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ABSTRACT

Heyer, W. Ronald. A Preliminary Analysis of the Intergeneric Relationships of
the Frog Family Leptodactylidae. Smithsonian Contributions to Zoology, number
199, 55 pages, appendix, 16 figures, 38 tables, 1975.—Thirty-seven characters of
external morphology, myology, osteology, life history, and chromosome morphol-
ogy are studied. For each character, the evolutionary directions of changes of
states are inferred. This information is used to construct a phylogenetic hypothe-
sis of the intergeneric relationships of the New World frog family Leptodactyli-
dae. Five major groupings of leptodactylids are proposed: the telmatobines,
ceratophrines, leptodactylines, grypiscines, and eleutherodactylines. Formal recog-
nition of these groupings is delayed until more information becomes available
which will likely modify the intra- and intergroup relationships. The phylogenetic
analysis demonstrates that the five groups are robust units, however.

Recognition of the five groups allows a reinterpretation of the historical
zoogeography of the family. The family Leptodactylidae had its origins in the
temperate beech forests of South America. The telmatobines represent a remnant
of the original leptodactylid stock, which has remained in the beech forests.
Two groups became adapted to drying conditions, the ceratophrines and lepto-
dactylines. The grypiscines represent a forest-stream adaptational complex that
centered in southeastern Brazil. The eleutherodactylines were probably derived
from a grypiscine ancestor. Farly attainment of direct development in the
eleutherodactylines was a preadaptation which resulted in an explosive radiation
of the Eleutherodactylus-complex, which is now represented by about 350 species
which occupy diverse environmental situations.

A leptodactylid-liopelmatid relationship is suggested, which has the advantages
of an in situ evolution of the leptodactylids rather than a migration from North
Temperate regions as previously proposed. An alternate leptodactylid-discoglossid
relationship argument which was based in large part on tadpole evidence is
countered by a consideration of the major functional adaptations of tadpoles.
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A Preliminary Analysis of the
Intergeneric Relationships of
the Frog Family Leptodactylidae

W. Ronald Heyer

Introduction

" Unitil recently, the family Leptodactylidae has

been an unstable category in frog classification. For
example, Noble (1931) placed the genera cur-
rently considered to form the family into two fami-
lies, the Bufonidae and Brachycephalidae. Within
the family Bufonidae, Noble recognized seven sub-
families, of which three contained various genera
recognized in this paper. Subsequent taxonomic
accounts have been based either on a small set of
specific characters, a limited number of genera, or
both. The single exception is the work of Lynch
(1971, 1978a). The most significant change since
Noble has been the recognition of the family
Leptodactylidae as a group distinct from the
Bufonidae. The inclusion or exclusion in the fam-
ily Leptodactylidae of the Australian and African
genera, and of such New World genera as Allo-
phryne, Geobatrachus, Pseudis, Rhinoderma, and
Sminthillus has been in large part a matter of
preference, for, until recently, no comprehensive
review of the situation has been available. The
concept of the genus within the family has also
changed considerably from Boulenger’s (1882) rec-
ognition of 34 genera to the 63 genera recognized
by Gorham (1966). Lynch (1971, 1973a) has made
a significant contribution to the systematics of the
Leptodactylidae with his recent review of the family
at the genus level.

W. Ronald Heyer, Department of Vertebrate Zoology, Na-
tional Museum of Natural History, Smithsonian Institution,
Washington, D. C. 20560.

The present work is an attempt to interpret and
extend data presented by Lynch (1971, 1973a),
and to use the analytical methodology of Hennig
(1966) to produce a phylogenetic hypothesis.

This phylogenetic approach has been applied to
oné segment of the family, Lynch’s (1971) sub-
family Leptodactylinae (Heyer, 1974a). In that
study (Heyer, 1974a), certain differences with
Lynch’s (1971) scheme were found with respect to
systematic conclusions. Specifically, the question
was raised whether some genera Lynch assigned to
the subfamily Leptodactylinae did not in fact have
closer relationships to genera in Lynch’s subfamily
Telmatobiinae. This study was initiated to answer
that question. It soon became apparent that a pre-
liminary analysis of the relationships among the
New World leptodactylid genera would be the best
approach. The present study must be preliminary
because total information is not available for some
rare, monotypic genera, and the range of variation
for certain large genera is not available at this time.
It is hoped that the character analysis section will
provide a base upon which additional data can be
added and analyzed as it becomes available.

AckNOWLEDGMENTs.—For the loan of compara-
tive material, I am grateful to William E. Duellman
and Joseph T. Collins, University of Kansas; John
W. Wright, Natural History Museum, Los Angeles
County; and Richard G. Zweifel and George R.
Foley, American Museum of Natural History. )

The following assisted with the computer anal-
ysis: Joseph Felsenstein, University of Washington;
Charles D. Roberts, Smithsonian Institution; and
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Harold K. Voris, Field Museum of Natural History.

1 have liberally stolen ideas from the following
individuals who discussed various aspects of the
paper with me: Ronald I. Crombie, Smithsonian
Institution; Richard F. McGinnis, Pacific Lutheran
University; Jay M. Savage, University of Southern
California; Beryl Simpson, Smithsonian Institution;
Richard Wassersug, University of Chicago; David
B. Wake, University of California, Berkeley; and
George R. Zug, Smithsonian Institution.

David B. Wake and George R. Zug carefully
read the manuscript and offered many helpful
suggestions.

Methods and Materials

Briefly, character states are categorized for a suite
of characters from the study sample. The direction-
ality of states is analyzed and the information from
derived states is used to generate possible phylo-
genetic trees. '

CHARACTER SELECTION

Characters of myology, osteology, adult and larval
external morphology, and life history are sampled.
Samplings from a variety of systems produce a more
robust phylogeny than sampling of a single system
in leptodactylid frogs (Heyer, in prep.). Basically,
characters that have been used in previous system-
atic treatments are used. Information on character
states is taken from the literature (Lynch, 1971, and
sources cited therein. Heyer, 1974a) and from ex-
amination of specimens (Appendix).

Stupy Group

The family Leptodactylidae is used in the re-
stricted sense, limited to New World leptodacty-
loids (Lynch, 1973a). The genus is the unit of
study. As many genera as possible are included. In-
clusion of a genus depends on having  complete
morphological information from at least one spe-
cies. Some rare, monotypic genera were not in-
cluded due to lack of material at this time.

"The genera recognized by Lynch (1971) are
used with the exceptions of the addition of the
genera Adenomera (see Heyer, 1974a) and Van-
zolinius (Heyer, 1974b). The genus Eleuthero-
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dactylus is very large and the limits of variation
are not known. For purposés of this study, three
species of Eleutherodactylus are analyzed individ-
ually, one species each from the West Indies, Mid-
dle America, and South America.

DirecTIONAL CRITERIA

The reasoning of Marx and Rabb (1970) as used
previously (Heyer, 1974a) is followed. As the sam-
ple for this study differs from the previous samples,
the criteria need to be restated.

I. Outcrour COMPARISONs (character state uni-
form in the outgroup).—To use this criterion, in-
formation is needed from a group of organisms
outside the study sample. The ideal outgroup

-would be the ancestral stock to the Leptodactylidae.

Two closely related families are used as the major
outgroup to the Leptodactylidae, the Australian
family Myobatrachidae, and the African family
Heliophrynidae. If the distribution of states in
these outgroups does not allow directionality to be
assumed, other familial outgroups are used as ap-
propriate.

A character state is presumed to be primitive if
it is found throughout the outgroup and derived if
unique or nearly so in the study sample.

II. OutcrouP CoMPARISONS (character state poly-
morphism in the outgroup).—A character state is
presumed to be primitive if it is widespread in the
outgroup and derived if unique or nearly so in the
study sample. As indicated previously, a large sam-

ple size of characters is needed to swamp the effect

of those possible rare instances where evolution
has not operated in a logical manner (Heyer,
1974a).

I1I. MORPHOLOGICAL SPECIALIZATION.—A charac-
ter state is assumed to be derived if it is predomi-
nant in some adaptive specialization.

1V. ECOLOGICAL SPECIALIZATION.—A state is con-
sidered to be derived when it is relatively much
more abundant in taxa with a particular mode of
life than in all taxa. A state is considered primitive
if it has differential relative abundance among taxa
classified by adaptive zone.

At this time, only extreme adaptive categories
can be recognized due to the lack of information on

many genera. The following ecological categories
are considered: aquatic, fossorial, arboreal, and ter-




NUMBER 199 '

restrial (broad sense). Ecological categories for the
genera are presented in the appendix (Table A).

V. GEOGRAPHIC RESTRICTION.—A state is as
sumed to be derived if it is predominant in taxa
from a particular geographic area. The following
geographic areas appear to be important in lepto-
dactylid frogs: Mexico; Middle America; west coast
lowlands of South America; northern Andes; south-
ern Andes; Guyana Shield; Amazonia; southeastern
Brazil; Gran Chaco; West Indies. Geographic cate-
gories for the genera are presented in the appendix
(Table A). After the analysis was completed, R.
Crombie informed me that Telmatobius was also
found in the northern Andes. Its omission in the
character analysis section does not change any de-
cisions. The corrected distribution was included
for the analysis which led to Figure 12.

The mechanics of sorting out the occurrence of
character states by genera among the outgroup,
ecological, and distributional categories was done
with E-Z sort cards. Data were gathered serially,
external morphology first, myology and life history
second, and osteology and karyotype last. Charac-
ters were analyzed when all available data for each
character grouping had been gathered. The ap-

TABLE 1.—Character 1: Pupil shape (N = The total number
of genera which exhibit a given state. N may be less than
the sum of the numbers in the columns because a genus may
exhibit more than one ecological or geographic category for
a given state. The outgroup is comprised of the Australian
Myobatrachines and Cycloranines of the family Myobatra-
chidae and the African family Heliophrynidae. The ecological
categories are fossorial, terrestrial, aquatic, and arboreal.
The remaining categories are geographic categories for the
New World.)
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pendix (Table B) reflects the data on which the
character analysis was based. In some cases, more
information became available at a later -time; this
information was included in the computer analysis
section. During the osteological analysis, I felt
Zachaenus should be split for further analysis; the
character analysis for bones alone reflects this divi-
sion. Both subgroups of Zachaenus (sensu Lynch,
1971) have the same external morphology and
myological character states as coded for computer
analysis.

Character Analysis

1. PuriL SHAPE.—State A: pupil round. State B:
pupil horizontal. ,

The distribution of states by genera among out-
group, ecological, and geographic categories is pre-
sented in Table 1.

State A is more widespread than state B in terms
of ecological and geographic categories. Except for
Hydrolaetare, all New World genera are from
southern South America. This could be interpreted
in two ways. First, because state B is relatively re-
stricted to southern South America it could be
derived because it is a rather localized phenome-
non. Second, it could be argued to be primitive be-
cause (1) state B is also found in Australian and
African genera, (2) the earliest leptodactylids oc-
curred in southern South America, therefore (3)

TABLE 2.—~Character 2: Tympanum visibility (see Table 1
and text for explanation)

State A B State A B c D E

N 51 11
N 28 k b 19 6

Myobatrachines T 1
Cycloranines T 3 Myobatrachines 0 0 0 6 1
Heliophrynids 0 1 Cycloranines 4 1 0 N 1
Heliophrynids o] 0 1 0 0

Fossorial T 3
Terrestrial 37 5 Fossorial 3 1 1 L 2
Aguatic 3 1 Terrestrial 20 2 3 11 L
Arboreal 3 [¢] Aquatic 1 1 0 1 1
. Arboreal 2 0 1 o} o]

Mexico 5 o]
Middle America 3 0 Mexico 3 0 2 0 (o}
West Coast South America 3 o] Middle America 2 0 2 4] 0
North Andes 3 [o] West Coast South America 2 0] 1 4] 1
South Andes T 3 North Andes 0 0 1 0 1
Guiana Shield 3 o] South Andes 3 1 1 2 3
Amazonia 9 1 Guiana Shield 2 0 1 4] 0
Chaco L 1 Amazonia 8 1 1 0 1
Southeast Brasil 17 1 Chaco 2 1 1 1 1
West Indies 3 [¢ Southeast Brasil 8 2 1 7 0
West Indies 2 0 0 0 o}
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state B is a primitive state that is still found in the
ancestral region of South America.

The application of criteria so far does not lead to
a clear-cut choice. In expanding the outgroup to
include other related families, vertical pupils (state
B) are found in the Pelobatidae, Pelodryadidae,
and some Hylidae. Thus, applying criterion II to
this larger outgroup, state B is assumed to be the
primitive state. Lynch (1973a) also argued that
vertical pupils are primitive. For purposes of
coding for computer analysis, numerical categoriza-
tion of the states is preferable. Thus, state A=state
0, state B==state 1. The direction of change of char-
acter states is:

0«1

2. TymMpaNUM VISIBILITY.—State A: tympanum
well developed, easily seen externally. State B:
tympanum partially concealed, but still visible ex-
ternally. State C: intrageneric variability, some spe-
cies with state A, others with state B. State D:
tympanum completely hidden, may be absent. State
E: intrageneric variability, some species with state
G, others with state D.

The distribution of states by genera among the

outgroup, ecological, and geographic categories is
presented in Table 2. State A is broadly distributed
among- ecological categories and geographic areas
in the New World. States B and C are found in few
genera with no real patterns of distribution. State
D is widespread among the Australian leptodacty-
loids, with a slight trend of occurrence in fossorial
genera and a distinct trend of occurrence only in
southern South America. State E is similar in its
distribution to state D.

State D might be considered primitive on the
basis of criteria I and II. States B-E might be con-
" sidered derived on the basis of criterion III, with
the hidden ear correlated with a fossorial ecological
adaptation. States B, D, and E are derived accord-
ing to criterion V, as the states are relatively re-
stricted in geographic occurrence. I choose criteria
III and IV in this case, as the trend toward earless-
ness has been shown to correlate with higher alti-
tudes (e.g., McDiarmid, 1971, for bufonids) and is
apparent in other burrowing frogs (e.g., Micro-
hylidae). As states B, C, and E are represented by
few genera and represent intrageneric variation in
part, the states are combined for purposes of further
analysis. New state 0=old state A; new state 1=o0ld

SMILTHSONIAN CONTRIBUTIONS TO ZOOLOGY

TABLE 3.—Character 3: Male thumb (see Table 1 and text
for explanation)

State A B c D E F
N 29 22 3 3 3 1
Myobatrachines 5 2 0 [o] 0 0
Cycloranines 2 6 1 0 1 0
Heliophrynids 1 0 0 0 0 o}
Fossorial 2 6 1 0 1 0
Terrestrial 21 1k 1 2 2 ]
Aquatic [} 2 1 0 0 1
Arboreal .3 o) 0 0 o] 0
Mexico 3 1 0 o 1 0
Middle America 2 1 0 0 1 0
West Coast South America 1 2 0 0 1 0
North Andes 2 1 0 0 0 0
South Andes 1 5 2 1 o] 1
Guiana Shield ] 2 0 0 1 ¢}
Amazonia T 3 4] 0 1 o]
Chaco 1 3 0 0 1 [}
Southeast Brasil 8 6 [¢] .2 2 [o]
West Indies 2 0 0 0 1 0

states B and C, genera with the tympanum paritally
concealed at least in some member species; new
state 2=old states D and E, tympanum hidden, at
least in some member species. The direction of
change of character states is:

05152

3. MALE THuMB.—State A: male thumb lacking
either a nuptial pad or spines. State B: nuptial
pad present. State C: intrageneric variation, some
species with state A, others with state B. State D:
spines present. State E: intrageneric variation, some
species with state A, others with state D. State F:
intrageneric variation, some species with state B,
others with state D.

The distribution of states among outgroup, eco-
logical, and geographic categories is presented in
Table 3. State A has the most general distribution.
Criteria I and II are not applicable, as the out-
group is well represented with both states B and C.
Criterion IV appears to be applicable to, state B, as
several fossorial and one-half of the aquatic genera
have this state. Criterion V does not seem to apply.
Morphological specialization, criterion III, sug-
gests that state A is derived because some sort of
nuptial asperity is commonly found in forms that
breed in water. The nuptial asperity aids the male
to hold onto the female during amplexus. Applica-
tion of the criteria so far does not yield consistent
results. Part of the problem may be due to the
amount of intrageneric variation which led to the
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recognition of states G, E, and F, each of which is
represented by few genera. The situation is resolved
by enlarging the outgroup. Members of the families
Bufonidae and Hylidae often have nuptial as-
perities. Therefore 1 consider the presence of nup-
tial asperities to be the primitive state. The amount
and type of intrageneric variation observed (Table
3) necessitates recognition of only three states:
state 0=old states B, D, and F, some sort of nuptial
asperities uniformly presented; state 1=old states
C, E, nuptial asperities absent in some member
species; state 2=old state A, no nuptial asperities
in any member species. Two trends are apparent:
(1) spines are probably a derived condition over a
pad; (2) development of spines and loss of nuptial
aspersities have occurred several times in the lepto-
dactyloid frogs. Because of this, the data must be
reduced to the new states recognized if the same
directional criteria are to apply equally for the en-
tire study sample. The direction of change of char-
acter states is:

05152

4. Bopy GLaNDs (eight extreme states are recog-
nized).—State A: no well-defined parotoid, ingui-
nal, or dorsolateral folds. State B: well-defined
. parotoid glands present. State C: intrageneric vari-
ation, some species with state A, others with state B.
State D: well-defined inguinal glands present. State
E: intrageneric variation, some species with state A,

TABLE 4—Character 4: Body glands (see Table 1 and text
for explanation)

State A B C D E F G )i
N : 46 4 1 3 2 2 2 1
Myobatrachines 5 1 o] 1 o] 1 o] o]
Cycloranines 8 2 0 1 0 0 0 0
Heliophrynids 1 0 [¢] o] (o] o [¢] o]
Fossorial 8 1 1 1 0 1 0 0
Terrestrial 30 2 [o] 3 1 1 2 1
Aquatic 3 0 0 [¢] 0 0 o] 0
Arboreal 1 0 o} 1 1 o} o} o}
Mexico 1 0 o 1 1 1 0 1
Middle America 1 [0} 0 1 Q 1 0 1
West Coast South Americal 2 o} o] 0 o 1 0 1
North Andes 2 o (¢} 0 0 1 0 0
South Andes T 1 0 o] 1 0 1 0
Guiana Shield 1 0o 0 ¢} 1 0 0 1
Amazonia T 0 o] 1 o] 1 1 1
Chaco 3 o 1 0 0 1 0 1
Southeast Brasil 1k 0 1 1 1 0 o 1
West Indies 2 0 0 o] 0 Q o] 1

TABLE 5.—Character 5: Toe disks (see Table 1 and text
for explanation)

State A B c D E F
N bh 5 1 6 b 1
Myobatrachines T 0 0 [¢] ] [¢]
Cycloranines 9 o} 0 0 0 (o}
Heliophrynids 0 1 0 0 o} 0
Fossorial 11 0 [0} o] 0o o]
Terrestrial 26 L 1 3 b 1
Aquatic k 0 0 0 0 0
Arboreal 0 o} 0 3 0 0
Mexico 3 o] [¢] 2 Lo} 0]
Middle America 2 o} o} 2 o] 0
West Coast South America 3 0 [o] 1 [o] [¢]
North Andes 3 0 0 0 [¢] o]
South Andes 9 1 o] o] 0 4]
Guiana Shield 2 0 0 [} 1 0
Amazonia 6 0 1 1 1 1
Chaco 6 o] 0 o] 0 o]
Southeast Brasil 12 2 1 0 3 0
West Indies o] 1 0 1 0 0

others with state D. State F: intrageneric variation,
some species with state C, others with state D. State
G: well-defined dorsolateral folds. State H: intra-
generic variation, some species with state A, others
with state G.

The distribution of states by genera among out-
group, ecological, and geographic categories is pre-
sented in Table 4. On the basis of criteria II, IV,
and V, state A is assumed to be the primitive state
and states- B-H are assumed derived. Because so few
genera are represented among states B-H, the states
should be combined in part. The following states
can be combined with no loss of information: B
with C, D with E, and G with H. A problem arises
with state F. Clearly, state F could be derived from
two routes, either from states B and C or from
states D 'and E. For coding purposes, it seems best
to double code those genera having state F so they
could be derived from either route. Each of the
types of body glands appears to be an independent
derivation. The recombined states are: new state
0=old state A; new state 1=o0ld states B, C, and F,
parotoid glands present in some or all member
species; new state 2=old states D, E, and F, inguinal
glands present in some or all member species; new
state 3=old states G and H, dorsolateral folds
present in some or all member species. The direc-
tions of change of character states are:

1«02
N
3
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5. ToE Disks.—State A: no well-defined disks.
State B: disks on toes. State C: intrageneric varia-
tion, some species with state A, others with state
B. State D: toes disked with circumferential groove.
State E: toes disked with dorsal scutes. State F: toes
disked with 3-5 dorsal longitudinal grooves. Leplo-
dactylus wagneri is the only species in the genus
that demonstrates intraspecific variation in having
states 0 or 1; the genus is coded as state 0.

The distribution of states by genera among out-
group, ecological, and geographical categories is
presented in Table 5.

Application of criterion I using the Australian
leptodactyloids as the outgroup indicates state Ato
be primitive. Criteria IV and V also support state
A as primitive because the state is broadly distrib-
uted among fossorial, terrestrial, and aquatic zones
and among most geographic areas in the New
World. Also, all arboreal genera have toe disks with
circumferential grooves, indicating that state D is
derived. Because both states G and F are repre-
sented by single genera, the states should be re-
coded for further analysis. States B and C can be
combined without loss of information. State F is a
morphologically unique and distinctive state
among the study sample. As such, it does not yield
information on common ancestries. If state A is
primitive, then states B and C are derived and
states D and E are independent derivations of a
combination of states B and C. Into this scheme,

TabLE 6—Character 6: Tarsal decoration (see Table 1 and
text for explanation)

SMITHSONIAN CONTRIBUTIONS TO ZOOLOGY

TABLE 7—Character 7: Outer metatarsal tubercle
(see Table I and text for explanation)

State . A B c D E F
N 29 19 1 2 1 3
Myobatrachines L 1 0 0 0 0
Cycloranines 8 2 [ 0 0 0
Heliophrynids 0 1 0 0 0 0
Fossorial 3 6 o] o] 1 [¢]
Terrestrial 19 10 1 2 1 3
Aquatic 2 2 0 0 0 o]
Arboreal 3 0 o 0 0 o]
Mexico 3 1 o 0 1 0
Middle America 1 2 0 0 1 0
West Coast South America 0 2 1 0 1 o}
North Andes 2 o} 0 o] 1 o}
South Andes 3 L o} 0 0 [}
Guiana Shield 0 2 o 0 0 1
Amazouia 2 6 0 2 1 o
Chaco o] b 0 1 1 0
Southeast Brasil 8 6 0 1 0 3
West Indies 2 1 0 0 o] 0

State A B
N 20 Lk
Myobatrachines 8 1
Cycloranines 10 1
Heliophrynids o 1
Fossorial 9 N
Terrestrial 12 30
Aquatic 1 3
Arboreal o} 3
Mexico 0 L
Middle America 0 4
West Coast South America o] 4
North Andes 0 3
South Andes 2 8
Guiana Shield o] 3
Amazonia 0 11
Chaco 1 5
Southeast Brasil 0 18
West Indies 0 3

state F would have to be coded along with states
B and C into a single state.

The new coding is: new state 0=old state A, no
toe disks; new state 1=old states B, C, and E, toes
disked in all or some of the member species, not
with circumferential grooves or dorsal scutes; new
state 2=old state D, toe disks with circumferential
grooves; new state 3=old state E, toe disks with
dorsal scutes. The directions of change of character
states are:

0—>1—-2
N
3

6. TArsAL DEcoraTION.—State A: no folds, flaps,
or tubercles. State B: tarsal fold. State C: tarsal
tubercle. State D: tarsal fold and tubercle. State E:
intrageneric variation, some species with state B,
others with state C, others with state D. State F:
extensive tarsal flap.

The distribution of states among the outgroup,
ecological, and geographic categories is presented
in Table 6. Criterion I clearly indicates that states
C-F are derived. Criterion V further suggests that
state F is derived. Criteria I and V do not distin-
guish between states A and B. Criterion 1V suggests
in part that state A is specialized, as all arboreal
genera lack any tarsal modifications. States A and
B are both found in bufonids, hylids, and dis-
coglossids; state A characterizes the pelobatids.
Thus there does not appear to be any logical way of
determining whether state A or B is primitive. The
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character is treated in a conservative manner, com-
bining both states A and B as primitive. The re-
described character states, combining states A and B,
and states C, D, and E because of unique taxa are:
state 0: tarsus with fold or without modifications;
state 1: tarsus with tubercle, at least in some spe-
cies; state 2: tarsus with extensive flap. The direc-
tions of change of character states are:

1<0—>2

7. OUTER METATARSAL TUBERCLE.—State A: ab-
sent. State B: present.

The distribution of states among the outgroup,
ecological, and geographic categories is presented
in Table 7. Criterion II suggests that state A is
primitive; criterion IV suggests that state B is de-
rived, as all arboreal taxa have state B; criterion
V suggests that state A is derived, as it is restricted
to southern South America. The restricted area is
in the presumed ancestral home of the leptodacty-
lids; therefore, criterion II is not negated and state
A is assumed the primitive state. For further cod-
ing purposes, A=0, B=1. The direction of change
of character states is:

0—1

8. INNER METATARSAL TUBERCLE.—State A: nor-
mal or pointed. State B: a cornified spade. State
C: intrageneric variation, some species with state
A, others with state B.

The distribution of states among the outgroup,
ecological, and geographic categories is presented

TABLE 8.—Character 8: Inner metatarsal tubercle
(see Table 1 and text for explanation)

State A B c

N 48

Myobatrachines
Cycloranines
Heliophrynids

o
oW O -
o+

Fossorial
Terrestrial 3
Aquatic

Arboreal’

w FNO
[oNeNeR
oo

Mexico

Middle America

West Coast South America
North Andes

South Andes

Guiana Shield

Amazonia

Chaco

Southeast Brasil

West Indies

—
WV RO NO MDD W &

OrPWHOOOH OO
QNP HRP R

TABLE 9—Character 9: Toe webbing (see Table 1 and
text for explanation)

State A B c D E F
N 17 4 26 9 i 1
Myobatrachines 1 0 3 2 1 0
Cycloranines 6 1 3 1 o] 0
Heliophrynids 1 0 0 0 [0} 0
Fossorial 8 1 1 1 o 1
Terrestrial 3 b 21 8 3 0
Aquatic 4 o] [¢] [¢] 0 o]
Arboreal 0] 0 2 0 1 0]
Mexico o] 0 3 0 2 0]
Middle America o} 1 1 0 2 0
West Coast South America 1 0 2 0 1 0
North Andes 0 0 3 [¢] o 0
South Andes i 1 3 o] 1 o]
Guiana Shield 0 0 0 1 2 0
Amazonia 2 0 T 1 1 0
Chaco 2 0 2 0 1 1
Southeast Brasil 2 1 T 5 2 1
West Indies 0 o 2 0 1 o]

in Table 8. Criteria I and II do not appear to ap-
ply to this character; the development of a spade
is a morphological specialization, thus criterion IT1
indicates that state B is derived; criterion IV also
indicates that states B and C are derived, as the
states are found in fossorial genera. State C is in-
termediate between states A and B. For further
coding purposes, A=0, B=1, C=2. The direction
of change of states is:

021

9. Toe WEBBING.—State A: webbing present.
State B: webbing present or absent. State C: no
web. State D: lateral toe fringe present. State E:
intrageneric variation, some species with state G,
others with state D. State F: intrageneric variation,
some species with state A, others with state E.

The distribution of states among the outgroup,
ecological, and geographic categories is presented
in Table 9. Criteria I and II are not applicable;
criterion IV suggests that state C is derived, as the
arboreal genera have state C; criterion V indicates
that state D is derived, as the state is predominant
in southeastern Brazil. Members of the bufonids,
hylids, ascaphids, discoglossids, and pelobatids com-
monly have webbing; therefore, state A is assumed
the primitive state. The number of states can be
reduced without loss of information as follows:
state 0: toes webbed; state 1: toes free in some or all
species; state 2: toes fringed in some or all species.
State 2 is morphologically intermediate between




TaABLE 10.—Character 10: Life history (see Table 1 and
text for explanation)

 State A B c D E ¥ G H
N 23 17T 23 8 5 9 1 10
Myobatrachines 0 3 2 0 1 0 [0} 0
Cycloranines 7 6 b 5 o] 6 o] 0
Heliophrynids 1 0 0 1 0 0 o} 0
Fossorial 8 5 5 5 1 3 0 0
Terrestrial 15 9 16 3 4 8 1 5
Aquatic 0 3 2 1 0 o} o} 1
Arboreal [¢] 0 o] o o} 0 o] 3
Mexico 1 1 2 o} 0 2 0 3
Middle America 1 1 2 0 0 2 0 2
West Coast South America} 2 1 2 1 0 2 0 0
North Andes o} 1 1 0 o} 1 0 o}
South Andes 5 3 6 1 1 o 1 0
Guiana Shield 2 1 2 o} 0 1 1 0
Amazonia 3 2 5 1 o] 3 0] 1
Chaco 3 3 3 1 1 2 [ o}
Southeast Brasil 8 L 10 0 2 2 1 3
West Indies 1 0 o} 0 0 1 o} 2

states 0 and 1 and is assumed to be phylogenetically
intermediate. The direction of change of character
states is:

0—>2-—-1

10. Lire History.—The coding of life history
categories poses certain problems. Several distinct
states are evident that are part of the same complex
in part and mutually exclusive in part. One could
therefore recognize one character with extreme
states or break up the information into two or
more characters. The danger with this latter course
is that certain information would be overempha-
sized as it would appear in two or more characters.
The best course appears to be to recognize the
maximum number of discrete states, such that cer-
tain genera will have more than one state, then
upon analysis of distribution of states, recategorize
the states.

Eight states are recognized. State A: tadpole pres-
ent, median vent. State B: tadpole present, dextral
vent. (Lynch, 1971, states on page 26 that Caudi-
verbera and Odontophrynus have dextral vents; in
the generic accounts, both are listed as median on
pages 115, 131. Examination of the only Odon-
trophrynus tadpole at hand (USNM 121324, O.
cultripes) indicates a dextral vent. For purposes
of coding, I assume Caudiverbera also has a dextral
vent.) State C: tadpole present, mouthparts with
a dentical row formula of 2/3. State D: tadpole
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present, mouthparts with a dentical row formula
greater than 2/3. State E: tadpole present, mouth-
parts with a dentical row formula less than 2/3.
State F: larvae present, eggs placed in foam nest.
State G: larvae present, eggs placed in foam nest
in some species, not in others. State H: no tadpole,
direct development from encapsulated egg. For
present purposes, state H is interpreted narrowly
and does not include cases where eggs hatch into
larvae which in turn metamorphose without feed-
ing.

The distribution of states among the outgroup,
ecological, and geographic categories is presented
in Table 10. Criteria I and IV support the gen-
erally accepted hypothesis that direct development
is derived with respect to presence of a tadpole.
The only criterion that allows a distinction be-
tween whether a median or dextral vent is primi-
tive is criterion IV; all the aquatic genera have
state B indicating it is derived. Similarly there are
no strong indications as to which type of denticle
formula is primitive or whether a foam nest is de-
rived. Foam nests are not found in ascaphids,
pelobatids, bufonids, dendrobatids, centrolenids, or
most hylids. Thus, a foam nest is probably derived.
There is no evidence to suggest whether a foam
nest was an intermediate stage in the evolution of
direct development. The safest assumption to make
for present purposes is to recognize only two states:
state 0: tadpole present; state 1: direct develop-

TaBLE 11.—Character 11: Adductor mandibularis muscle
(see Table 1 and text for explanation)

State A B
N 5 48
Mycbatrachines o] 5
Cycloranines [¢] 9
Heliophrynids 0 1
Fossorial 2

Terrestrial 1 3k
Aquatic 1 3
Arboreal 1 2
Mexico 1 l
Middle America 1 3
West Coast South America 1 3
North Andes 0 2
South Andes 1 6
Guiana Shield o} 3
Amazonia 1 10
Chaco 2 3
Southeast Brasil o 16
West Indies [¢] 3
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ment. The direction of change of character states
is:
0—>1

11. ADDUCTOR MANDIBULARIS MUSCLE.—State A:
both adductor mandibulae posterior subexternus
and adductor mandibulae externus superficialis
present (“s+e” in Starrett’s 1968 terminology). State
B: adductor mandibulae posterior subexternus
only present (“s” in Starrett’s 1968 terminology).
Starrett (1968) listed Elosia (=Hylodes) lateristri-
gata as having condition s + €. In examining two
other species of Elosia (Appendix 1), I found the
condition to be s; I then examined H. lateristri-
gata (USNM 101720) and also find it to have the
s only condition. Starrett probably examined an
incorrectly identified specimen. I find the condition
of Sminthillus to be state B, contrary to Starrett
(1968).

The distribution of states among the outgroup,
ecological, and geographic categories is presented
in Table 11. Criterion I indicates that state B is
derived; none of the other criteria appear useful
in determining which state is primitive. Starrett
(1968) argued that the s + e condition is primitive
to the s condition as a loss of a muscle slip is in-
volved. As evolutionary trends often involve sim-
plification of parts, her reasoning is followed. For
[urther coding purposes, A=0, B=1. The direction
of change of states is:

0—>1.

TasLE 12.—Characler 12: Depressor mandibulae muscle
(sce Table 1 and text for explanation)

9

12. DEPRESSOR MANDIBULAE MUSCLE.—State A:
muscle originates from the dorsal fascia, squamosal
and otic region, and annulus tympanicus; the rela-
tive bulk of fibers may vary, but all three regions
are clearly involved. State B: muscle origin from
dorsal fascia and squamosal and otic region only,
as in state A, the relative bulk of the two slips
may vary. State C: intrageneric variation, some
species with state A, some species with state B.
State D: muscle origin from squamosal and otic
region only. State E: intrageneric variation, some
species with state B and some with state D. State
F: origin from squamosal and otic region and an-
nulus tympanicus. '

The distribution of states among the outgroup,
ecological, and geographic categories is presented
in Table 12. Clearly the primitive state is either
A or B. Application of criteria I, II, IV, and V do
not indicate which state is the primitive one. Star-
rett (1968) indicated that an origin from both the
dorsal fascia and the squamosal region was primi-
tive to an origin from the squamosal region only.
She did not comment on the annulus tympanicus.
Morphologically, state A is a more generalized state
than B. In a previous study in which state A was
considered primitive, there was no evidence that
indicated otherwise (Heyer, 1974a). Therefore, I
consider state A to be primitive. As states D, E,
and F are unique to single genera of New World
leptodactylids, the states are redescribed for further

TABLE 18—Character 13: Geniohyoideus medialis muscle
(see Table 1 and text for explanation)

State A B C D E ¥
N 20 ol 2 3 1 3
Myobatrachines 2 2 0 2 0 1
Cycloranines 6 2 0 0 0 1
Heliophrynids 0 1 0 0 0 0
Fossorial 9 2 [o] 0 o] 1
Terrestrial 10 20 1 3 [¢] 2
Aquatic 2 1 0 0 1 s}
Arboreal 2 o 1 0 0 0
Mexico 1 2 1 o] 0 1
Middle America [¢] 3 1 [¢] o] o]
West Coast South America 2 2 0 0 0 0
North Andes 1 1 o} 0 o] 0
South Andes 2 3 1 0 1 ]
Guiana Shield o] 2 1 0 0 0
Amazonia | 5 6 0 0 0 0
Chaco b 2 o] 0 o] 0
Southeast Brasil 5 10 1 1 o} o}
West Indies 1 2 0 0o 0 0

State A B o4
N 33 3 18
Myobatrachines 1 o 5
Cycloranines T 0 2
Heliophrynids 1 0 0
Fossorial 8 1 2
Terrestrial 21 3 12
Aquatic 3 4] 1
Arboreal 1 0 2
Mexico 2 1 2
Middle America 2 1 1
West Coast South America 2 1 1
North Andes 1 1 o}
South Andes 6 1 0
Guiana Shield 2 1 0
Amazonia 6 2 3
Chaco 3 1 2
Southeast Brasil 11 2 3
West Indies 2 o} 1
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purposes as follows: state 0: origin from dorsal
fascia, squamosal and otic region, and annulus
tympanicus or squamosal, otic region and annulus
tympanicus only; state 1: origin from dorsal fascia
and squamosal and otic region in some or all spe-
cies; state 2: origin from squamosal and otic region
in some or all species. The direction of change of
character states is:

0—>1—>2

13. GENIOHYOIDEUS MEDIALIS MuscLE—State A:
muscle contiguous medially (Heyer, 1974a, fig. 2,
0). State B: muscle contiguous medially in some
species, separated medially in others. State G: mus-
cle separated medially (Heyer, 1974a, fig. 2, 2).

The distribution of states among the outgroup,
ecological, and geographic categories is presented
in Table 13. Since state B is intermediate between
states A and C, the question is the direction of
change involved. Application of the criteria does
not give clear-cut indications of the direction of
change. Because the ecological and geographic cate-
gories of state A are more broadly represented, state
A is assumed the primitive state. For further cod-
ing purposes, A=0, B=1, C=2. The direction of
change of character states is:

0—~>1—>2

14. ANTERIOR PETROHYOIDEUs MUsCLE—State A:
the muscle inserts on the lateral edge of the hyoid
plate. State B: the muscle inserts on the ventral
body of the hyoid in some or all species.

TABLE 14~Character 14: Anterior petrohyoideus muscle
(see Table 1 and text for explanation) '
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TanLE 15.—Character 15: Sternohyoideus muscle
(see Table 1 and text for explanation)

State . ' A B

N bl 10

Myobatrachines 1
Cycloranines T
Heliophrynids 1

[e NV RN]

Fossorial 8
Terrestrial - 27
Aquatic 3
Arboreal

[eXeRXoN ]

Mexico

Middle America

West Coast South America
North Andes

South Andes

Guiana Shield

Amazonia

Chaco

Southeast Brasil

West Indies

S wWw s

=
B o
ONMNVWOOK -

State A B Cc D E
N 31 11 10 1 1
Myobatrachines 0 0 6 0 o]
Cycloranines 5 0 L o} 0
Heliophrynids 1 0 o} 0 0
Fossorial T 0 2 0 1
Terrestrial 20 6 8 1 1
Aguatic 2 2 0 Q o]
Arboreal 2 1 o} 0 o}
Mexico 4 [¢] ¢] o] 1
Middle America 3 [} ] 0 1
West Coast South America 2 1 0 0 1
Korth Andes 0 1 0 0 1
South Andes 5 2 o 0] o]
Guiana Shield 3 o o] 0 o]
Amazonia 5 3 o] 1 1
Chaco 5 0 0 o} 1
Southeast Brasil 13 3 0] 1 (o]
West Indies 1 0 0 0 0

The distribution of states among the outgroup,
ecological, and geographic categories is presented
in Table 14. Criteria 1V and V indicate that state
A is primitive. State A is found in bufonids, hylids,
dendrobatids, and pelobatids, also indicating that
the state is primitive. For further coding purposes,
A =0, B=1. The direction of change of states is:

0—1

15. STERNOHYOIDEUS MUSCLE INSERTION.—State
A: muscle insertion entirely near lateral edge of
hyoid body (Heyer, 1974a, fig. 1). State B: inser-
tion with some fibers near lateral edge of hyoid
body, some fibers near midline of hyoid body
(Heyer, 1974a, fig. 1). State C: muscle insertion
of narrow band of fibers extending to midline of
hyoid body (Heyer, 1974a, fig. 1). State D: intra-
generic variation, some species with state A, others
with state C. State E: intrageneric variation, some
species with state A, others with state D. Lepidoba-
trachus has a unique insertion pattern with two
distinct slips, one inserting near where the alary
process normally is, the other inserting near the
posterolateral process. Because both slips insert on
the lateral border, Lepidobatrachus is coded as
state A.

The distribution of states among the outgroup,
ecological, and geographic categories is presented
in Table 15. State C is confined to the Australian
outgroups. State B is not represented in any of the
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B Cc
)

Ficure 1.—Omohyoideus character states.

outgroups and is considered derived on the basis
of criterion 1. State A is generally found among
hylids, pelobatids, and dendrobatids (Trewavas,
1933), and is considered the primitive stage. As
states D and E are only found in single taxa, the
states are combined and redefined for further analy-
sis as follows: state 0: muscle insertion near lateral
edge of hyoid body in all species or some species
with insertion near midline; state 1: muscle inser-
tion with some fibers near midline and some fibers
near lateral edge in all species or some species with
insertion near midline. The direction of change of
states is:

0—>1

16. OMonYOIDEUs MuscLE—State A: muscle ab-
sent. State B: muscle insertion on hyoid body and
fascia between posteromedial . and posterolateral
processes (Figure 1B). State C: muscle insertion
on hyoid body only (Figure Ic). State D: intra-
generic variation, some species with state B, some
with state C. State E: intrageneric variation, some

TABLE 16.—Character 16: Omohyoideus muscle
(see Table 1 and text for explanation)

State A B c D E F G H I
N 20 12 9 2 3 1 2 2 3
Myobatrachines 6 o} 0 0 o} 0 o} 0 0
Cycloranines T o} 0 0 0 0 0 0 0
Heliophrynids 0 o] 1 0 [0} 0 [ 0 [
Fossorial T 1 1 o] 2 o 0 o -0
Terrestrial 12 11 L 1 2 0 1 2 3
Aquatic 2 0 1 1 o] 0 o] o] o
Arboreal 0 0 1 0 0 1 1 0 o
Mexico 1 0 0 o] 1 1 1 o} 1
Middle America 1 1 0 o 1 0 1 0 0
West Coast South America| 2 o} 1 0 1 0 0 0 o}
North Andes 0 0 0 0 1 o} 0o 0 1
South Andes 1 1 1 1 0 o} 1 1 1
Guiana Shield 1 1 o} 0 0 0 0 1 ¢]
Amazonia 3 3 2 0 2 0 0 0 1
Chaco 3 0 1 0 2 0 o} o 0
Southeast Brasil 2 5 L 1 2 0 [} 2 1
West Indies 2 0 L 0 o} 0 0 0 0

TaBLE 17.—Character 17: Iliacus externus muscle
(see Table 1 and text for explanation) '

State - A B c . D E
N 7 23 5 16 2
Myobatrachines 0 2 o] 3 9]
Cycloranines 5 3 1 Q [¢]
Heliophrynids [0} 1 0 0 0
Fossorial 5 6 1 0 [¢]
Perrestrial 3 15 3 13 1
Aquatic 0 2 2 o} ¢}
Arboreal o] 0 o] 2 1
Mexico 0 1 0 2 2
Middle America 0 1 0 1 2
West Coast South America 0 2 o} 1 1
North Andes 0 1 0 1 0
South Anges 0 2 I 1 0
Guiana Shield 0 2 0 0 1
Amazonia [¢] Iy 0 6 1
Chaco 1 3 o] 1 1
Southeast Brasil 1 13 [¢] 2 1
West Indies (o 0 0 2 1

species with state A, others with state G. State F:
muscle insertion on edge of hyoid plate adjacent
the posteromedial process (Figure 1F). State G:
intrageneric variation, some species with state A,
others with state F. State H: intrageneric variation,
some species with state C, others with state F.
State I: muscle inserts on edge of posterolateral
process (Figure 11).

The distribution of states among the outgroup,
ecological, and geographic categories is presented
in Table 16. All Australian leptodactyloids exam-
ined have state A, but the other outgroup mem-
ber, Heliophryne, has state G. The absence of the
muscle appears to be a morphological specializa-
tion; on the basis of criterion III, together with

the consensus that evolution often involves a sim- -

plification of parts, state A is considered derived.
The criteria allow no further distinctions to be
made. The states are combined and redescribed
for purposes of further analysis as follows: state
0: muscle present in all species; state 1: muscle
present in some species, absent in others; state 2:
muscle absent in all species. The direction of
change of states is:

0—>1-2

17. Iriacus ExTeERNUS MUsCLE.—State A: muscle
extends less than one-half anteriad on ilium. State
B: muscle extends from one-half to three-fourths
anteriad on ilium. State C: intrageneric variation,

=
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some species with state A, others with state B.
State D: muscle extends from three-fourths to full
length anteriad on ilium. State E: intrageneric va-
riation, some species with state B, others with state
D.

The distribution of states among the outgroup,
ecological, and geographic categories is presented
in Table 17. Criteria 1 and II are not applicable
as the various states are spread throughout the out-
group. Criterion IV indicates that state D is de-
rived as arboreal genera have that state. Criterion
IV appears to apply also to state A as several
fossorial genera have that state. Criterion V also
indicates that state A is derived as the state is re-
stricted to southern South America. State B is
morphologically intermediate between states A
and D. As state E represents intrageneric variation
and is represented by two genera, it is combined
with state D. For further coding purposes, A=0,
B=1, C=2, D=3. The directions of change of
character states are:

0<.—2e1——>3

18. TENsorR FasciAE LATAE MuscLE.—State A:
the muscle inserts posterior to the anterior extent
of the iliacus externus on the ilium (Figure 2A).
State B: muscle inserts at same level as anterior
extent of iliacus externus on the ilium (Figure
9p). State C: intrageneric variation, some species
with state A, others with state B. State D: muscle

inserts anterior to forward extent ol iliacus externus .

on the ilium (Figure 2p). State E: intrageneric
variation, some species with states A, B, or D. State

F: muscle inserts on anterior end of ilium im-
mediately anterior to iliacus externus and the tensor '

fasciae latae and the iliacus externus are contigu-
ous for a considerable length (Figure 2F).

The distribution of states among the outgroup,
ecological, and geographic categories is presented

SMITHSONIAN CONTRIBUTIONS TO ZOOLOGY

TABLE 18—Character 18: Tensor fasciae latae
(see Table 1 and text for explanation)

State A B c D E ¥
N 33 6 1 L 2 7
Myobatrachines 5 0] [¢] o] [o] 0
Cycloranines Y 2 0 2 1 [
Heliophrynids 1 0 0 0 0 0
Fossorial 6 2 0 1 2 [¢]
Terrestrial 24 1 1 2 2 5
Aquatie 2 2 o 0 0 0]
Arboreal 1 0 0 0 o] 2
Mexico 2 0 0 0 1 2
Middle America 1 o} o} 0 1 2
West Coast South America 2 1 0 0 1 0
North Andes 0 0 0 0 1 1
South Andes 3 2 1 0 o] 1
Guiana Shield 3 0 0 0 0 o]
Amazonia 6 1 0 1 1 2
Chaco L 1 0 0 1 o]
Southeast Brasil 14 1 [¢} 1 0 1
West Indies 2 0 0 o 0 1

among the outgroup, ecological, and geographic
categories indicates that state A is the primitive
state. Because states C and E represent intrageneric
variation and are represented by single New World
genera, they are combined with states B and D,
respectively. State F is distinctive morphologically,
but could be derived from state D. However, I
think it is best to be conservative at this point
and not to assume that state F was derived from
state D. For coding purposes, a conservative inter-
pretation is that state F is independently derived
from state A. For ease of further analysis, the states
are recoded as: state 0=old state A; state 1=old

_states B and C; state 2—old states D and E; state

3=old state F. The directions of changes of states
are:

3¢« 0—>1>2

19. SEMITENDINOSUS MuscLE.—State A: interior
and exterior heads about equal bulk, or exterior

in Table 18. The broad distribution of state A A 8 D G

A

g B ‘D F
Yy

Ficure 2—Tensor fasciac latac character states.

FIGURE 3 —Semitendinosus character states.
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TABLE 19.—Character 19: Semitendinosus
(see Table 1 and text for explanation)

State A B C D E F G H
N 6 17 1 16 1 1 8 3
Myobatrachines 1 2 0 o} 0 0 0 2
Cycloranines 0 8 (o} 1 o] [¢ [ 0
Heliophrynids® [0} 1 0 0 0 0 0 0
Fossorial 0 6 1 3 0 1 0 0
Terrestrial L 10 0 10 [¢] 1 8 2
Aquatic 1 o o] 2 1 0 0o 0
Arboreal 0 1 0 1 0 0 [} 1
Mexico 1 1 o] 1 o} 1 1 o}
Middle America 1 1 -0 0 0 1 1 [}
West Coast South America| 1 0 0 1 0 1 1 0
North Andes 0 o] 0] 1 0 1 o] 0
. South Andes 1 0 0 5 1 o] 0 o]
Guiana Shield 1 0 0 2 0 o} 0 0
Amazonia b 1 [¢] 1 0 1 b 0
Chaco 1 1 1 1 o] 1 1 o]
Southeast Brasil 2 3 1 8 [} 0 3 o}
West Indies 1 0 0 0 0 o] o 1

head bulkier (Figure 3a). State B: exterior head
smaller than and attached by a tendon to interior
head (Figure 38). State C: intrageneric variation,
some species with state A, others state B. State D:
interior and exterior portions about equal, exterior
portion attached by tendon to interior portion,
bulks of two portions displaced (Figure 3p) . State
E; intrageneric variation, some species state B,
others state D. State F: intrageneric variation, some
species with states A, B, or D. State G: exterior
head rudimentary, attached by tendon to interior
portion (Figure 3c). State H: exterior head absent.

The distribution of states among the outgroup,
ecological, and geographic categories is presented in
Table 19. Criterion II indicates that state B is the
primitive state. Criterion V indicates that state D
is primitive. In a previous study in which state A
was considered the primitive state (Heyer, 1974a),
character state D of the semitendinosus did not
predict the relationships as accepted., Therefore, in
this case, criterion V is followed and state D is con-
sidered the primitive state. All the states make a
morphological series which are assumed to corre-
late with evolutionary directions of change. As
states C, E, and F represent intrageneric variation
and are represented by single genera, the states are
recoded as follows: new state 0=old state D; new
state 1 =old states B and E; new state 2=old states

13

A, C, and F; new state 3=old states G and H. The
directions of change of character states are:

3«—0—>1>2

20. Appuctor LoNeus MuscLE—State A: muscle
well developed, insertion is on or near the knee,
usually visible superficially. State B: muscle poorly
developed, inserts entirely on adductor magnus
muscle, covered entirely by sartorius muscle. State
C: intrageneric variation, some species with state
A, others with state B. State D: muscle absent.
State E: intrageneric variation, some species with
state A, others state D.

The distribution of states among the outgroup,
ecological, and geographic categories is presented
in Table 20. Criterion II suggests that state A is
primitive. State A is also commonly found in
bufonids, hylids, centrolenids, and dendrobatids
(Dunlap, 1960) and is assumed the primitive state.
As states G and E represent intrageneric variation
and are found in few genera, the states are com-
bined and renumbered as follows: state 0=old state
A; state 1 =states B and C; state 2=states D and E.
The direction of change of character states is: '

0—>1-—2

21. QUADRATOJUGAL—State A: quadratojugal
present, contacting maxilla. State B: quadratojugal
present, not contacting maxilla. State C: quadrato-
jugal absent. State D: intrageneric variation, some

TABLE 20—Character 20: Adductor longus muscle
(see Table 1 and text for explanation)

State A B Y D B
N 27 17 4 3 1
Myobatrachines 5 0 0 o] 0
Cycloranines 5 3 1 0 [}
Heliophryhids 0 [¢] [¢] 1 0
Fossorial I L T 1 1
Terrestrial 17 12 2 3 1
Aquatic 2 0 2 o] o]
Arboreal 2 1 0 ¢} 0
Mexico 2 2 0 o} 1
Middle America 2 1 o} o} 1
West Coast South America 1 2 o} 0 1
North Andes 0 1 0 o} 1
South Andes 2 2 2 1 8}
Guiana Shield 2 0 1 0 0
Amazonia 6 L 0 0. 1
Chaco 3 1 0 1 1
Southeast Brasil 11 b 1 1 0
West Indies 2 1 0 0 o
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TaBLE 21.—Character 21: Quadratojugal
(see Table 1 anc_l text for explanation).

SMITHSONIAN CONTRIBUTIONS TO ZOOLOGY

TABLE 22 —Character 22: Nasal contact with maxilla
(see Table 1 and text for explanation}

State A B ‘¢

State ’ A B C D

N ks 2 13
N 56 1 5 1

Myobatrachines 2 1 L
Myobatrachines 8 0 0 0 Cycloranines 9 0 1
Cycloranines 9 1 o} 0 Heliophrynids 1 0 0
Heliophrynids 1 0 0 0

Fossorial 9 0 2
Fossorial 9 1 [¢] o] Terrestrial 29 2 9
Terrestrial 36 0 5 o] Agquatic 3 o} 1
Agquatic 3 o} [0} 1 Arboreal 3 0 0
Arboreal 3 0 0 o]

Mexico L 1 o]
Mexico 5 o} [¢] 0 Middle America 3 1 0
Middle America L [¢] o} [¢] West Coast South America 3 1 [¢]
West Coast South America 3 0 0 0 North Andes 3 0] 0
North Andes 3 0 0 0 South Andes 6 0 2
South Andes 5 0 3 1 Guiana Shield 1 1 1
Guiana Shield 2 0 1 o] Amazonia 9 1 1
Amazonia 10 [o] 1 ] Chaco 3 1 1
Chaco 5 0 1 o} Southeast Brasil 12 1 6
Southeast Brasil 16 0 3 0 West Indies 2 1 0
West Indies 3 o] [o] (o)

species with state ‘A, others with state C. Lynch
(1971) incorrectly lists Notaden as having no quad-
ratojugals (p. 88); the generic account correctly
gives the character state as state B as used here
(p- 82 and fig. 57).

The distribution of states by genera among the
outgroup, ecological, and geographic categories is
presented in Table 21. Criteria II, IV, and V all
indicate that the primitive state is state A. As state
B is not found in a Neotropical genus, and state D
is represented by a single genus, the states can be
redescribed as follows: state 0: quadratojugal pres-
ent, contacting maxilla; state I: quadratojugal uni-
formly absent or absent in some species. Thé
direction of change of states is:

01

99 NAsAL CONTACT WITH MAaxiLLA—State A:
the nasal either contacts the maxilla or the two ele-
ments are in proximity to each other; I used this
state broadly, interpreting any nasal configuration
which appears to give strength to the nasal-maxil-
lary region as state A. State B: intrageneric varia-
tion, some species with state A, others with state C.
State C: nasal widely separated from maxilla.

The distribution of states by genera among the
outgroup, ecological, and geographic categories is
presented in Table 22. Criteria II, IV, and V indi-
cate that state A is primitive. As only a single Neo-
tropical genus has state B, it is combined with

state C for further analysis. For further coding pur-
poses, A=0, B and C=1. The direction of change of
character states is: K

0—>1

93. NasAL CONTACT WITH FRONTOPARIETAL.—
State A: nasals not in contact with frontoparietal'.
State B: nasals in contact with frontoparietal. State
C: intrageneric variation, some species with state A,
others with state B. State D: nasals fused with
frontoparietal. ‘

TABLE 23 —Character 23: Nasal contact with frontoparietal
(see Table 1 and text for explanation)

State A B c D
N 38 17 2 3
Myobatrachines [ 3 [ [o}
Cycloranines T 2 1 [¢]
Heliophrynids 1 0 o] 0]
Fossorial T 1 1 2
Terrestrial 26 13 1 0
Aquatic 3 [o] [¢] 1-
Arboreal 3 0 [¢] 0]
N
Mexico I3 o] 1 o]
Middle America 2 1 1 0
West Coast South America 1 1 1 1
North Andes 2 1 0 0
South Andes T 0 0 1
Guiana Shield 2 o] 1 o}
Amazonia 6 3 1 1
Chaco 3 0 1 2
Southeast Brasil 12 6 1 0
West Indies 2 0 1 0
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The distribution of states by genera among the
outgroup, ecological, and geographic categories is
presented in Table 23. Criterion I indicates that
state D is derived; criteria IV and V indicate
state A is primitive. As only one neotropical genus
has state G, states B and C are combined for further
analysis. For further coding purposes, A=0, B+C=
1, D=2. The direction of change of character states
is:

0—>1-2

24. EXTENT OF COVERING OF FONTANELLE BY THE
FRONTOPARIETALS.—State A: frontoparietals meet
medially, not exposing fontanelle; questionable
states are included in state A. State B: frontoparie-
tals separated medially, exposing fontanelle. State
C: intrageneric variation, some species with state
A, others with state B.

The distribution of states by genera among the
outgroup, ecological, and geographic categories is
presented in Table 24. Criterion II suggests that
state B is primitive. As no Neotropical genus has
state G, it is not analyzed further. For further cod-
ing purposes, A=0, B=1. The direction of change
of character states is:’

0«1
25. SqQuaMosaL.—State A: zygomatic ramus

slightly longer than, slightly shorter than, or equal
to otic ramus, neither ramus modified. State B: as

TaBLE 24—Character 24: Fontanelle
(sce Table 1 and text for explanation)

State A B c
N 37 24 1
Myobatrachines 1 1 6 1
Cycloranines ' 6 0
Heliophrynids 0 1 ]
Fossorial 6 5 o
Terrestrial 25 15 1
Aquatic 2 2 0
Arboreal 2 1 0
Mexico L 1 [¢]
Middle America 3 1 o]
West Coast South America i o 0
North Andes 3 4] 0
South Andes 3 6 0
Guiana Shield 2 1 o}
Amazonia 11 0 0]
Chaco 6 [¢] 0
Southeast Brasil 14 5 o]
West Indies 3 [¢] [¢]
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TABLE 25—Character 25: Squamosal
(sce Table 1 and text for explanation)

State A B C D E F G
N 31 T 3 5 2 3 12
Myobatrachines 1 o] o 0 o o 2
Cycloranines 4 S o] 1 1 1 7
Heliophrynids 1 0o o o) o o 0
Fossorial 5 1 3 1 1 1 1
Terrestrial 23 6 o] (o] 1 2 9
Aquatic 2 o] 1 1 0 0 0
Arboreal 1 (o] o] [0] 0 o] 2
Mexico 2 1 0 0 o o) 2
Middle America 3 [o] o] [¢] [¢] o] 1
West Coast South America 2 0 1 o} 0 o} i
North Andes 2 o] 0 1 0 ] 0
South Andes 6 0 1 2 (] 0 [¢]
Guiana Shield 3 0 o o 0 0 0
Amazonia 7 1 1 1 [o] o] 1
Chaco b ] 2 0 0 0 o]
Southeast Brasil ik 1 1 0 1 2 0
West Indies 2 0 o [¢] 0 0 1

in state A with a definitely expanded otic plate.
State C: as in state B with the zygomatic ramus
articulating with the maxilla. State D: zygomatic
ramus much longer than otic ramus, neither modi-
fied. State E: as in state D with the zygomatic
ramus articulating with the maxilla. State F: as in
state D with an otic plate. State G: otic ramus much
longer than zygomatic ramus. Only extreme and
obvious modifications are recognized in states B-G;
for example, a small otic plate is coded as state A if
the two rami are about equal in length.

The distribution of states by genera among the
outgroup, ecological, and geographic categories is
presented in Table 25. Criteria IV and V indicate
that state A is primitive. A problem arises in at-
tempting to determine the polarities of the states
with respect to state F. That is, state F could
either be derived through state B or state D. As few
genera are involved, it appears that the best present
solution is to combine several of the states, thereby
bypassing the problem. The new character states
are: new state 0=old states A and B; new state 1=
old state C; new state 2—old states D, E, and F; new
state 3=old state G. The directions of changes of
character states are:

l<-0—2

N
3

26. VoMERINE TEETH.—State A: teeth present.
State B: intrageneric variation, teeth present or
absent. State C: teeth absent.
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TABLE 26.—Character 26: Vomerine teeth
(see Table 1 and text for explanation)

State A B c
N b3 6 14
Myobatrachines [¢] 1 T
Cycloranines 10 o} o}
Heliophrynids i3 o] 0]
Fossorial 9 1 1
Terrestrial 28 L 10
Aquatic 2 1 1
Arboreal 1 1 1
Mexico 2 2 1
Middle Amerieca 2 2 o]
West Coast South America 3 1 [¢]
North Andes 1 2 o]
South Andes 6 3 1
Guiana Shield 3 o] o)
Amazonia 9 1 1
Chaco b 1 1
Southeast Brasil 15 0 L
West Indies 2 0 1

The distribution of states by genera among the
outgroup, ecological, and geographic categories is
presented in Table 26. Application of the criteria
does not indicate clearly which state is primitive,
although the more general distribution of state A
would suggest that this is primitive. This is also
supported by the fact that most frogs have vomer-
ine teeth. For further coding purposes, A=0, B=1,
C=2. The direction of change of states is:

012

TABLE 27.—Character 27: Median contact of vomers
(see Table 1 and text for explanation)

State A B Y
N 40 1 21
Myobatrachines ) 8 o] o]
Cycloranines 5 [0} 5
Heliophrynids 1 0 0
Fossorial 3 ¢] 8
Terrestrial 29 1 11
Aquatic 3 0] 1
Arboreal 3 [¢] [¢]
Mexico 3 o 2
Middle America 3 0] 1
West Coast South America 2 0 2
North Andes 2 0 1
South Andes 6 0 3
Guiana Shield 1 0 2
Amazonia 5° 1 )
Chaco 2 0 L
Southeast Brasil 10 1 8
West Indies 2 o 1

SMITHSONIAN CONTRIBUTIONS TO ZOOLOGY

27. MepiaN CONTACT OF VOMERs.—State A: vo-
mers not in medial contact. State B: intrageneric
variation, some species with contact, others with-
out. State C: vomers in medial contact. )

The distribution of states by genera among the
outgroup, ecological, and geographic categories is
presented in Table 27. Criteria II and IV indicate
that' state A is primitive. As only one genus has
state B, it is combined with state C for further
analysis. For further coding purposes, A=0, B+GC
=1. The direction of change of character states is:

0—>1

28. ProoTiC FUSION WITH FRONTOPARIETAL.—State
A: elements not fused. State B: elements fused.

The distribution of states by genera among the
outgroup, ecological, and geographic categories is
presented in Table 28. Criteria I, IV, and V indi-
cate that state A is primitive. For further coding
purposes, A=0, B=1. The direction of change of
character states is:

01

29. OccreiTAL CoNpYLES.—State A: condyles con-
fluent. State B: condyles close to each other. State
C: condyles widely separated. State D: intrageneric
variation, some species with state B, others with
state C. Lynch (1971) states that the Grypiscini is
characterized in part in having the occipital con-
dyles widely separated medially (p. 135). His figure
of Zachaenus parvulus substantiates this (p. 140,
fig. 91); however, his figure of Z. stejnegeri shows

TABLE 28.—Character 28: Prootic fused with frontoparietal
(see Table 1 and text for explanation)

State A B

N Sl

Myobatrachines T
Cycloranines 10
Heliophrynids 1

[eReNel O

Possorial
Terrestrial
Aquatic
Arboreal
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Middle America
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TABLE 29.—Character 29: Occipital condyles
(see Table 1 and text for explanation)

States A B c D
N 1 22 37 1
Myobatrachines o} 0 8 o]
Cycloranines 0] 10 0 Q
Heliophrynids 0 1 o} ]
PFossorial 1 8 2 ¢]
Terrestrial 0 12 28 1
Aquatic [¢] 3 1 [¢]
Arboreal 0 o] 3 ]
Mexico 0 0 b 1
Middle America [¢] o] 3 1
West Coast South America 1 o} 2 1
North Andes o] 0 3 0o
South Andes 0 5 3 0
Guiana Shield o] 0 2 1
Amazonia 1 o] 9 1
Chaco 1 2 2 1
Southeast Brasil o] 5 13 1
West Indies (o} o} 2 1

the occipital condyles in medial proximity (p. 140,
fig. 92). I assume the figures are correct.

The distribution of states by genera among the
outgroup, ecological, and geographic categories is
presented in Table 29. Criterion II suggests that
state B is primitive; criterion V suggests that state G
is primitive, Lynch (1971, p. 53) indicated that the
primitive frog families, bufonids, and Rhinoderma
have state B. State B is considered the primitive
state. As few genera have either states A or D, the
states are combined for further analysis as: new
state 0=old states A and B; new state 1 =old states
C and D. The direction of change of character states
is:

0—1

30. ANTERIOR PROCESs oF THE HyaLE.—State A:
anterior process present; only well-defined processes
are included; anterior bumps or swellings of the
hyales are not considered as state A, State B: intra-
generic variation, some species with state A, others
with state C. State C: anterior process absent.

The distribution of states by genera among the
outgroup, ecological, and geographic categories is
presented in Table 30. Application of the criteria
do not clearly indicate whether state A or C is the
primitive state. The anterior process of the hyale
represents a part of the hyoid arch that is lost in
frogs lacking the processes. State A is thus assumed
to be the primitive state. As only one genus has
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TABLE 30.—Character 30: Anterior process of the hyale
(see Table 1 and text for explanation)

State A B c
N 21 1 32
Myobatrachines 1 (o} 3
Cycloranines 3 0 5
Heliophrynids 1 0 0
" Fossorial b o] T
Terrestrial 13 1 22
Aquatic 1 0 3
Arboreal 3 0 0
Mexico 3 0 2
Middle America 2 0] 2
West Coast South America 1 (o] 3
North Andes 1 0 1
South Andes 1 1 5
Guiana Shiela o} 0 3
Amazonia & 0 T
Chaco 1 0 5
Southeast Brasil 5 o] 13
West Indies 2 0 1

state B, it can be combined with state C as a single
state. For further coding purposes, A=0, B4+ C=1.
The direction of change of states is:

0—>1

31. ALARY ProcEss oF THE Hyoimp.—State A: alary
process narrow, stalked. State B: alary process rudi-
mentary. State C: no alary process. State D: alary
process short, not distinctly stalked. State E: alary
process broad and winglike. State F: intrageneric
variation, some species with state D, others with

TABLE 31.—Character 31: Alary process of the hyoid
(sce Table 1 and text for explanation)}

State A B c D E F
N 35 3 5 1 9 1
Myobatrachines ¢] 0 o] o] 5 0
Cycloranines T 1 (o] o] 1. 0]
Heliophrynids 1 0 0 o] 0 0
Fossorial T 0 2 0 2 o]
Terrestrial o4 2 2 0 T 1
Aquatic 3 0 [o] 1 o] 0
Arboreal 2 1 0 0 0 0
Mexico 3 1 o o] 1 0]
Middle Amsrica 2 1 0 0 1 o}
West Coast South America 1 1 1 ¢} 1 0
North Andes 1 0] 0 0 1 o
South Andes 6 0 0 1 0 0
Guiana Shield 3 0 0 o] .0 o]
Amazonia 6 0 1 0 3 1
Chaco 2 o] 2 0 2 o
Southeast Brasil 13 0 3 0 1 1
West Indies 3 0 0] o] 0 0]
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state E. Lynch (1971) gives as a character state for
the Cycloraninae that the alary process has a nar-
row stalk (p. 75). Trewavas (1983) figures the
process of Mixophyes, a cycloranine, as being rudi-
mentary (p. 438, fig. 28). I follow her figure.

The distribution of states by genera among the
outgroup, ecological, and geographic categories is
presented in Table 81. Criterion I indicates that
state C is derived. There is a morphological series
among the states, but knowing that state G is de-
rived does not determine whether state A or state E
is primitive. Criteria IV and V indicate that state A
is primitive because of the general distribution
among categories. If state A is primitive, there
have been two morphological trends starting with a

Ficure 4.—Representative sternal apparati (diagrammatic).
(a-p, state A; E-H, state B; I-L, state G M-P, state D. A =
Odontophrynus, B = Notaden, ¢ = Lepidobatrachus, p =
Helioporus, & =Batrachyla, ¥ = Cycloramphus, ¢ = Eleu-
therodactylus fleischmanni, H = Thoropa petropolitang, 1 =
Eleutherodactylus coqui, J = Syrrophus, x = Telmatobius,
L = Zachaenus parvulus, M = Edalorhina, N = Hydro-
laetare, o = Limnomedusa, » = Thoropa miliaris.)

SMITHSONIAN CONTRIBUTIONS TO ZOOLOGY

TABLE 32—~—Character 32: Posterior sternum
(see Table 1 and text for explanation)

State A B c D E
N 25 6 13 9 2
Myobatrachines 5 0 0] [¢] Q
Cycloranines 8 0 1 0 o}
Heliophrynids 1 0 0 0 0
Fossorial 10 o} 0 1 (¢}
Terrestrial 13 6 8 8 2
Aquatic 2 0 2 o] [¢]
Arboreal o] o] 3 o] [¢]
Mexico 0 1 2 2 0
Middle America 0 1 1 2 o
West Coast South America 1 [¢] 1 2 [¢]
North Andes 0 1 0 1 0
South Andes 3 2 2 1 [o]
Guiana Shield o] 0 1 2 0
Amazonia 1 1 1 T 1
Chaco 3 o 0] 2 1
Southeast Brasil 5 2 5 3 2
West Indies 1 0 1 1 0

narrow, stalked alary process. As states D and F are
represented by single genera, they are combined
with_ other states and redescribed as: state 0: alary
process narrow, stalked; state 1: alary process rudi-
mentary; state 2: no alary process; state 3: alary
process not stalked, usually broad and winglike.
The directions of change of states are:

3¢0>1-2

32. PosTERIOR STERNUM.—The posterior sternum
has traditionally been given great taxonomic weight
in classification schemes of the leptodactylid genera.
Previously, 1 considered the variation encountered
to have more phylogenetic meaning than the rec-
ognition of only two states, that is, a cartilagenous
plate versus a bony style (1974a). In order to more
objectively categorize the variation encountered,
diagrams of each of the sternal apparati were
drawn on 614 X 7l4-cm cards. At least one card
was prepared for each genus. If the posterior
sternum showed variation within a genus, more
cards were prepared. The name of each genus was
written on the back of each card. The cards were
arranged alphabetically and numbered consecu-
tively on the side with the diagram. I then sorted
the cards into similar piles, using only the numbers
as identifications for which card was represented in
which pile. After I had determined four basic
states, I gave the cards to my coworkers to sort.
They arrived at three states. They agreed that it
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was reasonable to split one of their states into the
two I recognizéd.

Five states are recognized (Figure 4): State A:

the posterior sternum a simple cartilagenous plate;
the sides of the plate broaden posteriorly to the
attachment to the pectoral girdle; a posterior bi-
furcation may be present or absent. State B: the
posterior sternum is cartilagenous; the sides of the
sternum are either parallel or they narrow posterior
to the attachment to the pectoral girdle; a xiphi-
sternum is often developed, which may or may not
have a posterior bifurcation. State C: similar to
state B with deposition of mineral in the meso-
sternal area; a xiphisternum is always differentiated.
State D: posterior sternum differentiated into a
bony style for the mesosternum and a cartilagenous
xiphisternum. State E: intrageneric variation, some
species with state B, others with state D. The rec-
ognition of four major states differs from Lynch
(1971), most notably in "that some of the genera
exhibiting state C-as defined here were included
either in Lynch’s cartilagenous state or in Lynch’s
bony style state.

The distribution of states by genera among the
outgroup, ecological, and geographic categories is
presented in Table 32. Criteria I and II clearly
indicate that state A is primitive. Criterion 1V
further indicates that state’ C is derived, as all
arboreal genera have that state. One could make a
morphological series starting with state A—>B—

TABLE 83 —Character 33: Last presacral vertebral width
(see Table 1 and text for explanation)
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C—D. However, the intrageneric variation repre-
sented -by state E indicates that state D has been
directly derived from state B. For further coding
purposes, A=0, B=1, C=2, D=3, E=4. The di-
rections of changes of states are:

0> 1—>4—3
N
2

33. RELATIONSHIP OF TRANSVERSE PROCESs OF
LAST PRESACRAL VERTEBRA TO SACRAL VERTEBRA.—
State A: last présacral vertebra about same width
as sacrum. State B: last presacral vertebra much
shorter than sacrum.

The distribution of states by genera among the
outgroup, ecological, and geographic categories is
presented in Table 33. Criterion II suggests that
state B is primitive, whereas criterion V suggests that
state A is primitive. Trueb (1973), on the basis of
the distribution of state B among the more primi-
tive families of frogs, considered the state primi-
tive. State B is considered primitive. For further
coding purposes, A=0, B=1. The change of direc-
tion of character states is:

0«1

'34. SacraL DiaropHYsEs.—State A: sacral dia-
pophyses expanded. State B: intrageneric variation,
some species with state A, others with state C.
State C: sacral diapophyses rounded.

The distribution of states by genera among the

TABLE 34.—Character 34: Sacral diapophyses
(see Table 1 and text for explanation)

States A B State A - B [
N 38 21
N 3k 2 27
Myobatrachines [¢] [
Cycloranines 3 6 Myobatrachines 8 o] o]
Heliophrynids 0 1 Cycloranines 10 0 o]
Heliophrynids 0 e] 1
Fossorial 2 8
Terrestrial 28 11 Fossorial 10 1 o]
Aquatic 2 1 Terrestrial 14 2 20
Arboreal 3 0] Aquatic 3 o] 1
Arboreal o} [¢] 3
Mexico 5 o}
Middle America L 0 Mexico 0 1 3
West Coast South America 3 1 Middle America 4] 1 3
North Andes 2 0 West Coast South America 2 1 1
South Andes T 2 North Andes 0 1 2
Guiana Shield 3 (o} South Andes T 0 3
Amazonia 10 1 Guiana Shield 1 0 2
Chaco 3 3 Amazonia 3 1 8
Southeast Brasil 15 L Chaco 3 1 2
West Indies 3 0 Southeast Brasil 6 1 12
West Indies o 0 3
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outgroup, ecological, and geographic categories is
represented in Table 34. State B is intermediate
between states A and C; the question is whether
state A or C is primitive. Criterion II indicates that
state A is primitive; criterion IV suggests state C is
derived, as all arboreal genera have state C, while
state. A has a broader ecological representation.
The bufonids, hylids, and centrolenids have state
A, indicating the state is primitive. As only two
genera demonstrate state B, old states B and C are
combined into a single state. For further coding
purposes, A=0, B-+C=1. The direction of change
of states is:

0—-1

35, TERMINAL PHALANGEs.—State A: terminal
phalanges simple, knobbed, or claw-shaped. State
B: terminal phalanges T-shaped.

The distribution of states by genera among the
outgroup, ecological, and geographic categories is
presented in Table 35. Criteria I, IV, and V indi-
cate that state A is primitive. For further coding
purposes, A=0, B=1. The direction of change of
states is: ' :

0—>1

36. DorsAaL CREST OF THE ILium.—State A: no
dorsal crest. State B: well-defined dorsal crest
present.

The distribution of states by genera among the
outgroup; ecological, and- geographic categories is
presented in Table 36. Criterion II suggests that

TABLE 35.—Character 35: Terminal phalanges

SMITHSONIAN CONTRIBUTIONS TO ZOOLOGY

"TABLE 36.—Character 36: Dorsal crest of the ilium
(see Table 1 and text for explanation}

State A B

N 20 36

Myobatrachines 6
Cycloranines 6
Heliophrynids 1

o FO

Fossorial
Terrestrial
Aquatic
Arboreal

._,
O oMW
]
W=

Mexico

Middle America

West Coast South America
North Andes

South Andes

Guiana Shield

Amazonia

Chacé

Southeast Brasil

West Indies
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state A is primitive, whereas criterion V suggests
that state B is primitive. Trueb (1973, p. 100) in-
dicates that primitive {rog families have ‘state A.
State A is considered the primitive state, For fur-
ther coding purposes, A=0, B=1. The direction of
change of character states is:

0—>1"

37. DipLoip CHROMOSOME NUMBER.—State A: in-
trageneric variation of 26 and more than 26. State
B: 26. State C: intrageneric variation of 24 or 26.

TABLE 37.—Character 37: Diploid chomosome number
(see Table 1 and text. for explanation}

(see Table 1 and text for cxplanation) State s 3 ¢ » E F G H I

State . A B
N 2 13 3 5 1 1 9 1 2

N L 19
Myobatrachines T 1 Myobatrachines o] o] o 3 o] 0 0] o] 0
Cycloranines 10 0 Cycloranines o} 0 o] 2 0 o} o] o] 0
Heliophrynids 0 1 Heliophrynids 0 1 [¢] o] o] o} [¢] o] 0
Fossorial 11 o} Fossorial 1 1 0 1 o} 1 2 e] [}
Terrestrial 27 15 Terrestrial 0 10 3 5 o} 0 T 1 2
Aquatic L o] Aquatic 0 1 ¢] 0 1 0 [CR ) 0
Arboreal o} 3 Arboreal 1 1 0 0 0 0 1 [} 0
Mexico 3 2 Mexico 1 o] o] 0 0 [ b 0 [
Middle America 2 2 Middle America 1 o} o} o} 0 0 2 0 1
West Coast South America 3 1 West Coast South America} 1 [0} 0 0 0 0 2 0 0
North Andes 3 0 North Andes 0 0 0 0 0 o} 1 0 0
South Andes 9 1 South Andes o] [ 1 o] 1 (o] 1 o] o
Guiana Shield 2 1 Guiana Shield 0 1 0 0 o 0 2 o] o]
Amazonia T 1 Amazonia 1 s} 1 0 o} 0 5 1 1
Chaco 6 0 Chaco i1 1 0o o o 1 2 1 0
Southeast Brasil 12 it Southeast Brasil o} 6 2 0 o} 1 13 1 o
West Indies 1 2 West Indies o} 1 0 0 o} 0 1 o} o}
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State D: 24. State E: intrageneric variation of 26
(or more) or 22. State F: intrageneric variation of
24 or 22. State G: 22. State H: intrageneric varia-
tion of 22 or less. State I: less than 22.

The distribution of states by genera among the
outgroup, ecological, and geographic categories is
presented in Table 37. The criteria indicate that
either state B or state G is the primitive state.
Criterion II indicates that between states B and
G, B is primitive. As this corresponds with the con-
sensus of opinion among chromosome workers, state
B is considered to be the primitive state. As one
state occurs only in the outgroup, and three states
are represented by single genera, the states are re-
defined: state 0: 26; state 1: intrageneric variation
of 26 and more than 26; state 2: intrageneric varia-
tion of some combination of 26 (or more), 24, 22;
state 3: 22; State 4: less than 22, at least in some
species. The directions of change of character states
are:

1<0—>2->3—4

Analysis of Relationships

25 OPERATIONAL TaAxoNoMic UNITS

Complete data are available for 25 genera (Ap-
pendix: Table G). The relationships among these
genera are analyzed first, with two purposes in mind.
The first is to compare different analytic methods
so that a choice, when made, will be based on a
full data set. The second is that once an analytic
method is chosen as best, the results based on the
full data set can act more or less as a standard
for analysis of the larger data set in which some
data observations are not known at this time.

RELATIONSHIPS BASED ON PRIMITIVE AND DERIVED
StaTES.—On philosophical grounds, I am opposed
to deducing phylogenies based in part on primitive
character states (see next section). The results of
an analysis based on primitive and derived states
is included for two reasons: (1) to compare with
results based only on derived states to see how the
results differ, and (2) for interest, as this method
resembles the way one mentally deduces relation-
ships, that is, one mentally compares overall simi-
larity.

The results of an unweighted pair-group method
of clustering using simple matching coefficients is
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presented in Figure 5.

RELATIONSHIPS BASED ON DERIVED STATEs.—One
of the principles Hennig (1966) outlined is pro-
posing relationships based only upon derived states.
The reasoning for this is straightforward. Primitive
states merely indicate that an ancestral character
has not changed and a taxon with a primitive state
has not diverged from the ancestor with respect to -
that state. ‘Taxa sharing clusters of derived states,
on the other hand, indicate common derivations
from an ancestral condition and are indicative of
relationships. As taxa represent collections of prim-
itive and derived character states, it is logical to
base relationships only upon the derived states. Ap-
parently, some workers equate the practice of using
only derived stdtes to analyze relationships with
the practice of considering primitive states to be
useless and discarding them altogether. Such is
not the case. Primitive. states are important in the
process of analyzing characters; after all, one needs
to know what a primitive state is in order to know
what -a derived state is for any character. Also, it
may be very informative to know which taxa have
changed the léast from the presumed ancestral
stock, which means looking at those taxa that have
the greatest number of primitive states (for an
external example, see Rabb and Marx, 1973).

ADENOMERA

BATRACHYLA
CROSSODACTYLUS
HYLODES
MEGAELOSIA
THOROPA
CYCLORAMPHUS
Z. PARVULUS
LEPTODACTYLUS
CAUDIVERBERA
CERATOPHRYS
LEPTDOBATRACHUS
= PROCERATOPHRYS
ODONTOPHRYNUS
EDALORHINA
E. COQUI
E. FLEISCHMANNI
HYLACTOPHRYNE
TOMODACTYLUS
SYRROPHUS
T EUPSOPHUS
TELMATOBIUS
PHYSALAEMUS
PLEURODEMA
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T

m

Ficure 5.—Predicted phylogenetic relationships of 25 OTUs
using an unweighted pair-group method of clustering using
simple matching coefficients. (Both primitive and derived
states are included in the analysis.)




22

Using the data matrix (Appendix: Table C),
two different analytic assumptions may be made.
The first is to base the relationships only upon
the derived states exhibited by the taxa, ignoring
possible ancestral but derived states. This assumes
that the state exhibited was derived directly from
the primitive state. As one does not know for cer-
tain the ancestral states of a given character due
to the incompleteness of the fossil record, this may
appear to be a reasonable assumption. A result of
an unweighted, single linkage method using a sim-
ple matching coefficient of only derived states is
presented in Figure 6.

A second analytic assumption is the inclusion of
possible ancestral but derived states. In other words,
where there is more than one derived state for a
given character, the information from the character
state trees (as analyzed in the character analysis
section) is included. This assumes that there was
some organism ancestral to the taxon that had the
ancestral but derived state. The analytic method
used was the combinatorial method developed by
Felsenstein and Sharrock. One of the options of
the combinatorial method is to include the informa-
tion from the character state trees. The combina-
torial method locates all nonredundant monothetic
character and taxa subsets and prints them out. A

monothetic cluster possesses a unique set of states

which is both sufficient and necessary for member-

SMITHSONIAN CONTRIBUTIONS TO ZOOLOGY

ship in the cluster, It is termed monothetic because
the defining set of character states is unique. A
redundant combination is one completely con-
tained within a larger combination sharing the
same character states. A number of phylogenies
can. then be constructed from the clusters. The
phylogeny of Figure 7 was constructed by maxi-
mizing the number of states at each cluster point.
This was done by finding the two taxa that shared
the most .derived states and then finding the taxon
or taxa which shared the most derived states with
the initial two, etc. This is essentially sister-group
formation in terms of Hennigian terminology (see
later section for an explanation of sister-groups).
The combinatorial program recodes the derived
states in numerical sequence (Table 38).

As the phylogenies of Figures 6 and 7 differ, a
choice needs to be made as to which has the greater
probability of being correct. _

First, it is interesting to note that the following
clusters appear in all three phylogenies: (1) the
two Eleutherodactylus, Hylactophryne, Syrrophus,
and Tomodactylus; (2) Crossodactylus, Hylodes,
and Megaelosia; (3) Eupsophus and Telmatobius;
(4) Ceratophrys and Lepidobatrachus, and (b)
Odontophrynus and Proceratophrys. These are ro-
bust clusters, independent of the three analytic
methods used. The reason for this is that each of
these clusters share such a large number of derived

ADENOMERA

PHYSALAEMUS

LEPTODACTYLUS

CYCLORAMPHUS

E. COQUT

E. FLEISCHMANNT

1

SYRROPHUS

TOMODACTYILUS

HYLACTOPHRYNE

" PLEURODEMA
PSEUDOPALUDICOLA

Z. PARVULUS
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HYLODES
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TELMATOBIUS
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FIGURE 6.—Predicted phylogenctic relationships of 25 OTUs using an unweighted, single linkage
method using a simple matching coeflicient. (Derived states only are included in the analysis.)
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states that they still cluster when primitive states
are included.

Certain character states that were not included
in the analysis can be used to determine whether
the phylogeny represented in Figure 6 or 7 is the
more probable. The placement of Cycloramphus
and Zachaenus parvulus differ in Figures 6 and 7,
Lynch (1971) indicates that these two taxa share
the derived state of a ventral phlange on the body
of the hyoid. Only Hydrolaetare also has this state.
Further, Cycloramphus and Zachaenus parvulus
share a common, derived life history pattern of
having large eggs which hatch as late larvae and
live in wet leaves. The additional evidence strongly
suggests that Cycloramphus and Zachaenus parvulus
are closely related. This close relationship is best
expressed in the phylogeny of Figure 7. For that
reason, the methodology used to arrive at the phy-
logeny represented in Figure 7 is chosen over the
methodology used to arrive at the phylogeny rep-
resented in Figure 6.

As mentioned, a number of phylogenies can be
constructed from the cluster information that was
used to construct the phylogeny of Figure 7. Some
of the possible alternatives should be mentioned,
but first a general limitation of the method should
be pointed out. The end point clusters, which are
based upon clusters of many character states, are
robust. The basal clusters are not robust because
they are based upon very few character states. For
taxa which branch out basally, such as Caudi-
verbera, which has the fewest derived character
states of the genera analyzed, the proposed rela-
tionships may well be due to convergence because
so few states are involved. Character analysis may
indicate whether the clusters appear to be reflective
of relationships or convergence, but the very
method itself cannot clearly discern basal relation-
ships when the clusters are based on few charac-
ters.

There are three other alternative clusterings of
Adenomera, Edalorhina, Leptodactylus, Physalae-
mus, and Pseudopaludicola. Each of the four pat-
terns has certain advantages, which will not be
detailed, but the important point is that the closest
relationships of each of these taxa appears to be
in the cluster of all five taxa. The reason for not
detailing the alternative clusters is that the addi-
tion of certain genera in the next stage of analysis

TABLE 38.—Character|state directory

Character Number 1 2 3 b 5 6 7
Character State Number 1 2 2 3 3 & 4
Transition to State 0 1 2 1 2 1 2
Character Number 1 12 13 1 15 16 17
Character State Number 5 6 6 7 8 8 9
Transition to State 3 1 2 1 1 2 1
Character Numnber 21 22 23 2b 25 26 27
Character State Number 12 12 13 13 14 15 16
Transition to State 1 2 1 2 1 1 1
Character Number 31 32 33 3% 35 36 37
Character State Number| 17 18 18 18 19 19 19
Transition to State 3 1 2 3 1 2 3
Character Number b1 b2 k3 4 45 k6 hy
Character State Number 22 23 23 24 25 25 25
Transition to State 1 1 2 o] 1 2 3
Character Number 51 52 53 5k 55 56 57
Character State Number| 28 2% 30 31 31 31 32
Transition to State 1 1 1 1 2 3 1
Character Number 61 62 63 6k 65 66 67
Character State Number | 33 3k 35 36 37 37 37
Transition to State 0 1 1 1 1 2 3

may modify and clarify the clustering pattern. The
only other arrangement that gives a significantly
different pattern from the figured phylogeny (Fig-
ure 7) is with the placement of the genus Pleuro-
dema. At the level shown in Figure 7, Pleurodema
shares 10 states with Batrachyla. Pleurodema shares
17 states with Physalaemus. Physalaemus shares 22
states with Adenomera, 20 states with Pseudopalu-
dicola, 19 states with Edalorhina, and 18 states
with Leptodactylus. Pleurodema shares 14 states
with Adenomera and Leptodactylus, 13 states with
Pseudopaludicola and Edalorhina. The best cluster
which fits Pleurodema, together with any combina-
tion of the other four genera, is a cluster of 10
states including Pleurodema, Adenomera, Edalo-
rhina, Physalaemus, and Pseudopaludicola. This
leaves out Leptodactylus, which makes a better
fitting unit with Adenomera, Edalorhina, Physa-
laemus, and Pseudopaludicola than does Pleuro-
dema. At a cluster of 10 states, Pleurodema fits in
with Batrachyla, as figured (Figure 7). Pleurodema
clusters with Adenomera, Edalorhina, Leptodacty-
lus, Physalaemus, and Pseudopaludicola at a level
of 9 shared states. This is the same number of
states that the cluster of Adenomera, Edalorhina,
Leptodactylus, Physalaemus, and Pseudopaludicola
shares with the cluster of the two species of Eleu-
therodactylus, Hylactophryne, Syrrophus, and To-
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Ficure 7.—Predicted phylogenetic relationships of 25 OTUs using the combinatorial method.
(Derived states only are included in the analysis; numbers in parentheses are unique state

appearances in the phylogeny.)
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FiGure 8.~—Predicted phylogenetic relationships of 38 OTUs using the combinatorial method.
(Derived states only -are included in the analysis; numbers in parentheses aré unique state
appearances in the phylogeny; “No” in parentheses indicates a nonmonothetic cluster; see text.)

The 39 taxa represent those for which a full set of
morphologlcal information was available. The ad-
ditional 14 taxa lack either information on life
history, karyotype, or both (Appendix: Table C).
The program had a preset limit of 2000 clusters,
which was exceeded. ‘After two attempts at suffi-
ciently reducing the data matrix to accommodate
the program, it ran with 28 OTUs and 35 characters.
The limit of the program was then increased to
3000 clusters. The full data set of 39 OTUs and
37 characters exceeded this new limit. When the
matrix was reduced to 33 OTUs and 36 characters,

modactylus. Thus, there does not appear to be any
reason for preferring the placement of Pleurodema
in either of the two possible places in the phylogeny.
Analysis of the character states involved in the al-
ternative clusterings might give support for choos-
ing one location over the other, but that is deferred
until the additional genera have been analyzed.

88 OPERATIONAL TaxoNomic UNITs

A computer run of the combinatorial method
was attempted using 39 taxa and 37 characters.
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the program ran. In this last run, the taxa and
character that were deleted were done so for the
following reasons. The taxa removed were Caudi-
verbera, Ceratophrys, Lepidobatrachus, Odontoph-
rynus, and Proceratophrys. In the intermediate
run of 28 OTUs and 35 characters, all generic units
that had not been included in the initial run of
25 OTUs and 37 characters were represented. Also
included in the intermediate run were Caudiver-
bera, Ceratophrys, and Odontophrynus (Lepidoba-
trachus and Proceratophrys were deleted). Cera-
tophrys and Odontophrynus came out closely related
to each other and not related with the other taxa;
Caudiverbera was isolated at the base of the phy-
logeny; the other taxa were all related with the
remaining taxa. In other words, the new OTUs
being analyzed all had closer relationships with
taxa other than with Ceratophrys, Odontophrynus,
and Caudiverbera. As the cluster of the five genera
Caudiverbera, Ceratophrys,  Lepidobatrachus,
Odontophrynus, and Proceratophrys remained un-
changed from the initial run, these genera were
removed from the data matrix of the final run.
."The character removed was character 37, the karyo-
type, as several of the taxa lacked information on
this character. The only other character for which
information was missing for some taxa was char-
acter 10, life history. For purpbses of analysis, no
information for character 10 was entered as a 9
in the data matrix and the program treated that
character as having the primitive state. '

A new phylogeny was constructed which included
all 38 taxa. The phylogeny of Figure 8 represents
the initial maximization of clusters combining the
information for Caudiverbera, Ceratophrys, Lepi-
dobatrachus, Odontophrynus, and Proceratophrys
from the initial run and all other taxa from the
last run. Two kinds of clustering information are
indicated, in addition to the numbers and kinds
of characters represented by each cluster. Character
states that appear but once in the phylogeny are
indicated, as well as clusters that are not monothetic.

Several changes are possible in the phylogeny
figured (Figure 8)." In choosing the phylogeny
which has the greater probability of reflecting re-
lationships, the following criteria were used: (1) a
decrease in the number of convergent states, (2) an
increase in the number of monothetic clusters,
(8) an increase in the number of unique state ap-
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pearances within the tree, (4) maximizing the
number ‘of derived states in any clusters.

The cluster of Ceratophrys and Lepidobatrachus
can be joined with the cluster of Odontophrynus
and Proceratophrys at a level of four shared states.
At the lower level of two shared states, Caudiver-
bera is linked in. This change results in the addition
of one convergence of states, the loss of a unique
appearance of a state, and no change in the num-
ber of monothetic clusters. The changes appear to
weaken the phylogeny.

In the sample Hylactophryne and Ischnocnema
share more states with each other than with any
other taxa. The reason that they are separated in
the phylogeny of Figure 8 is that Ischnocnema is
excluded from intermediate clusters as it does not
have state 19. State 19 is a terrestrigl life history.
The information for this state is not known for
Ischnocnema with certainty, although it is reason-
able to assume that it might have a terrestrial life
history. If a terrestrial life history is assumed for
Ischnocnema and it is placed next to Hylactophryne
in the phylogeny, and that is the only change made,
the phylogeny of Figure 8 is improved by the loss
of six convergent states; the number of unique state
appearances is unchanged; and as a change in the
data is being assumed, the printout cannot be used
to determine whether a change in monothetic clus-
ters results. Due to the expense of the computer
runs, having the information for monothetic clus-
ters is not worth the cost. As the purpose of this
entire analysis is to deduce the probable relation-
ships based on available data, the best fit of data
assumes Ischnocnema to have a terrestrial life his-
tory. This assumption is made, and the resultant
changes incorporated into the phylogeny of Figure
9.

Niceforonia can be moved from the cluster shown
on Figure 8 to a cluster of states shared with the
cluster of Hylactophryne and Ischnocnema. This re-
location improves the phylogeny by reducing three
convergences; no changes in the appearance of
unique states, and because of the presumed change
in coding for Ischnocnema, the situation for mono-
thetic cluster changes is not known. As the reloca-
tion represents improvement, the changes are
incorporated into the phylogeny of Figure 9.

The two taxa that share the most derived states
with each other in the total data set are Barycholos-
and Eleutherodactylus nigrovittatus. The reason
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that they do not appear together in the phylogeny
of Figure 8 is that Barycholos will not cluster with
any combination of other taxa that combine with
E. nigrovittatus because Barycholos lacks states 19
and 62. Character State 19 is a terrestrial life history
and the reproductive pattern is not known for
certainty for Barycholos; the program treated no
information as a primitive state. Barycholos is
suspected of having direct development, due to the
large size of the few nonpigmented eggs found in
females (Heyer, 1969a). Character state 62 is
rounded sacral diapophyses. Other than states 19
and 62, Barycholos shares every character state with
E. nigrovittatus represented by all ancestral clus-
ters. As state 62 appears to be the only real state
excluding Barycholos from the eleutherodactylines,
I reexamined the state in a cleared and stained
skeleton of Barycholos (USNM-GOV 8015). The
tips of the diapophyses are more heavily stained,
giving an illusion of distal expansion, but the dia-
pophyses are rounded, not expanded as previously
coded. To check this new reassessment of coding
objectively, I laid out a number of leptodactylid
skeletal preparations showing expanded and
rounded conditions, including Barycholos, and
asked my colleagues to group them into the two
states. Barycholos was consistently grouped with
those other skeleta having rounded sacral diapoph-
yses. When character state 62 is corrected for in
Barycholos, and character state 19 is assumed, the
transfer: of Barycholos next to E. nigrovittatus re-
sults in the following changes. The phylogeny is
improved by the removal of 11 convergences. No
changes are made in the appearance of unique
states. The monothetic cluster situation for the
eleutherodactylines cannot be determined because
of changes of data assumptions, but the removal of
Barycholos from Edalorhina results in the addition
of the monothetic cluster joining Edalorhina with
Physalaemus, Pseudopaludicola, etc. The evidence
clearly suggests that Barycholos is most closely re-
lated to E. nigrovittatus of those taxa included in
the analysis. This relationship is depicted in the
phylogeny of Figure 9.

The placement of Pleurodema in the phylogeny
of Figure 8 has been discussed previously. As in
Figure 8, Pleurodema can be placed with another
assemblage of genera. Pleurodema shares the most
states with Physalaemus. If this pair is chosen, a
monothetic cluster of 11 states joins Adenomera,
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Leptodactylus, Lithodytes, Physalaemus, Pleuro-
dema, and Vanzolinius (as in Figure 9). Another
monothetic cluster of six states includes Edalo-
rhina, Limnomedusa, Pseudopaludicola and Tho-
ropa with the above six genera. Edalorhina shares
a monothetic cluster of 15 states with Pseudopa-
ludicola, and Limnomedusa shares a monothetic
cluster of 11 states with Thoropa. With these
changes, the best fit basally is for Hydrolaetare
to join with the cluster at five states and Paratel-
matobius to come in at three shared states. The
results of these changes are a loss of one conver-
gence, the addition of the appearance of one unique
state, and the addition of three monothetic
clusters. As this change involves the movement of
Thoropa, further evaluation is needed before a
decision can be reached. If Thoropa is taken from
this new clustering and returned to the cluster of
Crossodactylus, Hylodes, and Megaelosia, but
within the framework of the new placement of
Pleurodema, the following result: an improvement
by thé loss of five convergences; no change in the
number of appearances of unique states; but a
loss of three monothetic clusters ensues. Thoropa
fits in both places at 11 shared states. With both
changes, it would appear that there is an overall
loss of six convergences with no changes in num-
ber of appearances of unique states or monothetic
clusters. The -monothetic cluster situation is im-
proved, however, because a nonmonothetic cluster
is added to a region of the phylogeny already
characterized by nonmonothetic clusters, while two
other lineages are improved with the addition of
monothetic clusters. In addition, all genera which
are known to have a foam nest are united with
the new placement of Pleurodema. The replacement
of Thoropa would be improved if it had state 62,
rounded sacral diapophyses. As I had already made
an error with this character in Barycholos, 1 re-
checked the condition in Thoropa: the sacral dia-
pophyses are definitely expanded in Thoropa
miliaris (USNM 97765). The overall evidence sug-
gests that the relationships of Pleurodema and
Thoropa are best expressed as shown in the phy-
logeny of Figure 9.

Within the framework of the above changes as
shown in Figure 9, Edalorhina can be paired with
Limnomedusa at 10 shared states and Hydrolae-
tare can be paired with Pseudopaludicola at 13
states. This has the disadvantage of adding four
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convergences, but the advantage of adding one
monothetic cluster. It is difficult to choose among
these conflicting indications, so the relationships
are left as shown in the phylogeny of Figure 9.

With all of the above changes that have been in-
corporated into the phylogeny of Figure 9, Paratel-
matobius now fits best with the line leading to
Crossodactylus, etc., -as it shares five states in this
assemblage rather than three states with the other
lineage. No other changes result from this reloca-
tion.

The relationships shown in Figure 9 represent
what I believe are the best fit of the data with the
probable relationships among those taxa included
in the analysis.

Additions, Modifications, and Comments on the
Preferred Phylogeny

Considerable data were missing for certain genera,
and intrageneric samples were small for some genera
analyzed. The reasons data are missing are essen-
tially two: (1) some genera are known from one
or a very few specimens; in such cases, there is
not enough material available to make muscle
dissections or skeletal preparations; (2) several
genera have not been systematically reviewed
recently and the species content of the genera is
not known. To undertake reviews of these genera
would take many years; for example, 1 have been
systematically reviewing the genus Leptodactylus
since 1965 and am about halfway completed. Pos-
sible modifications of the phylogeny with the

inclusion of more genera or more samples of some:

genera are now discussed alphabetically by genus.

Amblyphrynus: The known derived states for
Amblyphrynus are (derived states for which no
information is known for the character in paren-
theses): 1, 4, 5, 14, 17, 18, (19-39), 42, 44, 46, 50,

(51), 52 (53-60), 61, 62, (64). Of these states known, .

Amblyphrynus shares most with the eleutherodac-
tyline genera and certainly fits well into the basal
cluster of characters shared by all eleutherodacty-
line genera. See “Eleutherodactylus” for futher
comments.

Barycholos: Lynch (1973b) _suggested that Lep-.

todactylus mantipus Boulenger, known only from
the holotype, should be included in the genus
Barycholos. The single most important character
state linking these two taxa, according to Lynch,
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was the presence of a sternal style which was bi-
furcate posteriorly. I had examined the holotype
in 1969, at which time the pectoral girdle region
had not been dissected. Since I use different char-
acter states for the sternum than those Lynch
recognizes in part, I asked Alice G. C. Grandison
to examine the sternum of the holotype and to
compare it against my four categories. She kindly
responded with a drawing which clearly indicates
that according to shape, it is either state 1 or 2
of character 32. Grandison further stated (pers.
comm.) that “there is no ossification. It is a broad
plate, bifurcated posteriorly and I'd have thought
cartilagenous.” Thus mantipus has state 1 of
character 32 (character state 57 as it appears in the
phylogenies). Combining my observations with
these provided by Lynch (1978b), the known de-
rived states for mantipus are: 1, (4-5), 10, 14, 17, 18,
(19-47), (50-56), 57 (61-64). For the known char-
acters, mantipus seems to fall well within the

eleutherodactylines, near the cluster including
Barycholos,  Eleutherodactylus, Hylactophryne,
Ischnocema, and Niceforonia. The differences

between mantipus and Barycholos pulcher listed by
Lynch (1978b) in’ combination with a different
sternal apparatus suggest that the two taxa belong
to separate genera. For the present, the relation-
ships would best be expressed by considering
mantipus an Eleutherodactylus, rather than be-
longing to either Barycholos or Leptodactylus.

Batrachophrynus: Lynch (1971, p. 123) was of
the opinion that the relationships between Batra-
chophrynus and Telmatobius were very close but -
that the relationships were difficult to assess because
so few species have been studied. This study was
also based on limited species samplings of these
two genera. '

Crossodactylodes: The known (and unknown)
derived states for Crossodactylodes are: 1, 3, 9, 14,
17, 18 (19-39), 42, 44, 48, 49, 52 (53-60), 61, 63 (64).
These states indicate relationships with Cycloram-
phus, Thoropa, and Zachaenus. Also see “Zachae-
nus.”

Eleutherodactylus: The sample of Eleutherodac-
tylus used in this analysis comprises less than 1
percent of the known species. How much of the
variation within Eleutherodactylus was included in
this study is unknown. Within the limits of this
study, two alternate conclusions may be drawn
with respect to Eleutherodactylus: (1) Barycholos
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should be included in Eleutherodactylus, Eleu-
therodactylus would then be monophyletic, or; (2)
Eleutherodactylus as presently understood is poly-
phyletic. I think the latter conclusion is the correct
one. Once the species groups of Eleutherodactylus
are reasonably well defined and their relationships
analyzed within the eleutherodactyline complex,
the relationships as represented within the phylog-
eny of Figure 9 may be considerably altered. For
example, I think it likely that there are some
Middle American species groups of Eleutherodac-
tylus that are more closely related to Syrrophus
and Tomodactylus than other Eleutherodactylus.
This would then bring Syrrophus and Tomodacty-
lus closer with the species of Eleutherodactylus ana-
lyzed in this study and bring Sminthillus in at a
much lower branching level. When the relation-
ships-of the Eleutherodactylus species groups are
analyzed, the relationships of Amblyphrynus and
Eleutherodactylus mantipus will also be clarified.
One thing is clear: while there may be considerable
reshuffling within the eleutherodactylines as more
units are added for analysis, the integrity of the
eleutherodactylines as a unit will remain. From
the limited character sampling of Eleutherodacty-
lus that I have done, together with what is reported
in the literature, there is little doubt that the
relationships of Eleutherodactylus as presently un-
derstood would be much better expressed. if
Eleutherodactylus were partitioned into . several
genera. - ,

Hylorina: The known (and unknown) derived
states for Hylorina are: 8, (12-138), 14, 17, 18, (20—
39), 40, 50, (53-60), 61, (64). None of the known
derived states fit any of the basal clusters of
the phylogeny of Figure 9. For the few known
derived characters, Hylorina shares most with
Batrachyla. Such a relationship would bring the
cluster of genera including Batrachyla at a lower
level to the presumed common ancestor than indi-
cated in Figure 9, as Hylorina does not have State 1.

Insuetophrynus: The known (and unknown)
derived states for Insuetophrynus are: 1, 2, (12-13),
14, (17-47), (50-56), (61), 62, (64). With so few
‘known derived states, the relationships could lie
most anywhere on the phylogeny of Figure 9.
Based on intuition, I would place Insuetophrynus
with Batrachyla, Batrachophrynus, etc.

Macrogenioglottus: Reig (1972) discussed the
relationships of the monotypic Macrogenioglottus

mens, but the data provided by Reig (1972) indi-

and proposed a new family for it. Lynch-(1971)
treated the taxon as a synonym of the genus
Odontophrynus. 1 have not examined any speci-

cates that Macrogenioglottus has the following
known (and unknown) derived states: 1, 2, (4-
5), 14, 15, 16, 18, (23-24), (26), 29, 30, 35, 36,
42, 44, 51, 53, 54, b5, (64). Two things are clear
within the context  of the phylogeny of Figure 9.
First, the relationships lie with the cluster repre-
sented by Caudiverbera, Ceratophrys, Lepidoba-
trachus, Odontophrynus, and Proceratophrys.- Sec-
ond, Macrogenioglottus and Odontophrynus -each
have a cluster of character states not shared with
the other. The differences are great enough that
for present analytic purposes, the relationships
would be obscured by considering Macrogenioglot-
tus and Odontophrynus as congeneric. Macroge-
nioglottus shares the following . states with the
following combinations of taxa: -11 each with
Ceratophrys and Lepidobactrachus, 10 with Odon-
tophrynus, 7 with Proceratophrys, 5 with- Caudi-
verbera; 6 with a cluster including both Ceratophrys
and. Lepidobatrachus, 4 with a cluster including
Odontophrynus and Proceratophrys, and 1 with a
cluster including Caudiverbera, Ceratophrys, and
Lepidobatrachus. The data indicate that Macro-
genioglottus has its closest relationships to Ceratoph-
rys, Lépidobatrachus, Odontophrynus, and Pro-
ceratophrys, and that its inclusion tightens up this
cluster and excludes Caudiverbera. It is pointless to
speculate further on the exact relationships -of
Macrogenioglottus until (1) the full data set be-
comes available for Macrogenioglottus, and, more
importantly, (2) more species are examined, espe-
cially of Odontophrynus and Ceratophrys including
what many authors consider the distinct genus
Chacophrys.

Physalaemus: The five species of Physalaemus
used in this analysis were chosen to get a cross
section of the genus as defined by Lynch (1971).
Physalaemus has one of the highest proportions
of character state variability within the entire
sample. It may be that when additional samples
of more species of Physalaemus are analyzed, the
relationships would be best expressed by partition-
ing the genus. If partitioned, the relationships
expressed within the phylogeny of Figure 9 would
probably change little, however, because the
Physalaemus-complex is likely a monothetic group.
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Pleurodema: As with Physalaemus, the sample
used in this analysis was small. A greater under-
standing of the variation within the genus - as
presently conceived may lead to- partitioning of
the genus, which could have an effect on the phy-
logeny represented in Figure 9. The discontinuities
in geographic distribution and life history, with
some species having foam nests and others not,
are particularly suggestive that the genus is: poly-
phyletic.

Scythrophrys: Lynch (1971) proposed a new
genus for Zachaenus sawayae Cochran. So few de-
rived character states are known for the only
specimen so far known that its relationships can-
not be determined with any assurance. It probably
is most related to the Zachaenus, Thoropa, and

-Paratelmatobius cluster: See also “Zachaenus.”

- Telmatobufo: The known. (and unknown) de-
rived character states for Telmatobufo are: 2, 3, 4,
6, (12-18), (20-39), (41-48), 46, (52-60), 61, (64).
Telmatobufo shares the most states with Batra-
chophrynus. Assuming that Telmatobufo has its
closest relationships with Batrachyla, Bdtrachoph-
rynus, etc., the inclusion of Telmatobufo would
result in the entire cluster being independently
derived from the presumed ancestral stock, as
Telmatobufo has neither states 1 nor 14.

Zachaenus: In the middle of the -character
analysis, I thought it best to separate the data on
Z. parvulus from the data on Z. stejnegeri. As the
limits of the combinatorial program were always
approached or exceeded with the data samples, the

data for Z. stejnegeri were never included. The de-

rived states for stejnegeri are: 1, 2, 3, 4, 5, 14, 17, 18,
20, 21, 42, 44, 46, 50, 53, 61, 62, 64. The most
states are shared with Z. parvulus, but the states
that are not shared, 52 and 58, would considerably
modify the relationships among Cycloramphus,
Crossodactylus, Hylodes,  Megaelosia, Thoropa,
Paratelmatobius, and Zachaenus as expressed in
the phylogeny of Figure 9. Two conclusions may
be drawn. First, characters 52 and 58, having
to do with the separation of the occipital con-
dyles and the type of sternum are fundamental
characters within the total phylogeny. Thus the
relationships as presently understood would best be
expressed by generically separating stejnegeri from
parvulus. Lynch (1971) was the first author to
suggest combining the taxa in the same genus.
I think the data presented here warrant removing
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Craspedoglossa- from the synonymy of Zachaenus.
The second conclusion is that the relationships
within this total assemblage are unclear, as indi-
cated in part by the several nonmonothetic clusters
in the phylogeny of Figure 9 for this group. I
think the relationships among this group will be
modified considerably as more 1nformat10n is
available on the variability and state content of -
Craspedoglossa, Crossodactylodes, Scythrophrys,
Thoropa, and Zachaenus. The group itself will
remain intact as all genera have a number of de-
rived states in common.

Systematic Conclusions

As is clear from the previous section, this study
is a preliminary analysis due to the lack of knowl-
edge of states for some genera and intrageneric
variability for other genera. The combined infor-
mation on relatlonshlps clearly indicates five ma]or
groupings within the family. I think the groupings
will remain intact as more information becomes
available, but that the relationships within and
among groupings will be subject to change with
the addition of more information. The limits of
this study do not clearly demonstrate that the five
groups constitute a monophyletlc group. Thus, the
relationships among the five groups themselves can
only be outlined in broadest terms for the present.’
See “Historical Zoogeography” for further com-
ment. Due to likely future modifications, the pro-
posal of these five categories as formal taxonomic
units is premature. Rather, I prefer to consider
these units as informal for the present. The units
and their components follow in alphabetical
arrangement. V

1. CERATROPHRINES © . Syrrophus
Ceratophrys Tomodactylus
Lepidobatrachus 3. GRYPISCINES
Macrogenioglottus Craspedoglossa
Odontophrynus - Crossodactylodes
Proceratophrys Crossodactylus

2. ELEUTHERODACTYLINES Cycloramphus
Amblyphrynus Hylodes
Barycholos Megaelosia
Eleutherodactylus-complex Paratelmatobius
Euparkerella Scythrophrys
Holoaden - Thoropa
Hylactophryne Zachaenus
Ischnocnema 4. LEPTODACTYLINES
Niceforonia Adenomera )
Sminthillus Edalorhina
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Hydrolaetare 5. TELMATOBINES
Leptodactylus Batrachophrynus
Limnomedusa Batrachyla
Lithodytes Caudiverbera
Physalaemus Eupsophus
Pleurodema Hylorina
Pseudopaludicola Insuetophrynus
Vanzolinius Telmatobius

Telmatobufo

The Preferred Phylogeny and
 Hennig’s Sister-Group- Concept

In addition to the concept of deducing relation-
ships on the basis of shared, derived clusters of
states, Hennig (1966) advocated the formation of
sister-groups. Sister-groups require involvement of
at least two characters, with reciprocal representa-
tion of primitive and derived states. Hennig (1966)
proposed that this operational definition of sister-
groups indicates a common point of evolutionary
divergence. The phylogeny of Figure 9 was not
constructed with sister-group formation as a cri-
terion. The location of sister-groups within the
preferred phylogeny is discussed by group.

For the Telmatobines represented in Figure 9,
all clusters represent sister-groups; this is also true
for the ceratophrine genera of Figure 9.

‘Within the grypiscines, Thoropa does not form a
sister-group with Crossodactylus, Hylodes and Me-
gaelosia. Otherwise, all other groups are sister-
groups. .

Within the leptodactylines, Limnomedusa and
. Hydrolaetare do mnot form a sister-group " with
Adenomera, thhodytes, Vanzolinius, Leptodacty
lus, Pleurodema, ‘and Physalaemus. All other clus-
ters yield sister-groups. With a slight rearrangement
all cluster groups can be sister-groups within the
leptodactylines. Limnomedusa forms a sister-group
with 4denomera, thhodytes, Vanzolinius, Leptodac-
tylus, Pleurodema, and Physalaemus Next, Hydro-
laetare forms a sister-group with Adenomera,
Lithodytes, Vanzolinius, Leptodactylus, Pleuro-
dema, Physalaemus, and Limnomedusa. '

Within the eleutherodactylines, there are several
instances of clusters which do not represent sister-
groups. The best rearrangement of taxa yields two
major- groups. Group .1l is represented by Eleu-
therodactylus nigrovittatus and Barycholos add
Eleutherodactylus coqui .add  Eleutherodactylus
fleischmanni- add Hylactophryne and Ischnocnema
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add Niceforonia. Group 2 is represented by Syr-
rophus and Tomodactylus add Sminthillus add
Euparkerella and Holoaden. All clusters within the
two groups are sister-groups; groups 1 and 2 are
not sister-groups.

Among the five major groups, only the eleuthe-
rodactylines and leptodactylines form: sister-groups
with one another.

The sister-group concept allows an assessment of
weaknesses in the phylogeny. In this case, those
areas where sister-groups cannot be formed with
the available data are within the grypiscines and
eleutherodactylines and among the five major
groups. These are the weakest parts of the phy-
logeny in terms of the data. In terms of the grypis-
cines and eleutherodactylines, the weakness of pro-
posed relationships will be corrected only with
gathering more data. Gathering more data may not
help to resolve the relationships among the five
major groups because of the extreme likelihood of
convergent data not allowing sister-group forma-
tion at that level. The best test for the validity of
the five. proposed groupings at present is to see if
the five groupings make sense biogeographically.

Comparison with Other Schemes

The only major difference between . the phylog-
enies of Figures 7 and 9 is the placement of Pleu-
rodema, which has already been discussed. ‘The
similarities mean that the deletion of the karyotype
character in the analysis leading to the phylogeny
of Figure 9 did not affect the overall analysis of
relationships.

Lynch (1971) has been the ﬁrst since Boulenger
(1882) to systematically review the entire family
Leptodactylidae. Lynch (1971) provides a histori-
cal review of all the suprageneric classifications
proposed for various sections of the family. The
interested reader is referred to Lynch’s review for
a more complete comparison with the informal
classification proposed herein. My informal groups
are generally equivalent to certain of Lynch’s sub-
families and tribes with certain exceptions as ex-
plained below.

CERATOPHRINES.—Several South American work-
ers (e.g., Reig, 1972, and sources cited therein)
consider the ceratophrines to represent a distinct
family. These workers consider the ceratophrines

"to have the same generic-composition as recognized
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in this study. Lynch (1971) restricted his subfamily
Ceratophryinae to include only the recent genera
Ceratophrys and Lepidobatrachus. Lynch (1971)
placed the genera Odontophrynus and Proceratoph-
rys as a tribe into the subfamily Telmatobiinae.
The results of this analysis indicate that the rela-
tionships of Odontophrynus and Proceratophrys lie
with Ceratophrys and Lepidobatrachus, not with
the genera Lynch placed in the subfamily Telmato-
biinae. This study does not provide evidence either
for or against recognition of the ceratophrines as
a distinct family. Such an analysis would need to
compare the five groups recognized here with other
family groupings generally recognized to be re-
lated to the leptodactylids.

FLEUTHERODACTYLINEs.— T his grouping is equiva-
lent to Lynch’s (1971) tribe Eleutherodactylini of
the subfamily Telmatobiinae. The only difference
is that this study indicates that the genus Bary-
cholos is an eleutherodactyline rather than a mem-
ber of the subfamily Leptodactylinae as suggested
by Heyer (1969a) and Lynch (1971).

Grypiscines—The  grypiscines —as recognized
herein are composed of members of four different
groupings proposed by Lynch (1971). The mem-
bers of Lynch's subfamily Elosiinae and tribe
Grypiscini of the subfamily Telmatobiinae are com-
pletely included. In addition, the results of this
study indicate that Paratelmatobius is a grypiscine,
rather than a member of the subfamily Leptodac-
tylinae as proposed by Lynch (1971) and Thoropa
is a grypiscine, rather than a member of the tribe
Alsodini of the subfamily Telmatobiinae.

LerTopAcTYLINES.—This grouping is equivalent
to Lynch’s (1971) subfamily Leptodactylinae ex-
cept for Lynch’s inclusion of Barycholos, an eleu-
thierodactyline, and Paralelmatobius, a grypiscine, as
discussed previously.

TreraaToBINEs.—This group is equivalent to a
combination of Lynch's tribes Alsodini and Tel-
matobiini of the subfamily Telmatobiinae with the
exception of Thoropa, which Lynch (1971) con-
sidered an alsodine, but is here considered a
grypiscine as discussed above.

The study was initiated because of uncertain
relationships of some genera from a previous analy-
sis (Heyer, 1974a). The previous study concluded
that there were two major clusterings of leptodac-
tylines: (1) Adenomera, Leptodactylus, Lithodytes,
and Vanzolinius, and (2) Physalacmus, Pleuro-
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dema, and Pseudopaludicola. The present study
agrees with the first cluster completely, but indi-
cates that Pseudopaludicola is not as closely related
to Physalaemus as indicated in the previous study.
Examination of additional species of Pseudopalu-
dicola, Physalaemus, and Pleurodema is needed to
clarify the relationships among these genera. The
previous analysis could not distinguish whether
Barycholos, Edalorhina, Hydrolaetare, Limnome-
dusa, or Paratelmatobius were basally related with
the other leptodactylines or had closer relationships
elsewhere in the family. This study indicates that
Edalorhina, Hydrolaetare, and Limnomedusa are
related to the other leptodactylines, but that Bary-
cholos is an eleutherodactyline and that Paratel-
matobius is a grypiscine.

Phylogenetic Content of the Characters Analyzed

Once the best phylogeny is chosen, the behavior
of the individual states can be evaluated within
the phylogeny. Certain states are better than others
in producing any given phylogeny. Those states
that form large clusters in the phylogeny contain
more phylogenetic information than those that do
not, in terms of that given phylogeny. The analy-
sis of characters of a given phylogeny will only
have as much meaning as .the degree of reflection
the phylogeny is to reality. Such an analysis assumes
that all states are adaptive, but that some states
contain more phylogenetic information than others.

The particular phylogeny analyzed is identical
to Figure 9 except that Caudiverbera is indepen-
dently derived from a common ancestor as is the
cluster of Batrachyla, Batrachophrynus, Eupsophus,
and Telmatobius. This particular phylogenetic ar-
rangement maximizes monothetic clusters and num-
bers of states within clusters. To facilitate compar-
ison of characters, each state used in the phylogeny
was evaluated with respect to its clustering behavior
within the phylogeny as follows. The number of
times a particular state actually appears in the phy-
logeny is divided by the total number of times the
state could appear in the phylogeny. The lower
the number, the better the state behaves in form-
ing clusters. For example, if a state appears once
in a cluster ancestral to five taxa inclusively, the
state has a value of 1 (a single appearance in the
phylogeny, although the state is shared by all five
taxa above the cluster in which the state appears)
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divided by 5 (the total number of times the state
could appear) equals 0.20. Alternatively, if another
state appears in a phylogeny five times, but in each
case the appearance is in an end point taxon, the
state has a value of 5 divided by 5 equals 1. Thus a
state with a value of one has no phylogenetic in-
formation. All states are analyzed in this fashion.
When a given character is represented by more
than one state, an average value of the component
states is used as the value for that character. The
values for each character were plotted on a graph
by occurrence. There are no clear groupings, but
the following characterizations appear reasonable.
The best characters in terms of clustering behavior
in the preferred phylogeny have values ranging
from 0.08 to 0.21. Good characters range in value
from 0.26 to 0.42. Average characters range from

0.49 to 0.72. Poor characters range from 0.77 to
1.00. The adjectives “best, good, average, poor”
as used throughout the remainder of this section
represent these value ranges. This method of analy-
sis, while having the desirable trait of reproduci-
bility has one minor drawback in terms of describ-
ing the phylogenetic value content of characters
within a phylogeny—there are two ways of arriving
at low numbers. The first is for the state to have
a unique appearance in the phylogeny and the
cluster in which it appears is ancestral to several
taxa, This is the best kind of character with re-
spect to clustering behavior, and is referred to as
a Type I character for the best character category.
The second is for a given state to appear a low
number of times in the phylogeny, but each ap-
pearance is ancestral to several taxa. This is referred
to as a Type II best character. All good, average,
and poor characters are Type II. While the Type
II character state is descriptive of large clusters
and thus aids in the production of the phylogeny,
it is obviously not the same quality of state as the
Type I state. This problem is not present at the
other end of the spectrum. High values always rep-
resent low phylogenetic content.

“The overall average clustering value for the 64
characters used to build the phylogeny of Figure
9 is 0.54. The average value for external characters
is 0.48, for muscle characters the average value is
0.61, and for skeletal characters the average value
is 0.54. -

+'The only best Type I character:is character- 10,
life history.
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There are four best Type II characters: pupil
shape, outer metatarsal tubercle, anterlor process
of the hyale, last presacral vertebral width.

There are 11 good characters: male thumb, toe
disks, toe webbing, adductor mandibularis muscle,
omohyoideus muscle, fontanelle, occipital condyles,
posterior sternum, sacral diapophyses, terminal
phalanges, dorsal crest of ilium.

There are 18 average characters: tympanum. vis-
ibility, tarsal decoration, inner tarsal tubercle, de-
pressor mandibulae muscle, geniohyoideus medialis
muscle, sternohyoideus muscle, iliacus externus
muscle, tensor fasciae latae, semitendinous muscle,
nasal contact with frontoparietal, squamosal, me-
dian contact:of vomers, prootic fused with from-
toparietal.

There are 7 poor characters: body glands, an-
terior petrohyoideus muscle, adductor longus mus-
cle, quadratojugal, nasal contact with maxilla,
vomerine teeth, alary process of the hyoid.

The diploid chromosome -number was not in-
cluded in the data set from which the phylogeny of
Figure 9 was produced. The clustering index value
for the character derived from the phylogeny of
Figure 7 is 0.79, indicating that overall, the diploid
number has little phylogenetic information. State
66 of the character, variation of the 2N'=26, 24, 22
(which in the tree will also include the derivable
states of 67, 2N =22 and state 68, 2N = less than 22)
has a value of 0.27. Thus, within the character,
one of the states does have good phylogenetic in-
formation, although the state appears four times
in the tree. It is interesting to note that if the
phylogenies of Figures 7 and 9 are reasonably cor-
rect, the diploid number of 22 has arisen more than
once in the family. Also, it would be much more
parsimonious to assume that the diploid numbers
of 24 and 26, found in Adenomera, represent a
secondary reversion to a higher diploid number
from an immediately ancestral condition of 22,
rather than the retention of the primitive state.
Further kinds of data are needed to determine the
status of the Adenomera karyotype. The conclu-
sion seems warranted that caution must be used in
proposing relationships at the generic level based
only on the ‘karyotype, reinforcing the same con-
clusion of a study done at a lower level of analysis
(Heyer and Diment, 1974).

The variation of clustering values of 1nd1v1dua1
states is similar to the average of the states for all




