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descriptions for species in the genus

Gustavo Colaco*; Marcelo Batista"?; Gabriel Limp"* & Hélio Ricardo da Silva'*

' Universidade Federal Rural do Rio de Janeiro (UFRRJ), Instituto de Ciéncias Bioldgicas e da Sadde (ICBS),
Departamento de Biologia Animal. Seropédica, RJ, Brasil.

2 ORCID: http://orcid.org/0000-0001-9861-1472. E-mail: gustavcolaco@gmail.com (corresponding author)

3 ORCID: http://orcid.org/0000-0001-7970-1931. E-mail: marcelokcsb@gmail.com

* ORCID: http://orcid.org/0000-0002-5872-8833. E-mail: gabriellimp@hotmail.com

> ORCID: http://orcid.org/0000-0002-1819-8110. E-mail: heliorsilva@gmail.com

Abstract. A literature survey for the external morphology of tadpoles for species in the genus (ycloramphus Tschudi, 1838,
which is mainly represented by larval descriptions, resulted in finding some inconsistent character descriptions. In a few
cases, some of the information is either not presented or mistakenly reported; in some cases, the illustrations provided
the information not present in the descriptions. Here in we use a sample of tadpoles of an insular population identified as
(ycloramphus boraceiensis, present a description for it, compare it to the original larval description for this species, and using
it as a model, present a comparative review of the other larval descriptions for Cycloramphus tadpoles. We evaluate that most
of the mistakes we found in the literature are associated to the unique morphology of these semiterrestrial larvae and some
of their seemingly adaptation to their microhabitats, which for the majority of the known species is a film of water running
associated to or near streams.

Keywords. Larvae; Literature-review; Flattened-Waterfall-Frog; Semiterrestrial; Terminology.

INTRODUCTION

Twenty-eight species are currently recog-
nized for the genus Cycloramphus Tschudi, 1838.
They are all endemic to the Atlantic Forest, on
the eastern coast of Brazil (Verdade & Rodrigues,
2003; Weber et al., 2011; Frost, 2020), with species
recorded from the State of Bahia to Rio Grande
do Sul (Heyer, 1983a; Haddad & Sazima, 1989;
Lingnau et al, 2008). Based on aspects of their
natural history, reproduction, adult and tadpole
morphology, Heyer (1983a) grouped these spe-
cies into five phenetic groups, as follows: C. bolito-
glossus, C. eleutherodactylus, C. fuliginosus, C. gran-
ulosus and C. ohausi groups. Additionally, using
data for natural history (microhabitat of egg lay-
ing), reproductive and developmental biology of
a few species, the genus has been alternatively ar-
ranged into two groups, as suggested by Verdade
(2005), and followed in more recent publications
(e.g., Lima et al, 2010; Nunes-de-Almeida et al.,
2016; Verdade et al., 2019). These two groups were
designed to contain the species with exotrophic
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separated from those with endotrophic tadpoles.
By the time of this suggestion, the basic infor-
mation for that was derived from publications
by B. Lutz (1947, 1948), Heyer & Crombie (1979),
Heyer (19834, b). More recently, this arrangement
was followed, with due consideration for its ten-
tative nature, by Brasileiro et al. (2007) when de-
scribing C. faustoi as indicated by the sentence,
“tadpoles which are apparently endotrophic and
hatch in advanced phases”.

Species with exotrophic larvae deposit their
eggs on the inclined surface of rocks, which are
wetted by splashes from waterfalls, small rivers, or
by water trickling from soaked soil above the ex-
posed rock. In this group, tadpoles thrive on films
of water on the same rock faces where eggs are
deposited (Heyer, 1983a; Verdade et al., 2019). The
concept of a group of endotrophic larvae was de-
veloped based on data gathered for Cycloramphus
stejnegeri by Heyer & Crombie (1979). They report-
ed afemale, under a log near a stream, carrying 40
early stages larvae on its back (Gosner, 1960 stag-
es 30 and 31), with a large amount of yolk within

ISSN On-Line: 1807-0205
ISSN Printed: 0031-1049
ISNI: 0000-0004-0384-1825

(D)=



Pap. Avulsos Zool., 2021; v.61: €20216148
2M

them. Based on that, and morphological descriptions
and comparisons with Zachaenus parvulus tadpoles (see
Heyer & Crombie, 1979), they inferred a terrestrial mode
of development, an idea that was later followed and ex-
panded by Verdade & Rodrigues (2003), Verdade (2005),
and Brasileiro et al. (2007).

Most of the knowledge on larval morphology in the
genus was gathered for species with exotrophic tad-
poles, perhaps because they are easier to find, usually in
the same spots that the adults are found. For the 28 rec-
ognized species of Cycloramphus, only ten have tadpoles
known and described: C. bandeirensis Heyer (Verdade
etal, 2019), C. boraceiensis Heyer (Heyer, 1983a), C. brasil-
iensis (Steindachner) (Heyer, 1983a), C. fuliginosus Tschudi
(Heyer, 1983a), C. izecksohni Heyer (Heyer, 1983a), C. lith-
omimeticus Da Silva & Ouvernay (Da Silva & Ouvernay,
2012), C. lutzorum Heyer (Lima et al.,, 2010), C. rhyakon-
astes Heyer (Nunes-de-Almeida et al., 2016), C. stejneg-
eri (Noble) (Heyer & Crombie, 1979) and C. valae Heyer
(Heyer, 1983b).

Even with such a relatively small number of known
larvae, our investigations revealed that the morphologi-
cal descriptions for these larvae need to be amended by
the acquisition of more information. Therefore, we pro-
pose to re-evaluate the morphological descriptions of
Cycloramphus tadpoles based on illustrations presented
in the original descriptions, added to our observations
of additional specimens. We hope to call attention to the
need to standardize and improve the morphological de-
scriptions for these larvae, as has been already proposed
for some other tadpoles (e.g., Schulze et al, 2015; Haas
& Das, 2010). In part, the morphological misinterpreta-
tion we found may result from the unusual morpholo-
gy of these tadpoles when compared to more common,
pond-dwelling, Type IV larvae as presented by Orton
(1953) and Starrett (1973). We focused on reviewing the
larval morphology of C. boraceiensis, correcting and ex-
panding some of the data originally presented by Heyer
(1983a). This species has populations recorded along
the oceanic slopes of the Serra do Mar, between Rio de
Janeiro and S&o Paulo and on two continental islands,
one in the State of Sdo Paulo, and the other in the State
of Rio de Janeiro (Heyer, 1983a; Bittencourt-Silva & Silva,
2013; Rocha etal., 2018).

When Heyer (1983a) originally described the larvae
of this species, he had pointed out the occurrence of
populations of Cycloramphus boraceiensis from Boracéia
and llha de Sédo Sebastido, Sdo Paulo and from Paraty
and llha Grande, Angra dos Reis, Rio de Janeiro. However,
the tadpole description was based on a single specimen
(Fig. 1), at stage 42 from Boracéia, State of Sdo Paulo. Our
evaluation of Heyer's (1983a) description revealed prob-
lems ranging from the proper determination of the larval
stage to a few misinterpretations of morphology. Heyer
(1983a) identified the described tadpole (USNM 217933)
as Gosner stage 42, but in a subsequent paper the same
material is presented as [about] stage 40 (Heyer et al,
1990). In both works, however, the illustration of the
tadpole shows a tadpole on an earlier stage (the fore-
limbs have not yet emerged, and the mouth has not
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experienced the major reconfiguration indicative of the
stages 40 or 41). In addition, some important and more
recently described characters, which may be unique to
Cycloramphus tadpoles were either not reported (e.g.,
vent tube, spiracle, meniscus) nor presented with a prop-
er detailed information (e.g., abdominal flap). This situa-
tion compelled us to engage in this revision.

Herein, we present a redescription of the tadpole of
Cycloramphus boraceiensis based on semaphoront sam-
ples from Ilha Grande, Angra dos Reis, Rio de Janeiro. We
present new characters and reinterpret previously de-
scribed ones. Furthermore, we provide a comparison be-
tween the new data gathered and that of Heyer (1983a),
and data gathered from the literature for other tadpoles
of Cycloramphus. As a side note, it has been suggested
that Cycloramphus boraceiensis may represent a complex
of species, based on DNA sequences and cytogenetic
information for distinct populations from Sao Paulo and
one from Rio de Janeiro, (see Noleto et al,, 2011; de Sa
etal, 2019). We are aware that the described population
of Cycloramphus boraceiensis larvae is indeed away from
the species type locality. Nevertheless, this is not a prob-
lem, since our main purpose is to review morphological
characters used for tadpole description. If the analyzed
specimens are recognized in the future as a new species,
our efforts are not invalidated, and only a taxonomic sta-
tus update should be needed.

MATERIAL AND METHODS

The Cycloramphus boraceiensis tadpoles described
were collected in Cachoeira da Longa, Ilha Grande
(523°08'16.1", W44°18'33.3" datum WGS84), Angra
dos Reis, Rio de Janeiro. The sample was housed at the
Herpetological Collection of Laboratério de Histdria
Natural, Anatomia Comparada e Sistemdtica de Anfibios,
Universidade Federal Rural do Rio de Janeiro (RU-GIR 69).
Developmental stages of the tadpoles were determined
using Gosner (1960). Comparisons of external morphol-
ogy among our sample and other described tadpoles
were made based on literature (see table 2).

The external morphology was described based on
the study of nine tadpoles (at seven different stages).
The morphological terminology and measurements
follow Altig & McDiarmid (1999) and Altig (2007), the
measures are: Total Length (TL); Body Length (BL); Body
Maximum Height (BMH); Body Maximum Width (BMW);
Eye Diameter (ED); Eye-Nostril Distance (END); Eye-Snout
distance (ESD); Interorbital Distance (IOD); Intra-Nasal
Distance (IND); Tail Length (TAL); Tail Maximum Height
(TMH); Dorsal Fin Length (DFL); Ventral Fin Length (VFL);
Dorsal Fin Height (DFH); Ventral Fin Height (VFH); Dorsal
Fin-Body Distance (DFBD); Ventral Body-Fin Distance
(VFBD); Snout-Spiracle Distance (SSD); Oral Disc Width
(ODW). Other information about the cycloramphid tad-
pole morphology that we considered relevant was add-
ed based on recent Cycloramphus tadpoles’ descriptions.
The measurements were taken with a digital caliper, in
millimeters, with the precision of 0.01 mm and are listed
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Table 1. Measurements of the tadpoles of (ycloramphus boraceiensis (Columns). Each line represents a measured specimen and its Gosner (1960) stage, respectively.

Stage TL BL BMH BMW ED END ESD 10D IND TAL  TMH DFL VFL DFH VFH DFBD VFBD SSD  ODW
29 20.75  5.06 1.88 3.1 0.61 0.64 1.56 1.14 063 1549 133 7.61 8.01 0.33 0.39 7.78 8.1 2.88 177
29 1817 457 1.62 2.73 0.58 0.52 1.29 0.7 059 1389 118 1.3 6.4 0.21 0.27 74 7.19 261 1.61
30 2155 539 1.92 3.01 0.73 0.73 1.67 13 072 1619 119 8.93 8.8 0.3 0.34 7.37 1.72 33 2.1
31 22.82 5.8 204 297 0.68 0.74 1.78 137 08 1683 125 8.52 9.35 0.24 031 8.58 7.74 337 1.98
32 2544 633 2.06 3.65 0.72 0.88 1.81 1.22 078 1955 161 1048 1029 029 0.42 8.48 7.44 3.69 2.28
32 2341 595 214 3Mn 0.7 0.82 1.8 139 079 1726 139 9.36 9.93 0.28 0.36 7.85 7.44 3.54 2.08
34 2527 675 2.36 3.52 0.71 0.91 234 1.75 0.94 18 174 1149 1058 029 0.37 8 8.81 3.78 2.02
36 3295 7.8 233 3.87 0.95 1.06 249 1.85 1.04 254 1.95 148 1388 031 0.4 1085 114 435 2.49
44 31.84 777 3.39 3.74 1.1 0.95 137 2.52 082 2385 198 15 1242 023 0.36 998  11.26 — —

Total Length (TL); Body Length (BL); Body Maximum Height (BMH); Body Maximum Width (BMW); Eye Diameter (ED); Eye-Nostril Distance (END); Eye-Snout distance (ESD); Interorbital Distance (I0D); Intra-

Nasal Distance (IND); Tail Length (TAL); Tail Maximum Height (TMH); Dorsal Fin Length (DFL); Ventral Fin Length (VFL); Dorsal Fin Height (DFH); Ventral Fin Height (VFH); Dorsal Fin-Body Distance (DFBD);
Ventral Body-Fin Distance (VFBD); Snout-Spiracle Distance (SSD); Oral Disc Width (ODW).

in Table 1. The description presented is based on a tad-
pole at stage 36, however all perceived variation is also
considered. For the illustrations, a specimen at stage 36
was photographed in a stereomicroscopic Leica M205C
equipped with multiple focus imaging software Leica
Application Suite.

Because only one species of Cycloramphus is attribut-
ed to Ilha Grande, and the tadpoles were collected at the

same spot where we observed calling adults and recent
metamorphosed, we tentatively (see justification above)
assumed these larvae to be semaphoronts of C. boracei-
ensis (RU 9593, RU 9594, RU 9687, RU 9688). In addition,
the similarity to the information presented by Heyer
(1983a) and Heyer et al. (1990) supports our decisions.
Our identification was also supported by comparison
of our sample to a single specimen assigned to C. bo-

spiracle

I mm

Figure 1. The tadpole of (ycloramphus boraceiensis (USNM 217933), from Estacao Bioldgica de Boracéia, Sao Paulo, Brazil. (A) lllustration of the lateral view as orig-
inally appeared in Heyer’s (1983a) original description, (B) and (C) ventral view and (D) dorsal view of the photographed specimen used in the original description
and lllustration presented in A. We highlighted the P3 row, which is made up by smaller keratodonts than the other rows, the spiracle, meniscus, and the bulge on
the gill region, that together with the degree of development of the feet are indicative of a tadpole Stage 41 (Gosner, 1960).
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raceiensis from State of Sdo Paulo (CFBH 36944). Adult
identification was based on the original description, on
a key presented by Heyer (1983a), and comparison to
specimens from Ubatuba, Sdo Paulo (RU 9624, RU 9625,
RU 9626, RU 9627).

RESULTS
The tadpole of Cycloramphus boraceiensis
External Morphology

The tadpole (Fig. 2; Stage 36) is elongated, the body is
depressed, in lateral view, head and body elliptic in dor-
sal view, longer than wide. The abdominal region (head
not included) is emarginated by a continuous flat fold of
skin that forms the abdominal flap; its larger projection
extending from the posterior half of the body, extending
backward from the spiracle, laterally, covering partially
(or entirely, depending on the stage) the hind limb buds
and the vent tube, showing a shallow bilobed posterior
margin. The vent tube is medial, short, conical and fused
ventrally to the abdominal flap. Eyes dorsal and orient-
ed dorsolaterally, approximately 10-14% of body length,
bearing a distinct meniscus on upper iris. Snout round-
ed, nostrils oriented dorsolaterally, small, rounded and
positioned about half the distance eye-snout. Spiracle
single, sinistral, opening directly on the body wall, with-
out an external tube, aperture nearly circular, oriented
posteriorly in lateral view and posterolaterally in ventral
view. Intestine coiled, the center of which is away from
the center of the body to the left side. Oral disc ventral,
not emarginated, almost as large as the head anteriorly;
anterior gap in papillae occupy almost the entire anteri-
or margin of lip, which may have no, one, or two notch-
es; marginal papillae in single row, lacking submarginal
papillae, lateral papillae larger than posterior papillae;
posterior papillae alternating each other. Labial Tooth
Row Formula (LTRF) is 2(2)/3(1), keratodonts on P3 no-
ticeably smaller than those in the other rows; jaw sheaths
chisel-shaped, laterally compressed, with serrate mar-
gins; upper jaw sheath projecting over lower sheath, fit-
ting into rounded gap in mid A2 when mouth is opened.
Lateral lines not visible. Tail long, muscular, about 3 of
total length, height anteriorly similar to body, myomeres
evident; tail fins low, comprising about posterior half of
the tail length. On the muscular tail, dorsally, where fins
are absent, a thin gutter is observed where myomeres
from both sides meet.

In life, body is dark brown dorsally, and pale brown
laterally, with bright white and green iridophores scat-
tered through the body dorsal and laterally. Color pat-
tern on tail is similar, but with bright pale beige scattered
ocelli-like spots. Ventrally, the body and tail are unpig-
mented and translucent, such that the developing robust
abdominal muscles (M. rectus abdominis), intestines and
front limbs are visible. In preservative (5% formaldehyde
after initial fixation in 10% solution), after a few months,
iridophores are not evident and overall beige coloration
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on body is paler, however the pattern of spots remains
similar to that in life.

Few external characters showed ontogenetic chang-
es in our sample. In tadpoles at stage 29, the meniscus is
already present, but only after stage 34 it covers the lens
(Fig. 2G). In our unique metamorphic semaphoront, at
stage 44, the meniscus presents its largest size, covering
a significant part of lens, the vent tube is not present any-
more, and the abdominal flap is reduced to two lateral
folds of skin on the inguinal region. Besides, at this stage,
a long tail, with fins still present, membranes are present
between the toes, in a pattern similar to that of adults,
and the dorsal color pattern is already similar to that of
adult specimens.

Larval Biology and Natural History

The larvae of Cycloramphus boraceiensis are con-
sidered semiterrestrial (sensu Altig & Johnston, 1989;
McDiarmid & Altig, 1999) inhabiting inclined or almost
vertical rock-outcrops near streams and small waterfalls
(Fig. 3A, B). This microhabitat is permanently wet and
covered by a thin film of flowing water that spills from
the river itself or is maintained by splashes from a water-
fall in areas shaded by the forest canopy. Tadpoles move
about in this habitat by crawling and wiggling their bod-
ies and tails, remaining almost entirely covered by the
running film of water, but with the eyes above the water.
Although speculative, it seems that the tadpoles adhere
to the rock surfaces by taking advantage of superficial
water tension (Fig. 3C), and that is somehow improved
by the expanded abdominal flap. Also, it appears they
use the mouthparts to adhere to the rock surface (one
can feel their bites when tadpoles are placed on the
palm of their hands). Based on non-quantified informa-
tion, the tadpoles were seen feeding and moving more
actively during the day than at night, at the same areas
where adults are seen calling at night. No more than
three tadpoles were observed together on the same spot
on a rock. The general color pattern is cryptic with the
rock substrate.

Analysis of the tadpole of Cycloramphus boraceiensis
originally used by Heyer (1983a)

Heyer (1983a) wused the single specimen
(USNM 217933) to describe the tadpole of Cycloramphus
boraceiensis. We obtained digital photos of this speci-
men that were sent to us by the collection manager of
the Smithsonian Institution. Overall, the specimen is
in a poor state of preservation, and this did not permit
observing most of the features one can get from fresh-
ly preserved specimens. However, from the images, we
were able to infer that it is a tadpole at stage 41 (Fig. 1),
as evidenced by the observation of toes with developed
tubercles and interdigital membrane, and the elbows
thrusting against the lateral skin of the gill chamber wall
in dorsal and ventral views. A meniscus is present on the
dorsal margin of the iris, a sinistral spiracular aperture is
present, and fins are only present at about the posteri-
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0.5 mm

Figure 2. External morphological features of a tadpole of (ycloramphus boraceiensis Stage 36 (Gosner, 1960). (A) Dorsal view, (B) Lateral view, (C) Ventral view,
(D) close up of oral disc and jaw sheaths; note the smaller size of keratodonts on P3 row, (E) close up of midbody showing spiracle opening and lateral view of the
flap, (F) close up of the posterior portion of the body showing the position of the vent opening (the brownish coloration s fecal matter) and the extension of the flap,
(G) close up of left side of the head.
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or-half of the tail. The oral disc and the papillae are poorly
preserved, but a chisel-shaped jaw sheaths and series of
keratodonts rows missing several elements are still pre-
served. Although the abdominal flap is present, it is not
easy to observe it from the photos.

Comparison with Larvae of Other
Species of Cycloramphus

The descriptions of the tadpoles for different species
of Cycloramphus indicate that they are morphologically
similar, yet little information about phenotypic and on-
togenetic variation is available, making it difficult to use
their morphology for species diagnoses (Lima et al., 2010;
Nunes-de-Almeida et al, 2016; Verdade et al, 2019). A
summary comparing morphological traits for all known
larvae is presented in Table 2. Tadpoles of C. boraceiensis
differ from C. brasiliensis and C. lithomimeticus by hav-
ing a shallow bilobed abdominal flap; the flap is deeply

Colago, G. et al.: Tadpole of Cycloramphus species and their descriptions

bilobed in the latter two. The absence of gap on P1 in
C.fuliginosus, C. lutzorum and C. rhyakonastes distinguish-
es these three tadpoles from C. boraceiensis. The tadpole
of C. izecksoni differs by the relative position of the nares,
which are closer to eyes. In C. bandeirensis the nares are
instead closer to snout. Cycloramphus boraceiensis differs
from C. valae by its eye diameter, which is proportional-
ly (relative to body length) larger than in C. boraceiensis
(although we did not take into consideration stages of
development). Lastly, C. stejnegeri has the most distinc-
tive tadpole from C. boraceiensis. Tadpoles of C. stejnegeri
have a reduced and bilobed abdominal flap, in addition
to differences in larval mouthparts (papillae and kerat-
odonts); LTRF 2(1,2)/2(1) and the spiracle is absent (but
see discussion). We refrain from using morphometrics
for diagnostic comparisons because, properly done, this
would require data from across developmental stages to
estimate comparative allometric curves, and collecting
such data was not possible due to the small sample size.

Figure 3. Aspect of the river on the beach of Longa, at Ilha Grande, Angra dos Reis, Rio de Janeiro. (A) An overview of the macrohabitat, (B) detail of the mesohabitat,
and (C) close up of microhabitat were tadpoles of (ycloramphus boraceiensis are found.
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Table 2. Reviewed and modified version of the Table first presented by Lima et al. (2010) compiling the main characters for external morphology of tadpoles of
species in the genus (ycloramphus. Data took from original descriptions, except for C. boraceiensis from Heyer et al,, (1990) and C. stejnegeri from Heyer, (1983a).

speces  suge O kot ofwares _ Fap el LT Source
C. boraceiensis 29-44  18.17-32.95 21-26 10-14 half ESD SBor not posterior half 2(2)3(1) Present study
C. boraceiensis* 4 27.2 23 18 — — — 213 Heyer, 1983a
C. boraceiensis** 4 26.5 — 14 — — posterior half 203 Heyer et al,, 1990
C. bandeirensis 26-42 11.5-24.7 20-28 13-21 closer to snout  not visible/SB  along tail, posterior 2(2)/2(1) 2(2)73(1) Verdade et al,, 2019

half, posterior third ~ 2(2)/3(1,3) 2(2)/3(1,2,3)

C. brasiliensis 4 37.5 25 17 — Bilobed posterior half 2/3(1) Heyer, 1983a
C. fuliginosus 41 835 19 12 — — posterior half 23 Heyer, 1983a
(. izecksohni 41 32 23-28 13 — SB or not posterior half 23 Heyer, 1983a
C. lithomimeticus ~ 30-37  19.6-24.3 25-31 16 — Bilobed posterior half 2(2)/3(1) Da Silva & Ouvernay, 2012
C. lutzorum 36-43 26.2-26.9 23-31 15-20 half ESD SB or not posterior half 20)3 Limaetal, 2010
(. thyakonastes*** 25 224 24 15 half ESD SB or not posterior half 23 Nunes-de-Almeida et al, 2016
(. stejnegeri 30-31 25.2 30 — — Bilobed along tail 2(1,2)/2(1) Heyer & Crombie, 1979/Heyer, 1983a
(. valae 36 293 24-29 16-19 — SB posterior half 2(2)3(1) Heyer, 1983b

TL=Total length; BL =Body length; SB = Shallowly Bilobate; ESD = Eye Snout Distance. * Classified originally as stage 42. ** Classified originally as about stage 40. *** lllustration shows a tadpole at stage 31.

Morphological misinterpretation and
Improper Use of Terminology Associated to
Tadpoles of Species of Cycloramphus

Our survey of the literature resulted in the identifica-
tion of a series of morphological misinterpretations asso-
ciated with the descriptions of tadpoles of Cycloramphus.
These may refer to errors in reporting observations or
not reporting features that are present in anuran larvae
in general and in Cycloramphus. We also found erroneous
use of anatomical terminology and inconsistencies in
stage determination. Some of these errors were replicat-
ed in follow-up publications and also include improper
citation of information presented in the original descrip-
tions. To facilitate the presentation of this material, we
organized it as presented below, by characters.

Terminology indicative of relative
position of body parts

It is not uncommon when describing fins, which are
shorter in tadpoles of species of Cycloramphus, to use
terminology that indicates the relative location of the
structure. Therefore, using “distal” for referring to the rel-
ative position of the fins, which is only at the tip of the
tail. The term “distal’, used to refer to the position of dor-
sal and ventral fins, appears in the description of C. ban-
deirensis (Verdade et al., 2019), C. lithomimeticus (Da Silva
& Ouvernay, 2012), C. lutzorum (Lima et al., 2010), C. rhya-
konastes (Nunes-de-Almeida et al., 2016), C. brasiliensis,
C. izecksoni, C. fuliginosus, C. stejnegeri (Heyer, 1983a) and
C. valae (Heyer, 1983b).

Abdominal flap

Heyer (1983a) used, for the same structure “shelf” or
“flap” apparently as synonyms. As previous authors (see
Lima et al, 2010; Nunes-de-Almeida et al., 2016; Verdade
et al., 2019) we prefer to standardize the name of this
skin fold that contours the abdomen and extends over
the vent tube, part of the tail, and limb bud, as an “ab-

dominal flap.” This structure seems to occur in tadpole of
all species cycloramphids (see Bokermann, 1965, Heyer,
1983a, b; Verdade et al,, 2019). The abdominal flap was
not mentioned by Nunes-de-Almeida et al. (2016) for
C. brasiliensis in his comparative table. Lima et al. (2010)
do not mention the flap for C. fuliginosus; the structure is
not considered in these works, although it was reported
by Heyer (1983a) in the original description of the tad-
poles for C. boraceiensis. In addition, Nunes-de-Almeida
et al. (2016) referred to the abdominal flap of C. fuligino-
sus tadpoles as “shallowly bilobed or not’, referring to
Heyer (1983a) as the source of this information, although
no such information is present in that work.

General Body and head shape

When describing body plus head shape for species of
Cycloramphus several authors used the term “depressed”
(Heyer, 1983a, b; Lima et al, 2010; Nunes-de-Almeida
etal, 2016, Verdade et al,, 2019), “very depressed” (Lima
et al, 2010) or “compressed dorsoventrally” (Da Silva &
Ouvernay, 2012) but we opted for (and recommend) the
use “depressed” (sensu Altig 2007; see discussion). About
the body shape in lateral view, Lima et al. (2010) missed
to complete their Table with information on body shape
in lateral view for C. izecksohni and C. valae, although
Heyer (1983a, b) has described it as “depressed”. Similarly,
in their comparative section, Nunes-de-Almeida et al.
(2016) missed to report the body shape for C. lithomime-
ticus, which appears in the original description as “com-
pressed dorsoventrally” (Da Silva & Ouvernay, 2012).

Spiracle

The description of spiracle is particularly problematic
when dealing with tadpoles of species of Cycloramphus.
Some authors refer to the spiracle as “not visible” as
to C. boraceiensis (Heyer, 1983a), C. stejnegeri (Heyer &
Crombie, 1979; Heyer, 1983a), and C. valae (Heyer, 1983b).
Subsequently, for C. boraceiensis (Heyer et al.,, 1990), the
opening is described only as “present” and for C. lithomi-
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meticus (Da Silva & Ouvernay, 2012) as “single sinistral”. For
C. valae, C. lutzorum, C. boraceiensis, Lima et al. (2010) re-
ferred to it only as “small”and for C. izecksohni (Lima et al.,
2010) as “very small”. In some descriptions, in addition
to referring to the size of the opening, the location has
been described - e.g., “tiny and sinistral” for C. bandeiren-
sis (Verdade et al, 2019), or “very small and sinistral” for
C. izecksoni, C. fuliginosus, and C. brasiliensis (Heyer, 1983a).

Another problem appears in the work presented by
Nunes-de-Almeida et al. (2016). When referring to previ-
ous work that described the tadpoles of C. boraceiensis,
C. izecksohni and C. valae the authors failed to report the
spiracle. In this case, the work was referring to the revi-
sion of Lima et al. (2010) that was based on direct obser-
vation of specimens where the spiracle is reported. When
dealing with information for the spiracle of C. lithomime-
ticus as described by Da Silva & Ouvernay (2012), they
mistakenly reported spiracle as absent for that species.
Finally, as previously reported by Verdade et al. (2019),
for C. lutzorum Nunes-de-Almeida et al. (2016) referred
to the spiracle as “dual lateral”’, wrongly indicating that
in this species the tadpoles have two spiracles, a condi-
tion not reported in the original description (Lima et al.,
2010). In addition, Lima et al. (2010) presented a compar-
ative table with two tadpoles, one at stage 36 and the
other at 43. At stage 43, the front limbs have already
emerged from the branchial chambers, and a spiracle is
not present anymore.

Nostril position

The relative position of the nostril opening, an im-
portant diagnostic character (Altig, 2007), has not always
been reported. However, Lima et al. (2010) and Nunes-
de-Almeida et al. (2016) presented this information
for C. valae and C. brasiliensis, although this data is not
available in original descriptions (Heyer 1983a, b) and
they do not indicate having examined voucher speci-
mens. Again, Verdade et al. (2019) when referring to the
tadpoles of C. boraceiensis, C. brasiliensis and C. izeck-
sohni seems to misrepresent the original data reported
by Heyer (1983a), as indicted anteriorly, we believe that
this data was gathered from drawings of these tadpoles
in the original description. We call attention to that even
though it is not clear if the authors used only the data
from the literature, or also included observations from
vouchers. Besides, when Verdade et al. (2019) referred
to the tadpoles C. boraceiensis, C. brasiliensis and C. fulig-
inosus in Table 2 (page 167), they reference Heyer et al.
(1990); however, from this list, only C. boraceiensis was
mentioned in that paper; in addition, the citation of the
tadpoles C. izecksohni as described in Heyer (1983b), is
also a mistake. This tadpole was described as C. duseni
by Heyer (1983a), and posteriorly consider a synonym of
C. izecksohni by Heyer (1983b).

Vent tube

The vent tube is another structure that generates
confusion when published descriptions of Cycloramphus
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tadpoles are considered. This structure was described as
“not visible” for C. boraceiensis (Heyer, 1983a; Lima et al,
2010), C. brasiliensis, (Heyer, 1983a), and C. rhyakonastes
(Nunes-de-Almeida et al., 2016). It was described as “me-
dian”for C. bandeirensis (Verdade et al,, 2019), C. fuligino-
sus, C. izecksohni, C. lutzorum, C. izecksohni, and C. valae
(Heyer, 19833, b; Lima et al., 2010), C. stejnegeri (Heyer &
Crombie, 1979; Heyer, 1983a), and finally, as “absent” for
C. boraceiensis (Heyer et al., 1990). In their summary data
tables, Nunes-de-Almeida et al. (2016) missed to present
information on vent tubes for C. valae and C. izecksohni,
which were reported by Lima et al. (2010).

Meniscus

The meniscus on the upper iris of Cycloramphus was
first reported by Miranda-Ribeiro (1920) for adult in-
dividuals of C. dubius and C. semipalmatus (then in the
genus lliodiscus). Heyer (1983a) suggested this character
as synapomorphy for Cycloramphus present in adults,
and Verdade (2005, unpublished data) recognized as a
synapomorphy for a clade that includes Cycloramphus
+ Zachaenus. Recently, the presence of meniscus in
the tadpoles was recognized as a synapomorphy for
Cycloramphidae (Colago et al, 2020). However, proba-
bly due to ontogenetic peculiarities, the presence of this
structure is rarely reported and appears only in the de-
scription of the larvae of C. bandeirensis (Verdade et al.,
2019), C. lithomimeticus (Da Silva & Ouvernay, 2012), and
C. lutzorum (Lima et al., 2010).

Stage determination

In a similar way to the determining the proper de-
velopmental staging in the original paper describing
the tadpole of C. boraceiensis (Heyer, 1983a), as already
noticed by Verdade et al. (2019), Nunes-de-Almeida et al.
(2016) reported that they used two tadpoles at stage 25
for description of tadpole of C. rhyakonastes, but the tad-
pole illustrated by them (Nunes-de-Almeida et al.,, 2016:
figs. 2, 3) shows a tadpole at stage 31.

Row of keratodonts P3

Every published illustration of the mouthparts
Cycloramphus tadpoles shows the posteriormost row of
keratodonts (P3) as having individual keratodonts nota-
bly smaller than those in the other rows, yet only Da Silva
& Ouvernay (2012) called attention to this feature.

DISCUSSION

Externally, the tadpole of C. boraceiensis shares fea-
tures with all the exotrophic tadpoles known for the
species in the genus, and with other members of exo-
trophic Cycloramphidae (e.g., meniscus, abdominal flap,
compressed jaws sheaths, size, morphology, and posi-
tion of the spiracular opening, smaller keratodonts on
P3). Recognition of these features are scattered in the
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literature (Bokermann, 1965; Heyer, 19833, b; Wassersug
& Heyer, 1983; Lima et al, 2010; Da Silva & Ouvernay,
2012 Nunes-de-Almeida et al.,, 2016; Almeida-Silva et al.,
2019; Moura et al,, 2019; Verdade et al., 2019). The value
of some of these features for the systematics of the fam-
ily, observed in tadpoles, as the presence of meniscus on
the upper iris, has only recently been recognized (Colaco
et al, 2020). Further studies are still needed to identify
characters (or character states) unique to the tadpoles
of this genus. A similar concern was expressed by Lima
etal, 2010 (pages 367 and 369) when critically reviewing
features of the mouthparts of the tadpoles of C. boracei-
ensis. They noticed that only under proper magnification,
the features under investigation could be properly ob-
served and variation identified.

Our review of the literature on the morphology for cy-
cloramphid tadpoles, and our compilation of these data,
has revealed that aspects of the natural history and be-
havior of the tadpoles appear to be correlated with their
unique morphology. For example, the movement of the
tadpoles on the rock surfaces, using slow movements
of the tail while feeding, or using the tail for jumping, as
an escaping behavior (Bokermann, 1965; Wassersug &
Heyer, 1983; Altig & McDiarmid, 1999; Rocha et al.,, 2002;
Verdade et al., 2019). It has also been suggested that the
abdominal flap plays an important role in slow locomo-
tion while feeding and skimming over the rock and pos-
sibly represents an additional adaptation as suggested
by Wassersug & Heyer (1983) and Verdade et al. (2019).

Although it may be considered of minor implication
to morphology, we felt it is important to discuss the us-
age of the terminology indicative of relative position
that is used indiscriminately not only in the literature
describing tadpole morphology. In the fifth edition of
the classic Nomina Anatomica, on the initial pages (x),
there is a note on terminology terms indicating location
and directions of parts of the body, and in its list figures
Proximalis and Distalis (Kopsch, 1957). It is important to
notice that all references to the usage of this terminolo-
gy in the book refer to parts on the front and hindlimbs.
A similar position is maintained in recent textbooks on
vertebrate anatomy (e.g, Meyers, 2018: 28). In herpe-
tology, although in the more classic work (Noble, 1931),
this distinction is somewhat less precisely used, more
recently, Duellman & Trueb (1986) limit their usage to
limbs. When reviewing the usage for tadpole of species
of Cycloramphus, we noticed that distal is also used to re-
fer to fins position in the tail (Heyer, 1983a, b; Lima et al.,
2010; Da Silva & Ouvernay, 2012; Nunes-de-Almeida
etal, 2016; Verdade et al,, 2019), we suggest that in these
cases, the terms posterior and anterior, that are more ac-
curate, should be used instead.

The problem with the descriptions of the spiracle in
tadpoles of Cycloramphus species demands a short over-
view of the history of the study of this larval structure.
The subject morphological diversity of spiracles in tad-
poles and its importance to anuran evolution was first
stressed by Orton (1953). In aquatic species, water enters
through the mouth (partially with food; but we will not
consider feeding in this review), gas exchange occurs in
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the gills and water exits the system via a large opening,
similar to those in larval salamanders (Leiopelma), one
midbody central opening (Ascaphus, Alytes, Bombinag,
and Discoglossus); one opening associated to the vent
tube posteriorly (Microhylidae), two openings (Pipidae
and Rhinophrynidae) or by one small that may open on
the left or the right part of the body (most neobatra-
chians). Our studies on tadpoles of Cycloramphus litho-
mimeticus and Thoropa miliaris (Colaco & Silva, in prep)
indicates that in that species, an external tube is asso-
ciated to the spiracle never develops, and the tadpoles
only have a simple opening at the level of the lateral wall
of the body. In addition, the transparency of the skin may
render the opening hard to detect. Da Silva & Ouvernay
(2012) injected a pigmented solution on the tadpole’s
spiracular opening to check if the opening would flow
into the branchial chamber. We suggest injecting a color-
ful solution on the mouth opening and observing where
the liquid exits as a way to overcome this difficulty.

In the case of Cycloramphus stejnegeri (Heyer &
Crombie, 1979; Heyer, 1983a), the report that the spiracle
is absent, raises another possible interpretation. The spir-
aclemayactually be absentbecause of the stage of the de-
velopment of the larvae in the sample (stages 30 and 31).
Closure of the gill chamber may not be completed on the
examined tadpoles yet. Larger samples of this species
and of other species considered endotrophic, similar to
the larvae of the two species of Zachaenus (B. Lutz, 1944;
Almeida-Silva et al., 2019) are needed for further investi-
gations. In summary, all exotrophic tadpoles of species of
Cycloramphus must have one spiracle that does not form
an external tube, and researchers must strive further to
properly observe this structure.

Studies including the morphology of the vent tube,
usually consider the positioning of the opening and/or its
relationship with the ventral fin (see Altig & McDiarmid,
1999 and Haas, 2003). Within cycloramphids although
the morphology of this structure is similar across the
taxa examined, it is highly distinctive from that of oth-
er tadpoles, and may represent a set of features unique
to Cycloramphidae. For most of the investigated species
of Cycloramphus, the vent tube is reported as “median’,
however, a few studies report it as “not visible” (Heyer,
1983a; Lima et al, 2010; Nunes-de-Almeida et al., 2016)
or “absent” (Heyer et al, 1990). Clearly, this all seems re-
lated to the presence, in cycloramphid tadpoles (see
Bokermann, 1965 and Heyer, 19833, b) of the abdominal
flap, which conceals the vent opening (as in Fig. 2F). To
observe the vent opening one has to lift the flap with a
pin. Another important characteristic of the vent tube in
Cycloramphus relates to its non-association with the ven-
tral fin, because in all species with described tadpoles
there is no fin at the level of the vent.

For describing the body shape in lateral view, authors
usually use the terms “depressed” (or “very depressed”),
“compressed dorsoventrally” and “wider than deep’, we
opted (and recommend) as correct term for use “de-
pressed” (sensu Altig, 2007). In addition, regard the “de-
gree of flatness” (e.g., “very depressed”), without mor-
phometric data, this information seems irrelevant.
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Although we have no new data on the biology of
tadpoles for the species in the phenetic groups “C. bo-
litoglossus” and “C. eleutherodactylus’; we think it is nec-
essary to discuss the available evidence used to justify
the rationale for a group of endotrophic tadpoles as
suggested by Verdade (2005). Because, till the time we
wrote this report, the discussion is based on observa-
tions by Heyer & Crombie (1979), we will first examine
their statements related to the subject. Their observa-
tions are limited to a single observation presented as
follows: “On the morning of 10 December, the second
author found a female C. stejnegeri with 40 larvae on
her back under a 15 cm diameter log beside a stream.
[...]1 The larvae were very light in color, the yellow yolk
being the most striking feature. [...] The close similari-
ties of larval morphologies [they are comparing C. ste-
jnegeri to Zachaenus parvulus (Girard) as described by
B. Lutz, 1944] indicate that the larvae of C. stejnegeri
are terrestrial larvae, completing metamorphosis on
the nutrients from the large yolk stores.” It is clear from
these sentences that the authors never directly ob-
served the development of the tadpoles till metamor-
phosis. Similarly, Brasileiro et al. (2007) presented data
for C. faustoi Brasileiro, Haddad, Sawaya & Sazima and
inferred, based on the interpretation offered by Heyer
& Crombie (1979), that the larvae of that species would
also develop from the yolk only. Although not report-
ing the natural history of species in this group, a recent
work by Verdade et al. (2019) bears some importance
to this discussion. They describe the natural history of
C. bandeirensis, a species endemic to the open, high
grasslands of Parque Nacional do Caparad, southeastern
Brazil, at about 2,770 m elevation. This species deposits
eggs under rocks, and the eggs are almost twice as large
as the ones described for terrestrial breeder C. faustoi
(Brasileiro et al, 2007), and bigger than the reported
size for some other exotrophic species of family (see
Bokermann, 1965; Caramaschi & Sazima, 1984; Giaretta
& Facure, 2004). Therefore, egg size seems not be a reli-
able indirect indicator of developmental biology in this
genus. With that, we are not discarding their interpreta-
tion, but only calling attention to the need for additional
observation to confirm that those are indeed exotrophic
tadpoles.

We hope that this overview of the character descrip-
tion of tadpoles of Cycloramphus in particular, as well as
for Cycloramphidae in general, might serve as a starting
point for the standardization of descriptions of tadpoles
of unknown species in the future and also can call at-
tention to the diversity of morphological information
still unexplored in phylogenetic studies of the group, al-
though some of the tadpoles here presented were in the
literature as long as the beginning of the XX Century
(A. Lutz, 1928, 1929). We would also like to call attention
to the fact that although we indicated the misconcep-
tions of earlier studies, the efforts to construct summa-
ry comparative morphological tables (Lima et al, 2010;
Nunes-de-Almeida et al,, 2016; Verdade et al., 2019) are
paramount for the progress towards a more precise in-
terpretation of the data at hand.
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