical reproductive patterns of
aquatic eggs and larvae, then different inferences regarding relationships may
be deduced depending on the character suite examined. Based upon external
morphology, the taxa would be considered quite different, due to differences
in body proportions, metatarsal tubercle development, etc. Based on reproduc-
tive patterns, the taxa would be considered quite similar. Only by using both
subset samples of the genotype would the relationships be best approximated.
The second level of difference can be explained by comparing information
content of external morphology and skeletal morphology. Here, the respective
samples of the genotype may well be overlapping to a greater degree than in
the previous example. The information content of the two character suites may
thus be more similar and, indeed, one would expect parallel changes in both
systems corresponding with a given functional shift. I assume that the two
character sets do sample different parts of the genotype, at least in part, and
for the same reasons as stated above, the relationships would best be approxi-
mated by using the information from both morphological systems. The two
aspects of the hypothesis as described here are examined further in a separate
paper.

The study organisms were chosen to represent as fully as possible the
range of variation within the subfamily. Lynch’s (1971) classification is used.
Briefly, Lynch recognized four Neotropical subfamilies; the Ceratophryinae,
Elosiinae, Leptodactylinae, and Telmatobiinae. Within the subfamily Lepto-
dactylinae, he recognized the following genera: Barycholos, Edalorhina, Hy-
drolaetare, Leptodactylus, Limnomedusa, Lithodytes, Paratelmatobius, Phy-
salaemus, Pleurodema, Pseudopaludicola. In this study, data were gathered
from examination of specimens (Table 1), from the data presented in Lynch
(1971), and a few life history character states were provided by the individ-
uals mentioned in the acknowledgments. Information from all five species of
the marmoratus group is compared with 10 other species of Leptodactylus, one
species of Edalorhina, one Limnomedusa, one Paratelmatobius, five Phy-
salaemus, two Pleurodema, one Pseudopaludicola, and the monotypic genera
Barycholos, Lithodytes and Hydrolaetare. The ten species of Lep:odactylus
and five Physalaemus were chosen to represent the range of variation within
the genera. The study specimens were considered to be representative of their
respective species; for this analysis, the species is used as the unit of study.

Analysis of the data to infer relationships is done in two stages. The first
stage is to analyze the characters, determining primitive and derived states.
When more than two states are recognized, direction of change of state is in-
ferred. The second stage of analysis is to use the combinatorial method to pro-
duce alternative phylogenies from information based on the direction of ad-



|

1973 RELATIONSHIPS OF THE MARMORATUS GRroup 3

vanced character states. The combinatorial method is described in the rela-
tionships section. The determination of primitive and derived character states
requires further discussion at this point.

The reasoning of Marx and Rabb (1970) is followed. They recognized
ten criteria to determine directional change of character states. Certain of their
criteria are not applicable in this study. Those that are, are combined in part
and rephrased in terms of the present study sample.

I. Outgroup comparisons—Character state uniform in the outgroup. In
order to use this criterion, information is needed from a group of organisms
outside the study sample. Ideally, the outgroup would be the ancestral stock
to the Subfamily Leptodactylinae. As the ancestral group is not known, gen-
eralized leptodactylids which would be expected to contain many of the an-
cestral states are used. Lynch (1971) has been the only recent author to re-
view the leptodactylids at the family level. He indicated that evolution of the
leptodactyloids occurred independently through much of their total evolu-
tionary history on the three continents where they are presently distributed.
For this reason, the outgroup is limited to the Neotropics for the present paper.
On the basis of osteology, life history, and some myology, Lynch (1971) postu-
lated that the following taxa are relatively unspecialized with respect to the
Leptodactylinae and are therefore used as the main outgroup for the present
analysis: subfamily Ceratophryinae; Ceratrophrys and Lepidobatrachus, and
the following tribes of the subfamily Telmatobiinae; Telmatobiini; Batracho-
phrynus, Caudiverbera, Telmatobufo, Odontophrynini; Odontophrynus, Pro-
ceratophrys, and Alsodini; Batrachyla, Eupsophus, Hylorina, Thoropa. When
the character states are not known for this outgroup, or when the evidence is
unclear, other outgroups are or could be used. When the unmodified term
outgroup appears in this paper from here on, it refers to the above assemblage
of genera, however.

A character state is presumed to be primitive if it is found throughout
the outgroup and derived if unique or nearly so in the leptodactylines. Marx
and Rabb provide the reasoning for this, but one exception is possible. The
outgroup may collectively share a character state that represents a specializa-
tion with respect to the actual ancestral stock of the Leptodactylines. As the
evolutionary process is not always logical, this exception is expected to be a
rare, but real, possibility. The sample size of the characters examined must be
large enough so the exceptions do not distort the results significantly.

II. Outgroup comparisons—Character state polymorphism in the out-
group. This criterion differs in degree from the first. A character state is pre-
sumed to be primitive if it is widespread in the outgroup and derived if unique
or nearly so in the Leptodactylines. Marx and Rabb (1970) effectively argue
the reasoning for this, but further comment is required here. In criterion I, if
the methodology as outlined is followed, there is only one logical determina-
tion of whether a given state is primitive or derived. This is not true of criterion
IL. I nevertheless think that this criterion is useful as long as two conditions are
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met. First, most of the outgroup must share a state for it to be considered
primitive. Second, a large sample size of characters must be used so that the
infrequent misinterpretation of states does not invalidate the results.

ITI. Morphological and/or ecological specialization. A character state is
assumed to be derived if it is predominant in some adaptive specialization. The
function of the morphological specialization does not necessarily need to be
fully understood. One such adaptive specialization in the subfamily Leptodac-
tylinae involves a shift towards terrestriality.

IV. Correlation of derived states. A concordance of derived states is
assumed to be the result of a common genetic history of the taxa.

TABLE 1
List of Specimens Examined

(M indicates muscles examined, C indicates cleared and stained specimen examined,
D indicates dry skeleton examined)

Adenomera andreae—Personal collection of W. R. Heyer (WRH) 16, C; University
of Kansas, Museum of Natural History (KU) 119331, M.

A. bokermanni—Personal collection of W. C. A. Bokermann (WCAB) 34470, C,
M; WCAB 14650, M.

A. hylaedactyla—Natural History Museum, Los Angeles County (LACM) 44338,
C; LACM 44373, M.

A. marmorata—WCAB 30563, C; WCAB 30567, M.

A. martinezi—Museum of Zoology, University of Sio Paulo (DZ) 25321, C, M.

Barycholos pulcher—United States National Museum (USNM-GOV) 6475, M;
USNM-GOV 8015, C.

Edalorhina perezi—University of Southern California (USC-PERU) 250, M.

Hydrolaetare schmidti—DZ 1455, M; KU 110613, D.

Leptodactylus bolivianus—USC-CRE 178, M; USC-CRE 8256, C.

L. bufonius—WRH 17, C; WRH 35, C; WRH 41, D; WRH 1589, M.

. chaquensis—Field Museum of Natural History (FM) 69196, M; WRH 36, D;

WRH 1587, M.

L. fuscus—WRH 20, C, M; WRH 1387, M.

L. latinasus—WRH 22, C, M; WRH 1434, M.

L. melanonotus—WRH muscle #1, M; WRH 1-12, C; USC-JMS 766, D.

L

L

h

. mystaceus—WCAB 30850, M; WRH 19, M, C; WRH 34, C; WRH 159, M.

. ocellatus—FM 80393, M; FM 80396, M; FM 80398, M; FM 80400, M; FM
80402, M; FM 80404, M; FM 80412, M; FM 80415, M; FM 80422, M;
FM 80427, M.

. pentadactylus—USC-CRE 505, M; USC-JMS 277, D; USC-JMS 435, D.

. wagneri—USC-JMS 881, D; USC-PERU 701, M; WRH 33, C; WRH 42, D;
WRH 924, M.

Limnomedusa macroglossa—FM 10252, M; KU 92960, C; KU 92961, D.

Lithodytes discodactylus—USNM-JAP 6156, C; WRH 1138, M.

L. lineatus—KU 104340, C; KU 125941, D; USNM-JAP 2183, C; WRH 1199, M.

Paratelmatobius lutzi—KU 92981, C; 107089, C; Museu Nacional, Rio de Janeiro,

no number, M.

Physalaemus albonotatus—LACM 73443, M; KU 92987, C.

P. biligonigerus—ILACM 74018, M; KU 84768-775, D.

P. fuscomaculatus—LACM 37697, M; KU 80811, C; KU 84776, D; KU 93010, C.

B
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P. nattereri—KU 92845, D; WCAB 39209, M.

P. signiferus—FM 134305, M; KU 93033, C.
Pleurodema brachyops—KU 96159, D; 104318, C.

P. thaul—FM 44205, M.

P. tucumana—ILACM 73426, M.

Pseudopaludicola falcipes—FM 9748, M; KU 93056, C.
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ANALYSIS OF CHARACTERS
Adult External Morphology

Character 1—Pupil shape. Two states are recognized: 0) pupil horizontal,
1) pupil vertical.

Lynch (1971) recorded state 1 as being rare among leptodactylids. He
records 4 out of 11 living genera of the outgroup as having vertical pupils.
State I is polymorphic within the tribes and subfamilies of the outgroup and
therefore does not allow criterion II to be used. If the neotropical portion of
the family Leptodactylidae is taken as the outgroup, then criterion II can be
invoked in assuming that State I is the derived state. The direction of change
of character states is:

0 1

Character 2—Tympanum visibility. Three states are recognized: 0) tym-
panum distinct externally, 1) tympanum somewhat covered by skin, but still
barely visible externally, 2) tympanum completely hidden and not visible
externally.

All three states are relatively common in the outgroup (Lynch, 1971).
The covering of the tympanum is part of the trend leading to earlessness, a
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well documented morphological specialization among frogs. State 2 is assumed
to be derived on the basis of criterion III. The direction of change of charac-
ter states is:

0 1 2

Character 3—External vocal sacs. The states are determined from pre-
served males. Four states are recognized: 0) a large, expanded, single vocal
sac, 1) no vocal sac visible externally, although present internally, 2) indica-
tions of lateral vocal folds, 3) paired lateral vocal sacs well developed.

Within the genus Leptodactylus, there has been a trend towards terrestri-
ality. One character correlating with the trend is the vocal sac. In the more
aquatic members, state 1 is the rule. In the more terrestrial members, states 2
and 3 are common. Based on criterion III, state 3 is assumed to be advanced
over state 1 with state 2 being intermediate. The outgroup does not provide
any clear cut clue as both states O and 1 are represented. Morphologically it
is simplest to assume that state O is an independent advancement over state 1.
The directions of change of character states are:

0 1 2 3

Character 4—Male thumb. Three states are recognized: 0) male thumb
lacking any modifications, 1) thumb with brown or black nuptial adspersities,
resembling sandpaper, 2) thumb with one or two horny spines.

State 1 is the commonest state in the outgroup, uniform in the Cerato-
phryinae and Alsodini (Lynch, 1971) and assumed to be the primitive state
based on criterion II. State 2 is a rare state in leptodactylid frogs and is assumed
to be derived on the basis of criterion II. State 0 has seemingly been derived
via two routes. In the case of members of the fuscus species group of Lepto-
dactylus, state 0 is derived from state 2 (Heyer, 1969b). This route is indi-
cated as state 3. There is no evidence that state O, as found in other leptodac-
tylines, has gone through state 1. Morphologically the simplest assumption is
that these other cases of state 0, here indicated 0, have been derived directly
from state 1. The directions of change of character states are:

0 1 2 3

Character 5—Glands, The extent, type, and shape of body glands varies
considerably in the Leptodactylinae. Only three extreme states are recognized:
0) no well defined glands of states 1 and 2, 1) glandular dorsolateral folds,
2) distinct inguinal gland.

State 0 is the commonest state in the outgroup with only Hylorina having
state 1 (Lynch, 1971) and is assumed to be the primitive state on the basis
of criterion II. Morphologically it is easiest to assume that states 1 and 2 are
independent derivations of state 0. The directions of change of character states
are:
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Character 6—Toe disks. Three states are recognized: 0) tips of the toes
not expanded into disks, 1) tips of the toes expanded into distinct disks but
the dorsal surfaces of the disks not divided, 2) dorsal surfaces of the disked
toes divided longitudinally. Only Leptodactylus bokermanni and hylaedac-
tylus show intraspecific variation in some specimens having state O, others
state 1. For the present purposes, bith species are coded as having state 1.

State 0 is common in the outgroup, only some Alsodini have state 1
(Lynch, 1971) and is assumed to be the primitive state on the basis of criterion
II. In the present analysis, state 2 is rarer than state 1, and as state 2 is the
rarest state in leptodactylids as a group (Lynch, 1971), it is assumed to be
the most derived state. The direction of change of character states is:

0 1 2

Character 7—Tarsus. Three states are recognized: 0) tarsus with at least
some indication of a fold extending from the inner metatarsal tubercle to from
one half to the full length of the tarsus, 1) tarsal fold short, ending in a tuber-
cle about mid-tarsus, 2) tarsus smooth, lacking tubercles or folds. In some
species categorized as exhibiting state 1, the fold is extremely weakly devel-
oped and in Barycholos pulcher the fold is absent, leaving only the tubercle.

State 0 is the common state for all frogs, including the outgroup, and is
assumed to be the primitive state on the basis of criterion I. The directions of
change of character states are:

2 0 1

Character 8—Metatarsal tubercles. Three states are recognized: 0) meta-
tarsal tubercles not pronounced or cornified, 1) tubercles pronounced and
pointed, 2) tubercles enlarged and heavily cornified.

State 0 is the commonest state in the outgroup, although state 2 ‘is rea-
sonably represented (Lynch, 1971). The spadelike tubercles of state 2 are
adaptations for burrowing. The members of the outgroup are either fossorial
or aquatic frogs. It is impossible to tell a priori whether the leptodactylines
had a more fossorial or aquatic ancestor. Therefore, it is difficult to determine
which state is primitive. The spade of the outgroup is a single spade, the modi-
fied inner tubercle, while state 2 of the leptodactylines is composed of double
spades, both tubercles being enlarged. The evidence suggests that state 0 is
primitive. The direction of change of character states is:

0 1 2

Character 9—Toe webbing. Three states are recognized: 0) toes webbed,
at least basally, 1) toes with lateral fringes but not distinctly webbed, 2) toes
without webs or fringes. I interpret state 2 narrowly, state 1 broadly.

State 0 is the most common in the outgroup; state 1 found only in some
Odontophrynini and Alsodini, state 2 found only in some Alsodini (Lynch,
1971). There is a general trend in leptodactylids from aquatic to terrestrial
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life histories which correlates with webbing for aquatic members, free toes in
terrestrial species. State O is assumed to be primitive on the basis of criteria II
and III. The direction of change of character states is:

0 1 2

Egg and Larval External Morphology

Character 10—Larval vent. Two states are recognized: 0) vent median,
1) vent dextral.

State 0 is most common in the outgroup, state 1 is confined to the Tel-
matobiini (Lynch, 1971) and is assumed to be the primitive state on the basis
of criterion II. The direction of change of character states is:

0 1

Character 11—Larval denticle rows. Three states are recognized: 0) larval
denticle rows %3, well developed, 1) denticle rows %4, weakly developed,
2) denticle rows absent,

State 0 is most common in the outgroup, the exceptions being the Cera-
tophryinae and Caudiverbera (Lynch, 1971) and assumed to be the primitive
state based on criterion II. State 2 appears to be a morphological derivative of
state 1. The direction of change of character states is:

0 1 2

Character 12—Egg pigment. Two states are recognized: 0) eggs with
melanin, 1) eggs lacking melanin.

State 0 eggs are typically aquatic pond eggs, state 1 eggs are usually
hidden in some fashion. State 1 is assumed the derived state on the basis of
criterion III. The direction of change of character states is:

0——1

Character 13—Clutch size. Three states are recognized: 0) small clutch
size (<50 eggs/clutch), 1) moderate clutch size (50-1000 eggs/clutch),
2) large clutch size (>1000 eggs/clutch). There is an inverse relationship of
clutch size and size of individual egg.

Large clutches are associated with more aquatic breeding habits, small
clutches are associated with more terrestrial life histories. Large clutches are
assumed to be primitive on the basis of criterion III. The direction of change
of character states is:

2 1 0

Character 14—Egg deposition. Three states are recognized: 0) eggs de-
posited in a gelatinous mass on top of the water, 1) eggs deposited in a foam
nest on top of the water, 2) eggs deposited in a foam nest in burrows away from
the water.
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State 0 is found in the outgroup (Lynch, 1971) and assumed to be the
primitive state on the basis of criterion L. State 2 is an ecological specialization
leading towards terrestriality and assumed to be the most derived state on the
basis of criterion III. The direction of change of character states is:

0 1 2

Adult Musculature

Three muscle complexes were examined to attempt to sample different
functional units: 1) jaw musculature. The depressor mandibulae and adductor
mandibulae open and close the jaws, 2) hyoid musculature. Although both
the jaw muscles and hyoid muscles are involved in feeding, there may be dif-
ferent strategies involved. For example, the jaws may act as the sole means of
food capture or the hyoid and tongue may act as the means of capturing food.
3) hindlimb musculature associated with the femur. These muscles control
locomotion in part.

Jaw Muscles

Starrett’s (1968) terminology is followed. No variation was found in the
adductor muscles studied: all specimens lacked the adductor mandibulae ex-
ternus superficialis, all specimens had the adductor mandibulae posterior
subexternus.

Character 15—Depressor mandibulae. Four states are recognized. State 0
consists of three sites of origin: on the dorsal fascia, on the squamosal bone
or the crista parotica, and on the annulus tympanicus. There may be distinct
slips (DFSQAT in Starrett’s (1968) terminology) or fibers to the annulus
tympanicus may not be clearly demarcated from the fibers to the squamosal or
the crista parotica. In all cases, the extent of origin from the three areas is
roughly equivalent. State 1 consists of two equal sites of origin, the dorsal
fascia and the squamosal bone or the crista parotica. There is intraspecific
variation in whether or not a few fibers originate from the annulus tympanicus.
State 2 is similar to state 1, except the two slips are not in the same plane. The
slip from the squamosal region originates deeper than the slip originating from
the dorsal fascia (DFSQd in Starrett’s (1968) terminology). State 3 is charac-
terized by the mass of the muscle originating from the dorsal fascia with a
smaller slip originating from the squamosal region (DFsq in Starrett’s (1968)
terminology). There is intraspecific variation in whether or not a few fibers
originate from the annulus tympanicus,

Starrett (1968) thought that a double origin of the depressor mandibulae
from the dorsal fascia and squamosal region was primitive to a single origin
from the squamosal region. Her reasoning was that the double origin is wide-
spread in frogs, reptiles, and other amphibians. In the frogs Starrett examined
representative of the Ceratophryinae and Odontophrynini, all had character
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state 0. This state is assumed to be primitive using criterion I. A shift to more
or less equal origin from the dorsal fascia and squamosal region is assumed
to be derived; there are two patterns, states 1 and 2 which are assumed to be
independently derived. A major origin from the dorsal fascia with a small slip
originating from the squamosal region, state 3, is assumed to be secondarily
derived from state 1. The directions of change of states are summarized as:

2 0 1 3

Hyoid Musculature

Trewavas (1933) examined the hyolaryngeal apparatus in a broad spec-
trum of frogs. Her terminology is followed here. Lynch (1971) used certain
characteristics from the hyoid complex in his classification. The following
muscles were examined in this study: geniohyoideus medialis, geniohyoideus
lateralis, anterior petrohyoideus, sternohyoideus, omohyoideus, and hyoglos-
sus. There is considerable variation in the hyoid apparatus and associated
musculature (Fig. 1). The only muscle examined which did not vary was the
hyoglossus.
















































































































