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Variation, Systematics, and Zoogeography of
Eleutherodactylus guentheri and

Closely Related Species
(Amphibia: Anura: Leptodactylidae)

W. Ronald Heyer

Introduction

This contribution to the understanding of the
systematics and zoogeography of the Brazilian
Atlantic Forest fauna is a direct outgrowth of
previous contributions (Heyer, 1983; Heyer and
Maxson, 1983). In previous studies, based on
analysis of members of the frog genus Cycloram-
phus, specific zoogeographic and speciation
mechanism hypotheses were developed based on
species that had very specialized subaerial larvae.
The ecological restriction of adult and larval
Cycloramphus to certain classes of small streams
was of central importance in these hypotheses.
Consequently, in order to test the generality of
the hypotheses developed, I wished to study an-
other group of frogs that occurs within the At-
lantic Forests, but which is not restricted in its
ecological distribution to streams. Members of
the frog genus Eleutherodactylus seemed good
candidates for such a study. All but one species
of Eleutherodactylus have direct development,
with embryonic and larval stages taking place in
encapsulated terrestrial eggs. There are several
species of Eleutherodactylus that commonly occur

W. Ronald Heyer, Department of Vertebrate Zoology, National
Museum of Natural History, Smithsonian Institution, Washing-
ton, D.C. 20560.

in the Atlantic Forests. On initial examination of
available names and materials, it appeared that
Eleutherodactylus guentheri and a few close rela-
tives comprised a well-defined species cluster that
was abundantly represented in collections. Con-
sequently, materials of this cluster were bor-
rowed and analyzed.

The purposes of this paper are to (1) report
on the intra- and interpopulation variation of
Eleutherodactylus guentheri and its close relatives,
(2) summarize the systematic conclusions that are
one result of these analyses, (3) analyze the
zoogeographic distribution patterns for this com-
plex, and (4) compare the zoogeographic results
with those derived from study of the species of
Cycloramphus.

DEFINITION OF GROUP

Lynch (1976) recognized four species groups
for the 14 species of Eleutherodactylus associated
with the Atlantic Forests of Brasil. Eleutherodac-
tylus guentheri would be a member of the E.
binotatus group as defined by Lynch (1976), the
other members being E. binotatus, gualteri, na-
sutus, octavioi, and pliciferus. Of these, E. binota-
tus, octavioi, and pliciferus either have the first
finger much longer than the second, numerous
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dorsolateral folds and/or have small or no digital
disks. This combination of features distinguishes
E. binotatus, octavioi, and pliciferus from E. gual-
teri, guentheri, and nasutus, the latter three spe-
cies having been confused with each other in
museum collections. Since a homogeneous,
clearly identifiable group was wanted for pur-
poses of this study, I borrowed specimens iden-
tified as E. gualteri, guentheri, and nasutus, as well
as unidentified Eleutherodactylus from the Atlan-
tic Forest region from MNRio and MZUSP (see
below for key to these museum abbrevia-
tions). As study of these materials progressed, it
became bbvious that there are several undes-
cribed species of Eleutherodactylus from the At-
lantic Forest system that do not coincide with
Lynch's species groupings. Some of these taxa
may well be closely related to E. gualteri, guenth-
eri, and nasutus. A study adequate to resolve the
species group definitions for the Atlantic Forest
Eleutherodactylus would be, at this point, neces-
sarily a long-term one. I have chosen to limit the
cluster of taxa included in this study in such a
way that the larger taxonomic problems can be
avoided. Thus, the Eleutherodactylus guentheri
cluster is arbitrarily defined as those taxa that
probably would be (or have been) identified as
either E. gualteri, guentheri, or nasutus, based on
limited comparative material. Further study of
additional taxa may expand the group to include
species that are more closely related to the E.
guentheri cluster as defined here than to any
other groups of Eleutherodactylus. I believe, how-
ever, that the E. guentheri cluster as defined here
is monophyletic.

MATERIALS

Aside from those from the Museu Nacional,
Rio de Janeiro (MNRio) and the Museu de Zool-
ogia da Universidade de Sao Paulo (MZUSP),
some specimens of the E. guentheri cluster ex-
amined were from the USNM collections of the
National Museum of Natural History, Smithson-
ian Institution. Selected specimens from the
W.C.A. Bokermann private collection (WCAB),
the Eugenio Izecksohn collection (El), and the

Museu de Ciencias Naturais, Fundacao Zoobo-
tanica do Rio Grande do Sul, Porto Alegre
(MCN-AN) were also examined. Considered to-
gether, these materials include several large se-
ries of specimens from single localities and prob-
ably also give a good representation of the spe-
cies' geographic distributions. No effort was
made to borrow materials from additional mu-
seums as almost all such specimens would repre-
sent additions to already large samples in the
materials at hand.

METHODS

The following data elements were recorded
for each specimen examined.

Sex: Males were determined by presence of
vocal slits. Females were determined by large
size, egg visibility through the belly wall, or dis-
section to examine the reproductive organs. For
doubtful specimens, dissections were made.

Calcar: Presence or absence of a calcar on
the heel was noted. As a calcar is present in all
reasonably well preserved members of this clus-
ter, the character is not analyzed further.

Color patterns: Pattern standards were devel-
oped on outline drawings for several pattern
aspects. When a new pattern was encountered, it
was added to the standards. Goin (1950, 1960)
has shown that several aspects of the dorsal pat-
tern are inherited independently in some species
of Eleutherodactylus. Consequently, standards
were developed for the following pattern aspects:
general dorsal pattern (Figure 1), mid-dorsal pin
stripe (Figure 2), broad mid-dorsal stripe (there
are but two states—present or absent), dorsolat-
eral stripes (Figure 3), snout pattern (Figure 4),
interocular bar (Figure 5), pelvic spots (Figure
6), supratympanic stripe or spot (Figure 7), loreal
stripe (Figure 8), upper lip (Figure 9), outer front
aspect of the tibia (Figure 10), and posterior
surface of the thigh (Figure 11). Only one ex-
ample of apparent pattern linkage was encoun-
tered: in specimens with the extensive light dor-
sal snout condition (pattern A in Figure 4), the
light area included the same area where the light
interocular bar occurs. The light interocular bar



FIGURE 1.—Standards for dorsal patterns. Additional standards not figured are: A-2, uniform
with no contrast with lateral color pattern; A-6, not as distinct as A-5; A-8, completely variegated
pattern; B-2, like B-l but lacking dark spots on back.

B

FIGURE 2.—Standards for mid-dorsal pin stripe patterns.
The stripe may also be absent.

condition (Figure 5) was arbitrarily assigned to
those specimens with the extensive light dorsal
snout condition (pattern A in Figure 4).

FIGURE 3.—Standards for dorsolateral stripe patterns. The
dorsolateral stripe may also be absent.

Measurements: All measurements were taken
with dial calipers, recorded to the nearest tenth
of a millimeter. Most measurements are repeat-
able to within 0.5 millimeters. The following
measurements were taken: snout-vent length
(SVL); head length, from tip of snout to angle of
jaw (HL); head width, maximum measurement,
at or just in front of angles of jaw (HW); eye-



FIGURE 4.—Standards for snout patterns.

FIGURE 5.—Standards for interocular bar patterns.

nostril distance, from anterior corner of eye to
mid-nostril (EN); eye-eye distance, measured be-
tween anterior corners of eyes (EE); maximum
vertical tympanum diameter, measured from the
outside edges of tympanic annulus (TD); femur
length, from mid-cloaca to knee when leg held
as a Z with femur at right angles to body (femur);
tibia length, from knee to heel (tibia); foot length,
from proximal end of inner metatarsal tubercle
to tip of fourth toe (foot); maximum width of
disk on third finger (3FD); and maximum width
of disk on fourth toe (4TD).
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A B

FIGURE 6.—Standards for pelvic spot patterns.

For specimens that were partially faded, only
those pattern states were recorded that were
clearly visible. For completely faded specimens
no pattern states were recorded, but measure-
ment data were recorded. For poorly positioned
or preserved specimens where any single meas-
urement could not be recorded, SVL (only) was
recorded if possible. Thus, sample sizes are not
equal for all characters analyzed.

Analysis of variation was done in three stages.
In the first stage, large single-locality samples
were analyzed to determine the nature of varia-
tion within samples. During the data-taking
phase, specimens were sorted into morphospe-
cies, that is, categories thought to represent dif-
ferent species. The second stage of analysis ex-
amined the patterns of variation among mor-
phospecies. One morphospecies, E. guentheri it-
self, was represented by several large geographic
samples. The third stage of analysis examined
variation within the E. guentheri morphospecies.
Results of all three analyses were used to help
define species limits within the E. guentheri clus-
ter. The geographic distribution patterns and

FIGURE 7.—Standards for supratympanic stripe patterns. Each pattern state includes individuals
that may demonstrate lighter state expressions than those figured.
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FIGURE 8.—Standards for loreal stripe patterns (left).
Uniform state not shown.

FIGURE 9.—Standards for lip patterns (below). Uniform
state not shown.

B

FIGURE 10.—Standards for tibia patterns. Uniform state not shown.

patterns of intraspecific variation were used to
develop a zoogeographic hypothesis for the clus-
ter.

Statistical procedures are used as appropriate
and are explained at the time they are used in
the text.

For purposes of analysis, the various popula-
tions need to be identified. Following is a coded
series that was abstracted from the codes devel-
oped when taking and formatting the data. Only
for the E. guentheri morphospecies is more than
one sample available from localities represented
by at least a total of 25 individuals containing at
least five males and five females. This was the
minimum population unit arbitrarily chosen to
include in the interpopulation analysis within a
morphospecies.

Each entry in the coded series contains the
code, the number of specimens for which com-
plete measurement data are available, code
names, and localities. The values for N given
here may not match those given in the tables.
The latter values include specimens for which
complete data are not available.

PGN, N = 3, "pseudoguentheri," all from near Santa Teresa,
Espirito Santo.

PGL, N = 49, "pseudogualteri," all from near Santa Teresa,
Espirito Santo.

GLT, N = 91, E. gualteri, from two localities in the state
of Rio de Janeiro, Teresopolis (N = 82) and Paquequer
(N = 9).

RT, N = 18, "red thighs," all from Teresopolis, Rio de
Janeiro.

NAS, N = 64, E. nasutus, from eight localities in the states
of Minas Gerais, Rio de Janeiro, and Sao Paulo.

GU, N = 949, E. guentheri, including the following large,
single-locality samples:

GU RJ1, N = 42, from Teresopolis, Rio de Janeiro
GU RJ2, N = 40, from Petropolis, Rio de Janeiro
GU RJ4, N = 103, from Sumare and Tijuca, Rio de

Janeiro
GU RJ5, N = 26, from Angra dos Reis, Rio de Janeiro
GU SP1, N = 112, from Boraceia, Sao Paulo

FIGURE 11.—Standards for posterior surface of the thigh
pattern. Uniform state not shown.
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GU SP2, N = 107, from Sao Paulo, Sao Paulo
GU SP3, N = 109, from Cubataoand Paranapiacaba, Sao

Paulo
GU SP4, N = 131, from Serra da Bocaina, Sao Paulo
GU SP5, N = 33, from Campos do Jordao, Sao Paulo
GU SCI, N = 29, from Novo Horizonte, Santa Catarina
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Intrapopulation Variation

The purpose of this section is to analyze vari-
ation within a geographic population, particu-
larly with respect to (1) differences among juve-
niles, males, and females, and (2) the extent of
variation found within a population from a given
locality.

Differences of pattern among juveniles, males,
and females are probably due to either selection,
ontogenetic change, or sexual dimorphism. It is
unlikely that differences due to selection pres-
sures would be detectable in samples of the sizes
analyzed here. The 0.05 level is taken to be

significant for statistical analysis; this level is ap-
propriate for the size of the samples at hand.
Selection coefficients are probably much smaller,
however, which means that selection could be
important biologically but not be statistically de-
monstrable. Thus, for all practical purposes, the
following analyses examine the presence or ab-
sence of ontogenetic pattern change or sexual
dimorphism within samples.

As an initial criterion, a search was made for
single species samples from single localities with
a total sample size of at least 80 individuals
containing at least 20 juveniles, 20 females, and
20 males. Four samples met those criteria; two
other samples met all but the number of females.
One of these latter samples has 19 females, the
other 15; of these, only the former is used with
the four samples that meet all criteria to analyze
intrapopulation variation. The five populations
analyzed are: GLT (sample from Teresopolis),
GU RJ4, GU SP1, GU SP2, GU SP3.

PATTERN

Goin (1950) has shown that several pattern
features are under genetic control of one or two
loci in certain Eleutherodactylus species. Members
of the E. guentheri cluster have many of the same
pattern polymorphisms studied by Goin (1950).
Using Goin's study as a guideline, the pattern
data as recorded were examined and categorized
into states that are likely to be under direct
genetic control. The loreal stripe and lip pattern
characters did not have clearly definable, discrete
states and are not analyzed in this section. For
the dorsal pattern and supratympanic spot pat-
tern, intensities of pattern were combined into
single pattern states (see legends of Figures 1 and
7). There are three major dorsal patterns: (1)
uniform or mottled/spotted (all A patterns in
Figure 1), (2) dorsoconcolor (all B patterns in
Figure 1) (3) wavy lines (pattern C in Figure 1).
Within the first two major pattern types, several
discrete states also occur. Four states of the mid-
dorsal pin stripe are recognized for this analysis:
absent; short stripe on posterior body (pattern A
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in Figure 2); short or medium stripe occurring
elsewhere than posterior body (patterns B, C, D,
and F in Figure 2); full stripe (pattern E in Figure
2). Mid-dorsal stripes and light interocular bars
are coded as either present or absent. The other
pattern states are analyzed as described above
(see page 2).

Occurrence of each pattern state was recorded
for juveniles, males, and females. Whenever ex-
pedient, chi-square analyses were performed to
test whether pattern states differed in occurrence
among juveniles, males, and females. For these
analyses the expected values are calculated on
the assumption that the proportional occurrence
of a given state derived from all individuals was
the true occurrence for that population (also see
Table 1). Dorsal pattern was analyzed in two
ways. First, occurrences within the three major
pattern types were analyzed; second, within-pat-
tern analyses for the uniform/mottled/spotted
pattern were performed where appropriate.

There is no statistical difference in occurrence
of pattern states among juveniles, males, and
females for dorsal pattern, pin stripe, broad mid-
dorsal stripe, dorsolateral stripes, snout pattern,
interocular light bar, pelvic spots, or outer tibia
pattern (for an example of statistical analysis, see
Table 1).

There were statistically significant differences
between juveniles and adults in the occurrences

TABLE 1.—Analysis of occurrence of tibia pattern states (see
Figure 10) among juveniles, males, and females for sample
GU RJ4 (O = observed, E = expected values*).

TABLE 2.—Analysis of occurrence of posterior thigh pattern
states (see Figure 11) among juveniles, males, and females
for sample GU SP1 (O = observed, E = expected values).

Sample

Juveniles
Males
Females

O

27
7
8

A

E

20.0
9.6

12.4

X2 =

O

15
9

16

9.37,

B

E O

19.0 8
9.1 8

11.8 7

not significant

C

E

11.0
5.2
6.8

Sample

Juveniles
Males
Females

Juveniles
Adults

Males
Females

O

21
15
19

21
34

15
19

Uniform

E

31.7
11.6
11.6

X2= 16.91,

31.7
23.2

X2= 15.67,

A

O

50
11
7

P<.01

50
18

P<.01

17.0 11
17.0 7

X2 = 1.34, not significant

E

39.2
14.4
14.4

39.2
28.8

9.0
9.0

* For example, the expected value for A is calculated by
dividing 42 (total number of A states) by 105 (total sample
size) = percent of occurrence pattern A in entire sample,
which is multiplied by 50 (number of juveniles in sample).

of supratympanic spot and posterior thigh pat-
terns (for an example of statistical analysis, see
Table 2). Only two populations, GLT and GU
SP1, demonstrated a difference among state dis-
tributions for the supratympanic spot, whereas
all five populations had significantly different
state distributions for the posterior thigh pat-
terns. No significant differences between the
sexes were found for any state.

These results suggest that there is no ontoge-
netic pattern change for most patterns examined,
with the exceptions of the supratympanic spot
and the posterior thigh pattern. The posterior
thigh pattern differences are clearest: juveniles
have a mottled pattern (pattern A in Figure 11)
that is either retained or develops into one of the
other patterns as they mature. A practical con-
sequence of the pattern analyses is that for most
patterns, juvenile, male, and female data can be
combined. Male and female data for the supra-
tympanic spot and posterior surface of the thigh
pattern can also be combined.

SIZE

Because members of the E. guentheri cluster
exhibit sexual dimorphism in size (see Table 20),


