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ABSTRACT

Peters, James A. The Frog Genus Atelopus in Ecuador. Smithsonian Con-
tributions to Zoology, number 145, 49 pages, 31 figures, 1973.—The genus
Atelopus is represented in Ecuador by 15 species, of which 6 are here described
as new taxa. A key for identification, descriptions, and figures are presented for
all species, and a detailed analysis of variation in proportions attempts to
quantify certain subjective characteristics used by earlier frog systematists.

The genus includes two nonphylogenetic groups of species, the first, with
slender bodies and long limbs, usually found in the lowlands and lower moun-
tain slopes, and the second, with stocky bodies and short limbs, usually found
at higher altitudes in the Andes. The species appear to be highly responsive to
environmental changes, and successful invasions of the mountains by the low-
land species are accompanied by differentiation, evolution, and speciation.
Invasions are likely to be along major river drainages. The invaders are ef-
fectively isolated from adjacent drainages by factors such as the highly dissected
terrain, rain shadow, barren areas, and so on. High altitude species are restricted
in lateral distribution, but often have considerable altitudinal range, while low
altitude species have wide latitudinal range, but are restricted altitudinally.

The mountains in Ecuador are “continental islands,” showing diversity and
adaptive radiation similar to that of the Hawaiian Islands, with the major dif-
ference that the Andes are not dependent upon “waifs” or “drifters” for invaders,
but are constantly supplied by the abundant life of the surrounding tropical
forests.
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The Frog Genus Atelopus in Ecuador
(Anura: Bufonidae)

James A. Peters

Introduction

It has been my good fortune to be able to spend
considerable time in the field in Ecuador, where 1
collected representatives of most of the species of
Atelopus now known from that country. There
are three new species in the material I obtained,
and three more new species have been identified in
the collections of other museums. In addition, the
taxonomic position of several of the previously
described forms has been revised as a consequence
both of the new material available and of reexam-
ination of the type specimens or series. The prep-
aration of this paper has been stimulated by the
recent work on the genus Atelopus by Juan Rivero.
My collections strongly supplement his material,
and I have found his discussions of the Ecuadorian
species cogent and stimulating, even with regard
to those points on which we are not in agreement.

The synonymies presented for each species are
limited to only those references pertaining to Ecua-
dorian records and specimens, except where a
change in status of the taxon is involved. I have
made no attempt to document use of a taxonomic
name in an inclusive manner.

AckNOWLEDGMENTs.—My field work in Ecuador
was supported in 1954 by the American Philosophi-
cal Society and Brown University, in 1962 by Grant
No. G21010 of the National Science Foundation,
and in 1965-1966 by the Smithsonian Institution.
I am indebted to each for this aid. Many people

James A, Peters, Department of Vertebrate Zoology, National
Museum of Natural History, Smithsonian Institution, Wash-
ington, D.C. 20560. (Deceased 18 December 1972.)

have helped me to amass the material on which
this study is primarily based, and I wish particu-
larly to thank Manuel Olalla, Peter Spoecker, Rob-
ert Mullen, and Gonzalo Herrera, who have helped
in the field. Gustavo Orcés-V. continues as an
invaluable friend and criticc and his collections,
now at the National Museum of Natural History,
Smithsonian Institution, were extremely useful in
this study. The curators at the following institu-
tions have loaned specimens to me and have pro-
vided me with space to work during visits to their
institutions, and I appreciate both kindnesses (ab-
breviations used in the text follow the name):
American Museum of Natural History (AMNH);
British Museum (Natural History) (BMNH);
California Academy of Sciences (CAS, CAS-SU
refers to numbers assigned to specimens from the
collections of Stanford University, now housed at
the Academy); Field Museum of Natural History
(FMNH); Museo ed Instituto di Zoologia Systema-
tica, Universitd di Torino, Italy (UT); Museo Na-
cional de Ciencias Naturales, Madrid, Spain (MM);
Museum of Comparative Zoology, Harvard Uni-
versity (MCZ); Muséum National d’Histoire Na-
turelle, Paris, France (PM); University of Kansas
Museum of Natural History (UKMNH); Univer-
sity of Michigan Museum of Zoology (UMMZ);
and University of Puerto Rico, Mayaguez
(UPR-M). The abbreviation used for the collec-
tions in the National Museum of Natural History
is USNM (United States National Museum). Un-
cataloged specimens from the James A. Peters
(JAP) and the Gustavo Orcés-V. (GOV) collections
are deposited at the National Museum of Natural
History.



SpECIEs GROUPS WITHIN THE GENUs.—Although
one should not attempt the definition of species
groups unless his study encompasses the entire
range of variation in the genus, it has been most
convenient for me to recognize that there are two
different groups of species in the Ecuadorian Ate-
lopus. 1 am not here according these groups any
kind of taxonomic status, and I regard them as
phenetic rather than phylogenetic, so I would not
like to have any taxonomic or phylogenetic inter-
pretation placed on my treatment of them. But
the groups do provide an evident basis for discus-
sion and organization of data, as well as a primary
step in definition of the species and in the prepara-
tion of a key for identification.

The longirostris group includes the slim-bodied,
long-legged taxa, while the ignescens group in-
cludes the taxa with short, heavy-set bodies and
short limbs. Brighter colors and flash patterns tend
to occur more commonly in the longirostris group,
while the members of the ignescens group tend
to have darker, more sombre colors. Coloration is
not invariable, however, and is not a good basis
for group recognition. The longirostris group is
found at lower altitudes on both sides of the
Andes in Ecuador, while most of the taxa in the
ignescens group are high altitude forms.

The species in the ignescens group include
arthuri, bomolochos, bufoniformis, halihelos, ig-
nescens, nepiozomus, and pachydermus. The mem-
bers of the longirostris group are balios, elegans,
longirostris, palmatus, planispinus, and pulcher.
The largest species of all, boulengeri, and one of
the smallest, mindoensis, are intermediate between
the two groups in many respects, and are difficult
to assign in any unequivocal way. This intermedi-
acy is referred to repeatedly in the subsequent
sections, and reinforces my statement above that
these are not taxonomic groupings, but simply
represent convenient groupings. The species are
arranged on the graphs in the following sections
by groups, with the two “intermediate” species be-
tween them.

While groups were not emphasized as such by
McDiarmid (1971) in his recent review of the
genus, and he repeatedly pointed out the uni-
formity of characters within Atelopus in contrast
to its differences when compared with other genera,
he did recognize the existence of the two groups
discussed here. He referred in several places to
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the long-legged and the short-legged species, and
pointed out several anatomical characteristics
which differentiate the two groups. Unfortunately,
his samples were not large enough to permit full
review of all the Ecuadorian species. Where he
had material it was usually only a single specimen,
and he had no material at all for several of the
taxa.

COMPARATIVE ~ MEASUREMENTs.—AIl  measure-
ments used in this study were made with a Helios
vernier caliper, measuring to the nearest tenth of
a millimeter. The ‘standard distance” 1is the
straight-line distance between the tip of the snout
and the posterior end of the coccyx. Although
many previous authors have defined the body
length as from the snout to the anus, preservation
techniques have an effect on the position of the
anus, and the tissues in that region can be easily
compressed, so the measurement is more variable
and not as accurate or consistent as the one defined
here. All other measurements are taken from a
bony surface to another bony surface, insofar as
possible. The measurement from knee to knee is
made with the femora at right angles to the body,
forming a straight line. The calipers are set solidly
against the distal ends of the femora to record the
measurement. The tibiofibula measurement is
from end to end of the bone. The head width is
taken at the widest point of the head, with the
points of the caliper set to pass snugly over the
head. The head length is from the snout tip to
the posteriormost margin of the skull at the dorsal
midline.

As mentioned elsewhere, the two species groups
are clearly distinctive in their general appearance.
The differences are well reflected by calculations of
proportional values, using the various measure-
ments discussed above. In some proportions there
is a considerable sexual dimorphism, and the sexes
are separated in all calculations, even where the
differences were not significant.

The figures show the mean as a vertical line, the
total range ol variation as the largest rectangle, the
mean = twice the standard error of the mean as
the smallest rectangle, and the mean = one stand-
ard deviation as the third rectangle. Only the
mean and range are given for very small samples
(fewer than 6). The colors of the rectangles are
reversed from one sex to the other to permit rapid
recognition. The value found as a proportion is
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always plotted in these figures as a percentage, and
it should be clear that all references to ratios, pro-
portions, and percentages are to these figures.

All references in this paper to significant differ-
ences between the means of any two samples is
based on non-overlap between the rectangles rep-
resenting the mean = twice its standard error.
This spread of values includes slightly more than
95 percent of the possible values of the mean
itselt, and nonoverlap between the two populations
indicates a very high likelihood that the two sam-
ples as drawn are different.

Ratio

KNEE To KNEE/STANDARD DISTANCE.—In this ra-
tio, seen in Figures 1 and 2, higher values indicate
a longer leg in proportion to body length, or stand-
ard distance. Although the two species groups are
quite distinct from each other both in body shape
and leg length, as pointed out elsewhere, this is
not strongly reflected by proportional differences.
This is because both body and legs are elongated
in the longirostris group, while in the ignescens
group both body and legs are short and stubby.
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FicUure 1.—Species comparison, males, for the ratio knee to knee/standard distance X 100.
Numbers in this and Figure 2 refer to sample size, which are same for other figures.
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FIGURE 2.—Species comparison, females, for the ratio knee to knee/standard distance X 100.
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Even so, the longirostris group is characterized by
values greater than 89 for the proportion, while
individual proportions in the ignescens group are
almost always below 90. A. pachydermus males,
of the ignescens group, range up to values of 94,
and 4. balios, of the longirostris group, has values
for most of the females and many of the males be-
low a ratio of 90. A. mindoensis and A. boulengeri
are fairly typical of the ignescens group, with only
a few males falling above a value of 90.

Sexual dimorphism is fairly strong in this char-
acteristic. There is a significant difference between
the means for the sexes in every species except 4.
elegans, when samples are large enough for com-
parison, although there is considerable overlap in
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the range of variation of the sexes. The males have
longer legs in proportion to the body length than
the females in every species.

T1BIOFIBULA/STANDARD DisTANCE.—This charac-
ter is similar to the previous one (KK/SD) in that
it is an expression of a primary difference between
the two groups of species, but it expresses the con-
trast much more strongly (Figures 3 and 4). Al-
though the body and femora have changed in such
a fashion that the proportion between them is simi-
lar in the two groups, the region of the tibiofibula
is much more elongated, proportionately, than the
femoral region in the longirostris group, and this
has been reflected in this ratio.

Individuals in the ignescens group are charac-
terized by values below 45 for this ratio, while
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FIGURE 3.—Species comparison, males, for the ratio tibiofibula/standard distance X 100.
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FIGURE 4.—Species comparison, females, for the ratio tibiofibula/standard distance % 100.
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those in the longirostris group almost invariably
have values above 45. In the latter group only
males and females of 4. pulcher give lower figures,
while the remaining species have practically no
individuals with values below 46. In the ignescens
group males of A. pachydermus and A. halihelos
include individuals with values above 45, none of
which reach 46, and females of 4. nepiozomus may
have values up to 47. No males of 4. nepiozomus
have yet been taken, but it might be predicted
that they would give higher values, as well.

The two species A. mindoensis and A. boulengeri
are completely intermediate in this character. Most
of the females of both species lie below 46, most
of the males of both fall above 45. Within the
sexes, the mean for each of these species is signifi-
cantly higher than that of all others within the
ignescens group, except for females of 4. nepiozo-
mus, but the same is true of a comparison with the
members of the longirostris group, where the values
for these two species are significantly lower.

Sexual dimorphism is apparent in all species of
the ignescens group for this character, with the
males having means significantly higher than the
females. The opposite is true of the longirostris

5

group, for in no case are the means of the two
sexes significantly different. In this regard, 4. min-
doensis and A. boulengeri show similarities to the
ignescens group, since the means for the sexes are
significantly different in both species.

Heap LENGTH/STANDARD DisTANCE.—This ratio
(Figures 5 and 6) produces differences between
species within the two major groups, rather than
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FIGURE 5.—Species comparison, males, for the ratio head
length/standard distance X 100.
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FiGURE 6.—Species comparison, females, for the ratio head length/standard
distance ) 100.
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following group lines, and thus provides a basis
for separation of species within groups. Thus, all
individuals of A. balios and A. elegans, both of the
longirostris group, fall below a proportional value
of 33, as do the following species from the ignes-
cens group: all females of 4. bomolochos and 4.
ignescens and all males of boulengeri. In the
longirostris group this is also true of most individ-
uals of both sexes of A. pulcher as well as females
of A. planispinis and A. longirostris, and in the
ignescens group, most of the males of A. ignescens
as well as the females of A. arthuri, A. boulengeri,
and A. mindoensis. On the other hand, values of
greater than 33 are found, in the ignescens group,
in all 4. bufoniformis as well as the males of 4.
arthuri, A. mindoensis, A. halihelos, and A. bomo-
lochos, while, in the longirostris group, values
above 33 are characteristic of both sexes of 4. pal-
matus, and the females of 4. longirostris. A pachy-
dermus, of the ignescens group, is completely
intermediate in this character, with as many in-
dividuals in both sexes with values above 33 as
those below. The mean for females in this species
is 31.7, for males it is 33.2.

It is apparent from the figures above that sexual
dimorphism occurs in some of the species, but
again it is a mixture between groups. In the ignes-
cens group significant differences exist between the
means for the sexes in A. bomolochos, A. arthuri,
and A. mindoensis, while there are no sexual dif-
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ferences within A. boulengeri or A. pachydermus,
and the means for the sexes in A. ignescens are
very narrowly different at the 95 percent level. In
the (ongirostris group, significant sexual differences
in this character exist in A. longirostris at a high
level of significance, and in 4. pulcher with only
marginal significance, but not at all in 4. elegans.
It appears likely that sexual dimorphism exists in
A. balios, and perhaps not in 4. palmatus, but the
samples are insufficient to be certain of either.

Heap WivtH/HEeAp LENGTH.—As seen in Figures
7 and 8, the members of the ignescens group are
characterized by a broad head in relation to its
length (measured from the tip of the snout to the
posteriormost point on the dorsal midline). This
is most exaggerated in A. ignescens itself. The
distinction between the two groups is not sharp,
and several species show an intermediate condition.
Within the ignescens group, A. bufoniformis, A.
ignescens, A. arthuri, A. pachydermus, and A. bou-
lengeri are quite distinct, with all the individuals
showing a ratio of 95 or more. Also, within the
longivostris group, A. planispinus, A palmatus, and
A. longirostris are equally distinct, with ratios gen-
erally below 92. Three species in the ignescens
group also show such low values, however, includ-
ing A. bomolochos, A. halihelos, and A. nepiozo-
mus, with the means for the last two significantly
different from all other species in the group, and
with the latter two having mean values below 90.
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FIGURE 7.—Species comparison, males, for the ratio head width/head length X 100.



NUMBER 145 7

BUFONIFORMIS —t— BUFONIFORMIS - an
==u IGNESCENS
gol:fgl_ccfgl-lsos == BOMOLOCHOS i
ARTHURI —f—
ARTHURI —t— PACHYDERMUS [ = m
PACHYDERMUS =N NEPIOZOMUS ==u
NEPI0ZOMUS == BOULENGERI ==
BOULENGERI ==nu MINDOENSIS =u
MINDOENSIS =n POLCHER =n +
PULCHER = PLANISPINUS ==
BALIOS i PALMATUS ——
PLANISPINUS ==1 LONGIROSTRIS [ mw |
PALMATUS —— ELECANS el AL 5 g W5 w
LONGIROSTRIS = 80 100 120 140 160 180
FIGURE 10.—Species comparison, females, for the ratio tibio-
ELEGANS L ? fibula/head length x 100.

l '
70 80 90 100 o

FIGURE 8.—Species comparison, females, for the ratio head those of the Im."g“'os_t”_s group are generally ab(_)ve
width/head length X 100. 135. A. bufoniformis is very distinct, overlapping
only one other species in its total range of varia-

In the longirostris group, A. pulcher, A. balios,  tion.

and A. elegans all have higher ratios, indicating In those species for which there are sufficient
proportionately broader heads. individuals of both sexes for comparison, there is
There are no species with differences between no sexual dimorphism in the ignescens group, with
the means for the sexes that are statistically sig- the exception of A. mindoensis. In this regard A.
nificant, i.e., no sexual dimorphism exists in this mindoensis is more like the species of the longiros-
character. tris group, where a significant difference between
TisioFiBuLA/HEAD LENcTH.—This ratio, as the means for the two sexes occurs in all specnes
shown in Figures 9 and 10, demonstrates the dichot-  except 4. elegans.
omy of the two groups, and the intermediacy of TiBlorFiBuLA/KNEE To KNEE—This ratio (Fig-

A. mindoensis. Members of the ignescens group ures 11 and 12) is an attempt to express quantita-
generally have proportional values below 135, and tively a relationship often used in the earlier litera-
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FIGURE 9.—Species comparison, males, for the ratio tibio- FIGURE 11.—Species comparison, males, for the ratio tibio-

fibula/head length X 100. fibula/knee to knee x 100.



SMITHSONIAN CONTRIBUTIONS TO ZOOLOGY

ELEGANS
LONGIROSTRIS
PALMATUS
PLANISPINUS
BALIOS
PULCHER
MINDOENSIS
BOULENGERI
NEPIOZOMUS
PACHYDERMUS
BOMOLOCHOS
ARTHURI
IGNESCENS
BUFONIFORMIS

==
——
==
PR S

42 44 46

48 50 52 54 56 58

FiGURE 12.—Species comparison, females, for the ratio tibiofibula/knee to knee
x 100.

ture on anuran taxonomy. The lower limb is
placed parallel to the femur, which is extended at
right angles to the body, and the relationship of
the heels in this position is usually stated as over-
lapping, touching, or separated. Quantitatively, if
the heels overlap, the value of this ratio is usually
greater than 51, while if the heels are separated, it
is smaller than about 50. Most of the members of
the ignescens group give values below 50, while the
species in the longirostris group usually show ra-
tios above 51. A. bufoniformis shows the lowest
values of the genus in Ecuador. A. mindoensis di-
verges sharply from the ignescens group in this
characteristic, with all the males having ratios
higher than 51, and only 2 of the 16 females with
ratios below 51. 4. boulengeri is intermediate, with
values ranging from 48 to 52 in both sexes, al-
though in every case in this species the heels do
not overlap, as a consequence of the method of
measurement.

Although the two principal groups are distin-
guishable, and the means for this character are
significantly different between species of the groups,
the ranges of variation often overlap extensively,
and this is not a good character for population and
species differentiation. It appears that the propor-
tional relationships between these two parts of the
hind leg remain rather constant, even though in
the ignescens group the leg is short, stubby, and

muscular, while in the longirostris group the leg
is long, lean, and slender.

Sexual Dimorphism

In addition to the several characteristics dis-
cussed under the heading of comparative measure-
ments, there are other cases of distinctive sexual
dimorphism in Ecuadorian Atelopus. The most
conspicuous sexual difference is associated with the
act of clasping, which in this genus is a matter
of some magnitude, in light of the length of time
that the clasp is maintained. Males of most species
have a cornified edge on the first digit of the fore-
foot, and in several species this cornified area is
expanded well onto the second digit and adjacent
areas of the palmar surface. This horny area per-
mits external sex determination in almost every
case, since it is never present in females. The
amount of cornified tissue is considerably greater
than in most anuran species, and is presumably
very useful to the male in the maintenance of his
tenacious grip on the female while awaiting the
deposition of the eggs. Since amplexing pairs may
remain that way for as long as two weeks (see “Re-
marks” under A. ignescens), a good grip is rather
important.

Rivero (1963:109) has remarked, “Spiny or tu-
bercular skin is apparently not a sexual character






