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INTRODUCTION

The “Estacdo Biologica de Boracéia™ was es-
tablished in 1954 (Travassos and Camargo,
1958) within the Departamento de Zoologia da
Secretaria da Agricultura do Estado de Sio Paulo
(now the Museu de Zoologia of the Universidade
de Sdo Paulo [MZUSP]). The station, which is
surrounded by forested watershed, had formerly
been a field site where studies were conducted
on growing of cinchona for the production of
quinine. The first collections from the station site
to be deposited in a museum were made in 1946.
Since that time, several herpetologists have
worked at the station and a fine collection has
been amassed over the years.

The first and most extensive collections were
made by P.E. Vanzolini and Werner C.A. Boker-
mann in the late 1940s and early 1930s. These
collections at the MZUSP torm the nucleus of
the data base that made our studies possible.

A. Stanley and Patricia Rand. then working at
the museum in Sao Paulo. studied the ecology of
the frogs of Boracéia during the period of De-
cember 1962 through August 1964, They worked
the site on an almost monthly basis. concentrat-
ing on where the frogs cccurred and what they
were doing. The voucher specimens are depos-
ited in the MZUSP. A. S. Rand revisited Bo-
racéia in 1983 and 1984.

As part of the International Biological Pro-
gram, Craig E. Nelson undertook a project to
determine the relationship between niche breadth
and genetic variation of the frogs at Boracéia
with (then) two students, G. Bruce Williamson
and Gene Miller. Williamson and Miller were in
residence at Boracéia from November 1971
through April 1972, Nelson worked with them at
Boracéia in February 1972 and returned (with
Sharon and Laura Nelson) from October to de-
cember 1972, They collected a body of natural
history data, organized the available MZUSP
collection data on the frogs from Boracéia, and
prepared a preliminary annotated checklist of the
frogs of Boracéia. The niche breadth and genetic
variation studies have not been published.

W. Ronald Heyer (often with Miriam, Laura,
and Elena Heyer) worked the station at intervals

from 1975 to the present. The vouchers from
these trips are mostly in the USNM (National
Museum of Natural History, Smithsonian Institu-
tion) collection.

Two other herpetologists have visited the site,
making collections associated with their studies.
Charles W. Myers worked the station in late Feb-
ruary and early March of 1979. The voucher
specimens are at the AMNH (American Museum
of Natural History). James P. Bogart (with Jo
Ellen Bogart) worked at the station in November
1969. His vouchers are in the TNHC (Texas
Natural History Collections, Austin) collections.

There have been three others who have added
to our knowledge of the frogs of Boracéia
through more or less consistent, incidental col-
lecting. Emesto Rabello (who collected insects),
Gertrude Rita Kloss (who studied parasites of
amphibians and arthropods) and Francisca Caro-
lina do Vat (who studies Drosophila) have been
administrative officers for Boracéia. Part of their
responsibilities include monthly trips to the sta-
tion. During those trips, they and others accom-
panying them would collect frogs, particularly
any that seemed unusual to them.

These combined field efforts have resulted in
an extensive data base for the frogs of Bo-
racéia. The importance of summarizing the accu-
mulated data on the Boracéia frogs has been rec-
ognized for many years. At one time, A.S. Rand
was planning to publish a summary, based
mostly on his field notes. Later, Nelson sug-
gested to Rand that they combine their data to
produce a summary. These efforts did not reach
fruition. Finally, Heyer proposed a two-step so-
lution that led to this publication. First, all avail-
able data were assembled to determine what
kinds of data were available and what data were
missing. Second. we combined forces with (then)
MZUSP graduate students Carlos Alberto
Gongalves da Cruz and Oswaldo L. Peixoto to
undertake three additional field seasons of work
to fill in as much of the missing data as possible.
The field work was concluded in December
1984, 30 years atter the station was officially
established.
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The purpose of this report is to summarize our
knowledge of the frogs of Boracéia. This effort
represents the first in-depth site analysis of a frog
fauna for the entire Atlantic Forest Morphocli-
matic Domain of Brasil.

Work AT BORACEIA

Boracéia has been and remains important be-
cause it is logistically easy to work, and although
habitats are protected from destruction, careful
collecting is permitted. The frog fauna has been
sampled repeatedly as new techniques became
available that required fresh material. Boracéia
has become a reference site for anyone wishing
to study the rich endemic frog fauna of the At-
lantic Forests of Brasil. In the late 1940s, faunal
surveys were initiated and specimens were col-
lected and preserved in alcohol. In the early
1960s, surveys stressed ecological distributions.
In the mid 1970s, the Bogarts collected material
for the study of chromosomes and Nelson and
associates gathered samples for electrophoretic
analyses. collected some specimens, and recor-
ded calls. In the late 1970s, Heyer recorded vo-
calizations and increased sample sizes of mu-
seum series and Myers and Daly obtained speci-
mens for the study of skin toxins. In the early
1980s, Cruz and Peixoto concentrated on tad-
poles, and Heyer and Maxson collected blood for
immunological studies. Techniques now being
devoloped and others not yet even thought of
will surely be applied to the frogs of Boracéia.
Our hope is that this paper will facilitate future
studies.

THE FAuNA

The frog fauna of Boracéia, like that of the
rest of the Neotropics, is dominated by hylids
and leptodactylids, with a conspicuous but not
speciose bufonid element. Unlike much of the
Neotropics there are no dendrobatids and only
one, rare, microhylid. There are several genera,
particularly leptodactylids, that are endemic to
the Atlantic Forest and breed in bromeliads, on
land or in mountain streams,

THE SiTE

Boracéia is located in the State of Sdo Paulo,
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about 80 km E of the city-of Sdo Paulo, at about
230 38°S latitude, 45° 52°W longitude. Boracéia
is about 900 m above sea level in the Serra do
Mar, and about 12 km from the Atlantic coast. It
lies in the Atlantic Forest Morphoclimatic Do-
main (Figure 1); morphoclimatic domains, deter-
mined by geomorphological techniques, are de-
fined by the superposition of relief, soil, drain-
age, climatic and vegetation features (Ab’Saber,
1977).

The coast adjacent to Boracéia runs east and
west. The coastal plain is narrow (ca. 7 km
wide), bordered by a steep escarpment rising in
2-3 km to a hilly plateau (ca. 900 m) that slopes
gradually to the north. Boracéia sits on the crest
of the escarpment. Local relief on the plateau is
about 100 m from hilltop to river bed. The es-
carpment is drained by a series of short steep
streams that flow directly into the Atlantic. The
plateau is drained by a more complex system of
streams that drain north to the Rio Tiete and
west, eventually to the Parana. Boracéia is on the
divide between two small rivers: the Rio Claro,
which drains to the Rio Tiete, and the Rio Guara-
tuba, which drains directly into the Atlantic.
Many of the larger streams in this area have been
dammed to act as reservoirs for the water supply
for the city of Sio Paulo.

The Estacdo Biologica de Boracéia is in a
16,450 ha reserve of the Departamento de Aguas
e Esgotos (Travassos and Camargo, 1958). Ac-
cess to Boracéia is via a dirt road that passes a
manned gate house at the water treatment plant
at Casa Grande about 7 airline km to the west of
Boracéia; the road ends at a reservoir {Represa
Ribeirdo do Campo) perhaps 5 airline km more
to the west. The distances by road are substan-
tially more.

The soil is sandy, with a top layer of 10-15
cm of brown soil and on top of that a thin layer
of dead leaves scattered with many dead
branches and logs. The forest floor surface is
usually damp, often soaking wet. and (at least on
our visits) even at its driest, it was damp under-
neath logs.

The area is among the wettest in Brazil. It
gets much rain (the average annual rainfall from
1925-1944 was 3058 mm. [Setzer. 1946], Figure
2) and much moisture as fog. The prevailing
wind is from the south, where it originates over
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the sea and, as it is pushed up over the escarp-
ment, water condenses as tog or fine rain. The
crest of the escarpment where Boracéia is located
gets more moisture than the coastal plain or the
plateau farther inland. A typical (but not neces-
sarily average) day at Boracéia dawns clear: after
an hour or two of sun, the clouds roll in from the
south bringing first fog and then rain. The after-
noon characteristically is rainy; the rain often
stops about sunset and by midnight the sky is
clear. Although this is the typical weather pat-
tern, there may be several days without rain or
with continuous rain. Generally the period from
November through January is warm and wet, the
peridd from May through August is cooler and
drier (Figure 2). The other months are quite vari-
able and commonly do not demonstrate a smooth
transition between the two major seasons (Figure
2). Temperatures below freezing occur occasion-
ally at Boracéia. Most frosts apparently have few
long-term eftects on the herpetofauna, although
as we have argued elsewhere (Heyer, Rand, Cruz
and Peixoto, 1988) the frost of 1979 seems to
have resulted in a major reduction in populations
of many species.

The coastal plain is largely cultivated,
whereas the escarpment and the adjacent portion
of the plateau are largely forested because they
serve as a catchment area for the water supply to
Sdo Paulo. This strip of forest about 10 km wide
extends for at least 100 km along the coastal
espcarpment.

Access to the reserve 1s limited to the employ-
ees of the Departamento de Aguas e Esgotos and
visitors to the Estacdo Bioldgica de Boracéia.
Human trails and tracks show that there is some
fishing, particularly in the reservoirs upstream.
The high occurrence of tapir tracks, particularly
in 1983 and 1984, argues that little hunting oc-
curs, The number of edible paims visible along
the road and elsewhere indicates little tree theft.

The forest around Boracéia is continuous ex-
cept for the breaks formed by the narrow dirt
access road, the aqueduct line, several small riv-
ers and the small man-made clearings around the
station itself (Figure 3). Though the elevation is
low, the topography, wind, high moisture and
vegetation have combined to produce a mist for-
est or cloud forest. The forest has a low, continu-
ous canopy, averaging ca. 5-10 m, highest in the
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valley bottoms so that the canopy smooths the
topography. The forest contains one tree and one
bush layer or stratum but the distinction is not
marked. The few emergents are mostly palms.
There are some trees with buttresses or stilt
roots. but not many. Complexes of horizontal
moss-covered roots, a tew decimeters above the
ground. are more conspicuous and characteristic,
particularly along the trails (where they may
have been created by erosion). The undergrowth
is relatively open in most of the forest, but
denser along the streams with herbaceous plants
including heliconias. One cannot walk far in a
straight line. but by detouring around trees and
bushes, it is necessary to cut only an occasional
vine or climbing bamboo tangle. Slender climb-
ing bamboos are common. as well as several
larger species (one Merostachys reaching ca. 10
cm in diameter). These large bamboos grow in
clumps and flowered simultaneously in the
1970s. There are many palms of several species.
Euterpe edulis is a conspicuous part of the can-
opy. Tree ferns and climbing vines are also
common, mostly small with many hanging roots
of philodendrons; large lianas are rare. Epiphytic
mosses of several varieties are conspicuous tea-
tures, growing on branches, roots. twigs and
even old leaves as well as on rocks and logs.
Only rarely do mosses form a carpet on the
ground. Bromeliads, including some very large
ones, grow everywhere — tree. branches and
trunks as well as on the ground (Color Figure 1).
There are many orchids and epiphytic ferns.
Strangler figs occur but not conspicuously. Mis-
tletoe 1s common. Lichens grow on everything.
On many trees the bark is completely covered
with epiphytes. Tree trunks tend to be canted
from the vertical and are often bent. and usually
branch close to the ground: columnar trunks
without low branches are not common,.

The station’s buildings sit in a clearing of
about 60,000 sq meters (Figure 3). This, clearing
was a grassy pasture in 1963-64. By 1971-72
most of the area south of the road except in the
immediate vicinity of thie buildings was covered
by low thickets of second growth as was the area
north of the road and to the east of the scientists’
residence. In contrast, the cleared area north of
the road and west of the scientists’ residence
was being maintained as a “pasture,” despite the
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absence of livestock, by frequent cutting. Similar
cuttings maintained yards around the buildings.
By 1983 the pasture had grown up into young
second growth. At times, a small stream in the
clearing has been dammed with boards to form a
pond (during Nelson’s and Heyer’s visits in the
1970s it was present; the dam had been removed
by our visits in the 1980s). A second, small
earthen dammed pond was also present in the
pasture in 1971-72. When these ponds were pres-
ent, such frogs as Hyla polytaenia and Ololygon
hayii reproduced in them. The marsh adjacent to
and below the second pond was also occupied by
Leptodactylus fuscus. An aqueduct parallels the
road and the river; it carries water nearly 10 km
from the reservoir to the treatment plant at Casa
Grande. A strip (perhaps 20 m wide) above the
mostly buried aqueduct is cleared regularly, so
that it is always very young second growth. A
network of trails leads from the station clearing
into the forest (Color Figure 2), and to the aque-
duct and beyond it through the forest parallel to
the Rio Claro. Side trails from the Rio Claro trail
lead down to the river at several points. but two
are most used, one east and the other west of the
station where low falls and large pools make
good bathing and fishing spots.

Reference is made in the text to frogs associ-
ated with the forests and open formations of
Boracéia. “Open tormations” include naturally
occurring vegetations with open canopies. such
as those characteristic of the caatingas and cerra-
dos, as well as man-modified habitats such as
pastures. The only open formations we have
sampled at Boracéia are man-made as far as we
know. One question (presently unanswerable) of
interest is whether the open formation frogs of
Boracéia are invaders from the adjacent cerrado
frog fauna.

Surface water suitable for frog breeding is
present in a variety of places including bromeli-
ads, bamboos, tree holes in standing trees and
fallen trunks (Color Figure 3), temporary pools
in the ridges and slopes of the forest, holes left
by tip-ups, low spots on trails and in the ruts of
the dirt road. Under closed canopy, surface water
is typically associated with streams (Color Fig-
ure 4). The headwaters arise in seeps and springs
that are always wet and choked with leaves.
Small pools and trickles of water feed into small
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streams. The streambeds may be sandy, rocky or
muddy and choked with leaf litter. In some
places the streams run over rock walls and in
others the streams form a string of small pools.
At the edge of the forest and in the pasture, small
ponds or pools are open to the sky and are sur-
rounded by bushes and grass (Color Figure 5).
The main Rio Claro at Boracéia is 5 to 10 m
wide and is a fast flowing stream with a couple
of waterfalls spilling over rock outcrops with
pothole pools, below which deeper pools are
edged by a sand bar overgrown with grass, at
least between floods (Color Figure 6).

During most of our visits rain fell, the streams
were flowing, the moss and the litter were wet
and at least some frogs were active. Even on the
driest visits there was water in the river, pools in
the stream and the litter in the stream was damp
below.

Most collections and observations occurred
within 1-2 km of the station buildings, but two
more distant sites were regularly visited. One is
about 5 km to the west, almost to the end of the
road at the Represa Riberdo do Campo: it is an
abandoned rock quarry with sheer rock walls
about 5-7 m high, and a floor of gravel and rock
rubble, overgrown with grass clumps and bushes
(Figure 4). The walls are usually wet and there
are permanent trickles. The floor has a shallow
stream and several more or less permanent shal-
low pools. The second site, Lago do Aterro, lies
between the quarry and the station; it is a small
artificial reservoir bordered by a band of marsh
vegetation. cattails, grass and bushes (Figure 5).
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METHODS AND MaTERI2LS
Only data gathered from Boracéia have been

utilized in framing the descniptions. although
other data were used in amiving at taxonomic

decisions. The taxonomy of the Atlantic Forest

herpetofauna is sull in the discovery phase,

and there will certainly be further changes in

the names used for the Boracciz species. We

think we have recognized all Boracéia species
AN ARTIFIC

Ib. Five toes on cac L oo s ET  ner e enenen 2
2a. Pupils verucally clliptical .o 3
2b. Pupils round or horzontally elliptical

....................................................... 4

3a. Fingers lacking web ...
............................ Phvllomedusa cochranae

3b. Reduced but distinct web between fingers

IIland IV ...... Phyilomedusa appendicidata

4a. No inner metatarsal tubercle ..............
.............................. Viversiella microps

4b. Inner metatarsal tubercle present.....5

Sa. Prominent fleshy triangular extensions
(horns) on upper evelids extending over
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currently represented by specimens in the collec-
tions and adequately characterized each species,
so that future workers should have little trouble
in recognizing the taxa we present herein.

For adult morphological analyses, data were
gathered for a maximum sample of 10 males and
10 females. Where sample sizes were less than
10 of each sex, data were taken on all available
specimens. Heyer gathered these data, analyzed
them, and wrote the adult morphology sum-
maries.

For the larval morphologies, characteristic
individuals of each species were used for pur-
poses of description and illustration. Cruz and
Piexoto took these data and wrote the larval
morphology summaries and prepared the tadpole
illustrations.

Advertisement calls were analyzed by Regi-
nald Cocroft using a Kay Elemetrics Digital
Sona-Graph Model 7800. For certain analyses,
calls were filtered (also see glossary) using a
Briiel and Kjaer Frequency Analyzer Type 2121.

Ecological data come from field notes from
Rand and Rand, with supplementary data from
Bogart, Heyer, Myers and Nelson (including
Miller and Williamson).

Several potentially confusing teatures and
terms are defined in the glossary section.

The overall responsibility for producing the
manuscript was Heyer’s.

CIAL KEY TO THE ADULT FROGS OF BORACEIA

Sb.  Upper eyelids lacking such horns ............. 8
6a. Tympanum distinct externally ...........
............................. Ceratophrys uurita

6b. Tympanum not visible externally ....7

7a. Tip of snout with triangular fleshy append-
AZE e Proceratophivs melanopogon

7b. Tip of snout lacking appendage ..................
................................... Proceratophrys boiei

8a. Thumb prepollex present ................, 9
8b. Thumb lacking externally visible pre-
POIEeX (o 17

9a. Fingers without distinct web: posterior sur-
face of thigh dark with distinct. discrete
light SPOts ...coovevreeiininenns Hyla albopunciata
9b. Fingers usually with noticeable web. at
least between fingers Il and 1V; posterior
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lla.

I1b.

13a.

13b.

15a.

15b.

17a.

17b.
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surface of thigh uniform or with vertical
stripes or ocelli, never with distinct light
SPOLS teeietriiteeerer ettt s et et en e e ee s e 10
10a. Dorsum uniform brown or lavender
(green in life) with distinct pair of
white dorsolateral stripes
....................................... Hyla prasina

10b. Dorsum usually striped or blotched,
never with distinct single pair of
white dorsolateral stripes ............... i1
Upper and outer shank with distinct dark
stripe or band extending along length ....12
Upper shank without distinct longitudinal
stripe or band, may be cross-barred........ 13
12a. Posterior surface of thigh usually with
distinct dark vertical bars or ocelli;
larger, males greater than 35 mm
SVL, females greater than 50 mm
SVL e Hyla multilineata
Posterior surface of thigh usually uni-
form or with small spots; smaller,
males less than 35 mm SVL, females
less than 45 mm SVL ...
.................................. Hyla polytoenia
Finger webbing extensive, extending at
least to base of most distal subanticular
tubercle (tubercle number 1) on fourth fin-
BET ettt e Hyla pardalis
Finger webbing present, but not as exten-
sive, not extending beyond second subar-
ticular tubercle on fourth finger.............. 14
14a. At least a finger webbing formula of
II1 2 1/4-2*1V; large sized (adult SVL

of at least 95 mm .............. hyla faber

14b. At most a finger webbing formula of
1T 2 1/2-2 1V: moderate sized (adult

SVL no larger than 70 mm) .......... 15
Posterior thigh stripes usually faint; SVL
less than 45 mm ......ccoeeeee Hyla astartea
Posterior thigh stripes very distinct; SVL
greater than 50 mm ... 16
16a. Tympanum moderate, diameter just
less than 1/2 eye diameter Hyla hylax

16b. Tympanum large. diameter 3/5-3/4
eye diameter. ........... Hyla circumdata

Toes with expanded disks with a circumfer-
ential groove or a pair of dorsal scutes .. 18
Toes pointed or expanded, if expanded
lacking a circumferential groove or a pair of
dorsal SCULES ...eovvvrivreeiiceerr e 48

I2b.

19a.

19b.

2la.

21b.

18a. Toes with distinct web, at least be-
tween toes 1V and V... 19
18b. Toes without web, toes fringed (fring-
ing may unite basally), or sides of

toes smooth or ridged .................... 37
Fingers with distinct web, at least basally
between fingers 11T and 1V ................... 20
Fingers lacking web ....ccocccviiiiciinnine 31

20a. Low, but distinct cranial crests

................ Osteocephalus langsdorffii
20b. No cranial crests
Dorsum whitish, cream, or lavender (green
in life); posterior surface of thigh pig-
MENLIESS «oviiviiiie e 22
Dorsum with browns or tans; posterior sur-
face of thigh usually with melanophores,
may be central pigmentless area ............. 27
22a. Distinct white or dark postocular

stripe, canthal stripe usually present .

........................................................ 23
22b. No postocular or canthal stripes....24

a. Snout acute in profile; smaller. males not

exceeding 32 mm SVL ...
........................ Sphaenorhynchus orophilus

3b. Snout rounded or acutely rounded in pro-

27a.

27b.

file: larger, males larger than 38 mm SVL
.......................................... Hyla albofrenata
24a. Vomerine teeth absent
24b. Vomerine teeth present.................. 26

. Snout rounded; no upper lip ridge; dorsal

pattern of rather regularly spaced pigment
cells i Centrolenella eurygnatha

. Snout spatulate; upper lip ridge present,

dorsal pattern reticulate .....o..oocevevirivincrinnn
........................... Centrolenella uranoscopa
26a. White highlighted transverse oval

surrounding vent

................................ Hyla albosignata
26b. Transverse white highlighted ridge

above vent only, white highlighted

pustules surrounding vent ..................

................................. Hyla leucopygia
Posterior surface of thigh with distinct pig-
mentless area (bright orange red in life);
white area under eyelang below tympanum
................................................ Hyla microps
Posterior surtace of thigh uniform tan,
brown, or spotted, or with scattered
melanophores; usually no white area under
eye and below tympanum



29a.

29b.

31a.

31b.

33a.

33b.
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28a. Toes more fully webbed. formula of
1 1/3 on inner side of toe IV .....cccevvnene.
..................................... Hyla senicula
28b. Toes with less webbing, maximum
index of 2 on inner side of toe IV ....

Posterior surface of thigh usually with dis-
tinct light spots on a dark field; larger, size
exceeding 39 mm SVL ... Ololygon hayii
Posterior surface of thigh rather uniform:
smaller, males not larger then 35 mm SVL

30a. Dorsum usually with large dark spots,
rarely striped; larger, at least 29 mm
SVL e Ololygon crospedospila
Dorsum usually with a pair of mid-
dorsal longitudinal stripes, never
spotted, rarely uniform; smaller, less
than 25 mm SVL ........... Hyla minuta
Posterior surface of thigh rather uniform tan
or brown; wrists with a distinct dark band.
........................................... Fritziana fissilis
Posterior surface of thigh with boldly
moitled or spotted pattern; wrists lacking a
distinct dark stripe .....c.ccccoeccinnviniiinnnnn. 32
32a. Small, males not exceeding 19 mm

SVL., females not exceeding 21 mm

SVL i Ololygon perpusilla
32b. Larger. adult males and females at

least 22 mm SVL ....oovviniirieecnn . 33
Toe webbing reduced, no more than web of
3* on outer side of toe IV and 2 on inner
side of toe V ..o, Fritziana ohausi
Toe webbing more extensive, at least web
of 3 on outer side of toe IV and | 2/3 on
inner side of toe V .........cccoovvvnnnnneecncnn 34
34a. Dorsal pattern with dark interor-

bital triangle and light snout and

light oblong area on back behind in-

terorbital triangle bordered on either

side by usually well defined dark dor-

saleral stripes, pattern defined by

smooth edges; smaller, males 10 23

30b.

ianguilara
Dorsal pattern usually lichenous or
with dark chevrons, any pattern ap-
proaching that of 34a with irregular
or crenulate edges: larger. males
greater than 25 mm SVL .............. 35

34b.

35a.

35b.

[SYRR SN}
~J ~]
= 2]

39.

+1hb.
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Belly uniform creamy tan; inner tibia
mottled or with light spots ...
...................................... Ololygon x-signata
Belly distinctly mottled brown and cream;
inner tibia with very distinct pattern of al-
ternating dark and light vertical bars or
MATKINGS 1eoeviieieree e reeenes 36
36a. Dorsal pattern complexly lichenous,
indented light H mark not noticeable
.................................. Ololygon brieni
36b. Dorsal pattern simpler, not noticeably
lichenous, with at least a noticeable
{although interrupted) light indented
H mark extending from the backs of
the eyes to past the shoulder region..
........................ Ololygon flavoguttata

. Sides of toes with fringes ......cccccvvverernenne 38
. Sides of toes smooth or with weak ridges,

not with well developed fringes.............. 42
38a. Vomerine teeth absent; cornified
spines on inner side of thumb in both

38b. Vomerine teeth present; thumb spines
usually absent, if present, weakly
developed and only on males ........ 40

. Canthal stripe sharply defined dorsally,

blending into loreal pattern ventrally; 3
spines per thumb .....Crossodactylus dispar
Canthal stripe sharply defined dorsally and
ventrally: 2 spines per thumb......................
...................... Crossodactylus gaudichaudii
43a. Tympanum hidden; adults large (fe-
male 121 mm SVL) .o,
............................. Megaelosia goeldii
20b. Tympanum distinct; adults smaller
(SVL tess than 52 mm) ..
Light lateral stripe along upper flank, dis-
tinct at least posteriorly . Hylodes phyllodes
No light lateral stripe........ Hylodes asperus
42a. Dorsum with series of more or less
parallel ridges on body; larger, males
exceeding 30 mm SVL, females ex-
ceeding 45 mm SVL ....cocoieinnn
................... Eleutherodacty binotatus
Dorsum usually lacking ridges, if
ridges present, not arranged in more
or less parallel rows on body; smaller,
males not larger than 28 mm SVL,
females not larger than 40 mm SVL.
........................................................ 43

42b.
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43a,

43b,

45a.

45b.

47a.

47b.

49a.
49b.

Sla.

51b.
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Tips of largest toe disks pointed .................
............................ Eleutherodactylus parvus
Tips of largest toe disks ovate or indented

Groin and front of thigh with bold dark and
light mottled pattern .......c..occoeveviiecriveneeennnne
.................... Eleutherodactylus nigriventris
Groin and front of thigh without distinctive
pattern
46a. Distinct, dark, broad, even ¢ye mask
from tip of snout through tympanum
to past arm insertion on flank, canthal
portion as wide as portion including
TYMPANUIT ...oeeiiiereiineenececnee e
................. Eleutherodactylus hoehnei
Eye mask, if present, irregular with
canthal portion much narrower that
portion in area of tympanum ......... 47
Tympanum distinct; larger, males at least
19 mm SVL, females at least 25 mm SVL
........................ Eleutherodactylus guentheri
Tympanum indistinct; smaller, males less
than 19 mm SVL, females less than 25 mm
................... Eleutherodactylus spanios
48a. Toes webbed .......ccoevevv e, 49
48b. Toes without web, sides of toes

smooth or with fringes that join ba-

SALY o 53
Tympanum diStNCt ....o.coeeeeeeirieinnererinnse 50
Tympanum not visible externally
50a. Upper lip with distinet light mark

below eye; smaller, less than 100 mm

SVL e Bufo crucifer
50b. Upper lip lacking a distinct light mark

below eye; larger, greater than 115

mm SVL ... Bufo ictericus
Iris lacking dorsal meniscus; small, less
than 22 mm SVL ..o
............... Dendrophryniscus brevipollicatus
Iris with dorsal meniscus; larger, greater
than 35 mm SVL ..o 52
52a, Moderate webbing (at least web of 1

on inner side of toe V); not as warty,

size of warts rather homogeneous .....

............... Cycloramphus boraceiensis
52b. Reduced webbing (maximum web of

1 1/2 on inner side of toe V); ex-

46b.

53a.
53b.

55a.

55b.

57a.

57b.

59a.

59b.

6la.

61b.

tremely warty, size of warts heteroge-

TMCOUS «vevvreeeeereereeseessneesressaesareneeesransens
............. Cycloramphus semipalmatus
Vomerine teeth absent ............ccoevevieneee 54
Vomerine teeth present.......ococeccevvennnnns 57

54a. Distinct tarsal tubercle present ..........

.......................... Physalaemus cuvieri
54b. No tarsal tubercle .......ccovevreeennennn, 55
Distinct light pin-stripe from eye to
shoulder ........cccoonneveneee. Physalaemus olfersi
No light pin-stripe from eye to shoulder....

S56a. Sole of foot with a few fleshy light

tubercles ...... Physalaemus franciscae
56b. Sole of foot smooth .........cccoeeveeevernnns

................ Physalaemus maculiventris
Dorsum uniformly bumpy ......cccccocvvevennneenn.
................................ Holoaden luederwaldti
Dorsum smooth or ridged or with folds, or
with small tubercles, but never covered
with large, uniform bumps ........cccccooeeas 58
58a. Outer tarsus and sole of foot covered

with many white tubercles.................

...................... Adenomera marmorata
58b. Outer tarsus and sole of foot usually

smooth, or, if tuberculate, with a few

scattered white tubercles on sole of

foot only or with brown-tipped tu-

bercles.....ovivieneniiniee e 59
Fingers flattened; small (SVL not exceed-
ing 20 mm).......... Paratelmatobius gaigeae
Fingers rounded (normal); moderate to
large (SVL greater than 35 mmj............. 60
60a. Tympanum hidden ........ccccoocoveiirnenn

....... Cycloramphus eleutherodactylus
60b. Tympanum distinct
Toes distinctly fringed, fringes adpressed to
TOES e evrverrrervneneianeen Leptodactylus ocellatus
Toes smooth or with ridges extending rig-
idly from sides of toes, never adpressed on
TOES wovvirier et e 62
62a. Back with 6 distinct dorsolateral
folds; posterior surface of thigh with
light stripe on lower portion: adults
smaller, SVL of males less than 30
mm, of females less than 60 mm ......
.......................... Leptodactylus fuscis
Back with no more than 4 darse-
lateral folds; posterior surface of
thigh lacking distinct light stripe:

62b.
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adults larger, SVL of males greater

than 50 mm, of females greater than

60 MM ..o 63

63a. Distinct light stripe from under eye, below
tympanum, at least to posterior angle of
jaw:; male thumb with 1 or 2 large dark
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spines; larger, SVL greater than 120 mm ..
............................ Leptodactylus flavopictus
63b. No distinct light stripe under eye to jaw;
male thumb with many dark spines;
smaller, SVL less than 85 mm....................
......................................... Thoropa miliaris.

SPECIES ACCOUNTS

FaMmiLy BRACHYCEPHALIDAE

Brachycephalus nodoterga Miranda-Ribeiro

Color Figure 7

Brachycephalus ephippium nodoterga Miranda-
Ribeiro, 1920b.0Original description.

Nomenclatural Note. — We disagree with
Cochran’s (1955:7) statement: “The so-called
varieties of Brachycephalus described by Mi-
randa-Ribeiro as atelopoide, nodoterga,
garbeana, and bufonoides, said to occur with one
another or with typical ephippium, are properly
synonyms of ephippium since there is no valid
zoogeographic or structural basis on which to
separate them.” The Brachycephalus at Boracéia
differs from the Brachvcephalus of the Serra da
Mantiqueira and Serra dos Orgdos in being
smaller and not bright orange in life. The larger.
bright orange species is ephippium. Re-examina-
tion of Miranda-Ribeiro’s types (bv CEN) con-
firms many of the structural distinctions he drew.
Roy W. McDiarmid. who is studving the com-
plex. informs us (pers. comm.) that the Boracéia
Brachycephalus may represent a new species. In
the meantime. we use nodoterga to emphasize
that the Boracéia Brachyvcephalus is not con-
specific with ephippium.

Diagnosis. — Brachycephalus nodoterga is
the only species at Boracéia with 3 toes on each
foot.

Adult Morphology (N = 1 male, 7 females).
— Snout outline subovoid to semicircular from
above, rounded to vertically rounded in profile:
short pair of postorbital crests, a pair of bosses
about equidistant between postorbital crests, and
a low anteriorly downward sloping ridge behind
the eye on the side of the head distinct or not:
upper eyelid smooth or with small pustules; no

visible external tympanum: male vocal sac fold-
like. not expanded: male vocal slits very small,
posterior to tongue: no vomerine teeth; fourth
finger very reduced. almost absent. third tinger
longest. first shortest: finger tips pointed. not
disked: tingers not webbed. tinger with extensive
fleshy lateral ridges: finger subarticular tubercles
indistinct: male thumb lacking asperities: no
torearm fold: no prepollex: no distinctive body
glands or folds: small ossification centers scat-
tered over dorsum. concentrated as pebble-like
netword on head and over vertebral column,
additionally, dorsum scattered with small pus-
tules; belly with many to no pustules: feet with 3
toes, inner shortest, outer longest: toe tips
pointed, not disked; toes not webbed. toes with
fleshy lateral ridges; inner and outer metatarsal
tubercles indistinct; heel smooth: posterior sur-
face of tarsus smooth: foot smooth.

Dorsal pattern ranging from pigmentless to
background of suffused light brown melano-
phores highlighted with pigmentless pustules;
side of face. flanks. and venter either lacking
pigment or with a few scattered melanophores;
posterior surface of thigh without pigment, with
an outline network of melanophores. or with
scattered pustules as on dorsum.

SVL 11.8 mm (male}, 12.7-14.5. mean 13.4
mm (females): mean head length 36% SVL
(females): mean head width 409 SVL (females);
mean thigh length 36% SVL (females); mean
shank length 34% SVL (females); mean foot
length 29% SVL tfemales): (all male percentages
fall into female ranges).

Life Colors. — Iris black. Dorsum greenish
vellow to dark gray-green with yellow warts,
warts in regular rows or scattered; front of eye
around snout same as dorsal color or yellow or-
ange: arms pale golden yellow to orange with
gray green ground color speckled on upper arm.
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fading out on forearm; hands and feet same color
as limbs or orange; one individual with a large
black spot on the posterior dorsum. Undersides
of feet, hands, and forearms orange; throat clear;
belly clear, yellow with or without white spots,
or dirty chrome yellow.

Larval Morphology. — Brachycephalus
ephippium fom Itatiaia has direct devolopment
(Gouvéa, pers. comm.). It is presumed that B.
nodoterga also has direct development. The lar-
vae described as Brachycephalus by Cochran
(1955:7) are Centrolenella eurygnatha and Cen-
trolenella uranoscopa (Heyer, 1985a).

Advertisement Call. — A low buzz, similar to
the call of B. ephippium. The call has been heard
during the day from the forest floor, but has not
been tape recorded. Calling individuals were im-
possible to find.

Ecology. — All specimens were taken from
the forest. Of the specimens with ecological data,
all were collected on the forest floor surface. One
was on a log across the trail and a second was on
a forest trail. The rest were collected from the
leaf litter: 15 from one small area of exception-
ally large trees along a small stream, 9 from two
ridgetop litter plots, and isolated individuals
from other litter plots. One was collected from
forest next to the road 5 km E of the scientists’
residence. Specimens have been collected from
October through March and May. Most of the
specimens were taken in 1969-1972. Although
the species was very patchily distributed even
then and usually required hand and knee
searches, it was likely more abundant then than
earlier or later when the same areas were
searched.

FaMiLy BUFONIDAE
Bufo crucifer Wied
Bufo crucifer Wied, 1821. Original description.

Diagnosis. — The species with any develop-
ment of cranial crests from Boracéia are Bra-
chycephalus nodoterga, Bufo crucifer, Bufo
ictericus, Dendrophryniscus breyipollicatus, and
Osteocephalus langsdorffii. Crests are strongly
developed in Bufo crucifer and ictericus, weakly
developed or absent in B. nodoterga and D.
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brevipollicatus. Only the two Bufo have distinct
preocular crests and distinct parotoid glands.
Bufo crucifer is smaller (males 63-77 mm SVL,
females 79-95 mm) than ictericus (males 115-
140 mm, females [28-154 mm), has smaller pa-
rotoid glands than ictericus, and has some form
of light cream colored bar, stripe, or mark on the
upper lip below the eye (no such distinct light
mark under the eye in ictericus).

Adult Morphology (N = 10 males, 9 females).
— Snout outline subelliptical to rounded from
above, rounded to rounded-vertical in profile;
supraorbital, preparatoid, canthal, and preocular
cranial crests well developed, nostril to tip-of-
snout crest. parietal, pretympanic and post-tym-
panic crests present or absent; upper eyelid with
a fleshy ridge continuous with canthal crest, sur-
face of upper evelid covered with brown tipped
tubercles: tympanum large and distinct, diameter
just larger than 1/2 to about 2/3 diameter of eye;
male vocal sac single. subgular, not modified
externally; vocal slits in male small or moderate
in size: no vomerine teeth.palatine ridges well
developed: finger lengths II = IV <1 < ll: finger
tips lacking disks. pointed or slightly swollen;
fingers without webbing, sides of fingers with
weak to moderate ridges; basal subarticular tu-
bercles on fingers large and pungent. other
subarticular tubercles small, rounded. entire or
bifid; males with tan or brown nuptial pad on
thumb, with some or quite a bit on the inner side
of finger I, inner sides of fingers III with or
without nuptial pad; row of tubercles present or
absent along outer forearm fold region: no pre-
pollex; parotoid gland well developed with con-
tinuous or discontinuous glandular fold extend-
ing from paratoid gland to just past mid-body on
flank or instead of fold, a distinct to barely dis-
cernable row of warts: dorsal texture warty with
many brown-tipped tubercles: belly granular
with or without small scattered tubercles; toe
lengths I<II<SV<III<IV: toe tips slightly swollen
or not. not disked: male modal toe webbing for-
mulal 1 1/2-2-11'1 1/4-3 111 2--3 2/3 1V 3 3/4-2
V. female I 2-2- 111 1/3-3" 111 2 1/4-3 2/3 IV 4
-2* V: inner metatarsal tubercle ovoid, same size
or slightly larger than rounded pungent or roun-
ded-ovoid non-pungent outer metatarsal tubercle;
heel lacking decoration; indistinct to prominent
tuberculate inner tarsal fold continuous along 2/3
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of tarsus or interrupted; outer tarsus and sole of
foot with many large tubercles, tubercles brown
tipped or not.

Dorsum characteristically with light mid-dor-
sal stripe from eye to vent bordered laterally by
dark brown pin stripes bordered in turn by brown
stripes darker than rest of tan to brown dorsal
ground color, light stripe sometimes extending to
tip of snout, light stripe sometimes reduced to
pin stripe or lighter pin stripe sometimes evident
within broader light mid-dorsal stripe. rest of
dorsum with or without scattered dark spots.
flank fold dark outlined or not. upper limbs uni-
form. complexly patterned. or indistinctly
banded: front of snout tan or brown. same color
as dorsal ground color. cream bar under eye on
upper lip extensive and distinct to represented by
a trace only, cream bar highlighted in front and/
or back by dark brown or not, entire upper lip
highlighted with cream stripe or not, large dark
brown area surrounding and including tympanum
with or without extension over parotoid gland;
flank pattern an indistinct blending of dorsal and
ventral patterns or with dark spots on a tan
ground color or with a broken dark stripe along
the glandular fold from the parotoid gland to
groin; throat gray, belly mostly cream with
brown or gray mottling, dark mottle sometimes
extensive on front of belly, light mid-ventral stri-
pe on belly present or absent; posterior surface of
thigh tan with indistinct light mottling or with a
few dark brown spots, light pin stripe from above
vent to just inside knee present or absent.

SVL 63.4-76.9, mean 68.4 mm (males). 78.8-
95.3, mean 84.8 mm (females): mean head
length 33% SVL:; mean head width 36¢ SVL.:
mean thigh length 44% SVL. mean shank length
45% SVL; mean foot length 47% SVL (males).
45% SVL (females).

Life Colors. — Iris slightly paler than lemon
yellow to golden. Dorsum brown (several
shades), gold, greenish gold, or green and
bronze, mid-dorsal stripe mustard color edged
with black, tan streak from eye to upper lip, back
and legs sometimes with pink splotches. Venter
black with flecks of bronze. Posterior surface of
thigh mottled dirty yellow and brown/black. No
flash colors.

Larval Morphology. — Body oval in dorsal
view, slightly wider than deep; snout broadly
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rounded in dorsal view; nostril closer to eye than
tip of snout; distance between nares 69% interor-
bital width; nares elliptical; eye 12% body
length, situated dorsolaterally and directed later-
ally; opening of the sinistral spiracle directed
posterodorsally on the midline about 68% body
length; anal tube median; tail height slightly less
than body height; dorsal fin origin on body-tail
juncture: dorsal and ventral fins slightly arched;
dorsal fin acutely rising at the origin; tail muscu-
lature not reaching the rounded tail tip; anterov-
entral mouth width equal to 40% body width; a
single row of oral papillae only on the lateral
parts of the lips. some inner scattered papillae
present; tooth row formula 2(2)/3; beak moder-
ately developed, finely serrated.

Body and most of the tail musculature uni-
formly black, a ventral unpigmented longitudinal
stripe on tail musculature; fins transparent with
few scattered black flecks on dorsal fin. In life,
body and tail musculature blackish; fins transpar-
ent (Figure 13).

Larval Habitat. — Larvae were collected from
temporary pools on the road near the station
buildings.

Advertisement Call. — Calls given sporadi-
cally; call duration about 4-7 s; about 60-150
notes per call; note duration 0.03-0.06 s: note
rate 11.5-15.5 per s; notes pulsed or strongly
partially pulsed, each note of 4-7 pulses; note
pulse rate about 130-170 per s; calls not noticea-
bly frequency modulated; call beginning quietly,
quickly becoming loud and staying loud; domi-
nant frequency range 960-1750 Hz; only first
harmonic apparent (Figure 35).

Ecology. — Most calling occurs after dusk
in or next to road puddles and ponds in the pas-
ture. Specimens have been collected during
the day and at night from almost every ter-
restrial habitat, including forests, secondary for-
ests, clearings, and pastures. Eleven individuals
were taken from forest litter plots. One was re-
covered from the stomach of a Liophis. Speci-
mens have been collected from August through
May.

Bufo ictericus Spix

Figure 6

Bufo ictericus Spix, 1824. Original description.
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Diagnosis. — The species from Boracéia with
any cranial crest development are Brachycepha-
lus nodoterga, Bufo crucifer, Bufo itericus, Den-
drophryniscus brevipollicatus, and Osteocepha-
lus langsdorffii. Crests are strongly developed in
Bufo ictericus and crucifer, weakly developed or
absent in B. nodoterga and D. brevipollicatus.
Only the two Bufo have distinct preocular crests
and parotoid glands. Bufo ictericus is larger
(males 119-140 mm SVL, females 128-154 mm)
than crucifer (males 63-77 mm, females 79-95
mm), has larger parotoid glands than crucifer,
and the upper lip does not have a light cream
colored bar, stripe, or mark below the eye such
as is found in crucifer.

Adult Morphology (N = 10 males, 10 fe-
males). — Snout outline rounded-subelliptical to
slightly obtuse from above, rounded, rounded-
vertical, or vertical in profile; tip of snout to
nostril, canthal, preocular, supraorbital, pretym-
panic, parietal, and preparatoid cranial crests
well developed, externally visible maxillary
ridge present or absent; upper eyelid with fleshy
marginal ridge, upper eyelid surface covered or
scattered with black tubercles: small to moderate
sized tympanum, diameter less than or equal to
1/2 diameter of eye, posterior portion of tympa-
num sometimes covered by parotoid gland: male
vocal sac single, not noticeably externally modi-
fied; males with vocal slits; vomerine teeth ab-
sent, palatine ridges present; finger II<IV<III<I,
no finger disks, finger tips keratinized or not;
fingers without webbing, sides of fingers with
fleshy ridges; basal finger subarticular tubercles
large, somewhat pungent, other finger subarticu-
lar tubercles smaller, single or bifid; male nuptial
pads brown or black, extensive on inner sides of
fingers I and II, extensive to absent on inner side
of finger III; no forearm fold; no distinct prepol-
lex; extensive parotoid glands, almost as long as
head; dorsum of males warty with black tipped
tubercles, dorsum of females with glandular
warts, no tubercles, ventral texture granular with
numerous small black-tipped tubercles; toe
lengths I<IISV<III<IV; no toe disks, toe tips ker-
atinized or not; modal toe webbing formula I 1*-
211 1-3- 11 2-3 1/2 1V 3 1/2-2° V; inner and outer
metatarsal tubercles subequal or inner larger than
outer, inner rounded-ovate, outer rounded, not
pungent; no heel decoration; tarsus with inner

fold extending from <1/2 to 2/3 length of tarsus;
outer tarsus warty with black tipped tubercles;
sole of foot warty with or without black tipped
tubercles.

Color pattern sexually dimorphic; males usu-
ally uniform tan, olive green, brown, or gray
above, rarely with a broad mid-dorsal light tan
stripe and two pairs of symmetrical dark brown
blotches on a brown ground color, female dorsal
pattern striking with boldly contrasting broad
light tan mid-dorsal stripe either straight margi-
ned or interdigitating with black ground color,
black ground cclor uniform or with light tan
spots, some individuals with a second light stripe
including the upper eyelids, parotoid glands to
the groin; face of males and females the same as
respective dorsal ground colors, upper lip of
males with many black tubercles, upper lip of
females with some black tubercles; flanks in both
sexes a jutaposition of dorsal and ventral colors
at mid-body, females with a dark post-tympanic
band extending across lower parotoid gl-ad, ei-
ther bordered above and behind by a light band
or light band missing: venters of both sexes light
with bold to faint dark marmorations: posterior
surface of thighs in both sexes ranging from uni-
form (same color as dorsal ground color) to
boldly dark and light mottled.

SVL 115.3-139.6, mean 128.1 mm (males),
128.0-154.0, mean 137.3 mm (females); mean
head length 30% SVL; mean head width 39%
SVL; mean thigh length 39% SVL; mean shank
length 37% SVL (males), 36% SVL (females);
mean foot length 40% SVL.

Life Colors. — Iris metallic green with black
band through pupil or fluorescent green yellow
with black mottling; dorsum light brown, brown,
or black (females), snouts with or without green,
sometimes rusty-brown warts near vent; limbs
light brown with light to dark brown bands;
undersides of toe tips orange, fingers, toes and
hand and foot tubercles usually orange; belly
white with brown blotches; posterior thigh sur-
face of one male gray with white spots; no flash
colors as such but the female dorsal pattern very
striking.

Larval Morphology. — Body oval in dorsal
view, slightly wider that deep; snout rounded in
dorsal view; nostril nearer eye than tip of snout;
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distance between nares 84% interorbital width;
nares round; eye 13% body length, situated dor-
solaterally and directed laterally; opening of the
sinistral spiracle directed posterodorsally on the
midline about 61% body length; anal tube dex-
tral; tail height slightly less than body height;
dorsal fin origin on body-tail juncture; dorsal and
ventral fins arched; tail musculature not reaching
the rounded tail tip; anteroventral mouth width
equal to 33% body width; a single row of oral
papillae present only on the lateral parts of the
lips, few inner scattered papillae: tooth row for-
mula 2(2)/3: beak moderately developed and
finely serrated.

Body and tail musculature uniformly black
pigmented: tail fins transparent with faint black
tflecks on the dorsal and tip of the ventral fin. In
life. body and tail musculature black; fins trans-
parent (Figure 14).

Larval Habitat. — Larvae were collected from
the (former) pasture pond near the caretaker’s
house below the scientists’ residence and in shal-
low water at edges of rivers.

Advertisement Call. — Calls given spora-
dically; call duration about 4-20 s; about 40-
180 notes por call; note duration 0.04-0.06 s;
note rate 8.5-9.0 per s; notes weakly to strongly
partially pulsed, each note of 1-3 pulses, pulse
rate about 65-85 per s; calls barely frequen-
cy modulated, beginning of call slightly lower
in frequency; call intensity constant; domi-
nant frequency range 320-850 Hz; harmonics
above the fundamental weak, if present (Figure
36).

Ecology. — Males were heard calling all day
on warm, rainy days in October; during the rest
of the reproductive season, calling occurs in the
early evening after dusk. The most commonly
used calling sites are in or next to road puddles,
pasture ponds, and a slow pasture stream. Males
also call from grass-covered sand banks along
the Rio Claro and are seldom seen away from
calling sites; boldly patterned females are com-
monly seen in the forest. Tadpoles have been
observed in side pools of the Rio Claro. Speci-
mens have been collected both during the day
and at night from the forests, secondary growth,
pastures and other clearings, including roads,
year-round except July.
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Dendrophryniscus brevipollicatus Jimenez de
la Espada

Figure 7

Dendrophryniscus brevipollicatus Jimenez de la
Espada, 1871. Original description.

Diagnosis. — Dendrophryniscus brevipollica-
tus is the only small species (less than 22 mm
SVL) from Boracéia lacking toe disks and vo-
merine teeth and having a hidden tympanum and
pointed-mucronate dorsal snout shape. Myer-
siella microps is also a small species, but has a
narrow pointed snout and the hind limbs are
much more robust than in D. brevipollicatus.
Other small species from Boracéia either have
toe disks, non-mucronate snouts, distinct tym-
pani, and/or vomerine teeth. The only species
from Boracéia that D. brevipollicatus is likely to
be confused with are small juvenile Bufo crucifer
or ictericus. The thumb of D. brevipollicatus is
reduced, much shorter than in Bufo.

Adult Morphology (N = 6 males, 3 females).
— Snout outline pointed and mucronate or
pointed-truncate  and mucronate from above,
strongly acute in profile; cranial crests weakly
developed or absent, if present consisting of
short preparatoid (supratympanic) crest, canthal
crest, or slight boss behind eyes; upper eyelid
texture granular or with shagreen and tubercles;
tympanum hidden; no male vocal sac; no male
vocal slits; no vomerine teeth; thumb rudimen-
tary, finger lengths l<<II<IV< or <<III; finger
tips just broader than digits to expanded and
disk-like. but lacking circumferential grooves;
tingers without webbing or with a trace of basal
webbing. sides of fingers free or with lateral
ridges; basal finger subarticular tubercles well
developed but not pungent, other subarticular tu-
bercles small to moderate, rounded, single; most
males lacking nuptial asperities on thumb, two
males with a tan pad on inner thurnb; no forearm
fold; prepollex not developed; no distinct body
glands or folds, weakly developed supratym-
panic fold, glandular swellings between angle of
jaw and shoulder, and/or ill-defined row of larger
tubercles from back of eye to groin; dorsal tex-
ture with tubercles scattered on a granular or
weakly warty, or shagreened ground; belly
granular; toe lengths I<II<III<V<IV; no toe
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disks; modal toe webbing formula I 1*-2 111 1/2-
3 [II 2-4- IV trace V; inner metatarsal tubercle
ovoid, not much larger than relatively large,
rounded outer metatarsal tubercle; no heel deco-
ration; no tarsal decoration; outer tarsal surface
smooth to warty-glandular; sole of foot smooth.

Dorsal pattern ranging from uniform tan to
uniform tan with darker circles around some tu-
bercles to tan and brown with a darker ill-defined
dorsal band covering entire snout and interocular
region, narrowing in shoulder region to sacrum
to pair of distinct darker brown chevrons, one
between and posterior to eyes in shoulder region,
second in sacral region, chevrons connected by a
narrow dark stripe or not, mid-dorsal dark pin
stripe present or absent, dorsal tubercles high-
lighted by dark brown dots or not, dorsolateral
tuberculate fold weakly highlighted or not with
light above, darker brown below, upper limbs
indistinctly cross banded; face area uniform tan.
indistinctly mottled. or brown with an ill-defined
light area under eye. or with a broken light upper
lip stripe from above tront of lower jaw to shoul-
der; flank tan. or mottled with a somewhart darker
pattern than adjacent dorsal pattern. or with &
distinctly darker band (than adjacent dorsal
color) from back of eve to groin: venter lightly
scattered with melanophores to light with irregu-
lar but symmetrical light tan blotches and stripes
of scattered melanophores: posterior surface of
thigh indistinctly mottled to boldlvy mottled.
mottle mostly light.

SVL 12.9-16.3. mean 14.5 mm (males), 17.0-
21.2, mean 19.3 mm (females); mean head
length 37% SVL (males), 33% SVL (females);
mean head width 29% SVL (males), 28% SVL
(females); mean thigh length 43% SVL (males),
41% SVL (females); mean shank length 44%
SVL (males), 41% SVL (females); mean foot
length 36% SVL (males), 35% SVL (females).

Life Colors. — Light bronze above, arms and
legs banded with darker brown, toes and web-
bing on hind feet reddish; throat and belly irides-
cent cream.

Larval Morphology. — Larvae have not been
collected at Boracéia. Izecksohn and Cruz (1972)
described and figured the larvae from specimens
collected from within ground bromeliads at An-
gra dos Reis, Rio de Janeiro.

Advertisement Call. — Unknown.
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Ecology. — Most specimens for which eco-
logical data are available (6) were collected dur-
ing the day on the forest floor: one specimen was
collected from the leaf of a low plant in the
morning and three specimens were collected
from leaves just above the forest floor at night.
The species is apparently active on the forest
floor during the day and rests on leaves above
the ground at night. Specimens have been col-
lected during the months of October, December.
January, and March. This species was taken only
once by Rand and Rand and not at all by Nelson
et al. Heyer and party found 9 individuals in
1975 and 1976, this may represent a change in
abundance although most came from a trail not
visited on other trips.

FamiLy CENTROLENIDAE
Centrolenella eurygnatha (A. Lutz)

Hvla eurvegnatha A, Lutz, 1925a. Origiral de-
scription.

Cochranella eurvgnatha. Taylor. 1951, Transfer
\l:- el .,.J:..i:."l-n- :‘.-\ L 8 '.-I.{-r’.(. .'I‘.'ul.

cenir .-z nelia ewrvenaina B l_LlT.,{. 1954 Tran.\'
fer of eurvgnatha 1o Cenirolenella.
Diagnosis. — Centrolenella eurvgnatha dif-

tfers from most Boracéia species in being green
in life and whitish. lavender. purple or pale blue
in preservative. Other species sharing these col-
ors are: Centrolenella uranoscopa, Hyla albofre-
nata, H. albosignata, H. leucopygia, H. prasina,
Phyllomedusa appendiculata, P. cochranae, and
Sphaenorhynchus orophilus. Centrolenella
eurvgnatha lacks vomerine teeth. H. albofrenata.
albosignata, leucopygia, prasina and S.
orophilus have distinct vomerine teeth. The pu-
pils of C. eurygnatha are horizontally elliptical;
the two species of Phyllomedusa have vertically
elliptical pupils. Centrolenella eurvenatha has a
rounded snout lacking an upper lip ridge and a
dorsal pattern of rather regularly spaced pigment
cells; C. uranoscopa has a spatulate shaped snout
with an upper lip ridge and a reticulate dorsal
pattern.

Adult Morphology (N = 10 males. |1 female).
— Snout outline nearly rounded to semicircular
from above. rounded to vertically rounded in
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profile; no cranial crests; no upper eyelid decora-
tion; tympanum usually partially hidden to al-
most entirely hidden, diameter about 1/4 eye
diameter; male vocal sac single, externally ex-
panded or not; males with vocal slits; no vomer-
ine teeth; finger lengths I<IISIV<III; finger disks
large, truncate or rounded-truncate. larger than
tympanum, disks on fingers Il and IV largest.
disk on finger I smallest, disk on finger 11 about
equal in size to disk on finger I. or to disk on
fingers I1I and IV, or intermediate in size: modal
male finger webbing formula I none II trace III 2
1/2-2* 1V, female formula I none II trace III 3--2
* 1V; finger subarticular tubercles small to mo-
derate size, rounded, not pungent: glandular pad
on inner side of thumb in males. either tan or
same color as thumb; forearm ridge present or
absent; no prepollex development; pair of right-
angle folds, one on either side of vent, no other
body glands or folds; dorsal texture smooth or
very finely granular; belly granular; toe lengths
I<II<IlI<V<IV; toe disks large, truncate or
rounded-truncate, just smaller than or equal in
size to finger disks; modal male toe webbing
formula 1 2-2 172111 1/2-2 1)2 111 1 1/2-2 1/2
1V 2 3/4-2- V, female webbing formula I 2-2* 11
[ 3/4-2 1/2 111 2--3 IV 3-2- V; ovoid inner me-
tatarsal tubercle, no outer metatarsal tubercle;
no heel decoration; tarsus with or without
an outer ridge; outer tarsus and sole of foot
smooth.

Eyelids with concentration of purple pigment
dots. rest of dorsum rather evenly profused with
purple pigment dots. forearm and tarsal ridges.
when present. white outlined. seat patch white
highlighted: side of face with a suffusion of
purple pigment dots. upper lip either immaculate
or white outlined: dorsal pattern extending to
middle of flanks from above. lower half of flanks
immaculate; venter immaculate: posterior sur-
face of thigh immaculate.

SVL 19.1-21.7, mean 20.4 mm (malesi. 20.9
mm (female); (remaining values based on males.
values for single female are matched by data for
individual males) mean head length 33% SVL:
mean head width 36% SVL; mean thigh length
54% SVL; mean shank length 55% SVL: mean
foot length 46% SVL.

Life Colors. — Iris variable, including white
with a black reticulum and a green stripe through
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the eye, faint bronze with a light green reticulum,
gold with a black reticulum, or silver-green; dor-
sum green, ranging from transparent green, light
jade green, to bright grass green, very fine black
dots may or may not be scattered on dorsal sur-
faces, hands and feet either a lighter green than
dorsal color or yellow, fingers and toes yel-
lowish; venter mostly transparent but skin aqua,
lime green, or bluish-green, white peritoneum
surrounding heart, liver, and digestive tract; pos-
terior surface of thigh translucent yellow green;
no flash colors.

Larval Morphology. — Larvae have not been
collected from Boracéia. Heyer (1985a) de-
scribed larval C. eurygnatha from the State of
Rio de Janeiro. Larvae were collected from
within leaf litter on stream bottoms.

Advertisement Call. — Calls given sporadi-
cally; call duration 0.12-0.4 s; 1-3 notes per call;
note duration 0.12-0.25 s; note rate about 8-12
per s; notes pulsed, each note of 3-12 pulses;
note pulse rate 25-70 per s; each note pulse
weakly partially pulsed; call intensity constant;
notes frequency modulated, frequency barely to
noticeably rising throughout notes; dominant fre-
quency range 4200-5500 Hz; only first harmonic
apparent (Figure 37).

Ecology. — Males call at night from leaves
about 0.1-3.0 m above the ground next to or over
small forest streams. Males quickly answer one
another so that calls overlap; calling bouts are
separated by long silences. The species is noctur-
nal. only one specimen has been collected during
the day. All specimens were collected in the for-
est. Specimens have been collected from Sep-
tember through March.

Centrolenella uranoscopa (Miiller)

Color Figure 8

Hvyla uranoscopa Miiller, 1924a. Original de-
scription.

Cochranella uranoscopa, Taylor and Cochran,
1953. Transfer of uranoscopa to Cochranella.

Cochranella vanzolinii Taylor and Cochran,
1953. Synonym of wuranoscopa (Heyer,
1985a), vanzolinii described from Boracéia
specimen.

Centrolenella uranoscopa, Duellman, 1977.
Transfer of uranoscopa to Centrolenella.
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Diagnosis. — The Boracéia species that are
green in life and whitish, lavender, purple or pale
blue in preservative are Centrolenella eu-
rygnatha, C. uranoscopa, Hyla albofrenata, H.
albosignata, H. leucopygia, H. prasina, Phyl-
lomedusa appendiculata, P. cochranae, and
Sphaenorhynchus orophilus. Centrolenella ura-
noscopa lacks vomerine teeth, H. albofrenata,
albosignata, leucopygia, prasina, and S. orophi-
{us have distinct vomerine teeth. The two species
of Phyllomedusa have vertically elliptical pupils;
the pupils of C. uranoscopa are horizontally el-
liptical. Centrolenella uranoscopa has a spatula-
te shaped snout with an upper lip ridge and a re-
ticulate dorsal pattern; C. eurygnatha has a roun-
ded snout lacking an upper lip ridge and a dorsal
pattern of rather regularly spaced pigment cells.

Adult Morphology (N = 6 males, 1 female).
— Snout shape nearly rounded to semicircular
from above, obtuse in profile; no cranial crests;
upper eyelid smooth; tympanum small, covered
above, distinct below, diameter about 1/4 eye
diameter; male vocal sac single. ranging from
barely to well expanded externally: males with
vocal slits; no vomerine teeth: finger I just <. =.
or just > II = to << [V<II: fingers disked. trun-
cate, disks larger than tympanum. disks on fin-
gers Il and IV largest. disk on tinger I smallest.
disk on finger Il intermediate in size or equal to
disks on III and IV: modal finger webbing for-
mula I none II trace III 2 1/4-2 IV: finger subar-
ticular tubercles small to moderate size. distinct,
rounded, not pungent: inner thumb of males with
glandular pad; distinct forearm fold, shallowly
scalloped or not; prepollex not developed; upper
lip with a dermal ridge, scalloped anal flap pro-
nounced or not; dorsum smooth or very weakly
granular; belly granular; toe lengths [<I<IlI<V
<IV; toe disks truncate or rounded-truncate,
equal to or just smaller in size than finger disks;
modal toe webbing formula 1 1 1/2-2 1F 1-2 1/4
I 1 1/2-2 1/3 IV 2 1/2-2 1/3 V; ovoid inner
metatarsal tubercle, no outer metatarsal tuber-
cle; heel with a weak flap to a pronounced scal-
loped flap; no inner tarsal fold to poorly defined
inner tarsal ridge, distinct outer shallowly scal-
loped tarsal fold; outer tarsus and sole of foot
smooth, _

Upper eyelids with a concentration of purple
pigment, rest of dorsum variegated with violet
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pigment dots, dorsum may or may not have a
few scattered white dots, lower tympanum some-
times highlighted with white, anal flap and scal-
loped limb fringes highlighted with white or not;

.side of face with irregularly scattered dark and

white pigment dots, lip ridge white highlighted;
no distinct flank pattern, dorsal pattern extending
down sides about halfway, lower half of flank
immaculate; venter immaculate; posterior sur-
face of thigh immaculate.

SVL 19.6-22.5, mean 21.2 mm (males), 23.8
mm (female); mean head length 36% SVL
(males), 35% SVL (female); mean head width
36% SVL (males), 34% SVL (female); mean
thigh length 56% SVL (males), 49% SVL (fe-
male); mean shank length 56% SVL (males),
52% SVL (female); mean foot length 47% SVL
(males), 43% SVL (female).

Life Colors. — Iris white with black reticula-
tion, gray stripe through eye; dorsum green with

- white dots and white around edges of limbs and

anus; hands and feet yellow. No flash colors.
Larval Morphology. — Larvae have not been
collected from Boracéia. Hever (1985a) de-
scribed larval C. wranoscopa from the State of
Rio de Janeiro. Larvae were collected from
within leaf hitter on stream bottoms.
Advertisement Call. — Calls given sporadi-
cally: call duration 0.04-0.1 s: 1-5 notes per call;
note duration 0.03-0.05 s: note rate 0.9-3.2 per s;
notes pulsed. each note of 2-3 pulses; pulse rate
80-100 per s; each pulse weakly partially pulsed;
call of uniform intensity; notes frequency modu-
lated or not, if modulated, frequency rising
throughout notes; dominant frequency range
4100-5400 Hz; only first harmonic apparent
(sidebands due to note pulse rate) (Figure 38).
Ecology. — Males call at night from leaves
next to or above streams. All specimens were co-
llected at night from small to moderate sized stre-
ams in the forest or secondary growth. Specimens
were collected from August through January.

FamiLy HyLIDAE

Fritziana fissilis (Miranda-Ribeiro)

Color Figure 9

Coelonotus fissilis Miranda-Ribeiro, 1920d.
Original description.
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Fritziana fissilis, Duellman and Gray, 1983.
Transfer of fissilis to Fritziana.

Diagnosis. — Fritziana fissilis is a small
(SVL 18-25 mm) plain frog with toe disks with
circumferential grooves, foot webbing, but no
finger webbing. It is distinct from all other Bo-
racéia frogs in having a dark wrist band dorsally.

Adult Morphology (N = 5 males, 3 females).
— Snout outline mucronate, semicircular to
pointed-nearly rounded from above, acute to
rounded-vertical in profile; no cranial crests;
upper eyelid surface same texture as dorsum;
tympanum distinct, diameter about 1/3 to less
than 1/2 diameter of eye; male vocal sac single,
internal; males with vocal slits; vomerine teeth in
short transverse or obtuse series between or just
posterior to choanae; finger I > or =Il < or =
IVIIL, fingers with disks, disks small on fingers
I and 11, large on fingers I1I and 1V, largest finger
disks just larger than, smaller than, or equal to
tympanum; fingers without webbing, sides of
digits free or with fleshy ridges; finger subarticu-
lar tubercles moderately developed, low, round,
single or bifid under finger IV; thumb in male
lacking nuptial asperities or (usually) with a
white, tan, or brown pad on the inner surface of
the thumb; forearm fold lacking or delineated by
very weak ridge; no prepollex; moderate supra-
tympanic folds, no other body glands or folds:
dorsal texture smooth or weakly granular: throat
smooth, belly areolate: toe lengths I<Il<Il=V
<IV; toes disked. largest toe disks equal to or just
larger than largest finger disks: modal toe web-
bing formula 1 none II trace 111 2-3 1/2 1V 3 1/2-
2 1/4 V; inner metatarsal tubercle ovoid. not
pronounced, outer small and rounded to not vis-
ible; heel lacking distinctive decaoration: weak
inner tarsal fold extending length of tarsus: outer
tarsus smooth or granular; sole of foot with large
rounded fleshy tubercles.

Dorsal pattern ranging from almost unitorm
tan with faint dark irregular markings to head tan
with body tan dotted with numerous small to
moderate sized brown spots 10 a series of sym-
metrical dark and light longitudinal stripes, inter-
orbital blotch occasionally present, wrists with a
characteristic dark brown band, rest of upper
limbs faintly barred, mottled, or almost uniform
brown; face ranging from almost uniform to a
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brown splotch in the loreal region to a distinct
canthal stripe or a broad dark canthal and loreal
band, supratympanic fold usually dark outlined;
flanks lacking distinctive pattern or with a dark
band extending from the supratympanic stripe
2/3 posterior along the flank, the flank band ra-
ther wide and mottled; venter spotted with brown
pinpoint dots, overall aspect cream; posterior sur-
face of the thigh uniform or mottled tan orbrown.

SVL 18.1-22.7, mean 20.6 mm (males), 21.1-
24.9, mean 22.9 (females); mean head length
36% SVL (males), 37% SVL (females); mean
head width 36% SVL; mean thigh length 46%
SVL (males), 49% SVL (females); mean shank
length 52% SVL (males), 55% SVL (females);

‘mean foot length 42% SVL (males), 46% SVL

(females).

Life Colors. — Iris pale bronze with a broad,
irregular red horizontal stripe across eye; dorsum
dull green, dirty yellow, or bronze, head and
nose usually red or pink, stripes and spots, when
present, brown or black; some individuals with
small orange spots behind armpits on flanks;
throat pale green, belly granular white or pale
dirty yellow, greenish flesh undermeath limbs.

Larval Morphology. — Larvae have not been
collected from Boracéia (but see comment for
larva of F. ohausi). Duellman and Gray (1983)
illustrated and briefly described tadpoles from
Angra dos Reis, Rio de Janeiro.

Advertisement Call. — Calls heard, but not
recorded at Boracéia. Dueliman and Gray (1983)
published a call of F. fissilis, but did not indicate
the origin of the call.

Ecology. — All specimens for which data are
available were collected at night in the forest sit-
ting on vegetation 1-3 m above the ground,
mostly in bromeliads. Individuals have been
taken in the months of September through
March. Duellman and Gray (1983) infer that
females carry eggs in a pouch and release the
tadpoles into bromeliads.

Fritziana ohausi (Wandolleck)
) Color Figure 10
Hyla ohausi Wandolleck, 1907. Original descrip-
tion.

Fritziana ohausi, Bokermann, 1966a. First use of
ohausi in Fritziana.
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Diagnosis. — Fritziana ohausi have toe disks
with circumferential grooves, no hand webbing,
and reduced foot webbing. This moderate sized
species (males 24-31 mm SVL, females 29-37
mm SVL) usually has a characteristic dorsal pat-
tern consisting of a dark interorbital triangle
fused to two posteriorly diverging dark- stripes
that extend towards the sacral region. Specimens
are almost always taken from bamboo.

Adult Morphology (N = 10 males, 4 females).
— Snout outline mucronate and nearly rounded
to almost semicircular from above, rounded, ver-
tical, protruding, or acute in profile; no cranial
crests; upper eyelid same texture as rest of dor-
sum, usually slightly warty with a few tubercles;
tympanum present, partly hidden, less distinct in
females, diameter about 40% diameter of eye in
males, about 50% diameter of eye in females;
male_vocal sac single, internal; males with vocal
slits; vomerine teeth in short transverse series
between choanae, tooth patches in medial contact
to separated by distance equalling length of
single tooth patch; finger lengths 1l<I=IV<III or
[=1I<IV<III; finger tips with large disks. largest
disks on fingers I and IV just larger than or
about equal to size of tympanum: fingers without
webbing, sides of fingers ridged or rarely
fringed; subarticular tubercles moderately devel-
oped, single; males usually with extensive
creamy tan to brown nuptial pads on inner sur-
face of thumb; no forearm fold: no prepollex;
weakly to moderately developed supratympanic
fold, no other distinctive body folds or glands;
dorsal texture smooth to slightly warty with scat-
tered tubercles; anterior portion of chin smooth,
rest of venter areolate; toe lengths
I<II<IlI=V<]V; toe disks large, largest just big-
ger than or about equal to finger disks; modal toe
webbing formula I trace II 2°-3* III 2-3* IV 3+-2
V: inner metatarsal tubercle ovoid, distinct, outer
round, distinct, just larger than sole of foot tu-
bercles, about 1/5 to 1/3 size of inner; heel lack-
ing distinctive decoration; tarsus lacking fold or
with very weak inner tarsal fold extending length
of tarsus; outer tarsal texture smooth, slightly
glandular-warty, or slightly warty-tuberculate;
sole of foot with many distinct large low round
fleshy tubercles.

Dorsal pattern ranging from brown with nu-
merous small darker brown spots to a distinct
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light and dark outlined dark interorbital triangle,
continuous with and expanding posteriorly into a
chevron extending to the sacral region, the upper
limb surfaces mottled to cross banded; face al-
most uniform, indistinctly spotted, or upper lip
mottled or mottled-barred, weakly defined dark
canthal stripe; dark lateral band on anterior flank
distinct or not, groin light or light with large dark
splotches; venter lightly to moderately mottled
brown; posterior surface of thigh with very bold
dark and light mottle or large light spots on an
almost black ground, bold pattern continuous or
not over top of thigh with same bold pattern on
front of thigh.

SVL 24.4-30.7, mean 27.6 mm (males), 29.0-
36.6, mean 32.1 mm (females); mean head
length 36% SVL; mean head width 33% SVL,
mean thigh length 44% SVL (males), 43% SVL
(females); mean shank length 49% SVL (males),
48% SVL (females); mean foot length 45% SVL.

Life Colors. — lIris gold and black or bronze
and black: dorsal colors variable including
brown. black. and white. or greenish brunze, or
vellow brown. or bronzy brown. may be a pale
gold stripe on the side changing to transparent
blue gray in the groin. upper limbs clear with
dark brown banding. toes and fingers vellow or
brown: upper lip bronzy or same as predominant
ground color of dorsum: belly gray with cream
tlecks or transparent with silvery mottling and
sparse brown flecks, throat clear with dense
brown and silvery mottling or like belly; groin,
tfront and back of thighs colorless or yellow with
dark brown, no real flash colors.

Larval Morphology. — The tadpoles of F.

fissilis and ohausi are very similar. Identification

of the Boracéia specimens is based primarily on
where the larvae were collected.

Body pyriform in dorsal view, slightly wider
than deep; snout broadly rounded in profile; nos-
tril nearer tip of snout than eye; distance between
nares 48% interorbital width; nares rounded,
small, situated dorsally and directed anterola-
terally; eye 8% body length, situated dorsolater-
ally; opening of the ventral spiracle directed
posteriorly about 44% body length: anal tube
short and median; tail height less than body
height; dorsal fin origin on the body-tail junc-
ture; dorsal and ventral fins slightly arched; tail
musculature reaching the rounded tail tip; mouth
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anteroventral, directed anteriorly, width to 25%
body width; a single row of rounded papillae
interrupted anteriorly; teeth absent; beak weakly
developed.

Body and tail musculature cream: tail fins
transparent; intestine full of yolk (Figure 15).

Larval Habitat. — Tadpoles were collected
from an open end of a bamboo joint about 3 m
high along a forest trail.

Advertisement Call. — Calls given sporadi-
cally, duration 0.65-0.90 s: call of 5-6 notes: note
duration 0.02-0.04 s: note rate 5.0-6.0 per s: each
note of 5-9 pulses. the first 1 or 2 verv much
stronger than the rest: initial note lower in inten-
sity than remainder: initial notes slightly lower in
frequency than final notes: dominant (= funda-
mental) frequency 2000-3000 Hz: second and
third harmonics weakly broadcast or not (Figure
39).

Ecology. — About 2/3 of the specimens for
which data are available were found in bamboo
clusters, either in cut internodes during the day
or on the surface at night. One individual was
collected by beating low (1-2 m) roadside vege-
tation during the day; a juvenile was found on a
bromeliad leaf during the day. About 1/3 of the
specimens with data were collected from leaves
of low vegetation in the primary forest at night.
Males have been heard calling from bamboo in
the forest at night. Specimens have been col-
lected in August through February, May and
June. Females elsewhere carry eggs on their back
and deposit the tadpoles in bamboo stems (B.
Lutz, 1973).

Hyla albofrenata A. Luiz

Cotlor Figure i

Hyla albofrenata A. Lutz. 1924. Qriginal de-
scription.

Diagnosis. — Hyla albofrenata shares the
colors of green in life and whitish. lavender.
purple or bluish in preservative with Centrole-
nella eurygnatha, C. uranoscopa, Hvla albosig-
nata, Hleucopygia, H. prasina, Phyllomedusa
appendiculata, P. cochranae, and Sphaenorhyn-
chus orophilus. Hyla albofrenata has vomerine
teeth; Centrolenella and Phyllomedusa lack vo-
merine teeth. Hyla albofrenata lacks a prepollex;
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H. prasina has a prepollex. Hyla albofrenata
usually has a white canthal stripe and a white
supratympanic stripe; H. albosignata and
leucopygia lack such stripes. The supratympanic
stripe in H. albofrenata curves downward behind
the arm insertion; the postorbital stripe in S.
orophilus is straight, extending as far as the
groin.

Adult Morphology (N = 10 males). — Snout
outline subelliptical to rounded from above,
rounded or slightly acutely rounded in profile; no
cranial crests: upper eyelids lacking distinctive
features: tvmpanum present, distinct or covered
by skin but visible, large, diameter greater than
1/2 to 2/3 eve diameter; males with single vocal
sacs. expanded or not; vocal slits in males elon-
gate; vomerine teeth in acute series lying be-
tween posterior half of choanae and extending
posteriorly behind choanae; finger I<Il< or ~IV
<III; fingers with large disks, largest disk smaller
than to just larger than tympanum, disk on finger
I smallest, disks about same size on other three
fingers; modal finger webbing formula I trace II
1 1/3-2 1/2 11l 2 1/4-2 1V; finger subarticular
tubercles average size, single; no male thumb
asperities; forearm fold weakly developed,
weakly scalloped or not; no prepollex on thumb;
distinct supratympanic fold curving down behind
arm onto side of body. entire dorsum with gland-
like structures under skin visible under light
microscope. granular seat patch weakly to dis-
tinctly developed: dorsal texture finely granular;
throat smoath. belly more coarsely granular than
dorsum: toe lengths I<ll<V< or =Ill<IV; toe
disks large. largest disks just smaller than largest
finger disks: modal toe webbing formula I 2-2*11
1=-2 172 I 1 1/3-2 1/2 IV 2 1/3-17 V; inner
metatarsal tubercle ovoid, no outer; heel usually
with single tubercular calcar, relatively small to
moderate in size (absent on right heel of one
specimen examined); outer tarsal fold weakly
developed, usually present, smooth, inner weak
tarsal fold usually absent, if present extending
3/4 length of tarsus; outer tarsal texture smooth;
sole of foot smooth or granular with fleshy tu-
bercles.

Dorsum and upper limbs mostly lacking pig-
ment (creamy in preservative) with scattered
white enamel dots with brown reticulating pig-
ment emanating from centers of white dots,



256

brown pigment either contracted to centers of
dots and visible only under magnification or
expanded such that dorsum with rather large,
diffuse brown spots, some brown pigment cen-
ters lack overlying white dots, outer forearm and
tarsal folds distinctly or indistinctly outlined or
highlighted by white, seat patch washed with
white; light white canthal stripe usually present,
rest of face same as dorsal pattern; supratym-
panic fold distinctly white, contrasting with sur-
rounding ground color, rest of flank area pat-
ternless; venter patternless; posterior surface of
thigh patternless.

SVL 38.0-41.6, mean 39.3 (males); mean
head length 36% SVL, mean head width
33% SVL; mean thigh length 47% SVL; mean
shank length 49% SVL; mean foot length 42%
SVL.

Life Colors. — Iris copper to bright orange
red, paler around pupil. Dorsum green (light
apple or lime), speckled with tan or black spots;
canthal and supratympanic folds yellow, also
yellow over eyes: bones green. Chin and under
sides of feet apple green; throat and around arms,
groin, and armpits blue-green; belly yellow;
under surfaces of arms and legs transparent dull
green; belly peritoneum yellow.,

Larval Morphology. — Larvae have not been
identified from Boracéia. Peixoto and Cruz
(1983) described and figured larvae collec-
ted from mountain streams at Tijuca, Rio de
Janeiro.

Advertisement Call. — Call a single note
given rather regularly at a rate of 0.7-1.7 per s;
note duration 0.04-0.06 s; notes not or slightly
partially pulsed; call roughly constant in in-
tensity; notes frequency modulated, begin-
ning higher, ending lower; fundamental fre-
quency range 1100-1700 Hz; dominant fre-
quency {second harmonic) range 2200-2800 Hz;
first 2 harmonics visible in the waveforms (Fig-
ure 40).

Ecology. — Almost all specimens collected
have been males calling at night from leaves of
trees or shrubs, up to two meters high, next to
forest streams; males were regularly heard call-
ing higher. One non-calling individual was taken
at night from the center of a bromeliad above a
forest stream. Specimens have been collected
from October through January.
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Hyla albopunctata Spix
Color Figure 12

Hyla albopunctata Spix, 1824. Original descrip-
tion.

Diagnosis. — The Boracéia species with dis-
tinct prepollices are Hyla albopunctata, H. astar-
tea, H. circumdara, H. faber, H. hylax, H. multil-
ineata, H. pardalis, H. polytaenia, and Hyla
prasina. In all of these species, the prepollex is
present in both sexes (although proportionately
larger in males) and a slender bony spine is cov-
ered or projecting only at the tip. In Leptodacty-
lus flavopictus and ocellatus, cornified, fully
exposed spines are present in the prepollical area
only in males. Hyla albopunctata has a dark eye
mask, lacks finger webbing, and has distinct light
spots on dark posterior surfaces of the thighs,
differing in each of these features from the other
Boracéia Hyla with prepollices.

Adult Morphology (N = 10 males). — Snout
outline subelliptical from above, rounded or pro-
truding in profile; no cranial crests; no distinctive
features on upper eyelids; tympanum large, dis-
tinct, diameter 2/3 to 3/4 eye diameter; male
vocal sac single. slightly or moderately expanded
on posterior 1/2 of throat and chest; males with
vocal slits: vomerine teeth in acute arches, al-
most in medial contact, medial portions lying
between posterior extent of choanae, lateral por-
tions of vomerine teeth extending posterior to
choanae; finger I<II just <, =, or >IV <III; finger
disks large, largest on fingers II, III, IV, largest
disks much smaller than tympanum; modal fin-
ger webbing formula I none II trace III trace IV,
sides of fingers ridged; finger subarticular tu-
bercles moderate, single; no thumb asperities in
males; distinct smooth outer forearm ridge;
males with modest prepollex, bony spine ex-
posed or not; supratympanic fold extending to
about 1/3 length of body anteriorly. dermal fold
over vent; dorsum smooth or very finely granu-
lar-glandular; chin smooth, rest of belly granu-
lar; toe lengths I<ll<IlI=V<IV; toe disks large,
equal to or just smaller than finger disks; mo-
dal toe webbing formula I'1 1/2-2* 11 1+-2 {/2 III
[ 2/3-3 1V 2 3/4-1 1/4 V; inner metatarsal tu-
bercle average size, ovoid, outer metatarsal tu-
bercle (if in fact present) indistinguishable from
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other tubercles in area; heel with smooth or inter-
rupted dermal ridge; weak inner and outer tarsal
folds extending length of tarsus; outer tarsal tex-
ture smooth; sole of foot with low, round tu-
bercles.

Dorsum almost uniform brown to brown
mottled, to brown with darker brown transverse
bands or longitudinal bands, or a mixture. scat-
tered whitish dots present or absent. dark mid-
dorsal pin stripe rarely indicated. outer forearm
and tarsal folds white, vent fold white. upper arm
surfaces and shank almost uniform brown or
banded, upper surface of thigh cross banded
brown, outer surface of shank with broad, dark
gray-brown stripe; broad dark brown canthal
stripe involving whole face or not extending over
tympanum to shoulder region, rest of face uni-
form brown except tip or most of upper jaw
white outlined; lower flanks with light spots,
most extensive in groin; lower jaw outlined,
brown to gray network on throat and chest, rest
of belly cream or dirty orange-yellow; posterior
surfaces of thigh with distinct light spots on a
dark brown field.

Male SVL 53.7-65.4, mean 58.0 mm; mean
head length 35% SVL; mean head width 30%
SVL; mean thigh length 50% SVL; mean shank
length 55% SVL; mean foot length 45% SVL.

Life Colors. — Iris bronze, some individuals
with a blue ring around the iris. Lip stripe cream
or vellow: canthal stripe dark brown: dorsum tan
or brown, sometimes with enamel vellow dots:
flanks with bright vellow bars or spots on a light
purple ground color. Throat vellow: belly dirty
yellow: undersides of hind legs with a vellow-
orange wash. Posterior surface of thighs with
discrete, distinct bright yvellow or orange-vellow
spots on a lavender to lavender-brown ficld.
Flank and posterior thigh patterns definitelv flash
color patterned.

Larval Morphology. — Body ovai in dorsal
view, wider than deep; snout rounded in dorsal
view; nostril nearer eye than tip of snout; dis-
tance between nares 61% interorbital width:
nares reniform; dorsolateral eye 11¢ bod:
length; opening of the sinistral spiracle direc-
ted posterodorslly on the midline at about 90%
body length; anal tube dextral; tail higher than
body; dorsal fin origin extending slightly onto
the body; dorsal and ventral fins arched; tail
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musculature reaching the pointed tail tip; ante-
roventral mouth width equal to 34% body width;
a single row of oral papillae shortly interrupted
in upper lip; tooth row formula 2(1,2)/3(1); beak
moderately developed and finely serrated.

Body brown with few darker brown spots;
venter light brown anteriorly; tail brown marbled
with a longitudinal median brown stripe on first
third of the musculature, In life, body deep tan
with dark spots on dorsum and white flecks on
belly; tail musculature with superior half red
brown, inferior grayish and a longitudinal me-
dian blackish stripe on first third; fins red brown
marbled (Figure 16).

Larval Habitat. — Tadpoles were collected
from the large permanent pond, “Lago do
Aterro” (Figure 5).

Advertisement Call. — Calls given sporadi-
cally; call duration 0.4-0.7 s; of two types; in ty-
pe I (Figure 41) only a single note; in type II (Fi-
gure 42) 6-20 “pseudonotes” (i.e., not completely
separated), modulation producing these ‘‘pseu-
donotes” is fairly weak at the beginning of the
call but approaches 100% by the end of the call;
otherwise both have the same basic structure,
both strongly partially pulsed; pulse rate of 100-
200 per s; 40-80 pulses per call: call about con-
stant loudness throughout, shows no frequency
modulation; dominant frequency range 700-2400
Hz. within which the sonogram shows 2 harmon-
ics. the fundamental at about 900-1000. the sec-
ond harmonic at 1800-2000 Hz: pulsatile nature
of the call produces a strong side band series.

Ecology. — All specimens were collected in
November. calling at night on vegetation at the
edge of Lago do Aterro. This species was first
heard and collected in 1982, although the Lago
do Aterro was intensively worked previously,
¢specially in 1963-1964.

Hyla albosignata A. Lutz and B. Lutz

Hvia albosignata A. Lutz and B. Lutz, 1938.
Original description.

Diagnosis. — Hyla albosignata shares the
colors of green in life and whitish, lavender,
purple, or bluish in preservative with Centrole-
nella euryganatha, C. uranoscopa, Hyla albofre-
nata, H. leucopygia, H. prasina, Phyllomedusa
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appendiculata, P. cochranae, and Sphaenorhyn-
chus orophilus. Hyla albosignata has vomerine
teeth; Centrolenella and Phyllomedusa lack
vomerine teeth. Hyla albosignata lacks a
prepollex; H. prasina has a prepollex. Hyla
alhosignata lacks a distinct postorbital stripe;
such stripes occur in H. albofrenata and S. oro-
philus. The vent is completely encircled by a
white outlined, broken, transversely oval ridge in
H. albosignata; in H. leucopygia a white out-
lined transverse ridge occurs above the vent
only.

Adult Morphology (N = 1 male). — Snout
outline subelliptical from above, rounded-verti-
cal in profile; no cranial crests; no distinctive
features on upper eyelids; tympanum large, dis-
tinct, diameter about 2/3 diameter of eye; male
with single, internal vocal sac; vocal slits present
in male; vomerine teeth in acute series between
and posterior to choanae; finger length
[<IV<II«Ill; finger disks present, large, largest
disk smaller than tympanum; finger webbing
formula I trace 11 1 1/2-2 2/3 III 2-2 TV; finger
subarticular tubercles moderate, single; no thumb
asperities on male; outer forearm fold distinct,
smooth; no prepollex; supratympanic fold of
average development, fields of glandular tissue
visible in skin (under magnification) extending
from behind tympanum to 2/3 distance posteri-
orly on flank, circumvent fold, continuous above
vent, broken on sides and below: dorsum
smooth; venter granular; toe lengths
I<ll<V<«IlI<IV; toe disks large, distinct, largest
just smaller than largest finger disks; toe web-
bing formula I 1 3/4-2* 11 -2 1/2 111 1-22/31V 2
1/4-1*V:inner metatarsal tubercle rounded-ovate,
prominent, outer not visible;heel with prominent
calcar continuous with a fold; no inner tarsal
fold, smooth outer tarsal fold continuous with
heel calcar; outer tarsal texture smooth; sole of
foot with low, round fleshy tubercles.

Dorsum overall lacking pigment but with ran-
domly uniform scattered profusion of black dots
and 20-30 white dots; folds on outer forearm,
tarsus, and around vent white highlighted; face
mostly pigmentless except for a few white dots
in area in front of tympanum extending to under-
neath the eye; flanks lacking pigment; lower lip
light outlined, rest of venter pigmentless; poste-
rior surface of thigh pigmentless.
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SVL 41.5 mm (male); head length 36% SVL,;
head width 32% SVL, thigh length 47% SVL,
shank length 52% SVL; foot length 41% SVL.

Life Colors. — Not available.

Larval Morphology. — Tadpoles not col-
lected at Boracéia. Peixoto and Cruz (1983) de-
scribed and figured larvae collected from moun-
tain streams at Paranapiacaba, Sdo Paulo.

Advertisement Call.— Not recorded, but simi-
lar to those of H. leucopygia and H.albofrenata.

Ecology. — The single male was observed
calling and collected at night from a leaf 1 m up
on a bush 3 m from a forest stream in October
1963.

Hyla astartea Bokermann

Hyla astartea Bokermann, 1967. Original de-
scription. :
Diagnosis. — The Boracéia species with dis-
tinct prepollices are Hvla albopunctata, H. astar-
tea. H. circumdata, H. faber. H. hvlax, H. multil-
ineata. H. pardalis, H. polvtaenia. and H. prasi-
na. In all of these species, the prepollex is pre-
sent in both sexes (although larger in males) and
a slender bony spine is covered or projects only
at the tip. In Leptodactylus flavopictus and L.
ocellatus, cornified, fully exposed spines are pre-
sent in the prepollical area only in males. Hyla
astartea lacks the parallel dorsal stripes found in
H. multilineata and polytaenia. Hyla astartea has
finger webbing; Hyla albopunctata does not.
Hyla astartea lacks the distinct pair of white
dorsolateral stripes evident in H. prasina. Hvla
astartea (SVL 39-44 mm) is smaller than H.
circumdata, faber. hylax, and pardalis (SVL at
least 55 mm). Hvla astartea has less finger web-
bing (maximum web of 2 1/2 on outer side of
finger 111) than H. faber and H. pardalis (at least
web of 2 1/4 on outer side of finger IlI). Hyla
astartea is creamy tan dorsally (in preservative)
and lacks distinct transverse dorsal bands; H.
circumdata and hvlax are tan to brown dorsally
and often have dark transverse dorsal bands.
Adult Morphology (N = 10 males, 1 female).
— Snout outline subovoid, rounded, to almost
semicircular from above, rounded or vertically
rounded in profile: no cranial crests; edge of up-
per eyelid with a slightly thickened ridge, upper
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eyelid surface indistinct from dorsal texture:
tympanum visible, sometimes distinct, diameter
less than 1/2 eye diameter; male vocal sac single.
not expanded to moderately expanded; vocal slits
in males; vomerine teeth in arched acute series
between and posterior to choanae, contiguous
medially; finger lengths I<II<IV<III; finger disks
large, largest equal to or just larger than tympa-
num; modal finger webbing formula [ none II
trace 111 2 3/4-2 1/2 1V, finger subarticular tuber-
cles moderately developed, single or slightly bi-
fid under finger 1V; no male thumb asperities;
outer forearm with glandular, scalloped ridge;
prepollex present. smaller in female, spine ex-
posed or not; supratympanic fold of average
development, no other obvious body folds or
glands; dorsum smooth: front of throat smooth,
rest of belly pebble-granular; toe lengths I<II
<V=or <IlI<IV: largest toe disks just larger than
largest finger disks: modal male toe webbing
formula 12-2 1/211'1 1/2-3111 1 1/2-31V 2 1/2-
1 1/2 V, female toe webbing formula 11 1/2-2* 11
1-2 172 11 1=-2 1/2 1V 2 1/2-1* V: inner metatar-
sal tubercle moderate. ovoid, outer indistinct;heel
glandular or glandular warty, one wart prominent
as calcar or not: weak inner tarsal fold running
length of tarsus: outer tarsal texture glandular
warty; sole of foot with fleshy tubercles.

Dorsal pattern variable including uniform tan
with small brown and white dots or brown or
white blotches or lichenous tan and white or tan
and brown or with indistinct dark transverse
bands, upper limb surfaces indistinctly cross
barred or with lichenous blotches, forearm ridge
cream highlighted. elbow with or without a
cream splotch, broken or continuous cream or
white supra-vent stripe present or absent, heel
with or without white stripe and heel tubercles
cream or not; face with weak dark canthal stripe,
rest of face uniform tan with brown dots; narrow
to broad vertical brown stripes along flanks, in-
terspaces equal to 4-5 times width of stripes,
flank pattern distinct to barely evident: chin with
a few scattered brown dots. rest of venter lacking
melanophores; dark cross stripes on front of
thigh continuous over top of thigh with stripes on
back of thigh, light areas 2-5 times width of
stripes or stripes on top and posterior surfaces of
thigh only or stripes on top of thigh only, poste-
rior surfaces of thigh patternless.
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SVL 39.4-41.5, mean 40.4 (males), 44.1 mm
(female); mean head length 37% SVL; mean
head width 36% SVL. mean thigh length 49%
SVL (males). 53% SVL (female); mean shank
length 52% SVL (males), 58% SVL (female);
mean foot length 41% SVL (males), 43% SVL
(female).

Life Colors. — Iris golden, outlined in black.
Dorsum cream. leaf brown, or red brown with
brown or black dots or spots, mostly on head and
back, tew on limbs. with or without dorsal white
or cream spots or blotches: top of thigh bronze or
red; tops of hands and teet reddish, salmon pink,
or brick red: white line across vent and heels
present or absent: sides of body with gray bars;
bones light green. Undersides of feet salmon
pink. Posterior surface of thigh salmon pink to
brick red, with or without dark brown vertical
stripes.

Larval Morphology. — Tadpoles have not
been collected from Boracéia. nor have they
been described from other localities.

Advertisment Call. — Calls given sporadi-
cally; call duration about 0.35-0.95 s: calls of 1-
3 note groups, each note group containing 2-5
notes of increasing duration, 0.02-0.12 s; each
note group initiated by single pulse note, con-
cluded by multiple pulsed note; note rate 9.1-
16.7 per s: multiple pulsed notes of 2-20 pulses;
pulse rate about 100-400 per s; complex fre-
quency modulation within longer notes: initial
notes of note groups quieter than following notes
within note groups, following note groups of
apparent equal intensity; dominant frequency
range 800-2400 Hz; distinct sidebands on pulsed
notes, no apparent harmonics (Figure 43).

Ecology. — Males were observed calling at
night from bromeliads 1 to 2 m above ground
near streams in primary or secondary forest. A
few other non-calling specimens were collected
at night 1-3 m high on vegetation in the forest
away from streams. Specimens have been col-
lected from October through February.

Hyla circumdata (Cope)
Color Figure 13
Hypsiboas circumdatus Cope, 1871. Original

description based on this publication, not
nomen nudum of Cope, 1867.
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Hyla crepitans, Cochran, 1955. Cochran (p. 70)
listed two specimens from Boracéia in the
Paris Museum collected by Bokermann (not
examined by us); the specimens are probably
either H. circumdata or hylax.

Diagnosis. — The Boracéia species with dis-
tinct prepollices are Hyla albopunctata, H. astar-
tea, H. circumdata, H faber, H. hylax, H. multil-
ineata, H. pardalis, H. polytaenia, and H.
prasina. In all of these species, the prepollex is
present in both sexes (although larger in males)
and a slender bony spine is covered or projects
only at the tip. In Leptodactylus flavopictus and
L. ocellatus, corified, fully exposed spines are
present in the prepollical area only in males.
Hyla circumdata lacks the parallel dorsal stripes
of H. multilineata and polytaenia. Hyla
circumdata has finger webbing;, Hyla
albopunctata does not. Hyla circumdata lacks
the distinct pair of white dorsolateral stripes evi-
dent in H. prasina. Hyla circumdata has less
finger webbing (maximum web of 2 1/2 on outer
side of finger III) than H. faber and pardalis
(minimum web of 2 1/4 on outer side of finger
III). Hyla circumdata further differs from H.
Sfaber in being smaller (maximum SVL for
circumdata 67 mm; minimum SVL for faber 95
mm); the ulnar and tarsal fringes are much better
developed in pardalis than in circumdata. Hyla
circumdata is larger (minimum SVL 55 mm)
than H. astartea (maximum SVL 44 mm) and
has a tan or brown dorsum usually with distinct
dark cross bands; H. astartea is creamy tan dor-
sally and lacks dark transverse bands. The tym-
panum is large in H. circumdata (diameter 3/5-
3/4 eye diameter), moderate in H. hylax (diame-
ter just less than 1/2 eye diameter).

Adult Morphology (N = 10 males, 10 fe-
males). — Snout outline rounded or nearly
rounded from above, rounded or vertically
rounded in profile; no cranial crests; upper eye-
lids lacking distinctive features; tympanum large,
distinct, diameter 2/3-3/5 eye diameter; male
vocal sac single, slightly or not expanded exter-
nally; males with vocal slits; vomerine teeth in
transverse or arched-acute series, usually be-
tween choanae, sometimes partly extending pos-
terior beyond choanae; finger lengths I<II<IV
<III; finger disks large, but much smaller than
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tympanum; modal finger webbing formula for
males I trace II 2-3 III 2 1/2-2* IV, for females I
trace II 2*-3* III 2 2/3-2* IV; subarticular tu-
bercles well developed, rounded, single or bifid
under fingers 1II and IV; brown nuptial pad on
base of thumb in males, forearm hypertrophied
in males; outer forearm with a distinct to weak
warty fold; prepollex large in males, distinct byt
smaller in females, spines exposed or not in
males; moderately developed supratympanic
fold, weakly to moderately developed horizontal
supra-vent fold; dorsum smooth; chin smooth,
chest striated or granular, belly and under thighs
granular; toe lengths I<II<I[I=V<IV or V<III;
toe disks large, largest equal to or just smaller
than largest finger disks; modal toe webbing for-
mula inmales I 1 1/2-2111-22/3 1111 1/3-2 1/2
IV 2*-1" V, in females 1 2-2* 11 1 1/4-2 2/3 111 1
1/2-3-1V 2 1/2-1* V; large ovoid inner metatarsal
tubercle; outer indistinct or very small and
round; heel usually with a single tubercle or
small calcar, rarely smooth; weak to distinct in-
ner tarsal fold along length of tarsus: outer tarsal
texture smooth or slightly warty: sole of foot
smooth or (usually) with scattered regular large
fleshy tubercles.

Dorsal pattern variable. usually including
some combination of tan, brown, or gray cross
bands or stripes on body or anastomosing pat-
terns, cross stripes or bands, when present, more
regular posteriorly, cream spots present or ab-
sent, upper limbs tan with brown cross bands;
dark mid-dorsal stripe from tip of snout extend-
ing to sacral region, vent, or absent, dorsal and
ventral colors sharply to indistincty demarcated
along outer hand and forearm fold and outer foot
and outer tarsus; heels, elbows, and supra-vent
region sometimes with bold enamel cream spots;
canthal stripe faint or absent, rest of face uniform
tan or brown; flanks with vertical tan and brown
or cream and brown stripes, stripes sometimes
anastomosing, distinct along entire tlank or more
distinct posteriorly; throat and chest speckled
brown, front of belly with scattered melano-
phores, posterior belly mostly lacking melano-
phores; some vertical brown stripes on posterior
surface of thighs continuous with stripes of front
of thighs, latter stripes sometimes famt.

SVL 56.1-66.6, mean 62.2 mm (males), 56.3-
64.8. mean 60.0 mm (females); mean head
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length 36% SVL; mean head width 37% SVL
(males), 36% SVI (females); mean thigh length
51% SVL (males), 50% SVL (females); mean
shank length 53% SVL; mean foot length 45%
SVL (males), 43% SVL (females).

Life Colors. — Dorsum tan with darker
brown markings; cream spots on back, elbows,
heels, and vent; upper limb surfaces banded with
gray or orange-tan; flanks golden yellow, more
intense in groin with pale transverse banding.
Throat and chest cream or yellow with black
dots; belly and undersides of thigh orange, under
surfaces of arms, hands, and rest of legs pink
flesh color. Thigh with narrow dark gray bands
continuous from front across top to rear surfaces,
front and rear ground color transparent purplish
or thigh with narrow tan bands dorsally and dark
gray bands on a pink flesh colored ground on
front and backs of thighs, same pattern continu-
ing on concealed surface of shank.

Larval Morphology. — Tadpoles unknown
from Boracéia.

Advertisement Call. — Call unknown.

Ecology. — No specimens have been heard
calling. Is is surprising that we have no record of
the call of this species at Boracéia because the
Rands and Heyer made special efforts to track
down unfamiliar calls. This is made more curi-
ous because we are unable to find any descrip-
tion of the call of the species in the literature
though there are descriptions of its close rela-
tives. At Boracéia the closely related H. hylax is
common and conspicuous since the calls are loud
and it calls for much of the year. Possibly H.
circumdata has a call so similar to that of H.
hylax that we did not distinghuish them. or
because H. circumdata is shver and called from
places that were more difficult to reach, or was
rarer or perhaps just on chance alone we found
only H. hylax when we searched for the origins
of the calls. However, it would be most unusual
for two sympatric species to have calls so similar
that they could be consistently confused. Another
possibility is that H. circumdata is voiceless; this
is possible but unlikely because it has fully de-
veloped vocal sacs. A third possibility is that H.
circumdata calls at a time (perhaps very late at
night, during the winter) or in a place that we did
not sample adequately. Whatever the reason, the
call of H. circumdata remains to be described.
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All specimens have been taken at night from
vegetation in the forest and in clearings, mostly
away from any streams or ponds. Specimens
have been collected in November through
March.

Hyla faber Wied
Color Figure 14

Hyla faber Wied, 1821. Original description.

Diagnosis. — The Boracéia species with dis-
tinct prepollices are Hyla albopunctata, H. astar-
tea, H. circumdata, H. faber, H. hylax, H. multil-
ineata, H. pardalis, H. polytaenia, and H.
prasina. In all of these species, the prepollex is
present in both sexes (although larger in
males) and a slender bony spine is covered or
projects only at the tip. In Leptodactylus
flavopictus and L. ocellatus, comified, fully ex-
posed spines are present in the prepollical area
only in males. Of the Boracéia hylids with
prepollices, H. faber is the largest, with an adult
SVL of at least 95 mm (no other member of this
cluster exceeds 75 mm SVL). Hyla faber also
has a smooth heel; most other species with pre-
pollices usually have a tubercle, calcar, and/or
flap on the heel.

Adult Morphology (N = 10 males, 1 female).
— Snout outline almost subelliptical to rounded
from above, rounded in profile; no cranial crests;
upper eyelid lacking distinctive features: tympa-
num distinct, largest diameter greater than 1/2 to
2/3 diameter of eye; male vocal sac single, not
expanded externally; males with vocal slits;
vomerine teeth in acute or arched-acute series,
lying mostly between choanae, lateral most por-
tions extending posterior to choanae; finger
lengths I<II<IV<III; finger disks large but largest
disks smaller than tympanum; modal finger web-
bing formula I trace 1I 1 1/2-2 1/3 1l 2*-2° 1V,
finger subarticular tubercles moderately devel-
oped, single or slightly bifid, males without
thumb asperities; outer forearm lacking a fold or
with a slight to noticeble fold; prepollex present
in both sexes, spines exposed or covered in
males; very weak to moderately developed su-
pratympanic fold; dorsal texture smooth or very
slightly granular; front of throat smooth, belly
granular; toe lengths I<II<V<III<IV; toe disks
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large, largest disks noticeably smaller than larg-
est finger disks to same size as finger disks;
modal toe webbing formula I 1-2- 1T 1--2 [1I 1-2*
IV 2-1- V; inner metatarsal tubercle oval, much
larger than round indistinct outer metatarsal tu-
bercle; heels lacking distinctive features;, weak
but distinct inner tarsal fold along entire length
of tarsus; outer tarsal texture smooth or glandu-
lar; sole of foot with light fleshy tubercles.

Dorsal pattern variable, mottled or lichenous
tans, browns and/or grays, scattered (or not) with
large or small dark dots, dark mid-dorsal stripe
from top of snout to scapula or ilial region, upper
limb surfaces faintly to distinctly banded, outer
fingers, forearms, tarsi, heels, toes with sharp de-
marcation of dorsal pattern by light pin stripe,
bordered by dark below, outer shank with dark
longitudinal band, supratympanic fold dark out-
lined or not, dark vent seat patch distinctly bor-
dered above by cream pin stripe, sharply blend-
ing into surrounding pattern below; face uniform,
same as dorsal color; flanks with faint to distinct
dark and light vertical lines, blending in with
dorsal and ventral patterns, on lower flanks, light
granules with dark interstices; males with dark
gray throats, chest light or dark gray. arm inser-
tion areas and belly cream, female with diny
cream throat with light brown dots. belly creamy
orange; posterior surface of thigh light with indi-
cations of dark vertical stripes or dark with indis-
tinct darker vertical stripes or so dark that almost
uniform.

SVL 97.0-104.0, mean 99.2 mm (males),
103.8 mm (female); mean head length 36% SVL
(males), 35% SVL (female); mean head width
38% SVL (males), 39% SVL (female); mean
thigh length 53% SVL (males), 55% SVL (fe-
male), mean shank length 55% SVL (males),
56% SVL (female); mean foot length 44% SVL
(males), 45% SVL (female).

Life Colors. — Iris white with black reticula-
tions. Dorsum dirty green brown with darker
brown markings or gray-pink to walnut brown
with lighter and darker blotching; cream stripe
along outside of foot to around heel, on forearm
and above vent; mid-dorsal stripe dark brown.
Throat opalescent pink or dark gray; lower lip
white outlined; belly bright orange-yellow; under
surfaces of legs transparent yellow to bright or-
ange-yellow.
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Larval Morphology. — Tadpoles not col-
lected from Boracéia. Cei (1980) described and
figured the larvae from specimens collected at
Tijuca, Rio de Janeiro.

Advertisement Call. — Calls of individual
notes given sporadically or at a rate of 1.0-1.6
per s: call/note duration 0.10-0.12 s; call/note
structure complex, initial portion of call of stron-
gest intensity and of 2 or 3 partial pulses produc-
ing a broad dominant frequency range of about
250-1800 Hz immediately followed by quieter
portion, frequency modulated, starting with a
dominant (=fundamental) frequency of about
300-400 Hz, descending slightly but perceptibly
(on audiospectrograms) during reminder of call,
latter call portion with harmonics distinctly or
indistinctly visible (Figure 44).

Ecology. -—— Males were heard calling at night
from the edge of Lago do Aterro and the quarry.
All specimens were collected at night, mostly
from the quarry or Lago do Aterro. In 1963-64 a
chorus was heard in the quarry. Several individu-
als have been found in the clearing at the station.
but no calling has been heard there. Sometimes
males called from shallow circular depressions:
eggs and tadpoles occurred in such depressions
that were probably made or at least moditied by
the frogs. One individual was taken from a leaf
on low vegetation in the forest away from water.
Specimens have been taken from September
through March.

Hyla hylax Heyer

Color figure 15

Hyla hylax Heyer, 1985b. Original description.

Diagnosis. — The Boracéia species with dis-
tinct prepollices are Hyla albopunctata. H. astar-
tea, H. circumdata, H. faber, H. hvlax. H. multil-
ineata, H. pardalis, H. polvtaenia. and H.
prasina. In all of these species. the prepollex is
present in both sexes (although larger in males)
and a slender bony spine is covered or projects
only at the tip. In Leptodacivius flavopictus and
L. ocellatus, comitied. fully exposed spines are
present in the prepollical area only in males.
Hyla hylax lacks the parallel dorsal stripes of H.
multilineata and H. polvtaenia. Hvla hylax has
finger webbing; Hyla albopunctata does not.
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Hvla hviax lacks the distinet pair of white dorso-
ateral siripes evident in H. prasina. Hyla hylax
nas less finger webbing (maximum web of 2 1/2
outer side of finger 1) than H. faber and
nardalis (minimum web of 2 1/4 on outer side of
finger Il). Hyla hylax further differs from H.
faber in being smaller (maximum SVL for hylax
64 mm; minimum SVL for faber 95 mm); the
ulnar and tarsal fringes are much better devel-
oped in pardalis than in hylax. Hyla hylax is
larger (minimum SVL 55 mm) than H. astartea
(maximum SVL 44 mm) and has a tan or brown
dorsum usually with distinct transverse bars;
H.astertea is creamy tan dorsally and lacks trans-
verse bands. The tympanum is moderate in H.
hylax (diameter just less than 1/2 eye diameter),
large in H. circumdata (diameter 3/5-3/4 eye
diameter).

Adult Morphology (N = 10 males, 2 females).
— Snout outline subovoid to semicircular from
above, rounded or rounded-vertical in profile; no
cranial crests; no distinctive features on upper
eyelids; tympanum distinct, moderate, diameter
equal to or just greater than 1/2 diameter of eye;
male vocal sac single, slightly inflated exter-
nally; males with vocal slits; vomerine teeth in
arched acute series, medial portions almost in
contact, medial extent between choanae, lateral
portions extending posterior 1o choanae: finger
lengths I<ll<]V<lIl: finger disks large. largest
same size or just larger or just smaller than tvm-
panum: modal finger webbing formula I trace 1l
2-3- 11 2 2/3-2 152 IN: finger subarticular tu-
bercles moderately developed. single or barely
bifid under finger IV: males with small brown
nuptial pad on base of thumb medial to prepol-
lex, male forearm slightly to moderately hy-
pertrophied; outer forearm with a weak series of
warts or a warty ridge; prepollex well developed.
somewhat less so in females, spine exposed or
not in males; supratympanic fold weakly devel-
oped, glandular supra-anal fold; dorsum smooth;
chin smooth, chest striated, belly granular; toe
lengths I<ll<V< or =I1I<1V; toe disks large, larg-
est just smaller than or equal to largest finger
disks; modal toe webbing formula I 2--2 I1 1-2
1/4 111 1-21/2 IV 2*-1 V. inner metatarsal tu-
bercle large, ovoid, outer metatasal tubercle very
small, round or not visible; heel with a small to
moderate sized calcar, other tubercles sometimes
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present; inner tarsal fold present or absent, if
present, extending full length of tarsus; outer
surface of tarsus smooth or slightly warty: sole
of foot with low, rounded fleshy tubercles.

Dorsal pattern variable, ranging from almost
uniform tan to distinctly dark cross banded or
lichenous brown, dark mid-dorsal stripe from tip
of snout to scapular region or sacral region pres-
ent or absent, upper limb surfaces brown with
darker brown cross bands, slight dark demarca-
tion of dorsal and ventral color along outer fore-
arm, black outlined cream on vent fold, heel cal-
car, and spots in elbow present or absent, light
tan stripe on outside edge of foot and tarsus to
calcar present or absent; face tan or brown with
dark speckles or streaks; flanks light tan with
dark brown vertical stripes of equal width or
lighter areas 3-4 times as wide as dark stripes, in
some individuals every other dark flank stripe
continuous with dark transverse dorsal bands;
chin with heavy or light speckling of brown, rest
of belly uniform cream or with very scattered
melanophores; posterior surface of thigh with
dark vertical stripes on a lighter uniform ground,
some individuals with dark stripes continuous
over upper thigh with stripes on front of thigh.

SVL 55-3.61.5 mean 58.1 mm (males), 60.0-
63.4 (females): [remaining values for males only;
the values for females all fall within the ranges
found for males] mean head length 35% SVL;
mean head width 34 SVL: mean thigh length
48¢% SVL: mean shank length 31% SVL; mean
foot length 40% SVL.

Life Colors. — Ins golden. Dorsum khaki
ireddish ar nigchty with darker cross bands, with
ar without cream blotches: dark brown mid-dor-
sal stnpe: flanks vellow with dark brown bars;
upper hands orange. Chin, throat, belly and patch
on under thigh with salmon pink cast; rest of
underlimbs fleshy purple. Front and back of
thighs, concealed portion of shank yellow, or-
ange, or purple with black lines. '

Larval Morphology. — Tadpoles unknown.

Advertisement Call. — Calls given sporadi-
cally; call duration about 0.5-1.0 s; calls pulsed,
pulses grouped together forming 5-10 notes
within call initially, note duration about 0.03-
0.08 s, note rate about 10 per s, more continuous
but still not evenly pulsed at end of call; pulse
rate about 110-175 per s, not completely uniform
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within a call; first half of call most intense; calls
not noticeably frequency modulated; dominant
frequency range 400-2300 Hz; no apparent har-
monic structure; distinct sidebands due to pulsa-
tile nature of call (Figure 45).

Ecology. — Males call from the ground or on
low vegetation near forest streams; calling sites
include rolled up palm frond, stem of a shrub,
mouth of a hole, center of a bromeliad, a cavity
under a rock or stick or on the ground. Almost all
individuals were collected at night from the for-
est, some well away from any stream, presuma-
bly foraging in the understory; one individual
was collected from a clearing and a few indi-
viduals were collected during the day. The few
individuals collected during the day were appar-
ently inactive, either on vegetation or in rolled up
leaves. Specimens have been collected from
September through March and June.

Hyla leucopygia Cruz and Peixoto

Color Figure 16

Hyla leucopygia Cruz and Peixoto. 1985, Origi-
nal description.

Diagnosis. — Hyla leucopygia shares the col-
ors of green in life and whitish, lavender. purple.
or bluish in preservative with Centrolenella eu-
ryghatha, C. uranoscopa, Hyla albofrenata. H.
albosignata, H. prasina, Phyllomedusa ap-
pendiculata, P. cochranae, and Sphaenorhvn-
chus orophilus. Hyla leucopygia has vomerine
teeth; Centrolenella and Phyllomedusa lack vo-
merine teeth. Hyla leucopygia lacks a prepollex;
H. prasina has a prepollex. Hyla leucopygia
lacks a distinct postorbital stripe; such stripes
occur in H. albofrenta and S. orophilus. Hyla
leucopygia has a white outlined transverse ridge
above the vent; the vent is completely encircled
by a white outlined, broken, transversely oval
ridge in H. albosignata.

Adult Morphology (N = 7 males). — Snout
outline subelliptical to subovoid from above,
rounded in profile; no cranial crests; upper eye-
lids lacking distinctive features; tympanum large,
distinct, diameter about 2/3 t0 3/4 eye diameter;
male vocal sac single. slightly expanded or not:
males with vocal slits: vomerine teeth in acute or
acutely arched series between choanae (MZUSP
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30835 lacking vomerine teeth); finger lengths
I<Il< or =IV<«III: finger disks large, largest on
fingers 1I, III, 1V, largest disks much smaller
than tympanum (due to large tympanum); modal
finger webbing formula I trace 11 1 1/3-2 1/3 111
2-1 1/2 1V; finger subarticular tubercles moder-
ately developed, single; no male thumb asperi-
ties; outer forearm with distinct, smooth fold; no
prepollex; moderate supratympanic fold. supra-
vent dermal ridge, diffuse glands along entire
flanks; dorsum smooth; venter granular; toe
lengths I<lI<III< or =V<1V; toe disks of moder-
ate size, largest just smaller than largest finger
disks; modal toe webbing formula 1 2--2 1/3 1I
1+-2 1/2 11T 1*-2 1/2 IV 2*-1 V; prominent ovate
inner metatarsal tubercle, outer not visible or
round and indistinct; heel with a fold and well
developed calcar; weak inner tarsal fold present
or absent, well developed smooth fold on outer
tarsus for entire length; outer tarsal texture
smooth or with glandular appearing cells; sole of
foot granular with fleshy rounded tuberc! s.

Dorsum mostly pigmentless with a scattering
of small brown and white dots, outer ulnar, tar-
sal. and supra-vent folds white highlighted, white
sometimes spreading laterally onto hands, feet,
ventral forearm and tarsus; face same pattern as
dorsum: dorsal and ventral patterns meeting low
on flanks: chin white outlined, belly creamy yel-
low with bits of white pigment flecks; posterior
surface of thigh pigmentless.

SVL 38.2 - 44.2, mean 41.0 mm (males);
mean head length 36% SVL, mean head width
35% SVL; mean thigh length 46% SVL: mean
shank length 48% SVL; mean foot length 44¢
SVL.

Life Colors. — Iris gold or silver centrally.
red or golden bronze peripherally. Dorsum bright
grass green with small white spots. sides lighter:
vent fold, heels. outsides of feet. forearms and
hands white; vent papillae vellow: sides near
groin yellow: bones green. Lower lip white out-
lined; chin chartreuse: chest bluish: belly green
on sides and pale vellow in center: under arms
and base of bellv Prussian blue. lighter at joints
and under thigh and <hank. Posterior thigh same
color as dorsum. lacking white spots.

Larval Momhology. — Tadpoles unknown.
Call. — Calls of individual
notes. given sporadically or frequently up to a

Advertiisement
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rate of 1-3 notes per s; note duration 0.08.0-15 s;
notes not pulsed; calls gradually increasing and
fading in intensity; notes usually not frequency
modulated, occasionally rising sharply in fre-
quency initially then either constant in frequency
or descending in frequency for remainder of
note; notes with strong harmonic structure. with
up to at least 7 harmonics visible; dominant fre-
quency spread among fundamental and second
and third harmonics, loudest band varving
among notes but usually the third harmonic. fun-
damental frequency range 650-1000 Hz. second
harmonic range 1250-1800 Hz, third harmonic
range 2000-2700 Hz (Figure 46).

Ecology. — This species. like H. alhofrenara.
is a persistent caller, usually in small groups of 4
to 5 males high in trees in farest near streams.
One male was recorded at night in the forest
away from water from a leat on a small tree. All
other specimens have been taken at night from
vegetation in the forest or at the forest edge.
Specimens have been collected in December and
February and heard calling from August to May.

Hyla microps Peters

Color Figure 17

Hyla microps Peters, 1872, Original description.

Diagnosis. — The combination of small size
{less than 30 mm SVL). toe disks with circum-
ferential grooves. hand and foot webbing. a black
axillary membrane. a distinct pigmentless area
on the posterior surface of the thigh 1bright or-
ange-red in life). and a white area under the eye
and below the tympanum distinguishes H. mi-
crops from all other Boracéia frogs.

Adult Morphology (N = 10 males. | female).
— Snout outline nearly rounded to semicircular
from above, vertical, slightly verticallyv acute. or
vertically rounded in profile; no cranial crests;
upper eyelids with small warts in well preserved
specimens; tympanum distinct, diameter just less
than or about equal eye diameter; vocal sac in
males single, greatly expanded externally. ex-
tending onto chest: males with vocal slits: vo-
merine teeth in transverse series just posterior to
choanae, contiguous or slightly separated medi-
ally; finger lengths I<IV= or <II<III; finger disks
moderately large, largest about same size as
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tympanum; modal finger webbing formula I
trace Il 1 1/2-3- 111 2 1/2 -2 IV; finger subarticu-
lar tubercles moderately developed, bifid at least
under finger [V; no male thumb asperities; outer
forearm with rugose fold or series of low warts;
no prepollex; distinct axillary membrane; supra-
tympanic fold indistinct; dorsum smooth; venter
granular; toe lengths I<II<V< or =1II<IV; largest
toe disks about same size as largest finger disks;
modal toe webbing formula I 2°-2* 1T 1*-2 1/3 111
1--2 1/2 1V 2 1/2-1* V; inner metatarsal tubercle
oval. outer small and round or indistinct; heel
with 1-4 warty protuberances, prominent or not;
no inner tarsal fold, outer rugose tarsal fold or
series of low warts on outer tarsus; outer tarsal
texture smooth or glandular; sole of foot dis-
tinctly or indistinctly granular.

Dorsal pattern complex lichenous brown with
irregular dark interorbital and sacral markings to
almost uniform. upper limbs barred to almost
uniform, outer forearm, tarsal, foot and hand
folds continuously highlighted in white or by
series of white spots; white seat patch; face with
distinct white mark below tympanum and under
eye, rest of face complex pattern of browns or
almost uniform; flanks form almost same pattern
as on dorsum to bold contrasting pattern of bril-
liant white with dark brown irregular blotches;
anterior edge of throat brownish or brown and
white, vocal sac mostly unpigmented, belly whit-
ish with scattered brown dots; posterior surface
of thigh with central oblong pigmentless area
bordered medially by dark brown, light spot on
inner surface of shank in males, bold light and
dark pattern on inner surface of shank in female.

SVL 20.8-23.6, mean 22.5 mm (males), 29.3
mm (female); mean head length 31% SVL
(males), 29% SVL (female); mean head width
30% SVL (males), 29% SVL (female); mean
thigh length 449% SVL (males),46% SVL (fe-
male); mean shank length 47% SVL (males),
49% SVL (female); mean foot length 41% SVL.

Life Colors — Iris dark silver, yellow, or
golden centrally, copper colored peripherally.
Dorsum brown, sometimes with dirty red spots;
subocular spot cream-yellow; some with scat-
tered metallic green spots on face and, less often,
sides of back. Inner two toes bright orange.
Flanks brown with white or yellow mottle.
Throat black with salt and pepper on lower lip
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fringe; chest gray; belly white with black mark-
ings; seat patch white, outlined with broad black
lines. Front and back of thighs bright orange red.

Larval Morphology. — Body oval in dorsal
view, as wide as deep: snout broadly rounded in
dorsal view; nostril nearer tip of snout than eye;
distance between nares 94¢% interorbital width;
nares small. round and directed anteriorly; eye
20% body length. situated dorsolaterally; open-
ing of the sinistral spiracle directed posteriorly
on the midline about 66% body length; anal tube
short and dextral; tail higher than body; dorsal
fin origin midway on body length; dorsal and
ventral fin arched; tail musculature reaching the
tip of the xiphicercal tail; anteroventral mouth
width equal to 18% body width; upper lip absent,
lower lip with a single row of oral papillae; teeth
absent; beak strongly developed and finely ser-
rated.

Body and tail musculature brownish with
creamy areas, fins creamy with brownish mar-
bling (Figure 17).

Larval Habitat. — Tadpoles were collected
from the small, deep, black-water pond next to
the road, bordered by forest and road. near the
scientists” residence. This pond is apparently
permanent.

Advertisement Call. — Two kinds of calls
were heard and recorded.

The predominant call (type A) given sporadi-
cally to frequently, of 1-3 notes, the first note
longest, about 0.20-0-0.35 s, pulsed at a rate of
130-150 per s, the following 1 or 2 secondary
notes (when present) shorter, about 0.09-0.10 s.
given at a rate of just less than 2 per s; secondary
notes also pulsatile, given at a rate of about 70-
90 pulses per s; structure of pulses complex:
individual notes intensity modulated, increasing
in loudness; no frequency modulation; dominant
(= fundamental) frequency range 4500-5800 Hz;
calls without harmonic structure; sidebands due
to pulsatile nature of call (Figure 47, upper wave
form and A).

The type B call (interaction?) given spora-
dically; duration about 0.5-0.6 s; call of distinct
notes/pulses, given at a rate of about 45-55 per
s; structure of pulse/notes complex, very like that
of pulses in call type A; calls with modest inten-
sity changes, beginning of call quieter; no fre-
quency modulation; dominant (= fundamental)
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frequency range 4700-5500 Hz; calls without
harmonic structure; sidebands evident, appar-
ently due to complex structure of notes/pulses
(Figure 47, lower wave form and B).

Ecology. — Males call at night from grass or
low vegetation over or next to ponds at the forest
edge or in clearings. All specimens have been
collected at night from similar situations as the
calling males described above. Specimens have
been collected in October through February.

Hyla minuta Peters

Color Figure 18

Hyla minuta Peters, 1872. Original description.

Diagnosis. — Hyla minuta is a small species
{less than 24 mm SVL) with toe disks with
circumferential grooves, hand and foot webbing,
and a distinctive dorsal pattern of a usually dis-
tinct dark interorbital triangle with two dark
lined extensions to the sacral region.

Adult Morphology (N = 10 males, 6 {_males).
— Snout outline nearly rounded to almost semi-
circular from above, rounded in profile; no cra-
nial crests; upper eyelids same texture as rest of
dorsum. without distinctive features; tympanum
indistinctly visible or hidden, moderate size, di-
ameter just less than 1/2 diameter of eye; male
vocal sac single, greatly expanded externally;
males with vocal slits; vomerine teeth in short
obtuse or transverse series between choanae or
on line at posterior edge of choanae; finger
lengths I<II<IV<III; finger disks moderate sized,
largest disks about equal to or smaller than tym-
panum; modal finger webbing formula I trace Il
1 3/4-3 111 2 1/2-2* 1V; no thumb asperities in
males; outer forearm fold absent or very weakly
developed: no prepollex; weak supratvmpanic
fold, pronounced vent sheath extending over vent
from above; dorsum smooth or with scattered,
small, indistinct tubercles: venter granular; toe
lengths I<II<1I[=V<IV: toe disks moderate sized,
largest about same size as largest finger disks;
modal toe webbing formula [ 1-2 T 1-2 IIT 1-2*
IV 2*-1 V: inner metatarsal wbercle oval, outer
indistinct or absent: heel smooth or with a glan-
dular ridge or indistinct glandular appearing
bumps; weakly developed inner tarsal fold ex-
tending length of tarsus. incomplete outer tarsal
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fold near heel present or absent; outer tarsal tex-
ture smooth; sole of foot smooth or granular.

Dorsal pattern yellow tan or tan with scattered
black dots with gray or brown interorbital tri-
angle from which two narrow to posteriorly ex-
panded stripes extending to sacral region, form-
ing with the triangle a distinctive dark hourglass.
or dorsal stripes and interorbital triangle so faint
the pattern is hardly visible, upper limbs barred
or uniform, heel, outer tarsus and foot (but not
outer forearm) with contrasting dark and light
patterns meeting sharply, often with stripe be-
tween, dark seat patch bordered above by light
or white line, ill-defined but a most always vis-
ible dark stripe from back of eye, over tympa-
num, ending either above shoulder or mid-body;
face with indistinct or distinct loreal stripe,
sharply defined above, ill-defined below, con-
centration of melanophores in loreal region, dis-
tinctive or ill-defined light area on upper lip,
particularly under the eye; flanks with joining of
dorsal and ventral patterns on lower portions;
undersides of males with scattered melanophores
around chin and throat, chest lacking pigment
and a mid-ventral white pigment band down
belly; undersides of females with brown dotted
chin and entire belly. throat and chest whitish;
posterior surface of thigh with scattered melano-
phores or with an indistict proximal pigmentless
spot.

SVL 19.2-21.4, mean 19.9 mm (males). 20.0-
22.2, mean 21.1 mm (females:: mean head
length 32% SVL (males). 33¢¢ SVL sremalesi:
mean head width 31% SVL (males). 329 SVL
(females); mean thigh length 479 SVL: mean
shank length 51% SVL (males). 52% (females);
mean foot length 45% SVL (males). 44 SVL
(females).

Life Colors. — Iris bronze to pale gold. Dor-
sum dirty cream or yellow with khaki or brown
dorsal pattern; upper limbs dirty yellow with
brown bands or marks; fingers and toes vellow.
orange, or red; some individuals with cream
stripe over vent and on heels; undersides of
males with yellow throats, cream bellies, under-
surfaces of limbs flesh colored with fine black
dots, undersides of females with white chin and
throat, dark white belly, undersurfaces of limbs
tranparent orange red. Posterior surface of thigh
fleshy orange color.
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Larval Morphology. — Body oval in dorsal
view, deeper than wide; snout broadly rounded
in dorsal view; nostril closer to tip of snout than
eye; distance between nares 85% interorbital
width; nares elliptical, situated laterally and di-
rected anteriorly; eye dorsolateral, 19% body
length; opening of the sinistral spiracle directed
posteriorly on the inferior half of the body about
73% body length; anal tube very short and dex-
tral; tail higher than body; dorsal fin origin mid-
way on the body length; fins arched; tail muscu-
lature reaching the tip of xiphicercal tail; mouth
anteroventral, width 30% body width; mouth
directed anteriorly; two rows of oral papillae
broadly interrupted on upper lip; tooth row for-
mula 1/2; teeth weakly developed; beak moder-
ately developed and finely serrated.

Body and tail white with brown scattered
spots; brown stripe from eye to snout; longitudi-
nal median brown stripe on first third of tail mus-
culature; brown fringe on dorsal and ventral fins;
silvery-white belly. In life, body and tail lemon-
yellow with black spots; dorsum of the body mo-
re olive; black stripe from eye to snout; redsome-
times occurring on tail; iris golden (Figure 18).

Larval Habitat. — Tadpoles were collected
from the deeper ponds on the quarry floor and
from a seasonally algae-filled water reservoir
tank in a clearing.

Advertisement Call. — Calls given sporadi-
cally. of 1-3 notes. call duration 0.3-1.0 s, first
note longest 0.13-0.16 s duration. following sec-
ondary notes. if present. shorter. about 0.05 s
duration: note rate 2-3 per s: notes pulsed at
about 160-180 pulses per s: note wave form
complex; primary notes beginning quietly, end-
ing loudly: primary notes slightly frequency
modulated in a complex fashion; fundamental
frequency centering on 3000 Hz, dominant fre-
quency 13500-6500 Hz) centering on 6000 Hz;
notes with harmonic structure; side bands due to
pulsatile nature of notes (Figure 48).

Ecology. — This is a common species at
Boracéia. All specimens have been collected at
night from clearings, mostly on low vegetation
over or next to temporary and permanent ponds
including the quarry. It overlaps in places with
H. microps but also occurs in more open mi-
crohabitats. Specimens have been collected in
October through March.
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Hyla multilineata A. Lutz and B. Lutz

Color Figure {9

Hyla multilineata A. Lutz and B. Lutz, 1939,
Original description.

Nomenclatural Note. — Cohran (1955:84)
and Duellman (1977:38), among others, consider
multilineata a subspecies of Hyla bischoffi
Boulenger. We have not evaluated the species
level status of multilineata with respect to bis-
choffi, but use the name multilineata solely be-
cause the Boracéia specimens are conspecific
with multilineata described from Alto da Serra,
Sao Paulo.

Diagnosis. — The Boracéia species with dis-
tinct prepollices are Hyla albopunctata, H. astar-
tea, H. circumdata, H. faber, H. hylax, H. multil-
ineata, H. pardalis, H. polytaenia, and H.
prasina. In all of these species, the prepollex is
present in both sexes (although larger in males)
and a slender bony spine is covered or projecting
only at the tip. In Leptodactvius tlavopictus and
ocellatus, cornified. fully exposed spines are
present in the prepollical area only in males.
Hyla multilineata has a series of light and dark
dorsolateral stripes and a distinct dark band on
the tibia; it shares these features only with H.
polytaenia of the Boracéia frogs with prepollices.
The posterior surface of the thigh usually has
distinct dark vertical bars or ocelli in H.
multilineata; H. polytaenia usually has a uniform
posterior surface of the thigh. Hyla multilineata
is larger (males 36-47 mm SVL, females 57-60
mm SVL) than H. polvtaenia (males 27-33 mm
SVL, females 35-40 mm SVL).

Adult Morphology (N = 10 males, 2 females).
— Snout outline subovoid to nearly rounded
from above, rounded in profile; no cranial crests:
upper eyelids usually lacking ornamentation,
rarely with a single ridge; tympanum sometimes
difficult to see but usually visible externally,
diameter about 1/2 eye diameter; male vocal sac
single, small; males with vocal slits; vomerine
teeth in short acute series, between or just poste-
rior to choanae, in medial contact or separated by
less than length of one vomerine tooth row; fin-
ger lengths I<ll< or =IV< or <«III; finger disks
moderate to large, largest disks smaller than or
about same size as tympanum; modal finger
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webbing formula | none II 2-3* I1II 2 2/3-2 1/2
IV; finger subarticular tubercles moderately de-
veloped, single or bifid; no thumb asperities;
outer forearm with a weak glandular fold to a
distinct rugose fold; prepollex large in males,
spines usually not exposed, prepollex rudimen-
tary in females; weakly developed pair of dorso-
lateral folds, supratympanic fold extending to
dorsolateral fold and ending at 1/3 body length.
vent flaps slightly to moderately pronounced:
dorsum smooth; venter granular; toe lengths I<
or =II<IlI=V<IV; toe disks moderately devel-
oped, largest about same size as finger disks;
modal toe webbing formula I 2-2 1/2 11 1 3/4-3
IIT 2--3 IV 2 1/2-1*V; inner metatarsal tubercle
oval, outer absent or very indistinct; heel with
moderate to large calcar; weakly to distinctly de-
veloped inner tarsal fold extending full length of
tarsus, less well developed outer tarsal fold;
outer tarsal texture smooth to weakly granular;
sole of foot granular.

Dorsal pattern striped, ranging from 1lmost
uniform tan with small random dots and two
broad indistinct dark stripes on either side of
midline from scapula to groin to a pattern of
distinct series of narrow darker and lighter tan
and brown stripes randomly dotted with small
brown spots, upper limbs striped to uniform
cream with random small dots, outer shank with
a complete (sometimes irregular) dark stripe bor-
dered above by a light thin stripe, vent flaps dark
highlighted as a small seat patch; dark canthal
stripe from tip of snout to eye, upper lip with or
without a narrow dark brown highlight bordered
above by a light stripe or light area; flanks with
light brown band from behind eye through tym-
panum and fading out in mid-flank, with or with-
out dark flecks in groin; venter cream, periphery
of throat and chin to entire chin and chest area
with small dark dots; posterior surface of thigh
pattern quite variable, from a very distinct series
of ocelli, to a series of ocelli open below. to a
series of dark elongate spots on the upper portion
and scattered smaller dark spots on the lower
portion to random small dark marks on the upper
portion and no pigment on most of the posterior
thigh surface.

SVL 36.9-46.1. mean 42.8 (males), 57.0-59.6
mm (females): [remaining measurements data for
males, the values for the two females fall within
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the male value ranges] mean head length 35%
SVL: mean head width 33% SVL; mean thigh
length 49% SVL; mean shank length 53% SVL;
mean foot length 43% SVL.

Life Colors. — Iris light banana yellow above
and below, or silvery tan below, or uniform
bronze. Dorsum cream to pale gold with brown
stripes (distinct at night, sometimes very faint by
day), in some individuals the darker dorsal
stripes green tinged; elbows, vent, outer shank
and heels green; canthal stripe green, small green
spot behind tympanum; groin red; front of
thighs, tarsus and foot burnt orange. Undersides
of thigh and shank red. Posterior surface of thigh
burnt orange with black or translucent purple or
blue dark markings and light iridescent blue dots.

Larval Morphology. — Body oval in dorsal
view, wider than deep; snout rounded in dorsal
view; nostril midway between eye and tip of
snout; distance between nares 79% interorbital
width; nares reniform; eye dorsolateral, 14%
body length; opening of the sinistral spiracle di-
rected posterodorsally on the midline about 75%
body length; anal tube dextral; tail as high as
body; dorsal fin origin extending slightly onto
the body; dorsal fin slightly arched and ventral
fin relatively straight; tail musculature reaching
the pointed tail tip; mouth anteroventral, width
45% body width; a single row of briefly inter-
rupted papillae on upper lip; tooth row formula
2(2)/3(1); beak moderately developed and finely
serrated.

Body and tail dark gray, first third of tail mus-
culature less pigmented. In life, body and tail
black with scattered white flecks (Figure 19).

Larval Habitat. — Tadpoles were collected
from the large permanent pond, “Lago do
Aterro” (Figure 5).

Advertisement Call. — Two types of calls are
given. Both are surprisingly quiet for a frog of
this size.

Call type 1. Calls of 1 or 2 notes, 2 note calls
given almost as frequently as 1 note calls. When
actively calling, calls given at a rate of about 1
every 4 s; call duration 0.07-0.45 s: note duration
0.07-0.10 s; notes pulsed, 8-11 pulses per note,
given at a rate of about 100-200 pulses per s,
decreasing through note; notes with no frequency
modulation; notes of same intensity through be-
ginning and middle, quieter at very end of call;
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dominant (= fundamentali frequency broadcast
channel 1100-2000 Hz; very weak third har-
monic sometimes broadcast; sidebands due to
pulsatile nature of note (Figure 49..

Call type 2. Call given infrequently. consist-
ing of a single note with structure similar to that
of type | call, but of briefer duration (about 0.08)
and a high pulse rate (about 200-250 pulses per
s) and followed by a series of 9-14 notes; call
duration 0.07-1.05 s; secondary note duration
about 0.02 s; secondary notes given at a rate of
16-33 per s; each secondary note of a single
pulse; series of notes not intensity modulated; no
frequency modulation; dominant (= fundamen-
tal) frequency broadcast channel 1200-2200 Hz
(Figure 50).

Ecology. — All specimens were collected at
night, mostly from low vegetation or grass in
pasture ponds or at the quarry. One individual
was taken on a bromeliad leaf at the edge of a
forest stream. This species resembles H.
polytaenia. It is less frequently seen, and less
abundant when present — typically only one or
two males per night were found at a pond. Speci-
mens were collected from December through
March.

Hyla pardalis Spix

Color Figure 20

Hyla pardalis Spix. 1824. Original description.

Diagnosis. — The Boracéia species with dis-
tinct prepollices are Hvla albopunctata, H. astar-
tea, H. circumdara. H. faber, H. hylax, H. multil-
ineata, H. pardalis, H. polytaenia, and H.
prasina. In all of these species, the prepollex is
present in both sexes (although larger in males)
and a slender bony spine is covered or projecting
only at the tip. In Leptodactylus flavopictus and
L. ocellatus, cornified, fully exposed spines are
present in the prepollical area only in males.
Hyla pardalis has more extensively developed
scalloped forearm and tarsal flaps and more hand
webbing, with the webbing reaching at least to
the base of the first subarticualar tubercle on the
fourth finger, than the other Hyla with distinct
prepollices, in which the finger webbing does not
extend beyond the second subarticular tubercle
of the fourth finger.
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Adult Morphology (N = 10 males, 8 females).
— Snout outline rounded to nearly rounded
from above, rounded to rounded-vertical in pro-
file; no cranial crests; upper eyelid with one
prominent warty tubercle in some individuals,
in other individuals the upper eyelid texture
same as dorsal texture; tympanum distinct,
large, diameter about 2/3 eye diameter; male vo-
cal sac single, somewhat expanded; males with
vocal slits; vomerine teeth in long gently
arched acute series between and on level of pos-
terior borders of choanae, in medial contact or
barely separated; finger lengths 1<II<IV<III; fin-
ger disks large. largest disks just smaller than
tympanum; modal finger webbing formula I 2*-
2+ 11 1--2 IIF 1 1/2-11V; finger subarticular tu-
bercles moderately large, pungent or not,
single or bifid; no thumb asperities; outer fore-
arm with distinct, scalloped fold, fold continuous
with fold on edge of outer finger; prepollex well
developed in males, spine exposed or not. pre-
pollex present but not as well developed in fe-
males; supratvmpanic fold moderately devel-
oped, a pair of scalloped folds under vent: dorsal
texture granular to very pronounced wariv-
granular; belly areolate: toe lengths I<II<V< or
=llI<IV; largest toe disks just smaller than to
noticeably smaller than largest finger disks:
modal toe webbing formula I 1'-1 1/2 1T 1-1 2/3
[I11-2° IV 1 2/3-1"V; inner metatarsal tubercle
oval, outer very small, round, indistinct; heel
with scalloped fold developed into distinct calcar
at end; weak inner tarsal fold along length of
tarsus, sometimes indistinct near foot, strongly
developed scalloped outer tarsal fold continous
with fold on edge of outer toe; outer tarsal tex-
ture smooth; sole of foot granular or with series
of small fleshy tubercles.

Dorsal pattern usually complex lichenous
brown, sometimes irregularly spotted or almost
uniform brown, upper limbs weakly banded to
uniform, limb fringes barely highlighted; face
pattern usually same as dorsal pattern, sometimes
with indistinct dark loreal stripe, or supratym-
panic fold dark highlighted; flanks with series of
alternating narrow to somewhat broad dark and
light vertical stripes; chin speckled with brown,
belly uniform cream; posterior surface of thigh
with scattered melanophores, usually superim-
posed by dark vertical stripes.
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SVL 59.3-68.4, mean 63.7 mm (males), 66.3-
73.6, mean 68.7 mm (females); mean head
length 34% SVL; mean head width 34% SVL;
mean thigh length 50% SVL (males), 48% SVL
(females); mean shank length 52% SVL (males),
51% SVL (females); mean foot length 43% SVL
(males), 42% SVL (females).

Life Colors. — Iris entirely silver or yellow
peripherally and silver in center or yellow above
and silvery bronze below or greenish yellow
above with a tan horizontal stripe below. Dorsum
greenish gray. Flanks light green; groin lavender.
Inside of mouth bluish green. Bones green. Belly
dirty green-white-gray with salmon wash in
places; underside of hands and feet (webbing and
skin) deep brown-red; undersides of disks green.
Posterior surface of thigh brown or lavender (no
flash color on thigh or groin).

Larval Morphology. — Body oval in dorsal
view, wider than deep: snout rounded in dorsal
view: nostril closer to eve than tip of snout; dis-
tance between nares equal to or just less than
mterorbital distance: nares remiform: eve dorso-
lateral. 153% body length; opening of the sinistral
spiracle directed posterodorsally on the midline
about 69% body length: anal tube median: tail as
high as body: dorsal fin onigin extending slightly
onto the body: dorsal fin slightly arched and
ventral fin relatively straight; tail musculature
reaching the pointed tail tip; anteroventral mouth
width equal to 44% body width; a single row of
oral papillae, except on a small section of the
upper and lower lips; tooth row formula 2(2)/3-
4(1); beak moderately developed and finely ser-
rated.

Body and tail musculature brown, with trans-
verse darker brown bands on dorsum of the tail
musculature; dorsal fin light brown, ventral fin
and venter unpigmented. In life, body tan or
grayish-brown with small golden flecks; belly
blackish with many silvery dots; tail musculature
brown with transverse brown bands on the dor-
sum; dorsal fin light brown, ventral fin unpig-
mented; tail musculature and dorsal fin with sil-
very dots; iris golden with an outer gray ring
(Figure 20).

Larval Habitat. — Tadpoles were collected
from shallow ponds on the quarry floor.

Advertisement Call. — Calls given sporadi-
cally; call duration about 0.15-0.35 s; calls
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strongly pulsed; pulse rate about 50-175 pulses
per s; at slowest pulse rate call pulses are com-
pletely separated and appear as notes; calls be-
ginning quietly and rapidly becoming loud with
maximal intensity just before end of call; calls
not noticeably frequency modulated; dominant
frequency range 400-1800 Hz; no apparent har-
monics; sidebands due to pulsatile nature of call
(Figure 51).

Ecology. — Males were observed calling at
night from shallow water or land in open marshy
situations at the quarry and pastures in or adja-
cent to small puddles as small as cow hoofprints.
Active individuals were taken at night from simi-
lar situations as calling males. Inactive individu-
als were collected during the day from a rock
wall seep on a road cut and under rocks and
wood on the quarry floor. Specimens were col-
lected from September through February.

Hyla polytaenia Cope

Color Figure 21

Hyla polytaenia Cope, 1870. Original descrip-
tion.

Diagnosis. — Hyla polytaenia has a series of
light and dark dorsolateral stripes and a distinct
dark band on the shank: it shares these features
only with H. multilineata among the Boracéia
frogs with distinctly developed prepollices. The
posterior surface of the thigh in H. polviaenia is
usually unitorm: in H. muitilineata the posterior
surface of the thigh ust has distinct verticil
hars or ocelli. Hvia pol
27-33 mm SVL. females :
H. multilineata (males 36-47 mm SVL. females
57-60 mm SVL).

Adult Morphology (N = 10 males, 9 females).
— Snout outline rounded ar nearly rounded from
above, rounded to vertically rounded in profile:
no cranial crests; no distinctive features on upper
eyelids; tympanum usually with distinct color
pattern although annulus not distinct. moderate
size, diameter about 1/2 diameter of eve: males
with single externally expanded large thin vocal
sac; males with vocal slits; vomerine teeth in
short transverse series lying just posterior to.
but between choanae; finger lengths I<Il<IV
<IIIL; finger disks moderate size, disks largest on

ia 1s smaller (males

1 SVL) than
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fingers I, I1I, 1V, largest disks just smaller than
or about equal to tympanum; modal finger web-
bing formula I trace II trace Il 2 2/3-2 1/3 1V;
finger subarticular tubercles moderate, single; no
thumb asperities; outer forearm with modest
shallowly scalloped or straight glandular fold;
prepollex well developed in males, spine cov-
ered. prepollex reduced in females, but present;
weak supratvmpanic fold, low glandular supra-
vent ridge sometimes developed into a short vent
sheath: dorsum smooth; throat smooth, rest of
belly granular: toe lengths I<lI<Ill< or = or
>V<IV: largest toe disks equal to or just smaller
than largest finger disks: modal toe webbing for-
mula 12-2 12111 3/4-3 111 2-3- 1V 3-1 12 V;
inner metatarsal tubercle ovoid. no outer; heel
smooth or with a weak transverse glandular fold,
weakly to distinctly developed inner tarsal fold
extending length of tarsus, very weak outer tarsal
fold present or absent; outer tarsal texture
smooth or glandular; sole of foot granular.

Dorsal pattern with very regular, usually very
distinct, longitudinal stripes, consisting of three
cream outlined broad brown stripes (rarely inter-
rupted), one from snout to above vent, other two
from around eyelids to above and to side of vent,
two narrow stripes, partly or entirely interrupted,
between the three broad stripes, two dark lines
and incomplete stripes lateral to broad stripes,
upper limbs with interrupted longitudinal stripes,
outer forearm and shank with a dark longitudinal
band. heel with light transverse stripe. cream
stripe above vent bordered below by brown;
white outlined dark canthal stripe from (almost)
tip of snout through nostril to eve and extending
posteriorly as broad band through tympanum to
. upper lip with thin brown stripe, bordered
ibove by light stripe. narrow sinuous brown
simipe between canthal and lip stripes present or
absent: flanks with a distinct or indistinct light
stripe near belly from around arm insertion to
groin region. in addition to brown band men-
noned above: chin white with scattered brown
dots. same pattern sometimes extending to front
of chest and sides of otherwise unmarked belly;
posterior surface of thigh usually lacking pig-
ment or with a few scattered brown dots, area
next to vent white with brown dots.

SVL 27.3-32.6, mean 30.0 (males), 35.7-40.0,
mean 38.1 (females); mean head length 32%
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SVL; mean head width 30% SVL (males), 31%
SVL (females); mean thigh length 46% SVL
(males), 47% SVL (females); mean shank length
50% SVL; mean foot length 43% SVL (males),
41% SVL (females).

Life Colors. — Iris gold or bronze, sometimes
with a faint horizontal dark bar. Dorsum tan,
brown, and dirty cream with darker brown longi-
tudinal stripes; hands and feet orange or red; heel
and vent stripes white; groin red. Belly cream;
bottoms of hands and feet orange. Anterior and
posterior surfaces of thighs salmon pink to trans-
parent red.

Larval Morphology. — Body oval in dorsal
view, wider than deep; snout rounded in dorsal
view; nostril nearer eye than tip of snout; dis-
tance between nares 76% interorbital width;
nares reniform, situated dorsolaterally; eye dor-
solateral, 14% body length; opening of the sinis-
tral spiracle directed posterodorsally on the
midline about 80% body length; anal tube me-
dian, anal tube opening dextral; tail higher than
body; dorsal fin origin barely at end of body:; fins
slightly arched: tail musculature reaching the
pointed tail tip; anteroventral mouth width equal
to 37% body width; a single row of oral papillae
interrupted on upper lip; tooth row formula 2(2)/
3(1,2); beak moderately developed and finely
serrated.

Dorsum of the body brown; venter unpig-
mented; tail brown marbled; longitudinal me-
dian brown stripe on first third and transverse
bars on dorsum of tail musculature. In life, dor-
sum of the body olive with black flecks; venter
black with silvery flecks; tail brown marbled;
silvery flecks on ventral fin; longitudinal median
dark brown stripe on first third and transverse
dark brown bars on dorsum of tail musculature;
iris with golden ring and outer gray ring (Figure
21).

Larval Habitat. — Tadpoles were collected
from the deeper ponds on the floor of the quarry,
from the permanent pond “Lago do Aterro”
(Figure 5), and from a seasonal, algae-filled wa-
ter reservoir tank in a clearing.

Advertisement Call. — A typical call se-
quence consists of alternating calls of 2 distinct
types. One type consists of longer harsh notes,
the second is a trill of brief notes very much
quieter than the harsh notes (Figure 52).
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The harsh noted call of 1-6 notes; call lasting
from 0.1-1.0 s; each note 0.05-0.15 s duration;
given at a rate of up to 5 notes per s; notes pulsa-
tile, ranging in rate about 250 pulses pers at the
start of a longer note to 150 pulses per s at the
end; frequency modulation noticeable or not; in-
tensity modulation not marked; dominant (= fun-
damental) frequency 4800-6700 Hz; no apparent
harmonics; sidebands due to pulsatile nature of
call.

The trilled call of 4-13 notes; each note 0.02-
0.03 s duration; given at rates of about 6-20
notes per s; notes apparently of a single pulse;
intensity modulation not noticeable; frequency
modulation among notes noticeable but unpre-
dictable; dominant (= fundamental) frequency
4500-6600 Hz, any given note with a frequency
bandwidth of 500-1000 Hz; no apparent harmo-
nics.

Ecology. — Males were collected calling
from stems and leaves of reeds, grass, and low
shrubs around open ponds in meadows and the
quarry at night. Most other individuals were col-
lected from similar situations as the calling
males. A very few individuals have been taken
from leaves of small trees or bushes in the forest
at night away from water. One individual was
collected from a bush by the road while beating
vegetation for insects. Specimens have been col-
lected in every month of the year except June.

Hyla prasina Burmeister

Hyla prasina Burmeister, 1856. Original descrip-
tion.

Nomenclatural Note. — The relationships
among Hyla prasina, pulchella, and raddiana are
not clear. We follow Duellman (1977:86) in us-
ing prasina for the Boracéia population.

Diagnosis. — Hyla prasina is the only Bo-
racéia species that has both an externally distinct
prepollex and is green in life and whitish. laven-
der, purple or bluish in preservative.

Adult Morphology (N = 6 males). — Snout
outline subovoid to nearly rounded from above,
rounded in profile; no cranial crests; no distinc-
tive features on upper eyelids; tympanum dis-
tinct, diameter about 1/2 or just larger than 1/2
eye diameter; male vocal sac single, externally
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expanded; males with vocal slits; vomerine teeth
in short acute or transverse series between and at
posterior extent of choanae; finger lengths
I<II<IV<III; finger disks large, largest disks on
fingers II, III, IV just smaller than or about same
size as tympanum; modal finger webbing for-
mula I none II trace III 2 3/4-2 1/2 1V; finger
subarticular tubercles moderately developed.
single or bifid under finger IV; no thumb asperi-
ties; smooth or scalloped weak glandular forearm
fold, more distinct on proximal half; prepollex
modest but present; weakly developed supratym-
panic fold, weakly to moderately developed su-
pra-vent fold; dorsal texture slightly glandular,
almost smooth; front and/or sides of chin
smooth, rest of belly granular; toe lengths
[<II<«V<or =III<IV: largest toe disks just smaller
than or about equal to largest finger disks; modal
toe webbing formula 1 1 1/2-2 11 1-2 1/2 HIII 1
1/2-2 3/4 IV 2 1/2-1* V: inner ovoid metatarsal
tubercle prominent, outer small and round, in-
distinctly visible or not; heel smooth or with
granular texture. no distinctive features; distinct
inner tarsal fold along length of tarsus, weak
- glandular ridge on outer tarsus present or absent;
outer tarsal texture smooth or weakly glandular;
sole of foot weakly granular.

Dorsum uniform slate gray with distinct dark
brown outlined enamel white irregular stripe
from eye above tympanum reaching to groin (but
not to thigh), short dark brown outlined stripe (or
purplish brown and tan) on dorsal surface of
forearm extending from near elbow to wrist,
outer forearm and tarsal ridges lighter than dorsal
color, heel with dark outlined light stripe. longi-
tudinal dark brown outlined white stripe in
middle of or towards outer dorsal surface of
shank, supra-vent fold dark brown outlined with
white; loreal region dark purple above, sharply
defined from dorsal color by light stripe or not,
fading to light lip below or distinct white stripe
on upper lip; groin and anterior 1/3-1/2 of thigh
with distinct vertical brown stripes on a light
field, anterior portions of flanks a blending of the
dorsal and ventral colors, chin white-purple. cen-
tral throat and belly dirty cream yellow: posterior
surface of thigh with series of irregular vertical
brown stripes on a light field.

SVL 41.2-49.6, mean 44,7 mm (males); mean
head length 32% SVL:. mean head width 31%
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SVL; mean thigh length 49% SVL; mean shank
length 51% SVL; mean foot length 45% SVL.

Life Colors. — Iris copper. Enamel green to
olive green above including limbs; light lines
metallic golden; light snout, flank stripe edged
below with dark brown, other light lines brown
outlined; flanks below light lines paler green fad-
ing to cream belly; purple behind shoulder; tym-
panum copper. Chin yellow to chartreuse; throat
dirty orange; belly cream, pale pink posteriorly;
cream on underside of thigh around vent, rest of
undersides of limbs translucent purple-flesh col-
ored: feet and hands gray underneath; faint
brown banding on concealed surfaces of shank
and foot. At groin some dark brown and white
transverse lines on transparent purple ground,
brown lines continuing faintly onto anterior sur-
face of upper thigh and repeated on posterior
surface of thigh more distinctly.

Larval Morphology. — Tadpoles unknown.

Advertisement Call. — Call not recorded
from Boracéia; described by Rands as loud harsh
“chrraa.”

Ecology. — One individual was collected
from the quarry wall: others were calling at night
from more or less exposed sites on vegetation in
ponds on the quarry floor or calling in vegetation
at the edge of the “Lago do Aterro™ and on vege-
tation in a pond 3 km east of the scientists’ resi-
dence. Specimens were collected in October and
March.

Hyla senicula Cope
Hyla senicuia Cope. 1868, Original description.

Diagnosis. — Hvla senicula is the only Bo-
racéia species with a patagium that also has toe
disks with circumferential grooves, hand and
foot webbing. a lichenous dorsal pattern, and a
uniform hrown posterior thigh pattern.

Adult Morphology (N = 1 male). — Snout
outline semicircular from above, rounded in pro-
file: no cranial crests; upper eyelids warty; tym-
panum distinct, diameter about 1/2 eye diameter;
male vocal sac single, large and expanded exter-
nally; male with vocal slits; vomerine teeth in
short transverse series lying between the cho-
anae: finger lengths I<II<IV<III; finger disks
large, largest on fingers ILIII and IV larger than
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tympanum,; finger webbing formula I 2-2 1/3 II
1-2 I 1 2/3-1 1/2 1V; finger subarticular tu-
bercles moderate size, double under all digits; no
thumb asperities; well developed scalloped frin-
ge on outer forearm; no prepollex; moderately
developed supratympanic fold; dorsal texture
warty; throat and chest smooth, belly granular;
toe lengths I<II<V<III<IV; toe disks large, larg-
est about same size as finger disks; toe webbing
formula I 1--1 [/3 11 1-1* 111 1-1 1/3 1V 1 1/3-1
V; inner metartasal tubercle elongately oval, no
visible outer; heel with fleshy warts; distinct
inner tarsal fold and outer broken tarsal fringe;
outer tarsal texture smooth; sole of fool granular.

Dorsum a complex pattern of light and dark
leat brown variegations, upper limbs cross
banded, most indistinctly so, but top of thigh
(and somewhat less so, on foot and tarsus) very
boldly banded white and dark; face mostly with
same pattern as back, small light area under eye;
anterior half of flanks with a joining of dorsal
and ventral patterns, posterior half of flanks with
a bold, distinct, black and white mottle; tip of
chin brown and white, front of vocal sac brown,
most of vocal sac pigmentless. chest white, belly
dirty orange yellow; posterior surface of thigh
uniform brown.

SVL 37.7 mm; head length 30% SVL: head
width 33% SVL; thigh length 47% SVL: shank
length 50% SVL; foot length 45% SVL.

Life Colors. — Iris silver with brown reticula-
tion. Dorsum lichenous brown. Flanks and tops
of thighs with cream yellow markings. Posterior
surface of thigh brown.

Larval Morphology. — Tadpoles unknown.

Advertisement Call. — Call not recorded
from Boracéia.
Ecology. — The single individual was taken

from low vegetation on the floor of the quarry at
night in December.

Ololygon Fitzinger

Taxonomic Note. — The proposal erecting
Ololygon by Fouquette and Delahoussaye (1977)
has not been accepted by all herpetologists.
Some are concerned that Fouquette and Dela-
houssaye recognized the genus on the basis of a
single character, sperm morphology. Almeida
and Cardoso (1985) indicated that some species
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possess variation encompassing the range of
sperm morphology used to separate Hyla and
Ololygon. One of us (WRH) is of the opinion
than the members of the Hyla rubra group (=
Ololygon) are recognizable as distinct from Hyla,
are monophyletic, and that further study will
demonstrate other characters that define the
group. Consequently, we recognize Glolygon.

Ololygon brieni (de Witte)
Color Figure 22

Hyla brieni de Witte, 1930. Original description.

Ololygon brieni, Fouquette and Delahoussaye,
1977. Transter of Hyla catherinae brieni to
Ololygon.

Nomenclatural Note. — We have compared
the Boracéia form with specimens of O. catheri-
nae from Santa Catarina and find them distinct.
As brieni is an available name, we use it for the
Boracéia population; this allocation may be pre-
mature, as we have not compared the type of
brieni with Boracéia specimens.

Diagnosis. — QOlolvgon brieni is a moderate
sized species (males 30-33 mm SVL, females
32-38 mm SVL) with toe disks with circumfer-
ential grooves, toe webbing but no finger web-
bing. Of the species sharing the above
characteristics, O. brieni is most likely to be
confused with O. flavoguttata and O. obtriangu-
lata (Figure 8), which, like it, have the front and
back of the thighs and hidden portion of the
shank with very distinct alternating dark and
white bands. Ololygon brieni has the most com-
plexly lichenous dorsal pattern of these three,
almost always with irregular or crenulate edged
markings; O. obtriangulata has smooth edged
dorsal markings; Q. flavoguttata has a noticeable
narrowly defined light indented H-shaped mark
from behind the eyes to past the shoulder region,
not seen in Q. brieni.

Adult Morphology (N = 10 males, 7 females).
— Snout outline rounded or nearly rounded, tip
with or without a tubercle tfrom above, acute,
vertically acute, or rounded acute in profile; no
cranial crests; upper eyelid usually with scattered
tubercles, rarely smooth; tympanum distinct, di-
ameter just less than or about equal 1/2 eye di-
ameter; male vocal sac single, internal; males



Vol. 31 (4), 1990

with vocal slits; vomerine teeth in short trans-
verse or slightly oblique series lying between or
just posterior to choanae; finger lengths
I<II<IV<II]; finger disks large, distinct, largest
on fingers II, 111, IV, larger than or about equal to
tympanum; fingers usually free, rarely with
trace of web, sides of fingers ridged: finger
subarticular tubercles moderately developed,
single or slightly bifid under finger I'V; no thumb
asperities; outer forearm with very faint fold or
not; no prepollex; weakly to moderately devel-
oped supratympanic fold; dorsal texture usually
smooth with scattered tubercles, rarely entirely
smooth; throat smooth or weakly granular, belly
granular; toe lengths I<II<Ili< or =V<IV; toe
disks large, largest disks just smaller than or
same size as largest finger disks; male modal toe
webbing formula [ 2+-2 [/2 11 1 1/3-2 1/2 1II 1*-
2 1/2 1V 2 1/3-1"V, female modal toe webbing
formula 1 2--2 1/2 11 | 3/4-3 11 1*-2 3/4 IV 2
1/2-1*V; inner metatarsal tubercle ovate to al-
most round, outer rounded, rather indistinct, 1/4-
1/3 size of inner: heel rarely almost smooth to
usually with a few prominent fleshy tubercles; no
tarsal decoration: outer surface of tarsus usually
smooth. rarely weakly glandular; sole of foot
with low rounded fleshy tubercles.

Dorsal pattern variable including a distinct
but irregular chocolate posteriorly directed trian-
gular interorbital spot, anastomosing darker
brown stripes on light tan on rest of back, or
complex lichenous brown stripes tfrom behind
eye or axilla to as far as sacrum on each side, or
well defined dark stripes to sacrum and lighter
ladder-like brown stripes mid-dorsally. or com-
plexly variegated brown and tan pattern, upper
limbs cross barred: face with irregular dark,
broad canthal stripe. distinct or indistict dark and
light oblique bars on upper lip below eye area;
anterior 2/3 of flanks with a meeting of the dor-
sal and ventral patterns. groin with bold black
and white mottle, white sometimes in form of
large spot; belly brown mottle on creamy tan; an-
terior, dorsal, and posterior surface of thighs with
alternating dark and light bands. black and tan
dorsally, black and white anteriorly and posteri-
orly, dark bands up to twice as wide as light,
bands usually very regular, rarely irregular.

SVL 30.5-32.7, mean 32.0 mm (males), 32.3-
37.6, mean 34.5 mm (females); mean head
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length 35% SVL; mean head width 32% SVL
(males), 33% SVL (females); mean thigh length
45% SVL; mean shank length 50% SVL (males),
51% SVL (females); mean foot length 43% SVL
(males), 42% SVL (females).

Life Colors. — Iris creamy yellow. Dorsum
tan and brown; groin and anterior surface of
thigh light areas colorless or with a pale tur-
quoise wash. Bones white. Venter cream with
mottled tan and brown. Posterior surface of
thighs black and white.

Larval Morphology. — Tadpoles unknown.

Advertisement Call, — Call not recorded
from Boracéia. Described by Rand as low quiet
“krink krank’ and “krk rick rick.”

Ecology. — Males were calling in April and
August from low grass and vegetation near the
edge of a stream in low secondary growth at
night. All individuals with data were collected at
night mostly from leaves or stems of low vegeta-
tion both near and away from streams or ponds
in forests. secondary growth, or clearings. Speci-
mens were collected in July, August, October,
and December through April.

Ololygon crospedospila (A. Lutz)

Color Figure 23

Hyla crospedospila A. Lutz, 1925b. Original de-
scription.

Ololygon crospedospila, Fouquette and Dela-
houssave. 1977, Transfer of crospedospila to
Ololvgon

Diagnosis. — Qloiygon crospedospila is a
moderate sized species (males 29-34 mm SVL)
characteristically with several pairs of large
white edged dark brown spots on the dorsum. It
is the only species 10 have these distinct dorsal
spots and an almost uniform brown or tan poste-
rior surface of the thigh with webbing on both
the hands and feet.

Adult Morphology (N = 10 males). — Snout
outline subelliptical to subovoid with a pointed
tip from abov e. rounded-acute in profile; no cra-
nial crests: upper evelid lacking distinctive fea-
tures; tympanum distinct. diameter just less than
or about equal [/2 eve diameter; males with
single. large. externally expanded vocal sac;
males with vocal slits; vomerine teeth in short
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transverse series lying between the choanae; fin-
ger lengths I<II<IV<III; finger disks large, larg-
est on fingers II, III, and IV just less than or
about equal to size of tympanum; modal fin-
ger webbing formula I trace II 2-3* 11T 2 2/3-2
1/2 1V; finger subarticular tubercles modera-
tely developed, slightly or distinctly bifid
under finger IV; male thumb with somewhat
indistinct cream or white glandular patch on in-
ner surface; forearm fold lacking or represented
by a series of low tubercles; no prepollex;
weakly to moderately developed supratympanic
fold; dorsum smooth or weakly granular, flanks
granular, particularly posteriorly; throat and
chest smooth, belly granular; toe lengths
I<II<V= or «IlI<IV; toe disks large, largest just
smaller than or about equal to largest finger
disks; modal toe webbing formula I 2--2 II 1--2
[T 1-2 IV 2*-1" V; inner ovate metatarsal tu-
bercle moderately developed, outer rounded tu-
bercles 1/4-1/3 size inner, prominent or moder-
ately so; heel with moderately pronounced fleshy
tubercles; broken inner tarsal fold on proximal
1/2 to 2/3 of tarsus, of 3-4 fleshy tabs to almost
continuous; outer tarsal texture with scattered to
many pronounced fleshy tubercles; sole of foot
with fleshy tubercles.

Dorsal pattern tan with paired white outlined
(interrupted or continuous. somewhat or very
distinct) dark brown spots between eyes, above
shoulders and sacrum with a few other scattered
small spots to a similar pattern but dark
spots coalesced to form a pair of white outlined
dorsal stripes; upper limbs distinctly blotched
or cross banded with white outlined dark
brown on tan; face with narrow to broad dark
canthal stripe, rest of face uniform tan with
prominent to almost indistinct white highligh-
ting on area between under eye and front of
tympanum; flanks with dark irregular stripe
from behind eye to mid-body or almost to leg
in groin, most of flanks with meeting of dorsal
and ventral patterns low on flanks, groin
mottled; front of throat with many scattered
brown dots or not, belly cream with white wash
anteriorly, with very few scattered brown dots;
posterior surface of thigh uniform brown to
weakly mottled.

SVL 29.6-33.3, mean 31.0 mm (males); mean
head length 34% SVL; mean head width 32%
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SVL; mean thigh length 42% SVL; mean shank
length 519% SVL; mean foot length 43% SVL.

Life Colors. Iris copper or dark bronze.
Dorsum brown with yellow highlighting some-
times with green. Flanks yellow or chartreuse.
Tips of digits yellow. Throat yellow; belly whit-
ish. Posterior surface of thighs brown or translu-
cent flesh color.

Larval Morphology. — Body oval in dorsal
view, deeper than wide; snout slightly truncate in
dorsal view; nostril midway between eye and tip
of snout; distance between nares 66% interorbital
width; nares elliptical; eye dorsolateral, 17%
body length; opening of the sinistral spiracle di-
rected posterodorsally on the midline about 76%
body length; anal tube short and dextral; tail as
high as body; dorsal fin origin midway on body
length; fins slightly arched; tail musculature
reaching the pointed tail tip; anteroventral mouth
width equal to 33% body width: a single row of
oral papillae broadly interrupted on upper and
lower lips, one to two inner lateral rows: tooth
row formula 2(1,2)/3(1); third lower row very
short, appearing as modified part of the lower
lip; beak strongly developed and finely serrated:
lower beak keeled.

Body and tail gray; fins and tail musculature
brown marbled. In life, general aspect lemon-
yellow; fins light brown marbled. Advanced
stages (38 onward) turning dark brown marbled
(Figure 22).

Larval habitat. — Tadpoles were collected
from the deeper ponds on the tloor of the quarry
and from the permanent pond, “Lago do Aterro”
(Figure 3).

Advertisement Call. — Calls given sporadi-
cally at a rate up to 1.4 per s; call duration 0.25-
0.32 s: 5-7 notes per call, given at rates of about
22-33 per < note duration 0.02-0.05 s: notes
weakly partiallv pulsed at basic pulse rate of
425-470 per s tone third of carrier frequen-
cy): calls not noticeably frequency modula-
ted; beginning and ending of calls quieter
than mid-portion: individual notes beginning
and ending rather abruptly; dominant (= funda-
mental) frequency range 1200-1500 Hz: promi-
nent sidebands due to partial pulsing of notes
(Figure 53).

Ecology. — Males have been observed call-
ing at the quarry on low vegetation or on boul-
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ders associated with ponds. All specimens were
collected at night from the same open situations
as calling males at the quarry, Lago do Aterro, or
the pond 3 km east of the scientists’ residence.
Specimens were collected during the months of
November through February. The species is
common now but was rare earlier; all specimens
but one were taken after 1965.

Ololygon flavoguttata (A. Lutz and B. Lutz)
Color Figure 24

Hyla flavoguttata A. Lutz and B. Lutz, 1939,
Original description.

Ololygon flavogurtata, Fouquette and Delahous-
saye, 1977. Transter of flavoguttata to Ololy-
gon.

Diagnosis. — Qlovgon tlavogurnara is a mod-
erate sized species (29-41 mm SVL) with toe
disks and circumferential grooves and toe web-
bing but no finger webbing. Of the species shar-

ing these characteristics, O. flavogurnara 1s most

likely to be confused with O. hrieni (Figure 8).
Ololygon flavoguriata has z noticeable (but
sometimes interrupted) light indented H-mark
extending from the eve 1o past the shoulder: this

mark does notoccur in ¢ The dorsal pat-
tern of Q. brieni is also more complexly liche-
nous than that of. O Tuovocunaa

Adult Morphology (N = | male. 3 females).
— Snout outline rounded or nearly rounded with
a tuberculate tip (in well presenved individuals)
from above. acute or rounded-acute in profile; no

cranial crests: upper eyelid with scattered tu-
bercles (as on back . tvmpanum distinct, diame-
ter just less than |2 ¢ve diameier: male vocal sac
single, internal; males with vocal slits; vomerine
teeth in two short transverse patches lying be-
tween choanae: finger lengths I<lI<IV<III; fin-
ger disks very large. on fingers 11, I, IV
about same size as t : no finger web-
bing, sides of fingers with fleshy ridges; finger
subarticular tubercles moderately developed,
single; male with creamy glandular nuptial pad
on inner surface of thumb: no forearm fold; no
prepollex; modest supratympanic fold: dorsum
with scattered tubercles: venter granular; toe
lengths I<Il<V< or =Il1<IV: toe disks large, larg-
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est just smaller or about equal largest finger
disks; modal toe webbing formula 1 trace I |
1/2-3- 11 1 1/3-2 3/4 IV 3-1 1/2 V; inner meta-
tarsal tubercle ovate, average size, outer small,
round, about 1/5-1/6 size of inner, not distinct
from other tubercles in area; heel with scattered
tubercles with one prominent or not; inner and
outer tarsal folds absent or, rarely, weakly devel-
oped; outer tarsal texture with scattered tuber-
cules; sole of foot with low, round, fleshy tu-
bercles.

Dorsal pattern complex dark and light browns
including a series of light outlined or light con-
fluent or separate chevrons with dark brown tu-
bercles surrounded by dark circles, upper limbs
distinctly or indistinctly cross barred; loreal re-
gion mottled or brown with blackish circles with
tubercles in centers, two distinct oblique light
stripes, one directed torward under eye, one di-
rected posteriorly from posterior corner of eye,
two more or less distinct light spots on upper lip
between eyes and tip of snout present or absent;
anterior 1/2 to 3/5 of flanks a blending of dorsal
and ventral patterns. remainder of flanks with
bold black and white pattern with large spot in
groin next to leg; venter mattled brown-black or
brown and dirty tan-cream: posterior surface of
thigh with oblong large white spots on a black-
brown field, white spots connecting with light
cross bars on top of thighs and oblong
white spots on anterior surface of thighs. same
bold pattern on concealed portion of shank.

SVL 29.3 mm (male). 37.2-40.4 mm (fe-
males); head length 37-39% SVL: head width
35-37% SVL; thigh length 46-48% SVL: shank
length 53-54% SVL: foot length 42-45% SV,

Life Colors. — Iris bronze. Dorsum complex
pattern of tans, browns, yellowish tan. Belly pale
yellow-green with brown marks. Groin, front and
back of thighs and concealed portion of shank
with bright orange flash colors.

Larval Morphology. — Body oval in dorsal
view, slightly wider than deep: snout broadly
rounded in dorsal outline: nostril nearer eye than
tip of snout; distance between nares 69% interor-
bital width: nares rounded and dorsal; eye dorso-
lateral, 11% body length: opening of the sinis-
tral spiracle directed posterodorsally on the
midline about 73¢% body length; anal tube short
and dextral; tail slightly higher than body: dorsal

roe
dl e
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fin origin slightly onto the body; dorsal and ven-
tral fins arched; tail musculature reaching the
pointed tail tip; anteroventral mouth width equal
to 47% body width; two rows of oral papillae,
absent on the upper lip and some inner papillae
on the lateral parts; tooth row formula 2(2)/3;
beak moderately developed and finely serrated.

Body gray brown; fins and tail musculature
brown marbled (Figure 23).

Larval Habitat. — Rabello collected the lar-
vae from the Rio Claro.

Advertisement Call. — Call not recorded
from Boracéia. Described by Rand as a harsh
(but high) “raack” and/or *tick tick tick™.

Ecology. — A small chorus of males was
heard calling from dense bushes at the edge of
the pasture stream at night on two occasions in
September and October. The only other individu-
als with data were collected at night from leaves
or stems of vegetation 1-2 m high by streams or
away from water in the forest. Specimens were
collected in August, September, December.
January, and March.

Ololygon hayii (Barbour)

Color Figure 25

Hyla hayii, Barbour, 1909. Original description.
- Cochran, 1955. Citation of specimens from
Boracéia.

Ololygon hayii, Fouquette and Delahoussave.
1977. Transfer of havii to Olodveon.

Diagnosis. — Ololvgon havii has a uniform
dorsal pattern with uniform upper limbs. Most
other frogs at Boracéia have cross bars. bands or
stripes on the upper lips. Ololvzon havii can be
distinguished from all other Boracéia trogs with
uniform dorsal limb patterns in having a combi-
nation of moderate size {males 39-43 mm SVL.
females 44-51 mm SVL). toe disks with circum-
ferential grooves, finger and toe webbing. and
the posterior surface of the thigh with light spots
on a dark background.

Adult Morphology (N = 10 males, 10 fe-
males). — Snout outline pointed-rounded.
pointed-subovoid, rounded or subovoid from
above, rounded or rounded-acute in profile: no
cranial crests; upper eyelid texture same as dor-
sal texture, no distinctive features; tympanum
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distinct, diameter 1/2-2/3 eye diameter; vocal sac
single, externally expanded; males with vocal
slits; vomerine teeth usually in short transverse
series in medial contact lying between choanae,
occasionally barely separated medially or with a
slightly acute orientation; finger lengths I<II< or
= IV<III; finger disks large, largest disks on fin-
gers II, III, IV about same size as tympanum (or
a bit larger or smaller); modal finger webbing
formula 1 trace II trace III 3--2 1/2 IV; finger
subarticular tubercles well developed, somewhat
pungent, single or very slightly bifid under finger
1V; males with cream nuptial pad on inner side
of thumb; no ulnar fold; no prepollex; moderate
supratympanic fold; dorsal texture smooth to
moderately granular, sometimes weakly glandu-
lar appearing, with or without scattered tu-
bercles; throat weakly tuberculate or weakly
granular, vocal sac smooth, belly granular; toe
lengths I<li<Ill< or = V<IV; toe disks large,
largest about same size as largest finger disks;
male modal toe webbing formula I 2--2* [T I-2
OI 1241V 2-1 V, female 1 2-2 11 1-2 TIT 1-2 IV
2-1" V: inner metatarsal tubercle ovoid, outer
1/3-1/2 size of inner, ovoid; heel weakly to mod-
erately grandular, with or without scattered tu-
bercles; broken or entire inner tarsal fold from
proximal 1/3 of tarsus to entire length; outer tar-
sal texture smooth or with scattered tubercles;
sole of foot with low fleshy tubercles, sometimes
also granular.

Dorsal pattern usually almost uniform, some-
times with indistinct scattered small dark or light
spots or weak darker mottle-network, upper
limbs same as back, not banded; side of face with
same pattern as dorsum, upper lip sometinies
lighter than rest of face; axilla and groin (poste-
rior half of flanks) with large distinct or conflu-
ent light blotchy spots dark highlighted (axilla
pattern sometimes not as distinct as groin). rest
of flanks with blending of dorsal and ventral pat-
terns; venter cream with scattered brown net-
work on throat and chest or sometimes on entire
belly, some females with moderately brown spe-
ckled bellies; large distinct or confluent light
spots (rarely muted, but alwavs present) on adark
brown field on the anterior and posterior surfaces
of the thigh and the hidden portion of the shank
pattern sometimes not as distinct on anterior sur-
face of thigh and hidden portion of shank.
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SVL 39.3-43.0, mean 41.6 mm (males), 44.6-
50.2, mean 48.0 mm (females);» mean head
length 36% SVL; mean head width 33% SVL
(males), 34% SVL (females); mean thigh length
43% SVL (males), 44% SVL (females); mean
shank length 49% SVL (males), 52% SVL (fe-
males); mean foot length 44% SVL (males), 45%
SVL (females).

Life Colors. — Iris reddish gold with a hori-
zontal black smudge across the middle. Dorsum
walnut brown, lustrous khaki. coppery brown. or
brown, sometimes with small vellow spots. Belly
greenish yellow to bright yellow. sometimes
flecked with brown or black. chin and throat
darker: under limbs pale green or dirty yellow;
hands and feet brown. Axilla. groin, anterior and
posterior surfaces of thigh and hidden portion of
shank with bright deep yellow, chrome yellow,
or orange yellow flash colors.

Larval Morphology. — Body sub-cylindrical
in dorsal view, deeper than wide; snout broadly
rounded in dorsal view; nostril closer to eye than
tip of snout; distance between nares 72% interor-
bital width; nares dorsolateral, rounded; eye dor-
solateral, 18% body length; opening of the sinis-
tral spiracle directed posteriorly on the inferior
half of the body about 78% body length; anal
tube short and dextral; tail higher than body;
dorsal fin origin midway on the body length; fins
arched: tail musculature reaching the pointed tail
tip: mouth anteroventral, width 44% body width;
a single row of oral papillae interrupted on the
upper lip: scattered papillae on lateral portions;
tooth row formula 2(2)/3(1): beak strongly de-
veloped and finely serrated: lower beak keeled.

Body on dorsum and tail musculature lightly
brown pigmented: venter transparent: fins trans-
parent with brown reticulations. In life. body
musculature lemon-yellow: venter white: fins
yellowish with blackish reticulations; iris golden
with a median longitudinal red stripe (Figure 24).

Larval Habitat. — Tadpoles were collected
from the deeper ponds on the floor of the quarry.
the permanent pond “Lago do Aterro” (Figure 5),
and a seasonal, algae-filled water resevoir tank in
a clearing.

Advertisement Call. — Two kinds of calls are
commonly given: an advertisement call and an
occasional call. A day call is heard infrequently
and has not been recorded.
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The advertisement call given sporadically, up
to 3 per s; duration 0.20-0.26 s; call of almost
distinct notes (“pseudonotes”), note duration
0.05-0.10 s; note rate of about 60-70 per s; each
note weakly partially pulsed at a rate of about
350-380 per s; 3-4 pulses per note; calls initially
of slightly weaker intensity; calls with weak fre-
quency modulation at beginning of calls, starting
at a slightly lower frequency; dominant (= funda-
mental) frequency range 1200-2800 Hz; har-
monic structure; sidebands prominent due to
complexly pulsatile nature of call (Figure 54).

The occasional call consists of 1-2 short notes
given singly or, more often, repeated up to 4
times: call duration 0.05-0.18 s; note duration
0.03-0.09 s; call rate up to 6 per s; notes pulsa-
tile, given at a rate of 300-500 pulses per s;
dominant frequency range about 1200-2800 Hz;
no apparent harmonics; sidebands due to pulsa-
tile nature of call (Figure 54).

Ecology. — Males were heard calling from
low vegetation around streams and ponds at
night in open situations or second growth; the
species is common at night in these habitats,
including the quarry and “Lago do Aterro”. All
active specimens were found at night, mostly
from low vegetation near water. Only one speci-
men was captured in primary forest. This is the
most common frog in the bathrooms, from where
they occasionally call at dusk or during the day.
A few individuals were collected from under
rocks on the quarry floor in the day. Specimens
have been collected in all months except July.

Ololygon obtriangulata (B. Lutz)

Figure 8

Hvla obtriangulata B. Lutz, 1973, Replacement
name for Hvla catherinae simplex B. Lutz,
1968.

Ololvgon obtriangulata, Fouquette and Dela-
houssaye, 1977. Transter of obrtriangulata to
Ololygon.

Remarks. — The few adult specimens from
Boracéia compare very well with topotypic
specimens from Brejo da Lapa, particularly in
dorsal pattern and overall morphology. The
samples differ somewhat in size, as the largest
male specimen from Boracéia is 24.5 mm SLV;
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the males in the topotypic series (USNM
207850-895) range from 24.3-31.2 mm SVL.
The venters are slightly darker in the topotypic
series and the groin gland patch is not as distinct
in all topotypic specimens as it is in the Boracéia
individuals.

Diagnosis. — This moderately small species
(males 22-25 mm SVL) with toe disks with cir-
cumferential grooves, no hand webbing and with
foot webbing has an invariant, characteristic dor-
sal pattern. There is a dark interorbital triangle;
the snout and the mid-central back region behind
the interorbital triangle are light, The mid-back
light area is bordered on the edges by dark and
usually by well defined dark dorsolateral stripes.
The only other species with which O.
obtriangulata is likely to be confused is O. brieni
(Figure 8), in which a few individuals have a
dorsal pattern approaching that observed in O.
obtriangulata. Ololygon brieni is larger (males
30-33 mm SVL, females 32-38 mm SVL), and
the patterns are usually defined by irregular or
crenulate lines, rather than the smoothly defined
patterns seen in Q. obtriangulata.

Adult Morphology (N = 4 males). — Snout
outline rounded and pointed or subovoid from
above, rounded-acute in profile; no cranial
crests; upper eyelid without distinctive features,
same texture as surrounding dorsum; tympanum
distinct, moderate size, diameter somewhat less
than 1/2 diameter of eye; male vocal sac single,
internal; males with vocal slits; vomerine teeth in
short transverse series lying between choanae;
finger lengths I<II<IV<III; finger disks moderate
to somewhat large, largest disks on fingers II, III,
IV about same size as tympanum; fingers with-
out webbing, sides of fingers ridged; finger
subarticular tubercles not pronounced, single;
male thumb with or without a cream pad on inner
surface; no forearm fold; no prepollex; moderate
supratympanic fold, patch of glandular cells in
groin; dorsal texture smooth or smooth with very
few scattered tubercles; throat and chest weakly
granular, belly granular; toe lengths I<II
<IlI<V<IV; largest toe disks just smaller than
largest finger disks; modal toe webbbing formula
Itrace 11 1 3/4-2 1/2 1T 1*-2 1/2 IV 2*-1 1/4 V,
inner metatarsal tubercle ovoid, outer not visi-
ble or very small and round; heel with one to
a few fleshy tubercles; no tarsal decoration;
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outer surface of tarsus smooth; sole of foot
smooth or (usually) with low round fleshy tu-
bercles.

Two basic dorsal patterns, each with light tan
snout, light outlined darker brown posteriorly di-
rected interorbital triangle and broad light tan
central band extending from either side of inter-
orbital triangle to vent with indistinct small dark
brown markings, light central band either bor-
dered by relatively uniform darker brown later-
ally or a pair of distinct light-outlined dorso-
lateral bands from behind eye to groin, upper
limbs faintly cross banded; faint dark canthal
stripe, dark forwardly directed oblique bar from
under front of eye to edge of upper lip present or
absent, area immediately under eye somewhat
lighter; flanks with blending of dorsal and ven-
tral patterns on anterior 2/3, with or without a
dark stripe from behind tympanum to mid-body,
groin white with large dark irregular spots; ven-
ter cream with brown reticulation on throat and
chest or extending onto entire belly; anter’ >r and
posterior surfaces of thighs and hidden portion of
shank light with large bold irregular dark spots
or transverse bars.

SVL 22.1-24.5 mm (males): mean head
length 37% SVL; mean head width 32% SVL;
mean thigh length 45% SVL; mean shank length
53% SVL; mean foot length 43% SVL.

Life Colors. — No life colors available for
Boracéia specimens.

Larval Morphology. — Body oval in dorsal
view, slightly wider than deep; snout broadly
rounded in dorsal outline; nostril nearer eye than
tip of snout; distance between nares 72% interor-
bital width; nares rounded and dorsal; eye dorso-
lateral, 14% body length; opening of the sinistral
spiracle directed posterodorsally on the midline
about 73% body length; anal tube short and dex-
tral; tail slightly higher than body: dorsal fin ori-
gin on body-tail juncture: dorsal and ventral fins
arched; tail musculature reaching the pointed tail
tip; mouth anteroventral. width equal to 43%
body width; a single row of oral papillae shortly
interrupted anteriorly and some inner scattered
papillae on lateral parts: tooth row formula 2(2)/
3; beak moderately developed and finely ser-
rated.

Body brown: fins and tail musculature
brownish marbled (Figure 25).



Vol. 31 (4), 1990

Larval Habitat. — Tadpoles were collected in
an isolated pool of a small stream in the forest.
The larvae were exposed on the bottom of the

pool.

Advertisement Call. — Not recorded for Bo-
racéia specimens.

Ecology. — Four specimens were collected

from leaves on low vegetation at night in the
forest. One individual was taken at night on a
fern in a clearing. Individuals were collected in
December and April.

Ololygon perpusilla 1A Lutz and B. Lutz)

Figure 9

Hyla perpusiila A, Lutz and B. Lutz, 1939.
Onginal description. - Cochran, 1955. Cita-
tion of specimens from Boracéia.

Ololvgon perpusilla, Fouquette and Delahous-
saye, 1977. Transfer of perpusilla to Ololy-
gon.

Nomenclatural Note. — There are several
species within the species identified currently as
O. perpusilla (Peixoto, 1986). There is a single
unnammed new species at Boracéia; currently,
the best name to use for it is perpusilla.

Diagnosis. — Ololvgon perpusilla is one of
the smallest frog species at Boracéia (males 16-
19 mm SVL, females 19-21 mm SVL). essen-
tially found only on or in large. terrestrial. forest
bromeliads. Ololygon perpusilla has toe disks
with circumferential grooves. no hand webbing.
and reduced toe webbing with webbing distinct
only between the outer three toes. The combina-
tion of small size and reduced webbing separate
0. perpusilla from the other taxa with which it 1s
likely to be confused, namely Fritziana ohausi
and several other OQlolygon species.

Adult Morphology (N = 10 males, 6 females).
— Snout outline pointed-mucronate to rounded-
mucronate from above, acute in profile; no cra-
nial crests; upper eyelid glandular or with scat-
tered warts, same texture as back; tympanum
distinct. diameter just less than or about equal to
eve diameter; male vocal sac single, slightly to
ereatly expanded including chest region; males
with vocal slits; vomerine teeth in small rounded
or short obtuse series lying between choanae or
between posterior borders of choanae; finger
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lengths I just <II< or =IV<III; finger disks larg-
est on finger III, smallest on finger I, size on
fingers Il and IV intermediate or same size as III,
largest disks about same size as tympanum; fin-
gers without webbing, sides of fingers slightly
fringed; finger subarticular tubercles moderately
developed, single or bifid under finger I'V; indis-
tinct white glandular nuptial pad on inner thumb
of males, visible only under high magnifica-
tion (absent in USNM 209061); outer forearm
usually smooth or with a row of small warts;
no prepollex; supratympanic fold weakly de-
veloped; dorsal texture almost smooth or with
scattered warts; throat and chest relatively
smooth, belly granular; toe lengths I<II<V< or
=IlI<IV; toe disks distinct, largest disks just
smaller than or about equal to largest finger
disks: modal toe webbing formula I none II trace
ITIT 2-3* IV 3*-2-V; inner metatarsal tubercle
ovoid, outer round, about 1/2 size of inner; no
heel decoration; no tarsal decoration; outer sur-
face of tarsus smooth or with scattered warts,
rarely warts aligned in a row on outer tarsus; sole
of foot with fleshy tubercles.

Dorsal pattern of complexly mottled browns
with a well- to ill-defined dark interorbital bar,
sometimes with a broad but indistinctly defined
partial to compete light band from in between
eyes to just past sacrum, upper limbs complexly
mottled; indistinct dark canthal stripe present or
absent, indistinct series of light and dark bars or
triangles on upper lip and under eye, large light
area under eve usually visible: anterior flank
with or without an indistinct dark oblique bar,
posteriorly. large cream spot in groin or edges of
cream spot slightly mottled; throat and chest
speckled with brown, posterior belly dirty cream;
anterior and posterior surfaces of thigh and hid-
den portion of shank with large light irregular
tand sometimes coalescing) spots on a brown
background (spots not distinct in one female
examined).

SVL 16.7-18.3, mean 17.4 mm (males), 19.0-
20.2. mean 19.8 mm (females); mean head
length 39% SVL (males), 38% SVL (females);
mean head width 34% SVL (males), 33% SVL
(females); mean thigh length 43% SVL (males),
42% SVL (females), mean shank length 50%
SVL (males),51% SVL (females); mean foot
length 37% SVL (males), 39% SVL (females).
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Life Colors. — Iris bronze or yellow, often
with symmetrically placed small dark red or
brown spots. Dorsal colors dark and light brown,
and/or grey brown, mid-dorsal stripe (when pres-
ent) and subocular spot cream. Greenish tinge to
sides of belly near groin. Bright yellow-orange,
or orange flash colors in groin, front and back of
thighs, and hidden portion of shank.

Larval Morphology. — Body oval in dorsal
view, slightly elongated, wider than deep: snout
rounded in dorsal view; nostrils midway between
eye and tip of snout; distance between nares 69%
interorbital width; nares small, rounded; eyes
dorsolateral, small, 8.7% body length; opening of
the sinistral spiracle directed posterodorsally at
60% of body length; anal tube elongated, me-
dian, anal tube opening dextral; tail and body
height equivalent; dorsal fin origin at body and
tail juncture; dorsal and ventral fins very slightly
arched; tail musculature not reaching the round
tail tip; mouth width equal to 40% body width;
oral papillae occurring in a single anterior row,
broadly interrupted, two posterior rows and up to
4 rows in lateral portions; tooth row formula
2(2)/3; beak moderately developed and finely
serrated.

Body and tail brownish, tail lighter than body.
tail fin transparent. In life body dark gray and tail
light gray (Figure 26).

Larval Habitat. — A tadpole was collected
from the water-filled axils of a large ground bro-
meliad.

Advertisement Call. — Calls given frequently
when actively calling, in series of 10-20 at a rate
of about 0.3-0.4 per s; call duration 0.25-0.40 s;
each call of 4-5 notes; note duration 0.03-0.07 s;
note rate 11-15 per s; each note pulsed, 4-11
pulses per note, pulse rate 180-290 per s, pulses
amplitude modulated 4 times per pulse; call not
notably intensity or frequency modulated; domi-
nant (= fundamental) frequency range 3500-5900
Hz; call apparently without harmonic structure;
strong sideband structure due to pulsatile nature
of call (Figure 55).

Ecology. — Males commonly call at night on
leaves of large, usually terrestrial bromeliads
close to the ground in both secondary and mature
forest. All active specimens were taken at night;
most specimens from the same places as calling
males, some individuals have been taken from
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leaves or stems of other tvpes of low vegetation
from primary or secondary forest. One specimen
was collected in the dayvtime from low roadside
vegetation that was beaten to collect insects.
Specimens were collected from September
through April.

Ololygon x-signata (Spix)

Hyla x-signata Spix, 1824, Original description.
Ololygon x-signata, Fouquette and Delahous-
saye. 1977. Transfer of x-signata to Ololygon.

Remarks. — Ololygon x-signata is only repre-
sented by a single specimen from Boracéia. This
is unusual, as x-signata typically is common
where it occurs. It is possible that the specimen
(MZUSP 54382) is not from Boracéia, but it was
misidentified and catalogued as part of a series
of O. hayii. As there is no valid reason to doubt
the locality data of this specimen, the species is
included in the Boracéia fauna.

Diagnosis. — Ololygon x-signata is a moder-
ate sized species (male 42 mm SVL) with toe
disks with circumferential grooves, foot web-
bing, but no hand webbing. Ololygon x-signata
has a relatively simple dorsal pattern. of dark
chevrons; most taxa with which it might be con-
fused have lichenous or complex dorsal patterns
including dorsolateral stripes. Qlolygon x-signata
is most likely to be confused with Ololygon hayii
at Boracéia. Ololvgon x-signara has banded up-
per limb surfaces: the upper limb surfaces of O.
hayvii are uniform, not banded.

Adult Morphology (N = | male). — Snout
outline subelliptical-suboveid from above,
rounded in profile; no cranial crests; no upper
eyelid decoration; tympanum distinct, large. di-
ameter .about 2/3 eye diameter; male vocal sac
single, externally expanded; male with \ocal
slits; vomerine teeth in short, contiguous. trans-
verse series lying between choanae: finger
lengths I<lI<IV<III; finger disks large. but larg-
est disks much smaller than tvmpanum due to
large tympanum size: fingers without webbing,
sides of fingers slightly ridged: finger subarticu-
lar tubercles moderatelv developed. single; ill-
defined cream glandular pad on inner thumb of
male: no forearm fold: no prepollex: weak supra-
tympanic fold: dorsum slightly glandular; throat
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finely granular, belly granular; toe lengths
I<II<III=V<IV; toe disks well developed, largest
just smaller than largest finger disks; toe web-
bing formula I 2*-2* 11 1 1/2-2 1/2 III 1 1/2-2
2/3 IV 2*-1 V; inner and outer metatarsal tu-
bercles rounded-ovoid, outer less pronounced
and just smaller than inner; no heel decoration:
no tarsal decoration; outer surface of tarsus
smooth; sole of foot with low rounded low
rounded fleshy tubercles.

Dorsal pattern tan with darker brown faint ir-
regular interorbital bar and two chevrons. one
above shoulders, a second above sacrum. upper
limbs faintly cross-banded; face more or less
uniform tan; light area above arm insertion. faint
mottle of large light indistinct markings on
darker background in groin. rest of flanks a
blending of dorsal and ventral patterns: throat
and chest cream, speckled with brown. belly
cream; posterior surface of thigh with indistinct
but large light spots on a dark background. pat-
tern less distinct on front of thighs and hidden
portions of shanks.

SVL 42.5 mm (male): head length 34% SVL,;
head width 329% SVL: thigh length 44% SVL;
shank length 50% SVL.: foot length 41% SVL.

Life Colors. — Unknown for Boracéia speci-
men.

Larval Morphology. — Tadpoles not col-
lected from Boracéia.

Leon (1975) described larva ascribed to x-sig-
nata from Venezuela.

Advertisement Call. — Calls not recorded
from Boracéia.

Ecology. — The single individual was collected
in December 1947.

Osteocephalus langsdorffii (Duméril and
Bibron)

Hyla langsdorffii Duméril and Bibron, 1841.
Original description.

Osteocephalus langsdorffii, Cope, 1867. First
use of langsdorffii with Osteocephalus.

Diagnosis. — Osteocephalus langsdorffii is
the only species of frog from Boracéia to have
the combination of toe disks with circumferential
grooves, toe and finger webbing, and cranial
crests.
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Adult Morphology (N = 1 male). — Snout
outline almost semicircular from above,
rounded in profile; low but distinct preocular, su-
praorbital, preparatoid, and pretympanic
cranial crests; upper eyelid same texture as back,
lacking distinctive features; tympanum distinct,
large, diameter about 3/4 eye diameter; male
vocal sac single, but externally expanded as
bilobed sac; males with vocal slits; vomerine
teeth in forwardly arched transverse series lying
between choanae; finger lengths I<II<IV<III;
finger disks large. largest disks on fingers II, III,
IV much smaller than tympanum due to large
tympanum size: finger webbing formula I trace Il
1 1:2-2 172 1II 2--2- IV; finger subarticular tu-
bercles well developed, bitid under ftinger IV;
extensive brown nuptial pad on inner thumb of
male: extensive, scalloped forearm fringe; no
prepollex: weak supratympanic fold, extensive
scalloped transverse flap under vent; dorsal tex-
ture glandular with scattered, indistinct
tubercles; throat and chest weakly granular, belly
granular; toe lengths I<II<III=V<IV; toe disks
large, largest disks smaller than largest finger
disks; toe webbing formula I 1-2 II 1--2* IIT 1-2
IV 1 2/3-1- V; inner metatarsal tubercle ovoid,
outer small, round, about 1/5 size of inner; heel
with well developed calcar-fold; smooth inner
and outer tarsal folds along length of tarsus,
outer fold more extensive than inner; outer sur-
face of tarsus with slightly glandular texture;
sole of foot granular with low, round fleshy tu-
bercles.

Dorsal pattern lichenous tan and brown, upper
limbs irregularly cross banded in tan and brown;
face tan with dark brown irregular small spots
and marks, ill-defined light area on lower half of
posterior eyelid extending to tympanum; flanks
with a blending of the dorsal and ventral
pattterns: ventral pattern cream; posterior surface
of thigh almost uniformly light tan.

SVL 74.9 mm (male); head length 30% SVL;
head width 29% SVL; thigh length 50% SVL,
shank length 54% SVL, foot length 41% SVL.

Life Colors. — Unknown for Boracéia speci-
mens.

Larval Morphology. — Tadpoles unknown
from Boracéia. Duellman (1974) described and
figured tadpoles of this species from Guarujd,
Sao Paulo.
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Advertisement Call. — Call unrecorded.
Ecology. — The single specimen from Bo-
racéia was collected in March 1948.

Phyllomedusa appendiculata A. Lutz

Phyllomedusa appendiculata A. Lutz, 1925a.
Original description.

Nomenclatural Note. — Brasilian members of
the genus Phyllomedusa are being studied by one
of us (Cruz). Justification for the use of P.
cohranae for species occurring at Boracéia will
be published elsewhere. The use of P. ap-
pendiculata for the Boracéia population is provi-
sional.

Diagnosis. — The Boracéia species Centrole-
nella eurygnatha, C. wranoscopa, Hyla
albofrenata, H. albosignata, H. leucopygia, H.
prasina, Phyllomedusa appendiculata, P.
cochranae,and Sphaenorhynchus orophilus are
red or green in life and whitish. lavander. pink.
or bluish in preservative. The Phyvllomedusa spe-
cies have vertically elliptical pupils: all other
green Boracéia frogs (in life) have horizontally
elliptical pupils. Phyllomedusa appendiculata
has reduced but distinct finger webbing, espe-
cially between the third and fourth fingers; P.
cochranae lacks finger webbing.

Adult Morphology (N = 2 females). — Snout
outline subovoid from above, vertical in profile;
no cranial crests; upper eyelid without distinctive
features; tympanum hidden above. distinct be-
low, diamater about 1/2 diameter of eye; male
vocal sac and slit condition unknown; no vomer-
ine teeth; finger lengths I<II<IV<III: finger disks
large, largest disks on fingers II, III. IV just
larger than tympanum; finger webbing formula |
trace II trace III 2 2/3-2 1/2 IV: finger subarticu-
lar tubercles moderate, single: male thumb asper-
ity condition unknown: tforearm fold distinct; no
prepollex; supratympanic fold most distinct from
tympanum to shoulder; dorsal texture smooth;
chin smooth, belly granular: toe lengths
[<II<IlI<V<IV; toe disks large, largest about
same size as largest finger disks; toe webbing
formula I 2+-2 1/2 11 2-3 111 2-3° IV 2 1/2-1* V;
inner metatarsal tubercle ovoid, outer not visible;
heel with long prominent calcar; inner and outer
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tarsal folds along length of tarsus; outer tarsal
texture smooth; sole of foot with fleshy tu-
bercles.

Dorsal pattern almost unitorm purple with a
few small enamel white dots. purple on fore-
arm, shank, and tarsus white outlined: face

" almost uniform purple or brown with light stripe

from eye through tympanum to bevond angle
of jaw bordered above by supratympanic
fold; flank with dorsal pattern bordered by white
stripe dorsally, with a band of pigmentless area
along length of flank with a few spots of white
pigment anteriorly; venter whitish anteriorly,
cream posteriorly; posterior surface of thigh pig-
mentless.

SVL 36.8-37.4 mm (females); head length
36% SVL, head width 34% SVL, thigh length
43-45% SVL: shank length 47-49% SVL; foot
length 32-38% SVL.

Life Colors. — Unknown for specimens from
Boracéia.

Larval Morphology. — Body sub-cy! adrical
in dorsal view. slightly wider than deep: snout
broadly rounded in dorsal outline; nostril nearer
the tip of snout than eye; distance between nares
75% interorbital width; nares rounded. small,
situated dorsolaterally and directed laterally;
opening of the ventral spiracle directed posteri-
orly about 58% body length: anal tube short, at-
tached to the ventral fin and dextral; tail slightly
higher than body; dorsal fin origin on body-tail
juncture; dorsal fin almost straight, ventral
arched; tail musculature reaching the pointed tail
tip; mouth anteroventral. width equal to 49%
body width: two interrupted rows of oral papil-
lae. except for the lateral portions with about five
rows, few inner scattered papillae; tooth row
tormula 2(2)/3(1); beak moderately developed
and finely serrated.

Body and tail musculature unitormly faded
brownish; tail fins transparent with blackish
fringe (Figure 27).

Larval Habitat. — Tadpoles were collected from
wide portions of a forested stream.

Advertisement Call. — Unrecorded at
Boracéia.

Ecology. — Two were collected trom small
trees at night next to forest streams. Speci-
mens have been collected in October and
December through February.



Vol. 31 (4), 1990

Pyllomedusa cochranae Bokermann

Color Figure 26

Pyllomedusa cochranae Bokermann, 1966b.
Original description.

Diagnosis. — The Boracéia species Centrole-
nella eurygnatha, C. uranoscopa, Hyla albofre-
nata, H. albosignata, H. leucopygia, H. prasina,
Phyllomedusa appendiculata, P. cochranae, and
Sphaenorhynchus orophilus are reddish or green
in life and whitish, lavender, pink, purple, or
bluish in preservative. The Phyllomedusa species
have vertically elliptical pupils; all of the other
green (in life) Boracéia tfrogs have horizontally
elliptical pupils. Phyllomedusa cochranae lacks
finger web; P. appendiculata has reduced, but
distinct finger web, especially between the third
and fourth fingers.

Adult Morphology (N = 6 males). — Snout
outline rounded or nearly rounded from above,
vertical in profile, no cranial crests; upper eyelid
smooth or with very slight wartiness; tympanum
hidden above, distinct below, diameter about
equal to or just less than 1/2 eye diameter; males
without vocal sacs: males lacking vocal slits; no
vomerine teeth; finger lengths I<Il< or = IV<III,
finger disks distinct, largest disks on fingers II,
III, IV about same size or just smaller than tym-
panum; fingers free. webbing absent. finger
subarticular tubercles moderately developed. bi-
fid under finger IV (sometimes under 111): males
with dark patch of spinules on base of inner
thumb; forearm fold distinct. glandular. not scal-
loped; no prepollex; supratvmpanic fold distinct
only from posterior edge of tympanum to shoul-
der, long pair of broad dorsolateral glandular
folds in mid-body distinct or not: dorsal texture
smooth-glandular; throat and chest weakly
granular to granular, belly granular: toe lengths
I<II<Ill< or >V<IV; toe disks distinct. largest
about same size as largest finger disks: trace of
web only between toes I1I-IV-V; inner metatarsal
tubercle ovoid, outer not visible; heel with small
calcar; weak to pronounced outer glandular tarsal
fold, no inner; outer tarsal texture smooth: sole
of foot with fleshy tubercles.

Dorsum uniform pink with scattered small or
moderate brown spots and a few enamel white
spots on back and upper limbs, outer forearm and
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tarsal folds white highlighted, outer arm and tar-
sus with lots of brown dots, white in vent region
or not; face same pattern as dorsum or with a line
of brown dots along the edge of the upper lip;
flank with distinct to indistinct large brownish
spots on a white ground; venter uniformy creamy
white; posterior surface of thigh variable, from
mostly lacking pigment to almost uniformly
washed with a wgute suffusion to a red pigment
dot wash.

SVL 28.6-33.9 mm (males); mean head
length 36% SVL; mean head width 36% SVL,;
mean thigh length 46% SVL; mean shank length
49% SVL: mean foot length 31% SVL.

Life Colors. — Iris silver with black reti-
culations. Dorsum bright enamel green with ei-
ther scattered small blue dots or scattered brown
pinpoint spots over head, body, arms, and legs.
Concealed surfaces of sides, arms (all of upper
arm), legs, fingers and toes orange with irregular
rounded purple spots, the purple darker at groin.
Belly and lower surfaces of arms and legs flesh
colored, transparent posteriorly.

On newly captured specimens (MZUSP
32075-76), the body colors were deep rich red
brown. The change from green to brown was
observed in captivity. Color change can be quite
rapid (less than 3 minutes) or color may remain
for some time an intermediate olive-brown
shade, sometimes mottled. This color change
does not seem to aftect the colors of the con-
cealed surfaces.

Larval Morphology. — Body sub-cylindri-
cal in dorsal view. slightly deeper than wide;
snout broad in dorsal outline; nostril midway
between eve and tip of snout: distance between
nares 114% interorbital width; nares rounded,
small and situated dorsolaterally; eye dorso-
lateral and directed laterally, 17% body
length: opening of the ventral spiracle directed
posteriorly about 55% body length; anal tu-
be long. free from the ventral fin and dextral;
tail slightly higher than body; dorsal fin origin
extending slightly onto the body; dorsal and
ventral fins arched; tail musculature reaching the
pointed tail tip; anterodorsal mouth with a fun-
nel-shaped dermal fold equal to 80% body width
and showing two distinct sizes of papillae; tooth
row formula 1/2(1); beak moderately developed
and finely serrated.
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Body and tail musculature uniformly gray
brownish; tail fins transparent with flecks (Fig-
ure 28).

Larval Habitat. — Tadpoles were collected
from wide portions of a forested stream.

Advertisement Call. — Call not recorded
from Boracéia. Males have been heard calling,
answering each other with a single quiet
“churrup.”

Ecology. — One individual was observed
calling at night from 1 m up on a forest vine 1 m
from the edge of a pool in a stream; it was part of
a small chorus of P. cochranae at this pond.
Individuals walked slowly rather than hopping;
the flash colors were exposed while walking.
Individuals were collected in August, September,
December and February.

Sphaenorhynchus orophilus (A. Lutz and B.
Lutz)

Color Figure 27

Hyla (Sphoenohyla) orophila A. Lutz and B.
Lutz, 1938. Original description.

Sphaenorhynchus orophilus. Rivero. 1969.
Transfer of orophila to Sphaenorhynchus.

Diagnosis. — Sphaenorhvnchus orophilus
shares the colors of green in life and whitish.
lavender, purple or bluish in preservative with
Centrolenella eurygnatha, C. uranoscopa, Hyla
albofrenata, H. albosignata, H. leucopygia, H.
prasina, Phyllomedusa appendiculata, and P.
cochranae. Sphaenorhynchus orophilus has vo-
merine teeth; the Centrolenella and Phyl-
lomedusa species lack vomerine teeth. Sphaen-
orhynchus orophilus lacks a prepollex; H.
prasina has an externally developed prepollex.
Sphaenorhynchus orophilus has a distinct canthal
and post-orbital stripe extending as far as the
groin; H. albosignata and leucopygia lack can-
thal or postorbital stripes. The postorbital stripe
in S. orophilus continues straight behind the eye;
the postorbital stripe in H. albofrenata curves
downward behind the arm insertion.

Adult morphology (N = 5 males). — Snout
outline pointed or truncate-subovoid from above,
acute in profile; no cranial crests; no special fea-
tures on upper eyelids; tympanum covered; male
vocal sac single, externally expanded, extending
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from posterior half of throat through chest re-
gion; males with vocal slits; vomerine teeth in
short transverse series lying between and just
posterior to choanae; finger lengths I<II<IV<III;
finger disks present, moderate, largest on fingers
II, III, IV; modal finger webbing formula I 2-2*
I 1 1/2-2 172 11T 2*-2 IV, finger subarticular
tubercles low, rounded, single, or bifid under
fingers III, IV; male thumb with light tan nuptial
pad on inner base; outer forearm fold weakly
developed, smooth; no prepollex; fold from eye
to mid-body high on flank, modest transverse
vent fold covering top of vent; dorsum granular;
venter granular; toe lengths I<II<Ill< or =V<IV;
largest toe disks just smaller than or about same
size as finger disks; modal toe webbing formula I
1--2- 11 1-2 I 1-2 IV 2-1 V; inner metatarsal
tubercle ovoid, outer round and flat, about 1/4
size inner, or indistinct; heel granular; weakly
developed inner and outer tarsal folds extending
length of tarsus distinct or not; outer tarsal tex-
ture granular or smooth; sole of foot granular
with a few round fleshy tubercles.

Dorsal pattern creamy white with a pale sut-
fusion of brown pigment dots with more pigment
anteriorly or indistinct brown spots on back (and
limbs) and on upper evelids. sometimes with a
dark. indistinctlv defined mid-dorsal band on
head extending to shoulder region, upper limbs
mostly lacking pigment, with a scattering of
brown dots or spots, outer forearm and tarsal fold
regions weakly white highlighted or not, seat
patch area washed with white or not; face with a
dark stripe from tip of snout, across canthus to
eye, white patch under eye distinct or not, rest of
face same pattern as back; light stripe (on fold)
distinct or not from eye to groin, bordered below
by brown dots anteriorly to about mid-body or to
groin; venter creamy white, front of vocal sac
with or without brown dots; posterior surface of
thigh lacking pattern.

SVL 28.7 -32.0, mean 30.3 mm (males);
mean head length 27% SVL; mean head width
29% SVL; mean thigh length 43% SVL: mean
shank length 44% SVL; mean foot length 43%
SVL.

Life Colors. — Iris bronze to vellow-bronze.
Dorsum green with or without black mottling or
spots; dorsolateral stripes vellow above, black
below: outer foream, foot and tarsus highlighted
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with white stripe; white pebbled seat patch. Belly
green or greenish yellow; white-sheathed guts
visible through belly wall. Posterior surface of
thigh green (as rest of limbs).

Larval Morphology. — Body subcylindrical
in dorsal view; wider than deep; snout broadly
rounded in dorsal view; nostril midway between
eye and tip of snout; distance between nares 84%
interorbital width: nares elliptical, directed an-
tenorly; eye dorsolateral and directed laterally,
13% body length: opening of the sinistral spir-
acle directed posteriorly on the midline about
80% body length: anal tube median; tail slightly
higher than body: dorsal fin origin extending
slightly onto the body: dorsal and ventral fins
arched; tail musculature reaching the pointed tail
tip; mouth anteroventral. directed anteriorly,
width 32% body width: two rows of oral papil-
lae, the first broadly interrupted anteriorly and
the second restricted to the lateral and ventral
portions; tooth row formula 2(2)/3(1); beak mod-
erately developed and finely serrated.

Body and tail brown with two longitudinal
unpigmented stripes on first half of tail muscula-
ture; an unpigmented longitudinal stripe from the
mouth passing under the eve: dorsal and ventral
fins marbled; venter light brown. In lite. dorsum
of the body brown fading to a pale vellow venter:
a conspicuous vellow longitudinal stripe from
the mouth passing under the eve: tail muscula-
ture brown with iwo longitudinal vellow stripes
on the first half; dorsal and ventral fins brown
marbled over a yellow background: iris golden
with two blackish areas converging on the pupil
(Figure 29).

Larval Habitat. — Tadpoles were collected
from the permanent pond “Lago do Aterro™
(Figure 5).

Advertisement Call. — Two call types were
heard and recorded.

The predominant call heard of 2-12 notes of
about 0.30-1.80 s duration; note rate 4-7 per s;
cach note 0.01-0.03 s duration; notes with com-
plex wave form modulated at about 200 Hz; call
about the same loudness throughout; call not
noticeably frequency modulated; dominant (=
fundamental) frequency about 2000-2700 Hz; no
obvious harmonic structure evident in wave
form; sidebands due to modulation of note (Fig-
ure 56).
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The second call about 0.25 s duration, of
about 20-25 notes/pulses, unevenly spaced to a
maximum rate of about 150 pulses/notes per s;
initial pulse quieter than remainder of call; wave
form of pulses complex, weakly partially pulsed
at about 1200 Hz; call not noticeably frequency
modulated; dominant (= fundamental) frequency
about 1500-2700 Hz; sidebands produced by
close set notes of various spacing and their pul-
satile nature (Figure 56).

The more rarely heard call apparently is given
before the more commonly heard calls and is not
given by itself, unlike the more commonly heard
call.

Ecology. — Males call at night from vegeta-
tion just at or partly above the water of large
ponds or lakes in open vegetation. Specimens
have been collected only from Lago do Aterro
and one from the quarry, the same habitats where
calling males were found. Specimens were col-
lected in November and January or February.

FAMILY LEPTODACTYLIDAE

Adenomera marmorata Fitzinger in
Steindachener

Color Figure 28

Adenomera marmorata Fitzinger in Steindach-
ner. 1867. Original description. — Wassersug
and Hever. 1988. Description of internal oral
morphology of larvae from Boracéia.

Leptodactylus marmoratus. Cochran, 1955.
Specimens cited from Boracéia.

Diagnosis. — Adenomera marmorata is the
only small Boracéia frog (SVL less than 23 mm)
lacking toe web or fringe but with a distinct tym-
panum and vomerine teeth and with a profusion
of white-tipped tubercles on the outer tarsus and
sole of foot.

Adult Morphology (N = 10 males, 10 fe-
males). — Snout outline from above in males
subelliptical to nearly rounded, in females nearly
rounded to almost semicircular, snout profile
rounded, in ]Jarge males rounded-acute to acute;
no cranial crests; no distinctive upper eyelid
decoration; tympanum distinct, diameter about
equal to or just larger than 1/2 eye diameter;
male vocal sac present, single, internal or barely



288

expanded externally; males with vocal slits;
vomerine teeth in short transverse (slightly ob-
tuse in one specimen) series, separated from each
other by about length of one tooth row, lying
well posterior to choanae; finger lengths 1V<I
just <, just >, or =II<III; finger tips rounded or
very slightly swollen, not disked; fingers free,
without fringes or webbing; basal finger subar-
ticular tubercles rounded, more prominent than
low, rounded distal subarticular tubercles on fin-
gers; largest males with a fleshy white ridge on
snout, no thumb asperities; no forecarm fold; no
prepollex; supratympanic fold weakly or barely
developed; dorsal texture ranging from smooth
to granular or tuberculate, usually granules or
tubercles better developed posteriorly on back;
belly smooth, seat patch area of under thighs
areolate, rest of under sides of limbs smooth; toe
lengths I<II<V<IlI<IV; toe tips barely to no-
ticeably expanded into small, ungrooved disks,
largest disks much smaller than tympanum; toes
free, without fringes or webbing: inner metatar-
sal tubercle ovate. distinct. outer metatarsal tu-
bercle distinct. rounded to ovate. 14 to same size
as inner: heel smooth or with white-tipped tu-
bercles; inner tarsal fold running about 7/8 lengath
of tarsus with single row of white-tipped tu-
bercles on crest; outer tarsal texture with a profu-
sion of white-tipped tubercles; sole of foot with a
profusion of white-tipped tubercles.

Dorsal pattern variable, including a central
dorsal area of indistinctly mottled or indistinc-
tly to distinctly spotted dark and light browns,
with or without a light interorbital stripe, with
or without a dark interorbital triangle, often a
distinct pair of broad light dorsolateral stripes
trom back of eye to groin, bordered (or not)
medially by a dark brown stripe, light mid-dorsal
stripe from mid-body or sacrum to vent present
or not, upper limbs banded in browns and tans;
face mottled tans and brown, dark oblique bars
from front (sometimes only this bar present)
and back of eye to upper lip present or absent,
lighter ill-defined stripe from below eye to shoul-
der present or absent, supratympanic fold usual-
ly dark outlined; flanks mottled; throat dotted
with brown, belly cream or dotted with brown,
under legs mottled; posterior surface of thigh
mottled, sometimes a uniform brown area next to
knee.
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SVL 17.6-20.5, mean 19.3 mm (males), 17.6-
229, mean 20.9 mm (females); mean head
length 40% SVL (males), 38% SVL (females),
mean head width 34% SVL (males), 32% SVL
(females); mean thigh length 41% SVL; mean
shank length 45% SVL (males), 44% SVL (fe-
males); mean foot length 51% SVL (males), 50%
SVL (females).

Life Colors. — Iris bronze. Dorsum with tans
and browns, light stripes orange, rusty orange, to
salmon red, including heels and arms. Chin and
throat gray, flecked with white, belly fleshy gray
or yellow. Posterior surface of thigh mottled
brown and black.

Larval Morphology. — Body pyriform in
dorsal view, slightly wider than deep; snout nar-
rowly rounded in profile; nostril nearer tip of
snout than eye; distance between nares 74%
interorbital width; nares rounded, dorsolateral
and directed anterolaterally; eye dorsolateral,
11% body length; opening of the lateroventral
spiracle directed laterally about 61% body
length: anal tube short and median: tail height
less than body height: dorsal fin origin on the
body-tail juncture: dorsal and ventral fins
slightly arched: tail musculature reaching the
pointed tail tip: mouth anteroventral, width 35%
body width: a single row of rounded oral papillae
broadly interrupted anteriorly; teeth absent; beak
not cornified.

Body dark gray on dorsum and sides of ante-
rior half, rest cream; fins and tail musculature
unpigmented; intestine full of yolk (Figure 30).

Larval Habitat. — The following field notes
by Heyer are from [2-13 December 1976: “The
foam nests are both behind moss and liverworts
[moss bank on roadcut], where spherical cham-
bers (about 30-40 mm diameter) have been
formed and in big moss clumps themselves. The
center of the nest, where the eggs, embryos, or
larvae are found is gelatinous, covered all around
by frothy, stiff foam. The foam is still fresh ap-.
pearing in the nests with metamorphs. Two nests
were found that just had foam. Apparently the
froglets had metamorphosed out of them and the
foam was still present.” The seven occupied
nests had clutch sizes ranging from 2-7 individu-
als,

Advertisement Call. — When actively calling,
calls given in bursts of about 10-30 at a time at a
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rate of 0.8-1.4 per s; calls consisting of single
notes, call-note duration about 0.04-0,07 s; call
begins abruptly, intensity maintained throughout
most of the start of the call and then declines
gradually towards the end; frequency rising rap-
idly within call: dominant (= fundamental) fre-
quency 4500-5400 Hz; calls lacking harmonic or
sideband structure (Figure 57).

Ecology. — Males commonly call on ground
under vegetation in the late afternoons, fre-
quently in association with showers. The call is
commonly heard around the living quarters. This
is one of the commonest frog species at Bo-
racéia. The species is diurnal and occurs in the
forest as well as in clearings. Individuals have
been collected from August through May.

Ceratophrys aurita :Raddi)

Bufo auritus Raddi. 1823, Original description.

Ceratophrys aurita. Bokermann, 1963a. Recog-
nition of aurira as a vahid species of Ceraro-
phrys.

Diagnosis. — Three Boraceia species of frogs
have distinct eve horns (triangular flaps of skin
extending over eve from upper evelid): Ceraro-
phrys aurita. Proceratophrvs boiei, and Pro-
ceratophrys melanopogon. Ceratophrys aurita
has an externally visible tvmpanum. whereas the
two Proceratophrys have tympani covered by
skin and not visible externally.

Adult Morphology (N = 1 female). — Snout
rounded from above, strongly obtuse in profile:
weak preocular, canthal, postocular, and pretym-
panic cranial crests; upper eyelid with prominent
fleshy horn; tympanum large, distinct, about 5/6
eye diameter; vomerine teeth in small patches
next to anteromedial borders of choanae (condi-
tion from other specimens, mouth firmly shut in
specimen from Boracéia); finger lengths
[I<I=1V<III; finger tips pointed; fingers free; ba-
sal finger subarticular tubercles better developed
than distal finger subarticular tubercles; no fore-
arm fold; no prepollex; no distinctive body
glands or folds; dorsum with a bony shield ex-
tending almost to sacrum with posterolateral
wings, rest of dorsum warty-tuberculate; throat
and chest smooth, belly granular; toe lengths
I<II<V<III<IV: toe tips pointed; toe webbing
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formula I trace II trace III 2 1/2-3 1/2 IV 4-2
1/2 V; inner metatarsal tubercle expanded, pro-
minent, spade-like, no outer metatarsal tubercle;
heel tuberculate, same texture as surrounding
areas; inner tarsal fold extending from inner
metartasal tubercle almost the full length of tar-
sus; outer tarsal texture and sole of foot smooth.

Head and dorsal shield tan with brown fields,
light mid-dorsal stripe, rest of back dirty brow-
nish-black, upper limbs banded tan and brown;
face tan and brown, somewhat mottled; flanks a
blending of dorsal and ventral patterns; throat
cream with brown wash, rest of belly cream;
posterior surface of thigh almost uniform brown.

SVL 149.0 mm (female); head length 47%
SVL; head width 56% SVL; thigh length 39%
SVL; shank length 37% SVL; foot length 39%
SVL.

Life Colors. — Iris metallic gold to silver.
Dorsum light brown with dark brown or black
spots ringed with gray; central green dorsal
stripe: legs banded green and brown above (life
colors based on two specimens from nearby Casa
Grande).

Larval Morphology. — Tadpoles not col-
lected from Boracéia. Wassersug and Heyer

1988} give a brief descnption of the external
morphology and a detailed description of the in-
ternal oral anatomy of specimens from Serra da
Bocaina. Sdo Paulo.

Adveruisement Call. — Call not recorded at
Borac¢ia.
Ecology. — The single specimen from Bo-

racéia was collected in May 1965.

Crossodactylus dispar A. Lutz

Color Figure 29

Crossodactylus dispar A. Lutz, 1925a. Original
description.

Nomenclatural Note. — Two species of
Crossodactylus are represented in collections
from Boracéia. The systematics of this genus is
confused and it is not clear what names should
be applied to the two forms. We are rather arbi-
trarily associating the name dispar with the spe-
cies commonly represented at Boracéia by speci-
mens and the name gaudichaudii to the single
specimen representing the second species.
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Diagnosis. — The only taxa at Boracéia that
have dark, cornified spines on the thumb are
Crossodactylus dispar, C. gaudichaudii, Lepto-
dactylus flavopictus, L. ocellatus, and Thoropa
miliaris. Leptodactylus and Thoropa have spines
only on the males and lack dorsal scutes on the
toe tips; the two Crossodactylus species have
thumb spines in both sexes and have dorsal
scutes on toe disks. Crossodactylus dispar has 3
spines per thumb; C. gaudichaudii has 2 spines
per thumb.

Adult Morphology (N = 10 males, 10 fe-
males). — Snout outline from above rounded to
almost semicircular, rounded to acute in profile;
no cranial crests; no particular decoration on
upper eyelid, texture same as surrounding dor-
sum; tympanum distinct to almost hidden, di-
ameter just larger than 1/2 to 3/4 diameter of eye;
no vocal sac in males; males usually lacking
vocal slits, rarely small slits present; no vomer-
ine teeth, sometimes a toothless ridge visible
between anterior extent of choanae; finger
lengths of I, II, IV variable, may be just shorter
or longer than each other, finger I1I longest; fin-
ger tips rounded, not disked, upper surfaces lack-
ing scutes or with weakly developed scutes; fin-
ger webbing absent, sides of fingers ridged; fin-
ger subarticular tubercles moderate, round,
single; males and females with three spines per
thumb, forearm hypertrophied in both sexes, in
some large males, a row of small brown-tipped
tubercles on the edge of the upper lip; two (rarely
three) small white tubercles on outer forearm,
one near wrist, other near elbow; no prepollex;
weakly to modestly developed supratympanic
fold; dorsal texture smooth to grandular, warty-
grandular posteriorly; ventral texture smooth:
toe lengths I<II<V<IlI<1V; toe tips expanded (or
not much) into disks, larger than finger tips.
much smaller than tympanum, dorsal surfaces of
largest disks with distinct pair of scutes; toes
ridged or fringed, ridging or fringing joined at
base, no other web developed; inner metatarsal
tubercle oval, outer round, protuberant, about 1/3
to 1/2 size of inner; single small white tubercle
on dorsal aspect of heel; inner tarsal fold or
fringe extending entire length of tarsus; outer
tarsus with two small white tubercles offset from
each other medially, one on outer edge nearer
heel, second close to tarsal fold or fringe nearer
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toes, rest of outer tarsal texture smooth; sole of
foot smooth.

Dorsum rarely uniform brown, usually with
distinct symmetrical darker brown stripes includ-
ing a Y from behind eyes to above shoulders, a
pair of inwardly curving stripes on either side of
Y, sometimes becoming parallel and interrupted
to vent, may be an additional pair of dorsolateral
stripes parallel to those, or a W-shaped pattern
behind eyes, a continuous to interrupted light
mid-dorsal pin stripe from snout to vent most
distinct posteriorly present or absent, limbs
striped; face with dark canthal stripe, sharply
defined above, blending into rest of face color
below to almost sharply defined below, loreal
region and upper lip light to mottled or almost
uniform, scattering of white dots under eye, on
lip, and behind angle of jaw, supratympanic fold
dark outlined; flanks with a bold mottle of dorsal
and ventral colors low on flanks; throat and chest
faintly to boldly mottled cream and tan, belly
cream or with faint to distinct mottle of large
proportions anteriorly; posterior surface of thigh
almost uniform to indistinctly mottled brown and
tan.

SVL 24.3-30.6, mean 28.2 mm (males), 25.8-
30.9, mean 28.3 mm (females); mean head
length 38% SVL (males), 37% SVL (females);
mean head width 36% SVL:; mean thigh length
44% SVL; mean shank length 44% SVL; mean
foot length 48% SVL.

Life Colors, — Dorsum brown to orange
brown; upper limbs brown, arms sometimes or-
ange; fingers and toes sometimes with white
spots; few white spots on side of head and shoul-
der. Throat cream and brown to white and flesh-
color mottled, belly dirty white to gray. Under
limbs translucent flesh colored. Groin pinkish.

Larval Morphology. — Tadpoles not col-
lected from Boracéia.

Advertisement Call. — Call (if present) not
recorded from Boracéia.

Ecology. — The species is diurnal, although a
few were captured at night. Most individuals
were found in the forests, associated with stream
edges or sceps or puddles. The only other place
where specimens were collected was at the
quarry in shallow water among the rocks at
night. Specimens were collected from September
through April.
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Crossodactylus gaudichaudii Duméril and
Bibron

Crossodactylus gaudichaudii Duméril and
Bibron, 184 1. Original description. '

Nomenclatural Note. — It is very possible
that gaudichaudii is not the proper name for this
single specimen collected from Boracéia. Also
see note under dispar.

Diagnosis. — The only taxa at Boracéia that
have dark, cornified spines on the thumb are
Crossodactylus dispar, C. gaudichaudii, Lepto-
dactylus flavopictus, L. ocellatus, and Thoropa
miliaris. The two Crossodactylus species have
thumb spines in both sexes and have dorsal
scutes on the toe disks; the Leptodactylus and
Thoropa species have spines only in the males
and they lack dorsal scutes on the toe tips. Cros-
sodactylus gaudichaudii has 2 spines per thumb;
C. dispar has 3 spines per thumb.

Adult Morphology (N = 1 male). — Snout
outline from above slightly truncate and nearly
rounded, acute in profile; no cranial crests; upper
eyelids lacking decoration, texture same as adja-
cent dorsal texture; tympanum present, distin-
guishable, diameter just greater than 1/2 eye di-
ameter; no vocal sac; no vocal slits; no vomerine
teeth, a pair of transverse toothless ridges lying
between anterior extent of choanae; finger
lengths I=I1 =1V<IIl; finger tips barely ex-
panded, scutes not developed; fingers without
webbing, sides of fingers slightly ridged: finger
subarticular tubercles moderate, rounded, single:
2 spines on each thumb; 2 small white tubercles
on outer forearm, one near wrist, other near el-
bow; no prepollex; moderate supratympanic fold;
dorsal texture slightly glandular, warty-glandular
posteriorly; ventral texture smooth; toe lengths
I<Il«V<III<1V; toe tips slightly expanded, just
larger than finger tips, much smaller than tympa-
num, largest with a pair of well developed dorsal
scutes; sides of toes ridged, ridging joined at
base, no other toe web; inner and outer metatar-
sal tubercles pronounced, inner ovoid, outer
rounded, about 1/3 size of inner; heel smooth;
inner tarsal fold extending 7/8 length of tarsus;
outer tarsus with indistinct pair of small white
tubercles (as in dispar), otherwise smooth; sole
of foot smooth.
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Dorsum brown with an indistinct pair of bro-
ken darker dorsolateral stripes and other indis-
tinct darker brown marks, mid-dorsal light pin
stripe from tip of snout to vent, upper limbs
mostly uniform brown; face with dark canthal
stripe bordered below by light tan loreal stripe
extending under eye; supratympanic fold dark
outlined; flanks somewhat mottled low on sides;
throat and belly cream with brown dotted wash;
posterior surface of thigh mottled brown.

SVL 21.8 mm (male); head length 39%
SVL; head width 35% SVL; thigh length 43%
SVYL: shank length 46% SVL,; foot length 51%
SVL.

Life Colors. — Not available for Boracéia
specimen.

Larval Morphology. — Tadpoles not col-
lected from Boracéia.

Advertisement Call, — Not available for Bo-
racéia.

Ecology. — The single specimen was col-
lected in September 1950.

Cvycloramphus boraceiensis Heyer

Figure 10

Cvcioramphus horaceiencis Heyer. 1983, Origi-
nal description.

Cycloramphus dubius. Bokermann. 1951; Heyer
and Mello, 1979: specimens cited from Bo-
racéia.

Cycloramphus neglectus. Cochran, 1955,
Cochran lisis two specimens from Boracéia,
MZUSP 2966 and USNM 129150.-We have
been able to locate only the USNM specimen,
which is C. boraceiensis.

Diagnosis. — The only Boracéia frogs with a
dorsal iris meniscus are Cycloramphus bo-
raceiensis, C. eleutherodactylus, and C. semipal-
matus. Cycloramphus boraceiensis has a warty
skin and toe webbing; C. eleutherodactylus has a
relatively smooth skin and lacks toe webbing.
Cycloramphus boraceiensis is not as warty as C.
semipalmatus. The warts of C. boraceiensis are
relatively uniform in size; the warts of C.
semipalmatus range from small to large and the
large warts are often arranged in ridges. In
addition, C. boraceiensis has more foot webbing
(web obvious between toes I, II and III) than C.
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semipalmatus (web almost non-existent between
toes I, II, and III).

Adult Morphology (N = 8 males, 1 female).
— Snout outline from above rounded to semicir-
cular, rounded to rounded obtuse with flaring lip
in profile; no cranial crests; no upper eyelid
decoration; tympanum not visible; male vocal
sac single, internal; vocal slits present in males;
vomerine teeth in arched or straight transverse
series lying between and posterior to choanae in
medial contact or barely separated; finger lengths
[<II<IV<III; finger tips slightly swollen, not
disked; fingers without webbing, sides of fingers
ridged; basal subarticular tubercles on fingers
normal, rounded, single, distal subarticular tu-
bercles indistinct; no asperities on thumb of
male; no forearm fold; no prepollex; supratym-
panic fold moderately developed, males with
large, ovoid-rounded, distjnct lumbar gland; dor-
sal texture with shagreen and more or less uni-
form sized warts with or without white-tipped
tubercles: venter granular: toe lengths I<II<IlI<
or >V<IV: toe tips slightlv swollen. not disked:
modal toe webbing formula I 1-2 IT 1--2TIT 1--
3*IV 3-1- V: inner metatarsal tubercle oval. elon-
gate, outer tubercle rounded or ovate. 1/4-1/2
size inner; heel tuberculate as surrounding area.
without distinguishing features: weak inner tarsal
fold extending 1/2 to 2/3 length of tarsus present
or absent; outer surface of tarsus smooth to scat-
tered with white tipped tubercles; sole of foot
smooth or shagreened.

Dorsum with variegated browns with a light
interorbital cross band, a central mid-body light
spot present or absent, upper limbs faintly to
boldly cross banded; face uniform brown with or
without three light vertical stripes under front,
middle, and back of eye and another stripe under
nostril, supratympanic fold dark highlighted;
flanks with meeting of dorsal and ventral pat-
terns low on sides; venter tan or variegated tan
and cream; posterior surface of thigh uniform
brown, somewhat mottled, or with a few light
dots on a brown field.

SVL 36.0-51.3, mean 43.4 mm (males), 53.9
mm (female); (rest of data for males, female val-
ues are matched by individual male values) mean
head length 40% SVL; mean head width 43%
SVL; mean thigh length 48% SVL; mean shank
length 46% SVL; mean foot length 47% SVL.
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Life Colors. — Iris copper. Dorsum brown,
black, tan, area above vent sometimes orange-
brown. Belly transparent pink or flesh mottled
with white; sides, chest and throat flecked with
white; chin also with brown.

Larval Morphology. — Body oval in dorsal
view, wider than deep; snout rounded in profile;
external nares absent; eye dorsolateral, 14%
body length; opening of the lateral spiracle di-
rected posteriorly about 61% body length; anal
tube absent; tail height less than body height;
dorsal and ventral fin origin on the posterior half
of the tail musculature; dorsal and ventral fins
almost straight; tail musculature reaching the
pointed tail tip; mouth anteroventral, width 59%
body width; a single row of oral papillae only on
lateral portions; tooth row formula 2(2)/3; beak
with chisel-like central cusp.

General aspect brown; fins unpigmented (Fig-
ure 31).

Larval Habitat. — Larvae were collected from
the wet seeping rock walls of the quarry.

Advertisement Call. — Call of single note,
given sporadically: call/note duration 0.04-0.06
<. call partially pulsed. 15-18 pulses per call/
note. at a rate of about 400 pulses per s; call not
notably frequency modulated: call beginning-
abruptly and loudly. then tapering oft somewhat
in intensity: fundamental frequency 1900-2000
Hz: dominant broadcast frequency band 600-
2500 Hz: only first harmonic apparent; sidebands
well developed due to partially pulsed nature of
call (Figure 58).

Ecology. — This species was common on the
wet rock face of the quarry at night. One individ-
ual was collected from under a rock at the quarry
during the day. Another individual was collected
from a 30 cm boulder in a 1 1/2 m forest stream
at night. Specimens were collected in September
through March, May and June.

Cycloramphus eleutherodactylus (Miranda-
Ribeiro)

Color Figure 30

lliodiscus eleutherodactvlus Miranda-Ribeiro,
1920a. Original description.

Cyclorhamphus eleutherodactylus. Brazil and
Vellard, 1926. Association with Cvclorham-
phus, an emendation of Agassiz. 1847.
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Cycloramphus eleutherodactylus, Bokermann,
1951. Return of Cycloramphus to original
spelling and first association of eleutherodac-
tylus with non- emended spelling.

Diagnosis. — The only species with a dorsal
iris meniscus at Boracéia are Cycloramphus bo-
raceiensis, C. eleutherodactylus, and C. semipal-
matus. Cycloramphus eleutherodactylus lacks
toe webbing; C. boraceiensis and C. semipalma-
tus have toe webbing (distinct at least between
toes III, IV, and V).

Adult Morpology (N = 3 males, 3 females).
— Snout outline from above almost semicircular.
rounded in profile; no cranial crests: upper evelid
lacking distinctive features, with low warts or as
surrounding dorsal area; tympanum not visible:
no vocal sac or vocal slits in males: vomerine
teeth in short transverse or obtuse series lving
between posterior portion of choanae or posterior
to choanae; finger lengths I~ II<IV<IIIL: finger
tips slightly swollen. not disked: fingers without
webbing, usually without ridging on sides of fin-
gers; basal finger subarticular tubercles moder-
ate, rounded, distal subarticular tubercles indis-
tinct; no asperities on male thumb; no forearm
fold; no prepollex: weak supratympanic fold;
males with large, rounded lumbar gland; dorsal
texture ranging from finely granular to having
short folds forming symmetrical chevron or ) (
above shoulders and/or miscellaneus ridges and
warts or tubercles; venter smooth; toe lengths
[<II<V< or =III<IV; toe tips slightly swollen, not
disked; no toe webbing, sides of toes lacking
ridge or fringe; inner metatarsal tubercle oval,
outer rounded, about 1/4-1/3 size of inner; no
heel decoration; tarsus either lacking decoration
or with very weak inner tarsal fold extending 3/4
length of tarsus; outer tarsal texture smooth; sole
of foot smooth.

Dorsal pattern variable including variegated
browns with indistinct small light blotches or
dark brown with small distinct light spots or
dots, or a light interorbital bar, upper surfaces of
limbs distinctly or indistinctly cross banded with
or without light stripes outlines of dark bands;
face either dark with small light spots or mottled
with 2-3 irregular oblique light stripes under eye;
flanks with meeting of dorsal and ventral pat-
terns low on sides; venter tan with indistinct light
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spots to dark with distinct light spots; posterior
surface of thigh dark with distinct light spots.

SVL 36.2-38.0 mm (males), 34.8-42.4 mm
(females); head length 38-42% SVL; head width
42-46% SVL; thigh length 46-51% SVL; shank
length 48-55% SVL; foot length 49-57% SVL.

Life Colors. — Iris bronzy brown with seve-
ral areas of pale blue-gray radiating down below
pupil in a vague pattern. Dorsum black above
with small light green spots on body and bands
on limbs. Venter black with white dots, espe-
cially on throat and chest.

Larval Morphology. — Larvae unknown.

Adventisement Call. — Unknown from Bo-
racéia.

Ecology. — Most individuals with data were

collected in the forest at night on the ground or
in tree stumps, never near water. Two specimens
were found under stones and logs in the forest
during the day. Specimens were collected from
September through February.

Cycloramphus semipalmatus (Miranda-
Ribeiro)

Color Figure 31

Hiodiscus semipalmatus Miranda-Ribeiro, 1920a.
Original description.

Cycloramphus asper, Bokermann, 1951; Heyer
and Mello, 1979: specimens cited from Bo-
racéia.

Cycloramphus semipalmatus. Heyer, 1983. As-
sociation of semipalmatus with Cycloramphus
and recognition of semipalmarus as a distinct
species.

Diagnosis. — The only Boracéia frogs with a
dorsal iris meniscus are Cycloramphus bo-
raceiensis, C. eleutherodactylus, and C. semipal-
matus. Cycloramphus semipalmatus has a warty
skin and toe webbing; C. eleutherodactylus has a
relatively smooth skin and lacks toe webbing.
The warts of C. semipalmatus range from small
to large and the large warts are often arranged in
short rows; the warts of C. boraceiensis are rela-
tively uniform in size. In addition, C.
semipalmatus has less foot webbing (web almost
nonexistent between toes I, II, and III) than C.
boraceiensis (obvious web between toes I, II,
and III).
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Adult Morphology (N = 10 males, 10 fe-
males). — Snout outline from above rounded to
semicircular, rounded to obtuse in profile, usu-
ally with flared lip; no cranial crests; upper eye-
lid lacking distinctive features, texture same as
surrounding area; tympanum not visible; male
vocal sac present (usually) or absent, internal;
males with vocal slits (usually), rarely with vocal
folds; vomerine teeth in short transverse or
arched series lying between and posterior to
choanae; finger lengths I< or = or >II<IV<II;
finger tips rounded; fingers without webbing,
sides of fingers weakly to moderately ridged;
basal finger subarticular tubercles moderate,
rounded, distal tubercles indistinct, small; no
asperities on thumbs of males; no forearm fold;
no prepollex; weak supratympanic fold, males
with compact to large oval lumbar glands; dorsal
texture very warty, with unequal sized warts,
some of largest warts arranged in longitudinal
straight or symmetrically sinuous rows or not,
warts tipped with brown tubercles. shagreen in
addition to warts and tubercles: venter smooth to
somewhat granular: toe lengths I<Il<V<IlI<IV:
toe tips pointed or rounded. not expanded: modal
toe webbing formula [ trace Il trace 1l 3-4 IV 3
1/2-2- V; inner metatarsal tubercle an elongate
oval, outer rounded or indistinct. about 1;6-1/4
size inner; heels with warts as on dorsum. no
other particular features; weak or indistinguish-
able inner tarsal fold extending 2/3 length of tar-
sus; outer tarsal texture warty tuberculate; sole of
foot with small warts and/or tubercles on outer
half, inner half smooth or shagreened.

Dorsal pattern variegated browns with or
without a light interocular stripe and a central
light spot in scapular region, upper limbs cross
banded; face with variegated browns as on dor-
sum usually with alternating dark and light
oblique lip bars; flanks with same pattern as
back, meeting ventral pattern low on sides; ven-
ter lightly mottled browns and cream or chin
speckled brown and white, belly cream; posterior
surface of thigh almost uniform brown to in-
distinctly mottled brown.

SVL 38.8-43.8, mean 40.8 mm (males), 42.0-
50.9, mean 47.8 mm (females); mean head
length 41% SVL; mean head width 44% SVL
(males), 43% SVL (females); mean thigh length
48% SVL (males), 46% SVL (females); mean

shank length 46% SVL (males), 45% SVL (fe-
males); mean foot length 47% SVL (males), 45%
SVL (females).

Life Colors, — Iris light brown to darker rust
brown, lower part with vague rays of brown and
tan or brown and silvery gray radiating from
pupil. Dorsum brown and black, light marks on
dorsum and side of head light brown. Belly pale
gray, pinkish brown, or bluish. Posterior surface
of thigh brown with white flecks.

Larval Morphology. — Tadpoles unknown.

Advertisement Call. — Call of single note,
given sporadically, call/note duration 0.02-0.04
s; call weakly partially pulsed, pulse rate about
240 per s, 4-7 pulses per call; call of single, in-
tense burst of energy; call not frequency modu-
lated; fundamental frequency about 750-1000
Hz; dominant broadcast frequency band 400-
2000 Hz; fundamental at about 800 Hz, second
harmonic at about 1600 Hz; sidebands due to
partially pulsed nature of call (Figure 59).

Ecology. — Males call at night from under or
on top of rocks in or next to small forest streams.
All specimens for which data are available were
active at night in the same microhabitats males
cal! from. A few individuals were collected dur-
ing the day from under rocks in forest streams.
Specimens were collected from September
through Apnl.

Eleutherodactylus Duméril and Bibron

Unidentified Specimens. — Three individual
specimens of the genus Eleutherodactylus from
Boracéia are unidentifiable. One, a juvenile
(USNM 243675), was discussed previously as a
problematical specimen (Heyer, 1985b). The
other two individuals appear to represent an ad-
ditinal two distinct species. One juvenile
(AMNH 104048) is a member of the group that
has at times been accorded generic status as Ba-
sanitia. The other adult male (AMNH 104049)
has a suite of characteristics that are distinctive
at the group level. Until collections trom sur-
rounding geographic areas are thoroughly exam-
ined for additional specimens of these species, it
is premature to describe as new these taxa. These
specimens are mentioned to point out that the
frog fauna of Boracéia contains at least three
additional Eleutherodacivius species.
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Eleutherodactylus binotatus (Spix)

Color Figure 32

Rana binotata Spix, 1824. Original description.

Eleutherodactylus binotatus, Miiller, 1927. First
association of binotatus with Eleutherodacty-
lus.

Diagnosis. — The Boracéia species having
distinct toe disks with circumferential grooves
and lacking toe webbing or fringes are Elenth-
erodactylus binotatus. E. guentheri. E. hoehnei.
E. nigriventris. E. parvus. E. randorim. and E.
spanios. Of these. E. hinotatus is the only one
with distinctive row s of almost parallel ridges on
the dorsal surface of the body.

Adult Morphology (N = 10 males, 10 fe-
males). — Snout outline subelliptical to rounded
from above. rounded in profile; no cranial crests;
upper eyelids lacking distinctive features, but
with extensions of dorsal ridges on the eyelids;
tympanum distinct, diameter 1/3 to just less than
1/2 diameter of eye; no vocal sac or vocal slits in
males; vomerine teeth in short transverse or
arched series lying between and far posterior to
choanae; finger lengths Il<<I=IV<III,
I<IV<<IlI«], or [I=zIV<<«Ill=z or <I; fingers 1
{sometimes), III and IV with small grooved
disks, disks on III and IV largest, disk on I some-
times as large as disks on III and IV, finger tip
on II swollen, not disked, largest finger disks
much smaller than tympanum; fingers usually
free of ridges, fringe, or web, rarely the barest
trace of basal webbing between fingers Il and III;
finger subarticular tubercles moderate to large in
size, globose, single; no asperities on thumbs of
males; outer forearm region smooth or usually
with a row of low tuberculate warts or a broken
ridge; no prepollex; moderately developed supra-
tympanic fold, dorsum with series of ridges,
somewhat oblique on back of head, more or less
parallel on body; dorsal texture slightly to very
granular; belly weakly glandular-granular or
smooth; toe lengths I<Il<V= or <IlI<IV; all toe
tips disked and grooved, largest on toe IV, larg-
est toe disks just larger than to 30% larger than
largest finger disks; toes usually free of ridge,
fringe. or web, rarely with trace of basal web-
bing between toes I, 11, II[, IV; inner metatarsal
tubercle ovate, outer tubercle rounded to
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rounded-ovate, about 1/2 size to about same size
of inner; heel usually with a single distinct tu-
bercle (lacking in one individual examined), rest
of heel with small warts; tarsus lacking fold,
sometimes with an indistinct row of warty tu-
bercles on the outer tarsus; outer tarsal texture
smooth; sole of foot smooth with a few promi-
nent fleshy rounded tubercles.

Dorsal pattern variable including snout light
tan (distinct from rest of color on head) or not,
with or without a narrow dark interorbital
stripe. body uniform brown with a pair of faint to
dark brown spots about mid-body or with or
without a pair of brown spots just behind head,
or with a pair of dark highlighted dorsolateral
folds from behind eye or with light tan stripes
from tip of snout above canthus to outer edge of
upper eyelids to groin, upper limbs uniform to
having distinct cross banding and a tew scattered
dark flecks, outer tarsus and sole of foot dark
brown, contrasting with light tan/brown dorsal
color; faint to distinct dark eye and supratym-
panic fold, loreal region tan or dark brown, upper
lip light with or without dark oblique bars under
eye; flank pattern same as dorsal pattern or with
faint oblique bars; venter cream with a few
brown dots on the chest; posterior surface of
thigh uniform brown or almost so, faint dark tri-
angular seat patch present or absent.

SVL 32.3-44.7, mean 38.8 mm (males), 46.4-
63.8. mean 57.4 mm (females); mean head
length 42% SVL (males), 41% SVL (females);
mean head width 37% SVL (males), 39% SVL
(females): mean thigh length 50% SVL; mean
shank length 36% SVL; mean foot length 50%
SVL (males). 49% SVL (females).

Life Colors. — Iris yellow, gold, or orange
gold with or without black or rich red brown
transverse band through pupil. Dorsal color
brown. khaki, tan, rich red brown, rust orange or
pale walnut brown; arms and heels often bright
orange; faint orange red to red in groin, anterior
surface of thigh, concealed portion of shank, and
top of foot. Throat and belly white, translucent or
opalescent; border of lower jaw mottled white
and brown; under legs clear with orange later-
ally; undersides ot heel and foot black. Posterior
surface of thigh orange red to red.

Larval Morphology. — Members of the
genus Fleutherodactylus have direct deve-
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lopment. No egg clutches were found at Bo-
racéia.

Advertisement Call. — The call has not been
recorded from Boracéia.

Ecology. — For the specimens with ecologi-
cal data, most individuals were collected from
forest trails or leaf litter during the day. Several
individuals were collected from leaves on low
vegetation at night in the forest, as well as on the
leaf litter at night. One individual was collected
at the forest edge, 46 were collected in the forest
proper. Specimens were collected from Septem-
ber through May.

Eleutherodactylus guentheri (Steindachner)

Color Figure 33

Hylodes guentheri Steindachner, 1864. Original
description.

Eleutherodactylus guentheri. Lynn and B. Lutz.
1946. First association of guentheri with
Eleutherodactvius.

Diagnosis. — The Boracéia species having
distinct toe disks with circumferential
grooves and lacking toe webbing or fringes are
Eleutherodactylus binotatus, E. guentheri, E.
hoehnei, E. nigriventris, E. parvus, E. randorum,
and E. spanios. Eleutherodactylus guentheri
does not have a series of more or less parallel
ridges on the back of the body as does E. bino-
tatus. In addition, the first finger is about the
same length as the second in E. guentheri;
the first finger is murch longer than the second
in E. binotatus. Those individuals of E. guen-
theri with patterns approaching eye masks are
not as distinctively eye masked as E. hoehnel.
The canthal portion of the eye mask in E. guen-
theri is much narrower than the portion at the
tympanum; in E. hoehnei, the canthal portion is
about as broad as the portion including the
tympanum. Eleutherodactylus guentheri lacks a
distinctive boldly mottled pattern in the groin
that is characteristic of E. nigriventris. The toe
disks are ovate or indented in E. guentheri,
pointed on at least some toes in E. parvus.
Eleutherodactylus guentheri has vomerine teeth;
E. randorum lacks vomerine teeth. The tympa-
num is distinct in E. guentheri, hidden in E.
spanios.
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Adult Morphology (N = 10 males, 10 fe-
males). — Snout outline subelliptical or
subovoid from above, rounded in profile; no cra-
nial crests; upper eyelid with pronounced warty
tubercles to weakly tuberculate: tympanum pres-
ent, usually distinct, sometimes uppermost por-
tion hidden, lower portion always distinct, di-
ameter about one half eye; vocal sac in males
either weakly indicated or not indicated; vocal
slits present in males; vomerine teeth in two
small transverse series, narrowly separated, pos-
terior to and between choanae; finger I just <, =,
just >1I=1V<IH; fingers distinctly disked, ungual
flap indented, disk width about one and one half
times finger width just behind disk; fingers with-
out webbing, sides of fingers free, weakly to
noticeably ridged; finger subarticular tubercles
moderate, not pointed; males with cream glandu-
lar appearing nuptial asperities on the inner base
of the thumb: forearm fold usually absent, rarely
very weakly indicated: no prepollex; body lack-
ing glands or folds or sometimes with a single
pair of narrow dorsolateral folds and/or a fold
from the angle of the jaw to the shoulder, no
supratvmpanic told: dorsal texture smooth to
profusely warty-tuberculate; belly smooth; first
toe shortest, fifth toe longest, second, third and
fifth toes about same length; toe disks similar to
and just larger than finger disks; sides of toes
with ridges or fringes, toes not webbed; outer
metatarsal tubercle rounded, smaller than ovoid
inner metatarsal tubercle; heel with tubercle,
usually pronounced; tarsus lacking fold or tu-
bercle; outer tarsus smooth; foot texture smooth
or with -4 rounded fleshy tubercles.

Dorsal pattern extremely variable ranging
from uniform dark or light to complexly vari-
egated, to a symmetrical complex pattern involv-
ing dark markings in the scapular region or with
wavy dark and light longitudinal lines: the dorsal
aspect of the snout sometimes lighter than
ground color; light broad or narrow mid-dorsal
stripes present or absent: lateral aspect of face
with dark and light vertical stripes or bars, dark
canthal stripe present or absent; flank indistinctly
mottled to distinctly patterned with a broad, dark
transverse bar. dark supratympanic spot some-
times with posterior extension continuous or not
with lateral transverse bar, dark sacral spot
sometimes with anterior extension; throat
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mottled brown and cream, belly mostly cream, or
entire venter mostly light; posterior surface of
the thigh almost uniform brown or indistinctly
mottled, rarely with distinctive mottle along bot-
tom of thigh, light pin stripe continuous with
mid-dorsal pin stripe sometimes present. extend-
ing along lower thigh.

SVL 19.3-26.7, mean 25.0 mm (males}. 26.3-
40.0, mean 36.1 (females); head width 40%% SVL
(males), 39% SVL (femalesy. head width 36
SVL; thigh length 59% SVL (males). 36% SVL
(females); shank length 66 SVL (males). 64¢
SVL (temales): foot length 63¢ SVL (males).
60% SVL (females).

Lite Colors. — Iris ranging from green dor-
sally and gold elsewhere to green and copper or
rarely yellow to copper without the dorsal green.
Dorsum variously colored, always with darker
brown to red-brown; other markings on back
sometimes rust colored; lighter markings range
from green, light brown to white; light stripes, if
present, white; feet and hands red-brown or not.
Belly and undersides of legs usually yellow,
ranging from golden yellow to dirty translucent
yellow; chin grey, mottled with white to trans-
parent with fine black regular peppering and ir-
regular silver blotches. Posterior surface of thigh
brown; if light stripes present, pale tan. No flash
colors.

Larval Morphology. — Members of the genus
Eleutherodactvlus have direct development. Egg
clutches were not found at Boracéia.

Advertisement Call. — Call consisting of 7-
10 notes; calls given sporadically: call duration
0.40-0.65 s; note duration 0.007-0.024 s: note
rate 15-17 per s: notes of 1-2 pulsex at about 80-
100 per s; pulses weakly modulated at a rate or
300-500 Hz; calls notably frequency and inten-
sity modulated, beginning low and quiet. rising
in frequency and intensity to about mid-call. then
maintaining relatively constant frequency and
intensity; dominant (= fundamental) frequency
range at beginning of call 2000-2500 Hz. domi-
nant frequency range at end of call 2600-3650
Hz; side bands evident (Figure 60).

Ecology. — Males call from leaves or
branches/twigs on low vegetation (20-60 cm).
Calling often occurs in late afternoon through
early night. In the afternoons, waves of calls pass
through the forest, each individual giving 2-3
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calls, then calling ceases for many minutes be-
fore another calling bout is initiated.

Individuals were collected both during day
and night hours (08:20-22:00 h). Active indi-
viduals were collected from the very end of
August through June.

Almost all individuals (161 of 164) for which
data were taken were collected from within the
forest. Of these, the specimens occurred on the
forest tloor both during the day and at night. The
only specimens collected on low vegetation were
males calling at night. Two of the three non-
forest specimens came from second growth areas
and were on the ground. The single specimen
collected from a cleared area was on leaves on
the ground.

Eleutherodactylus hoehnei B. Lutz

Eleutherodactylus hoehnei B. Lutz, 1958, Origi-
nal description.

Diagnosis. — The Boracéia species having
distinct toe disks with circumferential grooves
and lacking toe webbing or fringes are Eleuth-
erodactylus binotatus, E. guentheri, E. hoehner,
E. nigriventris, E. parvus, E. randorum, and E.
spanios. Of these, E. hoehnei is the only one to
have a broad, even, and dark eye mask extending
from the tip of the snout through the tympanum
and ending on the flank behind the arms. The
other Eleutherodactylus with eye masks have ir-
regular eye masks that are less pronounced and
with the canthal portion much narrower than the
portion associated with the tympanum,

Adult Morphology (N = | male, | female). —
Snout outline subelliptical from above, rounded
in profile: no cranial crests; upper eyelid with 2-
3 tubercles: tympanum present, somewhat hid-
den. diameter about 1/3 eye diameter; no vocal
sac in male; no vocal slits in male; vomerine
teeth in two small patches lying between and
posterior to choanae; finger lengths I~II<IV<II;
fingers with disks, circumferential grooves, and
dorsal indentations, disk of finger I just
<II<II~IV, largest disks about same size as
tympanum; fingers free of fringe, ridge, or web-
bing; finger subarticular tubercles moderate,
rounded, single; no thumb asperities on male;
weak low glandular ridge on outer forearm; no
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prepollex; no body glands or folds; dorsal tex-
ture smooth; ventral texture smooth, under thigh
with granular seat patch; toe lengths I<II«Ili=
V<IV; toe disks large, largest equal to or just
larger than largest finger disks: toes without
webbing or with barest trace of basal webbing,
sides of toes with slight ridges; inner metatarsal
tubercle oval, outer rounded, somewhat protuber-
ant, about 1/2 to 2/3 size of inner; no heel deco-
ration; no tarsal decoration; outer surface of tar-
sus smooth; sole of foot smooth with 3-4 round
fleshy tubercles.

Dorsal pattern tan with a few small brown
spots or with a symmetrically sinuous mid-dorsal
brown band with a pair of brown stripes from
behind eye to groin, mid-dorsal light pin stripe
from snout to vent, upper limbs faintly and
obliquely cross striped, forearm fold white out-
lined, outer shank, tarsus and foot with longitudi-
nal dark brown bands bordered above by light
pin striping: sharply defined dark stripe from tip
of snout including nares across canthus to eve
and from back of eye through tvmpanum and
fading out in mid-flank. loreal region tan. upper
lip lighter; flanks with mottling of dorsal and
ventral patterns low on sides in addition to dark
stripe described above; venter cream with tan
speckling, chin brown outlined; posterior surface
of thigh weakly mottled, mostly cream with a
few pinpoint melanophores.

SVL 22.0 mm (male), 29.4 mm (female);
head length 39-449% SVL; head width 31-32%
SVL; thigh length 51% SVL: shank length 61-
64% SVL,; foot length 57-58% SVL.

Life Colors. — Mostly pale and dark browns;
upper eyelid and edge of pale brown area on
snout reddish gold. Chin and throat dirty trans-
parent yellow, belly opalescent cream, throat and
belly with pale brown mottling; under thigh
mottled with red, less so on under shank.

Larval Morphology. — Members of the genus
FEleutherodactylus have direct development. Egg
clutches were not found at Boracéia.

Advertisement Call. — Not recorded from
Boracéia.

Ecology. — One specimen was collected on a
forest trail during the day; one specimen was col-
lected near a small forest stream at night 1 1/2
meters above the ground on a leaf. The speci-
mens were collected in December and March.
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Eleutherodactylus nigriventris (A. Lutz)

Hylaplesia nigriventris A. Lutz, 1925a. Original
description.

Eleutherodactylus nigroventris (lapsus for ni-
griventris), Lynch, 1976. First association of
nigriventris with Eleutherodactylus.

Diagnosis. — The Boracéia species having
distinct toe disks with circumferential grooves
and lacking toe webbing or fringes are Eleuth-
erodactylus binotatus, E. guentheri, E. hoehnei,
E. nigriventris, E. parvus, E. randorum, and E.
spanios. Eleutherodactylus nigriventris has a
boldly mottled pattern of dark and light in the
groin and on the anterior surfaces of the thigh;
the only other Eleutherodactylus likely to be
confused with this species is E. randorum.
Eleutherodactylus nigriventris has vomerine
teeth; E. randorum lacks vomerine teeth.

Adult Morphology (N = 1 male). — Snout
outline rounded from above and in profile: no
cranial crests: upper evelid with prominent tu-
bercles: tympanum hidden. small. diameter about
1/4 eve diameter: male vocal sac single. ex-
panded 1n chest region: male vocal slits present:
vomerine teeth in two small patches lying be-
tween and posterior to choanae: finger lengths
[<II<IV<III: fingers with truncate disks with dor-
sal indentations. disk smallest on finger I, large
disks on II, III, IV, largest disk on III larger than
tympanum,; fingers free of webbing, fringes, or
ridges; finger subarticular tubercles modest,
round single; no asperities on thumb; row of 2-3
tubercles on outer forearm; no prepollex; pair of
sinuous ridges from behind eye to just past
shoulder region; dorsum tuberculate, largest tu-
bercles on upper eyelids; venter strongly granu-
lar; toe lengths I<II<IlI<V<IV; toe disks trun-
cate, large, largest just greater than largest finger
disks; toes without webbing, sides of toes with
weak ridges; inner metatarsal tubercle oval, outer
rounded, about 1/3 size of inner: each heel
granular with one large prominent tubercle; no
tarsal decoration; outer tarsal texture smooth-
glandular with row of 2-3 tubercles on outer
portion; sole of foot nearly smooth.

Dorsal pattern of lichenous browns; dark spot
in canthal region, two irregular dark oblique bars
under eye to lip, dark mark above tympanum;



Vol. 31 (4). 1990

large bold light irregular spot in groin, rest of
flanks as dorsum; underside with dark mottled
browns; front of thigh and hidden portion of
shank with bold light and dark brown mottle.
posterior surface of thigh brown with oblong
light longitudinally oriented oval next to knee.
broken into two marks on right side.

SVL 19.0 mm (male); head length 40¢¢ SV'L:
head width 36% SVL; thigh length 47¢ SVL:
shank length 48% SVL: foot length 47 SVL.

Life Colors. — Unavailable.

Larval Morphology. — Members of the genu:
Eleutherodactyvius have direct development. Egg
clutches were not found at Boracéia.

s

Advertisement Call. — Not recorded from
Boracéia.
Ecology. — One individual was collected

from the forest at night 1/2 meter above the
ground on a leaf. Specimens were collected in
March and April.

Eleutherodactylus parvus (Girard)

Color Figure 34

Hylodes parvus Girard, 1853. Original descrip-
tion.

Eleutherodactylus parvus, B. Lutz, 1944, First
association of parvus with Eleutherodactylus.

Diagnosis. — The Boracéia species having
distinct toe disks with circumferential grooves
and lacking toe webbing or fringes are Eleuth-
erodactvius binotatus, E. suenther(., E. hoehnei.
E. nigrivenuris. E. parvus. E. randorum. and E.
spanios. Of these. only E. parvus has pointed toe
tips; the tips are ovate and/or indented in the

“others.

Adult Morphology (N = [0 males. 10 fe-
males). — Snout outline subovoid to nearls
rounded from above, rounded in profile: no cra-
nial crests; upper eyelids smooth or with scat-
tered warty tubercles; tympanum hidden or not
visible, diameter about same as or less than 1/2
diameter of eye; males with single. slightly ex-
panded vocal sac; males with vocal slits: vomer-
ine teeth in transverse or obtuse series. almost in
medial contact, lying far posterior to choanae:
finger lengths variable, finger I~II~IV<III: finger
tips rounded and barely pointed to swollen and
pointed, lacking circumferential grooves, tip of
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finger 111 largest; tingers free of webbing, fring-
ing, or ridging; finger subarticular tubercles not
well developed, large but not raised; base of
thumb on males swollen or not, if swollen with
light white pad; weak row of tubercles on outer
forearm present or absent, no prepollex; weak
supratvmpatic fold present or absent, weak sym-
metrical dorsal ridges present or absent, distinct
pair of dorsolateral folds from behind eye to past
sacrum present or absent; dorsal texture smooth
or with scattered warts and small tubercles or
shightly glandular: venter smooth. seat patch area
of under thighs granular or not; toe lengths
I<ll<V~ or <[II<IV: toe tips expanded into
pointed disks. grooved (toe 1 may lack grooves),
much larger than finger tips. disk on toe 1V larg-
est: toes free of webbing. fringing, or ridging;
inner metatarsal tubercle ovoid. moderate, outer
rounded and small to moderate, about 1/6-1/2
size of inner; heel ranging from smooth to with a
few tubercles to with a single pronounced tu-
bercle; no tarsal decoration; outer tarsal texture
smooth; sole of foot smooth with 1-2 round
fleshy tubercles.

Dorsal pattern variable, including almost uni-
form brown with pair of small dark spots in
shoulder region, or broad brown band covering
head extending to vent on either side of which
broad ill-defined tan bands, or symmetrical liche-
nous brown pattern with dark brown interorbital
band. and/or bright white stripes from tip of
snout across outer edge of upper evelids to groin,
or light dorsolateral tolds. or pair of dark out-
lined light stripes between eves extending to be-
and vent. or broad light area be-
tween dorsolateral folds with alternating, almost
parallel. tan stripes. and/or mid-dorsal light pin-
stripe from 1ip of snout to vent, upper limbs
taintly cross banded. outer tarsus and sole of foot
dark brown contrasting with dorsal color; face
pattern vanable including a distinct dark canthal
stripe +or not), upper lip with 1-3 broad, dark
hlotchy oblique or triangular bars, supratympanic
fold area somewhat darker or not, snout region in
tront ot eyes with much lighter ground color or
not. upper lip sometimes mottled, sometimes
with short light stripe from angle of jaw to shoul-
der: tlanks with same pattern as dorsum with
faint darker oblique band(s) on front half of flank
and often with distinct dark spot in upper groin

tween sacrum
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area, venter mottled tan and cream, sides of belly
sometimes with white dots or small white
blotches; posterior surfaces of thigh with very
dark brown and distinct seat patch, rest of thigh
indistinctly to distinctly mottled browns, some-
times with light pin stripes from sacrum through
vent and mid-ventral thighs crossed by stripe
running across entire or middle half of thighs
passing below vent.

SVL 12.9-15.2, mean 14.0 mm (males), 16.1-
22.0, mean 19.7 mm (females); mean head
length 42% SVL (males), 41% (females); mean
head width 38% SVL; mean thigh length 46%
SVL (males), 47% SVL (females); mean shank
length 50% SVL (males), 47% SVL (females);
mean foot length 43% SVL (males), 45% SVL
(females).

Life Colors. — Iris metallic green or yellow
above, copper or red on the sides and below.
Dorsal colors include cream. tans. brown. black.
rust. and orange; light stripes cream. orange. or
white. Flanks pale orange. Venter mottled gray
and clear. gray and white. red and white. vellow
and black; chin and throat sometimes red or or-
ange. Seat patch dark brown or black. rest of
posterior surfaces of thighs brown.

Larval Morphology. — Members of the genus
Eleutherodactylus have direct development. Egg
clutches were not found at Boracéia.

Advertisement Call. — Call given sporadi-
cally; call consisting of 20-25 closely spaced
notes; call duration 0.40-0.50 s; note duration
0.01-0.02 s, note rate 54-60 per s; each note
pulsed usually with 2 major pulses at 110-120
per s; pulses amplitude modulated at a rate of
about 440 Hz; call intensity modulated, begin-
ning and ending of calls not as loud as middle,
but call overall loud; call somewhat frequency
modulated, frequency rising slowly throughout
call; dominant (= fundamental) frequency range
at beginning of call 2400-3300 Hz, at end of call
2600-3500 Hz; pulses with sideband structure,
due to pulsatile nature of notes; calls without
apparent harmonic structure (Figure 61).

Ecology. — All specimens with data were
collected from the forests. Most specimens (96
of 102) were collected from the trails or on leaf
litter during the day. A few individuals were
collected on low vegetation or on the ground
surface at night. Individuals have been heard
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calling from the forest floor in the late afternoon
and at night. Specimens have been collected
during every month of the year but June.

Eleutherodactylus randorum Heyer

Color Figure 35

Eleutherodactylus randorum Heyer, 1985b.
Original description.

Diagnosis. — The Boracéia species having
distinct toe disks with circumferential grooves
and lacking toe webbing or fringes are Eleuth-
erodactylus binotatus, E. guentheri, E. hoehnei,
E. nigriventris, E. parvus, E. randorum, and E.
spanios. Eleutherodactylus randorum is a small
species (males 12-15 mm SVL, females 15-18
mm SVL) and is the only Eleutherodactylus at
Boracéia that lacks vomerine teeth.

Adult Morphology (N = 8 males, 4 females).
— Snout outline subovoid to nearly rounded
from above. rounded in profile; no cranial crests;
upper eyelids smooth to bearing several distinct
tubercles: tympanum hidden or indistinct. diame-
ter 1/4 to 1/2 eve diamenter: male vocal sac
single. large, extending from under nostril level
or under eve level extending onto belly behind
level of arm insertion (smallest male examined,
MZUSP 23665. without an externally expanded
sac); males with vocal slits; no vomerine teeth;
finger lengths I< or <<Il= or <IV<IIl; tip of
thumb swollen or not, finger Il with large or
small disk, large disks on fingers III and 1V, larg-
est disks about 1/3 diameter of eye: fingers free
of webbing, fringing, or ridging; finger subar-
ticular tubercles indistinct; males with micro-
scopic white grandular asperities on base of
thumb (absent in MZUSP 23666); no forearm
fold; no prepollex; no body glands or folds; dor-
sum smooth or with scattered tubercles; chin and
chest smooth, belly coarsely to finely granular;
toe lengths I<H<Ill = or <V<<IV; toes with large
disks, largest about same size as largest finger
disks; toes free of webbing, fringing, and ridg-
ing; inner metatarsal tubercle bluntly ovoid to
ovoid, outer tubercle round, small, distinct or
not; heel smooth with a small indistinct to dis-
tinct tubercle; no tarsal decoration; outer surface
of tarsus smooth; sole of foot smooth or with 2-3
low rounded white fleshy tubercles.
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Dorsal pattern somewhat variable including
uniform tan or brown with pair of small brown
spots in middle of back, or mottled mid-dorsal
area edged laterally by solid darker brown stripes
with cream lateral band from upper lip to eye
and top of eyelid to groin, or light brown mid-
dorsally with dark central spot and a dark inter-
orbital stripe with an indistinct mottle behind
eyes or sides, and or a light mid-dorsal pin stripe
from tip of snout to vent or only from sacrum to
vent, upper limbs light brown with darker cross
stripes to almost uniform: dark canthai stripe
present or absent alternating darker and lighter
brown or brown and cream bars from e¢yve to
upper lip, some individuals with a light snout:
flanks either with lateral light band edged below
by darker brown then blending into belly or no
lateral light stripe and a bold to subtle black and
white mottle in the groin or a light area in groin;
venter dark speckled. center of belly lighter; an-
terior and posterior surfaces of thighs ranging
from almost uniform light tan or brown to boldly
mottled light and dark, dark seat patch distinct or
indistinct.

SVL 11.8-15.0, mean 13.8 mm (males), 15.0-
18.2 mm (females); mean head length 41% SVL
(males), 39% SVL (females); mean head width
349% SVL: mean thigh length 45% SVL; mean
shank length 50% SVL (males), 48% SVL (fe-
males): mean foot length 45% SVL (males), 41%
SVL (females).

Life Colors. — Iris golden to lemon yellow
with a narrow central transverse brown band.
Dorsal colors on back vanable. including rust
red, orange tan. red brown: snpout sometimes vel-
lowish; legs dark and light brown. tops of fore-
arms sometimes brassyv. or greenish vellow with
brown banding: mid-dorsal stripe golden: lateral
band ivory white. Rich brown below eve and
behind eye past ear, sometimes white line under
eye. Flanks speckled dark brown and white.
groin and anterior surface of thigh bright vellow
edged with dark brown, orange. golden or with
yellow wash. Chin and throat pale vellow or
white; belly greenish gray, white. pearl. bronze.
or cream with dark brown markings. Posterior
surface of thigh mottled dirty white with brown-
black or pale with dark markings.

Larval Morphology. — Members of the genus
Eleutherodactylus have direct development. A

single clutch was found at Boracéia (below) but
the developmental series has not been described.

Advertisement Call. — Call consisting of 3-8
notes, call of about 2-5 s duration, call rate about
0.1-0.2 per s when actively calling; note duration
0.04-0.10 s; note rate 1.3-2.6 per s; notes strongly
partially pulsed, each note with 4-10 discernible
pulses of varying intensity, pulse rate about 280
per s. some pulses also weakly amplitude modu-
lated at a rate of about 600 Hz; successive notes
of equal loudness: calls not noticeably frequency
modulated: dominant frequency range 3800-
5200 Hz: no apparent harmonics (Figure 62).

Ecology. — Males have been heard calling
trom low vegetation in the forest at night. One
complete clutch of 7 eggs was collected from a
mossy bank on a road cut on 3 November: all
but one egg hatched between 13-14 November
(identifications based on hatchlings). No adult
was observed attending the eggs, although the
activity of separating moss may have frightened
any adult away. Two other individuals were col-
lected from the same moss banks, but all other
individuals were collected at night from low
vegetation, usually or leaves, in the forest. Speci-
mens were collected from October through De-
cember and February through April.

Eleutherodactylus spanios Heyer

Eleutherodactvius spanios Hever. 1985b. Origi-
nal description.

Diagnosis. — The Boracéia species having
distinct toe disks with circumferential grooves
and lacking toe webbing or fringes are Eleuth-
erodacrylus binotatus. E. guentheri, E. hoehnei,
E. nigriventris. E. parvus, E. randorum, and E.
spanios. Eleutherodactylus spanios is a small
species tmale SVL 15 mm, femaie SVL 21 mm)
with ovate. indented toe disks that is likely to be
confused only with E. randorum at Boracéia.
Eleutherodactylus spanios has vomerine teeth; £.
randorum lacks vomerine teeth,

Adult Morphology (N = 1 male, 1 female). —
Snout outline subovoid from above, rounded in
profile; no cranial crests; upper eyelids with a
few low tubercles; tympanum hidden or indis-
tinct, diameter about 1/2 eye diameter; male with
single, nom-expanded vocal sac; male with vocal
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slits; vomerine teeth in two short transverse
patches lying between and far posterior to cho-
anae (vomerine teeth in male felt by probe, not
visible under low magnification); finger lengths
[<II<IV<II]; tip of thumb swollen, disk on finger
II moderate, disks on III and IV large, just
smaller than tympanum; fingers free of webbing,
tringes, or ridges; finger subarticular tubercles
indistinct; no male thumb asperities; no forearm
fold; no prepollex; no distinctive body folds or
glands; dorsal texture smooth; belly smooth or
weakly granular; toe lengths I<II<III=V<IV; toe
disks large, largest disks just smaller than largest
finger disks; toes without webbing, fringes, or
ridges; inner metatarsal tubercle oval, outer
round, distinct; heel with a tubercle; no tarsal
decoration; outer surface of tarsus and sole of
foot smooth.

Dorsum with indistinct pattern of darker and
lighter browns or almost uniform brown with 3
dark marks in the scapular region. upper limbs
indistinctly cross banded: indistinct canthal stripe
present or absent. ill-defined forwardlv directed
oblique bar under eve to upper lip. dark tvmpanic
spot; flanks with extension of dorsal pattern,
posterior portion light but no distinct pattern:
throat almost uniformly brown. chest and front
of belly mottled or with a few speckles: posterior
surface of thigh light or mottled with a lighter
area toward knee, dark seat patch, anterior sur-
faces of thigh not patterned.

SVL 147 mm (male), 21.4 mm (female);
head length 37-40% SVL; head width 33-34%
SVL; thigh length 43-44% SVL; shank length
44-529% SVL; foot length 41-44% SVL.

Life Colors. — Iris with blue dorsally. Dorsal
colors brown, black, rust brown; fingers and toes
orange or red. Loreal region greenish or brown.
Throat and belly dark gray. Bright orange red or
deep orange on concealed surfaces of arms and
legs (including posterior surface of thigh) ex-
tending up onto belly where edges of red area
become blotchy. :

Larval Morphology. — Members of the genus
Eleutherodactylus have direct development. Egg
clutches were not found at Boracéia.

Advertisement Call. — Not recorded.

Ecology. — One individual was collected
from a low dead roadside bush at the edge of the
forest in the day by beating vegetation with a net.
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The other individual was collected at night from
the forest sitting about a meter high on a leaf.
Both were collected in February.

Holoaden luederwaldti Miranda-Ribeiro

Figure 11

Holoaden luederwaldri Miranda-Ribeiro, 1920c.
Original description.

Diagnosis. — Holoaden luederwaldti is the
only uniform brown frog at Boracéia with no toe
disks, no toe webbing or fringe and with large,
equal-sized bumps on its back.

Adult Morphology (N= 1 female). — Snout
outline from above nearly rounded, rounded in
profile; no cranial crests; upper eyelid with sa-
me warty-tuberculate texture as surrounding dor-
sum; tympanum not visible; vomerine teeth in
two short transverse patches lying between and
posterior to choanae: finger lengths [=11=IV<III;
finger tips rounded. not expanded: fingers with-
out wehbing. fringes. or ridges: basal finger
subarticular tubercles low and broad. distal tu-
bercles indistinct: no forearm told: no prepollex;
no discemible body glands or folds: dorsal tex-
ture warty-tuberculate-glandular: venter smooth
with a granular seat patch under the thighs; toe
lengths I<II<V<III<IV: toe tips rounded, not
expanded: toes without webbing, fringes, or
ridges: inner and outer metartarsal tubercles
ovate, large, about same size; no heel decoration;
outer tarsal and sole of foot texture smooth,

Dorsum uniform brown; face brown; face
brown with a lighter upper lip; flanks with a
meeting of dorsal and ventral patterns low on
sides; venter light tan-orange; posterior surface
of thigh brown.

SVL 46.2 mm (female); head length 36%
SVL; head width 38% SVL,; thigh length 41%
SVL; shank length 41% SVL,; foot length 40%
SVL.

Life Colors. — Dorsum dark brown (inclu-
ding limbs); no indication of pattern. Sides
brown with gray brown granules. Ventral sur-
faces gray brown.

Larval Morphology. — The life history of this
species is unknown; it is presumed to have direct
development, like the other member of this ge-
nus,
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Advertisement Call. — Not known. The
single female collected, when handled, gave “a
small peep of complaint.”

Ecology. — The single specimen was taken
from the ground on a forest trail at night in
March, 1963,

Hylodes asperus (Miiller)
Color Figure 36

Elosia aspera Miiller, 1924b. Original descrip-
tion. - Cochran, 1955. Specimens cited from
Boracéia.

Hylodes aspera, Myers, 1962. Transfer of aspera
to Hylodes.

Diagnosis. — The Boracéia species having
toes with distinct dorsal scutes and extensive
fringing on the sides of the toes are Crossodacty-
lus dispar, C. gaudichaudii, Hylodes asperus, H.
phyllodes, and Megaelosia goeldii. Hylodes as-
perus lacks thumb spines; the two Crossodac-
tylus species have thumb spines. The tympanum
is distinct in H. asperus, hidden in M. goeldii.
Hylodes asperus lacks a light lateral stripe; H.
phyllodes has a light lateral stripe along the up-
per flank (distinct at least posteriorly).

Adult Morphology (N = 10 males, 10 fe-
males). — Snout outline subovoid from above,
rounded-acute to acute in profile; no cranial
crests; upper eyelids lacking distinctive features:
tympanum distinct to somewhat indistinct. di-
ameter about I/2 eve diameter: male vocal sacs
present, paired. externally expanded laterallyv:
vomerine teeth in short obtuse or transverse se-
ries lying between posterior borders of choanae:
finger lengths I<lI<IV<IIl: finger disks large.
disk on finger I smallest. disk on finger Il next
largest, followed by largest and approximatels
equal sized disks of Il and IV. largest disks just
smaller than tympanum; fingers without web-
bing, but sides of fingers fringed. fringing more
extensive in males; finger subarticular tubercles
moderately developed, single; no thumb asperi-
ties on males; no forearm told; no prepollex:
moderately developed supratympanic fold. dense
field of small warts on sides of body extending to
level behind center of eyelids on dorsum. weak
longitudinal folds on upper shank and thigh pres-
ent or absent; dorsal texture etched with small
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warts; ventral texture smooth; toe lengths
I<lI<«V<«IlI<IV; toe disks large; largest about
same size as largest finger disks, dorsal surfaces
with a pair of scutes; toes with a trace of basal
webbing due to confluence of extensive fringing
on sides of toes; inner metatarsal tubercle an
elongate oval. outer rounded, about 1/4 to 1/3
size of inner: no heel decoration; extensive inner
tarsal flap: texture on outer tarsus and sole of
foot smooth.

Dorsum an indistinct dark brown mottle/
blotch pattern or brown with small darker brown
spots, upper limb surfaces indistinctly
barred, upper leg surfaces sometimes with small
whitish spots, row of white dots on outer ulnar
region; face indistinctly mottled, pretty much like
dorsum, sometimes with broken white mottling
on upper lip; flanks almost uniform brown with
light warts; venter whitish with brown wash,
spotted or mottled, or mostly metallic white; pos-
terior surface of thigh pattern brown with many
small to fewer large light irregular spots or
marks.

SVL 39.4-42.3, mean 40.5 mm (males), 43.2-
50.2, mean 45.5 mm (females); mean head
length 37% SVL (males), 36% SVL. (females):
mean head width 34% SVL (males), 33% SVL
(females): mean thigh length 50% (males). 49%
SVL (females); mean shank length 34% SVL
(males); 55% SVL (femalesi: mean foot length
50% SVL (males). 49 SVL ifemales).

Life Colors. — Dark dirty khaki brown above
with heavy darker brown and black mottling.
Granular pale vellow bumps 1n line along side
' brown band below this. Dark
brown at snout. ear, and above shoulder. Sides
ange. Gold at front and back of eye, and

=

from back of eve.

male o
pale C

around bottom of 2ar. Loreal region between
nares and edge of upper lip yellow gold. Legs
and arms dark brown with pale orange (like
sides) double bands. Top of inside toes and fin-
gers bluish, Pale orange dumbbell mark at vent.
Other specimens similar, but orange and yellow
2olden areas brighter or duller. Throat, belly, and
under femur bright to dull bluish opalescent cast.
Bottoms of feet and hands dark brown.

Larval Morphology. — Tadpoles not col-
lected from Boracéia.

Advertisement Call. — Call not recorded
from Boracéia. See below.
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Ecology. — This species is active diurnally
on rocks and low vegetation along larger forest
streams and small forest rivers. A few inac-
tive specimens were collected at night from
leaves on low vegetation overhanging a stream
or within a meter or two of a stream. Individuals
were collected in September and December
through May.

On four occasions Rand was able to watch an
individual of this species calling from large boul-
ders at the edge of a fast flowing, moderate-sized
mountain stream. The call is a long, high-pitched
whistled trill rising slightly in pitch towards the
end and given at 1/2-1 minute intervals. The call
is like that of the congeneric Hylodes phyliodes.
but lower in pitch. Hylodes phyilodes lives in the
same area, indeed along the same stream. ax H.
asperus, but in the more shaded areas and on the
small tributaries. Both species seem to be active

only by day.
One of the four males observed remained mo-
tionless while calling for 16 consecutives calls,

The other three moved their hind feet svnchro-
nously with most of their calls iTable 1:. Two
types of movement were observed. In one. the
frog, just after beginning its call. raised one hind
leg and extended it slowly out and back in an arc
to about 45° and then returned it to its side as it
finished its call. As the leg was extended the toes
were slightly curled so that the white upper sur-
faces of the expanded toe pads were very con-
spicuous. All three frogs gave this movement
and all three used both legs at different times but
with no regular alternation (or any other recog-
nizable pattern). The second sort of movement
was given by only one frog. During some of its
calls this frog wiggled the toes of one or both
hind feet slowly without otherwise moving the
legs. Again, the white upper surfaces of the toe
pads were conspicuous.

Many Hylodes phylliodes were watched call-
ing. No movements of the hind legs were no-
ticed, though the movements of the lateral vocal
sacs during calling were conspicuous.

Hylodes phyllodes Heyer and Cocroft

Color Figure 37

Elosia lateristrigata, Cochran, 1955. Specimens
cited from Boracéia.
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Hylodes phyllodes Heyer and Cocroft, 1986.
Original description.

Diagnosis. — The Boracéia species having
toes with distinct dorsal scutes and extensive
tringing on the sides of the toes are Crossodacty-
lus dispar, C. gaudichaudii, Hylodes asperus. H.
phyliodes, and Megaelosia goeldii. Hylodes phyl-
lodes has vomerine teeth; Crossodactylus dispar
and gaudichandii lack vomerine teeth. The tym-
panum is distinct in H. phyllodes; the tympanum
is hidden in M. goeldii. Hylodes phyllodes has a
light lateral stripe along the upper tlank (distinct
at least posteriorly); H. asperus has no light lat-
eral stripe.

Adult Morphology (N = 10 males, 10 fe-
males). — Snout outline truncately subelliptical
to subovoid from above, protruding to rounded-
protruding in profile; no cranial crests; upper
evelid same texture as rest of dorsum; tympanum
distinct. diameter about 1/2 or just greater than
1.2 eve diameter; male vocal sacs expanded, pai-
red. lateral: male vocal slits present, posterior:
vomerine teeth in two short transverse patches,
separated by about length of one patch, just pos-
terior to choanae: finger lengths variable, third
always longest. first. second, and fourth about e-
qual length or second shorter than first and fourth
or second and fourth subequal and shorter than
first, or first and second subequal andshorter
than fourth: finger disks distinct, much smaller
than tympanum. disk on first finger smallest,
disk on second finger intermediate, disks on third
and fourth fingers largest, dorsal disk surfaces
with a pair of scutes; fingers in males generally
with more fringing than in females, base of fin-
gers free or fringed, fingers of females barely fri-
nged, ridged, or almost free; finger subarticular
tubercles moderate, single or bifid under fourth
finger; males with moderate to almost absent
patch of small, whitish spines on inner surface of
mid-first finger; no forearm fold: no prepollex;
pair of weakly developed dorsolateral folds,
upper leg with a series of longitudinal ridges;
dorsal texture uniformly pitted-granulate in all
specimens, a few warts scattered posteriorly, or
short folds on posterior half of dorsum, or short
ridges on bodv in some specimens; belly and
chest smooth, under surface of thigh granular;
toe lengths I<I1<V<IlI<IV or Il and V subequal;
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Table 1. Display sequences for Hylodes asperus.
Call Visual display

Frog #1, 10 March 1963, late morning
| none
right leg
toes on both feet
(hopped a short distance to a new rock)
right leg
toes on both feet
left teg
right leg
toes on left foot
toes on left foot, then right leg
10 left leg
11 toes on left foots then right leg
12 right leg
13 toes on right foot
14 right leg
15-20  none

W N

o 00~ N

Frog #2, 20 September 1963, ca. 1100
none
leg
leg
none
leg
leg

DN R W N —

Frog £#3. 2 October 1963, 1130-1145
right leg
left leg
left leg
right leg. a quick thrust
right leg
left leg
none
left leg
none
10 none
(jumped away)

ol RIS B R ]

Summary

frog total move none leg toes
#1 20 13 7 7 4
#2 6 4 2 4 0
#3 10 7 3 7 0

both
2
0
0

right
6

left
3
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both
4
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toe disks equal to or just smaller than finger
disks, with dorsal scutes; toes of males strongly
fringed, toes of females with less extensive fring-
ing; inner metatarsal tubercle ovoid, outer roun-
ded, pungent, about 1/3-2/3 size of inner; heel
smooth, slightly granular-warty, or with a weak
tubercle; tarsus with fold-flap extending 7/8
length of tarsus, continuous with fringe of first
toe, extensively developed in males, less well
developed in females; posterior surface of tarsus
smooth to pitted granular; sole of foot smooth.
Dorsum brown to brassy brown (under micro-
scope, made up of very fine mottling of bronze
and gray) with various other markings, including
an irregular mid-dorsal light stripe with almost
regularly spaced small dark brown spots, or a
series of short dark mid-dorsal dashes, or dorsum
scattered with small dark brown spots, or series
of mid-dorsal large light blotches. or big darker
brown blotches on a lighter brown background.
or almost uniform with a series of faint light
mid-dorsal dots, pair ot dark round or U-shaped
spots, one on each side of vent. upper limbs dis-
tinctly to indistinctly crossbarred brown on tan:
broad dark canthal stripe just below dorsal color
from nostril to eye. narrower dark stripe from
nostril to tip of snout, upper lip light, blending to
enamel white just under eye continuous as a
stripe under the tympanum to the arm, or upper
lip to arm stripe just lighter than dorsal color:
flank with dark brown (almost black) band be-
hind eye across tympanum just to or above arm
then fading to mottled brown and white to flank
almost unitormly dark, light stripe from corner
of eye bordering dark band to groin, more dis-
tinct on posterior half of flank: vocal sacs with-
out white pigment, scattered with melanophores.
dark stripe in mid-throat region between vocal
sacs short to almost length of throat. throat and
bellty white with scattered to abundant distinct
dark mottle, some females with almost entirely
white bellies with a very faint throat stripe. under
limbs lacking white pigment, mottled brown and
pigmentless areas; posterior surface of thigh
indistinctly to distinctly mottled brown and tan.
SVL 27.5-31.4, mean 29.2 mm (males), 29.0-
35.5, mean 31.8 mm (females); mean head
length 34% SVL (males), 35% SVL (females);
mean head width 30% SVL; mean thigh length
459% SVL (males), 44% SVL (females); mean
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shank length 509% SVL (males), 52% SVL (fe-
males); mean foot length 47% SVL (males), 48%
SVL (females).

Life Colors. — Iris copper, darker on sides
forming a black band with pupil to metallic yel-
low. Dorsum olive to dark and light brown, light
stripes cream, copper, yellow, yellow-gold, or
gold, flanks dark brown, upper limbs dark and
light brown with or without red cast, one juvenile
with bright Chinese red front legs, yellow in
groin or not. Throat and belly opalescent, bright
opalescent yellow, or yellow to golden with dis-
tinct or less so brown spotting, brown throat
stripe, under limbs colorless to dirty greenish
yellow.

Larval Morphology. — Body oval in dorsal
view, slightly wider than deep; snout broadly
rounded in dorsal outline; nostril nearer eye than
tip of snout: distance between nares 1.2 times
mterorbital width; nares rounded and dorsal;
eves dorsolateral. diameter almost 10% body
length: opening of the sinistral spiracle directed
nosteriorly on the midline about 61% body
length: anal :ube short and dextral; tail higher
than body: dorsal fin origin at body-tail juncture;
dorsal and ventral fins slighty arched; tail muscu-
lature reaching the round tail tip; mouth anterov-
entral, width 55% body width:; one row of oral
papillae, broadly interrupted on the upper lip;
tooth row formula 2(2)/3(1): beak strongly de-
veloped and serrated.

Body and tail musculature light cream with
some brown flecks; tail fins transparent (Figure
32).

Larval Habitat. — Tadpoles were collected
from the small forested stream that transects the
road between the scientists’ residence and the
laboratory building.

Advertisement Call. — Calls given sporadi-
cally. call duration 1.03-2.10 s: 12-20 notes per
call given at a rate of 9-11 per s: notes given at
regular intervals at beginning of call, usually
given in pairs at end of call: note duration 0.04-
0.06 s: individual notes weakly and irregularly
partially pulsed at a rate of 100-200 Hz; call at
about the same loudness throughout; calls
slightly trequency modulated, beginning higher,
ending lower: notes strongly frequency modu-
lated, rising 600-700 Hz in about 0.04 s: funda-
mental frequency about 1500-2200 Hz; dominant
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frequency range at beginning of call 4300-5700
Hz, at end of call 4100-5300 Hz; call with har-
monic structure (Figure 63).

Ecology. — Males call during the day next to
or over small streams on roots, rocks, and leaves,
although there is a single instance noted of a
male calling on leaf litter after 19:20. Males call
with either one or both vocal sacs inflated.

One female (MZUSP 23682) extruded about
30 cream colored eggs when seized.

Individuals are active during the day and can
be collected from leaves of low vegetation (up to
2 m) at night. All specimens came from either
the forest or overgrown streams in small clear-
ings or secondary growth from smaller streams
and less exposed sites than H. asperus. Males
were found almost exclusively near streams.
Females were also found in sample plots consi-
derable distances from streams. One individual
was collected under a small log 5 m from a dry
stream bed during the day. When abundant, call-
ing males are spaced more or less regularly at |
to 2 m intervals. Individuals were collected from
September through June.

Leptodactylus flavopictus A. Lutz

Leptodactylus flavopictus A, Lutz, 1926. Origi-
nal description.

Diagnosis. — The Boracéia species that lack
toe disks and webbing and have vomerine teeth
are Adenomera marmorata. Cycloramphus
eleutherodactvius. Holoaden luederwaldti. Lep-
todactylus flavopictus. L. fuscus. L. ocellatus.
Paratelmatobius gaigeae. and Thoropa miliaris.
Leptodactylus flavopictus has four dorsolateral
folds (at least indicated by pattern in cases of
indifferent preservation) and is a large species
(SVL greater than 120 mm). Of this group. L
fuscus and ocellatus are the only other species
with four or more dorsolateral folds. Both L. fus-
cus and ocellatus have at least six dorsolateral
folds and both are smaller (SVL less than 103
mm) than L. flavopictus.

Adult Morphology (N = 2 males, |1 female).
— snout outline subovoid, rounded, or nearly
rounded from above, rounded or obtusely
rounded in profile; no cranial crests; no distinc-
tive upper eyelid decoration; tympanum distinct
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and large, diameter greater than 1/2 to 3/4 diame-
ter of eye; males with single, internal vocal sac;
males with vocal slits; vomerine teeth in long
forwardly arched transverse series, almost abut-
ting medially, abutting posteromedial edges of
choanae laterally; finger lengths II=IV<III just <
or =I: finger tips rounded, not expanded; fingers
without webbing, sides of fingers free or with
very slight ridges: finger subarticular tubercles
well developed. single; in smaller male, one
large and one small spine on each thumb and two
patches of small chest spines, in larger male, two
large black spines on each thumb, 2 large chest
spine patches. and the arms extensively hypertro-
phied: no forearm fold: second spine on thumb a
prepollex. not really visible in female; one dorso-
lateral fold from posterior eye to mid-flank, a
second dorsolateral fold (indicated by pattern)
from eye to sacrum or groin, large gland in
groin extending anteriorly just past mid-flank
and posteriorly and dorsally to above and late-
ral to vent, small pair of glands lateral to vent,
elongate gland in lower portion of posterior sur-
face of thigh; dorsal texture smooth; ventral tex-
ture smooth or with a profusion of small tu-
bercles; toe lengths I<II<V<III<IV; toe tips
rounded, not expanded; toes without webbing,
sides of toes free or with slight ridges: inner
metatarsal tubercle ovoid, elongate, well devel-
oped, outer small and rounded: no heel decora-
tion; inner tarsal fold extending 7/8 length of
tarsus: texture of outer tarsus and sole of foot
smooth.

Dorsal pattern dark brown with or without
darker network. dorsolateral folds highlighted
black. upper limbs broadly cross banded; distinct
but incomplete black canthal stripe, light stripe
from below eve extending under tympanum to
posterior angle of jaw or to shoulder insertion, 1-
2 narrow transverse light stripes on upper lip;
flanks with light glandular stripe bordering
above second dorsolateral fold extending to
eroin or flank gland blackish with central ill-de-
fined light orange spot, below gland a transition
to belly pattern; chin uniform.brown to almost
black, chest almost uniform brown with a few
light distinct spots, belly mottled tan with irregu-
lar light spots; posterior surface of thigh black
with large discrete round or elongate light orange
or yellow spots.
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SVL 121.9-134.9 mm (males), 131.6 mm
(female); head length 37-40% SVL; head width
39-42% SVL; thigh length 43-45% SVL; shank
length 44-47% SVL; foot length 43-47% SVL.

Life Colors. — Not available for Boracéia
specimens.

Larval Morphology. — Tadpoles not col-
lected at Boracéia. Bokermann (1957) described
and illustrated the larvae from specimens col-
lected from a shallow, 50 m?, artificial pond at
the edge of the forest at Paranapiacaba.

Advertisement Call. — Not recorded.

Ecology. — The few specimens with ecologi-
cal notes have come from a broad array of habi-
tats; one from the forest at night on the ground 7
m from a small stream, one at night from beside
a forest stream, one at night from a meadow
pond, and one in mid-afternoon from the road.
Individuals were collected from October to De-
cember.

Leptodactylus fuscus {Schneider)

Color figure 3%

Rana fusca Schneider. 1799. Original descrip-
tion.

Leptodactylus fuscus Heyer. 1968. Transfer of
Jusca to Leptodactyius.

Diagnosis. — The only Boracéia species that
lack toe disks and have at least 6 distinct dorso-
lateral folds are Leptodactylus fuscus and L.
ocellatus. The sides of the toes are slightly
ridged in L. fuscus but are distinctly fringed in L.
ocellatus. Leptodactylus fuscus is smaller (SVL
less than 55 mm) than L. ocellatus (SVL greater
than 90 mm).

Adult Morphology (N = 9 males}). — Snout
outline pointed to subellipticall from above,
rounded to rounded-acute in profile; no cranial
crests; no distinctive decoration on upper eye-
lids; tympanum distinct. large, diameter about
2/3 - 3/4 diameter of eye: male vocal sac single,
expanded laterally: males with vocal slits; vo-
merine teeth in shallowly forwardly arched se-
ries, almost contacting medially, lying just poste-
rior to chonae; finger lengths Il< or =[V<I< or
=]III; finger tips rounded or pointed, not ex-
panded; fingers without webbing, sides of fingers
ridged; basal finger subarticular tubercles dis-
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tinct, distal tubercles not as distinct, single; no
asperities on thumbs, male snout with rounded
fleshy expansion extending as ridges on sides
almost to level of eyes on upper lip; low glandu-
lar ridge on outer forearm area present to almost
invisible; no prepollex; supratympanic fold dis-
tinct, distinct glandular fold at angle of jaw, 3
distinct plus 2 indistinct dorsolateral folds per
side, flanks glandularly areolate; dorsal texture
slightly glandular; venter smooth, seat patch
under thighs granular; toe lengths I<II<V< or
=I1l<1V; toe tips pointed; toes without web-
bing, sides of toes with weak ridges; inner and
outer metatarsal tubercles oval, inner more dis-
tinct, outer about 1/2 - 2/3 size of inner; heel
smooth or with indistinct whitish tubercles; tar-
sus with distinct inner fold extending 7/8 length
of tarsus; outer tarsal texture smooth with a few
poorly developed light tubercles; sole of foot
smooth with a few to several indistinct light tu-
bercles.

Dorsal pattern tan with dark outlined brown
ocelli. with or without a broad light mid-dorsal
stripe. second pair and/or most lateral pairs of
dorsolateral folds whitish. upper limbs distinctly-
and regularly or wrregularly cross banded: irregu-
lar dark canthal stripe. loreal region tan with or
without dark spoucs). light stripe from tip of
snout on top of upper lip under tympanum dis-
tinct or not, lewer portion of upper lip mottled,
angle of jaw gland whitish; flanks with a blend-
ing of dorsal and ventral patterns low on sides;
lateral expansions of vocal sac blackened, rest of
throat with a light gray wash, belly cream; poste-
rior surface of thigh with a distinct transverse
light stripe low on the thigh, above the stripe
boldly mottled cream and brown.

SVL 41.9-48.9, mean 45.5 mm (males); mean
head length 37% SVL; mean head width 35%
SVL; mean thigh length 45% SVL: mean shank
length 52% SVL; mean foot length 48 SVL.

Life Colors. — Iris bronze. Dorsum tan with
brown spots; middle dorsolateral stripes same
color as dorsal ground color. lateral dorsolateral
stripe yellow. Lip stripe light tan. Belly white,
vocal sac expansions black. Posterior surface of
thigh mottled tan and brown. transverse stripe
yellow, but not bright.

Larval Morphology. — Tadpoles have not
been collected from Boracéia. Sazima (1975)
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described and illustrated the tadpole from speci-
mens collected from small, temporary to large,
pen-formation ponds at Campinas, Sdo Paulo.

Advertisement Call. — Calls of single notes
given frequently when actively calling; call (=
note) duration 0.10-0.13 s; call strongly fre-
quency modulated, a rising whistle; call begin-
ning and ending more quiet than louder mid-por-
tion; dominant (= fundamental) frequency begin-
ning at about 900-1000 Hz, ending about 1500-
1900 Hz; call lacking harmonics (Figure 64)

Ecology. Most specimens were collected at
night while calling. Eight were taken from a
marshy area in the pasture, three from a marshy
area next to a pasture pond, and several from the
quarry. Specimens were collected from October
through January, all after 1971.

Leptodactylus ocellatus (Linnaeus)

Rana ocellata Linnaeus, 1758. Original descrip-
tion.

Leptodactylus ocellatus, Girard, 1853. First use
of ocellatus with Leptodactylus.

Diagnosis. — The only Boracéia species that
lack toe disks and have at least 6 distinct dorso-
lateral folds are Leptodactylus fuscus and L.
ocellatus. The toes are fringed in L. ocellatus,
only slightly ridged in L. fuscus. Leptodactylus
ocellatus is also larger (SVL greater than 90
mm) than L. fiscus (SVL less than 55 mm).

Adult Morphology (N = 7 males, 5 females).
— Snout outline subelliptical to subovoid from
above, rounded, rounded-acute, or rounded-ob-
tuse wn profile, no cranial crests; no distinctive
features on upper cyelid; tympanum distinct,
large, diameter 2/3 to same size of eye diameter;
males with internal single vocal sacs: males with
vocal slits; vomerine teeth in elongate, forwardly
arched series, approaching each other medially,
lying between posteriormost portion of choanae
or just posterior to choanae; finger lengths II just
< or =]Vl just <III; no finger disks; fingers not
webbed, sides of fingers ridged; moderate sized
basal finger subarticular tubercles, distal tu-
bercles moderately to weakly developed, single;
male thumb with 2 black (or white) spines, male
arm very hypertrophied in largest males; no fore-
arm fold; no prepollex; distinct supratympanic
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fold, 8 dorsolateral folds, fold from angle of jaw
to arm, rust colored ditfuse gland on edges of
belly present or absent; dorsolateral folds
smooth, inter-fold spaces warty-tubercular; ven-
ter smooth with areolate seat patch under thighs;
toe lengths I<II<V<III<IV; no toe disks; toes not
webbed, sides of toes with extensive fringe,
joined at base; inner metatarsal tubercle elon-
gately ovoid, raised distally, outer small and
round, 1/5 - 1/4 size of inner; no heel decoration;
distinct inner tarsal fold extending 2/3 - 3/4
length of tarsus; outer tarsus with scattered to
many brown-tipped tubercles; sole of foot with
scattered to many small brown-tipped tubercles.

Dorsal pattern gray to dark brown with darker
larger spots, all spots distinct or most distinct
posteriorly or indistinct centrally, spots arranged
in longitudinal rows or not obviously aligned,;
with or without two light stripes between first
and second pair of folds and four pairs of folds
light highlighted, upper limbs cross banded or
partially banded and spotted: distinct dark can-
thal stripe, light lip stripe distinct or not. rest of
loreal and lip area light tan with faint to distinct
dark bars/blotches; flanks with meeting of dorsal
and ventral patterns low on sides: venter mostly
light or light brown with cream spots/mottling;
posterior surface of thigh pattern variable, in-
cluding indistinct light brown and tan mottle
centrally with indistinct dark stripe ventrally
along distal 2/3 of thigh under which almost dis-
tinct light stripe along distal 1/2 of thigh, or bold
to indistinct dark and light mottle.

SVL 92.3-115.7. mean 104.5 mm (males),
91.8-101.3, mean 96.8 mm (females); mean head
length 35% SVL: mean head width 34% SVL
(males), 33% SVL (females); mean thigh length
47% SVL (males), 45% SVL (females); mean
shank length 50% SVL (males), 48% SVL (fe-
males); mean foot length 55% SVL (males), 53%
SVL (females).

Life Colors. — Dorsal colors include brown,
bronze, olive green, and black. Chin dirty white;
belly cream to pale yellow mottled with gray.
Part of groin, anterior and posterior thigh sur-
faces heavily mottled with dark brown, dark
green, or chartreuse.

Larval Morphology. — Tadpoles have not
been collected from Boracéia. Cei (1980) illus-
trated larvae from Argentina.
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Advertisement Call. — The call has not been
recorded at Boracéia. Described by Rand as
“whoosh.”

Ecology. — This nocturnal species is occa-
sionally seen in the daytime and characteristi-
cally occurs in clearings, usually near temporary
or permanent ponds, streams, or marshes. Indi-
viduals were collected in September and Decem-
ber through March.

Megaelosia goeldii (Baumann)

Hylodes goeldii Baumann, 1912, Original de-
scription.

Megaelosia goeldii, A. Lutz, 1931. First use of
goeldii with Megaelosia. - Cochran, 1955. Ci-
tation ot specimen from Boracéia.

Nomenclatural Note. — The specimens from
Boracéia are most likely not M. goeldii. Neither
specimen (MZUSP 2347 [incorrectly cited as
2348 in Cochran. 1953}, 22935+ has a metatarsal
flap as found in M. goeldii. Cochran’s (1935,
photograph of the tvpe of Elosia massarn De
Witte clearly shows a metatarsal flap. precluding
application of massarti to the Boracéia species.
Eugénio Izecksohn and Elio Gouvea are describ-
ing a new Megaelosia which may be the same as
the Boracéia species. Resolution of the proper
name will require a detailed comparison of all
available specimens.

Diagnosis. — The Boracéia species with toe
disks with distinct dorsal scutes and extensive
fringing on the sides of the toes are Crossodacty-
lus dispar, C. gaudichaudii, Hylodes asperus, H.
phyllodes, and Megaelosia goeldii. Of these, M.
goeldii is the largest (female 121 mm SVL, other
species not exceeding 51 mm SVL) and is the
only species with a hidden tympanum (distinct
externally in the Crossodactylus and Hylodes
species).

Adult Morphology (N = 1 female). — Snout
outline rounded from above, rounded-acute in
profile; no cranial crests; no upper eyelid decora-
tion; tympanum hidden, diameter about 1/3 eye
diameter; single fang-like vomerine tooth on
each odontophore lying between choanae; finger
lengths I<IIz=IV<IIl; finger tips modestly ex-
panded into small disks, upper surfaces with
poorly defined scutes, largest disks smaller than
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tympanum; fingers without webbing, sides of
tingers ridged/fringed; finger subarticular tu-
bercles moderately developed, bifid under finger
IV; no forearm fold; no prepollex; distinct supra-
tympanic fold; dorsal texture of slightly granular
shagreen; ventral texture smooth; toe lengths
[<Ill<V<IlI<IV; toe disks just larger than finger
disks, with distinct dorsal scutes; toes with trace
of basal webbing, due to joining of well devel-
oped fringe on sides of toes; inner metatarsal tu-
bercle elongate, outer rounded, small but distinct,
about 1/5 - 1/4 size inner; no heel decoration;
tarsus with extensive inner flap continuous with
toe fringe on outside of toe I extending 7/8
length of tarsus; outer tarsal and sole of foot
texture smooth.

Dorsum almost uniform brown with faint
black mottling, limbs very faintly cross banded;
tace with continuation of dorsal pattern, but
mottle more distinctive; tlanks with a blending of
the dorsal and ventral patterns low on sides;
ventral pattern a bold dark brown and cream
mottle: posterior surtface of thigh almost uniform
dark brown.

SVL 121.2 mm (femaler: head length 39%
SVL: head widith 39% SVL: thigh length 42%
SVL: shank length 44% SVL: foot length 45%
SVL.

Life Colors. — Not available.

Larval Morphology. — Body oval in dorsal
view, slightly wider than deep; snout rounded in
profile; nostril nearer eye than tip of snout; dis-
tance between nares 103% interorbital width;
nares elliptical, dorsolateral, directed antero-
laterally; eye dorsolateral, directed laterally. 9%
body length; opening of the sinistral spiracle di-
rected posterodorsally on the midline about 61%
body length; anal tube short and dextral; Tail
slightly higher than body; dorsal fin origin on
body-tail juncture; dorsal and ventral fins arched:
tail musculature reaching the rounded tail tip;
mouth anteroventral, width 434 body width; a
single row of oral papillae broadly interrupted
anteriorly, a few scattered. bigger. inner papillae;
tooth row formula 2(2)/3(1): beak very strong
and serrated.

Body and tail musculature brown with so-
me dark areas on sides of tail musculature; tail
fins brown with few unpigmented areas (Figure
33).
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Larval Habitat. — Both larvae with data were
collected from under large rocks in a moderate-
sized forest stream.

Advertisement Call. — Unknown.

Ecology. — The female was collected mid-
December 1947; the juvenile, in February 1958.

Paratelmatobius gaigeae (Cochran)

Color Figures 39-40

Leptodactylus gaigeae Cochran. 1938. Original
description.

Paratelmatobius gaigeae. Bokermann, 1966a.
First use of gaigeae with Paratelmatobius.

Diagnosis. — Paratelmatobius gaigeae is a
small species (SVL 16-20 mm) with vomerine
teeth and no circumferential grooves on the toe
tips. Of all Boracéia species, only P. gaigeae has
flattened fingers and a bright ventral pattern of
red (or white) and black in life (black and white
in preservative).

Adult Morphology (N = 1 male, 3 females).
— Snout outline semicircular from above,
rounded to obtuse in profile; no cranial crests;
edge of upper eyelid with a central single warty
tubercle; tympanum hidden or not visible exter-
nally, large. diameter about 2/3 eye diameter;
male vocal sac internal, single; male with vocal
slits; vomerine teeth in short obtuse or transverse
series lying between and just posterior to cho-
anae; fingers flattened, thumb in some specimens
about twice width of other fingers, finger lengths
[I<IV<I<IIl or 1=lI<IV<III; tips of fingers
rounded or pointed; fingers not webbed, sides of
flattened fingers with slight ridges; basal finger
subarticular tubercles low and rounded or indis-
tinct, distal tubercles indistinct; male with large
brown spinous pad covering most of inner and
dorsal thumb surfaces: weakly developed con-
tinuous or interrupted glandular forearm ridge
present or absent; no prepollex; weakly devel-
oped supratympanic fold present or absent, pair
of dorsolateral folds from behind eye to groin
present or absent; dorsal texture smooth; throat,
chest and belly smooth or posterior portion of
belly areolate same as seat patch area under
thighs; toes flattened, toe lengths 1<lI<V<III<IV;
toe tips expanded into tiny rounded ungrooved
disks or not; toes not webbed, but sides of toes
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usually fringed, fringing joined at base; inner
rietatarsal tubercle oval, not pronounced, outer
rounded, more distinctive than inner, about 1/2 to
2/3 size of inner; heel smooth or with [-3 tu-
bercles: tarsus with or without a very weakly
developed inner tarsal fold extending about 1/2
length of tarsus: outer tarsal texture smooth or
crenulate; sole of foot smooth.

Dorsal pattern uniform tan with indistinct bro-
ken dark outlined anteroposterior line between
eyes and central brown spot interrupted medially
in shoulder region or brown or gray with scat-
tered small light spots, with or without a dark
interorbital bar, with- or without a dark outlined
light pin stripe from tip of snout to vent, legs
with dark brown cross stripes, arms with inter-
rupied stripes, outer forearm ridge light high-
lighted; face tan with a dark oblique bar under
eye to upper lip, with or without a couple of dark
spots on lip between tip of snout and eye bar;
flanks either with distinct dark stripe from be-
hind eye under dorsolateral fold, remaining dis-
tinct dorsally along length of flank and becoming
less well defined ventrally on lower flanks be-
hind arm insertion or stripe distinct only past
angle of jaw then becoming interrupted and in-
distinct, dorsolateral folds light highlighted or
not, 1-2 small dark spots in upper groin region;
ventral pattern variable, ranging from mostly
light with a few brown spots to mostly brown
black with a few irregular Light spots on edge of
belly and edge of chin: posterior surface of thigh
tan with nondescript brown markings including
pair of short dark stripes on either side of vent.

SVL 16.6 mim (male). 17.8-19.7 mm (fe-
males): head length 35-42% SVL: head width
33-38% SVL: thigh length 39-43% SVL; shank
length 40-44<% SVL: foot length 39-49% SVL,

Life Colors. — Iris silver gray or brown with
a thin or broad vertical dark line through pupil.
Dorsum dead leaf gray or brown with sparse
speckling of silvery white, mid-dorsal stripe
(when present) red brown or light green, concen-
tration of silvery flecks above and along dorso-
lateral fold: flanks sometimes with broken white
stripe; yellow dot just above vent or not. Chin
and belly black with red or white spots or throat
and venter light red with large white-rimmed
black blotches. Arm brown above, red or purple
below, hands with a pale yellow fringe or tinged
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with orange or red above and below. Legs olive
to brown above, purple or brown below. Back of
thighs with contrasting black and red-orange
with scattered white spots, or black with white
spots. Back of shank black with white spots. Feet
red.

Larval Morphology. — Tadpoles unknown.

Advertisement Call. — Call not recorded.

Ecology. — Individuals were taken at night in
the forest either in the leaf litter or on the ground
next to a 2 m diameter temporary pond. Three
were collected at the forest edge from under
rocks around a drain pipe. Individuals have been
collected in November, January and February.

Physalaemus cuvieri Fitzinger

Color Figure 41

Physalaemus cuvieri Fitzinger. 1826. Original
description.

Diagnosis. — Physalaemus cuvieri lacks 10e
disks, lacks toe web or fringe. has a hidden 1vm-
panum, and lacks vomerine teeth. This combina-
tion of states i1s shared with Brachvcephalus
nodoterga, Phvsalaemus pranciscae. P. macu-
liventris. P. olfersi. and Myersiella microps at
Boracéia. Of these species, P. cuvieri is the only
one with a distinct tarsal tubercle.

Adult Morphology ( N = [0 males, 1 female).
— Snout subelliptical from above, rounded to
rounded-acute in profile; no cranial crests; upper
eyelid texture about same as surrounding area;
tympanum not visible; male vocal sac single,
externally expanded, large, including chest;
males with vocal slits; no vomerine teeth, a few
individuals with a slightly raised ridge between
choanae; finger lengths [=I1 =1V<«III; tips of fin-
gers pointed-rounded; no finger webbing or
fringes. sides of fingers slightly ridged; basal
subarticular finger tubercles large and prominent,
distal tubercles moderate, single; male thumb
with a pair of brown nuptial pads, confluent or
(usually) separated: no forearm fold; no prepol-
lex; supratympanic fold moderately developed,
weakly developed dorsolateral fold from behind
eye to groin sometimes indicated only by pattern,
small diffuse lumbar gland present or absent;
dorsal texture smooth or finely granular, with or
without a few short ridges; venter smooth with a
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granular seat patch under the thighs; toe lengths
I<ll<V< or=IlI<lV; tips of toes rounded-
pointed; toes free of webbing or fringes, sides of
toes smooth or with slight ridges: inner and outer
metatarsal tubercles somewhat spade shaped,
prominent, pungent, outer just smaller than or
about same size as inner; heel lacking decora-
tion; tarsus with prominent inner tubercle on dis-
tal half, with a distinct or indistinct fold from
tubercle to foot; outer tarsal texture smooth or
with [-3 small white fleshy tubercles; sole of
foot covered with small fleshy tubercles.

Dorsal pattern variable including almost uni-
form brown, or very complex symmetrically mo-
saic pattern of browns, tans and black, or series
of dark and light parallel stripes to sacral region;
two irregular dark spots in upper groin region on
back, light mid-dorsal pin stripe from sacrum to
vent: legs cross banded, arms weakly striped,
outer edge of hand. forearm (or indistinct on
torearm). and foot with light pin stripe or sharp
contact of light dorsal and dark ventral colors;
indistingt, irregular dark canthal stripe present or
absent, rest of face nondescriptly patterned or
with irregular white bars under eves and irregular
light stripe on posterior upper lip and angle of
jaw; dark flank stripe distinct or not, including
almost uniform gray under dorsolateral fold
blending with ventral color as mottle of flank
and belly patterns low on sides, or flank stripe
black anteriorly, fading to gray, or brown stripe
under dorsolateral fold with mottled below that;
throat mostly gray, lightly mottled with cream,
anterior belly (or most of belly) cream with large
gray spots or cream and gray mottle, posterior
belly cream; posterior surfaces of thigh with a
few white spots on either side of midline below
vent, rest of posterior thigh almost uniform
brown.

SVL 25.9-29.5. mean 28.3 mm (males). 30.6
mm (female): (following proportional values for
males; values for female fall within male ranges)
mean head length 33% SVL; mean head width
309% SVL: mean thigh length 419 SVL:; mean
shank length 43% SVL; mean foot length 50%
SVL.

Life Colors. — Iris bronze. Dorsal colors
brown. black, ochre; edge mantle to up over eye
gold ochre. Golden streaks from eye to lip; groin
dirty orange, orange, or salmon pink. Hands and
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feet gray. Belly white and gray. Posterior surface
of thigh light salmon pink.

Larval Morphology. — Body oval in dorsal
view, wider than deep; snout rounded in dorsal
view; nostril midway from eye to the tip of
snout; distance between nares 699% interorbital
width; nares dorsal, round; eye dorsolateral. 13¢¢
body length; opening of the sinistral spiracle di-
rected posterodorsally on the midline about 72
body length; anal tube dextral: tail higher than
body: dorsal fin origin on bodv-tail juncture:
dorsal fin arched and ventral straight: tail muscu-
lature reaching the almost rounded tail tip: mouth
anteroventral. width 34% body width: a single
row of oral papillae. absent on upper lip and with
three interruptions on lower lip: tooth row for-
mula 202311 . beak moderately developed and
finely serrated.

Dorsum of the body and tail brown; venter
unpiamented. In life. body and tail musculature
brown with scattered black spots; first half of
venter unpigmented, second half black with sil-
very flecks; fins transparent with black flecks;
iris with inner ring golden, outer ring black with
golden spots (Figure 34),

Advertisement Call. — Calls given at a rate of
0.9-1.5 per s during active calling bouts; call du-
ration 0.25-0.35 s; individual calls of single
notes; three harmonically related frequencies
containing most of the energy in both the audio-
spectrogram and wave form; the fundamental
frequency at about 400 Hz in the beginning of
the call falling to about 290 Hz by the end of the
call (this frequency present and strongly ex-
pressed in the first half of the waveform but only
hinted at in the audiospectrogram), second har-
monic the dominant frequency in the sonogram
and conspicuous throughout the wave form start-
ing at about 800 Hz and falling to about 580 Hz,
a third frequency (three times the fundamental)
also visible in both the audiospectrogram and
wave from, particularly in the first half of the
call. a fourth frequency (4 times the fundamen-
tal) also visible throughout the call in the audio-
spectrogram but not in the wave form, higher
harmonics also visible in some audiospectro-
grams but not in the wave form.

An equally plausible alternative call descrip-
tion: dominant frequency starting at about 800
Hz and falling to about 580 Hz and amplitude
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modulated (strongly. partially pulsed) at half that
frequency; this modulation strongly expressed in
the wave form over the first half of the call and
present in the last half of the call but very weakly
expressed in the waveform; this modulation at
half the carrier frequency expressed in the audio-
spectrogram as strong sidebands above the car-
rier at multiples of the modulation frequency
tFigure 65).

Ecology. — Males have been observed call-
ing at night from open situations, including from
beneath rocks at the quarry, shallow water in
grass at the quarry. and a water filled cow track
in a pasture. Calling males are usually concealed
In grass or other vegetation. All active specimens
were taken at night from similar situations as
calling males. A few specimens were collected
during the day from beneath rocks at the quarry.
Individuals were collected in October through
March.

Physalaemus franciscae Heyer
Color Figure 42

Physalaemus signiferus, Cochran, 1955. The
Boracéia specimens cited by Cochran are ei-
ther this species or maculiventris.

Physalaemus franciscae Heyer. 1985b. Original
description.

Diagnosis. — Phvsalaemus franciscae lacks
toe disks, lacks toe webbing or fringes, has a
hidden tympanum. and lacks vomerine teeth.
This combination of states is shared with Bra-
chycephalus nodorerzga, Physalaemus cuvieri, P.
maculiventris. P. olfersi. and Myersiella microps
at Boracéia. Phvsalaemus franciscae has 5 toes;
B. nodoterga has 3. Physalaemus franciscae has
inner metatarsal tubercles; M. microps does not.
Physalaemus franciscae lacks a tarsal tubercle;
P. cuvieri has a tarsal tubercle. Physalaemus

Jfranciscae does not have a distinct light stripe

from the eve to shoulder as does P. olfersi.
Physalaemus franciscae has a broader snout than
P. maculiventris, is larger (males 25-27 mm
SVL. females 22-29 mm SVL) than P. macu-
liventris (males 19-23 mm SVL, females 19-25
mm SVL). and the sole of the foot has a few
light fleshy tubercles in franciscae which are not
found in maculiveniris.
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Adult Morphology (N = [0 males, 10 fe-
males). — From above, canthus and tip of snout
pointed or brcadly mucronate with upper lip
rounded, snout rounded-acute in profile; no cra-
nial crests; upper eyelid glandular or granular-
tuberculate; tympanum hidden to almost distinct,
vertical diameter just less than or about equal to
1/2 eye diameter; male vocal sac single, ex-
panded externally from tip of chin through chest
region or not; males with vocal slits; no vomer-
ine teeth: finger lengths I<, =, or >Il< or
=IV<IIL: tips of fingers slightly swollen or not;
fingers without webbing, fringes, or ridges; fin-
ger subarticular tubercles moderately large, glo-
bose, not pungent; male thumb with two brown
nuptial pads, one at base of thumb, other extend-
ing for much of length of thumb on inner and
dorsal surfaces, pads moderately separated to
almost touching each other; no prepollex; supra-
tympanic fold well developed to not visible, dor-
solateral fold from eye to groin, lumbar gland
present. visible or not externally: dorsum smooth
or slightly grandular-warty, sometimes with scat-
tered small warty tubercles; venter smooth or
finely granular, granular seat patch under thighs;
toe lengths I<II<V<HI<IV; toe tips slightly
swollen or not; toes without webbing or fringes,
sides of toes smooth or sometimes with weak
ridges; inner metatarsal tubercle ovoid, outer
round, distinct, sometimes almost pungent, outer
about 1/3 to same size as inner; no heel decora-
tion; short distinct to indistinct fold on inner tar-
sus extending 1/4-1/3 length of tarsus, approach-
ing or contacting inner metatarsal tubercle; tex-
ture of outer tarsus smooth; sole of foot smooth
with a few white fleshy tubercles.

Snout light tan or cream or whole dorsal
ground color cream, interorbital bar weakly de-
veloped or absent, back with large well-defined
to faint irregularly shaped confluent chevrons,
chevrons slightly darker brown than dorsal
ground color with cream highlights on edges,
chevrons with light tan central spots or not, rest
of dorsum with other miscellaneous dark stripes
or spots or not, 1-2 distinct light outlined black
spots above groin region on each side, upper
limbs with narrow cross bands; canthus with
dark stripe sharply defined above, sharply de-
fined below or blending into lighter brown of
loreal region, upper lip mottled, mostly cream;
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flanks with distinct dark lateral band either en-
tirely black for entire extent from back of eye to
lower flank or leg or black in back of eye and
brown for rest of extent, dark band bordered
above and (sometimes) partly below by light pin-
stripe; chin almost black or with fine brown and
cream: mottle extending as tar as mid-belly in
some specimens. either entire venter, entire
belly, or posterior halt of belly and under sur-
faces of thighs with a bold or muted mottled
pattern; black outlined (straight or curly) seat
patch extending for most of length of posterior
surface of thigh, above seat patch unitorm
brown, seat patch demarcation fuzzy distally,
tending to mottle, under seat patch dark with
light spots or mottled.

SVL 25.0-26.7, mean 26.1 mm (males), 22.7-
28.2, mean 26.4 mm (females); mean head
length 34% SVL (males), 33% SVL (females);
mean head width 35% SVL (males), 33% SVL
(females); mean thigh length 43% SVL; mean
shank length 45 SVL (males), 44% SVL (fe-
males); mean foot length 45% SVL (males), 43%
SVL (females).

Life Colors. — Iris bronze. Dorsal colors tan
and brown. Groin and inner tibia salmon or or-
ange cast. Throat gray or with salmon cast; belly
cream or dirty white brown or black blotches.
Posterior surface of thigh with tan, brown, and
black coloration.

Larval Morphology. — Tadpoles not col-
lected from Boracéia.

Advertisement Call. — Calls given frequently
when calling; call duration 0.50-0.70 s; call of
complex structure including harmonics and
pulses. begianing and most of call with 22-28
notes, note duration 0.01-0.02 s; call ending with
a short portion not developed into notes (or ane
long note of 0.04-0.05 s), note rate ahout 30 per
s; notes partially pulsed. at about 250 per s: calls
quiet, starting and ending with lower intensity;
dominant frequency range 600-1600 Hz; several
distinct sidebands (Figure 661,

Ecology. — Males have been observed call-
ing at night tfrom small temporary pools (even
bootprints) in the forest under and on dead leaves
near the water. Males of P. franciscae and macu-
liventris have been heard calling from the same
trail ponds. Mest individuals were collected from
the forest. manyv of them from the trails during
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the day. One individual was collected at night
from a leaf of a low shrub. Only two specimens
were collected outside the forest, one at night,
one in the day, both on a road. Individuals were
collected in August through March.

Physalaemus maculiventris (A. Lutz)

Color Figure 43

Eupemphix maculiventris A. Lutz. 1923a. Ongi-
nal description.

Physalaemus maculiventris. B. Lutz. 1951. First
use of maculiventris with Phvsalaenmus

Remark. — USNM 243711, a 22.1 mm male.
differs in some details of pattern from the rest
of the specimens examined. most notably in
having cream. unpattemed undersurfaces of the
thighs tbrick red in life). All other specimens
examined have the same pattern on the thighs as
on the belly. This specimen should be examined
in any revisionary work involving P. maculiven-
Iris.

Diagnosis. — Physalaemus maculiventris
lacks toe disks, lacks toe web or fringe, has a
hidden tympanum, and lacks vomerine tecth.
This combination .of states is shared with Bra-
chycephalus nodoterga, Physalaemus cuvieri, P.
franciscae, P. olfersi, and Myersiella microps at
Boracéia. Physalaemus maculiventris has 5 toes;
B. nodoterga has 3. Physalaemus maculiventris
has an inner metarsal tubercle; M. microps does
not. Physaluemus maculiventris does not have a
tarsal tubercle; P. cuvieri does. Physalaemus
maculiventris lacks the distinct light stripe from
the eye to shoulder of P. olfersi. Physalaemus
maculiventris has a narrower, more pointed snout
than P. franciscae, is smaller (males 19-23 mm
SVL. females 19-25 mm SVL) than P.
franciscae (males 25-27 mm SVL, females 22-29
mm SVL). and the sole of the foot is smooth in
maculiventris (sole of foot with a few light
fleshy tubercles in franciscae).

Adult Morphology (N = 10 males, 10 fe-
males). — Snout pointed or pointed-subelliptical
from above. acute or rounded-acute in profile: no
cranial crests: upper evelid with extension of
dorsolateral fold on outer rim: tympanum not
visible; male vocal sac single. usually slightly
to moderately expanded externally; males with

315

vocal slits; no vomerine teeth; finger lengths 1
just < or=1I just < or =IV<III; finger tips
rounded to just slightly swollen; fingers without
webbing, fringes, or ridges; finger subarticular
tubercles moderately developed; single brown
nuptial pad covering most of inner and dorsal
surfaces of thumb in males, male forearms hy-
pertrophied, thumb broad in male; very low ridge
on outer forecarm region or not; no prepollex;
weakly developed supratympanic fold present or
absent. fold tfrom back corner of eye to mid-
body. then curving obliquely downward, large
diftuse or discrete lumbar glands: dorsal texture
smooth: ventral texture smooth with a granular
seat patch under the thighs: toe lengths I<ll<V<«
or=11I<IV: toe tips rounded. sometimes slightly
swollen: toes without webbing or fringes, sides
of toes smooth or slightly ridged; inner metatar-
sal tubercle ovoid, outer rounded, both pungent,
outer about 1/2 to 3/4 size of inner; no heel deco-
ration; tarsus with or without a very weakly de-
veloped inner tarsal fold extending about 1/5
length of tarsus; outer tarsal and sole of foot
texture smooth.

Dorsal pattern tan with light outlined very dis-
tinct (rarely indistinct) dark marks including a
broad interorbital bar and 2-3 broad chevrons
plus many rounded/elongate spots. upper limbs
cross banded, light pin stripe on outer forearm
region present or absent: with or without a faint
dark band from tip of snout across canthus to
eye, upper lip with irregular dark marks, supra-
tympanic fold rarely dark highlighted: tlank vari-
able, ranging from almost uniform brown to faint
dark oblique bar from behind eye to past
midbody below dorsolateral fold. discrete above,
irregular below (sometimes defined below by
light pin-stripe from eve to shoulder region), |
large with or without 1-2 small intensely black
spots in groin. at least large black spot on lumbar
gland: dorsolateral fold cream, contrasting with
surrounding patterns; throat and chest entirely
dark gray or with large central mostly dark gray
area surrounded by mostly creamy area, belly
and limbs light cream with large black blotchy
spots to mostly black; posterior surface of thigh
with black seat patch with a discontinuous exten-
sion often breaking up into dark spots, other
white outlined black round or elongate spots on
thigh often extensions of dorsal bands.
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SVL 19.0-22.3. mean 20.5 mm (males), 19.8-
25.0, mean 23.3 mm (females); mean head
length 329% SVL (males), 29% SVL (females);
mean head width 32% SVL (males), 28% SVL
(females); mean thigh length 46% SVL (males),
45% SVL (females); mean shank length 49%
SVL (males), 47% SVL (females); mean foot
length 53% SVL (males), 51% SVL (females).

Life Colors. — lIris bronze. Dorsum brown
and tan with yellow outlining. Hands and feet
with orange highlights. Chest with brick red;
belly gray with blue cast; seat patch reddish.

Larval Morphology. — Tadpoles not collec-
ted from Boracéia. Bokermann (1963) described
and illustrated the larvae based on specimens
from forest ponds at Paranapiacaba, Sdo Paulo.

Advertisement Call. — Calls given frequently
when actively calling, at a rate of 0.5-1.4 per s;
call duration about 0.20-0.75 s; calls pulsed,
pulse rate about 130-170 per s; calls building in
intensity through first halt of call. loudest portion
of call maintained tor about 1/3 length of call.
remainder of call gradually decreasing in inten-
sity; calls not noticeably frequency modulated:
dominant frequency range 700-3700 Hz. strong-
est frequencies between 1000-3000 Hz (range of
all calls analysed. call spectrum of a typical indi-
vidual call with strongest frequencies between
1600-2900 Hz, maximum at 2000 Hz), funda-
mental frequency included in the dominant
range; calls apparently lacking harmonic struc-
ture; calls with strong sidebands due to pulsatile
nature of call (Figure 67).

Ecology. — Males have been observed call-
ing on the ground next to small temporary pools
in the forest at night, sometimes in mixed cho-
ruses with P. franciscae. One foam nest contai-
ned 129 eggs. All specimens were collected from
the forest at the same sites as calling males, and
from forest trails during the day and at night. In-
dividuals were collected from August through
March.

Physalaemus olfersi (Lichtenstein and Martens)

Cotor Figure 44

Phryniscus olfersi Lichternstein and Martens,
1856. Original description.

Physalaemus olfersi, Parker, 1927. First use of
olfersi with Physalaemus.
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Diagnosis. — Physalaemus olfersi lacks toe
disks, lacks toe web or fringe, has a hidden
tympanum, and lacks vomerine teeth. This com-
bination of states is shared with Brachycephalus
nodoterga, Physalaemus cuvieri, P. franciscae,
P. maculiventris, and Myersiella microps at
Boracéia. Physalaemus olfersi has 5 toes: B.
nodoterga has 3. Physalaemus olfersi has inner
and outer metatarsal tubercles; M. microps lacks
both. Physalaemus olfersi does not have a tarsal
tubercle; P. cuvieri does. Physalaemus olfersi is
larger (males at least 28 mm SVL, females at
least 30 mm SVL) than P. franciscae and macu-
liventris (males smaller than 28 mm SVL, fe-
males smaller than 30 mm SVL) and has a dis-
tinct light pin-stripe from eye to shoulder lacking
in P. franciscae and maculiventris.

Adult Morphology (N = 7 males, 2 females).
— Snout outline pointed to subelliptical from
above, acute in profile: no cranial crests; no
upper evelid decoration: tympanum hidden to not
visible. diameter just over 1/3 eye diameter: male
vocal sac single. external. moderately to greatly
expanded: males with vocal slits: no vomerine
teeth: finger lengths =1V just <ll<Ill or 1< or
=1ll< or =IN<III: finger tips rounded-pointed:
fingers without webbing or tringes. sides of fin-
gers smooth or slightly ridged: finger subarticu-
lar tubercles moderately developed, single; males
with two discrete brown nuptial pads on inner
side of thumb, one associated with inner meta-
carpal tubercle, narrowly to moderately sepa-
rated from one next to basal subarticular tu-
bercle; no forearm fold; no prepollex; very
weakly developed supratympanic fold, weak fold
from posterior corner of eye to groin, lumbar
gland distinct or somewhat diffuse (absent in one
female); dorsal texture etched or smooth; ventral
texture smooth with a granular seat patch under
thighs; toe lengths I<li<V< or =1I<IV: tips of
toes pointed-rounded; toes ‘vithout webbing or
fringes, sides of toes smooth or slightly ridged:;
inner metatarsal tubercle ovoid. outer round to
ovoid, both pungent, outer 1/2 to 2/3 size of in-
ner; heel smooth or with | or a few small tu-
bercles; very weak inner tarsal fold extending
about 1/5 - 2/5 length of tarsus, single tubercle
just above inner metartasal tubercle present or
absent, with or without a row of scattered warts
alonig outer tarsus; rest of outer tarsal texture
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smooth; sole of foot mostly smooth with or with-
out 1-2 small rounded fleshy tubercles.

Dorsal pattern moderately variable including
brown back with darker interorbital triangle
sometimes extending as an anastomosing ladder
over back with a central light spot behind shoul-
der area or tan with scattered dark outlined light
dots and dashes, light mid-dorsal pin stripe rang-
ing from dark outlined and interrupted to distinct
only from sacrum to vent, upper limbs brown
with darker cross bands, row of light dots on
outer forearm region and tarsus or not, outer
forearm, tarsus, and sole of foot dark brown,
contrasting with adjacent areas; distinct separa-
tion of lighter dorsal color from darker face and
anterior flank color along tip of snout, canthus,
and lateral fold from eye to groin, face light to
dark brown with scattered small light spots or
face darker below canthal stripe fading to tan on
edge of upper lip, light stripe from back edge of
eye to shoulder; flanks with broad dark oblique
band, lumbar gland yellowish brown or undistin-
guished from dorsal color; ventral pattern some-
what variable, ranging from almost uniform dark
brown with small light dots on throat, chest and
front of belly. mid-belly mottled, posterior belly
mostly cream, to throat and belly mottled cream
and tan with white splotches; posterior surface of
thigh mottled brown and white to almost uniform
brown.

SVL 28.5-34.5, mean 32.0 mm (males), 30.9-
31.9 mm (females); head length 31-34% SVL;
head width 27-31% SVL; thigh length 38-43%
SVL; shank length 40-46% SVL (males), 46-
48% (females); foot length 46-52% SVL (males),
49-55% SVL (females).

Life Colors. — Iris bronze. Dorsum light
brown with light green-bordered dark brown pat-
tern. Eye-shoulder stripe yellow or white. Upper
legs reddish. Belly gray around edge, white in
center, entire belly with brick red network, Pos-
terior surface of thigh brown-lavender.

Larval Morphology. — Tadpoles unknown.

Advertisement Call. — Calls given sporadi-
cally but frequently when actively calling: call
duration 3.5-4.0 s; calls complexly partially
pulsed. pulse rate 200-225 per s; calls with no-
ticeable variable frequency modulation (war-
bling): either no noticeable intensity modulation
or calls beginning quietly and gaining maximum
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intensity at 2/3 call duration and maintaining
maximum intensity for remainder of call; funda-
mental frequency about 1700-2000 Hz; loudest
broadcast frequency range 1000-2700 Hz; dis-
tinct sidebands due to pulsatile nature of call;
calls with or without weak intermittent harmonic
structure (Figure 68).

Ecologv.— Males have been observed calling
from open habitats at night, on the ground under
or in vegetation including grass near marshy
ponds at the edge of the forest. Most specimens
were collected at night. from open habitats, sec-
ondary and primary forest habitats on the
ground. Two individuals were taken during the
day from the forest floor. Specimens were col-
lected in August, November through January,
and March.

Proceratophrys boiei (Wied)

Color Figure 45

Ceratophrys boier Wied, 1824. Original descrip-
tion.

Proceratophrys boiei, Lynch, 1971. Transfer of
boiei to Proceratophrys.

Diagnosis. — Three Boracéia species. Cera-
tophrys aurita, Proceratophrys boiei and
Proceratophrys melanopogon. have distinct eye
horns - triangular flaps of skin extending over
eye from upper evelid. In the two Procerato-
phrys, the tympanum is not visible externally; it
is visible externally in Ceratophrys aurita. Pro-
ceratophrvs hoiei lacks a triangular fleshy ap-
pendage at the tip of the snout: P. melanopogon
has such an appendage.

Adult Morphology (N = 1 male). — Snout
outline rounded from above. obtuse with flaring
lip in prefile: distinct canthal and supraorbital
cranial crests, parietal spur distinct; upper eyelid
with an extensive triangular flap (or horn) with 3
complete folds and 1 broken fold extending to
tip. upper evelid and flap covered by shagreen
and warts: tympanum not visible; male with
single internal vocal sac; vocal slits present;
vomerine teeth in two transverse series lying
between posterior extent of choanae, separated
by about [/5 length of single vomerine tooth
row: finger lengths IV<II<I =III; no finger disks:
no finger web, sides of fingers with distinct
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ridges; larger, pronounced, moderately pungent
subarticular finger tubercles; no male thumb as-
perities; no forearm fold; no external prepollex;
symmetrical fold from tip of eye horns to sacrum
and from horn to horn, folds initially narrowing
to midbody, then ballooning in sacral region and
converging over vent, series of 3 rows of warts
from below and behind eye to shoulder and
midbody; dorsum covered by warts and sha-
green, on sides of body and on limbs, warts and
shagreen or spinules on top of warts; venter
granular and tuberculate; toe lengths
I<Il<V<III<IV; no toe disks; toe webbing for-
mula 1224111 1/2-3* 111 1 1/2-4 1V 4*-2 1/2 V,
inner metatarsal tubercle very large, sickle
shaped, outer metatarsal tubercle small, rounded,
not much different from other warts in immedi-
ate area; no distinctive heel decoration; row of
warts along inner side of inner tarsal tubercle
extending along almost the entire length of tar-
sus; outer tarsus covered by warts, small tu-
bercles and shagreen; sole of foot with large.
light, rounded tubercles and small warts.

Dorsum with a complex svmmetrical pattern
of browns, creams, tans. dorsal fold comptex
cream; loreal region a mosaic pattern of tans and
browns, one distinct dark brown subarbital bar
anteriorly to upper lip, 2 additional oblique sub-
orbital bars posteriorly not as distinct: flank pai-
tern a continuation of dorsal pattern with a sharp
transition to belly pattern ventrally: throat grav.
belly and under limbs dirty cream with black ir-
regular spotting; posterior surface of thighs un-
distinguished browns.

SVL 57.9 mm (male); head length 42% SVL:
head width 45% SVL; thigh length 35% SVL:
shank length 32% SVL; foot length 38% SVL.

Life Colors. — Iris bronze; mustard vellow
stripe from eye horn to eye horn; rest of dorsum
lighter and darker leaf browns; throat brown.
chest and belly pinkish white with black spots:
hands and feet with light pink tubercles: pos-
terior surface of thigh brown, same as dorsal
color.

Larval Morphology. — Tadpoles have not
been collected from Boracéia. Larvae of this
species have been described and figured by
Izecksohn, Cruz, and Peixoto (1979), based on
material from ponds at Teresépolis, Rio de
Janeiro.
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Advertisement Call. — Calls given sporadi-
cally; call duration about 0.70-0.80 s; 30-35
notes per call, note duration 0.008-0.01 s, note
rate about 45 per s; each npote with a simple wave
form envelope; calls beginning quieter then
quickly reaching maximum intensity, maintained
for duration of call; dominant (= fundamental)
frequency range 350-1350 Hz; lacking harmonic
structure (Figure 69).

Ecology. — One male was calling at night
from a densely overgrown swamp next to the
road in an area of open secondary growth vegeta-
tion in December 1984,

Proceratophrys melanopogon (Miranda-
Ribeiro)

Stombus melanopogon Miranda-Ribeiro, 1926.
Original description.

Ceratophrys appendiculata, Cochran, 1955.
Specimens cited trom Boracéia.

Proceratophrys melanopogon, Lynch, 1971.
First association of melanopogon (as a prob-
able svnonymy with Proceratophrys.

Nomenclatural Note. — Eugénio Izecksohn
pointed out the specific distinctness of
melanopogon to us and 1s resurrecting the name.

Diagnosis. — Three Boracéia species, Cera-

rophryvs aurita. Proceratophrys boiei and Pro-

eratophrvs melanopogon, have distinct eye
horns - triangular flaps of skin extending over
2ve from upper eyelid. In the two Pro-
ceratophrys. the tympanum is not visible extern-
allve 1t 1s visible externally in Ceratophrys
aurita. Proceratophrys melanopogon has a trian-
gular fleshy appendage on the tip of the snout: P.
boiei lacks such an appendage.

Adult Morphology (N = 6 males, 3 females).
—- Snout outline rounded to almost semicircular
from above, obtuse in profile; moderately devel-
oped canthal and supraorbital crests. weakly
developed pre- and post-orbital crests: upper
eyelid with a very long fleshy triangle: no visible
tympanum; male vocal sac single. essentially
internal or external and somewhat expanded:
males with vocal slits; vomerine teeth 1n two
short transverse series lying between choanae;
tinger lengths I just < or = [I = IV<III; tips of fin-
gers pointed-rounded, not expanded; fingers



Vol. 31 (4), 1990

without webbing or with a trace of basal web-
bing, sides of fingers ridged, finger subarticular
tubercles well developed, moderately pungent,
single to slightly bifid; no asperities on thumb of
male; row of elongate warts on outer forearm
region; no prepollex; distinct ridges from edge of
eye horn between eyes and extending as sym-
metrical, sinuous ridges from eye and joining
above sacrum, tip of snout with triangular flap,
ridge-like row of warts from under eye to angle
of jaw, long tubercles at angle of jaw, oblique
rows of warts on sides of body present or absent,
patagium to elbow: dorsal texture of shagreen
and warts; ventral texture of shagreen and gran-
ules; toe lengths I<ll<V< or =III<IV; toe tips
rounded to pointed, not expanded; modal toe
webbing formula I 1 1/2-2* 11 1 1/2-3* 1II 2*-4 IV
4-2* V; inner metatarsal tubercle ovate, pungent,
almost spade-like. outer low, rounded, about 1/6-
1/4 size inner; heel warty (same as dorsum),
sometimes with one particularly well developed,
pronounced warty tubercle; shori warty inner
tarsal fold extending 1/3-1/2 length of tarsus
ending in large tubercle or not, row of triangular
warts comprising outer tarsal fold; outer tarsal
texture warty: sole of foot warty with large round
fleshy tubercles.

Dorsal pattern variegated browns looking like
dead leaves. upper limbs cross banded; face
same pattern as dorsum with or without a dark
oblique band under eye to lip: flanks rather uni-
form brown; throat and chest black or mottled
black and brown, rest of venter tan with brown
spots or mottled tan and black; posterior surface
of thighs variegated browns to uniform tan with
or without faint dark seat patch extending from
above vent to bottom of posterior thigh about 1/3
distance on thigh.

SVL 33.4-45.2, mean 40.8 mm (males), 38.8-
58.1, mean 50.7 mm (females); mean head
length 45% SVL; mean head width 52% SVL
(males), 53% SVL (females); mean thigh length
37% SVL; mean shank length 35% SVL (males),
36% SVL (females): mean foot length 39% SVL.

Life Colors. — Iris copper or red-bronze.
Dorsal color browns, markings edged or not with
green or white, feet and hands pale dirty orange.
tips of fingers and toes bright orange, mid-back.
sides, and elbows with pinkish cast; belly black.
brown, or gray with or without orange cast.
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Larval Morphology. — Tadpoles not col-
lected from Boracéia.

Advertisement Call. — Call not recorded, nor
have males been heard at Boracéia.

Ecology. — All specimens were collected in
the forest on trails or leaf litter, usually during
the day. Specimens were collected from Septem-
ber through May.

Thoropa miliaris (Spix)

Color Figure 46

Rana miliaris Spix, 1824. Original description.

Thoropa miliaris, Boulenger, 1882, First use of
miliaris with Thoropa. — Wassersug and
Heyer, 1983. Description of internal oral cav-
ity anatomy of larvae from Boracéia.

Eupsophus miliaris, Cochran, 1955. Citation of
specimens from Borac€ia.

Diagnosis. — The Boracéia species that lack
toe disks and webbing and have vomerine teeth
are Adenomera marmorata, Cycloramphus
eleutherodactylus, Holoaden luederwaldti, Lep-
todactylus flavopictus, L. fuscus. L. ocellatus,
Paratelmatobius gaigeae, and T/. sropa miliaris.
The sole of the foot of T. miliari is smooth: the
sole of the foot of A. marmorata i~ covered with
white-tipped tubercles. Thoropu miliaris lacks a
dorsal iris meniscus: Cvclorampius eleutliero-
dactylus has a meniscus. The dorsum of Thoropa
miliaris is relatively smooth and has a pattern of
1-2 large blotches: the dorsum of H. luederwaldti
has obvious large. rather unitorm bumps and is
uniform brown. Thoropa miliaris does not have
distinct dorsolateral folds in addition to the su-
pratympanic fold: all L. flavopictus. fuscus, ocel-
latus and some P. gaigeae have distinct dorso-
lateral folds. The belly of T. muliaris is not boldly
patterned as is the belly of P. gaigeae and T.
mifiaris i1s much larger (54-81 mm SVL) than P.
gaigeae (SVL 16-20 mm).

Adult Morphology (N = 10 males, 10 fe-
males). — Snout outline rounded to nearly
rounded from above, rounded in profile; no cra-
nial crests: no upper eyelid decoration; tympa-
num distinct, large, diameter 2/3-3/4 eye diame-
ter: no vocal sac in males; no vocal slits in
males; vomerine teeth in two short transverse
series lying between or between and on a line
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across posterior margins of choanae; finger
lengths I1<IV<<I<III or II<I=IV<III; tips of fin-
gers slightly to noticeably swollen, not disked;
fingers without webbing or fringes, sides of fin-
gers smooth or with slight ridges; basal finger
subarticular tubercles moderately well devel-
oped, distal tubercles less well developed. single;
males with patches of nuptial spines on fingers, 3
patches on thumb in largest males, one patch on
each joint {distal patch absent in small males),
patch on top of second finger extending for most
of length (just a few spines in small males), a
few spines on top of finger III (absent in small
males), forearms slightly hypertrophied (not in
small males); outer forearm region smooth or
with a very weak fold; no prepollex; well devel-
oped supratympanic fold, sides of body areolate
with glandular warts; dorsal texture smooth or
finely granular with scattered warty tubercles;
ventral texture mostly smooth, posteriormost bel-
ly granular, extensive granular seat patch under
thighs: toe lengths I<ll<V< or =IIlI<IV: toe tips
swollen, not disked: toes without webbing or
tringes, sides of toes ridged: inner metatarsal tu-
bercle ovoid. outer rounded or ovoid. outer 1/4-
1/3 size of inner: heel smooth or with a few weak
glandular warts; inner tarsal fold distinct tor non
in middle; extending about 2/3 length of tarsus:
outer tarsal and sole of foot texture smooth.

Dorsal pattern tan and brown, ranging from
two distinct oblong white outlined (or not) ir-
regular dark blotches, one from between eyes to
past shoulders, second just past sacrum to coa-
lesced into one large oblong blotch, upper limbs
faintly to distinctly cross banded:; dark canthal
stripe, rest of face light tan or with blotching on
upper lip. tympanum dark outlined entirely or
just by fold, supratympanic fold dark brown out-
lined; flanks with dark brown warts on tan back-
ground or mostly dark gray with whitish spots,
groin with just a hint of anterior and posterior
pattern; venter marbled tans or light brown with
light marbling on throat; anterior and posterior
surfaces of thighs usually with a bold dark and
light mottle, rarely with reduced bold mottle and
mostly indistinct mottle, bold mottle sometimes
on hidden portion of shank and tarsus.

SVL 54.0-71.5, mean 60.7 mm (males), 64.6-
81.0, mean 71.1 mm (females); mean head
length 38% SVL (males), 37% SVL (females);
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mean head length 38% SVL (males), 379% SVL
(females); mean head width 409% SVL: mean
thigh length 50% SVL (males), 51% SVL (fe-
males); mean shank length 55% SVL; mean foot
length 53% SVL (males), 52% SVL (females).

Life Colors. — Iris coppery red with black
reticulations above, diffuse black with deeper red
brown on sides, silver with black reticulations
below or dull yellow with dark red at sides of
pupil. Dorsal colors tan, brown, bronze. Groin
dirty chrome yellow. Venter ranging from chin,
throat and belly gray, belly more bluish, under
legs purple to throat white to brown to clear.
Anterior and posterior thigh dirty chrome yellow
banded with dark brown.

Larval Morphology. — Tadpoles were col-
lected from the wet quarry rock walls both night
and day at Boracéia. but have been lost. Boker-
mann (1965b} described and figured the larvae
buased on specimens from Cubatio, Sdo Paulo.

Advertisement Call. — Calls given sporadi-
cally. duration 0.20-0.30 s: 3-4 notes per call,
note duratien .05-0.06 s: note rate about 10-20
per s: notes pulsatile. pulse rate about 150-200
pulses per s: call not noticeably intensity modu-
lated: enuire call not notably frequency modu-
lated: dominant frequency band (= tundamen-
tal?) at 400-800 Hz: sidebands strongly devel-
oped due to pulsatile nature of notes (Figure 70).

Ecology. — Males have been observed call-
ing from the wet rock walls at the quarry at
night. Most metamorphosed individuals were
collected at night from open areas such as the
quarry. Several individuals were collected from
under rocks or grass during the daytine. The
species was occasionally active at night in the
clearings around the station buildings. One indi-
vidual was taken from a forest trail during the
day. Specimens were collected in all months of
the vear except June and July.

FasmiLy MicronvLipag

Myersiella microps (Duméril and Bibron)
Figure 12
Engystoma microps Duméril and Bibron, 1841.
Original description.
Mpyersiella microps. Ielson and Lescure, 1975.
First association of microps with Myersiella.
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Diagnosis. — This is the only small Boracéia
frog (male 15 mm SVL) with no vomerine teeth
or inner and outer metatarsal tubercles.

Adult Morphology (N = | male). — Snout
outline pointed with a bulbous tip from above,
rounded-acute in profile; no cranial crests; no
upper eyelid decoration; tympanum not visible;
no vocal sac in male; male without vocal slits; no
vomerine teeth; finger lengths I<II<IV<<III; fin-
ger tips rounded; fingers without webbing,
fringes, or ridges; finger subarticular tubercles
indistinct; no nuptial asperities on thumb of
male:; no forearm fold; no prepollex; no body
glands or folds; dorsal texture smooth; ventral
texture smooth; toe lengths I<II<V<III<IV; tips
of toes rounded; toes without webbing, fringes,
or ridges; no visible inner or outer metatarsal
tubercle; no heel decoration; no tarsal decora-
tion; outer tarsal and sole of foot texture smooth.

Dorsal pattern brown, limbs marbled; face
brown; flanks with meeting of dorsal and ventral
patterns about midway down sides; ventral pat-
tern a bold brown and cream mottle; posterior
surface of thigh mottled.

SVL 15.0 mm (male); head length 32% SVL;
head width 319% SVL; thigh length 41% SVL;
shank length 419% SVL; foot length 41% SVL.

Life Colors. — Not available for Boracéia
specimen.

Larval Morphology. — This species has di-
rect development (Izecksohn et al., 1971). No
clutches were tound at Boracéia.

Advertisement Call. — Not recorded from
Boracéia.
Ecology. — The single specimen from Bo-

racéia was collected during the day on the
ground under a rotten stick in September 1963,
more than 1 km NE of the scientists’ residence.

SPECIES DISTRIBUTIONS

OvER TIME

Boracéia is one of the few Neotropical locali-
ties for which data are available to evaluate
changes in the herpetofauna over many years.
There are many older tropical collections, but
few are concentrated on a single small area and
even fewer are from places where the habitat
remains intact and has been resampled in the
intervening vears. In the late 1940s, when
Vanzolini and Bokermann first collected at Bo-
racéia, they found frogs abundant and diverse, as
did the Rands in 1962-1964, Nelson and associ-
ates in 1969-1971, Heyer in 1975-1978, and
Myers and Daly in 1979. However, when Peix-
oto and Cruz visited Boracéia in January 1982
they found that some species abundances had
changed drastically.

Those changes described by Heyer et al.
(1988) are summarized here. First, the abun-
dances of some species were unchanged. For
example, the pond breeders Bufo crucifer. B.
ictericus, Hyla faber, H. microps. H. minuta. H.
pardalis, H. polytaenia, Ololygon crospedospila.
O. hayii, Physalaemus cuvieri, and P. olfersi and
the forest species Hyla albofrenata, H. astartea,
H. hvlax, H. leucopygia and Eleutherodactvius

randorum were about equally abundant in every
collection from the 1940s to the present. Second,
the abundances of those Boracéia species that are
seasonal in appearance, rare Or inconspicuous, or
only occasionally encountered. cannot be evalu-
ated. Third, at least one species has increased in
numbers. Hyla albopunctata is now common and
conspicuous in the same habitat where in 1963
we had found enlsy the equally conspicuous but
very different Hvla prasina. now rare or absent.

A number of species were common through
mid-1979 and became rare or absent by 1982.
Fritziana ohausi was common in association
with large bamboos. Some time in the late 1970s
these bamboos flowered and died. The first years
after this must have provided superabundant
breeding sites for £. ohausi, but thereafter, as the
stems rotted. the prime beeding sites vanished.
By 19X2 these breeding sites were gone and no
Frirziana ehausi were found. It probably still
exists. breeding in tree holes, though much rarer
than betore. The reasons for the other changes
are less obvious. Centrolenella eurygnatha,
Ololygon perpusilla, Adenomera marmorata,
Eleutherodactylus guentheri, E. parvus, and Hy-
lodes phyllodes were all common and conspicu-
ous frogs that were seen and/or heard daily. They
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were all much less common after 1979. Some
species seem to have disappeared completely:
Crossodactylus dispar, Cycloramphus bo-
raceiensis, C. semipalmatus, Hylodes asperus
and Thoropa miliaris. All these were common
and were always found when their microhabitats
were examined. After 1979, they could not be
found. The habitats appeared unchanged but the
frogs were absent. There are no characteristics of
phylogenetic relationship, size, reproductive
mode. or habitat at any stage of the life cycle that
completely unite the affected species and sepa-
rate them from unchanged ones. Although all of
the species with subaerial tadpoles have disap-
peared, they are not the only ones affected.

Detailed records exist only for Boracéia, but
there are observations that suggest that frog
populations crashed elsewhere in the Atlantic
Forests. To the south in early 1982, Heyer could
not find Cycloranphus duseni at its type locality
in Parand. To the north in late 1982, the once
common Cycloramphus granulosus and Hylodes
glabrus in the Serra da Mantiqueira and the pre-
viously abundant Thoropa petropolitana and
Phyllomedisa guttata at Teresopolis could not
be found. However, further north. Peixoto and
Cruz collected at Santa Teresa in Espirito Santo
before and after 1979 and saw no change in frog
abundances.

At Boracéia these dramatic changes occurred
between March 1979, when Myers collected
there, and January 1982, when Peixoto and Cruz
visited. More frequent sampling by Cruz and
Peixoto at Teresopolis pinpoints the change there
between early and late 1979. This timing is criti-
cal in evaluating possible causes. Two causes,
not mutually exclusive, for the changes in frog
populations seem likely: pollution or some un-
usual climatic event. Chronic pollution has had
drastic local effects near the industrial plants at
Santos, but this does not seen likely at Boracéia
because the prevailing winds do not blow from
Santos to Boracéia. Further, at Boracéia, three
things argue against chronic pollution: (1) the
plants, trees and epiphytes do not seem to be
affected as they are around Santos; (2) the frogs
affected are not all ecologically similar and
frogs of similar ecology were not uniformly af-
fected: and (3) there are hints of recovery in
at least two species (Hylodes phyvllodes and
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Ololygon perpusillay between 1982 and 1984,
though there has been no decrease in the output
of industrial pollution in Brasil. These observa-
tions argue that the cause was a one-time event.

One possibility is a combination of pollution
and an unusual climatic event, such as an un-
usual wind that carried the toxic effluents from
Santos to Boracéia. Arguing against this is the
evidence of at least roughly synchronous change
over a very large area from the State of Rio de
Janeiro to the State of Parand. The most likely
cause was the occurrence of unusually hard
frosts in June and July of 1979. These unusual
frosts were recorded at Casa Grande near Bo-
racéia (Figure 2) and were more severe than the
better known frost of 1975, called the worst in
100 years. The 1975 frost damaged coffee over
much of southeastern Brasil and was much dis-
cussed because of its effect in increasing coffee
prices around the world. The 1979 frost did not
have as much economic impact and did not re-
ceive much attention because the coffee plants
had not vet recovered from the 1975 disaster or
because former coffee plantations were con-
verted to cattle or soybean farming. That at least
one spectes of frog. Thoropa miliaris, Which dis-
appeared at Boracéia, survived in the lowlands
on the nearby coast is concordant with the idea
that low temperatures were the cause of mortal-
ity.

Even though frosts are infrequent, the frogs of
southeastern Brasil must have experienced hard
frost many times in the past. These infrequent
climatic effects must have important evolution-
ary implications. Populations reduced to low
levels are forced through a genetic bottleneck.
Where the surviving populations are small and
disjunct, this may result in genetic differentiation
among the various populations as they again
become more abundant. It 1s possible that the
effects described here may be strong enough and
the recovery slow enough to permit differentia-
tion to the species level. It may not be coinciden-
tal that the genus Cycloramphus, with subaerial
tadpoles. was among the gerena that disappeared
at Boracéia and is a genus that shows high local
differentiation in the Atlantic forest. The occur-
rence of unusual localized climatic events affect-
ing population structure does not argue against
the refugia hypothesis (Simpson and Haftfer.
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1978); major long term climatic changes with
major shifts in habitat distribution must have had
important offects on the distribution and differ-
entiation of plants and animals in the Neotropics
during the Pleistocene. But a short term, rela-
tively minor climatic event such as the 1979
frost, even though it does not result in major
habitat changes, may also have important evolu-
tionary effects on some species.

Only further work at Boracéia will test the hy-
pothesis that the abrupt populational changes
seen in 1979 were due to the frost. If they were,
the decimated frog populations should recover. If
they do not recover, causes must be sought else-
where, including changes due to human activity.

IN Space

Any zoogeographic analysis of the frog faunal
assemblages from the Atlantic Forests of Brasil
will be only as good as the knowledge of the
composition of the local assemblages. To use an
analogy, we have a spapshot of the Boracéia
fauna taken with a 30 year time exposure. In that
snapshot, several species rarely encountered are
visible, as well as records of species turnovers.
The faunal picture at Boracéia is the best avail-
able for any local assemblage in the entire Atlan-
tic Forest Morphoclimatic Domain. Most other
snapshots have been taken at a much shorter
exposure time and miss even the occurrence of
relatively common species. The available snap-
shots allow but a coarse faunal comparison.

Data are available to examine general distri-
butions of most Boracéia species. However. the
confused systematics of a few species (Hyla
prasina, Ololygon brieni. Ololvgon x-signata.
Crossodactylus dispar. Crossodaciyius gaudi-
chaudii, Hylodes asperus, Megaelosia goeldil).
preclude knowledge of their geographic distribu-
tions, even at the coarse scale utilized. Most of
the Boracéia species are shared with other Atlan-
tic Forest assemblages, even though the distances
among some of the Atlantic forest sites exceed
the distance between Boracéia and the interior of
the State of Sdo Paulo (Figure 71). Within the
Atlantic Forest region, there does seem to be a
distance effect, with closer localities sharing the
most species (Figure 71). With respect to habitat.
of the 57 species of frogs at Boracéia whose
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species limits are reasonably well understood, six
characteristically occur in both the forests and
open habitats, 31 characteristically occur in the
forests, and 17 characteristically occur in open
habitats (no habitat occurrence data are available
for three of the 57 species; available data re-
ported in section on Resource Partitioning be-
low). As expected, (1) there are more species
that characteristically inhabit forests at Boracéia
than occur in open habitats, and (2) the Boracéia
species with the broadest geographic distribu-
tions are those that characteristically occur in
open habitats (compare Figures 72 and 73).

The available data (as expressed in Figures
71-73) suggest that a large proportion of the
Boracéia frog fauna has a very localized geo-
graphic distribution. In order to assess the mag-
nitude of the endemic Boracéia fauna, detailed
comparisons with the nearby area of Cubatéo-
Caminho do Mar-Paranapiacaba, about 50 km to
the southwest of Boracéia (referred to hence
simply as Cubatdo for brevity), are necessary.
The Boracéia and Cubatio faunas are the most
similar of the available faunal samples. Although
the combined frog sample from Cubatao is well
represented in the MZUSP collections, it is still
not as extensive as the Boracéia sample: cer-
tainly some of the differences between the two
faunal lists are due to incomplete collections
from Cubatio.

Seven species characteristically inhabiting
open habitats at Boracéia are absent in the Cu-
batdo sample: Hyia microps. Hyvla pardalis,
Ololxygon flavogurtara, Sphaenorhynchus orophi-
lus. Hvyla senicula. Cyeloramphus boraceiensis,
and Leprodacryvlus fuscus. The first four species
have been collected farther to the south than
Cubaido within the Atlantic Forests and likely
occur at Cubatdo as well. Eleven species charac-
eristically occur in forests at Boracéia but are
absent in the Cubatdo collection: Centrolenella
eurvenatha. Centrolenella uranoscopa, Hyla
albofrenata. Ololygon flavoguttata, Phyllome-
dusa appendiculata (although P. appendiculata
is used for the Boracéia population, it is not the
same species as P. appendiculata from Cubatio),
Proceratophrys boiei, Ololygon obtriangulata,
Phyllomedusa cochranae, Eleutherodactylus
randorum, Eleutherodactylus spanios, and Para-
telmatobius gaigeae. The first six species have
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also been collected farther to the south than Cu-
batdo within the Atlantic Forests and likely oc-
curred at Cubatido as well. Thus, even assuming
that these four open habitat and six forest associ-
ated species actually occur at Cubatdo, some dif-
ferences remain between these two frog faunas.

Six of the missing species from Cubatio
(Hyla senicula, Cycloramphus boraceiensis,
Leptodactylus fuscus, Ololygon obtriangulata,
Phyllomedusa cochranae, and Paratelmatobius
gaigeae) are all known from additional localities
to the north and east of Boracéia within the At-
lantic Forest Morphoclimatic Domain. As there
is a latitudinal climatic cline along the Atlantic
Forest corridor, the southern geographic limits of
these species may not extend beyond Boracéia.
Eleutherodactylus randorum and E. spanios are
currently known only from Boracéia.

Six species of frogs from Cubatiio are absent
from Boracéia: Phyllomedusa fimbriata,
Cycloramphus dubius, Eleutherodacrylus
bolbodactylus, Hylodes mertensi. Leptodactyvius
furnarius, and Physalaemus bokermanni. Both P.
fimbriata and C. dubius have very closely related
sister-species at Boracéia. The remaining four
species are morphologically very distinctive.
however. Also, C. dubius. H. mertensi. and P.
bokermanni are known only from Cubatio or
very nearby regions. Thus. although the nearby
frog faunas of Boracéia and Cubatio are similar.
they are not identical.

Based on the preceding information. but
viewing distributions trom a different perspec-
tive, five distribution patterns, falling into three
major categories, exist for the 57 Boracéia spe-
cies for which distributions are reasonably well
known. In the classification following, numbers
of species are included. These numbers are not
meant to be exact, as they will be modified as
further information becomes available on distri-
butions. However, the categories and their rela-
tive representations will probably remain the
same.

[. Boracéia regional endemics - 13 species.
The 13 species assigned to this pattern
are known only from Boracéia or a very lim-
ited geographic area (about a 50 km radius)
encompassing Boracéia. With one excep-
tion, all of these species characteristically

I
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occur in the forests. The exception, Cyclo-
ramphus boraceiensis, probably should be
considered a forest associated, rather than an
open habitat associated species — even
though all but one of the specimens were
collected from the walls of the quarry. The
quarry is, however, a man-made open habi-
tat surrounded by forest. One C. boraceien-
sis was collected along a forested stream. If
the forests had been cleared at Boracéia; C.
horaceiensis would likely have disappeared,
and hence we conclude that all of the re-
gional endemic pattern members should be
considered dependent on the forests for their
continued survival.

Widespread within the Atlantic Forest Mor-
phoclimatic Domain - 37 species.

No sharp break in size of geographic
ranges occurs between Pattern [ and Pattern
Il species and most species assigned to Pat-
tern 1l do not occur throughout the entire
Atlantic Forest Domain. However, all spe-
cies assigned to this pattern do have larger
geographic ranges than species assigned to
Pattern I. Three categories are discernible
withn Pattern 11 (note that data are not avail-
able for habitat distributions for two spe-
cies).

A. Characternistically occur in both forested
and open habitats - 5 species.

Two of these, Bufo crucifer and Bufo
icrericus, also occur in immediately adja-
cent morphoclimatic domains.

B. Characteristically occur only in forested
habitats - 20 species.
C. Characteristically occur in open habitats -

10 species.

Three of these species also occur in
geographic areas adjacent to the Atlantic
Forest Morphoclimatic Domain.

Widespread (reaching Amazonia and/or
Argentina) - 7 species.

The six species for which habitat oc-
currence data are available all characte-
ristically occur in open habitats. The spe-
cies for which Boracéia habitat occurren-
ce data are lacking i1s Osteocephalus la-
ngsdorffii.
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These distribution patterns suggest that: (1)
most of the evolutionary history of any given
assemblage of frogs along most of coastal Brasil
is linked almost exclusively with the Atlantic
Forest Morphoclimatic Domain; (2) regional
endemics comprise a significant portion of frog
assemblages within the Atlantic Forest Morpho-
climatic Domain, and (3) in order to understand
the frog species composition of any locality
along coastal Brasil, individuals from both forest
and open habitats must be collected.

MISSING SPECIES?

Based on the above discussions and on our
knowledge of the distributions of other genera. a
few species are expected to occur at Boracéia but
have not been collected there. Perhaps certain of
these did occur at Boraceia in the past, but went
locally extinct due to unusual conditions. as no-
ted for several other species of frogs at Boraceia
in 1979 (see above and Hever et al.. 19881.

Of the species present in the Cubatio region
and absent from Boracéia. Leptodactylus furnar-
fus is our top candidate for the species that
should occur at Boracéia. In fact. it may have
been present when cattle pastures were main-
tained and shortly thereafter in the earliest suc-
cessional stages. Several species lists for Bo-
racéia have been generated during the past two
decades, and Leptodactylus gracilis has been
included in some of them; L. furnarius is a rela-
tively recently described species, related to L.
gracilis. W.C.A. Bokermann (pers. comm.),
when asked about this species at Boracéia, was
not able to recollect with certainty whether the
species calling in the pastures at Boracéia in the
1950°s was L. furnarius or fuscus. No L. furnar-
fus from Boracéia exist in the MZUSP frog col-
lection, so that species is excluded from our list.

Two genera of hylid frogs, Gastrotheca and
Phrynohyas, occur in the Atlantic Forests in the
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areas around Boracéia. As indicated in the dis-
cusssion on guilds, a large-bodied nocturnal sit-
and-wait predator in the canopy appears to be
missing at Boracéia. Some of the Atlantic Forest
Gastrotheca would fall into this category. As
also mentioned below, Osteocephalus
langsdorffii has the correct body size, but its
membership in a group of widespread species, all
other members of which characteristically occur
in open habitats, predicts that O. langsdorffii
would occur in open habitats, not forests. At any
rate, Gastrotheca or Phrynohyas species would
be good candidates to colonize Boracéia.

Members of the Bufe typhonius species group
occur only rarely throughout the Atlantic Forest
(at least in our experience), although they are
relatively common in other lowland forested
portions of the Neotropics. Possibly the Atlantic
Forests represent an ecologically marginal envi-
ronment for members of this group. However,
aside from this. there is no apparent reason for
the absence of a Bufo tvphonius group member at
Boracéia.

Leptodactvlus spixi occurs in the northern At-
lantic Forests. and L. notoaktites occurs in the
southern Atlantic Forests. Neither has been col-
lected from the region around Boracéia (nor
around Cubatio), but one or the other would be
expected to occur at Boracéia. Thus, there are a
tew species that may have occurred at Boracéia
before collections were started there in the late
1940’s; may occur in low numbers; may be diffi-
cult to collect and thus far have eluded capture at
Boracéia; or may be expected to colonize Bo-
racéia at some time in the future. Despite the
collecting efforts at Boracéia, surprises are still
possible — both species known from elsewhere
and even, perhaps in a microhabitat yet unex-
plored, species completely unknown. But the
most exciting surprises probably will be discov-
eries about the biology of species we already
know occur at Boracéia.

RELATIVE SPECIES ABUNDANCES

The collection of frogs from Boracéia was
made in a biased manner. Not every frog obser-
ved was collected, nor were equal amounts of ef-
fort put into collecting all species in all habitats.

For example, many more large Bufo ictericus
were seen than collected. Also, when collecting
within choruses of frogs. efforts were usually
made to capture a few specimens of all species
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calling, rather than to obtain a random sample of
all frogs in the chorus. Collecting also was bi-
ased towards rare or unusual frogs. Thus, in
terms of collecting effort, the rarely encountered
frogs at Boracéia are represented in relatively un-
biased numbers; i..e., every effort was made to
collect all individuals seen or heard of the spe-
cies involved. Most collections of frogs from the
Neotropics have been collected in the same fash-
ion, including those primarily made for ecologi-
cal anlysis (e.g., Crump, 1971; Duellman, 1978),
with the exception of quadrat collections made
by Toft (1981, 1985). Scott (1976), and Sexton et
al. (1964).

The species abundance curve made from the
Boracéia collections (Figure 74) should be rea-
sonably accurate on the right and become less
accurate and more biased downward on the left
and central portions. Nonetheless, the species
abundance curve of the metamorphosed frogs
has one interesting feature. A considerable por-
tion of the Boracéia frog fauna consists of spe-
cies represented by very few specimens in col-
lections. The only other intensive. single-site.
frog collection with data available in numbers of
individuals (Duellman. 1978 - Santa Cecilia,
Ecuador) shows the same trend. The relative
abundance of frogs from Santa Cecilia. Ecuador.
with a larger number of species (81). also in-
cludes several species represented by few indi-
viduals in collections (Figure 74). Boracéia how -
ever, has proportionally more rare species than
Santa Cecilia. Nine species at Boracéia (14% of
the total known species) are represented by a
single individual and 27 species (42% of total
known species) are represented by 10 or fewer
individuals. The data from Santa Cecilia show
that there are 3 species (4%) known from a
single individual and 20 (25%) known from 10
or fewer individuals. We predict that if a 30 year
sampling period were possible at Santa Cecilia
the proportion of rarer species in the Santa
Cecilia trog fauna would approach that found in
the Boracéia fauna.

Concordance of the only two data sets of
Neotropical frog abundances allows us to con-
clude that any collection of frogs from a site-
specific diverse species pool in the Neotropics
will contain numerous rare species. Assuming
this conclusion to be correct, the question arises:
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are rare species occurrences due to ineffective
sampling, or to actual rarity in nature? Some spe-
cies are indeed easier to collect than others. Ho-
wever, given 30 years of collecting at Boracéia,
even species moderately difficult to collect
should be represented by more than 10 individu-
als. Thus, the rarest species at Boracéia are rare
in collections either because they are extremely
difficult to collect or because their population
densities are very low at Boracéia. The fifteen
species from Boracéia represented by three or fe-
wer individuals are: Hyla albosignata, H. senicu-
la, Ololygon x-signata, Osteocephalus langsdorf-

Jii, Phyllomedusa appendiculata, Ceratophrys

aurita, Crossodactilys gaudichaudii, Eleuthero-
dactylus hoehnei, E. nigriventris, E. spanios,
Holoaden luederwaldti, Leptodactylus flavopic-
rus, Megaelosia goeldii, Proceratophrys hoiel,
and Mvyersiella microps. Some of these species,
such as Eleutherodactylus nigriventris, E. spa-
nios. and Holoadon luederwaldti, are known by
few. if any specimens from other localities. For
these species. the possibility exists that they oc-
cur in microhabitats difficult for humans to
sample and that their actual density at Boracéia
ts greater than their rarity in collections suggests.
However. ranity of other species from this list
cannot be due to shortcomings of human collect-
ing efforts. Hvia alhosignta is known from one
individual at Boracéia. Werner C.A. Bokermann,
who did not collect any H. albosignata from Bo-
racéia. collected seven other individuals through-
out the species’ range. It is likely that Boker-
mann, with the amount of time he spent at Bora-
céia, would have collected H. albosignata from
there if it were even moderately rare. We have
collected series of Megaelosia goeldii from Tere-
sopolis. Even though the Megaelosia from Bora-
céia and Teresépolis are probably not conspeci-
fic, they likely have similar ecologies and we
would have collected more from Boracéia if they
were not rare, We have collected series of Ololy-
gon x-signata, Ceratophyris aurita. and Procera-
tophrys boiei (which are almost unquestionably
conspecific with the Boracéia populations) from
other parts ot the species” ranges. At least for the-
se three species, and very likelyv for most of the
other species rarely encountered from Boracéia,
few specimens are in collections because the spe-
cies oceur at very low densities at Boracéia.
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Assuming that several species are actually
rare at Boracéia, what accounts for such low
densities? And what impact do rare species have
on the frog assemblage at Boracéia?

Extremely low densities at Boracéia could
be due to several causes. Population densities
may have been decimated by unusual climatic
events and not recovered (see above discussion
and Heyer, et al., 1988, for examples). Habitat
critical for some aspect of the life cycle may
support only a very low density of individuals
of certain species at Boracéia. This is likely the
case for Fritziana ohausr; it was common when
large bamboos were common and is now rare
or locally extinct after both species of large
bamboo flowered. died and rotted at Bora-
céia (above discussion and Heyer. et al.. 1988).
Frogs are certainly capable of some dispersal
through unfavorable habitat (as evidenced by
the sudden arrival of Hvla albopuncrata at Bo-
racéia, Heyer et al., 1988); some of the rare in-
dividuals collected may have been dispersers,
not residents. Unfortunately, data are not avai-
lable to evaluate these explanations for
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the occurrence of several rare species of frogs at
Boracéia.

From a zoogeographical perspective, one in-
dividual of a species has the same distributional
information as a sample of 386 individuals. From
an ecological perspective, the impact of very rare
species is quite different from common species.
It is hard to imagine that rare species have any
meaningful effect on species interactions or
would lead to habitat partitioning due to compe-
tition or to species isolating factors over evolu-
tionary time. Therefore, in the following re-
source partitioning section, common or patchily
occurring species interactions are emphasized.
One object of our interest in the fauna at Bo-
racéia is to understand the distribution of frogs
relative to the Atlantic Forest Morphoclimatic
Domain. In this regard. it is important to know
the species that primarily live in the forests. In
this case. even knowing that the single individual
of Holoaden Iuederwaldti was taken from the
torest provides some information. In the discus-
sions following, we use such information, but
cautiously.

RESOURCE PARTITIONING

In this section we examine resource partition-
ing of frogs at Boracéia; in the section following
this we analyze Boracéia species guild structures
and use them as a base to compare the frogs at
Boracéia with those elsewhere.

In this section. we consider: (1) how the frog
species are distributed in space: (2) how their
activity is distributed in time: and (3) how differ-
ences in size and foraging behavior atfect the
kinds of prey eaten. We do not analvze larval
ecologies, not because we think them unimpor-
tant, but because the Boracéia larval data are too
limited. We stress similarities and differences
among closely rélated species. Data of this sort
cannot tell us the importance of competition
among species in organizing the assemblage at
Boracéia, but they are relevant in identifying
species with similar ecologies where competition
is at least possible and others in which it is un-
likely.

As one of the organizing factors of this sec-
tion involves examination of partitioning among

related species pairs, it is necessary to outline
phylogenetic relationships as currently recog-
nized. Where two or more species of a genus
occur at Boracéia. they are considered to be rela-
tively closely related. at least for purposes of
resource partitioning analysis. However, the in-
trageneric relationships differ in the Boracéia
assemblage. For example, the two Bufo, Hylodes,
and the three Leprodactylus species each belong
to distinct species groups within their respective
genera. The two Centroenella species relation-
ships are not well understood with the context of
the family: we do not know whether these two
are each other’s closest relative. Within hylids,
there are several distinct species groups, some of
which have more than one species. The green
Hyla, H. albofrenata, albosignata and leu-
copygia, torm a closely related group; within this
group, albosignata and leucopygia are closest
relatives. The Hyla faber group contains H. as-
tartea, circumdata, faber, hylax, and pardalis;
within this group, astartea, hylax, and circum-
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data seem to form a closely related complex.
Hyla multilineata and polytaenia form a closely
related species-pair. Ololygon crospedospila,
havii, and x-signata appear to represent one
species group, O. brieni, flavoguttata, and
obtriangulata a second, and O. perpusilla either
a third group or a member of the second. Within
the leptodactylids, three genera need comment
for our purposes. Cycloramphus boraceiensis
and semipalmatus belong to one species group
and C. eleutherodactylus belongs to another.
The relationships among Eleutherodactylus are
questionable; however, most of the common
species (E. binotatus, guentheri, parvus, ran-
dorum) each appear to belong to different species
groups. Within the genus Physalaemus, P.
franciscae and maculiventris belong to one spe-
cies group, P. cuvieri a second, and P. olfersi a
third.

TIME OF ACTIVITY

Diel Patterns. — There is no clear separation
among related species on the basis of time of
activity. Most frogs are nocturnal. with a few
exceptions such as the diurnal Hylodes. Acti-
vity times for the forest floor Eleuthrodactylus
are not clear. For a tabulation and further discus-
sion see the section on guilds below.

Seasonal Patterns. — The best data are from
observations by Rand and Rand on a series of
trips to Boracéia over about a two year period
(Table 2). Most species were found on every
visit (some of the gaps in the early part of the
record were due to initial unfamiliarity with the
fauna).

Frogs seem more conspicuous in terms of
both calling and movement during warm, wet
weather than during cold, dry weather. There
has not been enough sampling in mid-winter to
know if frog activity then stops completely. At
least some activity occurs in all other times of
the year. Although there seems to be a correla-
tion of frog activity with the wetness of the for-
est, there is no evidence of any frog migration
to stream valleys during drier periods. The dry
periods at Boracéia are probably not long enough
or severe enough to produce that kind of re-
sponse.
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HaBiTaT

Macrohabitat Differences. — The distribution
of the frogs collected at Boracéia can be consid-
ered in terms of macrohabitat categories (Table
3). Most of the Boracéia reserve 1s covered with
forest. It is, therefore, no surprise that most of
the Boracéia frog species occur in the forest.
Within the forest some species are widely dis-
tributed, such as Eleuthrodactylus parvus and
guentheri. Other species are associated with spe-
cific microhabitats, especially the various places
where water accumulates, including bromeliads,
puddles, streams, and rivers. In Hylodes phyl-
lodes, males are always found close to water
where breeding occurs, whereas females are
sometimes encountered away from water in the
forest. This pattern is also characteristic of Bufo
ictericus. A few species were encountered in one
or a few small areas in the forest that did not
seem to differ in any significant way from
nearby. uncccupied areas (e.g.. Brachycephalus
and Dendrophryniscus,. Some species have been
found only inside the forest. whereas others also
occur on the forest edges or in the clearings.
Several forest species are found in the narrow
grassy verges that occur along the road and in
some other places such as along the aqueduct
clearing and along the widest trails (e.g., Adnom-
era marmorata, E. guentheri). Several species
seem to be open habitat species that apparently
have invaded along the man-made clearings.
These include Hyla albopunctata, Leptodactylus
fuscus, L. ocellatus, and Physalaemus cuvieri.
Several species of hylids have non-breeding
habitats that are hard to categorize. These species
are found only when they breed in open vegeta-
tion at the edges of ponds or lakes. Of these.
Sphaenorhynchus 1s probably always associated
with the water, but others range into the forest
when not breeding (e.g. Hyla faber. H. microps,
H. minuta, H. pardalis. H. polvtaenia. Ololygon
crospedospila and O. hayii).

There is no suggestion of resource partition-
ing on the basis of forest or open habitat prefer-
ence (except possibly in Cycloramphus, but see
below). Close relatives show identical or broadly
overlapping macrohabitat distributions.

Microhabitat Distribution. — Considering
closely related species, there are several in which
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Tab!e 2. Frogs of Boracéia observed on Rand and Rand visits, months from two years combined (+ found; c=calling;

g= quarry: l=lago: rg=Rio Grande).
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Table 3. Species occurrences within macrohabitats at Boracéia (¢ = common. p = patchy, r = rare;* 1 rock walls; *
2 lake;* 3 males in open, females largely in forest).

Species Forest Only Forest & Forest = Open & Open Only
Open Onen Forest

. nodoterga ja

. crucifer N

. ictericus ol
brevipollicatus
eurygnatha
uranoscopa
fissilis

ohausi ¢

. albofrenata c

. albopunctata p*2
albosignata

. astartea c

. circumdata c?

. faber c

hylax C

. leucopygia c

. microps

. minuta

. multilineata c

. pardalis c

. polytaenia c

. prasina p
. senicula r
brieni p

. crospedospila p
. flavogutrata p

hayii c

obtriangulata
perpusilla
x-signata
langsdorffii
appendiculata
cochranae
orophilus c*2
marmorata c

aurita ? ? ? ? ?
dispar c

gaudichaudii ? ? ? ? ?
boraceiensis c*1

. eleutherodactylus p
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hoehnel T
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Species Forest Only Forest & Forest = Open & Open Only
Open Open Forest

H. asperus C

H. phyllodes

L. flavopictus r

L. fuscus p

L. ocellatus c

M. goeldii r

P. gaigeae p

P. cuvieri c

P. franciscae

P. maculiventris c

P. olfersi c

P. boiei r

P. melanopogon c

T. miliaris c*1

M. microps ? ! ? ?

Total 23 * 11

one is or both are too rare or poorly known to say
anything about their ecology (e.g.. Cenrrolenella.
Crossodactylus. Proceratophrys). At least a few
pairs of related species appear to differ in micro-
habitat: Hylodes phyllodes occurs along small
streams. H. asperus along larger streams; Cyclo-
ramphus semipalmatus occurs along small
streams. C. boraceiensis on larger wet rock ex-
posures and the more distantly related C. eleuth-
erodactylus on the forest floor away from
streams; of the two Fritziana species, F. ohausi
is restricted to bamboo and possibly tree holes,
F. fissilis is not; Hyla astartea lives in bromeli-
ads above the ground and H. hylax closer to the
ground; all four Physalaemus species breed in
small, shallow puddles — P. cuvieri in the open,
P. olfersi usually on the forest edge, and the
closely related P. franciscae and maculiventris
in the forest itself. Further work will undoubt-
edly show diftrences among at least some of the
other pairs. Microhabitat distribution is discussed
further in the section on guilds.

Foop
Because there is usually a correlation between

a frog’s size and the size of its prey (e.g.. Toft,
1985), it is relevant to look for patterns of size

differences among the Boracéia frogs. There are
several species pairs with apparently similar spa-
tial distributions where there is a major ditfer-
ence in size - the two Bufo, Hyla polytaenia
and multilineata, Leptodactylus ocellatus and
Sfuscus, Hyla pardalis and faber. In these pairs,
the adult size differences are so pronounced that
little overlap in prey size would be expected. Al-
ternatively, the size differences between the spe-
cies pairs Centronella eurygnatha - uranoscopa
and Physalaemus franciscae - maculiventris,
which have similar spatial distributions, would
be expected to have broad overlap in the size of

prey.
UNDIFFERENTIATED SPECIES PAIRS

There are three species pairs for which no dif-
ferences in time of activity, habitat, or size have
been recognized — Centrolenelia eurygnatha -
uranoscopa, Hyla albofrenata - leucopygia,
and Physalaemus franciscae - maculiventris.
Within the genus Eleutherodactylus there are
differences in size and in microhabitat among
the species but there are also species pairs in
which no differences are now recognized, per-
haps due to small sample sizes (e.g., E. ran-
doruni - spanios).
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FACTORS INVOLVED IN RESOURCE PARTITIONING

Toft (1985) argues that in amphibian and rep-
tile assemblages resource partitioning may
result from competition, predation and/or so-
me physical/physiological factor or factors.
She concludes that an assemblage is rarely
structured by a single factor but usually by se-
veral interacting factors. OQur review of the dif-
ferences among the frogs at Boracéia (see
Table 4) does not allow us to identify with cer-
tainty the factors that structure the assem-
blage and determine how resources are divi-
ded. However, based as much on perception as
on data, we agree with her conclusion that
a single factor explanation is probably inade-
quate.
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The phenomena that we observe suggest that
there is a pattern in the kinds of ecological chan-
ges that have occurred within species of similar
morphologies that have resulted in resource par-
titioning. Among the species at Boracéia, close
relatives frequently differ in microhabitat but
seldom in gross habitat differences. Sometimes
close relatives differ in size but seldom if ever in
the time of day in which they are active. There is
also a pattern in the ecological differences that
seem to be evolutionarily conservative (e.g., re-
tained by all members of a genus). Major habitat
type seems evolutionarily conservative as does
guild membership (see section following). Close
relatives tend to live the same kinds of lives but
do so in slightly different parts of the habitat so
that they are spatially separated.

GUILD STRUCTURE

Studies focussing on ecologically similar spe-
cies sets in frog assemblages. such as those of
Toft (1981 and others cited therein). are not
common. although there is a large literature deal-
ing with guilds of birds and mammals (e.g.. see
entries under “guilds™ in the subject index of
Strong et al., 1984). Anuran studies have exam-
ined only portions of frog assemblages, either
studying only the tadpoles (e.g., Morin, 1983),
adults (e.g., Duellman’s 1978 discussion), or a
subset of the adult assemblage (e.g., Toft, 1981).
Our attempt to group ecologically similar species
is preliminary, because the available data are
incomplete. However, even this preliminary at-
tempt leads to some speculations that would not
have been arrived at otherwise.

We have been unable to find a broad classifi-
cation of adult frog guilds, although there is a
largely complete classification of larval frog
guilds (e.g., Wassersug and Heyer, 1988). There-
fore, a classification of adult frog guilds is pro-
posed and discussed in some detail.

ADULT GUILDS

The classification of adult guilds (Table 5) is
based on the major kinds of frog interactions
with their environment (on a worldwide basis),
primarily where and how they secure food. For

some of the guilds with no Boracéia representa-
tives, examples give the best explanation. Lepi-
dobarrachus adults are aquatic. sit-and-wait
predators that lie motionless with their eves just
protruding above the water, waiting for prey
(usually other frogs) to approach close enough so
that a quick feeding motion will capture the prey
(Cei, 1980, and WRH, pers. obs.). Many dendro-
batids and members of the Bufo typhonius spe-
cies group belong to the ground level, actively
foraging, diurnal predator guild. Dendrobates cf
quinquevittatus, a member of the understory,
actively foraging, dirunal predator guild, is ac-
tive in bamboo in the daytime in Peru (Cocroft,
pers. comm.) Dendrobates arboreus, of Pana-
manian cloud forests, is a member of the canopy
level, actively foraging, diurnal predator guild
(Myers, et al., 1984). Some dendrobatids are ac-
tive only along streams in the daytime: we as-
sume that at least some of these species are ac-
tive foragers, although the critical observational
data are available only for Colostethuts inguinalis
(Wells, 1980). At least some Phyllomedusa spe-
cies with opposable thumbs slowly search for
prey at night in the forest understory (Cocroft,
pers. comm.).

The proposed classification includes only
what are believed to be actual interactions of
organisms with the environment and does not
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Table 4. Differences between related species. O =not different, X = different; (1) = possible difference. (2) = probable
difference, ? = data unavailable.

Species Time Macrohabitat Microhabitat Size
B. crucifer 0 0 0 X
B. ictericus

C. eurygnatha 0 0 X(1) X

C. uranoscopa

F. fissilis 0 0 X(2) 0

F. ohausi

H. albofrenata 0 0 0 0
H. leucopygia

H. faber 0 0 ? X
H. pardalis

H. astartea 0 0 X X
H. hylax

H. multilineata 0 0 0 X

H. polytaenia

O. crospedospila 0 0 X X

0. hayii
P. appendiculata 0 0 ? 0

P. cochranae

C. dispar 0 0 N X
C. gaudichaudii

C. boraceiensis 0 X X 0
C. semipalmatus

E. binotatus

E. guentheri 0 0 0 -0

E. parvus X > X
E. randorum 0

H. asperus 0 0 X X

H. phyllodes

L. fuscus 0 0 X X
L. ocellatus

P. franciscae 0 0 0 0
P. maculiventris

P. boiei 0 0 0 X
P. melanopogon
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Table 5. Aduit activity-habitat-feeding specializations with Boracéia representatives.
A. Aquatic, sit-and-wait predators.

B. Fossorial predators.
Myersiella microps

C. Ground level, actively foraging, diurnal predators.
D. Understory level, actively foraging, diurnal predators.

E. Canopy level, actively foraging, diurnal predators.

F. Ground level, sit-and-wait, diurnal predators.
Brachycephalus nodoterga?
Bufo crucifer?
Bufo ictericus?
Dendrophryniscus
brevipollicatus
Adenomera marmorata

Eleutherodactylus binotatus?
Eleutherodactylus guentheri?
Eleutherodactylus parvus?
Physalaemus franciscae?
Physalaemus maculiventris?
Proceratophrys melanopogon?

G. Seep or streamside, sit-and-wait, diurnal predators.

Crossodactylus dispar
Crossodactylus
gaudichaudii?

Hyiodes asperus
Hylodes phyllodes

Magaelosia goeldii

H. Seep or streamside, actively foraging. diumal predators

[. Pond or marshside, sit-and-wait, diurnal;nocturnal predators.

Sphaenorhynchus orophilus?

J. Ground level, sit-and-wait, nocturnal predators.
Bufo crucifer?
Bufo ictericus?
Ceratophrys aurita
Cycloramphus
eleutherodactylus
Eleutherodactylus binotatus?
Eleutherodactylus guentheri?
Eleutherodactylus parvus?

Leptodactvlus ocellatus

Leptodactylus flavopictus
Leptodactylus fuscus
Physalaemus cuvieri?
Physalaemus franciscae?
Physalaemus maculiventris?
Physalaemus olfersi?
Proceratophrys melanopogon?
Thoropa miliaris

K. Understory level, sit-and-wait, nocturnal predators.

Centrolenella eurygnatha?
Centrolenella uranoscopa?
Hyla albopunctata?

Hyla astartea?

Hyla hylax?

Hyla microps?

L. Canopy level, sit-and-wait, nocturnal predators.
Fritziana fissilis?
Fritziana ohausi
Hyla albofrenata’
Hyla albosignata?

Hyla minuta?

Ololygon crospedospila?
Ololygon hayii

Ololygon obtriangulata
Ololygon perpusilla
Eleutherodactylus randorum?

Hyla circumdata?

Hyla leucopuygia?
Phyllomedusa appendiculata?
Phyllomedusa cochranae?
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M. Seep or streamside, sit-and-wait, nocturnal predators.
Cycloramphus boraceiensis Cyveloramphus semipalmatus

N. Pond or marshside, sit-and-wait, nocturnal predators.

Sphaenorhynchus orophilus?

0. Understory level, actively foraging, nocturnal predators.

include possible or potential guilds. For example,
we do not know of any ground level, actively
foraging, nocturnal frogs.

The recognition of guilds is an artificial parti-
tioning of a multidimensional continuum. Our
frog guild classification is based largely on tropi-
cal forest experience — guilds characteristic of
other environments have undoubtedly been over-
looked. Species have been assigned to the guild
that best matches their major activity pattern;
some species overlap into other guilds.

Assigning the Boracéia frog fauna to guilds
(Table 5) immediately calls attention to our lack
of critical behavioral and diet data. For many
species, the only collections were of reproduc-
tively active individuals (usually calling males)
and there are no data on where, when, or what
the species does during non-reproductive peri-
ods. Thus. we can not even make reasonable
guesses as to which particular guild the follow-
ing belong to: Hvla faber. H. multilineata, H.
pardalis, H. polvtaenia. H. prasina. H. senicula,
Ololygon brieni. O. flavoguttata. O. x-signata.
Osteocephalus langsdorffii. Eleutherodactylus
hoehnei, E. nigriventris. E. spanios. Holoaden
luederwaldti, Paratelmatobius gaigeae. Procera-
tophrys boiei. Even for many of the Boracéia
species assigned to guilds. assignment is tenta-
tive due to lack of critical data (indicated by
question marks in Table 5). The most common
reasons for tentative assignments are lack of die-
tary knowledge and lack of behavioral observa-
tions to determine how and precisely when and
where individuals are feeding. For example. spe-
cies such as Eleutherodactylus guentheri are col-
lected along trails during the daytime. We do not
know whether the specimens collected were
inactive or were foraging in a sit-and-wait mo-
de when our approach disturbed them. We also
lack the data to discern whether many arboreal,

sit-and-wait. noctumnal predators are feeding in
the understory or the canopy level.

There is a general correlation of snout-vent
length of frogs with mouth width and with size
of prey (Toft, 1985). In order to examine the
likelihood of prey size partitioning by species
within guilds, size distributions of species within
guilds containing at least 5 species are compared
to the size distributions of the entire frog fauna
of Boracéia (Figure 75). In order to construct the
figure, the adult size ranges were taken from the
species accounts sections and the number of spe-
cies occurring within 2 mm size classes were
plotted. Two interpretations are suggested by this
analysis: (1) the understory and canopy levels do
not contain large species of frogs at Boracéia,
and (2) the size distributions within guilds do not
appear to be random subsets from the entire
Boracéia fauna; rather, the size distributions
appear flatter, indicating the possibility of food
size partitioning within guilds. Because of the
preliminary nature of guild assignment member-
ship. stronger conclusions or further analyses are
not warranted by the data. This kind of analysis
does appear to be worth pursuing as anuran eco-
logical interactions with the envirnoment are
better understood at the local level.

[t 1s worth noting that among closely related
pairs of species. both members are in the same

LArRvaL GUILDS

The larval guilds as defined by Wassersug
and his colleagues (Lannoo, et al., 1987; Wasser-
sug, 1980; Wassersug and Heyer, 1983, 1988)
are used with minor adjustments (Table 6). The
only guilds requiring comment are the separate
guilds recognized for stream larvae that either
have or lack some kind of ventral adhesive disk
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Table 6. Larval habitat-feeding specialization categories with Boracéia representatives, * = larval assignment
based on non-Boracéia data.

A. Typical suspension-feeding pond tadpoles
a. Puddles

Bufo crucifer
Bufo ictericus
Physalaemus cuvieri
*Physalaemus franciscae
*Physalaemus maculiventris
*Physalaemus olfersi

b. Intermediate sized ponds
* Hyla faber
Hyla multilineata
Hyla pardalis
Hyla polytaeniu
Ololygon crospedospila
Ololygon flavoguttata
Ololygon hayii
Ololygon obtriangulata
*Leptodactylus fuscus
*Proceratophrys boiei

c. Permanent or almost permanent large ponds with abundant vegetation
Hyla albopunctata
*Leptodactylus ocellatus
Sphaenorhynchus orophilus

B. Non-feeding tadpoles
*Brachycephalus nodoterga
*Fritziana fissilis
Fritziana ohausi
Adenomera marmorata
*Cycloramphus eleutherodactylus
*Eleutherodactylus - all 7 species
*Holoaden luederwaldti

C. Stream or flowing water tadpoles; no ventral disk
*Crossodactylus dispar
*Crossodactylus gaudichaudii
*Hylodes asperus
Hylodes phyliodes
Megaelosia goeldii

D. Stream or flowing water tadpoles; ventral disk

E. Subaerial tadpoles
Cycloramphus boraceiensis
*Cycloramphus semipalmatus
Thoropa miliaris

F. Stream fossorial tadpoles
*Centrolenella eurygnatha
*Centrolenella uranoscopa
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Table 6. (Continuation).

G. Macrophagous herbivores
Hyla microps
Hyla minuta?

H. Macrophagous carnivores
Ceratophrys aurita

1. Mid-water microphagous feeding tadpoles
Phyllomedusa appendiculata

J. Funnel-mouthed surface film feeding tadpoles
Phyllomedusa cochranae

K. Arboreal - Elongate, altenuate, macrophagous feeding 1adpoles

L.. Arboreal - Short, stout, macrophagous feeding tadpoles

M. Arboreal - Elongate, attenuate, microphagous feeding tadpoles

N. Incerlae sedis
a. Pond type larvae living in ground bromeliads
*Dendrophryniscus brevipollicatus
Qlolygon perpusilla
b. Faculiative carnivore
*Leptodactylus flavopictus

(either oral or bellv). The siream larvae lacking
such disks live in the water column and feed like
typical pond tadpoles. Such stream larvae differ
from pond larvae in having reduced lungs and an
elaboration of buccal papillae. Stream larvae
with disks. in contrast. atach i

1o rocks In fast
flowing water and feed by rasping the hiotic
mats growing on the rocks.

Most tadpoles from Boracéia belong 1w the

typical pond larval guild. The Boracgiz pond 12d-
poles do not all occur in ponds of the same size.
We have assigned larvae to three arbitrary size-
classes of ponds, recognizing that there is con-
siderable overlap of larval occurrence among
these three classes (Table 6). However. we are
not aware of any overlap in larval occurrence
between the two extremes.

CoMPARISON WITH FROG Fauna oF Santa CeciLia.
Ecuabor

Duellman (1978) has provided the only data
set that allows comparison with Boracéia guild

memberships. The Santa Cecilia, Ecuador, data
are not entirely comparable with the Boracéia
data but are adequate to determine whether or
rot guilds are represented by the frogs at Santa
Cecilia.

ce adult guilds are repre-
ilia but not at Boracéia:

streamside. actively foraging. diurnal predators
this 1= based on the assumption that Colostethus
auli 1s an active forager rather than a sit-and-
wait predator and that the Hylodes species are
not). Comversely, the following four adult guilds
are represented at Boracéia but not at Santa
ecilia: fossorial predators; seep or streamside,
sit-and-wait; diurnal predeators; pond or
marshside, sit-and-wait, diurnal/nocturnal preda-
tors: and seep or streamside, sit-and-wait, noctur-
nal predators. All other adult guilds are repre-
sented at both Boracéia and Santa Cecilia, al-
though they are represented by different numbers
of species at each site. Duellman’s (1978) data
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suggest that there are many more nocturnal sit-
and-wait predators in the understory than in the
canopy level at Santa Cecilia. The Boracéia pat-
tern would be similar if most of the hylids that
were unassignable to guild did in fact belong to
the understory, sit-and-wait nocturnal predator
guild. Even assuming a similar relative represen-
tation of understory versus canopy level occupa-
tion at Boracéia and Santa Cecilia, there appears
to be relatively larger representation of canopy
level, sit-and-wait, nocturnal predators at Santa
Cecilia than at Boracéia. Whereas (presumably)
some species of Fritziana, Hyla, and Phyllome-
dusa represent this guild at Boracéia, some spe-
cies of Hyla, Nyctimantis, Osteocephalus,
Phrynohyas, and Phyllomedusa occupy this guild
at Santa Cecilia. Another possible difference in
guild membershipe between the two sites is a
large number of Eleutherodactyius species at
Santa Cecilia, for which Duellman (1978:97)
uses the following characterization:
“Data...reveal that this strictly forest-inhabiting
frog is active on the forest floor by day and on
low vegetation at night.” If this statement is
valid, this pattern would be worth separating out
as a distinct guild. It is unclear from Duellman’s
statements whether activities were observed or
whether frogs were collected from the forest
floor during the day and from low vegetation at
night. It is likely that Duellman did not have the
critical observational data, just as we do not
know whether the frogs we collected during the
day from the forest floor were active or inactive.
It 1s also possible that Eleutherodactylus attract
females for mating from low vegetation at night,
but feed on the forest floor during the day.

The three guilds of arboreal tadpoles are miss-
ing from both the Boracéia (although Fritziana
fissilis may belong to one of these guilds and the
ground bromeliad inhabiting tadpoles of Dendro-
phyrniscus and Ololygon perpusilla are assumed
to belong to a separate guild) and Santa Cecilia
(Nyctimantis rugiceps may belong to an arboreal
tadpole guild) faunas, as well as the stream or
flowing water tadpole with a ventral disk. Two
tadpole guilds are represented at Boracéia that
are not represented at Santa Cecilia: the subaerial
tadpole guild and the funnel-mouthed surface
film feeding tadpole guild. In contrast, all guilds
represented at Santa Cecilia also occur at
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Boracéia. The two guilds with the largest mem-
berships are the same at the two sites: the typical
pond tadpole guild and the non-feeding tadpole
guild. The stream or flowing water tadpole lack-
ing ventral disk guild is represented by one spe-
cies at Santa Cecilia (Colostethys sauli), in con-
trast to the five species belonging to this guild at
Boracéia.

Empry GUILDS - BECAUSE OF ECOLOGY OR
HisTory?

The above comparison of guild membership
between the Boracéia and Santa Cecilia frog
faunas invites speculation as to whether the
observed differences, particularly involving
empty guilds, are because of habitat constraints
or historical factors.

One of the differences involving guild mem-
berships certainly involves habitat differences
between the two sites. Although small forest
streams do occur at Santa Cecilia and in the sur-
rounding Amazonian lowlands, they are not as
numerous, rocky. or swiftly flowing as the
streams at Boracéia and other Atlantic forest
areas. Because of these habitat differences, it is
not surprising that Santa Cecilia lacks (1) adult
seep or streamside, sit-and-wait diurnal preda-
tors, (2) adult seep or streamside, sit-and-wait
nocturnal predators. (3) stream or flowing water
tadpoles with ventral disks. (4) subaerial tad-
poles. and has (3} only one species of stream or
flowing water tadpole lacking a ventral disk.

Moderate to large ponds that have water for
extended periods of time but are dry often
enough to prevent successful fish colonization
are relatively rare at and around Boracéia, and
those that occur are man-made. This perhaps
accounts for the lack of members of the aquatic
adult guild at Boracéia. Pseudids, a member of
this guild, have a wide geographic distribution
and would be expected to occur at Boracéia if
suitable habitat were available. Lack of suitable
habitat does not appear to account for the lack of
pseudids at Santa Cecilia, however.

Lack of suitable habitat also does not appear
to explain the other missing guilds: other expla-
nations must be sought. Three caecilian species
have been collected from Santa Cecilia, none
from Boracéia. As non-aquatic caecilians feed
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fossorially, their presence may preclude fossori-
ally feeding frogs. As caecilians are usually diffi-
cult to collect, their local distribution patterns are
not well understood, and any competitive inter-
actions involving caecilians must be considered
speculative. The environment at Boracéia does
not seem to preclude representatives of the two
diurnally active predator guilds. These guilds are
represented in much of the Neotropics by den-
drobatids and members of the Bufo typhonius
group. A representative of the Bufo typhonius
group occurs in the Atlantic forests in the general
region around Boracéia, but has never been col-
lected at Boracéia. Absence of this guild at Bo-
racéia would seem to have some sort of historical
explanation. One segment of an adult guild ap-
parently missing at Boracéia is a large-bodied,
canopy level. sit-and-wait nocturnal predator.
This portion of the guild is filled at Santa Cecilia
by the approximately 80-90 mm snout-vent
length Osteocephalus taurinus and approxi-
mately 110-120 mm snout-vent length Phyllome-
dusa tarsius. Osteocephalus langsdorffii (male
from Boracéia 75 mm snout-vent length) could
be the apparently missing guild member at Bo-
racéia. Arboreal bromeliads, suitable habitats for
the three guilds of arboreal tadpoles, occur at
Santa Cecilia and are abundant at Boracéia. The
absence of anv representative of these three
guilds at either site is presently inexplicable
(although Fritziana fissilis at Boracéia may be-
long to one of these guilds as may Nyctimantis
rugiceps at Santa Cecilia). Answers may be
found when the arboreal water-tank faunas are
better understood both from sites that have and
sites that lack members of the three arboreal tad-
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pole guilds. Finally, the swiftly flowing. rocky
streams of the southern Atlantic forests seem to
be exactly the same habitat that supports the
stream tadpole with a ventral disk in other parts
of the world. The absence of this guild from
Boracéia (and the southern Atlantic Forests) is
surprising and must be due to historical (phylo-
genetic?) accident.

GuiLp DIVERSITY

Before this exercise was undertaken, we had
the impression that there were more larval than
adult guilds recognizable for frogs. However, in
this first attempt, almost the same number of
larval and adult guilds are recognized. As the
guilds recognized herein are refined further,
more guilds undoubtedly will be recognized. but
it is also likely that about as many new adult
guilds will be recognized as new larval guilds.
Without more comparative data, we do not know
why only nine each of thirteen larval and fifteen
adult guilds are present at Boracéia.

Membership in a particular larval guild does
not predict the adult guild membership, and vice
versa. For example, the three members of the
subaerial larval guild at Boracéia belong to two
different guilds as adults. The only noteworthy
exception at Boracéia is that the members of the
stream or flowing water tadpole without ventral
disk guild are all in the diurnal streamside/flow-
ing water sit-and-wait insectivore/predator guild
as adults. In order to understand completely the
ecological interactions of frogs with the environ-
ment. guilds must be studied at both the larval
and adult levels.

BREEDING RESOURCES AND PREMATING REPRODUCTIVE ISOLATING MECHANISMS

Differences in where, when, and how syvmpa-
tric frogs breed can be viewed as a syvstem of
partitioning breeding resources; differences can
also, and as usefully, be viewed as ways in which
frogs avoid breeding with heterospecifics. In
frogs, the risk of mating with a heterospecific is
particulary high because most species lack elabo-
rate, multi-step courtships, fertilization is usually
external, and the pair bond is ephemeral.

Commonly, sympatric species of frogs differ

in time of breeding, place of breeding, and in
breeding behavior. Of special importance is the
advertisement call with which the male attracts a
receptive female and often interacts with rival
males.

TiME

Diel Differences. — A few species call during
the day, especially Hylodes asperus and H. phyl-
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lodes. Most species call at night, particularly in
the early evening. Some species, such as Ade-
nomera marmorata, begin calling in late after-
noon and continue into the evening. Sometimes
calling activity continues almost to dawn but the
choruses for most species on most nights are
greatly reduced by 2100 or 2200 h and usually
are quiet by midnight.

Seasonal Differences. — Temperate zone frog
assemblages may show a regular progression of
species breeding at different times of year. Such
a seasonal progression is less conspicuous at Bo-
racéia and perhaps in tropical assemblages gen-
erally. Many species call persistently every
night, but we have no idea whether this repre-
sents a succession of individuals or the same in-
dividuals night after night. Our observations sug-
gest that the conspicuous, diurnal and apparently
territorial males of Hylodes phyllodes call every
day from the same places whereas individual
hylids that call from bushes at the edges of ponds
spend a relatively short time at the calling sites.

Calling is more vigorous on warm. wet nights
than on cold. dry nights. with more individuals
calling. fewer pauses in the chorus. and calling
continuing longer into the evening and resuming
more quickly after disturbance. Indeed. calling is
more active during the warmer. wetter months
than during the cooler, drier ones (based on our
personal observations; the summary data repre-
sented in Table 2, which record only presence or
absence of calling, do not clearly reflect this pat-
tern.

A few species are explosive breeders, such as
the forest Physalaemus that call from puddles
after heavy rains. The forest Qlolygon brieni and
0. flavoguttata breed in second-growth ponds or
ponds in the open surrounded at least in part by
bushes and are heard only in occasional, explo-
sive choruses. These four species, although ex-
plosive breeders, have relatively quiet calls com-
pared with the very loud calls of such explosive
breeders as Rhinophrynus and Scaphiopus that
breed in very open ponds in other parts of the
world.

Some of the species for which we lack breed-
ing information may be winter or very early
spring breeders, e.g., Ololygon obtriangulata, the
Phyllomedusa species, and Proceratophrys
melanopogon.
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BREEDING SITES

There is great variety in anuran calling sites at
Boracéia (Table 7). Variation exists in the selec-
tion of microhabitat (small stream versus pond)
and in the calling site within the microhabitat
(rock at the edge of the stream versus a leaf
overhanging the stream).

Closely related species often differ in the
breeding microhabitat (Hylodes asperus on
larger streams, H. phyllodes on small streams) or
in call site (Hyla hylax in holes or bromeliads
close to the ground, H. astartea in bromeliads a
meter or two above the ground). Even for species
that generally differ with respect to microhabitat
and call site, such as Hyla astartea and hylax,
there is enough overlap that some individuals
call from sites that are more typical of the other.

Species often seem clumped more than habi-
tat irregularities can explain. Within an exten-
sive marsh. groups of Hyla minuta are often seg-
regated from other groups by areas that appear
identical to the calling areas. Perhaps there are
unrecognized habitat differences between sites,
but these choruses may be true leks where males
have gathered to display (call) and females come

=

to select a mate.
ADVERTISEMENT DISPLAYS

The most conspicuous displays given by the
frogs of Boracéia are their advertisement calls.
At least one species, Hylodes asperus, also has a
visual display that appears to be used in an ad-
vertisement context. Efforts were made to record
and collect representatives of all of the frogs
heard calling; however, we still lack recordings
of the calls for some of the species at Boracéia
(results summarized in Table 8). Some rare spe-
cies were encountered when not breeding or
when no tape recorder was available. The Cros-
sodactylus and Megaelosia species are suspected
of being voiceless.

Though many frog species occur at Boracéia
and there is little seasonal variation separating
their breeding, they breed in a great variety of
places so that only a few species call at any
given place and time. It was common in an
evening’s walk around the Boracéia field station
to hear 15-20 species calling. The maximum
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Table 7. List of breeding habitats.

1. Forest, away from streams
a. Leaf litter - Brachycephalus nodoterga (?), Adenomera marmorata (in holes), Eleutherodactylus guenth-
eri (N, E. parvus (2), E. binotatus (?), Cycloramphus eleutherodactylus (?), Holoaden luederwaldti (7)
b. Bromeliads - Eleutherodactylus randorum (eggs in moss), Ololygon perpusilla
¢. Bamboo - Fritziana ohausi
d. Temporary puddies - Physalaemus franciscae, P. masculiventris
2. Forests, along streams
a. Muddy seeps - Crossodactylus gaudichaudii (no call?)
b. Water over rocks - Cycloramphus semipalmatus
¢. Small streams
(1) banks under rocks, in holes - Hyla hylax
(2) terrestrial bromeliads - Hyla hylax
(3) bromeliads 1-2 m up - Hyla astartea
(4) overhanging leaves - Centrolenella eurygnatha, C. uranoscopa
(5) rocks and bank (smaller streams) - Crossodactyius, Hvlodes phyllodes
rocks and bank (larger streams) - Hylodes asperus
(6) canopy above stream - Hyla albofrenata, H. leucopygia
d. River
(Dyrocks - Thoropa miliaris, Hylodes asperus, Megaelosia goeldii
(2)sand banks - Bufo ictericus
(3)adjacent bushes - Ololvgon hayii
3. Pasture pond, at forest edge
a. Low bushes, emergent grass - Hyla minuta, H. microps. H. polvtaenia, H. multilineata
b. Larger bushes - Ololygon hayii
¢. On ground under vegetation - Physalaenius olfersi
4. Pasture stream
a. On bank - Leptodactylus ocellatus
b. Adjacent bushes - Ololygon brieni, O. fluvoguttata
5. Pasture puddles - Hvla pardalis
6. Road puddles - Bufo crucifer, B. ictericus, Physalaemus cuvieri
7. Lago do Aterro
a. Bushes - Hylu faber. H. polvtaenia, Ololvgon crospedospila, O. havii
b. Ground - Bufo ictericus. Hyla faber. H. pardalis, Leptodactylus ocellatus
c. Emergent vegetation - Hyla albopunciata, H. minuta. H. prasina
d. Floating vegetation - Sphaenoriiynchus orophilus
8. Young second growth on ground under dense tall grass - Proceratophrys boiei
9. Quarry
Ground - Bufo ictericus, Leptodactylus fuscus
Puddles - Hyla faber, H. pardalis, Physalaemus cuvieri
Bushes - Ololygon crospedospila. O. havii
Flooded grass - Hyla polyiaenia. H. minuta. H. prasina(?)

o ao g

Wet rock walls - Thoropa miliaris. Cycloramphus boraceiensts
t. Water, under vegetation - Hyla pardalis. Plivsalaemus curvieri

10.Unknown - Dendrophryniscus brevipollitacus, Fritziana fissilis, Hyla circamdata, Paratelmatobius gaigeae,
Proceratophrys melunopogon, Myersiella microps
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Table 8. Calls of Boracéia Frogs - Condensed Data

Species ' Call Notes  Notes Pulses  Pulses Carrier FM Male
duration [call [sec /note [sec Freq. (Hz) SVL
() {mm)
B. crucifer 4-7 60-150 11.5-15.5 4-7 130-170 1.2-1.4 no 68
B. ictericus 4-20  40-180 8.5-9 1-3 65-85 0.5-0.7 up 128
C. eurygnatha 0.12-04 1-3 8.0-12.0 3-12 25-70 4.5-4.7 up 20
C. uranoscopa 0.04-0.1 1-5 0.9-3.2 2-3 80-100 4446  var 21
F. ohausi 0.65-0.9 5-6 5.0-6.0 5-7 150-200 2426 up 28
H. albofrenata 0.04-0.06 | 0.7-1.7 2-3 40-60 2325 dn 39
H. albopunctata-A 0.4-0.7 | - 4-6 100-200 0.9-1.1 no 58
-B 0.4-0.7 6-20 16,5-28.0  50-60 100-200 09-1.1 no
H. astartea 0.35-0.95 4-9 9.1-16.7 1-20 100-350 1.4-1.7 var 40
H. faber 0.1-0.12 | 1.0-1.6 2-3 70-115 0204 dn 99
H. hylax 0.5-1.00  5-10 ~10 1-12 100-175 1.1-14 no 58
H. leucopygia 0.08-0.15 \ 1.0-3.0 - - 22-24 var 41
H. microps-A-1 0.3-1.3 1 - 40-60 70-90 4.8-5.2 no 23
) - 0-3 1.8-1.9 4-8 70-140 48-52  no
-B 0.5-0.6  25-30 44-45 25-35 45-55 4.8-5.2 no
H. minuta-A-1 0.3-1.0 | - 20-25 160-180 5.8-6.0 var 20
-2 - 0-2 2-3 6-8 160-180 5.8-6.0 no
H. multilineata-A 0.07-0.45 -2 34 8-11 100-200 1.4-1.6 no 43
-B-1 0.7-1.05 1 - 6-:0 200-250 1.4-1.6  ne
-2 - 9-14 16-323 1 - 1.2-1.6 no
H. pardalis-A 0.15-0.35 1 - 10-20 35-170 0.6-1.0  no 64
H. polytaenia-A-1 1.0-1.5 1-4 3.3 5-15 130-250 52-6.2  var 30
-2 - 4-13 6-20 1 - 5.2-6.2 var
0. crospedospila 0.25-0.32 5-7 22-33 7-16 425-470 1.2-1.4 no 31
O.hayii-A 0.2-026 15-20 60-70 3-4 350-380 1.2-14  up 42
-B 0.05-0.18 1-2 10-12 3-5 300-500 1.2-14  var
0. perpusilla 0.25-0.4 4-5 11-15 4-10 180-290 4.7-50 no 17
S. orophilus-A 0.3-1.8 2-10 4-7 2-4 ~200 2.3-26  no 30
-B 0.25 20-25 130-150 20-25 130-154 2326 no
A. marmorata 0.04-0.07 1 0.8-1.4 1 - 4.6-48 up 19
C. boracciensis 0.04-0.06 1 - 15-18 400-400 1.8-2.0 no 43
C. semipalmatus 0.02-0.04 1 - 4-7 ~240 0.8-0.9 no 41
E. guentheri 04-0.65 7-10 15-17 1-2 80-100 2.5-30  up 25
E. parvus 04-0.5  20-25 54-60 2 110-120 2.8-3.0  up 14
E. randorum 2-5 3-8 1.3-2.6 3-8 280-280 4.2-44 no 14
H. phyllodes 1.05-2.1 12-20 9-11 2-6 200-250 48-52 up 29
L. fuscues 0.1-0.13 1 - 1 - 1.3-1.5 up 43
P. cuvieri 0.25-0.35 1 - 1 - 0.6-0.7 dn 28
P. franciscae 0.5-0.7  22-28 ~50 2-4 ~250 11-1.2 wrbl 26
P. maculiventris 0.2-0.75 1 0.5-14 25-30 135-200 1.7-2.1 no 20
P. olfersi 3.5-4.0 1 - 700-900  200-225 1.7-2.0  wrbl 32
P. boiei 0.7-08  30-35 ~45 - - 1.5-1.7 up 58

T. miliaris 0.2-0.3 3-4 10-20 6-10 150-200 0.5-0.6  no 61
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diversity encountered was at the small ponds at
the torest edge, and even here it was rare for

re than 6-8 species to be calling together
Tzble 9). However, from one of these ponds
1 was often possible to hear several other spe-
ci1es calling inside the forest and perhaps one or
‘w0 more trom more open sites. The largest
sreeding site studied was the “Lago do Aterro”,
which had one of the largest complements of
calling species. Even there, different species

Table 9. Frogs of Boracéia heard calling synchronously.
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tended to concentrate in different parts of the
interconnected pond system. The other locality
with a large number of species concentrated in
a small area was the quarry, probably because
of the proximity of quite different microhabi-
tats. Despite the spatial separations among spe-
cies at Boracéia, different habitats are juxtapo-
sed so that most species must at least occasion-
ally be able to hear the calls of most of the other
species.

Nov 1983

Species Lago

Quarry

Boracéia
Field Station - Dec 1962
Edge
Pond

Forest
Stream

Forest Open

Habitat

. crucifer X
. ictericus X
. eurygnatha

. uranoscopa

ohausi

albofrenata

albopunctata X

astartea

faber X

hylax

leucopygia

microps - X

~
>
>

minuta
multilineata X
pardalis
polytaenia
crospedospila
hayii

. perpusilla

KR KK
oo KR
>~

=

orophilus

. marmorata
. boraceiensis X

. semipalmatus

. binotatus

. guentheri

parvus “

. randorum

. fuscus X

cocellatus X

Ccuvieri X X

. franciscae

- maculiventris

. olfersi X X
. boiei X

P T IIIENMMMMON> 000 T T I TITIIIIITITINNNE®

X
X
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Differences Between Species. — No species
at Boracéia have calls that are identical or even
similar enough to be confused even when only
one is heard, with the possible exception of Cy-
cloramphus boraceiensis and C. semipalmatus
(see also Table 10). Based on available data,
there are no species pairs that can be separated
on morphology but not on call. Additional data
may provide a possible exception to this general
rule. Hyla circumdata has been collected several
times but no call has been recorded. It is possible
that its call is being confused with that of the
closely related H. hylax.

Arquivos de Zoologia

Several call features may enable females to
select conspecific mates, including: (1) the time
when calling occurs; (2) the calling site of the
male, both in terms of gross habitat and precise
location (Table 7); and (3) the physical charac-
teristics of the call. As discussed below, many
species possess differences between call sites
and habitats, but these features overlap among
several species. In contrast, there is no ambiguity
in identifying calls to species on characteristics
that conspecific female frogs should be able to
hear, based on hearing and call discrimination in
other frogs (Gerhardt, 1987). Females should be

Table 10. Diagnostic comparison of calls emphasizing closely related Boracéia frogs.

Bufo crucifer and ictericus

Similarities - very long, regular trill; internote intervals > notes; notes regularly partially pulsed; dominant =

fundamental.
Differences - dominant frequency note rate
crucifer 960-1750 [1.5-15.5
ictericus 320-850 8.5-9.0

pulse rate
130-170
65-8

rn

All differences higher in smaller B. crucifer. but not proportionally: duration subequal such that crucifer has
relatively more pulses per note and therefore more sidebands.

Centrolenella eurygnatha and uranoscopa

Similarities - high pitched. short to very short calls. note shape complex with at least two frequencies of

amplitude modulation and very short rise and fall times.

Differences - note rate pulse rate
eurygnatha 8-12 25-70
uranoscopa  0.9-3.2 80-100

Fritziana ohausi

Short series of regular, widely spaced notes; notes pulsed, pulses short but neither start nor stop abruptly,

Hyla albofrenata and leucopygia

Similarities - call a single unpulsed note; several well separated, well tuned harmonics; first three harmonics

with considerable energy.

Differences - call/note length rise time
albofrenata 0.04-0.06 abrupt
leucopygia 0.8-.15 gradual

Hyla albopunctata

Two calls; both harsh, regularly pulsed; one broken into notes and the other not: energy in first two

harmonics.

Hyla astartea and hylax

Similarities - harsh calls; calls composed of short pulses irregularly combined into notes.

Differences - note rate pulse rate
astartea 9.1-16.7 100-350
hylax ~10 100-175

Though these overlap the extremes reached in every call differ so there is no ambiguity.
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Table 10. (Continuation)

Hyla faber
Low pitched thumps, regular short notes pulsed at start with clear harmonics.

Hyla pardalis
Occasionally given short harsh call, strongly pulsed.

Hyla microps and minuta

Not closely related but small and with high pitched calls with primary and secondary notes (diphasic); H.
microps also has a monophasic call.

Similarities - diphasic calls with long first notes; short secondary notes; high dominant frequency; calls/notes
pulsed; both strongly amplitude modulated at a relatively low frequency.

Differences -
note duration pulse rate dominant
primary secondary
microps  .2-.35 .09-.1 70-140 first harmonic
minuta  .13-.16 .05-.05 160-180 second harmonic

Hyla multilineata and H. polytaenia
Similarities - two kinds of calls, one harsh and pulsed and the other a trill of a series of notes; length and
number of notes; length of calls; decreasing pulse rate in the harsh note.

Differences - dominant frequency shape of pulses
multilineata 1100-2200 rise time more abrupt
polytaenia 4500-6700 rise time more gradual

Ololygon crospedospila, O. hayii and O. perpusilla

Similarities - calls with complex amplitude modulation (at harmonically related intervals in hayii and crospe-
dospila); calls given at regular intervals.

Differences - hayii has two kinds of calls and a more complex note organization, the others only one call and
simple notes.

dominant pulse rate  maximum call rate
crospedospila 1200-1500 425-470 1.4
hayii 1200-2800 350-380(A) 3
perpusilly 3500-3900 180-290 3-4

Sphaenorhynhus orophilus
Diphasic call with a long introductory note and a following semes of very short clicks.

Adenomera marmorata
Call a single short unpulsed note with an abrupt start ard a rising frequency. given in regular series.

Cycloramphus boraceiensis and C. semipalmatus

Similarities - short, single note call; infrequently given: modulated at less than 50% at a rate that is not a
harmonic of the carrier, but close, about 4 times in both species, producing distinct sidebands; call begins noisily
because of abrupt start.

Differences - call duration  pulse rate
C. boraceiensis .04-.06 400
C. semipalmatus .02-.04 240

Eleuthrodactylus guentheri, parvus and randorum
Similarities - calls a series of short notes; complexly amplitude modulated at two harmonically related (or
very nearly) such that successive note envelopes of complex but not identical shapes.
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Table 10. (Continuation)
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Differences - note rate pulse rate tertiary rate  dominant frequency
E. guentheri  15-17 5x 80-100 5x 300-500 2000-3650
E. parvus 54-60 2x 110-120 4x 450 2400-3500
E. randorum 1.3-2.6 280 600 3800-5200

Hylodes phyllodes

A long series of similar notes evenly spaced at the start and in pairs at the end; each note high pitched and

rising sharply.

Leptodactylus fuscus
Single note calls with rising frequency.

Physalaemus cuvieri, franciscae, maculiventris and olfersi
Similarities - all four calls with the energy concentrated in several distinct, narrowly tuned bands, harmonics

or sidebands

Differences -  frequency modulation call duration pulse rate (harmonic)
cuvieri strong .25-.35 400-500
franciscae weak warble 5-7 250
maculiventris  weak warble 2-75 135-200

olfersi weak warble 3.5-4.0 200-225

Proceratophrys boiei

A short trill of a regular series of separated notes each of a single pulse with only four cycles of t' : carrier

frequency.

Thoropa miliaris

A short, low pitched. noisy call given infrequently. of several complexly pulsed notes.

able to discriminate calls on the basis of the
temporal characteristics of call length, note rate,
pulse rate, carrier frequency, and frequency
modulation (Boracéia characteristics summarized
in Tables 8 and 10). Even for the Cycloramphus
boraceiensis and semipalmatus pair, the acoustic
partitioning is such that female frogs likely dif-
ferentiate between them (Tables 8 and 10). A
female of any species must be able to distinguish
a call of a conspecific male not only from that of
a male of a closely related species, but also from
calls of all heterospecific males at Boracéia. The
four call characteristics of call duration, note
rate, pulse rate, and carrier frequency are com-
pared for all species pairs to see if the ranges are
completey separated, abut, or overlap. The resul-
tant matrix indicates that most pairs are com-
pletely separate in at least one of these acoustic
characteristics (Table 11). Of the 326 possible
species pair comparisons, only four have abut-
ting or overlapping characteristics in all four call
parameters: Hyla astartea - Hyla hylax, Hyla as-
tartea - Hyla multilineata, Fritziana ohausi -

Sphaenorhynchus orophilus, and Hyla
polytaenia - Hylodes phyllodes. Macro- and mi-
crohabitats of calling and breeding sites of the
species involved in the latter three pairs are very
different (Tables 3, 7), so that even if a female of
one species were confused by a call of another
species, she would be unlikely to hear it when
and where she was searching for a male. When
the summary matrix is produced for overlapping
call characteriestics only, only one of these spe-
cies pairs still overlaps in all four parameters
analyzed: Hyla astartea and Hyla mulilineata.
whose calls are very different in fine structure.
As there are no such comparable matrices avail-
able for other diverse frog assemblages. the gen-
erality of the level of acoustic partitioning of the
Boracéia assemblage 1s unknown.

The degree of acoustic partitioning observed
invites two observations. First. acoustic contact
may cross habitat boundaries. The calls of most -
species are quite loud and very different calling
habitats may be juxtaposed. Thus the green hylas
and other forest hvlids (e.g.. Hyla hylax) could
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be in the same acoustic environment not only
with conspecific males and males of other forest
hylas but also with such forest edge breeders as
Hyla minuta, Hyla microps, Ololvgon hayii, and
Physalaemus olfersi. However, at the other
extreme, Fritziana ohausi calling from forest
bamboo likely never hears Sphaenorhvachus
orophilus calling from the water at Lago do Ater-
ro. A second observation derives in part from the
first. One might expect calls of svmpatric.
closely related species to differ to minimize the
risk of mating with a heterospecific. However.
the degree of acoustic partitioning evidenced by
the Boracéia assemblage suggests that there may
be evolutionary divergence of call p.il',jl‘[ eters i
response to the total sound environment, includ-
ing all other trogs in acoustic contact.

We have been discussing calls from the point
of view of species discrimination. There seems
little question that this is important but other
factors also infuence the kind of calls thar fr
may make. These factors, which are discussed '
turn, include size of the caller. characteristics of
the physical environment. interference of other
calling species. and social factors.

Size and Call. — A widely reported generali-
zation concerning anuran vocalization is that
bigger frogs generally have lower pitched calls
(e.g., Duellman and Pyles, 1983). In the frogs of
Boracéia, this is seen as a linear relationship if
the logs of dominant frequency and SVL are
compared (Figure 76). However, there are sev-
eral species that do not fall as close to the line as
the others. As Ryan (1985) pointed out,
Physalaemus have lower pitched calls than
would be expected for their small size, and this is
true for 3 of the 4 Boracéia Physalaemus. Ryan
(1985) has shown that in Physalaemus pustulo-
sus, females prefer males with low pitched calls.
He suggests that this may be widespread in the
genus and that the sexual selection generated by
female choice may explain the low frequency
calls in Physalaemus generally.

One can suggest ad hoc explanations why Hy-
lodes phyllodes and Hyla polytaenia should
have high pitched calls; the former lives along
fast flowing streams (see below) and the latter is
sympatric with a larger, closely related species
form which its call differs primarily in higher
dominant frequency. We have no suggestion as

rom

Arquivos de Zoologia

to why the two small FEleutherodactylus have
lower calls than expected.

The general relationship between male size
and dominant frequency presumably is a result of
the general physical relationship between these
two physical parameters. Other aspects of calls
may be related to size as well. Of those tested
there is a weak positive relationship between
size and call length (r* = .36); but no significant
relation of size to note rate or pulse rate.

Interspecific Interference. — Though many
frogs that call together differ in dominant fre-
quencies. there are several cases in which the
dominant frequencies overlap. There is no simple
separation of species by different frequency
bands. We do not have the data to determine
whether or not species with similar dominant
"—‘4uer~.‘ic~ calling in the same area tend to call

hile the others are not calling, as Straughan
! I sted for Queensland and Costa
es and Schwartz and Wells
1983 wwn for two species of small
Hxla in f this sort of tempo: .l parti-
tioning does occur. 1t 1s on a short time scale. in
erms of seconds or minutes rather than hours or
days.

Physical Environment. — Several authors
have reviewed species calling assemblages look-
ing for correlations between call characteristics
and physical aspects of the calling environment.
Duellman and Trueb (1986) offer the generaliza-
tion that frogs in forest habitats tend to have
softer, higher pitched and more discontinuous
calls than do open habitat species. In some ways
the frogs at Boracéia conform to these expecta-
tions, but in others they do not. Certainly all of
the open pond breeders (whether permanent or
temporary ponds) have loud voices and tend to
call continuously, but some are high pitched.
Some forest species such as the temporary pond
breeders Physalaemus fransiscae and P,
maculiventris have soft voices but they call per-
sistently and have low frequencies for their size.
On the other hand other forest species such as the
three Eleutherodactyius species call occasionally
but have loud calls. Perhaps significantly the
species with quiet calls are those that breed in
spatially fixed (predictable) spots that are re-
stricted in size, like forest tloor pools. seeps, and
open or forest habitat rock outcrops (the Crosso-

1 o
<5 !
R oa
— "
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4
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dactylus that lives in these situations may be
voiceless). Louder calls tend to be from larger
breeding sites such as stream edges or more
widely distributed forest understory bormeliads.
and perhaps spatially unpredictable temporary
pools in the open.

Schigtz (1967) noted that in West Africa ~A
number of species occurring in pools of stagnant
water in -high forest have a very characteristic
voice, consisting of a few soft and quiet clicks
followed by a soft buzzing.” As noted above. the
forest puddle and rock face species have soft
calls and include both buzzes and clicks, but lack
the temporal pattern observed in West Africa.

Zimmerman (1983) pointed out that. at least
for the Amazonian species she studied, the forest
species are more likelv to have a tonal call. At
Boracéia there are few tonal calls, and these
occur in both forest and open habitats.

Zimmerman (1983) also found that species
calling in floating meadows had lower pulse
rates than either forest or open species, and sug-
gested that this was because the vegetation in
floating meadows is denser than in either of the
other habitats. Heyer (1971), in analyzing a frog
fauna in Thailand, suggested that for microhylids
there was a positive correlation between the den-
sity of the vegetation in which a species called
(so that the caller was harder to find), and the
dominant frequency of its call. Heyer also sug-
gested that higher pitch made the call easier to
localize. He also noted that species in which
males were attracting females to a chorus had
low dominant frequencies of narrow bands.
whereas those in which males were attracting
females to individuals had higher frequencies
and wider bands. Though there are cerainly dif-
ferences in density of vegetation and of chorus
concentrations, only in Bufo do we have direct
observations that males actively pursue the fe-
males after they reach the chorus: their calls, as
predicted, are low and narrow-banded. It is likeiv
that in the hylids and most of the leptodactylids,
females are attracted to an individual male. al-
though perhaps initially to a chorus.

Dubois and Martens (1984) argue that the
calls of the torrent species in the genus Rana
(Paa) in Nepal have calls that are adapted to be
heard above the background noise. The calls are
composed of short sequences of notes separated
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by long periods of silence; the notes are pure,
short, and have a narrow frequency band; and the
notes are rhythmically separated with the se-
quences. The call of Hylodes phyllodes shows
most of these characteristics, although the notes
are strongly frequency swept and thus have a
wide frequency band overall.

Duellman and Trueb (1986) noted that species
that live along torrential streams usually have
calls that are “short. impulsive, high-pitched” or
are voiceless. The Hvlodes at Boracéia fit this
characterization in having high pitched calls,
whereas their larger relative Megaelosia is
probably voiceless. Further. the Hylodes living
along the larger and noisier streams adds a con-
spicuous visual display to its call as do certain
ranids in Southeast Asia.

The similarities of adult behavior between
stream frogs from Borneo and Boracéia could be
due to convergence. Foot displays have been
described for two species of ranid frogs from
Borneo (Staurois parvus (= tuberilinguis) (Har-
ding, 1982) and S. latopalmatus (Davison,
1984)). Like Hylodes asperus, these ranids live
along tropical mountain streams and display
during the day. Unlike H. asperus, they call at
night as well. Like H. asperus, the display in-
volves an extension of a hind leg and a display of
a distinctive color that makes the animal very
conspicuous. Unlike H. asperus. the foot dis-
play is not given synchronously with the call and
the conspicuous color 1s on the webbing between
the toes (light blue in S. parvus or whitish to
light grev in S, laropalmatus) rather than on the
toe pads.

The independent evolution of visual displays
in two distantly related frog lineages living at the
edges of rocky mountain streams suggests that
the display may be an adaptation to that habitat.
Mountain streamside habitats are unusual among
frog calling sites in at least two ways. First, the
rushing water creates a noisy environment in
which a vocal signal might be less easily heard
than in most habitats. Second, a frog perched on
the edge of a mountain stream has a refuge in the
water into which it can easily escape from a
predator attracted by its display. Visual displays
are thus relatively more valuable and less risky
for frogs living along mountain torrents than for
frogs living in most other habitats. It would be
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interesting to know if frogs living in similar
habitats in other parts of the world also have
similar displays.

We are struck by the overall similarity in
morphology of Hylodes asperus from Boracéia
and Litoria nannotis from Australia, especially
the same light digit tips (see figures in S. and K.
Breeden, 1982). It is not known whether L. nan-
notis uses the digit tips in a visual display.

Menzies and Tyler (1977) have shown that in
Papua New Guinea, subterranean species have
calls that differ from other sympatric frogs in
being narrow band, below 1000 hz, and with one
or more short notes of constant amplitude. The-
re are no truly fossorial species at Boracéia
except Myersiella, whose call is unknown to us.
The only species at Boracéia known to call from
below the surface is Adenomera marmorara.
which may call from subsurface chambers. Ade-
nomera has a call that is shont but high pit-
ched and strongly frequency swept from 24300 o
5400 Hz

Repertoir Complexity and Social Behavior.
— One of the aspects of the calls not discussed
earlier 1s the complexity of the calls and of the
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calls repertoires. Call complexity ranges from the
relatively simple call of Adenomera marmorata,
consisting of a single note repeated regularly, to
the call of Hyla polytaenia, with two very differ-
ent notes. Other Hyla, such as H. microps, have
two very different calls that are both heard fre-
quently. These differences undoubtedly relate to
the ways in which the calls are used by the dif-
ferent species, particularly the ways in which
males interact competitively. We have noted in
the species accounts where this sort of complex-
ity has been recorded.

Though the small Hyla (and perhaps others)
probably use sound to space themselves out in a
chorus. acoustic advertisement of a permanent
territory i1s more likely in fylodes and the
Eleutherodactyius (especially guentheri). Other
species probably defend a limited resource
needed for breeding. such as Adenomera defen-
ding the breeding chamber. Ololygon perpu-

Tla and E. randorum  detending bromeliads,
and Frirziana ohawsi defending bambno ho-
1 1ation on the social behavior of

BIOLOGICAL LACUNAE

We have attempted to provide the informa-
tion needed to identify specimens collected
from Boracéia. The names used herein will
doubtless change and future researchers need
to stay abreast of these changes. The number
of recognized Boracéia frogs has increased
from 50 or so species listed by Rand and Rand
in the 1960’s and Nelson and colleagues in the
1970’s to the currently recognized 64 species,
several of which were described as new in pre-
paration for this summary. We also recognize
that at least three unnamed Eleutherodactylus
occur at Boracéia. About 25% of the names used
in earlier lists have changed because of new
understanding of species limits and distribu-
tions. For some species, we have used a conven-
iently available name; with further study, dif-
ferent names may well be applied to the Bora-
céia populations (particularly Hyla albofrenata,
H. multilineata, H. prasina, Ololygon brieni,
O. perpusilla, Phyllomedusa appendiculata.

Crossodactylus dispar, C. gaudichaudii, Hylo-
des asperus, and Megaelosia goeldii). Workers
also should be aware that because of the dyna-
mic nature of the frog assemblage at Bora-
céia and the large number of apparently rare spe-
cies, the chances are good that species not re-
ported herein will be collected at Boracéia in the
future.

Although we know a great deal about the
frogs of Boracéia, there is also a great deal that
we do not know. We have repeatedly noted this
in the species accounts and in the discussion.
Some of the aspects about which we are con-
spicuously ignorant are: clutch parameters (how
many eggs are laid, how big thev are and how
they vary with female size): diets iwhat frogs
actually eat and how they catch 1t life history
details and demography (e.g.. how long it takes
tadpoles to grow to metamorphosis. survival
rates of larvae and adults. how long adults live
and how often thev breed): winter activity
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(whether all frog species become inactive in the
winter or whether there are some winter breed-
ers); movement and dispersal patterns (how far
individuals move to and from breeding sites);
social behavior (how spatial patterns are main-
tained, how much agression there is, whether
males defend calling sites and/or females and/or
oviposition sites, whether either sex defends a
feeding area, if there is any parenteral care):
complete call repertoires (what calls are given in
addition to the familiar advertisement calls. un-

der what conditions, and with what results); and
antipredator behavior (use of toxins, use of flash
colors, death feigning, etc.).

In providing descriptions of the external mor-
phologies of the frogs at Boracéia and notes on
their natural histories, this monograph is in-
tended as a base from which further work can be
done — a tool to facilitate the studies which we
have not had the time or the wit to complete. If
our work serves this purpose, its doing will have
been worthwhile.
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USNM 208775, 208778, 243563-66

Hyla circumdata
MZUSP 2543, 2546, 3871-95, 5378, 14717,
14720, 14722-23, 30895, 30900, 30904, 31010,
34570, 34574-75, 34605, 37799-800, 54430;
USNM 208745, 208748, 208750-53, 208755-56,
208758-63, 208772-74, 208783

Hyla faber
MZUSP 2341, 3371, 9963, 31007-09, 31011-
17, 32100, 37724; USNM 208784-91, 243567-
68

Hyla hylax
MZUSP 2357, 2535-41, 4030-31, 30875-78,
30892-94, 30901-03, 34571, 34576-80; 34588-
91, 34594-601, 34603-04, 37795, 37801-03,
54499-501, 59937; USNM 208744, 208746-47,
208749, 208754, 208757, 208764-71, 208776-
77, 208779-82, 243466-70, 243471-74

Hyla leucopygia
MZUSP 30834-38; USNM 208742-43
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Hyla microps
MZUSP 3088, 31143-48; USNM 208792-
834, 234569-75

Hyla minuta
MZUSP 2946-48, 4076-83, 10903, 26548-60,
31151-65, 34581, 37624, 37751-54, 54375,
USNM 208835-52

Hyla multilineata
MZUSP 3999, 31190-92, 37718-20, 37722,
37737, 37740, 37746-47, 37774, 37792-94;
USNM 208853-58

Hyla pardalis
MZUSP 1611-13, 4571, 5376, 10375, 31247-
67, 37659, 54476; USNM 208859-66, 243592-
600

Hyla polytaenia
MZUSP 2225-28, 2815-16, 3437-38, 3446,
4073-74, 4574, 31397-424, 36876, 37554,
37598-609, 37629-44, 37723, 37739, 37771-73,
54494-95; USNM 208867-979, 243601-20

Hyla prasina
MZUSP 3857, 26562, 31556-60

Hyla senicula
USNM 208980

Ololygon brieni
MZUSP 451, 2828, 3515, 3926, 4021, 30846-
47, 30849-63, 30848, 30864-69, 37610-15,
54427-29, 54486, 54488, 54492, 54987-91;
USNM 129105, 208037, 208981-9002

Ololygon crospedospila
MZUSP 30906-07; 37670-77: 37762: USNM
209003-18, 243621-44

Ololygon flavogutiata
MZUSP 2229, 3515, 32000, 36566 (larvae);
USNM 209019, 247846

Ololvgon hayii
MZUSP 2179-81, 2183. 2613-24, 2627-32,
2635, 2637. 3416. 3816, 3986-89, 3991-97,
4581-86. 5377. 9930-34, 10515-17, 16197-98.
22967-71. 31046-74. 34572-73, 34612-14,
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34629, 34631-32, 34638-39, 37553, 37595-97,
37645, 37756-61, 37763, 38855-56, 54376,
54378-81, 54383; USNM 209020-49, 243645-
56.

Ololygon obtriangulata
MZUSP 36572 (larvae);: USNM 129104,
243657-61

Ololygon perpusilia
MZUSP 474, 3090, 3121, 3125-26, 3596,
4072, 4576. 31272-81, 31396, 34630, 34633,
37796. 49646: USNM 209050-76, 243663-66

Ololvgon x-signata
MZUSP 54382

Osteocephalus langsdorffii
MZUSP 1056&

Phyllomedusa appendiculata
MZUSP 3998, 9387, 36559 (larvae), 37669

Phyllomedusa cochranae
MZUSP 2609. 32071-76, 36541 (larvae),
36544, 36569 (larvae): USNM field 3828, 4524

Sphaenorhvnchus orophilus
MZUSP 37668; USNM 243667-72

Adenomera marmorata
MZUSP 2720-21. 2733, 2745-46, 3373, 3375,
3945, 3948. 4061-62, 4580, 10518, 24142-45,
24147, 24293-313. 26860, 36866; USNM
129175, 209077-120. 209363-69 (eggs, embryos,
and larvae), 243673-74

Ceratophrys aurita
MZUSP 31374

Crossodactylus dispar
AMNH 103751-55; MZUSP 2728, 3949.
4064, 4066-69, 4141, 6474, 10905, 23571-96.
37570-72, 37791, USNM field 3841-42, 4003-
04, 4334, 4374-75, 4402-08. 4477-81, 4483-87.
4652, 4667-68, 4670

Crossodactylus gaudichaudii
MZUSP 4579

Cycloramphus boraceiensis
MZUSP 2287, 3050, 3426, 3430, 3433-34,
3439-41, 3443, 3866, 3923, 3934, 4048, 4541,
16199, 23037-38, 23784-92, 37652-58; USNM
129150, 217933 (larvae), 217936-66.

Cycloramphus eleutherodactylus
AMNH 103957, MZUSP 3428-29, 3432,
22642, 22997, 23793, 36875, 37564; USNM
217897

Cycloramphus semipalmatus
AMNH 103803-08, 103799-800; MZUSP
1575, 3060, 3424-25, 3436, 23394-95, 23398-99,
23766-68, 23773-83, 37563, 37766; USNM
217918-28

Eleutherodactylus binotatus
MZUSP 2503, 3506, 3509. 3939-41, 4044,
4046-47, 22979, 22988. 22990, 23137, 23597,
23600, 23602-34, 23748, 37805, 49645, 54458-
60; USNM 209121-40. 243676-77

Eleutherodactylus guentheri
MZUSP 2286. 2726-27. 4056-58, 4578,
22981, 22984-85. 22987. 22989. 23698-703,
23705-44, 23746-47. 23749-54. 34657, 37806;
USNM 235630-98

Eleutherodactyius hoehnei
MZUSP 23704: USNM 209141

Eleutherodactxylus nigriventris
MZUSP 23677, 37787

Eleutherodactxlus parvus
MZUSP 457. 460, 4045, 4050, 4052-54,
9935. 22978, 22982, 23635-63, 23745, 25785,
15857, 37788-90. 38876; USNM 209142-214,
243681-33

Eleutherodactylus randorum
MZUSP 23665-70, 23672-76, 34635, 36865,
37555, 49644, 59936; USNM 243475-79,
244635, 247860-61

Eleutherodactylus spanios
MZUSP 23664, 23671
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Holoaden leuderwaldti
MZUSP 23794

Hylodes asperis

MZUSP 1752-53, 1755, 1757, 1759, 1761,
1763-4. 1766-68, 1783-88, 1790-94, 1796-
97. 1800. 1802-03, 1806-10. 1812, 1814-
15.4032-39.  23048-49., 23544,
64. 237533-64. 27983, 37586-87. 37661-66,
37710-17. 37764-65. 37767, 56498. USNM
243916-17

MZUSP 1700-02. (
1716-21. 3308, 3527, 3529
23050-53. 23361, 2367897
37678-87. 37701-03. 37712-17. 38854, 56497.
59934: USNM 129156-38. 24241 (larvae..
243480-306

-06. 1708-11.

1714,
. 4040-23. 3143,

l’.c_"' dacrviu VOICTI
MZUSP 21240, 2409%: USNM 202213

Ltj”i"' MAACTIVIUS

USNM 209216-22. 2436584-85

JUSCUS

Leptodactylus ocellatus
MZUSP 2084, 4496, 4569, 24513-16; USNM
209223-31

Megaelosia goeldii ‘
MZUSP 2289 (larva), 2347, 22935, 36545
(larva), 36554 (larva)

Paratelmatobius gaigeae
AMNH 103980; MZUSP 4063, 37700;
USNM 209232, USNM field 8428

23562--
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Physalaemus cuvieri
MZUSP 25809-18, 25871, 36867: USNM
209233-53, 243686-710

Physalaemus franciscae
MZUSP 3947, 4084, 4114, 25831, 25853.
25856-70, 25872-82, 26036-37. 37563-68.
59935; USNM 243507-45

Physalaemus maculiventris
MZUSP 3819, 3942, 4088, 4092, 4094-95,
4097, 4100-02, 4104-05, 4107, 4111, 25825-40,
36868-73, 37569, 54384, 56808; USNM
209254-99, 241242, 243711

Physalaemus olfersi
MZUSP 3946, 25843-48; USNM 209300-03,

213712

Proceratophrys boiei
MZUSP 60670

Proceratophrys melanopogon
VIZIUSP 930, 3308, 39224000, 9386, 23385,
239350 31339480 303320 31358, 37695-99,
377210 3T3R00 USNAM 12814749, 209304-17,
243713-13

Troropa miliaris

MZUSP 2295-98. 2499-502. 2838, 2852,
3019, 3096-98. 3100-01, 3120-22, 3376, 3379-
414, 3421, 3486-89, 3492, 3496, 3502-03, 3505,
3532, 4537-38, 10519, 27218-19, 27254-65,
27268-99, 37557-62, 37648-51, 37704-09,
37727-35, 49648, 54377, 56896; USNM
129163-73, 209318-58

Myversiella microps
MZUSP 36404

GLOSSARY

ADVERTISEMENT CaLL. The most commonly
heard call, given spontaneously by a male that is
ready to breed and serving to advertise his posi-
tion to females that are in serach of a mate and to
other males that are potential rivals.

AmpLITUDE MobpuLaTiox. Changes in intensity
or amplitude of a sound over time. If the sound is
completely interrupted it is said to be 100%

modulated. Freg calls are often amplitude modu-
lated at several different levels. The levels used
here, listed in order from largest to the smallest,
are: call group. call. note. and pulse. These cate-
gories are arbitrary and to some extent artificial
and arbitrary decisions were made as to whether
the amplitude modulation il a particular call
produced. for instance. pulses or notes. When the
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amplitude changes over time are not simple this
is seen in the wave form as pulses or notes that
have complex shapes.

AUDIOSPECTROGRAM. A visual representation of
a call displaying the frequency of the sound over
time (also called a sonagram in the acoustic lit-
erature; sonagram is also a term used in the
medical literature for something entirely differ-
ent).

Banprass FILTER. An electronic filter which
decreases the intensity of a sound above and
below a specified band of frequencies.

Baxpstor FILTER. An electronic filter which
decreases the intensity of a sound within a speci-
fied band of frequencies.

BerLy. The ventral portion of the adult frog
behind the chest and in front of the thighs (Fig-
ure 77).

CaLcar. A pronounced fleshy appendage on
the heel.

CaLL. An acoustic unit of a frog vocalization,
may be broken into either identical or different
notes; separated from other calls by a period
longer than call; can function alone as an inde-
pendent vocalization; often not temporally or-
ganized into larger units.

CaLL croup. Calls may be organized into
groups which are separated by long periods of
silence; spacing of calls within a group is regu-
lar, usually uniform or changing in a predictable
pattern. Call groups are usually longer than a few
seconds and therefore not immediately evident in
the field and too long to be seen on an audio-
spectrogram. They are probably more common
than generally recognized.

Carrier FREQUENCY. By analogy to the termi-
nology used to describe radio transmission. the
sound a frog produces may be considered to have
a carrier frequency. usually the dominant fre-
quency, which may be frequency or amplitude
modulated.

Cuest. The area of the ventral portion of the
adult frog between the arms and in back of the
throat and in front of the belly (Figure 77).

DominanT FreQuency. The frequency at
which most sound energy in a call is concen-
trated.

FinGers. Digits of the hand (Figure 78).

Foor LencTH. Measured by calipers as the dis-
tance from the posteriormost portion of the inner
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metatarsal tubercle to the tip of the fourth toe
(Figure 77).

FrReQUENCY MobtraTtioN. Changes in fre-
quency of a sound over time.

Harmonic. Many sounds have their energy
concentrated in several separated, evenly spaced
frequencies called harmonics. These frequencies
are multiples of the lowest or first harmonic
which is also called the fundamental.

Heap LencTH. Measured by calipers as the
distance from the tip of the snout to the angle of
the jaw (Figure 77).

Heap WIDTH. Measured by calipers as the
widest distance of the head at or anterior to the
angles of the jaws.

Hicnpass FILTER. An electronic filter which
decreases the intensity of a sound above a speci-
fied frequency.

Lowpass FILTER. An electronic filter which
decreases the intensity of a sound below a speci-
fied frequency.

Noisy CaLi. The sound energy is distributed
across a broad band of frequencies.

NoTe. Calls are often broken into smaller
subunits by 100% amplitude modulation with
only short intervals between them relative to the
length of the note. A call which is amplitude
modulated to 100% is said to be made up of
notes; one which is modulated at less than 100%
is said to be pulsed.

PrepOLLEX. A vestigial digit on the inner side
of the first digit of the hand. Usually the prepol-
lex is barely indicated externally. Some species,
however. have enlarged external spines, most
pronounced in males. arising from the prepollex.

Puise. The smallest named subunit of a call,
produced by amplitude modulation which may
be 100 but often less. A note which is modu-
lated. to whatever depth, is said to be pulsed. A
call in which the primary modulation is not
100 is said to have only one note which is
pulsed.

SHaxk LENGTH. Measured by calipers as the
distance from one end of the tibia and covering
tissues to the other. (Figure 78).

SipEBANDS. If a call is amplitude modulated at
a rate too fast for the sonagraph to resolve in the
time domain, sidebands appear on either side of
the central frequency separated from it by the
frequency of the modulation.
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Snout OuTLINE (DorsaL View, ApuLts). The
shape of the dorsal outline of the snout as com-
pared to the standards illustrated in Figure 79.
The standards originally came from the labora-
tory of Jay M. Savage.

Snout PrOFILE (ADULTS). The shape of the lat-
eral outline of the snout as compared to the stan-
dards illustrated in Figure 80. The standards
originally came from the laboratory of Jay M.
Savage.

SVL (Snout-VeEnT LENGTH). Distance between
the tip of the snout and the vent (Figure 78).

THicH LENGTH. Measured by calipers as the
distance from mid-vent to the distal end of the
femur (Figure 78).

THroAT. The ventral portion of the adult frog
between the lower jaws and in front of the chest
(Figure 77).

Togs. Digits of the foot (Figure 78).

TootH Row FormuLa (Larvag, FIGURE 81).
The fractional system proposed by Altig
(1970:181-182) is used: “A fraction designates
the number and position of the rows of labial
teeth; the numerator indicates the number of
rows on the anterior labium, and the denominator
indicates the rows on the posterior labium. ...
The fraction is written in line with the rows with
median gaps in parentheses. A range in the
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number of rows is hyphenated, and variability in
the presence of a median gap is indicated by
brackets.”

Tunep Carr. The sound energy is concen-
trated in one or a few frequencies.

Uxcual Frap. The dorsal portion of the distal
part of well developed toe disks above the cir-
cumferential groove (Figure 82).

VocaL Sacs. Vocal sacs are defined by the
presence of vocal slits (openings) in the floor of
the mouth of male frogs. Vocal sacs can be per-
manently expanded and thin walled (external) or
not appearing any different from the surrounding
throat or chest region (internal).

WaveEFORM. A visual representation of a call
displaying the amplitude of the sound as it
changes over time.

WEeBBING Formura., The original formula
proposed by Savage and Heyer (1967), modi-
fied by Myers and Duellman (1982) is used.
Roman numerals represent fingers or toes
(Figure 82) and arabic numerals represent the
number of phalanges (and metacarpals or me-
tatarsals, if appropriate) completely or partial-
ly free of webbing. A 0 indicates the webbing
extends to the very tip of the digit, 1 indicates
the disk or entire terminal segment is free of
web.
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Typical epiphyte load on forest tree at Boracéia. Figure 2. Forest trail at Boracéia,

Figure 3. Fallen tree trunk across forest trail at Boracéia. Figure 4. Small forest stream at Boracéia,

Figure 5. Water supply pond at edge of forest. Figure 6. Rio Claro at Boracéia.
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Figure 7. Brachycephalus nodoterga. Photograph courtesy Figure 8. Centrolenella uranoscopa. Fhis is onc of two mem-
of I.P. Bogart, University of Guelph. bers of the genus Centrolenella at Boracéia. Photograph cour-
tesy of J. P. Bogant, University of Guelph.

Figure 9. Fritziana fissilis. Photograph courtesy of C. W, Figure 10. Fritziana ohausi. Photograph courtesy of J. P. Bog-
Myers, American Muscum of Natural History. art, University of Guelph.

Figure 11. Hyla albofrenata. Figure 12, Nyla albopunciata.
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Figure 13. Hyla circumdata. Photograph courtesy of J. P. Figure 14. Hyia faber.
Bogart, University of Guelph.

Figure 15. Hyla hylax. Figure 16. Ilyla leucopygia. Photograph courtesy of J. P. Bog
art, University of Guelph.

Figure 17. Hyla microps. Figure 18, Hyla minwa. Photograph courtesy of C.W. Myers,
American Museum of Natural Hhistory.
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Figure 19. Hyla multilincata. Photograph courtesy of J. P. Figure 20. Hyla pardalis.
Bogan, University of Guelph.

Figure 21. Hyla polytaenia. Photograph courtesy of J. P. Figure 22. Qlolygon brieni. Photograph counesy of J. P. Bogar,
Bogan, University of Guelph. University of Guelph,

Figure 23. Ololygon crospedospila. Photograph courtesy of Figure 24. Ololygon flavogutiata.
J. P. Bogant, University of Guelph.
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Figure 25. Ololygon hayii. Figure 26. Phyllomedusa cochrarae. Thisis onc of two species
of Phyllomedusa at Boracéia that arc green in life.

Figure 27. Sphaenorhynchus orophilus. Figure 28. Adenomera marmorata. Photograph courtesy of C.
W. Myers, American Muscum of Natural History

Figure 29. Crossodaciylus dispar. Photograph courtesy of C, Figure 30. Cycloramphus eleutherodactylus. Photograph cour-
W. Myers, American Muscum of Natural History tesy of C. W. Myers, American Muscum of Natral History
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Figure 31. Cycloramphus semipalmatus. Photograph cour- Figure 32. Eleutherodactylus binotatus. Photograph courtesy of
tesy of C. W. Myers, American Museum of Natural History C. W. Myers, American Muscum of Natural History

Figure 33. Eleutherodactylus guentheri. Photograph cour- Figure 34. Eleutherodactylus parvus. Photograph courntesy of
tesy of C. W. Myers, American Muscum of Natural History C. W. Myers, American Muscum of Natural History

Figure 35. Eleutherodactylus randorum, Figure 36. Hylodes asperus. Photograph courtesy of C. W.
Myers, American Muscum of Natural History
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Figure 37. Hylodes phyllodes. Photograph courtesy of C. W. Figure 38. Leptodactylus fuscus.
Myers, American Museum of Natural History

Figure 39. Pararefmarobim.gaigeac,dorsal view. Photograph Figurc 40. Paratelmatobius gaigeae, ventral view. Photograph
courtesy of C. W. Myers, American Museum of Natural courtesy of C. W. Myers, American Muscum of Natural History.
History

Figure 41. Physalaemus cuvieri. Figure 42. Physalaemus franciscae. Photograph courtesy of J.
P. Bogart, University of Guelph.
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Figure 43. Physalaemus maculiventris. Figure 44, Physalaemus olfersi. Photograph courtesy of J. P.
Bogan, University of Guelph

Figure 45. Proceratophrys boiei. The other species of Pro- Figure 46. Thoropa miliaris.
ceratophrys at Boracéia, P. melanopogon, is superficially
similar to P. boiei.
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Figure 1. Map of South America, showing extent of Atlantic Forest Morphoclimatic Domain (in black) (Ab’Sdber, 1977) and
the site of Boracéia (circle).
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BORACEIA CASA GRANDE 1971
1925-1944 1970 - 1980
-400
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TEMPERATURE
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Figure 2. Climatic summaries for Boracéia and nearby Casa Grande. Average monthly temperatures indicated by connected
circles. Minimum temperature within months indicated by connected dots. Monthly rainfall indicated by bar graphs. Upper left
figure represents monthly averages at Boracéia for the time period 1925-1930 for temperature and 1925-1944 for rainfall
(Setzer, 1946). The upper center figure is the average values at Casa Grande for 1970-1980. Note that the average temperatures
of Boracéia and Casa Grande are very similar, but Boracéia gets noticeably more rainfall than Casa Grande. All other figures
represent single year summaries at Casa Grande (Anonymous. 1970-1980).
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Figure 3. Aerial photograph taken in 1977 (above) and diagrammatic features (below) of Boracéia in the immediate vicinity of
the scientist’s house. In lower figure, rivers and streams shown as solid lines; roads shown as parallel lines; trails shown as
dashed lines; extensive clearings shown by stippling: more permanent ponds (at least during wet season) shown as dots; former
pond sites shown as squares; intermittent pond system shown as circle; scale (lower right corner) approximately 100 m; A and
(" are caretakers’ houses: B is a stable, now unused. In both figures, X indicates site of scientists’ house.
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Figure 4. Photograph of quarry wall and floor. Cxeloramphius boraceiensts and Thoropa miliaris adults and larvae were collected
from the wall: several species of hylids and Pinvvalaenins were collected from the quarry floor. The floor has streams and temporary
pools.

ligure 5. Lago do Aterro. Hyla albopunciata and Hyla prasina were collected at this site.
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Figure 6. Male (left) and temale (right) Bufo ictericus.

Figure 7. Dendrophryniscus brevipollicatus.
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Figure 8. Qlolygon brieni (left), flavoguriata (center). and obrriangulata (right); scale bars all equal 5.0 mm.

Figure 9. Ololygon perpusilla.
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Figure 10. Cycloramphues boraceiensis

Figure 11. Holoaden luederwaldri. Figure 12. Myersietla microps.
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Figure 13. Larval Bufo crucifer, stage 35: laterz] view total length 20,5 mm, mouthpart width 2.5 mm.
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Figure 14. Larval Bufo ictericus, stage 36; lateral view total length 22 mm. mouthpart width 2.5 mm.



Vol. 31 (4), 1990 377

Figure 15. Larval Fritziana ohausi, about stage 31: lateral view total length 18.5 mm, mouthpart width 1.0 mm.

Figure 16. Larval Hyla atbopunctara. stage 27: lateral view total length 36.3 mm. mouthpart width 1.7 mm.
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Figure 17. Larval Hvla microps stage 36: lateral view total length 27.5 mm, mouthpart width 1.2 mm.
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Figure 18. Larval Hyla minuta, stage 35: lateral view 1otal length 26.2 bmm, mouthpart width 1.4 mm.
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Figure 19. Larval Hyla multilineara, stage 26; lateral view total length 41.0 mm, mouthpart width 2.5 mm.

Figure 20. Larval Hyla pardalis, stage 35; lateral view total length 39.2 mm, mouthpart width 2.6 mm.
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Figure 21. Larval Hyla polviaesnia, stage 371

fength 350 mm. mouthpart width 2.6 mm.
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Figure 22. Larval Qlolygon crospedospila, about stage 37: lateral view total length 33.0 mm. mouthpart width 2.0 mm.
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Figure 23. Larval Ololvgon flavogutiata. about stage 28: lateral view total length 23.1 mm. mouthpart width 1.9 mm.

Figure 24. Larval Ololygon hayii, stage 36; lateral view total length 28.8 mm. mouthpart width 2.6 mm.
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Figure 25. Larval Olofvgon obtrianculata. stage 30; lateral view total length 27.3 mm. mouthpart width 2.9 mm.

L
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Figure 26. Larval Qlolvgon perpusilla, about stage 28: lateral view total length 19.5 mm, mouthpart width 1.7 mm.
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Figure 27. Larval Phyllomedusa appendiculata, about stage 28: lateryl vie

3%y mm. mouthpart width 3.5 mm.

« total length 48.5 mm, mouthpart width 7.7 mm.
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Figure 29. Larval Sphaenorhynchus orophilus. stage 39: lateral view total length 47.0 mm, mouthpart width 2.0 mm.

. mouthpat width 1.1 mm.
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Figure 31. Larval Cycloramphus horaceiensis. about stage 40; lateral view total length 26.5 mm, mouthpart width 2.3 mm.

Figure 32. Larval Hylodes phyllodes, about stage 25; lateral view total length 36.3 mm, mouthpart width 4.4 mm.
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Figure 34. Larval Physalaemus cuvieri, stage 34; lateral view total length 23.3 mm, mouthpart width 1.8 mm.
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Figure 35. Advertisement call of Bufo crucifer. portion of call shown (all audiospectrograms were produced using the narrow [45
Hz] filter). Wave form 1,2 octave bandpass filtered at 1230 Hz: scale line 0.1 s. Voucher specimen USNM 243547, recorded 2

November 1983, about 19° C air temperature.
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Figure 36. Advertisement call of Bufo ictericus, pertion of call shown. Wave formscale line 0. 1 s. Voucher specimen USNM 243548
recorded 19:25 h, 4 November 1983, 17.5° air temperature.
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Figure 38. Advertisement call of Centrolenella uranoscopa. Four note call illustrated. Wave form of fourth note shown on
audiospectrogram; scale bar 0.1 s. Specimen recorded 23 November 1971, 15-15.5% air temperature.
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Figure 39, Advertisement call of Fritziana ohausi. Wave form of final note shown in audiospectrogram; wave form scale line 0.0}

s: signal highpass filtered at 500 He. Audiospectrogram unfiltered. Voucher specimen USNM 217716, recorded 19:25 hon 11
December 1976, 18.5° C air temperature,
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Figure 40. Advertisement call of Hyla albofrenata. Wave form of first call shown at left on audiospectrogram, scale line 0.1 s.
Voucher specimen USNM 208736, recorded 7 December 1976, 21.8° C air temperature.
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Figure 41. One type of advertisement call of Hyla albopunctata. Lower wave torm showing entire call, scale line (.1 s. Upper
waveform showing beginning of call, scale line 0.01 s. Specimen not captured. recorded 6 November 1983, air temperature 17-
18°C.
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Figure 42. Second type of advertisement call of Hyla albopunciara. Wave form showing entire call, scale line 0.1 s. Specimen not
captured, recorded 6 November 1983, air temperature 17-18° C.
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Figure 43. Adventisement call of Hyia astartea. Lower wave form showing entire call scale line 0.1 s. Upper wave form showing
final note group. scale line 0.01 s. Voucher specimen USNM 243565 recorded 8 November 1983, 16.6° C air temperature.
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Figure 44. Advertisement call of Hvla faber. Wave form of a call from same indicidual, but not same calls as shown on
audiospectrogram, scale line 0.1 s. Voucher specimen USNM 243567 recorded 21:20 h on 5 November 1983, 17-18° C air
temperature.
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Figure 45. Advertisment call of Hyla hylax. Upper wave form showing portion of call recorded from USNM 243470, 19:58 h, 4
November 1983, air temperature 17.5° C, scale line 0.01 s. Lower waveform showing entire call, same call and time scale as
audiospectrogram, specimen not captured. recorded 9 November 1983, air temperature 19° C.
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Figure 46. Advertisement call of Hyla leucopygia. Wave form of note shown in audiospectrogram, scale line 0.1 s. Voucher
specimen USNM 208742 recorded about 20:00 h, 3 December 1976, air temperature 18.6° C.
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Figure 47. Advertisement calls of Hyla microps. Scale lines (.01 s for both wave forms. Upper wave form of portion of call shown
in audiospectrogram A, voucher specimen USNM 243574, recorded 20:12 h, 8 November 1983, 18° C air temperature. Lower wave
form of portion of call shown in audiospectrogram B. voucher specimen USNM 243573, recorded 19:45 h. 8 November 1983, 18"
C air temperature.
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Figure 48. Advertisement call of Hyla minuta. Wave form scale line 0.01 s, signal highpass filtered at 1000 Hz. Audiospectrogram

of unfiltered signal. Voucher specimen USNM 243591, recorded 22:21 h, 9 November 1983, 18° C air temperature. Note that the
call often includes secondary notes (not figured).
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Figure 49. Type 1 advertisement call of Hyla multilineara. Wave form of first note shown in audiospectrogram; wave form scale
line 0.01 s; signal highpass filtered at 500 Hz. Voucher specimen not captured, recorded 11 November 1971, 15°C air temperature.
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Figure 50. Type 2 advertisement call of Hyla multilineata. Upper wave form of 6 middle notes in second portion of call shown on
audiospectrogram; lower wave form of initial note on audiospectrogram; signal highpass filtered at 500 Hz; scale line 0.01 s.
Voucher specimen not captured, recorded 15 March 1963, temperature not recorded.
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Figure 51. Advertisement cail of Hyla pardalis in a chorus of Pavsalaemus cuviers Wave form scale line 0.1 s. Voucher specimen
USNM 243593 recorded 19:50 h, 3 November 1983, 19-20° C air temperaiure,

KILOHERTZ

SECONDS

Figure 52. Adventisement call of Hyla poivtaenia. Upper and lower wave form scale line 0.01 s, both signals highpass filtered at
2200 Hz; upper wave form of harsh call, lower of a trill note; wave forms of recording from voucher specimen USNM 208874, 12
December 1976, 17° C air temperature. Audiospectrogram of harsh note followed by trilled notes followed by harsh notes. recorded
from specimen USNM 243618, 21:45 h, 3 November 1983, 19-20° air temperature.
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Figure 53. Advertisement call of Olofvgon crospedospila. Wave form showing all but last portion of final note of call. scale line
0.01 s. Voucher specimen USNM 243623 recorded 20:06 h, 3 November 1983, 19-20" C air temperature.
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Figure 54. Advertisement calls of Olofygon hayii. Upper wave form showing initial portion of advertisement call (audiospectro-
gram A). Lower waveform showing first double noted occasional call (audiospectrogram B). Upper and lower wave form scale line

0.01 s. Audiospectrograms: A, advertisement call: B, occasional call. Voucher specimen USNM 243654 recorded 10 November
1983, 19:45 h, 19-20° C air temperature.
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Figure 55. Advertisement call of Ololygon perpusiila. Lower wave form signal highpass filtered at 1000 Hz, scale line 0.1 s. Upper

wave form of last note shown on audiospectrogram. Audiospectrogram unfiltered. Voucher specimen USNM 209058 recorded
21:30 h, 3 December 1976. 18° C air temperature.
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Figure 56. Advertisement calls of Sphaenorhynchus orophilus. In audiospectrogram, less common type precedes more commonly
heard call type. Lower wave form of less common call on audiospectrogram, upper wave form of first note of more common call
on audiospectrogram, scale line 0.01 s. All analyses figured bandstop filtered at 3% at 1300 Hz to remove strong frequency band
of other frog species. Voucher specimen USNM 243668, recorded 21:15 h, 5 November 1983, 17-18° C air temperature.
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Figure 57. Advertisement call of Adenomera marmorata. Wave form of second call shown on audiospectrogram; signal high pass

filtered at 1000 Hz; scale line 0.01 s. Audiospectrogram unfiltered. Recorded 12 December 1976, air temperature 18°C. Specimen
not captured.
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Figure 58. Advertisement call of Cycloramphus boraceiensis. Wave form signal highpass filtered at 500 Hz, scaie line 0,01 s,
Audiospectrogram unfiltered. Voucher specimen USNM 217937, recorded 15 December 1976, 19° C air temperature
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Figure 59. Advertisement call of Cycloramphus semipalmatus. Wave form signal highpass filtered at 100 Hz, scale line 0.01 s.
Voucher specimen USNM 217923, recorded 7 December 1976, 21.80 C air temperature.
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Figure 60. Advertisement call of Eleutherodactylus guentheri. Upper and lower wave form scale line 0.01 s; upper wave form
showing three two-pulsed notes; lower wave form showing 3 single-pulsed notes of audiospectrogram call. Calling individual not
captured, recorded at about 19:20 h, December 1984, air temperature 19.2° C.
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Figure 61. Advertisement call of Eleutherodactytus parvus. Wave form of portion of call shown in audiospectrogram, scale line
0.1 s. Specimen not captured, recorded at 20:47 h, 10 November 1983, air temperature 19.2¢ C.
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Figure 62. Advertisement call of Eleutherodactylus randorum. Wave form of a note highpass fiitered at 3000 Hz. scale line 0.01
s. Voucher specimen MZUSP 59936, recorded 2 November 1983, about 19° C air temperature.
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Figure 63. Advertisement call of Hylodes phytlodes
59934, recorded 15:30 h, 6 December 1976.
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. Wave form showing one note, scale line 0.0 s. Voucher specimen MZUSP

Figure 64. Advertisement call of Leproda
November 1983, 20-21° C air temperature.

SECONDS

vlus fuscus. Voucher specimen USNM 243685, recorded in laboratory at 19:15h on 6
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Figure 65. Advertisement call of Physalaemus cuvieri. Wave form scale line 0.1 s. Voucher specimen USNM 243710, recorded
6 November 1983, 19:50 h, 18.4° C air temperature.
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Figure 66. Advertisement call of Physalacmus franciscae. Wave form showing portion of call on left of audiospectrogram, scale

line 0.01 s. Voucher specimen MZUSP 59935, rekord.:d % December 1976. 21.5- C air temperature.
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Figure 67. Advertisement call of Physalaemus maculiventris. Wave form scale line 0.01 s. Voucher specimen USNM 209262,
recorded 8 December 1976. 21.5° C air temperature.
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Figure 68. Advertisement call of Pirysalaemus olfersi. Wave form showing portion of call, scale line 0.01 s. Audiospectrogram of
end of call. Call recorded 9 November 1971, 20.0° C air temperature, specimen not captured.
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Figure 69. Advertisement call of Proceratophrys boiei. Wave form showing portion of call displayed below on audiospectrogram,
scale line 0.1 s. Both displays of signals filtered by bandpass of 200-1250 Hz. Voucher specimen MZUSP 60670. Recorded 21:00
h, 4 December 1984, air temperature 19.4° C.
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Figure 70. Advertisement call of Thoropa miliaris. Voucher specimen USNM 209326, recorded 15 December 1976, 19° C air
temperature.
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Figure 71. Representation of Boracéia species with adequate distributional data at other selected localities. CCP = Cubatdo-
Caminho do Mar-Paranapiacaba region, Espirito Santo and Santa Catarina = records for the respective states,
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Figure 72, Representation of Boracéia species that characteristicatly occur in forests at other selected localities. CCP = Cubatéo-
Caminho do Mar-Paranapiacaba region, Espirito Santo and Santa Catarina = records for the respective states. Stippling connects
localities within the Atlantic Forest Morphoclimatic Domain.
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Figure 73. Representation of Boracéia species that characteristically occur in open formations at other selected localities. CCP =
Cubatdo-Caminho do Mar-Paranapiacaba region. Espinto Santo and Santa Catarina = records for the respective states.
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Figure 74. Number of individuals per species, ranked from most common in collections to most rare in collections. Dots = Boracéia

data, circles = Santa Cecilia data.
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Figure 75. Snout-vent length distributions for all Boracéia adult frogs (total) and adult guilds represented by 5 or more species, A
= ground level, sit-and-wait, diurnal predator guild; B = seep or streamside, sit-and-wait, diurnal predator guild: C = ground level,
sit-and-wait, nocturnal predator guild; D = understory Jevel, sit-and-wait, nocturnal predator guild. D-1 = forest species of the
understory level, sit-and-wait, nocturnal predator guild, D-2 = open fortnation species of the understory level. sit-and-wait,
nocturnal predator guild; E = canopy level. sit-and-wait, nocturnal predator guild.
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Figure 76. Log-log plot of mean carrier frequency versus snout-vent length for frogs of Boracéia for which calls were analyzed.
Dots = hylids, circles = centrolenids, squares = leptodactylids, triangles = bufonids; M = Hyla polytaenia. H = Hylodes phyllodes,
E = Eleutherodacrylus species, P = Physalaemus species.
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Figure 77. Ventral view of diagrammatic frog showing some terms used in text. Chest region indicated by stippling.
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Figure 78. Dorsal outline of diagrammatic frog showing some terms used in text. SVL = snout-vent length.
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Figure 80. Snout profile standards as used in text.
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Figure 81. Diagrammatic figure of larval mouthparts showing some terms used in text.
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Figure 82, Diagrammatic figure of ventral view of left foot showing some terms as used in text. Toes numbered by Roman
numerals, The webbing formula shown is I 1-2 11 1-2 1/2 I 1 1/2-3* IV 3-1 V.
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