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Abstract: Currently, amphibians are recognized as the most threatened vertebrate group worldwide. In this context,
studies that offer tools for amphibian conservation are strategic to reduce the threats to this group. The absence
of detailed descriptions and morphological variation of the anuran larval stage and the lack of identification tools
increase the difficulty of anuran larval stage identification by non-specialists. Here we present the morphological
characterization of tadpoles of 49 anuran species that occur in the Cerrado biome and transitional areas. Also,
we compared our characterization with available descriptions of the tadpole and provided comments about
the morphological variation found in our samples. Finally, we produced a taxonomic key as a tool for species
identification using the anuran larval stage.

Keywords: larval stage; morphology,; phenotypic plasticity,; taxonomy.

Caracterizacdo morfolégica e chave taxonémica para girinos do Cerrado Brasileiro

Resumo: Atualmente, os anfibios sdo considerados como o grupo de vertebrado mais ameagado no mundo. Nesse
contexto, estudos que disponibilizem ferramentas para ajudar nos esfor¢os de conservagao dos anfibios sdo estratégicos
para se reduzir as ameagas ao grupo. A falta de descrigdes detalhadas da variagdo morfologica das larvas de anuros
e a falta de ferramentas de identificagdo para este estagio de desenvolvimento dificultam a atribui¢do correta dos
taxons por ndo-especialistas. NOs apresentamos neste manuscrito a caracterizagdo morfologica das larvas de 49
espécies de anuros que ocorrem no Cerrado e areas de transigdo. Nos também comparamos nossa caracterizagao
com as descri¢des disponiveis de girinos e discutimos sobre a variagcao morfolégica encontrada entre os trabalhos e
nossa amostra. Por fim, também aapresentamos uma chave taxondmica para uma ferramenta para a identificagdo de

espécies de anuros utilizando o estagio larval.

Palavras-chave: fase larval; morfologia; plasticidade fenotipica, taxonomia.

Introduction

Amphibian populations are declining worldwide (Blaustein 2002),
with almost 41% of the known species at risk of extinction (Pimm et
al. 2014). Public agencies for environment management have proposed
conservation programs for several species in different countries in
an effort to revert the threatened status of amphibians (Mushet et al.
2012; see also the Brazilian Ministry of Environment resolutions n°®
25/2012 and n° 293/2018 for example of conservation action plans for
amphibians). However, the lack of basic information about species’
natural history or distribution adds an extra layer of difficulty to
planning conservation strategies (see a review in Brito 2010). For
example, the correct identification of specimens used in several types
of scientific research, from surveys to ecological experiments, is an
activity that has its importance underestimated (Bortolus 2008). Errors
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in species identification can have unpredictable consequences for
research outcomes, and the correct use of taxonomy is necessary for
the estimation of species richness (e.g., Gotelli 2004, Bortolus 2008,
Trindade-Filho et al. 2012, Melo et al. 2013, Rossa-Feres et al. 2015).

The negative effect of the knowledge gap in taxonomy for anuran
conservation is a concern for regions such as the Brazilian savannah,
due to the high rate of degradation and environmental modification,
associated with high levels of endemism and diversity of amphibians
(Myers et al. 2000, Bini et al. 2006, Trindade-Filho et al. 2012, Melo
etal.2014). The Brazilian Savanna, also known as “Cerrado”, is the second
largest Brazilian biome, being considered the largest savanna region in
South America and the most diversified savanna in the world (Ab’Saber
1977, Silva & Bates 2002). Currently, about 220 species are known to
this biome, with ~52% of these species considered endemic (Valdujo
et al. 2012, Azevedo et al. 2016). However, this richness is probably
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underestimated since many new species have been described each year
(e.g., Andrade et al. 2018, Pinheiro et al. 2018, Vaz Silva et al. 2018).

For most anuran species, the larval stage, denominated tadpoles, are
the easiest developmental stage to encounter and to collect, since they
remain in the aquatic environment for a longer period than adults, which
makes them a fundamental component for biodiversity surveys (Lips &
Savage 1996, Altig & McDiarmid 1999, Rossa-Feres & Nomura 2006,
Andrade et al. 2007, Alves-Ferreira et al. 2021). Also, the importance
of the larval traits for reconstruction of the phylogenetic relationships
(e.g., Haas 2003, Frost et al. 2006) and ecological processes modelling
has been increasingly recognized (see a discussion in Rossa-Feres
et al. 2015). For example, morphological variation has been used
for taxonomy (e.g., Rossa-Feres & Nomura 2006, Channing et al.
2016, Arifin et al. 2018, Dubeux et al. 2020, Montilla et al. 2023),
ecotoxicology (e.g., Costa & Nomura 2016, Costa et al. 2017), and
investigating ecological process at the community level (e.g., Marques
& Nomura 2015; Marques et al. 2018; Annibale et al. 2020). However,
we need to better understand the natural morphological variation of
tadpoles, resulted from interaction with predators and competitors or
from inter- and intrapopulation variation, to differentiate it from the
impact on anurans of changes in land use, land cover, climate change,
or other man-induced environmental modifications (Rossa-Feres et al.
2015). Without knowing the normal variation in each population, the
association of morphological changes to anthropogenic disturbance
is more challenging (Costa & Nomura 2016, Costa et al. 2017,
Annibale et al. 2020). This is particularly important when we consider
the actual conservation status of the Cerrado biome and its rate of
habitat modification and land-use conversion, and the threats to the
herpetofauna (Klink & Machado 2005, Colli et al. 2020).

Despite the growing importance of tadpoles in different branches
of science, the difficulties in the correct identification of species still
represents a major obstacle to include anuran larvae in management and
conservation studies, mainly due to the high intraspecific morphological
variation in tadpoles (Andrade et al. 2007). Also, the misleading
identification of tadpoles could result in an artificial morphological
variation, as variation in tadpole morphology could be a consequence
of the difficulty in identifying cryptic species (Santos et al. 2018).
Without an understanding of the species morphological variation
throughout its area of occurrence, the interpretation of the variation
among populations will remain unclear (Gehara et al. 2014). Thus,
investment in the training of taxonomists, incentives for collaboration
between researchers, for example, in addition to tools to increase
accuracy in species identification are important actions to reduce this
knowledge gap (Bortolus 2008).

One valuable tool for accessing correct species identification
of anuran larvae is the use of taxonomic keys, while not the sole,
taxonomic keys are highly useful and easily accessible (Gotelli 2004).
Additionally, they offer a more cost-effective solution compared to
other techniques (Stein et al. 2014). Despite the importance of this
tool and the high anuran diversity in Brazil, only seven identification
keys for tadpoles are known up-to-date: one for the region of Central
Amazonia (Hero 1990), one for species occurring in the northwestern
region of Sdo Paulo state (Rossa Feres & Nomura 2006), one for the
Rio Grande do Sul state (Machado & Maltchik 2007), one for species
with occurrence in municipalities of Alvorada de Minas, Conceigdo
do Mato Dentro and Dom Joaquim, Minas Gerais state (Pimenta et al.
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2014), one for the southward portion of Ilha Grande, municipality of
Angra dos Reis, Rio de Janeiro state (Fatorelli et al. 2018), and more
recently one key for tadpoles of the northern region of the Atlantic Forest
(Dubeux et al. 2020) and another for the Iron Quadrangle, Southeastern
Brazil (Pezzuti et al. 2021). Here we present a characterization of
the external morphology and an identification key for tadpoles of 49
species with occurrence in areas of Brazilian Cerrado (following the
species inventories for the Biome presented in Valdujo et al. 2012 and
Azevedo et al. 2016).

Material and Methods

1. Study area

Geographically, the Cerrado biome occupies a central position in
South America and shares contact zones with the two largest rainforest
blocks of the Neotropics (Amazonia and Atlantic Forest biomes) as
well as with two dry regions (Caatinga and Chaco biomes) (Ab’Saber
1977, Silva & Bates 2002). The Cerrado is characterized by a complex
landscape with high horizontal heterogeneity along its distribution, from
open and savanic vegetation to forested habitats (Ribeiro & Walter
1998). The savanna formations include the “campo rupestre” (sensu
Silveira et al. 2016) and “cerrado sensu stricto” vegetational types,
also known as the typical cerrado (Ribeiro & Walter 1998). The forest
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formations are constituted of “cerraddo” (i.e., transition between semi-

deciduous forests and typical cerrado areas), semi-deciduous forests,
“veredas”, riparian and gallery forests (Ribeiro & Walter 1998). The
grasslands formations are made up of wet grasslands, dry grasslands
and “rupestre” fields (Campos & Lage 2013). The Cerrado biome has
a strongly seasonal climate, with a wet and warm season that lasts from
October to April, and a dry and cold season that lasts from May to
September (Klink & Machado 2005). In this study, we used the official
limits of Cerrado biome defined by the Instituto Brasileiro de Geografia
e Estatistica (IBGE) (available in https://www.ibge.gov.br/geociencias/
informacoes-ambientais).

Valdujo et al. (2012) found that the diversity of anuran species
in the Cerrado was influenced by the proximity to the surrounding
domains, like the Caatinga or the Amazon. For example, they state that
shared species between the Cerrado and the Amazon are less likely to
co-occur with species from the Cerrado-Atlantic Forest border (Valdujo
et al. 2012). The same occur for the dry diagonal (Chaco-Cerrado-
Caatinga, Valdujo et al. 2012). More important, Valdujo et al. (2012)
highlight the importance of transitional areas to the composition of
anuran species pool in the Cerrado, especially in the transition of the
Cerrado and Atlantic Forest. Thus, we included five species that occurs
in transitional areas between Cerrado and Atlantic Forest, which are
Rhinella ornata x Rhinella crucifer Thomé, Zamudio, Haddad &
Alexandrino 2012, Thoropa miliaris (Spix 1824), Scinax longilineus
(Lutz 1968), Proceratophrys boiei (Wied 1825), and Odontophrynus cf.
Jjuquinha (Baldissera et al. 2004, Valdujo ez al. 2012, Pimenta et al. 2014,
Matavelli et al. 2018, Eterovick et al. 2020). We are following Thomé
et al. (2012) and citing the previous known populations of R. pombali
Baldissera, Caramaschi & Haddad 2004 included in our samples as
Rhinella ornata x Rhinella crucifer, once R. pombali is currently
considered a hybrid formed by R. crucifer and R. ornata parents (Thomé
et al. 2012; but see also the discussion in Pereyra et al. 2021).
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2. Data collection

All tadpoles were obtained from the Coleg¢do Zooldgica da
Universidade Federal de Goias (ZUFG), municipality of Goiania,
Goias state, Brazil (Appendix 1), collected from different localities
from the Brazilian Cerrado (Figure 1). To be more concise, we present
information about the collection locations along with the description
of external morphology in the “Results” section. We defined the
tadpole’s identity using known morphological diagnostic traits with
the help of ZUFG collection curators (NM Maciel, RP Bastos, and
FN - one of the authors) or by consulting external experts at the time
of the tadpole’s collection and inclusion in the ZUFG collection (DC
Rossa-Feres, W Vaz-Silva, NYN Dias — particularly for tadpoles
from Scinax, NM Maciel — for Rhinella). When necessary, we also
compared the morphology of tadpoles in our samples with available
descriptions (indicated in the “Results” section - Comments) or by
using taxonomic keys (Rossa-Feres and Nomura 2006). Following
the best practices proposed by Vink et al. (2012), when we were not
confident to attribute a nominal taxon for a given tadpole morphotype,
but we found a consistently morphological variation that differentiates
it from other species in our sample, we used “aff.”, “cf.”, “gr.”, or
“sp.” as appropriate.

For the morphological characterization and elaboration of the
taxonomic key, we examined two to 15 individuals between stages 30
to 40 (sensu Gosner 1960). For the genus Bokermannohyla Faivovich,
Haddad, Garcia, Frost, Campbell & Wheeler, 2005, with species
reproducing in lotic environments and that have longer larval period
(Patterson & McLachlan 1989), we used individuals at Gosner’s stage
25. Whenever possible, we included individuals from more than one
population to evaluate inter-populational variation in the morphological
traits. Nomenclature of morphological characteristics (Figures 2—4)
followed Altig & Johnston (1986; 1989), and McDiarmid & Altig
(1999). When, in the description, we were referring to the oral disc, we
use “A” to describe the teeth rows that were positioned anterior to the

@ Sites Sampled @ Remaining of Cerrado Biome

oral aperture, and “P” to describe the teeth rows that were positioned
posterior to the oral aperture. Each letter was followed by a number
that represents the position of a given row of ones in relation to the oral
disc, and the “A” rows follow a distal-proximal ascending order, while
the “P” rows follow a proximal-distal ascending order, in relation to
the oral opening, as shown in Figure 3.6 in McDiarmid & Altig (1999).

Measurements follow Altig & McDiarmid (1999) for total length
(TL), body length (BL), tail muscle height (TMH), tail muscle width
(TMW), spiracle length (SL), spiracle width (SW); Lavilla & Scrocchi
(1986) for body height (BH), body width (BW), eye diameter (ED),
nares diameter (ND), nares distance (NED); and Grosjean (2005) for
dorsal fin height (DFH) and ventral fin height (VFH). All morphometric
measurements shown are in millimeters. Additional measurements
included the dorsal fin insertion angle, measured as acute (bellow
45-degree angle) and obtuse (equal or above 45-degree angle), and the
marginal and submarginal papillae length, measured as short (when
wider than longer) or long (when longer than wider).

The size classes of body shape in lateral view, nares, eye, spiracle,
tail muscle, and fin height were determined by the following ratios,
respectively: body width/body height (compressed < 1 < depressed),
nares size/eye diameter (small < 0.14 < medium < 0.38 <large < 0.50 <
very large), eye diameter/body height (small <0.17 < medium <0.29 <
large), tail muscle width/body width (narrow < 0.29 < medium < 0.49 <
wide), dorsal fin height/tail muscle height (low < 0.49 <medium < 1.01
< high), ventral fin height/tail muscle height (low < 0.43 < medium <
0.97 < high), spiracle length/body length (short < 0.06 < medium <0.19
<long), and spiracle width/body height (narrow < 0.09 <medium <0.25
< wide). The size classes of the above-mentioned measurements were
defining as “small <-1 SD <mean <+1 SD <large” for all measurements,
except for nares diameter, that was defined as “small < -1 SD < mean
<+1 SD < large < +2 SD < very large”, and body shape. The standard
deviations for the definition of size classes were calculated considering
a sample of 322 anuran Brazilian species, collected during the project
“SISBIOTA Girinos do Brasil” (DC Rossa-Feres, unpublished data).

50°W

O Anthropized Areas

Figure 1. Map of remaining of Cerrado biome. Red circles represent the localities of the tadpoles used in the present study. Inset map: South America.
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Caudal musculature Dorsal Fin

Ventral Fin

Snout Truncate

Body Rounded Body Ovoid Body Elliptical

Figure 2. Morphological characteristics used to larval characterizations and in the taxonomic key. Details of a typical tadpole in lateral view, and body shape in
dorsal and lateral view.
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Nares rounded

Spiracle sinistral

centripetal wall not = 228,
R centripetal wall not completely centripetal wall fused to the

fused to body wall §_ s
L] fused to body wall body wall

Rounded Tail Tip Pointed Tail Tip

\

Flagellum Tail Tip

Convex Fins

Figure 3. Morphological characteristics used to larval characterizations and in the taxonomic key. Details of the nares, spiracle, fins, and tail tips
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Figure 4. Morphological characteristics used to larval characterizations and in the taxonomic key. Details of the oral disc.

For body shape, we considered the body compressed when body height
is higher than body width, and depressed when body width is higher than
body height. Morphometric traits were reported in the characterization
of each tadpole as mean + standard deviation for total length and (range)
for all other measurements. The complete morphometric information can
be seen in Table 1. We considered lateral lines evident when the lateral
lines were easily observed at stereomicroscopic.

All morphometric traits were measured from digital photographs,
obtained with a M205A Leica® stereomicroscopic with a DFC550
camera, using the software ImageJ (1.511). Each tadpole was placed in a
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petri dish and positioned in lateral or dorsal view using a water-based gel
for image capture. To illustrate the external morphology, once tadpoles
were larger than the visual field of the stereomicroscopic, we had taken
from three to six digital images from one tadpole and combined they in
an image editor software. To illustrate the oral disc, one tadpole in our
series was dissected and mounted on a paraffin block, positioned with
entomological pins to keep the mouth open, and submerged in distilled
water for image capturing. We used a commercial 1% methylene blue
solution to highlight oral disc parts, spiracle, or vent tube of tadpoles,
as necessary.
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Table 1. Measurements (mm) of the tadpoles characterized in this study and on which the descriptions are based on. Character abbreviations: total length (TL), body
length (BL), tail muscle height (TMW), tail muscle width (TMW); body height (BH), body width (BW), eye diameter (ED), nare diameter (ND), nare-eye distance
(NED); dorsal fin height (DFH), ventral fin height (VFH), spiracle length (SL), spiracle width (SW), and dorsal fin insertion angle (DFA).

Species N TL BL BH BW ND ED NED SL SW DFH VFH TMH TMW DFA
Bufonidae
Rhinella 4 Mean 27.63 122 6.19 803 034 09 227 045 05 241 205 192 143 115
cerradensis
SD 224 065 049 046 006 011 026 01 0.07 021 025 021 012 152
Min 248 11.53 564 756 026 087 191 035 043 228 172 1.65 134 1024
Max 30.12 1291 6.84 852 041 .1 251 056 06 272 233 214 159 1341
Rhinella diptycha 11 Mean 20.81 9.66 47 571 032 08 209 067 039 159 128 1.65 1.1 1042
SD 209 042 056 068 004 01 022 0.14 0.07 024 02 0.13 0.12 248
Min 17.08 9.08 3.71 458 023 0.68 1.7 05 032 1.1 08 15 09 743
Max 23.87 1034 561 6.8 039 1.03 237 103 053 188 1.63 1.9 1.4 1527
Rhinella ornatax 4 Mean 2797 11.63 66 829 029 093 229 107 076 178 155 218 1.73 8.13
Rhinella crucifer
SD 1.8 089 053 049 006 003 01 011 0.07 044 035 0.1 012 131
Min 26.32 10.77 6.02 7.65 02 091 218 097 0.68 128 1.1l 203 155 6.72
Max 30 125 731 87 036 099 241 123 085 232 1.86 228 182 939
Cycloramphidae
Thoropa 6 Mean 2374 7.1 276 451 016 096 145 1.1 079 047 043 149 141 647
megatympanum
SD 348 101 043 076 002 0.13 021 029 0.09 0.1 008 026 022 0.56
Min 20.27 5.9 23 38 013 075 12 068 063 031 032 1.12 1.17 546
Max 295 857 325 565 0.18 1.1 .79 15 087 058 0.53 19 178 712
Thoropa miliaris 5 Mean 24.08 7.22 264 421 0.15 091 155 083 069 0.12 021 142 133 499
SD 07 027 039 032 003 0.11 018 0.14 0.11 0.04 0.04 0.09 0.08 1.04
Min 231 69 235 377 0.2 08 136 0.68 056 006 0.15 133 123 348
Max 251 7.5 332 464 0.18 107 179 106 081 019 026 158 142 6.4
Dendrobatidae
Adelphobates 5 Mean 39.19 1453 6.89 1069 05 071 229 147 146 2 1.8 3.6 3.67 1532
galactonotus
SD 206 044 019 15 0.1 017 0.02 029 026 033 0.17 038 029 342
Min 3595 14.15 6.61 84 038 045 226 119 125 1.5 1.65 292 328 1044
Max 41.68 15.15 7.14 12.15 0.63 088 233 1.88 1.87 235 2.04 384 403 1894
Ameerega 5 Mean 27.06 1099 488 6.55 0.17 1.05 222 109 085 1.5 111 256 261 17.15
flavopicta
SO 284 112 021 066 001 0.13 0.13 0.18 0.17 021 024 038 03 208
Min 2447 1021 458 607 0.16 09 203 095 067 141 0.89 237 231 1472
Max 29.95 12.57 506 754 0.18 121 232 1.37 1 191 145 3.14 297 19.65
Hylidae
Boana 15 Mean 4393 1439 85 987 058 166 346 21 098 306 186 443 438 1823
albopunctata
SD  8.04 2.03 1.5 164 01 026 058 057 02 058 041 09 091 442
Min 31.6 1055 575 7.13 041 122 273 13 068 222 1.14 287 3.02 11.01
Max 5898 1935 11.7 12.82 0.71 2.15 439 328 142 379 248 6.1 6.17 26.56
Boana lundii 5 Mean 5947 19.64 1034 11.53 073 1.8 385 1.84 131 334 279 569 6.06 1198
SO 898 1.77 092 071 008 0.17 075 02 031 029 052 0.67 034 345
Min 51.57 17.75 9 10.54 064 1.67 297 167 0.87 291 195 475 554 8383
Max 72.56 2236 11.53 1247 088 2.1 5 212 1.67 3.62 334 6.62 644 16.6
Boana raniceps 14 Mean 57.54 1993 11.6 129 0.83 238 426 2.08 142 498 269 6.05 587 36.77
SD 953 304 23 263 0.1 04 043 053 036 1 0.53 1 1.16  8.51
Min 42.77 1599 822 942 066 1.8 3.64 1.15 083 385 204 433 442 271
Max 77.68 24.82 1549 16.58 1.11 3.3 49 291 208 683 375 725 785 5223
Continue...
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...Continuation

Species N TL BL BH BW ND ED NED SL SW DFH VFH TMH TMW DFA
Boana cf. 8 Mean 6231 2139 13.45 1524 0.73 2.57 5.4 1.87 149 451 2.67 7 6.25 16.66
crepitans

SD 496 218 154 196 0.1 03 057 038 021 068 066 13 1.16 4.26

Min 53.11 183 11.09 12,6 0.58 208 43 142 1.19 331 156 484 4.09 9.23

Max 70.01 25 1533 18.08 0.88 3.06 6 239 1.78 526 3.6 895 7.65 2295
Bokermannohyla 15 Mean 51.1 1822 9.06 12.63 0.74 1.7 483 227 137 3.13 237 561 532 18.79
alvarengai

SD 569 155 096 131 01 026 072 035 0.15 051 033 0.63 088 256

Min 425 1496 733 10.19 0.62 129 369 131 125 215 178 429 324 14

Max 60.09 2091 10.88 16.1 093 221 6 275 1.68 378 29 675 677 23.19
Bokermannohyla 10 Mean 4295 15 814 924 0.64 155 3.1 156 128 331 233 484 437 19.09
pseudopseudis

SD 431 161 095 098 009 024 047 034 02 036 025 053 062 427

Min 37.89 12.19 694 7.79 05 126 25 125 1 28 196 4.1 3.67 14

Max 52.53 1796 991 1049 0.87 197 376 237 156 397 279 591 582 27.14
Bokermannohyla 9 Mean 59.51 20.88 10.53 1244 0.69 1.67 372 189 14 406 334 695 7.04 1448
sapiranga

SD 1531 439 271 3.01 0.18 0.6 05 046 033 094 068 295 293 257

Min 40.76 14.08 7.06 8.11 0.43 1 309 131 1.18 234 193 3.63 3.68 1049

Max 81.92 2722 15.65 18.63 1 2.82 455 281 225 537 4 13.19 129 18.66

Dendropsophus 13 Mean 34.63 1139 6.18 624 041 199 347 033 037 357 452 386 3.65 2846
minutus
SD 516 13 068 056 006 023 03 009 006 049 06 041 051 724
Min 2772 999 563 539 037 187 292 02 029 265 378 33 311 1697
Max 4293 1331 764 661 0.5 23 415 048 051 422 534 466 389 42
Dendropsophus 10 Mean 36.88 11.66 6.07 6.6 034 183 375 053 06 326 3.05 425 358 2326
soaresi
SD 193 053 067 066 005 024 03 008 008 052 057 035 041 541
Min 3246 1095 5.07 544 025 146 3.18 042 048 22 224 377 3.08 153
Max 39.69 12.58 693 744 043 215 41 0.69 0.77 385 394 493 429 33.05
Scinax 11 Mean 30.71 1039 S5.12 591 045 156 256 1.69 1.09 244 217 264 273 1793
fuscomarginatus
SD 1.68 044 057 052 005 0.12 021 021 0.19 029 023 027 029 243
Min 273 971 44 515 037 133 219 137 087 192 168 222 24 1438
Max 33.63 11.09 6.1 6.7 05 1.79 2.88 2 1.56 293 242 313 344 2181
Scinax fuscovarius 12 Mean 42.13 13.85 9.35 859 0.68 238 379 207 144 414 332 48 452 3129
SO 376 118 083 0.72 0.07 023 032 029 032 062 09 069 054 536
Min 34.89 11.04 849 749 056 2.09 338 162 075 333 251 397 386 2222
Max 50.7 1542 11.07 992 081 273 438 25 2 545 58 628 568 3891
Scinax longilineus 11 Mean 38.49 1335 946 9.84 039 1.8 33 135 1.09 353 268 479 459 2057
SD 491 081 065 094 006 022 061 032 016 04 034 056 0.73 431
Min 3194 1193 836 799 025 124 242 087 081 293 215 399 361 1249
Max 47.09 14.63 1052 113 05 209 449 181 131 41 339 568 552 2551
Scinax pombali 10 Mean 46.06 16.12 9.68 1142 046 225 3.7 144 082 299 221 625 6.15 15.6
SO 319 128 087 095 0.11 023 039 0.15 0.2 051 031 035 053 3.63
Min 4047 1403 852 997 03 1.84 298 1.15 0.66 2.14 1.66 585 55 11
Max 5148 1833 11.33 12.69 0.61 2.65 427 1.69 101 385 275 694 7.06 209
Scinax rupestris 11 Mean 32.04 1391 881 882 022 197 245 144 126 279 1.89 349 3 15.86
SD 359 122 08 0.7 006 023 0.17 031 016 07 031 052 029 277
Min 2486 12.02 731 7.78 0.14 1.66 224 093 093 141 136 263 247 1277
Max 37.75 1647 972 989 036 238 272 196 1.62 355 232 429 365 1972

Continue...
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...Continuation
Species N TL BL BH BW ND ED NED SL SW DFH VFH TMH TMW DFA
Scinax similis 9 Mean 30.11 10.09 648 602 045 19 243 153 094 3.02 237 3.09 3.11 2458
SO 201 106 05 043 0.11 0.11 042 049 0.13 055 029 047 0.16 8.1
Min 2721 932 554 525 037 174 176 112 075 218 191 257 289 151
Max 3343 12.63 7.12 646 068 205 3.01 275 118 3.65 281 421 331 36
Scinax gr. ruber 4 Mean 2992 9.18 591 542 035 144 247 115 077 29 225 3.02 233 2807
SD 335 137 1.02 071 003 026 034 0.08 0.1 038 042 038 038 232
Min 2543 72 458 44 031 123 211 1.06 0.68 247 173 255 1.8 2525
Max 33.04 10.35 699 593 037 1.82 294 125 093 329 264 355 266 3094
Scinax 6 Mean 22.58 8.69 508 517 037 131 218 1.62 129 257 227 22 211 174
squalirostris
SD 1.05 047 046 024 005 01 024 031 0.15 021 0.18 0.15 029 1.19
Min 20.87 8.05 4.5 49 031 12 182 143 112 24 202 206 1.63 1541
Max 2399 922 57 55 043 15 25 225 1.5 297 25 245 245 19.17
Trachycephalus 15 Mean 3645 14.12 813 821 036 151 254 217 134 244 222 296 278 1744
typhonius
SD 4.02 144 1.04 1 0.09 0.19 036 058 032 029 025 035 032 266
Min 29.82 1193 6.76 6.65 023 1.16 194 161 093 194 1.8 255 211 1298
Max 43.57 17.39 10.51 10.06 053 1.89 32 3.61 215 294 256 3.62 34 2256
Leptodactylidae
Leptodactylus 5 Mean 31.18 11.85 683 7.68 044 1.17 193 1.82 1.17 132 128 316 296 143
Sfuscus
SD 459 157 13 .11 0.08 022 028 049 026 021 021 062 08 1.14
Min 2454 966 49 623 031 085 154 093 062 105 094 218 1.71 135
Max 3745 13.64 835 9.15 056 143 233 25 143 1.65 157 387 378 16.26
Leptodactylus 15 Mean 58.71 1694 999 11.69 056 1.65 346 3.14 325 224 216 568 536 1021
labyrinthicus
SD 513 098 054 078 004 022 041 051 034 034 026 04 042 215
Min 45.83 1579 923 1062 05 132 269 206 27 169 179 5 488 6.75
Max 65.12 19.09 11.25 1336 0.68 192 415 406 39 294 266 66 6.17 132
Leptodactylus 12 Mean 4529 1797 88 886 043 1 339 266 1.83 233 226 396 327 11.96
luctator
SD 772 239 153 168 008 024 044 044 042 056 064 083 092 227
Min 36.36 1442 689 6.72 031 0.76 2.78 2.06 137 1.7 155 3.02 215 8.6
Max 62.15 2226 11.56 124 0.62 148 449 343 3 3.71 4 584 515 14.99
Leptodactylus 3 Mean 24.02 1026 485 57 033 07 195 118 089 158 135 219 191 15.61
podicipinus
sD 108 039 0.07 018 003 0.14 01 028 024 0.16 0.09 0.15 0.17 1.64
Min 22.83 988 477 551 031 055 185 087 075 139 127 209 179 143
Max 2495 1066 492 587 037 083 206 143 1.18 1.69 146 238 211 1745
Leptodactylus 6 Mean 35.77 14.15 791 951 048 1.12 286 2.09 149 192 174 315 3.08 1574
troglodytes
SD 323 077 077 078 0.1 0.1 052 027 031 035 028 024 032 243
Min 30.89 13.07 694 871 031 094 197 187 112 132 145 282 274 1297
Max 3998 15.17 9.17 10.59 0.62 124 334 25 2 24 218 342 342 20.11
Physalaemus 10 Mean 23.19 837 449 516 032 097 162 124 124 14 091 238 202 2136
centralis
SD 189 08 066 062 006 0.16 023 048 0.18 033 022 032 028 4.66
Min 20.08 7.04 354 437 025 077 12 0.5 1 081 045 195 1.54 1579
Max 26 955 551 601 043 1.2 2 237 15 1.82 121 288 241 29.26
Continue...
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...Continuation
Species N TL BL BH BW ND ED NED SL SW DFH VFH TMH TMW DFA
Physalaemus 15 Mean 20.85 7.84 43 504 0.62 079 156 177 095 126 091 2 1.65 19.29
cuvieri
SD 253 133 088 067 0.1 0.1 026 036 017 028 023 023 02 497
Min 16.78 596 328 419 043 054 1.17 1.12 062 086 054 171 138 9.34
Max 2641 1045 622 665 081 095 206 25 1.25 1.84 131 251 22 2578
Physalaemus 6 Mean 23.76 9.08 486 569 046 087 16 1.5 1.04 151 1.11 248 197 1494
marmoratus
SO 147 1.11 056 068 0.11 0.15 021 04 015 026 0.09 026 0.14 391
Min 21.68 7.4 437 491 031 066 134 112 087 1.15 1 222 1.82 9
Max 25.71 10.38 5.7 6.6 062 1.11 1.89 218 1.25 1.8 123 293 215 20.55
Physalaemus 13 Mean 33.84 12.68 69 796 044 1.14 216 222 12 19 134 33 255 19.09
nattereri
SD 3.1 1.19 074 082 0.I1 0.19 055 048 0.18 038 029 04 043 327
Min 299 10.64 535 651 031 0.75 1.15 125 081 133 074 253 201 15.18
Max 3995 14.17 799 947 07 142 315 306 156 257 168 386 34 2386
Microhylidae
Chiasmocleis 6 Mean 20.25 85 493 534 - .12 194 127 13 1.87 1.78 193 173 19.27
albopunctata
SD 265 085 054 03 - 0.14 0.11 022 033 048 05 033 035 258
Min 17.52 7.79 4.18 499 - 093 1.82 092 1 097 1.18 192 135 15.88
Max 24.14 982 582 5.89 - 1.3 215 153 1.76 229 258 283 221 23
Dermatonotus 15 Mean 3644 15.68 8.7 11.16 — 147 38 402 082 313 313 43 347 2218
muelleri
SD 361 137 092 094 - 0.16 054 09 0.15 054 0.62 048 048 4.12
Min 29.63 13.62 7.57 10 - 122 284 296 054 223 223 346 281 1598
Max 41.55 17.65 10.15 1231 - 1.85 493 502 1.04 357 4 474 442 2999
Elachistocleis 15 Mean 2694 9.04 459 6.39 - 083 265 1.58 0.81 137 121 261 201 2579
cesarii
SD 426 081 06 0.72 - 0.1 031 028 0.17 0.15 03 034 034 504
Min 20.81 7.83 3.75 545 - 0.64 208 109 045 114 0064 214 151 1843
Max 36.72 10.84 596 8.46 - 095 324 21 1.05 159 17 336 287 35
Odontophrynidae
Odontophrynus cf. 3 Mean 4143 17.78 102 11.81 049 1.19 459 1.55 099 428 276 443 379 13.01
Jjuquinha

SD 685 1.07 177 195 004 03 067 019 0.18 025 04 046 04 49

Min 35.11 16.75 9.33 1037 047 0.85 393 134 081 411 236 393 333 961

Max 48.72 18.89 10.68 14.04 055 145 527 1.7 1.18 458 3.17 485 4.08 18.63
Odontophrynus 5 Mean 34.87 1486 545 801 035 126 412 091 062 214 162 3.6 3.04 1145
cultripes

SO 223 159 03 061 004 o0.11 045 0.12 0.13 021 0.13 031 033 3.09

Min 32.11 13.02 5.05 741 031 1.13 359 077 041 192 145 3.13 264 7.16

Max 38.01 16.82 582 88 041 142 46 1.07 076 247 1.8 402 352 1424
Odontophrynus 4 Mean 53.51 2296 1499 16.73 029 234 536 219 136 564 441 598 542 104
sp.

SD 284 1.19 1.18 082 004 0.16 034 0.18 0.18 09 059 054 022 178

Min 50.87 21.8 13.58 1554 025 216 493 199 124 438 367 538 509 8.55

Max 57.26 24.19 1641 1741 035 25 575 238 163 648 509 6.67 558 1232
Proceratophrys 3 Mean 3238 13.18 764 82 049 12 232 124 072 271 201 278 253 159
boiei

SD 0.54 036 034 044 0.04 0.1 0.13 0.03 0.11 0.14 0.04 0.02 0.13 3.15

Min 3193 1293 739 7.77 046 1.12 217 121 059 262 196 275 243 1227

Max 3299 136 804 865 055 132 241 127 082 2838 204 28 269 1781
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...Continuation
Species N TL BL BH BW ND ED NED SL SW DFH VFH TMH TMW DFA
Proceratophrys 15 Mean 33.09 1298 643 899 027 136 358 097 068 197 141 345 285 15.69
cururu
SD  6.69 212 1.05 147 0.04 0.16 056 034 0.19 038 0.5 054 057 442
Min 18.89 8.61 458 6.39 0.17 1.12 251 044 025 1.3 078 217 1.57 1771
Max 4429 1551 8.08 1146 035 168 456 196 088 2.66 283 4.02 3.57 23
Proceratophrys 3 Mean 29.75 11.14 508 7.69 0.17 1.06 3.06 056 042 171 131 3.21 2.9 13.7
dibernardoi
SD 1.52 078 042 049 0.02 0.05 046 02 0.16 0.08 004 0.1 021 4.51
Min 28.82 10.32 4.69 7.14 0.15 1 276 036 024 166 127 3.12 2.66 9.03
Max 31.52 11.89 553 8.1 0.2 .11 3359 076 054 181 136 333 3.04 18.04
Proceratophrys 6 Mean 2983 12.79 6.73 829 025 136 254 072 051 257 143 296 2.6 8.19
salvatori
SD 1.9 047 0.63 087 004 015 039 02 015 025 021 025 0.18 149
Min 27.67 1194 589 6.78 0.2 1.16 194 051 033 217 114 261 227 643
Max 32.62 1326 7.73 9.19 032 157 292 109 077 286 1.62 333 277 10.08
Proceratophrys cf. 11 Mean 35.55 14.17 7.14 814 041 135 251 083 0.6 251 152 3.66 3.81 12.02
goyana
SD  3.83 1.2 088 0.69 0.06 0.18 035 0.12 0.12 033 022 048 041 439
Min 30.95 12.56 579 7.08 0.32 1.09 2 0.64 043 1.74 122 29 315 6.65
Max 43.79 16.34 8.72 9 0.54 168 302 098 082 287 1.89 455 445 20.04
Proceratophrys 5 Mean 27.54 10.19 4.57 543 0.61 0.77 1.7 1.38 097 174 127 24 209 2257
sp.
SD 499 1.78 095 132 0.11 0.11 027 0.19 0.14 025 025 059 078 3.43
Min 2034 7.8 326 398 05 062 146 1.12 081 137 1.03 1.69 1.37 19
Max 32.77 11.71 5.62 7.01 0.81 0091 2.1 1.56 1.12 209 163 3.09 298 2794
Phyllomedusidae
Pithecopus 15 Mean 48.78 1548 8.66 8.03 044 24 291 104 121 143 32 466 4.07 12.82
azureus
SD 497 1.5 082 095 014 03 025 021 0.17 048 059 056 06 2.05
Min 39.38 1242 74 6.15 0.16 191 245 074 093 1.03 211 3.68 3.05 921
Max 57.13 17.87 1039 9.66 0.66 3.15 3.5 1.54 167 25 425 584 491 16.68
Pithecopus 8 Mean 48.71 15.85 9.29 9.13 0.62 235 3.5 126 122 202 33 491 436 1228
oreades
sbD 231 079 0.73 039 007 0.12 032 025 02 018 047 039 035 3.15
Min 46.68 15.08 825 876 05 216 3.1 0.82 09 1.66 246 429 397 935
Max 53.93 17.12 10.14 995 0.66 254 399 1.62 1.5 222 39 559 504 19.19
Pithecopus sp. 2 Mean 42.1 1563 79 7.01 033 253 292 085 1.02 1.09 206 506 411 693
SD 079 039 054 1.14 0 0.18 0.09 0.1 021 0.08 031 072 087 132
Min 41.54 1535 7.52 6.2 0.2 24 286 0.78 0.87 1.03 1.84 455 349 6
Max 4266 1591 829 782 02 266 299 093 1.18 1.15 228 557 473 787
Results

In this study, we present the morphological characterization for
tadpoles of 49 anuran species, with about 600 specimens analyzed, from
the families Bufonidae (Rhinella cerradensis, R. diptycha, R. ornata x
R. crucifer), Cycloramphidae (Thoropa megatympanum, T. miliaris),
Dendrobatidae (Adelphobates galactonotus, Ameerega flavopicta),
Hylidae (Boana albopunctata, Boa. lundii, Boa. raniceps, Boa. cf.
crepitans, Bokermannohyla alvarengai, Bok. pseudopseudis, Bok.
sapiranga, Dendropsophus minutus, D. soaresi, Scinax fuscomarginatus,
S. fuscovarius, S. longilineus, S. pombali, S. rupestris, S. similis, Scinax
sp., S. squalirostris, Trachycephalus typhonius), Leptodactylidae

https://doi.org/10.1590/1676-0611-BN-2023-1486

(Leptodactylus fuscus, L. labyrinthicus, L. luctator, L. podicipinus,
L. troglodytes, Physalaemus centralis, P. cuvieri, P. marmoratus,
P. nattereri), Microhylidae (Chiasmocleis albopunctata, Dermatonotus
muelleri, Elachistocleis cesarii), Odontophrynidae (Odontophrynus
americanus, O. cultripes, Odontophrynus sp., Proceratophrys boiei,
P. cururu, P. dibernardoi, P. salvatori, P. cf. goyana, Proceratophrys
sp.), and Phyllomedusidae (Pithecopus azureus, P. oreades, Pithecopus
sp.), which represents about 22% of the known anuran species for
the Cerrado biome. We organized this morphological information in
a taxonomic key and produced a tool to help in anuran surveys and
management studies in the Cerrado biome.
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1. Bufonidae Gray 1825

Rhinella cerradensis Maciel, Brandao, Campos & Sebben 2007

First Description of the tadpole: Brasilia — DF, Brazil (Maciel et al.
2007).

Other characterizations: Not available.

Specimens Examined: Brazil, Goias State, municipality of Cristianopolis
(ZUFG 1769). Description based on four tadpoles between Gosner
Stages 36 and 37.

Characterization. Total length 27.63 + 2.24 mm (Table 1, Figure 5).
The body shape is ovoid in dorsal view and globular-depressed in
lateral view (BW/BH = 1.24-1.34). The snout is sloped in lateral view.
The oral disc is ventral, laterally emarginate, with a uniseriate row of
elongated marginal papillae, interrupted by dorsal and ventral gaps;
few submarginal papillae scattered laterally, smaller than the marginal
papillae. Labial teeth row formula (LTRF) is 2(2)/3(1), with row
Al =A2,P1=P2 and P3 slightly smaller than P2 in length. The upper
jaw sheath is narrow, arc-shaped, and the lower jaw sheath is narrow,
U-shaped; the upper jaw sheath is slightly wider than the lower jaw
sheath. Nares medium (ND/ED = 0.30-0.37), elliptical, with a small
projection on the marginal rim, dorsally positioned. Eyes small (ED/
BH = 0.15-0.16), dorsally positioned. Spiracle sinistral, short (SL/
BL = 0.03-0.04), narrow (SW/BH = 0.08-0.09), with opening at the
middle third of the body, directed posterodorsally, with the centripetal
wall fused to the body wall. Vent tube medial, fused with the ventral
fin. The caudal musculature width is narrow (TMW/BW = 0.18-0.19).
The dorsal fin is high (DFH/TMH = 1.27-1.38), originating at the body-
tail junction with acute slope, and convex margin; ventral fin is high
(VFH/TMH = 1.04-1.09) with convex margin; the tail tip is rounded.
Lateral lines are evident.

Comments. According to Maciel et al. (2007) the tadpoles of R.
cerradensis can be differentiated from tadpoles of other Rhinella
species by body proportions (in relation to tail and total length), spiracle
position, and the “absence of an external spiracular tube”, with the
opening in the body wall. Rhinella cerradensis tadpoles analyzed in this
study closely resemble the individual described by Maciel et al. (2007),
but presented an external spiracular tube, like other Rhinella species.
We examined the tadpoles used in the description of R. cerradensis
(CHUNB 49574) and the absence of an external spiracular tube (Maciel
et al. 2007) represents a difference in the interpretation of the authors
and not a morphological variation.

Rhinella diptycha (Werner 1894)

First Description of the tadpole: Jaboticabal — SP, Brazil (Rosa, 1965).
Other characterizations: Sdo José do Rio Preto — SP, Brazil (Vizotto
1967); Argentina (Cei 1980); Nova Itapirema — SP, Brazil (Rossa-Feres
& Nomura 2006); Eastern Region of the Meridional Espinhago Range —
MG, Brazil (Pimenta et al. 2014); Bahia State, Brazil (Mercés et al.
2009); Fernando de Noronha — PE, Brazil (Tolledo & Toledo 2010);
northern region of the Atlantic Forest (Dubeux et al. 2020).
Specimens Examined: Brazil, Goias State, municipalities of Aparecida
do Rio Doce (ZUFG 1770), Aporé (ZUFG 1030), Portelandia (ZUFG
120), Sao Domingos (ZUFG 1771). Description based on 11 tadpoles
between Gosner Stages 35 and 39.

Characterization. Total length 20.82 + 2.10 mm (Table 1, Figure 6).
The body shape is elliptical in dorsal view and globular-depressed in
lateral view (BW/BH = 1.21-1.23). The snout is rounded in lateral
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Figure 5. Tadpoles of Rhinella cerradensis at Stage 37 (Gosner 1960): (A)
lateral, and (B) dorsal view (scale 10 mm), (C) oral disc at Stage 34 (scale 2 mm).

Figure 6. Tadpoles of Rhinella diptycha at Stage 40 (Gosner 1960): (A) lateral,
and (B) dorsal view (scale 10 mm), (C) oral disc (scale 2 mm).

view. The oral disc is ventral, laterally emarginate, with a uniseriate
row of conical marginal papillae, interrupted by dorsal and ventral
gap; few submarginal papillae scattered laterally, smaller than the
marginal papillae. LTRF is 2(2)/3, with row A1 = A2, P1 = P2 and P3
slightly smaller than P2. The upper jaw sheath is narrow, arc-shaped,
and the lower jaw sheath is narrow, U-shaped; the upper jaw sheath is
slightly wider than the lower jaw sheath. Nares medium to large (ND/
ED = 0.34-0.38), elliptical, with a small projection on the marginal
rim, dorsally positioned. Eyes medium (ED/BH = 0.18-0.18), dorsally
positioned. Spiracle sinistral, with medium length (SL/BL=0.06-0.10),
narrow (SW/BW =0.09-0.09), opening at the middle third of the body,
directed posterodorsally, with the centripetal wall completely fused to
the body wall. Vent tube medial, fused with the ventral fin. The caudal
musculature width is narrow (TMH/BW = 0.20-0.21). The dorsal fin
has medium height (DFH/TMH =0.73-0.99), originating at the anterior
third of the tail with an acute slope, and with convex margin; ventral
fin has medium height (VFH/TMH = 0.59-0.86) with convex margin;
the tail tip is rounded. Lateral line not evident.

Comments. Tadpoles from populations currently associated with
Rhinella diptycha were described by Rosa (1965), Vizotto (1967), Cei
(1980) (as Bufo paracnemis), Mercés et al. (2009), Tolledo & Toledo
(2010) and Dubeux et al. (2020) (as Rhinella jimi). Tadpoles described
by Cei (1980) were larger than those used in our description. In Stage 37
the Argentinean populations presented total length of 35 mm, while the
analyzed in this study at the same stage presented total length of 23.87
mm, like those described by Vizotto (1967) that presented 23.50 mm,
and by Rossa-Feres & Nomura (2006) with 24.31 mm. The LTRF 2(2)/3
was the mostly common observed by us and is the same as reported by
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Rossa-Feres & Nomura (2006), Mercés et al. (2009), Tolledo & Toledo
(2010) and Dubeux et al. (2020), differing from the LTRF 2(2)/3(1)
described by Rosa (1965), Vizotto (1967) and Cei (1980). Both Rosa
(1965) and Rossa-Feres & Nomura (2006) suggests that the interrupted
P1 could be caused by manipulation of the tadpoles, but this seems
instead morphological variation. From the eleven tadpoles analyzed,
two presented the P2 slightly wider than P1, two individuals from
different locations presented the LTRF 2(2)/3(1) and the submarginal
papillae with the same size of the marginal papillae. Rhinella diptycha
seems to have variable spiracle position among the different populations
studied. In Rossa-Feres & Nomura (2006), the position of the spiracle
is in the posterior third of the body, while in Cei (1980) and Tolledo &
Toledo (2010) the spiracle is described as positioned at the midbody,
while Mercés et al. (2009) described it as positioned in the anterior half
of the body. Dubeux et al. (2020) do not provide a description for R.
diptycha but informs its general aspects together with other Rhinella
tadpoles included in their study. In our samples, five individuals in both
lots analyzed had the spiracle positioned at the posterior third of the
body. Tadpoles of R. diptycha can be distinguished from R. cerradensis
by having the body elliptical in dorsal view, depressed body, dorsal fin
originating at the anterior third of the tail, LTRF 2(2)/3, mainly by snout
rounded in lateral view, and by the presence of unpigmented longitudinal
stripe along the ventral edge of the tail musculature.

Rhinella ornata x Rhinella crucifer Thomé, Zamudio, Haddad &
Alexandrino 2012

First Description of the tadpole: Catas Altas — MG, Brazil (Lourengo
et al. 2010).

Other characterizations: Eastern Region of the Meridional Espinhago
Ridge — MG, Brazil (Pimenta et al. 2014); Iron Quadrangle region
(Pezzuti et al. 2021).

Specimens Examined: Brazil, Minas Gerais State, municipality of
Cataguases (ZUFG 2352). Description based on four tadpoles at Gosner
Stage 40.

Characterization. Total length 27.97 + 1.87 mm (Table 1, Figure 7). The
body shape is ovoid in dorsal view and globular-depressed in lateral
view (BW/BH = 1.19-1.27). The snout is rounded in lateral view.
The oral disc is ventral, laterally emarginate, with a uniseriate row of
conical marginal papillae, interrupted by dorsal and ventral gap; few
submarginal papillae laterally, forming a row on the inner side of the
lateral emargination, with the same size as the marginal papillae. LTRF
is 2(2)/3, A1 = A2, P1 = P2 and P3 slightly smaller than P-2; the upper
jaw sheath is narrow, arc-shaped, and the lower jaw sheath is narrow,
U-shaped; the upper jaw sheath slightly wider than the lower jaw sheath.
Nares medium (ND/ED = 0.22-0.36), elliptical, with a small projection
on marginal rim, dorsally positioned. Eyes small (ED/BH =0.14-0.15),
dorsally positioned. Spiracle sinistral, with medium length (SL/BL =
0.09-0.10) and medium width (SW/BH = 0.11-0.12), opening at the
middle third of the body, directed posterodorsally, with the centripetal
wall completely fused to the body wall. Vent tube medial, fused with
the ventral fin. The caudal musculature width is narrow (TMW/BW =
0.20-0.21). The dorsal fin has medium to high height (DFH/TMH =
0.63-1.02), originating at the body-tail junction with acute slope, and
convex margin; ventral fin has medium height (VFH/TMH = 0.55-0.82)
with convex margin; the tail tip is rounded. Lateral line not evident.
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Figure 7. Tadpoles of Rhinella ornata x Rhinella crucifer at Stage 40 (Gosner
1960): (A) lateral, and (B) dorsal view (scale 10 mm), (C) oral disc (scale 2 mm).

Comments. Rhinella pombali, treated as a species by Baldissera et al.
(2004), is currently considered a hybrid formed by R. crucifer and R.
ornata parents (Thomé et al. 2012; but see also the discussion in Pereyra
etal. 2021). Thus, we used previous descriptions of tadpoles treated as
R. pombali to compare with our description. The populations analyzed
by Pimenta et al. (2014), treated as Rhinella crucifer were compared to
our description. The populations described by Lourengo et al. (2010)
were smaller (total length = 21.50 mm) than the populations that we
studied, but this difference could be explained by the difference in
the developmental stages of the tadpoles analyzed [stages 35-38 in
Lourengo et al. (2010), stage 40 in our sampled population]. In addition,
the tadpoles describe by Lourenco et al. (2010) have the oral disc not
emarginate, but the figure shows that the oral disc is emarginate laterally.
We found intrapopulation variation in teeth row formula, with one
individual with LTRF 2(2)/3(1), and in submarginal papillae, with one
individual without submarginal papillae. Tadpoles of (formerly known
as) R. pombali can be distinguished from tadpoles of R. cerradensis by
the rounded snout, and LTRF 2(2)/3, and from tadpoles of R. diptycha
by the ovoid body shape, larger body proportions, eyes dorsolaterally
directed, and spiracle opening at the posterior third of the body.

2. Cycloramphidae Bonaparte 1850

Thoropa megatympanum Caramaschi & Sazima 1984

First Description of the tadpole: Serra do Cipé — MG, Brazil (Caramaschi
& Sazima, 1984).

Other characterizations: Eastern Region of the Meridional Espinhaco
Ridge — MG, Brazil (Pimenta et al. 2014); Iron Quadrangle region
(Pezzuti et al. 2021).

Specimens examined: Brazil, Minas Gerais State, Parque Nacional de
Sempre Vivas (ZUFG 927). Description based on six tadpoles between
Gosner Stages 35 and 37.

Characterization. Total length 23.70 + 3.48 mm (Table 1, Figure 8).
The body shape is ovoid in dorsal view and oval-depressed in lateral
view (BW/BH = 1.65-1.73). The snout is rounded in lateral view. The
oral disc is ventral, lateroventrally emarginate, with a uniseriate row of
marginal papillae, elongated laterally and short ventrally, interrupted
by a dorsal gap; submarginal papillae absent. The LTRF is 2(2)/3, A1l
=A2, P1 = P2 and P3 slightly smaller than P-2. The upper jaw sheath
is narrow, arc-shaped, and the lower jaw sheath is wide, U-shaped; the
lower jaw sheath is wider than the upper jaw sheath. Nares medium
(DMN/DMO = 0.16-0.17), elliptical, laterally positioned. Eyes
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Figure 8. Tadpoles of Thoropa megatympanum at Stage 36 (Gosner 1960): (A)
lateral, and (B) dorsal view (scale 10 mm), (C) oral disc (scale 2 mm).

large (ED/BH = 0.33-0.34), dorsally positioned. Spiracle sinistral,
lateroventral, with medium length (SL/BL = 0.12-0.18), wide (SW/
BH = 0.27-0.27), opening at the middle third of the body, directed
posterodorsally, with the centripetal wall completely fused to the body
wall. Vent tube medial, with free distal edge. The caudal musculature
width is medium (TMW/BW = 0.31-0.32). The dorsal fin is low (DFH/
TMH = 0.27-0.30), originating at the middle third of the tail with acute
slope, and parallel margin; ventral fin is low (VFH/TMH = 0.27-0.28)
with margin parallel to the caudal musculature; the tail tip is rounded.
Lateral line not evident.

Comments. The tadpoles from Sempre Vivas National Park were like
those described by Caramaschi & Sazima (1984), but the populations
described by Pimenta et al. (2014) and Pezzuti et al. (2021) differ due
to the vent tube fused to the ventral fin. From the total of analyzed
individuals, two have the A1 slightly smaller than A2, two presented
LTRF 2(1,2)/3(1), and one LTRF 2(2)/3(1).

Thoropa miliaris (Spix 1824)

First Description of the tadpole: Cubatdo — SP, Brazil (Bokermann,
1965).

Other characterizations: Iron Quadrangle region (Pezzuti et al. 2021).
Specimens Examined: Brazil, Minas Gerais State: Cataguases (ZUFG
2342). Description based on five tadpoles at Gosner Stage 39.
Characterization. Total length 24.09 + 0.71 mm (Table 1, Figure 9). The
body shape is elliptical in dorsal view and oval-depressed in lateral view
(BW/BH = 1.30-1.60). The snout is rounded in lateral view. The oral
disc is ventral, ventrally emarginate, with a uniseriate row of marginal
papillae, elongated laterally and short ventrally, interrupted by dorsal gap;
submarginal papillae absent. LTRF is 2(2)/3(1), A1 =A2, P1 =P2 > P3.
The upper jaw sheath is wide, arc-shaped, and the lower jaw sheath is
wide, U-shaped; the upper and lower jaw sheath of the same width. Nares
medium (ND/ED =0.15-0.17), elliptical, laterally positioned. Eyes large
(ED/BH = 0.32-0.34), dorsally positioned. Spiracle lateroventral, with
medium length (SL/BL = 0.10-0.14) and width (SW/BH = 0.24-0.24),
with opening at the middle third of the body, directed posterodorsally,
with the centripetal wall completely fused to the body wall. Vent tube
medial, with free distal edge. The caudal musculature width is medium
(TMW/BW =0.31-0.31). The dorsal fin is low (DFH/TMH = 0.05-0.12),
originating at the posterior third of the tail with acute slope, and margin
parallel to the caudal musculature; ventral fin is low (VFH/TMH =
0.11-0.16) with margin parallel to the caudal musculature; the tail tip is
rounded. Lateral line not evident.
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Figure 9. Tadpoles of Thoropa miliaris at Stage 36 (Gosner 1960): (A) lateral,
and (B) dorsal view (scale 10 mm), (C) oral disc (scale 2 mm).

Comments. Tadpoles analyzed in this study are like the description of
Bokermann (1965) and Pezzuti et al. (2021), and just one individual in
our sample had a different LTRF of 2(1,2)/3(1). Pezzuti et al. (2021)
described the tadpoles with the oral disc lateroventrally emarginate,
while we considered the emargination ventral, with a small nostril,
while we considered the nares medium sized, and with a short spiracle,
while we considered it medium sized. Tadpoles of 7. miliaris can be
distinguished from tadpoles of 7. megatympanum by the elliptical
body in dorsal view, lower dorsal fin, and larger vent tube (LT/LMC =
1.72 mm in 7. miliaris, and LT/LMC = 1.27 mm in T megatympanum).
However, regarding this last trait, we suspected that the vent tube in our
T. miliaris sample were damaged during collecting and the validity of
this difference should be evaluated in future studies.

3. Dendrobatidae Cope 1865

Adelphobates galactonotus (Steindachner 1864)

First Description of the tadpole: Araguaina — TO, Brazil (Santos et al.
2018).

Other characterizations: Not available.

Specimens Examined: Brazil, Tocantins State, municipality of
Araguaina (ZUFG 2508).

Characterization. The following information is complementary to
the description available in Santos et al. (2018). Total length 39.19 +
2.07 mm (Table 1, Figure 10). The body shape is globular-depressed
in lateral view (BW/BH = 1.27-1.70), nares very large (ND/ED =
0.72-0.84), eyes small (ED/BH = 0.07-0.12), spiracle medium-sized
(SL/BL = 0.08-0.12) and medium width (SW/BH = 0.19-0.26). The
caudal musculature width is medium (TMW/BW = 0.33-0.39), and the
dorsal (DFH/TMH = 0.51-0.61) and ventral (VFH/TMH = 0.53-0.57)
fins have medium height.

Comments. A discussion about the importance of larval morphology
for systematic of the Dendrobatoidea and their relatives was provided
by Santos et al. (2018).

Ameerega flavopicta (A. Lutz 1925)

First Description of the tadpole: Santana do Riacho — MG, Brazil
(Haddad et al. 1994).

Other characterizations: Serra de Caldas State Park — GO, Brazil
(Costa et al. 2006); Jaboticatubas— MG, Brazil (Dias et al. 2018); Iron
Quadrangle region (Pezzuti et al. 2021).

Specimens Examined: Brazil, Goias State, municipalities of Alto
Paraiso (ZUFG 1166), Sao Jodo d’Alianca (ZUFG 1094, ZUFG
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Figure 10. Tadpoles of Adelphobates galactonotus at Stage 37 (Gosner 1960):
(A) lateral, and (B) dorsal view (scale 10 mm), (C) oral disc at Stage 34(scale
2 mm).

Figure 11. Tadpoles of Ameerega flavopicta at Stage 35 (Gosner 1960): (A)
lateral, and (B) dorsal view (scale 10 mm), (C) oral disc (scale 2 mm).

1110). Description based on four tadpoles between Gosner Stages
35 and 39.

Characterization. Total length 27.06 + 2.85 mm (Table 1, Figure 11).
The body shape is elliptical in dorsal view and globular-depressed in
lateral view (BW/BH = 1.38— 1.49). The snout is rounded in lateral
view. The oral disc is ventral, laterally emarginate, with a uniseriate
row of elongated marginal papillae, interrupted by a dorsal gap; few
submarginal papillae scattered laterally, of the same length as the
marginal papillae. LTRF is 2(2)/3(1), A1<A2, P1<P2>P3. The upper
jaw sheath is narrow, arc-shaped, and the lower jaw sheath is narrow,
V-shaped; the upper jaw sheath is wider than the lower jaw sheath.
Nares medium (ND/ED = 0.18-0.15), elliptical, with a small projection
on marginal rim, dorsolaterally positioned. Eyes medium (ED/BH =
0.20-0.24), dorsally positioned. Spiracle sinistral, with medium length
(SL/BL = 0.09-0.11) and wide width (SW/BH = 0.15-0.20), opening
at the middle third of the body, directed posterodorsally, with the
centripetal wall completely fused to the body wall. Vent tube dextral,
fused with the ventral fin. The caudal musculature width is medium
(TMW/BW = 0.38-0.39). The dorsal fin has medium height (DFH/
TMH = 0.59-0.61), originating at the body-tail junction with an acute
slope, and convex margin; ventral fin has low to medium height (VFH/
TMH = 0.38-0.46) with margin parallel to the caudal musculature; the
tail tip is pointed. Lateral line not evident.

Comments. Tadpoles analyzed by Dias et al. (2018) closely resemble
those described herein. Tadpoles described by Pezzuti et al. (2021) differ
by the spiracle length, that they considered short while we considered
it medium sized. One individual in our sample presented marginal and
submarginal papillae conical in the upper labium.
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4. Hylidae Rafinesque 1815

Boana albopunctata (Spix 1824)

First Description of the tadpole: locality not mentioned (De S& 1995).
Other characterizations: Boracéia — SP, Brazil (Heyer et al. 1990); Nova
Itapirema, Engenheiro Schmidt and Vitéria Brasil - SP, Brazil (Rossa-
Feres & Nomura 2006); Eastern Region of the Meridional Espinhaco
Ridge — MG, Brazil (Pimenta et al. 2014); Iron Quadrangle region
(Pezzuti et al. 2021).

Specimens Examined: Brazil, Goias State, municipalities of Aparecida
do Rio Doce (ZUFG 1812, ZUFG 1822), Cachoeira Alta (ZUFG 1945),
Caiaponia (ZUFG 1963), Pirenopolis (ZUFG 07, ZUFG 13), Rio Verde
(ZUFG 57). Description based on 15 tadpoles between Gosner Stages
35 and 38.

Characterization. Total length 43.93 + 8.05 mm (Table 1, Figure 12).
The body shape is ovoid in dorsal view and globular-depressed in
anterolateral view (BW/BH = 1.09-1.24). The snout is rounded in lateral
view. The oral disc is ventral, ventrally emarginate, with a uniseriate row
of conical marginal papillae, interrupted by a dorsal gap; submarginal
papillae absent. LTRF is 2(2)/3(1), A1 =A2; P1 = P2 and P3 with half
the length of P2. The upper jaw sheath is narrow, arc-shaped, and the
lower jaw sheath is narrow, V-shaped; the upper jaw sheath is wider than
the lower. Nares medium (ND/ED = 0.33-0.34), reniform, with a large
projection on the marginal rim, dorsally positioned. Eyes medium (ED/
BH =0.18-0.21), dorsally positioned. Spiracle sinistral, with medium
length (SL/BL =0.12-0.17) and medium width (SW/BH = 0.12-0.12),
opening on the posterior third of the body, directed posteriorly, with
the centripetal wall not fused to body wall. Vent tube dextral, fused
to the ventral fin. The caudal musculature width is medium (TMW/
BW = 0.42-0.48). The dorsal fin has medium height (DFH/TMH =
0.62-0.77), originating at the body-tail junction with a median slope,
and convex margin; ventral fin is low (VFH/TMHW = 0.40-0.41)
with margin parallel to the caudal musculature; the tail tip is pointed.
Lateral line evident.

Comments. Tadpoles of B. albopunctata are found in a diversity
of habitats, as temporary streams, swamps, or permanent ponds.
Morphological variation of tadpoles related to the environmental
changes were described by Rossa-Feres & Nomura (2006). The tadpoles
analyzed by Pimenta et al. (2014) and Pezzuti et al. (2021) have an oral
disc emarginate lateroventral. Tadpoles described by de Sa (1995) differ
from our sample by the presence of submarginal papillaec and by the
teeth row length (P1<P2). The LTRF 2(2)/3(1) observed in our samples
also differ from the LTRF observed by Rossa-Feres & Nomura (2006),
Pimenta et al. (2014) and Pezzuti et al. (2021), reported as 2(1,2)/3(1).

Figure 12. Tadpoles of Boana albopunctata at Stage 36 (Gosner 1960): (A)
lateral, and (B) dorsal view (scale 10 mm), (C) oral disc (scale 2 mm).
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However, we found the LTRF 2(1,2)/3(1) in our sample, although with
a small frequency (2/15), the same of the LTRF 2(2)/3, while the LTRF
2(2)/3(1) was the most common (11/15). In two specimens, the length
of the P1 was smaller than the P2, in three, the P1 was longer than the
P2, six specimens had the upper jaw sheath M-shaped and in seven
tadpoles, the spiracle was posterodorsally directed.

Boana lundii (Burmeister 1856)

First Description of the tadpole: Serra do Cip6 — MG, Brazil (Bokermann
& Sazima 1973).

Other characterizations: Mirassol — SP, Brazil (Rossa-Feres & Nomura
2006); Eastern Region of the Meridional Espinhaco Ridge — MG, Brazil
(Pimenta et al. 2014); Iron Quadrangle region (Pezzuti et al. 2021).
Specimens Examined: Brazil, Goias State, municipality of Ipora (ZUFG
2264, ZUFG 2266). Description based on five tadpoles between Gosner
Stages 36 and 38.

Characterization. Total length 59.47 + 8.98 mm (Table 1, Figure 13).
The body shape is elliptical in dorsal view and globular-depressed in
lateral view (BW/BH = 1.08-1.17). The snout is rounded in lateral
view. The oral disc is ventral, ventrally emarginate, with a uniseriate
row of elongated marginal papillae dorsally, but in alternated disposition
only lateroventrally, interrupted by a dorsal gap; submarginal papillae
scattered laterally, smaller than the marginal papillae. Accessory teeth
row present laterally in the oral disc (sensu Sanchez 2010). LTRF is
2(2)/4(1), A1 =A2, P1<P2>P3>P4. The upper jaw sheath is narrow to
medium, arc-shaped, and the lower jaw sheath is narrow, V-shaped;
the upper jaw sheath is wider than the lower jaw sheath. Nares large
(ND/ED = 0.38-0.42), reniform, dorsally positioned. Eyes medium
(ED/BH = 0.18-0.19), dorsally positioned. Spiracle sinistral, with
medium length (SL/BL = 0.09-0.09) and medium width (SW/BH =
0.10-0.14), with opening on the posterior third of the body, directed
posterodorsally, with centripetal wall not fused to body wall. Vent tube
dextral, fused to the ventral fin. The caudal musculature width is wide
(TMW/BW =0.52-0.53). The dorsal fin has medium height (DFH/TMH
=0.55-0.61), originating at the body-tail junction with acute slope, and
convex margin; ventral fin has low to medium height (VFH/TMH =
0.41-0.50) with margin parallel to the caudal musculature; the tail tip
is pointed. Lateral line evident.

Comments. Tadpoles described by Bokermann & Sazima (1973)
differ analyzed in our study by the ovoid body shape and by the LTRF
2(2)/3(1), although the illustration shows a LTRF 2(2)/4(1), as observed
by Rossa-Feres & Nomura (2006). Considering the total length,
tadpoles analyzed by Bokermann & Sazima (1973) are larger tadpoles

[66 mm, Stage 37), and the described by Rossa-Feres & Nomura (2006)
are smaller (45.78 mm, Stages 35-39). Tadpoles described by Rossa-
Feres & Nomura (2006) also differ by the row of biseriate marginal
papillae (uniseriate in our sample). The tadpoles analyzed by Pimenta
et al. (2014) and by Pezzuti et al. (2021) had an oral disc emarginate
lateroventrally. Pezzuti et al. (2021) described the spiracle as being
short, while we considered it medium sized. Tadpoles of B. lundii are
easily differentiated from those of B. albopunctata by LTRF 2(2)/4(1)
(LTRF =2(2)/3(1), 2(2)/3, or 2(1,2)/3(1) in B. albopunctata), marginal
rim less prominent, presence of submarginal papillae (absent in B.
albopunctata), and by the shorter spiracle.

Boana raniceps Cope 1862

First Description of the tadpole: Ibira — SP, Brazil (Vizotto 1967).
Other characterizations: Argentina (Cei 1980); Nova Itapirema — SP,
Brazil (Rossa-Feres & Nomura 2006); Argentina (Kolenc 2008); Bolivia
(Schulze et al. 2015).

Specimens Examined: Brazil, Goias State, municipality of Ipora (ZUFG
879, ZUFG 1028, ZUFG 2256). Description based on 14 tadpoles
between Gosner Stages 34 and 38.

Characterization. Total length 57.54 + 9.54 mm (Table 1, Figure 14).
The body shape is ovoid in dorsal view and globular-depressed in
lateral view (BW/BH = 1.07-1.14). The snout is rounded in lateral
view. The oral disc is ventral, ventrally emarginate, with a uniseriate
row of conical marginal papillae, short, interrupted by a dorsal gap;
one to three submarginal papillae scattered laterally, smaller than the
marginal papillae. LTRF is 2(1,2)/3(1), A1 =A2, P1<P2>P3. The upper
jaw sheath is narrow, arc-shaped, and the lower jaw sheath is narrow,
V-shaped; the upper and lower jaw sheath had the same width. Nares
medium (ND/ED = 0.34-0.37), reniform, with a large projection on the
marginal rim, dorsally positioned. Eyes medium (ED/BH =0.21-0.22),
dorsally positioned. Spiracle sinistral, with medium length (SL/BL =
0.07-0.12) and medium width (SW/BH = 0.10-0.13), opening on the
posterior third of the body, posterodorsally directed, with centripetal
wall not fused to body wall. Vent tube medial with dextral opening, fused
to the ventral fin. The caudal musculature width is medium (TMW/BW =
0.47-0.47). The dorsal fin has medium height (DFH/TMH = 0.89-0.94),
originating at the body with high slope, and triangular margin; ventral
fin has medium height (VFH/TMH = 0.47-0.52) with margin parallel
to the caudal musculature; the tail tip is pointed. Lateral line evident.
Comments. Tadpoles described by Cei (1980) differ from those studied
herein by a dextral vent tube and by the LTRF 2/3 or 2/3(1). Kolenc
(2008) reports for tadpoles from Argentina presence of a very short

Figure 13. Tadpoles of Boana lundii at Stage 36 (Gosner 1960): (A) lateral, and
(B) dorsal view (scale 10 mm), (C) oral disc (scale 2 mm).
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Figure 14. Tadpoles of Boana raniceps at Stage 38 (Gosner 1960): (A) lateral,
and (B) dorsal view (scale 10 mm), (C) oral disc at Stage 37 (scale 2 mm).
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ventral gap in the marginal papillae, but in one specimen, and a short
P4 row in another one. Disregarding these variations, the tadpoles are
similar when compared to our sample. The populations analyzed by
Schulze et al. (2015) were smaller (total length = 53.4 mm in stages
35 at 41 and our sample = 57.54 in stages 34 at 38). From the total of
analyzed individuals, six individuals do not have submarginal papillae,
in four, the A2 teeth row was larger than the A1, three have the A1l at
the same length of the A2, four have the spiracle posteriorly directed
and in two, the lateral line was not evident. Boana raniceps tadpoles
can be easily distinguished from the tadpoles of B. albopunctata and B.
lundii by the shape of dorsal fin (triangular margin in B. raniceps), the
LTRF 2(1,2)/3(1) [LTRF 2(2)/3(1) in B. albopunctata and 2(2)/4(1) in
B. lundii], and the presence of conical marginal papillae in B. raniceps.

Boana cf. crepitans

First Description of the tadpole: not available.

Other characterizations: not available.

Specimens Examined: Brazil, Goias State, municipality of Nova Roma
(ZUFG 2044). Description based on eight tadpoles between Gosner
Stages 36 and 39.

Characterization. Total length 62.32 + 4.96 mm (Table 1, Figure 15).
The body shape is ovoid in dorsal view and globular-depressed in
lateral view (BW/BH = 1.13—-1.17). The snout is rounded in lateral
view. The oral disc is ventral, ventrally emarginate, with a uniseriate
row of elongated marginal papillae, in alternated disposition, interrupted
by a dorsal gap; few submarginal papillae scattered laterally, smaller
than the marginal papillae. LTRF is 2(2)/3(1), A1 =A2, P1 =P2>P3.
The upper jaw sheath is narrow, M-shaped, and the lower jaw sheath
is narrow, U-shaped; the upper jaw sheath is wider than the lower jaw
sheath. Nares are medium (ND/ED = 0.28-0.29), reniform, with a small
projection, dorsally positioned. Eyes medium (ED/BH = 0.19-0.20),
dorsally positioned. Spiracle sinistral, with medium length (SL/BL =
0.08-0.10) and medium width (SW/BH = 0.11-0.12), opening on the
middle third of body, directed posterodorsally, with the centripetal
wall fused to the body wall, with distal margin free. Vent tube medial
with dextral opening, fused to the ventral fin. The caudal musculature
width is medium (TMW/BW = 0.32-0.42). The dorsal fin has medium
height (DFH/TMH = 0.59-0.68), originating at the body with median
slope, and convex margin; ventral fin is low (VFH/TMH = 0.32-0.40)
with margin parallel to the caudal musculature; the tail tip is rounded.
Lateral line not evident.

Comments. We opt to use the name Boana cf. crepitans once our
tadpoles are notably larger than the available descriptions of Boana

crepitans tadpoles (53.8 mm of total length for tadpoles from the Iron
Quadrangle, Pezzuti et al. 2021; 43.4 mm of total length for tadpole
from Serra de Sdo José, Casal & Junca 2008; 62.3 mm in our study).
These tadpoles differ from tadpoles of B. lundii by the larger body (BW =
15.24 mm in B. crepitans and 11.53 mm in B. lundii), ovoid body shape
in dorsal view, higher body, wider spiracle, and deeper fins. From the
total of analyzed individuals, one does not show submarginal papillae,
one individual presented the upper jaw sheath arc-shaped and one the
spiracle posteriorly directed, two have accessory teeth rows, and three
have the P2 slightly longer than the P1.

Bokermannohyla alvarengai (Bokermann 1956)

First Description of the tadpole: Serra do Cip6é — MG, Brazil (Sazima
& Bokermann 1977).

Other characterizations: Eastern Region of the Meridional Espinhaco
Ridge — MG, Brazil (Pimenta et al. 2014); Iron Quadrangle region
(Pezzuti et al. 2021).

Specimens Examined: Brazil, Minas Gerais State, Parque Nacional
de Sempre Vivas (ZUFG 974, ZUFG 981). Description based on 15
tadpoles between Gosner Stages 35 and 37.

Characterization. Total length 51.10 + 5.70 mm (Table 1, Figure 16).
The body shape is elliptical in dorsal view and globular-depressed in
lateral view (BW/BH = 1.39—1.49). The snout is rounded in lateral view.
The oral disc is ventral, ventrally emarginate, with a uniseriate row of
elongated marginal papillae, interrupted by a dorsal gap; submarginal
papillae scattered lateroventrally, smaller than the marginal papillae;
accessory teeth rows absent. LTRF is 2(2)/5(1), A1 =A2,P1 <P2=P3
> P4 > P5. The upper jaw sheath is wide, arc-shaped, and the lower jaw
sheath is wide, V-shaped; the upper jaw sheath is wider than the lower
jaw sheath. Nares large (ND/ED = 0.42-0.48), elliptical, dorsolaterally
positioned. Eyes medium (ED/BH = 0.18-0.20), dorsal positioned.
Spiracle sinistral, with medium length (SL/BL=0.09-0.13) and medium
width (SW/BH = 0.15-0.17), opening at the middle third of the body,
directed posterodorsally; centripetal wall partially fused to the body
wall with a free distal edge. Vent tube dextral, fused to the ventral fin.
The caudal musculature width is medium (TMW/BW = 0.32-0.42).
The dorsal fin has medium height (DFH/TMH = 0.50-0.56), originating
at the body with median slope, and convex margin; ventral fin is low
(VFH/TMW = 0.41-0.43) with convex margin; the tail tip is pointed.
Lateral line not evident.

Comments. Tadpoles described by Sazima & Bokermann (1977) differ
from those analyzed herein by having ovoid body shape, and larger total
length. In Stage 40, the tadpoles analyzed by Sazima & Bokermann (1977)

Figure 15. Tadpoles of Boana cf. crepitans at Stage 39 (Gosner 1960): (A) lateral,
and (B) dorsal view (scale 10 mm), (C) oral disc (scale 2 mm).
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Figure 16. Tadpoles of Bokermannohyla alvarengai at Stage 35 (Gosner 1960):
(A) lateral, and (B) dorsal view (scale 10 mm), (C) oral disc (scale 2 mm).
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presented 53 mm, while the tadpoles in our sample, Stages 35-39, had
about 51.10 mm. Tadpoles described by Pezzuti et al. (2021) also were
larger (56.1 mm) than the tadpoles that we described, and had medium
sized nares, while we considered it larger. The oral disc of the tadpoles
from the Iron Quadrangle also had lateroventrally emargination and
marginal papillae with alternate disposition (Pezzuti et al. 2021). Although
the illustration presented by Sazima & Bokermann (1977) show the LTRF
2(1,2)/5(1), the authors describe it as 2(2)/5(1), the same observed by
Pimenta et al. (2014) and in our sample.

Bokermannohyla pseudopseudis (Miranda-Ribeiro 1937)

First Description of the tadpole: Alto Paraiso de Goias — GO, Brazil
(Lins et al. 2018).

Other characterizations: Not available.

Specimens Examined: Brazil, Goias State, municipality of Cavalcante
(ZUFG 2426, ZUFG 2427). Description based on ten tadpoles between
Gosner Stages 31 and 37.

Characterization. Total length 42.95 + 4.32 mm (Table 1, Figure 17).
The body shape is elliptical in dorsal view and globular-depressed in
lateral view (BW/BH = 1.05-1.12). The snout is rounded in lateral view.
The oral disc is ventral, emarginate ventrally, with a uniseriate row of
elongated marginal papillae, in alternated disposition, interrupted by
a dorsal gap; submarginal papillae scattered laterally, smaller than the
marginal papillae, accessory teeth rows present laterally in the oral
disc. LTRF is 3(1,3)/6(1), A1 slightly smaller than A2 and A3 slightly
smaller than A2; P1 = P2 = P3 = P4 = P5 > P6. The upper jaw sheath
is narrow, arc-shaped, and the lower jaw sheath is wide, V-shaped; the
upper jaw sheath is wider than the lower jaw sheath. Nares large (ND/
ED = 0.38-0.40), elliptical, with a small projection on the marginal
rim, dorsally positioned. Eyes medium (ED/BH = 0.18-0.20), dorsally
positioned. Spiracle sinistral, with medium length (SL/BL =0.10-0.13)
and medium width (SW/BH = 0.14-0.15), opening at the middle third
of the body, directed posterodorsally, with the centripetal wall fused to
the body wall, with a free distal edge. Vent tube dextral, fused to the
ventral fin. The caudal musculature width is medium to wide (TMW/
BW = 0.47- 0.55). The dorsal fin has medium height (DFH/TMH =
0.67-0.70), originating at the body with a median slope, and convex
margin; ventral fin has medium height (VFH/TMHW = 0.47-0.48)
with margin parallel to the caudal musculature; the tail tip is pointed.
Lateral lines evident.

Comments. A previous description of B. pseudopseudis tadpoles was
provided by Eterovick & Branddo (2001) but was based on a mixed
series of both B. pseudopseudis and B. sapiranga tadpoles (Brandao

Figure 17. Tadpoles of Bokermannohyla pseudopseudis at Stage 25 (Gosner
1960): (A) lateral, and (B) dorsal view (scale 10 mm), (C) oral disc (scale 2 mm).
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et al. 2012; Lins et al. 2018). Thus, we considered the first formal
description of the tadpole the report by Lins et al. (2018), once only
B. pseudopseudis tadpoles were used in the characterization. The
tadpole described by Lins et al. (2018) were larger (TL = 65.04 mm
in stage 25) than those described herein (TL = 42.95 mm) and had a
different LTRF: 3(1, 2)/6(1). From the total of analyzed individuals, two
presented fewer submarginal papillae scattered laterally in the oral disc;
two individuals presented a small ventral gap in the marginal papillae,
with the space of one papilla; and three individuals presented LTRF
2(2)/6(1). Accessory tooth rows are “short tooth rows in the lateral
areas of the oral disc and beside the jaw sheaths” (Sanchez 2010) and
was reported frequently for tadpoles with high number of tooth rows
[at least 2/4, Boana balzani and B. palaestes (Duellman et al. 1997),
B. riojana (Kolenc et al. 2008), Hyloscirtus tadpoles (Sanchez, 2010),
Bokermannohyla pseudopseudis group (Eterovick and Brandao, 2001;
Faivovich et al. 2005), Trachycephalus typhonius, Nomura per. obs.],
but was already observed for tadpoles with fewer tooth rows [no more
than 2/3, B. cordobae (Kolenc et al. 2008)].

Bokermannohyla sapiranga Branddo, Magalhdes, Garda, Campos,
Sebben & Maciel 2012

First Description of the tadpole: Brasilia— DF, Brazil (Lins et al. 2018).
Other characterization: Not available.

Specimens Examined: Brazil, Goias State, municipality of Pirenépolis
(ZUFG 217, ZUFG 218, ZUFG 2430). Description based on five
tadpoles between Gosner Stages 25 and 28.

Characterization. Total length 59.51 + 15.30 mm (Table 1, Figure 18).
The body shape is elliptical in dorsal view and globular-depressed in
lateral view (BW/BH =1.14-1.19). The snout is rounded in lateral view.
The oral disc is ventral, emarginate ventrally, with a uniseriate row of
elongated marginal papillae, biseriate laterally, interrupted by a dorsal
gap; submarginal papillae scattered laterally, smaller than the marginal
papillae; accessory teeth row present laterally in the oral disc. LTRF is
2(2)/5(1), A1 = A2; P1 = P2 = P3 = P4 > P5. The upper jaw sheath is
narrow, arc-shaped, and the lower jaw sheath is narrow, V- shaped; the
upper jaw sheath is wider than the lower jaw sheath. Nares medium to
large (ND/ED = 0.35-0.43), elliptical, with a projection on marginal
rim, dorsally positioned. Eyes small (ED/BH = 0.14-0.18), dorsally
positioned. Spiracle sinistral, with medium length (SL/BL=0.09-0.10)
and medium width (SW/BH = 0.14-0.17), opening at the middle third
of the body, directed posterodorsally, with the centripetal wall fused
to the body wall and with a free distal edge. Vent tube dextral, fused
to the ventral fin. The caudal musculature width is medium to wide

Figure 18. Tadpoles of Bokermannohyla sapiranga at Stage 25 (Gosner 1960):
(A) lateral, and (B) dorsal view (scale 10 mm), (C) oral disc (scale 2 mm).
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(TMW/BW = 0.45-0.69). The dorsal fin has low to medium height
(DFH/TMH = 0.41-0.64), originating at the body with an acute slope,
and margin convex to the caudal musculature; ventral fin has low to
medium height (DFH/TMH = 0.30-0.53) with parallel margin; the tail
tip is pointed. Lateral line evident.

Comments. From the total of analyzed individuals, four presented
alternated marginal papillae, three had accessory teeth rows laterally,
one presented marginal papilla in the upper labium, and three presented
P1<P2. Tadpoles analyzed by Lins et al. (2018) closely resemble
those presented herein, with the exception that the accessory teeth
rows were absent in their populations and described as a variation
presented in only one individual. Tadpoles of B. sapiranga can be
distinguished of the B. alvarengai and B. pseudopseudis by the larger
total length: Bokermannohyla alvarengai = 51.10 mm, Stages 35-37;
B. pseudopseudis =42.95 mm, Stages 31-37; B. sapiranga =59.51 mm,
Stages 25-28. Also, tadpoles of B. sapiranga difter from B. alvarengai
larvae by the uniseriate marginal papillae laterally and from
B. pseudopseudis by the LTRF. The presence of accessory teeth rows
laterally in the oral disc was observed only in B. pseudopseudis and
in B. sapiranga, and this trait is considered a synapomorphy for the
B. pseudopseudis group [Eterovick & Brandao 2001; Faivovich et al.
2005; however, see a discussion in Sanchez (2010) for the phylogenetic
importance of this trait].

Dendropsophus minutus (Peters 1872)

First Description of the tadpole: Campo Grande — SP, Brazil (Bokermann
1963). Wrongly attributed to the municipality of Campo Grande in the
state of Mato Grosso do Sul, Brazil, by Rossa-Feres & Nomura (2006).
Other characterizations: Northwestern Region of Sdo Paulo State, Brazil
(Vizotto 1967); Trinidad and Tobago (Kenny 1969); Santa Cecilia —
Ecuador (Duellman 1978); Argentina (Cei 1980); Boracéia — SP, Brazil
(Heyer et al. 1990); Venezuela (Duellman 1997); Nova Itapirema — SP,
Brazil (Rossa-Feres & Nomura 2006); Eastern Region of the Meridional
Espinhago Ridge — MG, Brazil (Pimenta et al. 2014); Bolivia (Schulze
et al. 2015); Iron Quadrangle region (Pezzuti et al. 2021). Although
lacking a formal characterization, some larval traits can be found in
available taxonomic keys for the tadpoles from the Amazonas (Hero
1990) and Colombia (Lynch & Mayorga 2011).

Specimens Examined: Brazil, Goids State, municipalities of Aruana
(ZUFG 610), Bonfinépolis (ZUFG 1952), Jatai (ZUFG 714), Pirendpolis
(ZUFG 196), Portelandia (ZUFG 738), Serrandpolis (ZUFG 216), and
Minas Gerais State, municipality of Campina Verde (ZUFG 1953).
Description based on 15 tadpoles between Gosner Stages 34 and 39.
Characterization. Total length 34.63 + 5.17 mm (Table 1, Figure 19).
The body shape is elliptical elongated in dorsal view and triangular-
compressed in lateral view (BW/BH = 0.86-0.95). The snout is rounded
in lateral view. The oral disc anteroventral, not emarginate, with a
uniseriate row of elongated marginal papillae, biseriate ventrally,
interrupted by a dorsal gap; submarginal papillae absent. LTRF varies
among 0/0, 0/1, 0/2, 1/1 and 1/2. The upper jaw sheath is wide, arc-
shaped, and the lower jaw sheath is wide, U-shaped; the upper jaw sheath
is slightly wider than the lower. Nares medium (ND/ED = 0.20-0.22),
rounded, laterally positioned. Eyes large (ED/BH = 0.30-0.33), laterally
positioned. Spiracle sinistral, short (SL/BL = 0.02—-0.04), narrow (SW/
BH=0.05-0.07), with opening at the middle third of the body, directed
posteriorly, with the centripetal wall completely fused to the body wall.
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Figure 19. Tadpoles of Dendropsophus minutus at Stage 37 (Gosner 1960): (A)
lateral, and (B) dorsal view (scale 10 mm), (C) oral disc (scale 2 mm).

Vent tube dextral, fused to the ventral fin. The caudal musculature
width is wide (TMW/BW = 0.58-0.59), with the anterior third of the
tail muscle and adjacent fins with a sheath of thick connective tissue.
The dorsal fin has medium height (DFH/TMH = 0.80-0.91), originating
at the posterior third of the body with a median slope, and triangular
margin; ventral fin is high (VFH/TMH = 1.15-1.15) with a triangular
margin; the tail tip ends in a flagellum. Lateral line not evident.

Comments. Variations in some morphological characteristics, as body
shape [cited as ovoid by Vizotto (1967) and Duellman (1978), and
elliptical by Heyer (1990) and Rossa-Feres & Nomura (2006)] and
eyes position [cited as dorsolaterally by Heyer (1990)], represent
a terminology difference among the descriptions. Our sampled
populations are like those described from Campo Grande (Bokermann
1963), but are smaller, with marginal papillae uniseriate laterally, have
a different labial teeth row formula and spiracle directed posteriorly.
However, the total length of the tadpoles of D. minutus is highly variable
throughout its distribution [our sample = 34.63 mm, Stages 34-39;
Iron Quadrangle = 35.4, stage 30 (Pezzuti et al. 2021); Northwestern
Region of Sdo Paulo State = 36.5 mm, Stage 36 (Vizotto 1967); Nova
Itapirema and Macaubas = 37.52 mm, Stages 3740 (Rossa-Feres &
Nomura 2006); San Sebastian = 37.60 mm, Stages 3641 (Schulze et al.
2015); Campo Grande =30 mm, probably Stage 39 (Bokermann 1963);
Trinidad and Tobago = 40 mm, Stages 31-39 (Kenny 1965); Ecuador
=41.7 mm, Stage 41 (Duellman 1978); Venezuela = 39.35, Stage 37
(Duellman 1997) and Los Lagos = 36.9 mm, Stages 37 (Schulze et al.
2015)]. In relation to marginal papillae, the tadpoles analyzed in this
study resemble those described by Rossa-Feres & Nomura (2006),
presenting marginal papillae row uniseriate laterally and biseriate
ventrally, but differ in the shape of papillae, which was considered
long and triangular by the authors. However, this trait was also highly
variable. The marginal papillae of D. minutus could be biseriate ventrally
and uniseriate laterally (Bokermann 1963, although the illustration show
a biseriate papillae also laterally; Vizotto 1967, Rossa-Feres & Nomura
2006, our sample), biseriate ventrally and in alternate disposition
laterally (D. minutus A, Schulze et al. 2015); biseriate ventrally and
laterally (Duellman 1978, Heyer 1990); or uniseriate ventrally and
laterally (Kenny 1969; D. minutus B, Schulze et al. 2015; Pezzuti et al.
2021, but with alternate disposition). Despite the LTRF 0/1 was the most
common in this study, observed in six of the 15 individuals [variation
also registered by Rossa-Feres & Nomura (2006) and Pimenta et al.
(2014)], this trait varied among 0/0 [two individuals, variation also
registered by Rossa-Feres & Nomura (2006)], 0/2 [three individuals,
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variation also registered by Duellman, (1978)], 1/2 [three individuals,
variation also registered by Vizotto (1967), Cei (1980), Heyer (1990),
Rossa-Feres & Nomura (2006), and Pezzuti et al. (2021)], and 1/1
(one individual, registered for the first time). When the P2 is present,
it is much smaller than P1 (Vizotto 1967, Heyer 1990, Schulze et al.
2015, Pezzuti et al. 2021, our sample), being the P1 = P2 a rare state
(Rossa-Feres & Nomura 2006). In our sample, ten tadpoles presented the
spiracle posteriorly directed, similar to those observed in the illustration
presented by Bokermann (1967) and Kenny (1969), and description
provided by Heyer (1990), but three tadpoles had the spiracle directed
porsterodorsally, as the descriptions presented by Vizotto (1967), by
Duellman (1978), by Rossa-Feres & Nomura (2006), by Schulze et al.
(2015), and Pezzuti et al. (2021). From the total of analyzed individuals,
seven presented nares elliptical. Gehara et al. (2014) defined D. minutus
as a species complex, as noted by Duellman (1997). We do not test this
hypothesis using tadpoles’ traits, but we did not find any association
between the observed variations and the divergent evolutionary lineage
proposed by Gehara et al. (2014).

Dendropsophus soaresi (Caramaschi & Jim 1983)

First Description of the tadpole: Jandaira — BA, Brazil (Gomes &
Peixoto 1991).

Other characterization: Not available.

Specimens Examined: Brazil, Goids State, municipalities of Barro Alto
(ZUFG 811, ZUFG 862) and Jatai (ZUFG 773). Description based on
ten tadpoles between Gosner Stages 35 and 39.

Characterization. Total length 36.88 + 1.93 mm (Table 1, Figure 20).
The body shape is elliptical elongated in dorsal view and triangular-
compressed in lateral view (BW/BH = 1.07-1.07). The snout is sloped in
lateral view. The oral disc anteroventral, not emarginate, with a biseriate
row of rounded marginal papillae (varying between four to eight
marginal papillae laterally), interrupted by a dorsal and lateroventral
gap; submarginal papillae absent. LTRF is 0/1, with the P1 teeth row
located close to the lower jaw sheath. The upper jaw sheath is narrow
to medium, arc-shaped, and the lower jaw sheath is wide, U-shaped;
the lower jaw sheath is wider than the upper jaw sheath. Nares medium
(ND/ED = 0.17-0.20), rounded, anteriorly positioned. Eyes large (ED/
BH =0.29-0.31), laterally positioned. Spiracle sinistral, short (SL/BL
= 0.04-0.05), with medium width (SW/BH = 0.09-0.11), opening at
the middle third of the body, directed posteriorly, with centripetal wall
completely fused to the body wall. Vent tube dextral, fused to the ventral
fin. The caudal musculature width is wide (TMW/BW =0.57-0.58). The
dorsal fin has medium height (DFH/TMH = 0.58-0.78), originating on

the posterior third of the body with a median slope, and convex margin;
ventral fin has medium height (VFH/TMH = 0.59-0.80) and with convex
margin; the tail tip end in a flagellum. Lateral line not evident.
Comments. Our sample of D. soaresi tadpoles closely resemble those
described by Gomes & Peixoto (1991) but are larger [our sample =
36.88 mm of total length, Stages 35-38; Jandaira = 29.5 mm, Stages
34-38, (Gomes & Peixoto 1991). The population described from
Jandaira, also have longer marginal papillae. From the ten individuals
observed in our sample, three presented elliptical nares, and one had a
small projection on the nares marginal rim. The spiracle direction also
varied, with one specimen presenting spiracle ventrally directed and
three posterodorsally directed. Tadpoles of D. minutus are commonly
mistaken by tadpoles of D. soaresi, but tadpoles of D. soaresi can be
identified by the presence of lateroventral gaps in the row of marginal
papillae, the lower jaw sheath wider and straighter than in D. minutus,
and the absence of blackish band between the snout and eyes, common
in D. minutus.

Scinax fuscomarginatus (Lutz 1925)

First Description of the tadpole: Nova Itapirema — SP, Brazil (Vizotto
1967).

Other characterizations: Nova Itapirema — SP, Brazil (Rossa-Feres &
Nomura 2006); Eastern Region of the Meridional Espinhago Ridge —
MG, Brazil (Pimenta et al. 2014).

Specimens Examined: Brazil, Goias State, municipality of Niquelandia
(ZUFG 915). Description based on ten tadpoles between Gosner Stages
34 and 39.

Characterization. Total length 30.72 + 1.68 mm (Table 1, Figure 21).
The body shape is elliptical in dorsal view and triangular-depressed
in lateral view (BW/BH = 1.09-1.17). The snout is rounded in lateral
view. The oral disc is ventral, folded ventrally, with a uniseriate row
of elongated marginal papillae, in alternated disposition only laterally,
interrupted by a dorsal gap; submarginal papillac aggregate laterally,
smaller than the marginal papillae. LTRF is 2(2)/3(1), A1 = A2, P1 =
P2 = P3. The upper jaw sheath is narrow, arc-shaped, and the lower
jaw sheath is narrow, U-shaped; the lower jaw sheath is slightly wider
than the upper jaw sheath. Nares medium (ND/ED = 0.28-0.28),
rounded, dorsally positioned. Eyes large (ED/BH = 0.29-0.30), laterally
positioned. Spiracle sinistral, with medium length (SL/BL=0.14-0.18)
and medium to wide width (SW/BH = 0.20-0.26), opening on the
posterior third of the body, posterodorsally directed, with the centripetal
wall fused to body wall. Vent tube dextral, fused to the ventral fin. The
caudal musculature width is medium to wide (TMW/BW =0.47-0.51).

Figure 20. Tadpoles of Dendropsophus soaresi at Stage 37 (Gosner 1960): (A)
lateral, and (B) dorsal view (scale 10 mm), (C) oral disc (scale 2 mm).
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Figure 21. Tadpoles of Scinax fuscomarginatus at Stage 35 (Gosner 1960): (A)
lateral, and (B) dorsal view (scale 10 mm), (C) oral disc (scale 2 mm).
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The dorsal fin has medium height (DFH/TMH = 0.86-0.94),
originating at the body with median slope, and convex margin; ventral
fin has medium height (VFH/TMH = 0.76-0.77) with a convex margin;
the tail tip end in a flagellum. Lateral line not evident.

Comments. Tadpoles described by Vizotto (1967) differ from our sample
by the LTRF 2(2)/3, however the author reports that the LTRF 2(2)/3(1)
was also observed. Tadpoles described by Vizotto (1967) also have the
P1 teeth row with the same length of the P2 and the P3 with about half
the length of P1 and P2. Tadpoles described by Rossa-Feres & Nomura
(2006) have the P1 teeth row smaller than the P2 and the P3 (P1>P2>P3
in our sample). From the total of analyzed individuals, one had fewer
number of submarginal papillae that formed a row on the sides of the
oral disc, one individual has the A1 teeth row with the same length than
the A2 and one the upper jaw sheath M-shaped.

Scinax fuscovarius (Lutz 1925)

First Description of the tadpole: Northwestern region of Sao Paulo
State, Brazil (Vizotto 1967).

Other characterizations: Argentina (Cei 1980, Fabrezi & Vera 1997);
Nova Itapirema — SP, Brazil (Rossa-Feres & Nomura 2006); Eastern
Region of the Meridional Espinhaco Ridge — MG, Brazil (Pimenta
et al. 2014); Bolivia (Schulze et al. 2015).

Specimens Examined: Brazil, Goias State, municipalities of Ipora
(ZUFG 2091, ZUFG 2099, ZUFG 2103), Niquelandia (ZUFG 2061),
Silvania (ZUFG 1274) and Parque Nacional das Emas (ZUFG 1317).
Description based on ten tadpoles between Gosner Stages 34 and 39.
Characterization. Total length 42.14 + 3.76 mm (Table 1, Figure 22).
The body shape is elliptical in dorsal view and triangular-compressed in
lateral view (BW/BH = 0.88-0.89). The snout is sloped in lateral view.
The oral disc is anteroventral, folded ventrally, with a uniseriate row of
elongated marginal papillae, interrupted by a dorsal gap; submarginal
papillae at commissures, smaller than the marginal papillae. LTRF is
2(2)/3(1), A1 = A2, P1 = P2 > P3. The upper jaw sheath is wide, arc-
shaped, and the lower jaw sheath is wide, U-shaped; the upper jaw
sheath is slightly wider than the lower jaw sheath. Nares medium (ND/
ED=0.27-0.30), rounded, dorsolaterally positioned. Eye medium (ED/
BH = 0.25-0.25), laterally positioned. Spiracle sinistral, with medium
length (SL/BL=0.15-0.16) and medium width (SW/BH = 0.09-0.18),
opening on the posterior third of the body, posterodorsally directed,
with the centripetal wall fused to body wall. Vent tube dextral, fused
to the ventral fin. The caudal musculature width is wide (TMW/BW =
0.52-0.57). The dorsal fin has medium height (DFH/TMH = 0.84-0.87),
originating at the body with high slope, and convex margin; ventral fin

has medium height (VFH/TMH = 0.63-0.92) with convex margin; the
tail end with a flagellum. Lateral line evident.

Comments. Our tadpoles are like those described by Vizotto (1967) and
Cei (1980), differing only by the disposition of submarginal papillae,
with 4 to 6 rows laterally in the oral disc in these tadpoles. Tadpoles
described by Rossa-Feres & Nomura (2006) differ from our samples
by the upper jaw sheath M-shaped and nares elliptical. The populations
described by Schulze et al. (2015) had the upper jaw-sheath M-shaped,
oral disc emarginated laterally and were smaller (total length =32.32 mm,
Stages 32-38) than our tadpoles (TL =42.13 mm, Stages 35-39). One
individual in our sample presented the upper jaw sheath M-shaped
and the spiracle posteriorly directed. Tadpoles of S. fuscovarius can
be distinguished of those of S. fuscomarginatus by the sloped snout
shape in lateral view (rounded in S. fuscomarginatus), deeper body
and higher fins.

Scinax longilineus (Lutz 1968)

First Description of the tadpole: Pocos de Caldas — MG, Brazil (Andrade
& Cardoso 1991).

Other characterizations: not available.

Specimens Examined: Brazil, Minas Gerais State: Pogos de Caldas
(ZUFG 2494, ZUFG 2495, ZUFG 2496). Description based on 11
tadpoles between Gosner Stages 35 and 40.

Characterization. Total length 38.49 + 4.91 mm (Table 1, Figure 23).
The body shape is rounded in dorsal view and globular-depressed in
lateral view (BW/BH =0.95-1.00). The snout is rounded in lateral view.
The oral disc is anteroventral, not emarginate, with a uniseriate row of
conical marginal papillae, in alternated disposition, biseriate laterally,
interrupted by a dorsal gap; submarginal papillae aggregated laterally,
smaller than the marginal papillae. LTRF is 2(2)/3,A1=A2,P1 =P2=P3.
The upper jaw sheath is narrow, M-shaped, and the lower jaw sheath is
narrow, U-shaped; the upper jaw sheath is slightly wider than the lower
jaw sheath. Nares medium (ND/ED = 0.20-0.24), rounded, dorsally
positioned. Eyes small to medium (ED/BH = 0.15-0.20), dorsally
positioned. Spiracle sinistral, with medium length (SL/BL =0.07-0.12)
and medium width (SW/BH =0.10-0.12), opening on the posterior third
of'the body, posterodorsally directed, with centripetal wall fused to body
wall. Vent tube dextral, fused to the ventral fin. The caudal musculature
width is medium to wide (TMW/BW = 0.45-0.49). The dorsal fin has
medium height (DFH/TMH = 0.72—0.73), originating at the body with
acute slope, and convex margin; ventral fin has medium height (VFH/
TMW = 0.54-0.60) with margin parallel to the caudal musculature; the
tail tip is rounded. Lateral line evident.

Figure 22. Tadpoles of Scinax fuscovarius at Stage 38 (Gosner 1960): (A) lateral,
and (B) dorsal view (scale 10 mm), (C) oral disc (scale 2 mm).
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Figure 23. Tadpoles of Scinax longilineus at Stage 36 (Gosner 1960): (A) lateral,
and (B) dorsal view (scale 10 mm), (C) oral disc (scale 2 mm).
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Comments. Tadpoles analyzed in this study were collected in the type
locality of the species and differ from the original description by the
body rounded in dorsal view, and nares dorsally positioned (body
elliptical and nares dorsolaterally positioned in Andrade & Cardoso
1991). From the 11 analyzed individuals in our sample, one presented
body elliptical and the A1l teeth row longer than the A2. Tadpoles of
S. longilineus have an oral disc with a concave posterior margin when
closed, a shared trait for tadpoles in the S. catharinae group, differing
from the other species of Scinax. This trait allows an easy differentiation
of S. longilineus tadpoles from S. fuscomarginatus, and S. fuscovarius
tadpoles.

Scinax pombali Lourengo, Carvalho, Baéta, Pezzuti & Leite 2013
First Description of the tadpole: Capitdlio — MG, Brazil (Lourengo
et al. 2013).

Other characterization: Not available.

Specimens Examined: Brazil, Minas Gerais State, Parque Nacional
da Serra da Canastra (ZUFG 2493, 2899). Description based on ten
tadpoles between Gosner Stages 36 and 40.

Characterization. Total length 46.07 + 3.19 mm (Table 1, Figure 24).
The body shape is rounded in dorsal view and globular-depressed in
lateral view (BW/BH =1.12—-1.17). The snout is rounded in lateral view.
The oral disc is ventral, folded ventrally and ventrolaterally, with a
biseriate row of mixed conical and elongated marginal papillae, without
dorsal gap; presence of submarginal papillae aggregated lateroventrally,
mixing small and large submarginal papillae, also mixing submarginal
papillae that were smaller and larger than marginal papillae; submarginal
papillae when larger than marginal papillae could have lateral projection,
forming a T-shape. LTRF is 2(2)/3, A1 = A2, P1 = P2 = P3. The upper
jaw sheath is narrow to medium sized, M-shaped, the lower jaw sheath
is narrow, V-shaped; the upper jaw sheath is wider than the lower
jaw sheath. Nares medium (ND/ED = 0.16-0.23), rounded, dorsally
positioned. Eyes medium (ED/BH = 0.22-0.23), dorsally positioned.
Spiracle sinistral, with medium length (SL/BL = 0.08-0.09), narrow
width (SW/BH = 0.08-0.09), with opening on the posterior third of
the body, posterodorsally directed, with centripetal wall not fused
to body wall. Vent tube dextral, fused to the ventral fin. The caudal
musculature width is wide (TMW/BW = 0.55-0.56). The dorsal fin
has low to medium height (DFH/TMH = 0.37-0.55), originating at the
body with a median slope, and convex margin; ventral fin low (VFH/
TMW = 0.28-0.40) with convex margin; the tail tip is pointed. Lateral
line not evident.

Comments. Tadpoles described by Lourengo et al. (2013) present
snout sloped or truncated in lateral view (rounded in our samples).
The large oral disc, continuous row of marginal papillae, without a
dorsal gap, and the amount and shape of the submarginal papillae are
useful traits that help to distinguish the tadpoles of Scinax pombali
from the tadpoles of other species of Scinax included in our study. In
our sample, one individual presented the marginal papillae uniseriate
in alternate disposition and biseriate laterally, and another individual
had A2 slightly smaller than A1.

Scinax rupestris Aratjo-Vieira, Brandao & Faria 2015

First Description of the tadpole: Chapada dos Veadeiros National
Park — GO, Brazil (Araujo-Vieira et al. 2015).

Other characterization: not available.

Specimens Examined: Brazil, Goias State, Parque Nacional da Chapada
dos Veadeiros (ZUFG 1970, ZUFG 2243, ZUFG 2251, ZUFG 2276).
Description based on 11 tadpoles between Gosner Stages 31 and 37.
Characterization. Total length 32.04 + 3.59 mm (Table 1, Figure 25).
The body shape is elliptical in dorsal view and globular-depressed in
lateral view (BW/BH =1.01-1.06). The snout is rounded in lateral view.
The oral disc is anteroventral, not emarginate, with a uniseriate row
of conical marginal papillae, interrupted by a dorsal gap; submarginal
papillae aggregated laterally, and smaller than the marginal papillae.
LTRF is 2(2)/3 or 2(2)/3(1), A1 = A2, P1 = P2 and P3 slightly smaller
than P1 and P2; the upper jaw sheath is wide, M-shaped, and the lower
jaw sheath is wide, V-shaped; the upper jaw sheath is wider than the
lower. Nares small to medium (ND/ED = 0.08-0.15) rounded, dorsally
positioned. Eyes medium (ED/BH = 0.23-0.24), dorsally positioned.
Spiracle sinistral, with medium length (SL/BL =0.08-0.12) and medium
width (SW/BH = 0.13-0.17), opening at the middle third of the body,
posterodorsally directed, with centripetal wall fused to the body wall.
Vent tube dextral, fused to the ventral fin. The caudal musculature width
is medium (TMW/BW = 0.32-0.37). The dorsal fin has medium height
(DFH/TMH = 0.54-0.83), originating at the body with median slope, and
convex margin; ventral fin has medium height (VFH/TMW = 0.52-0.54)
with convex margin; the tail tip is pointed. Lateral line not evident.
Comments. Tadpoles analyzed in this study closely resemble those
described by Araujo-Vieira et al. (2015), differing only by the length
of teeth rows and the shape of the upper jaw sheath (A1 > A2, P1 =
P2 = P3, and upper jaw arc-shaped), although the figure of the oral
disc in the original description shows an M-shaped upper jaw sheath.
Scinax rupestris tadpoles can be distinguished from the tadpoles of

Figure 24. Tadpoles of Scinax pombali at Stage 36 (Gosner 1960): (A) lateral,
and (B) dorsal view (scale 10 mm), (C) oral disc (scale 2 mm).
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Figure 25. Tadpoles of Scinax rupestris at Stage 40 (Gosner 1960): (A) lateral,
and (B) dorsal view (scale 10 mm), (C) oral disc at Stage 30 (scale 2 mm).
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S. fuscomarginatus and S. fuscovarius by oral disc not emarginated (oral
disc ventrally emarginated in S. fiscomarginatus and S. fuscovarius),
and upper jaw sheath in M-shaped differ of S. fuscomarginatus (arc-
shaped). The body shape elliptical in dorsal view and oral disc without
a concave posterior differ S. rupestris of S. longilineus (body shape
rounded and oral disc with a concave posterior margin when closed).
The LTRF 2(2)/3(1), the most common in our sample, is described as
a variation in the original description (Araujo-Vieira et al. 2015). We
also observed a variation in the density of pigmentation in the body
coloration, as reported by Araujo-Vieira et al. (2015). Two individuals
from our sample had the body ovoid in dorsal view, two showed
an evident lateral line, two had the LTRF 2(2)/3, three had fewer
submarginal papillae, scattered lateroventrally, and three had the Al
teeth row of the same length than the A2.

Scinax similis (Cochran 1952)

First Description of the tadpole: Rio de Janeiro — RJ, Brazil (Alves &
Carvalho-e-Silva 1999).

Other characterizations: Not available.

Specimens Examined: Brazil, Goias State, municipalities of Mineiros
(ZUFG 70), Niquelandia (ZUFG 645) and Parque Nacional da Chapada
dos Veadeiros (ZUFG 2124). Description based on ten tadpoles between
Gosner Stages 31 and 37.

Characterization. Total length 30.12 + 2.01 mm (Table 1, Figure 26).
The body shape is elliptical in dorsal view and triangular-compressed in
lateral view (BW/BH = 0.90-0.94). The snout is rounded in lateral view.
The oral disc is anteroventral, ventrally emarginate, with a uniseriate
row of conical marginal papillae, in alternate disposition, interrupted by
a dorsal gap; submarginal papillac aggregate laterally, of the same size
as the marginal papillae. LTRF is 2(2)/3(1), A1 =A2, P1 >P2>P3. The
upper jaw sheath is narrow, M-shaped, and the lower jaw sheath is narrow,
V-shaped; the lower jaw sheath is slightly wider than the upper jaw sheath.
Nares medium (ND/ED = 0.21-0.33), rounded, dorsolaterally positioned.
Eyes large (ED/BH = 0.29-0.31), laterally positioned. Spiracle sinistral,
medium to long (SL/BL = 0.12-0.21), with medium width (SW/BH =
0.14-0.17), opening on the posterior third of the body, posterodorsally
directed, with centripetal wall fused to body wall. Vent tube dextral, fused
to the ventral fin. The caudal musculature width is wide (TMW/BW =
0.51-0.55). The dorsal fin has medium height (DFH/TMHW = 0.85-0.87),
originating at the body with acute slope, and convex margin; ventral fin
has medium height (VFH/TMW = 0.67-0.74) with convex margin; the
tail end with a flagellum. Lateral line evident.

Comments. Tadpoles described by Alves & Carvalho-e-Silva (1999) had
arc-shaped upper jaw sheath and fewer submarginal papillae scattered
laterally. Otherwise, our sample closely resemble those tadpoles. In our
sample, two individuals had the upper jaw sheath arc-shaped, which
indicates that this variation would be common within and among S.
similis population. Tadpoles of S. similis are smaller and the dorsal
fin origin is closer to the eyes than in S. fuscovarius. Tadpoles of S.
similis can also be distinguished from S. fuscovarius by the snout
rounded, narrower jaw sheath and smaller total length. Also, S. similis
can be distinguished from S. fuscomarginatus by the wider lower jaw
sheath and the P3 teeth row being slightly smaller than the P1 and P2
teeth rows. Easily distinguished from S. rupestris due to the oral disc
ventrally emarginated.

Scinax gr. ruber

First Description of the tadpole: Species uncertain.

Other characterizations: Not available.

Specimens Examined: Brazil, Goias State, municipality of Nova Roma
(ZUFG: 1881). Description based on four tadpoles between Gosner
Stages 31 and 40.

Total length 29.92 + 3.35 mm (Table 1, Figure 27). The body shape is
ovoid in dorsal view and triangular-compressed in lateral view (BW/
BH = 0.84-0.96). The snout is sloped in lateral view. The oral disc is
anteroventral, ventrally emarginate, with a uniseriate row of elongate
marginal papillae, in alternate disposition, interrupted by a dorsal gap;
submarginal papillae aggregate laterally, smaller than the marginal
papillae. LTRF is 2(2)/3(1), A1 =A2, P1 =P2 > P3. The upper jaw sheath
is narrow, M-shaped, and the lower jaw sheath is narrow, V-shaped;
the lower jaw sheath is slightly wider than the upper jaw sheath. Nares
medium (ND/ED = 0.20-0.25), rounded, laterally positioned. Eyes
medium (ED/BH = 0.26-0.27), laterally positioned. Spiracle sinistral,
with medium length (SL/BL = 0.12-0.15) and medium width (SW/BH
=0.13-0.15), opening on the middle third of the body, posterodorsally
directed, with centripetal wall fused to body wall. Vent tube dextral,
fused to the ventral fin. The caudal musculature width is medium
(TMW/BW = 0.41-0.45). The dorsal fin has medium height (DFH/
TMH = 0.93-0.97), originating at the body with median slope, and
convex margin; ventral fin has medium height (VFH/TMH = 0.68-0.74)
with convex margin; the tail tip the tail end with a flagellum is pointed.
Lateral line not evident.

Comments. We were unable to associate these tadpoles to S. fiscovarius,
once these tadpoles are smaller and had smaller fins, to Scinax similis,

Figure 26. Tadpoles of Scinax similis at Stage 39 (Gosner 1960): (A) lateral,
and (B) dorsal view (scale 10 mm), (C) oral disc (scale 2 mm).
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Figure 27. Tadpoles of Scinax gr. ruber at Stage 37 (Gosner 1960): (A) lateral,
and (B) dorsal view (scale 10 mm), (C) oral disc (scale 2 mm).
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due to the snout sloped in lateral view, nares with opening laterally
directed (anterolaterally directed in S. similis), and to S. fuscomarginatus
due to the position of fin origin, away from the eyes position, and
deeper fins. They also are distinguished from S. rupestris by the oral
disc ventrally emarginated.

Scinax squalirostris (Lutz 1925)

First Description of the tadpole: Paranapiacaba — SP, Brazil (Bokermann
1967).

Other characterizations: Jaboticatubas — MG, Brazil (Cei 1980), Eastern
Region of the Meridional Espinhago Ridge — MG, Brazil (Pimenta et
al. 2014).

Specimens Examined: Brazil, Minas Gerais State, Parque Nacional da
Serra da Canastra (ZUFG 2497, ZUFG 2498). Description based on
six tadpoles between Gosner Stages 31 and 36.

Characterization. Total length 22.58 + 1.05 mm (Table 1, Figure 28).
The body shape is elliptical in dorsal view and triangular-compressed in
lateral view (BW/BH =0.96—1.08). The snout is rounded in lateral view.
The oral disc is anteroventral, ventrally emarginate, with a uniseriate
row of conical marginal papillae, interrupted by dorsal gap; submarginal
papillae aggregate laterally, smaller than the marginal papillae. LTRF
is 2(2)/3(1), A1 = A2, P1 = P2>P3; the upper jaw sheath is wide,
M-shaped, and the lower jaw sheath is wide, V-shaped; the upper jaw
sheath is slightly wider than the lower jaw sheath. Nares medium (ND/
ED=0.26-0.29), rounded, dorsally positioned. Eyes medium (ED/BH =
0.26-0.27), laterally positioned. Spiracle sinistral, medium to long (SL/
BL=0.18-0.24), wide (SW/BH = 0.25-0.26), opening at the posterior
third of the body, posterodorsally directed, with centripetal wall fused
to the body wall. Vent tube dextral, fused to the ventral fin. The caudal
musculature width is medium (TMW/BW = 0.33-0.45). The dorsal fin
is high (DFH/TMHW = 1.17-1.21), originating at the body with median
slope, and convex margin; ventral fin is high (VFH/TMH = 0.98-1.02),
with convex margin; the tail tip is pointed. Lateral line not evident.
Comments. Tadpoles analyzed in our study closely resemble those
described by Cei (1980) and Pimenta et al. (2014), differing only by the
elliptical body shape in dorsal view from those tadpoles described by Cei
(1980), which was described as ovoid, but this difference represents a
difference in terminology use. Tadpoles described by Bokermann (1967)
had a different LTRF [2(1,2)/3(1)]. In our sample, one of the tadpoles
had the A2 teeth row longer than the A1l. Tadpoles of S. squalirostris
were distinguished from tadpoles of S. fitscovarius because they were
slender, had a rounded snout, and the origin of the dorsal fin is closer
to the eyes. In addition, S. squalirostris could be distinguished from the

Figure 28. Tadpoles of Scinax squalirostris at Stage 35 (Gosner 1960): (A)
lateral, and (B) dorsal view (scale 10 mm), (C) oral disc (scale 2 mm).
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tadpoles of S. fuscomarginatus by higher body and deeper dorsal and
ventral fins. The snout rounded in lateral view differ S. squalirostris
from S. rupestris and Scinax sp., and the oral disc ventrally emarginated
differ S. squalirostris from S. rupestris. Tadpoles of S. squalirostris are
smaller and had the P3 smaller when compared to S. similis.

Trachycephalus typhonius (Linnaeus 1758)

First Description of the tadpole: Vera Cruz — México (Pyburn 1967).
Other characterizations: Colombia (Duellman 1970, 2005); Argentina
(Cei 1980); Para and Roraima, Brazil (Schiesari et al. 1996); Nova
Itapirema — SP, Brazil (Rossa-Feres & Nomura 2006); Bolivia (Schulze
et al. 2015). Although lacking a formal characterization, some larval
traits can be found in available taxonomic keys for the tadpoles from
the Amazonas (Hero 1990) and Colombia (Lynch 2006).

Specimens Examined: Brazil, Goias State, municipalities of Cidade
de Goias (ZUFG 1916, ZUFG 1927), Serrandpolis (ZUFG 1371).
Description based on 15 tadpoles between Gosner Stages 36 and 40.
Characterization. Total length 36.46 + 4.02 mm (Table 1, Figure 29).
The body shape is elliptical in dorsal view and triangular-compressed
in lateral view (BW/BH = 0.95-0.98). The snout is sloped in lateral
view. The oral disc is anteroventral, lateroventrally emarginate, with
a biseriate row of elongated marginal papillae, interrupted by a dorsal
gap; submarginal papillae aggregate laterally, smaller than the marginal
papillae. LTRF is 4(1,3)/5(1), Al =A2=A3=A4,P1 =P2=P3=P4>
P5 with the A4 row rather fragmented; accessory teeth rows presented
laterally on the oral disc. The upper jaw sheath is narrow, arc-shaped,
and the lower jaw sheath is narrow, U-shaped; the upper jaw sheath is
wider than the lower jaw sheath. Nares medium (ND/ED = 0.20-0.28),
rounded, dorsally positioned. Eyes medium (ED/BH = 0.17-0.18),
laterally positioned. Spiracle sinistral, lateroventral, medium to long
(SL/BL = 0.13-0.21), with medium width (SW/BH = 0.14-0.20),
opening on the posterior third of the body, posterodorsally directed,
with centripetal wall fused to the body wall. Vent tube medial, fused to
the ventral fin. The caudal musculature width is medium (TMW/BW =
0.32-0.34). The dorsal fin has medium height (DFH/TMH =0.76-0.81),
originating at the body with median slope, and convex margin; ventral
fin has medium height (VFH/TMH = 0.71-0.71) with convex margin;
the tail tip is pointed. Lateral line not evident.

Comments. Tadpoles described by Schiesari et al. (1996) were
larger (TL = 59.9 mm, Stages 39) than those in our sample. Tadpoles
described by Duellman (2005) do not have submarginal papillae, but
the author report the presence of small papillae positioned in the lateral
folder, which could be a reference to the accessory teeth rows or o the

Figure 29. Tadpoles of Trachycephalus typhonius at Stage 36 (Gosner 1960):
(A) lateral, and (B) dorsal view (scale 10 mm), (C) oral disc (scale 2 mm).
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submarginal papillae. Cei (1980) reports for the tadpoles of Argentina
a LTRF 2(2)/5(1), eventually with an additional P6, but generally, the
PS5 and P6 were highly fragmented whenever present. For Duellman
(1970) and Rossa-Feres & Nomura (2006), the P6 teeth row was more
common and the interruptions in the teeth rows had a different pattern,
resulting in a LTRF of 4(1,2,4)/6(1,6). Schiesari et al. (1996) already
described the variation in the number of teeth rows, suggesting that
this variation could be related to the developmental stages, finding
until nine posterior labial teeth rows in tadpoles of T. typhonius. In
our sample, the LTRF showed large variation, with LTRF 4(1,3)/5(1)
found in eight of the tadpoles, followed by the LTRF 3(1,3)/6(1),
found in five of the tadpoles, and the LTRF 3(1)/5(1), found in one
of the tadpoles. Whenever present, the row P6 was shorter than the
other rows of labial teeth and fragmented and, as seen by Schiesari
et al. (1996), was positioned next to the row of marginal papillae.
Navarro-Acosta et al. (2017) studied the teeth row development of
four tadpoles of anuran species from the Boana pulchella group and B.
faber and found that rows were added distally in both labia. The same
pattern was reported by Sanchez (2010) for Colombian Hiloscirtus
species. Thus, despite lack of developmental studies of the oral disc
in Trachycephalus, we suggest that is very likely that the formation
of supernumerary rows follow the same patterns of development
described by Navarro Acosta et al. (2017) and Sanchez (2010). The
lateral line was evident in six individuals.

5. Leptodactylidae Werner 1896 (1838)

Leptodactylus fuscus (Schneider 1799)

First Description of the tadpole: French Guiana — SR (Lescure 1973).
Other characterizations: Nova Itapirema — SP, Brazil (Rossa-Feres &
Nomura 2006); Eastern Region of the Meridional Espinhago Ridge —
MG, Brazil (Pimenta et al. 2014); Bolivia (Schulze et al. 2015).
Specimens Examined: Brazil, Goias State, municipality of Sdo Miguel
do Araguaia (ZUFG 1967). Description based on five tadpoles between
Gosner Stages 36 and 37.

Characterization. Total length 29.32 + 3.10 mm (Table 1, Figure 30).
The body shape is ovoid in dorsal view and globular-depressed in lateral
view (BW/BH = 1.27-1.09). The snout is rounded in lateral view. The
oral disc is anteroventral, not emarginate, with a uniseriate row of
elongate marginal papillae, in alternate disposition, interrupted by a
dorsal gap; submarginal papillae absent. LTRF is 2(2)/3, A1 slightly
smaller than A2, P1 = P2 and P3 slightly smaller than P2. The upper
jaw sheath is narrow to medium, arc-shaped, and the lower jaw sheath
is narrow, V-shaped; the upper jaw sheath is wider than the lower jaw

sheath. Nares medium to large (ND/ED = 0.36-0.39), elliptical, dorsally
positioned. Eyes medium (ED/BH = 0.17-0.17), dorsally positioned.
Spiracle sinistral, with medium length (SL/BL=0.10-0.18) and medium
width (SW/BH = 0.13-0.17), opening on the middle third of the body,
posterodorsally directed, with centripetal wall fused to the body wall.
Vent tube medial, fused to the ventral fin. The caudal musculature width
is medium (TMW/BW =0.27-0.41). The dorsal fin is low (DFH/TMH =
0.43-0.48), originating at the tail-body junction with acute slope, and
convex margin; ventral fin is low (DFH/TMH = 0.41-0.43) with convex
margin to the caudal musculature; the tail tip is pointed. Lateral line
not evident.

Comments. Tadpoles described by Lescure (1973) have a biseriate
row of marginal papillae (uniseriate in our sample), while the tadpoles
analyzed by Rossa-Feres & Nomura (2006) had LTRF 2(2)/3(1). The
absence of projection on the marginal rim and LTRF 2(2)/3 in our
sample, resemble the populations analyzed by Pimenta et al. (2014).
The populations described by Schulze et al. (2015), present a biseriate
marginal papillae ventrally and LTRF 2(2)/3(1). In our sample, one
individual presented the A1 teeth row with the same length than A2.

Leptodactylus labyrinthicus (Spix 1824)

First Description of the tadpole: Guapiagu — SP, Brazil (Vizotto 1967).
Other characterizations: Sdo José do Rio Preto — SP, Brazil (Rossa-
Feres & Nomura 2006); Eastern Region of the Meridional Espinhaco
Ridge — MG, Brazil (Pimenta et al. 2014).

Specimens Examined: Brazil, Goias State, municipalities of Caiaponia
(ZUFG 2028), Rio Verde (ZUFG 664). Description based on eight
tadpoles between Gosner Stages 35 and 40.

Characterization. Total length 58.72 + 5.13 mm (Table 1, Figure 31).
The body shape is ovoid in dorsal view and globular-depressed in lateral
view (BW/BH = 1.15-1.18). The snout is rounded in lateral view. The
oral disc is anteroventral, not emarginate, with a uniseriate row of short
and rounded marginal papillae, alternated ventrally, interrupted by a
dorsal gap; submarginal papillae absent. LTRF is 1/2(1), P1 slightly
smaller than P2; the upper jaw sheath is narrow to medium, arc-shaped,
and the lower jaw sheath is narrow, V-shaped; the upper and lower
jaw sheath have the same width. Nares medium to large (ND/ED =
0.35-0.38), elliptical, dorsally positioned. Eyes small to medium (ED/
BH=0.14-0.17), dorsally positioned. Spiracle sinistral, medium to long
(SL/BL=0.13-0.21), wide width (SW/BH =0.29-0.35), opening on the
middle third of the body, posterodorsally directed, with the centripetal
wall fused to body wall. Vent tube medial, fused to the ventral fin.
The caudal musculature width is medium (TMW/BW = 0.46-0.46).

Figure 30. Tadpoles of Leptodactylus fuscus at Stage 36 (Gosner 1960): (A)
lateral, and (B) dorsal view (scale 10 mm), (C) oral disc (scale 2 mm).
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Figure 31. Tadpoles of Leptodactylus labyrinthicus at Stage 36 (Gosner 1960):
(A) lateral, and (B) dorsal view (scale 10 mm), (C) oral disc (scale 2 mm).
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The dorsal fin is low (DFH/TMH = 0.34-0.45), originating on the
posterior third of the body with acute slope, and margin parallel to the
caudal musculature; ventral fin is low (VFH/TMH = 0.36-0.40) with
margin parallel to the caudal musculature; the tail tip is pointed; tail very
long, with almost four to five times the body length. Lateral line evident.
Comments. Tadpoles analyzed by Vizotto (1967) were larger (TL =
75 mm, Stages 39, TL = 58.72 mm, Stages 3540, in our sample), and
the tadpoles described by Rossa-Feres & Nomura (2006) were smaller
(TL =48.10 mm, Stages 36-39). Tadpoles analyzed by Rossa-Feres &
Nomura (2006) also had the oral disc emarginate ventrally and with
uniseriate marginal papillae. From the total of analyzed individuals,
four individuals had uniseriate marginal papillae, one had the oral disc
ventrally directed. Tadpoles of L. labyrinthicus were easily differentiated
from those of L. fiscus by the larger total length (TL =29.32 mm, Stages
36-37,1in L. fuscus; TL=158.72 mm, Stages 3540, in L. labyrinthicus),
smaller body when compared to the tail length and teeth row formula
1/2(1) in L. labyrinthicus and 2(2)/3 in L. fuscus.

Leptodactylus luctator (Hudson 1892)

First Description of the tadpole: Argentina (Fernandez & Fernandez,
1921).

Other characterizations: Sdo Paulo, Brazil (Rosa, 1965); Argentina
(Cei, 1980); Nova Itapirema — SP, Brazil (Rossa-Feres & Nomura,
2006); Eastern Region of the Meridional Espinhaco Ridge — MG, Brazil
(Pimenta et al. 2014). Although lacking a formal characterization, some
larval traits can be found in available taxonomic key for the tadpoles
from the Amazonas (Hero 1990).

Specimens Examined: Brazil, Goias State, municipalities of Cidade de
Goias (ZUFG 1915), Cristalina (ZUFG 1410), Jatai (ZUFG 1228), Rio
Verde (ZUFG 165). Description based on 13 tadpoles between Gosner
Stages 35 and 40.

Characterization. Total length 45.30 £ 7.73 mm (Table 1, Figure 32).
The body shape is elliptical in dorsal view and globular-depressed in
lateral view (BW/BH =0.46—1.07). The snout is rounded in lateral view.
The oral disc is anteroventral, ventrally folded, with a biseriate row of
elongate marginal papillae ventrally and triseriate laterally, interrupted
by a dorsal gap; submarginal papillae absent. LTRF is 2/3,A1=A2, P1
= P2, P3 slightly smaller than P2. The upper jaw sheath is narrow to
medium, arc-shaped, and the lower jaw sheath is narrow, V-shaped; the
upper and lower jaw sheaths were of the same width. Nares large (ND/
ED = 0.41-0.42), elliptical, with a small projection on marginal rim,
dorsolaterally positioned. Eyes small (ED/BH = 0.11-0.13), dorsally
positioned. Spiracle sinistral, lateroventral, with median length (SL/BL
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= 0.14-0.15), medium to wide (SW/BH = 0.20-0.26), opening at the
middle third of the body, posterodorsally directed, with the centripetal
wall fused to body wall. Vent tube medial, fused to the ventral fin. The
caudal musculature width is medium (TMW/BW = 0.32-0.42). The
dorsal fin has medium height (DFH/TMHW = 0.56-0.64), originating
at the tail-body junction with acute slope, and convex margin; ventral
fin has medium height (VFH/TMH = 0.51-0.68) with convex margin;
the tail tip is rounded. Lateral line evident.

Comments. Recently, Magalhaes et al. (2020) revised the taxonomy
of L. latrans species group, defining the L. latrans species as endemic
of Atlantic Forest, attributing the name L. luctator to the lineages
of (formerly known as) L. latrans in the Cerrado, southern Brazil,
southeastern Paraguay, Argentina, and Uruguay. Tadpoles from our
sampled population were smaller than the tadpoles described by
Fernandez & Fernandez (1921) (TL =73 mm, probably Stages 39), and
Rosa (1965) (TL = 90 mm) but were of similar size when compared to
the tadpoles described by Rossa-Feres & Nomura (2006). From the total
of analyzed individuals, two presented a snout sloped in lateral view,
one had P1 = P2, one individual had the marginal papillae uniseriate
ventrally, and another individual had the marginal papillae biseriate.
The teeth row formula, larger total length, elongated body shape in
dorsal view, and the marginal papillae biseriate ventrally and triseriate
laterally in L. luctator, differ L. luctator tadpoles of L. fuscus and L.
labyrinthicus.

Leptodactylus podicipinus (Cope 1862)

First Description of the tadpole: Ibira — SP, Brazil (Vizotto 1967).
Other characterizations: Trinidad and Tobago (Kenny 1969); Nova
Itapirema — SP, Brazil (Rossa-Feres & Nomura 2006); Bolivia (Schulze
et al. 2015).

Specimens Examined: Brazil, Goias State, municipality of Ipora (ZUFG
2268). Description based on three tadpoles between Gosner Stages 31
and 37.

Characterization. Total length 24.03 + 1.09 mm (Table 1, Figure 33).
The body shape is elliptical in dorsal view and globular-depressed
in lateral view (BW/BH = 1.15-1.19). The snout is sloped in lateral
view. The oral disc is anteroventral, ventrally folded, with a uniseriate
row of elongated marginal papillae laterally, biseriate lateroventrally,
interrupted by dorsal gap; three submarginal papillae laterally. LTRF
is 2/3, A1 = A2, P1 = P2, P3 slightly smaller than P2. The upper jaw
sheath is narrow to medium, arc-shaped, and the lower jaw sheath is
narrow, V-shaped; the upper jaw sheath is wider than the lower jaw
sheath. Nares large to very large (ND/ED = 0.45-0.56), elliptical,

Figure 32. Tadpoles of Leptodactylus latrans at Stage 34 (Gosner 1960): (A)
lateral, and (B) dorsal view (scale 10 mm), (C) oral disc at Stage 39 (scale 2 mm).
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Figure 33. Tadpoles of Leptodactylus podicipinus at Stage 36 (Gosner 1960):
(A) lateral, and (B) dorsal view (scale 10 mm), (C) oral disc (scale 2 mm).
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dorsally positioned. Eyes small to medium (ED/BH = 0.12-0.17),
dorsally positioned. Spiracle sinistral, with medium length (SL/BL =
0.09-0.13) and medium width (SW/BH = 0.16-0.24), opening on the
middle third of the body, posterodorsally directed, with the centripetal
wall fused to the body wall. Vent tube medial, fused to the ventral fin.
The caudal musculature width is medium (TMW/BW =0.32-0.36). The
dorsal fin has medium height (DFH/TMH = 0.67-0.71), originating on
the posterior third of the body with a median slope, with convex margin;
ventral fin has medium height (VFH/TMH = 0.61-0.61) with convex
margin; the tail tip is rounded. Lateral line not evident.

Comments. Tadpoles in our sample (TL=24.03 mm, Stages 31-37) were
smaller than the tadpoles described by Vizotto (1967) (TL = 30 mm,
Stage 39) and by Kenny (1969) (TL = 35 mm, about Stage 30), but
larger than the tadpoles described by Rossa-Feres & Nomura (2006)
(TL=25.03 mm, Stage 37) and Schulze et al. (2015) (TL =23.70 mm,
Stage 36). Tadpoles described by Kenny (1965) also differ by the
presence of a ventral gap on the row of marginal papillae, and by
having the ventral marginal papillae shorter than the lateral marginal
papillae. The populations analyzed by Rossa-Feres & Nomura (2006)
have the marginal papillae triseriate laterally. Tadpoles described by
Schulze et al. (2015) differ from our samples by oral disc described as
not emarginated, LTRF 2(2)/3, marginal papillae biseriate laterally, and
biseriate to triseriate ventrally, and A1 slightly shorter than A2. From the
total of analyzed individuals, one individual has snout slightly sloped
and one individual does not have submarginal papillae. Tadpoles of L.
podicipinus can be distinguished of those of L. fuscus, L. luctator, e L.
labyrinthicus, by lower total length (24.03 mm in L. podicipinus, stages
31and 37,29.32 mm in L. fuscus, stages 36 and 37, 45.30 mm in and L.
luctator, stages 35 and 40, 58.72 mm in L. labyrinthicus, stages 35 and
40), and by the teeth row formula (LTRF 2/3 in L. podicipinus, 2(2)/3
in L. fuscus and L. labyrinthicus).

Leptodactylus troglodytes Lutz 1926

First Description of the tadpole: Cabeceiras — PB, Brazil (Cascon &
Peixoto 1985).

Other characterizations: Not available.

Specimens Examined: Brazil, Tocantins State, Parque Estadual do
Lajeado (ZUFG 2947). Description based on three tadpoles between
Gosner Stages 31 and 37.

Characterization. Total length 35.77 £ 3.23 mm (Table 1, Figure 34).
The body shape is ovoid in dorsal view and globular-depressed in lateral
view (BW/BH = 1.15-1.25). The snout is sloped in lateral view. The
oral disc is ventral, not emarginate, with a uniseriate row of elongated

Figure 34. Tadpoles of Leptodactylus troglodytes at Stage 37 (Gosner 1960):
(A) lateral, and (B) dorsal view (scale 10 mm), (C) oral disc (scale 2 mm).
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marginal papillae, with alternated disposition, interrupted by dorsal
gap; submarginal papillae absent. LTRF is 2(2)/3, A1 slightly smaller
than A2, P1 = P2, P2 slightly smaller than P3. The upper jaw sheath
is narrow to medium, arc-shaped, and the lower jaw sheath is narrow,
V-shaped; the upper jaw sheath is wider than the lower. Nares medium
to large (ND/ED = 0.33-0.50), elliptical, dorsolaterally positioned. Eyes
small (ED/BH = 0.14-0.14), dorsally positioned. Spiracle sinistral,
lateroventral, with medium length (SL/BL = 0.14-0.16) and medium
width (SW/BH =0.16-0.22), opening on the posterior third of the body,
posterodorsally directed, centripetal wall fused to body wall. Vent tube
medial, fused to the ventral fin. The caudal musculature width is medium
(TMH/BW =0.31-0.32). The dorsal fin is low to medium (DFH/TMH =
0.47-0.70), originating on the posterior third of the body with a median
slope, and margin parallel to the caudal musculature; ventral fin has
medium height (VFH/TMH = 0.51-0.64) with margin parallel to the
caudal musculature; the tail tip is rounded. Lateral line not evident.
Comments. Tadpoles described by Cascon & Peixoto (1985) were larger
(TL = 43 mm, Stage 36) than the tadpoles included in our sample. In
our sample, one individual had the A1 with the same length of the A2.
Tadpoles of L. troglodytes (TL=35.77 mm, Stages 34-38) were smaller
than the tadpoles of L. labyrinthicus (TL=58.72 mm, Stages 35-40) and
L. luctator (TL =45.30 mm, Stages 35—40), but larger than tadpoles of
L. podicipinus (TL = 24.03 mm, Stages 31-37). The teeth row formula
of L. troglodytes [2(2)/3] also differ from the LTRF of L. luctator (2/3)
and the sloped snout in lateral view differ from the snout of L. fuscus.

Physalaemus centralis Bokermann 1962

First Description of the tadpole: Nova Alianga — SP, Brazil (Rossa-
Feres & Jim 1993).

Other characterizations: Nova Itapirema — SP, Brazil (Rossa-Feres
& Nomura 2006); Bolivia (Schulze et al. 2015). Although lacking a
formal characterization, some larval traits can be found in Ruggeri &
Weber (2012).

Specimens Examined: Brazil, Goias State, municipality of Aruana
(ZUFG 571, ZUFG 582). Description based on ten tadpoles between
Gosner Stages 37 and 40.

Characterization. Total length 23.18 = 1.89 mm (Table 1, Figure 35). The
body shape is ovoid in dorsal view and globular-depressed in lateral view
(BW/BH = 1.09-1.23). The snout is rounded in lateral view. The oral
disc is ventral, laterally emarginate, with a uniseriate row of elongated
marginal papillae, interrupted by one dorsal and two lateroventral gaps
(type C1 sensu Vera Candioti et al. 2011); submarginal papillae absent.
LTREF is 2(2)/2, with A1 = A2, P1 slightly smaller than P2. The upper

Figure 35. Tadpoles of Physalaemus centralis at Stage 39 (Gosner 1960): (A)
lateral, and (B) dorsal view (scale 10 mm), (C) oral disc at Stage 38 (scale 2 mm).

http://www.scielo.br/bn


https://doi.org/10.1590/1676-0611-BN-2023-1486

28

Biota Neotrop., 23(3): €20231486, 2023

Santos D.L. et al.

jaw sheath is narrow to medium, arc-shaped, and the lower jaw sheath
is narrow, U-shaped; the lower jaw sheath is wider than the upper jaw
sheath. Nares medium (ND/ED = 0.32-0.36), elliptical, with a small
projection on marginal rim, dorsally positioned. Eyes medium (ED/
BH = 0.22-0.22), dorsally positioned. Spiracle sinistral, lateroventral,
medium to long (SL/BL = 0.07-0.25), wide (SW/BH = 0.27-0.28),
opening on the middle third of the body, ventrally directed, with the
centripetal wall totally fused to body wall. Vent tube medial, with free
distal edge. The caudal musculature width is medium (TMW/BW =
0.35-0.40). The dorsal fin has low to medium height (DFH/TMH =
0.42-0.63), originating on the posterior third of the body with median
slope, and convex margin; ventral fin is low (VFH/TMH = 0.23-0.42)
with margin parallel to the caudal musculature; the tail tip is pointed.
Lateral line not evident.

Comments. Tadpoles described by Rossa-Feres & Jim (1993), Rossa-
Feres & Nomura (2006) (TL=20.20 mm, Stage 37) and the morphotype
P, centralis A described by Schulze et al. (2015) (TL = 15 mm, Stages
26-27) were smaller than our tadpoles (TL =23.18 mm, Stages 37-40).
The P. centralis A morphotype (Schulze et al. 2015) also differ from our
tadpoles by having a ventral emargination, LTRF 2(2)/3(1), nares with
a prominent projection on the marginal rim, and spiracle not fused to
body and directed posteriorly. The presence of lateroventral gap in the
oral disc (C1 type sensu Vera Candioti et al. 2011) and the total length
0f21.40 mm, in Stage 39, makes the P. centralis B morphotype (Schulze
etal. 2015) like those tadpoles previously described, being little smaller
than tadpoles analyzed in our study, but differ by the LTRF 2(2)/3(1),
spiracle not fused to body and directed posterodorsally. From the total of
analyzed individuals, one individual had submarginal papillae scattered
lateroventrally, two had the upper jaw sheath in M- shaped, and one
individual had one ventral gap.

Physalaemus cuvieri Fitzinger, 1826

First Description of the tadpole: Sdo Paulo, Brazil (Bokermann, 1962).
Other characterizations: Argentina (Cei, 1980); Boracéia — SP, Brazil
(Heyer et al. 1990); Nova Itapirema — SP, Brazil (Rossa-Feres &
Nomura, 2006); Eastern Region of the Meridional Espinhago Ridge —
MG, Brazil (Pimenta et al. 2014). Although lacking a formal
characterization, some larval traits can be found in available in Ruggeri
& Weber (2012).

Specimens Examined: Brazil, Goias State, municipality of Alto Paraiso
(ZUFG 1121), Aparecida do Rio Doce (ZUFG 1842), Cocalzinho
(ZUFG 174), Corumba (ZUFG 47), Serrandpolis (ZUFG 92), and
Tocantins State, Parque Estadual do Lajeado (ZUFG 2519). Description
based on 15 tadpoles between Gosner Stages 34 and 38.
Characterization. Total lengths 20.85 £ 2.54 mm (Table 1, Figure 36).
The body shape is ovoid in dorsal view and globular-depressed in lateral
view (BW/BH = 1.06-1.27). The snout is rounded in lateral view.
The oral disc is ventral, laterally emarginate, with a uniseriate row of
elongated marginal papillae, interrupted by one dorsal, one ventral and
two lateroventral ventral gaps (C4 type sensu Vera Candioti et al. 2011),
submarginal papillae absent. LTRF is 2(2)/3(1), with the A1 slightly
smaller than the A2, P1>P2 and P3 with a third the length of the P2.
The upper jaw sheath is narrow to medium, arc-shaped, and the lower
jaw sheath is narrow, U-shaped; the lower jaw sheath is wider than the
upper jaw sheath. Nares very large (ND/ED = 0.80-0.85), elliptical,
with a small projection on marginal rim, dorsally positioned. Eyes small
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Figure 36. Tadpoles of Physalaemus cuvieri at Stage 37 (Gosner 1960): (A)
lateral, and (B) dorsal view (scale 10 mm), (C) oral disc (scale 2 mm).

(ED/BH =0.15-0.16), dorsally positioned. Spiracle sinistral, medium to
long (SL/BL = 0.19-0.24), with medium width (SW/BH = 0.19-0.20),
with opening on the posterior third of the body, posterodorsally directed,
with the centripetal wall fused to body wall. Vent tube medial, fused
to the ventral fin. The caudal musculature width is medium (TMW/
BW = 0.33-0.33). The dorsal fin has medium height (DFH/TMH =
0.50-0.73), originating on the posterior third of the body with median
slope, and convex margin; ventral fin has medium height (VFH/TMH =
0.32-0.52) with margin parallel to the caudal musculature; the tail tip
is pointed. Lateral line not evident.

Comments. Tadpoles described by Bokermann (1962) and Cei (1980)
differ from those studied herein by the LTRF 2/3(1). Tadpoles in our
sample were larger than those analyzed by Heyer (1990) (TL=23.30 mm,
Stage 34) and Rossa-Feres & Nomura (2006) (23.49 mm, Stages 34-39).
From the total of analyzed individuals, three had the LTRF 2/3(1),
four had the A1 with the same length than the A2, five had one or two
submarginal papillae laterally (from which one had accessory teeth row),
and six individuals had the upper jaw sheath M-shaped. The presence of
marginal rim also varies, with three tadpoles with a small projection on
the marginal rim, and three tadpoles presented the marginal rim in only
one nare. Tadpoles of P. cuvieri are easily differentiated from those of
P, centralis by the LTRF 2(2)/3(1), larger nares (average of 1.01 mm
in diameter for P. cuvieri, and 0.53 mm for P. centralis), and by the
spiracle posterodorsally directed.

Physalaemus marmoratus (Reinhardt & Liitken 1862)

First Description of the tadpole: Argentina (Cei 1980).

Other characterizations: Nova Itapirema — SP, Brazil (Nomura et al.
2003), Nova Itapirema — SP, Brazil (Rossa-Feres & Nomura 2006);
Bolivia (Schulze et al. 2015).

Specimens Examined: Brazil, Goias State, municipalities of Aparecida
do Rio Doce (ZUFG 2521), Aruand (ZUFG 600), Barro Alto (ZUFG
847). Description based on eight tadpoles between Gosner Stages 35
and 40.

Characterization. Total lengths 23.76 = 1.47 mm (Table 1, Figure 37). The
body shape is ovoid in dorsal view and globular-depressed in lateral view
(BW/BH =1.12-1.15). The snout is rounded in lateral view. The oral disc
is ventral, laterally emarginate, with a uniseriate row of elongated marginal
papillae, interrupted by one dorsal gap (C2 type sensu Vera Candioti et al.
2011); submarginal papillae absent. LTRF is 2(2)/2(1), A1 is slightly smaller
than A2, P1 is slightly wider than P2. The upper jaw sheath is narrow to
medium, M-shaped, and the lower jaw sheath is narrow, V-shaped; the upper
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Figure 37. Tadpoles of Physalaemus marmoratus at Stage 35 (Gosner 1960):
(A) lateral, and (B) dorsal view (scale 10 mm), (C) oral disc (scale 2 mm).

jaw sheath is wider than the lower jaw sheath. Nares large to very large (ND/
ED=0.47-0.56), rounded, with a very small projection on the marginal rim,
dorsally positioned. Eyes small to medium (ED/BH = 0.15-0.19), dorsally
positioned. Spiracle sinistral, medium to long (SL/BL = 0.15-0.21), with
medium width (SW/BH = 0.20-0.22), with opening on the middle third
of the body, posterodorsally directed, centripetal wall fused to body wall.
Vent tube medial fused to the ventral fin. The caudal musculature width
is medium (TMW/BW = 0.33-0.37). The dorsal fin has medium height
(DFH/TMH = 0.52-0.61), originating on the posterior third of the body
with acute slope, and convex margin; ventral has low to medium height
(VFH/TMH = 0.42-0.45) with margin parallel to the caudal musculature;
the tail tip is pointed. Lateral line not evident.

Comments. Tadpoles analyzed by Rossa-Feres & Nomura (2006) differ
from those in our sample by the uniseriate marginal papillae and smaller
size (TL =32.64 mm, Stages 35-39, Rossa-Feres & Nomura 2006; TL =
33.84 mm, Stages 34-37, our sample). Tadpoles were described by
Rossa-Feres & Nomura (2006) as having the P2 teeth row slightly longer
than the P1 and the P3, but figure shows the P1 teeth row and the P2 of
similar sizes, and both longer than the P3. The populations described by
Schulze et al. (2015) were smaller (TL =31.3 mm in Stages 37-41), had
a uniseriate marginal papilla, and the P1 teeth row slightly smaller than
the P2 and the P3. Three individuals in our sample had the uniseriate
marginal papillae in alternated disposition laterally, two individuals had
the marginal papillae uniseriate lateroventrally, and one individual had
the marginal papillae biseriate laterally. In one individual, the A1 teeth
row had the same length than the A-2 and five individuals presented
the upper jaw sheath M-shaped. Tadpoles of P. marmoratus were easily
differentiated from those of P. centralis and P. cuvieri, by the absence
of a ventral gap. The spiracle posterodorsally directed differentiates P,
marmoratus from P. centralis (ventrally directed).

Physalaemus nattereri (Steindachner 1863)

First Description of the tadpole: Sao José do Rio Preto — SP, Brazil
(Vizotto 1967).

Other characterizations: Argentina (Cei 1980); Nova Itapirema — SP,
Brazil (Rossa-Feres & Nomura 2006); Bolivia (Schulze et al. 2015).
Specimens Examined: Brazil, Goias State, municipalities of Aparecida
do Rio Doce (ZUFG 1817, ZUFG: 1839), Chapadao do Céu (ZUFG:
1347, ZUFG: 1958), Cidade de Goias (ZUFG: 1921). Description based
on 13 tadpoles between Gosner Stages 34 and 37.

Characterization. Total length 33.84 + 3.10 mm (Table 1, Figure 38).
The body shape is ovoid in dorsal view and globular-depressed in lateral
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Figure 38. Tadpoles of Physalaemus nattereri at Stage 36 (Gosner 1960): (A)
lateral, and (B) dorsal view (scale 10 mm), (C) oral disc (scale 2 mm).

view (BW/BH = 1.18-1.21). The snout is sloped in lateral view. The
oral disc is anteroventral, laterally emarginate, with uniseriate row of
elongated marginal papillae ventrally, in alternated disposition, biseriate
lateroventrally, interrupted by a dorsal gap; submarginal papillae absent.
LTRF is 2(2)/3(1), with A1 teeth row slightly longer than A2, P1 slightly
longer than P2 and P3 slightly shorter than P2. The upper jaw sheath
is wide, arc-shaped, and the lower jaw sheath is narrow, V-shaped; the
upper and lower jaw sheath had the same width. Nares large (ND/ED =
0.41-0.49), rounded, dorsally positioned. Eyes small to medium (ED/
BH = 0.14-0.18), dorsally positioned. Spiracle sinistral, medium to
long (SL/BL = 0.12-0.22), with medium width (SW/BH = 0.15-0.20),
opening on the posterior third of the body, posterodorsally directed,
with the centripetal wall fused to body wall. Vent tube dextral, fused to
the ventral fin. The caudal musculature width is medium (TMW/BW =
0.31-0.36). The dorsal fin has medium height (DFH/TMH = 0.53-0.67),
originating on the posterior third of the body with a median slope, with
a convex margin; ventral fin has low to medium height (VFH/TMH =
0.29-0.44) with margin parallel to the caudal musculature; the tail tip
is pointed. Lateral line not evident.

Comments. Tadpoles analyzed by Rossa-Feres & Nomura (2006) differ
from those in our sample by the uniseriate marginal papillae and smaller
size (TL=32.64 mm, Stages 35-39, Rossa-Feres & Nomura 2006; TL=
33.84 mm, Stages 34-37, our sample). Tadpoles were described by
Rossa-Feres & Nomura (2006) as having the P2 teeth row slightly longer
than the P1 and the P3, but figure shows the P1 teeth row and the P2 of
similar sizes, and both longer than the P3. The populations described by
Schulze et al. (2015) were smaller (TL =31.3 mm in Stages 37-41), had
auniseriate marginal papilla, and the P1 teeth row slightly smaller than
the P2 and the P3. Three individuals in our sample had the uniseriate
marginal papillae in alternated disposition laterally, two individuals had
the marginal papillae uniseriate lateroventrally, and one individual had
the marginal papillae biseriate laterally. In one individual, the A1 teeth
row had the same length than the A-2 and five individuals presented
the upper jaw sheath M-shaped. Tadpoles of P. nattereri were easily
differentiated from those of P. centralis, P. cuvieri, and P. marmoratus
by the absence of a ventral gap.

6. Microhylidae Giinther 1858

Chiasmocleis albopunctata (Boettger 1885)

First Description of the tadpole: Uberlandia — MG, Brazil (Oliveira-
Filho & Giaretta 2006).

Other characterizations: Bolivia (Schulze et al. 2015).
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Specimens Examined: Brazil, Goias State, Parque nacional da Chapada
dos Veadeiros National (ZUFG 2294, ZUFG 2948). Description based
on six tadpoles between Gosner Stages 35 and 40.

Characterization. Total length 20.25 £ 2.65 mm (Table 1, Figure 39).
The body shape is rounded in dorsal view and triangular-depressed
in lateral view (BW/BH = 1.01-1.19). The snout is truncate in lateral
view. Oral disc without keratinized mouthparts or papillae; presence of a
dermal flap suspended in front of oral cavity. Nares not perforated. Eyes
medium (ED/BH = 0.22-0.22), laterally positioned. Spiracle ventral,
with medium length (SL/BL = 0.12-0.16), medium to wide (SW/BH
= 0.24-0.30), opening on the posterior third of the body, covering
the vent tube in three of six tadpoles but anterior to the vent tube in
three of six tadpoles, posteriorly directed, with the centripetal wall not
fused to the body wall. Vent tube medial, fused to the ventral fin. The
caudal musculature width is medium (TMW/BW = 0.27-0.38), with
the anterior third of the tail muscle and adjacent fins with a sheath of
thick connective tissue. The dorsal fin has medium height (DFH/TMH
=0.51-0.81), originating on the posterior third of the body with median
slope, with a convex margin; ventral fin has medium height (VFH/TMH
=0.61-0.91) with a convex margin; the tail tip end with a flagellum.
Lateral line evident.

Comments. Tadpoles analyzed by Schulze et al. (2015) were smaller
(TL=17.7 mm, Stages 35-39), and were described as having a rounded
snout. In three of six individuals in our sample, the spiracle was not
long enough to cover the vent tube and in one of six individuals, the
vent tube was dextral.

Dermatonotus muelleri (Boettger 1885)

First Description of the tadpole: Santa Fé do Sul — SP (Vizotto 1967).
Other characterizations: Argentina (Cei 1980, Lavilla 1992); Vitoria
Brasil — SP, Brazil (Rossa-Feres & Nomura 2006); Bolivia (Schulze
et al. 2015). Information about the larval development for populations
from Argentina were presented by Fabrezi et al. (2012).

Specimens Examined: Brazil, Goias State, municipalities of Britdnia
(ZUFG 1940), Pontalina (ZUFG 1283, ZUFG 1304), Nova Roma
(ZUFG: 1955), and Mato Grosso do Sul State, municipality of Sdo
Gabriel do Oeste (ZUFG 1956). Description based on 15 tadpoles
between Gosner Stages 31 and 37.

Characterization. Total length 36.45 £ 3.62 mm (Table 1, Figure 40).
The body shape is rounded in dorsal view and triangular-depressed
in lateral view (BW/BH = 1.21-1.32). The snout is rounded in lateral

view. Oral disc modified without keratinized mouthparts or papillae;
presence of a dermal flap suspended in front of oral cavity. Nares not
perforated. Eyes medium (ED/BH = 0.16-0.18), laterally positioned.
Spiracle ventral, long (SL/BL = 0.22-0.28), narrow to medium (SW/
BH = 0.07-0.10), opening on the posterior third of the body, covering
the vent tube, posteriorly directed, with the centripetal wall not fused
with the body wall. Vent tube medial, fused to the ventral fin. The
caudal musculature width is medium (TMW/BW = 0.28-0.36), with
the anterior third of the tail muscle and adjacent fins with a sheath of
thick connective tissue. The dorsal fin has medium height (DFH/TMH =
0.64-0.75), originating at the body-tail junction with acute slope, and
convex margin; ventral fin has medium height (VFH/TMH = 0.64-0.84)
with convex margin; the tail tip is pointed. Lateral line evident.
Comments. Vizotto (1967) considered the tadpoles to have large eyes
while Cei (1980) and Lavilla (1992) described the eyes of the tadpoles
as small. Tadpoles in our sample are like those described by Rossa-Feres
& Nomura (2006). In two individuals in our sample, the spiracle was
not long enough to cover the vent tube. Tadpoles of D. muelleri were
easily differentiated from those of C. albopunctatus by the larger total
length and the rounded snout in lateral view.

Elachistocleis cesarii (Miranda-Ribeiro 1920)

First Description of the tadpole: Mirassol — SP, Brazil (Rossa-Feres &
Nomura 2006).

Other characterizations: Macaiba — SP, Brazil (Magalhaes et al. 2012)
Specimens Examined: Brazil, Goiés State, municipalities of Barro Alto
(ZUFG 891, ZUFG 892), Britania (ZUFG 1939), Cidade de Goias
(ZUFG: 1920), Sao Jodo d’Alianga (ZUFG 1098, ZUFG 1101), Sao
Miguel do Araguaia (ZUFG 1886). Description based on 14 tadpoles
between Gosner Stages 35 and 38.

Characterization. Total length 26.94 + 4.27 mm (Table 1, Figure 41).
The body shape is rounded in dorsal view and triangular-depressed
in lateral view (BW/BH = 1.41-1.72). The snout is truncate in lateral
view. Oral disc modified without keratinized mouthparts or papillae;
presence of paired dermal flaps suspended in front of oral cavity; dermal
flaps with irregular edges. Nares not perforated. Eyes small (ED/BH =
0.16-0.17), laterally positioned. Spiracle ventral, with medium length
(SL/BL=0.14-0.19) and medium width (SW/BH =0.12-0.17), opening
on the posterior to the body, covering the vent tube, posteriorly directed,
with the centripetal wall not fused with the body wall. Vent tube medial
with sinistral opening, fused to the ventral fin. The caudal musculature

Figure 39. Tadpoles of Chiasmocleis albopunctata at Stage 39 (Gosner 1960):
(A) lateral, and (B) dorsal view (scale 10 mm), (C) oral disc (scale 2 mm). The
arrow indicates the spiracle position.
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Figure 40. Tadpoles of Dermatonotus muelleri at Stage 39 (Gosner 1960): (A)
lateral, and (B) dorsal view (scale 10 mm), (C) oral disc (scale 2 mm). The arrow
indicates the spiracle position.
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Figure 41. Tadpoles of Elachistocleis cesarii at Stage 38 (Gosner 1960): (A)
lateral, and (B) dorsal view (scale 10 mm), (C) oral disc (scale 2 mm). The arrow
indicates the spiracle position.

width is medium (TMW/BW = 0.28-0.34). The dorsal fin has medium
height (DFH/TMH = 0.47-0.53), originating at the posterior third of
the body with median slope, with convex margin; ventral fin has low
to medium height (VFH/TMH = 0.30-0.51) with convex margin; the
tail tip is rounded. Lateral line not evident.

Comments. The populations analyzed by Rossa-Feres & Nomura (2006)
were like the tadpoles in our descriptions. The populations analyzed by
Magalhaes et al. (2012) differ from those in our sample herein by the
vent tube with medial opening. The vent tube with sinistral opening and
the presence of two labial flaps differ E. cesarii from C. albopunctatus
and D. muelleri.

7. Odontophrynidae Lynch 1969

Odontophrynus cf. juquinha

First Description of the tadpole: species uncertain.

Other characterizations: not available.

Specimens Examined: Brazil, Minas Gerais State, municipality of
Andradas (ZUFG 908). Description based on three tadpoles at Gosner
Stage 37.

Characterization. Total length 41.43 + 6.86 mm (Table 1, Figure 42). The
body shape is elliptical in dorsal view and globular-depressed in lateral
view (BW/BH = 1.11-1.31). The snout is rounded in lateral view. The
oral disc is anteroventral, laterally emarginate, with a uniseriate row
of conical marginal papillae, interrupted by a dorsal gap; submarginal
papillae scattered laterally, smaller than the marginal papillaec. LTRF
is 2(2)/3(1), A1 = A2; P1 = P2 > P3. The upper jaw sheath is wide,
arc-shaped, and the lower jaw sheath is wide, U-shaped; the upper jaw
sheath is wider than the lower jaw sheath. Nares large to very large
(ND/ED =0.38-0.55), elliptical, with a small projection on the marginal
rim, dorsally positioned. Eyes small (ED/BH = 0.09-0.14), dorsally
positioned. Spiracle sinistral, with medium length (SL/BL=0.08-0.09),
narrow to medium (SW/BH = 0.09-0.11), opening on the middle third
of the body, posterodorsally directed, with the centripetal wall fused to
body wall and free distal edge. Vent tube with dextral opening, fused
to the ventral fin. The caudal musculature width is narrow to medium
(TMW/BW =0.29-0.32). The dorsal fin is medium to high (DFH/TMH =
0.94-1.05), originating on the posterior third of the body with an acute
slope, and convex margin; ventral fin has medium height (VFH/TMH =
0.60-0.65) with margin parallel to the caudal musculature; the tail tip
is rounded. Lateral line evident.

Comments. After Martino et al. (2019), the O. americanus species
was restricted to southern Brazil, but these authors did not define a
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possible name for populations outside this distribution. As our sampled
populations were geographically close to the O. juguinha (Rocha et al.
2017), we suspected that this species could have a larger geographical
distribution. Our sample is like those described by Rocha et al. (2017)
but our tadpoles have a larger total length.

Odontophrynus cultripes (Reinhardt & Liitken 1862)

First Description of the tadpole: Belo Horizonte — MG, Brazil (Savage
& Cei 1965).

Other characterizations: Argentina (Cei 1980); Eastern Region of the
Meridional Espinhago Ridge — MG, Brazil (Pimenta et al. 2014).
Specimens Examined: Brazil, Goias State, municipality of Teresopolis
(ZUFG 533). Description based on 14 tadpoles between Gosner Stages
35 and 38.

Characterization. Total length 34.87 +2.23 mm (Table 1, Figure 43).
The body shape is elliptical in dorsal view and globular-depressed
in lateral view (BW/BH = 1.46-1.51). The snout is rounded in
lateral view. The oral disc is ventral, laterally emarginate, with a
uniseriate row of conical marginal papillae, interrupted by a dorsal
gap; submarginal papillae scattered lateroventrally, smaller than
the marginal papillae. LTRF is 2(2)/3(1), A1<A2, P1>P2>P3. The
upper jaw sheath is wide, arc-shaped, and the lower jaw sheath is

wide, U-shaped; the upper jaw sheath is wider than the lower jaw
sheath. Nares medium (ND/ED = 0.27-0.29), elliptical, with a
projection on marginal rim, dorsally positioned. Eyes medium (ED/
BH = 0.22-0.24), dorsally positioned. Spiracle sinistral, short (SL/
BL=0.06-0.06), narrow to medium (SW/BH = 0.08-0.13), opening
on the middle third of the body, posterodorsally directed, with the
centripetal wall fused to body wall and free distal edge. Vent tube

Figure 42. Tadpoles of Odontophrynus sp. (cf. juquinha) at Stage 38 (Gosner
1960): (A) lateral, and (B) dorsal view (scale 10 mm), (C) oral disc (scale 2 mm).

Figure 43. Tadpoles of Odontophrynus cultripes at Stage 36 (Gosner 1960): (A)
lateral, and (B) dorsal view (scale 10 mm), (C) oral disc (scale 2 mm).
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medial, with dextral opening, fused to the ventral fin. The caudal
musculature width is medium (TMW/BW = 0.36-0.40). The dorsal
fin has medium height (DFH/TMH = 0.61-0.61), originating at
the body with an acute slope, with convex margin; ventral fin has
medium height (VFH/TMH = 0.45-0.46) with margin parallel to the
caudal musculature; the tail tip is rounded. Lateral line not evident.
Comments. Tadpoles described by Savage & Cei (1965) were smaller
(TL=14 mm, Stage 37) than the tadpoles in our samples (TL=38.01 mm,
Stages 35-38). Tadpoles of O. cultripes can be distinguished from
tadpoles of O. americanus by being smaller and the elliptical body
shape in dorsal view.

Odontophrynus sp.

First Description of the tadpole: Not applicable.

Other characterizations: not available.

Specimens Examined: Brazil, Goias State, municipality of Alto Paraiso
(ZUFG 1892). Description based on four tadpoles between Gosner
Stages 31 and 40.

Characterization. Total length 53.51 + 2.84 mm (Table 1, Figure 44).
The body shape is ovoid in dorsal view and globular-depressed in lateral
view (BW/BH = 1.06-1.14). The snout is rounded in lateral view. The
oral disc is anteroventral, laterally emarginate, with a uniseriate row
of conical marginal papillae, interrupted by a dorsal gap; submarginal
papillae absent. LTRF is 2(2)/3(1), A1 = A2, P1 = P2>P3; The upper
jaw sheath is wide, M-shaped, and the lower jaw sheath is wide,
U-shaped; the upper jaw sheath is wider than the lower jaw sheath. Nares
small (ND/ED = 0.12-0.14), elliptical, with a small projection on the
marginal rim, dorsally positioned. Eyes small (ED/BH = 0.15-0.16),
dorsally positioned. Spiracle sinistral, with medium length (SL/BL =
0.09-0.10), narrow to medium (SW/BH = 0.09-0.10), opening on the
middle third of the body, posterodorsally directed, with the centripetal
wall fused to the body wall and free distal edge. Vent tube medial with
dextral opening, fused to the ventral fin. The caudal musculature width
is medium (TMW/BW = 0.32-0.32). The dorsal fin has medium height
(DFH/TMH = 0.81-0.97), originating at the posterior third of the body
with acute slope, with convex margin; ventral fin has medium height
(VFH/TMH = 0.68-0.76) with convex margin; the tail tip is rounded.
Lateral line not evident.

Comments. We are unable to associate this morphotype to other
Odontophrynus species. Tadpoles of Odontophrynus sp. differ from the
O. cf. juquinha, and O. cultripes by the upper jaw sheath M-shaped and
larger total length. One individual presented one submarginal papilla
on each side of the oral disc.

Figure 44. Tadpoles of Odontophrynus sp. at Stage 32 (Gosner 1960): (A) lateral,
and (B) dorsal view (scale 10 mm), (C) oral disc (scale 2 mm).
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Proceratophrys boiei (Wied 1825)

First Description of the tadpole: Teresopolis — RJ, Brazil (Izeckson
et al. 1979).

Other characterizations: Eastern Region of the Meridional Espinhaco
Ridge — MG, Brazil (Pimenta et al. 2014).

Specimens Examined: Brazil, Minas Gerais State, municipality of
Divino (ZUFG 2337). Description based on three tadpoles at Gosner
Stage 31.

Characterization. Total length 32.39 + 0.55 mm (Table 1, Figure 45).
The body shape is ovoid in dorsal view and globular-depressed in lateral
view (BW/BH = 1.05-1.07). The snout is rounded in lateral view. The
oral disc is ventral, laterally emarginate, with a uniseriate row of conical
marginal papillae, interrupted by a dorsal gap; submarginal papillae
distributed laterally, forming rows, and smaller than the marginal
papillae. LTRF is 2(2)/3(1), A1 = A2, P1 slightly smaller than P2 and
P2>P3. The upper jaw sheath is narrow, arc-shaped, and the lower jaw
sheath is narrow, U-shaped; the lower jaw sheath is wider than the
upper jaw sheath. Nares large (ND/ED = 0.41-0.42), elliptical, with a
projection on the marginal rim, dorsally positioned. Eyes small (ED/
BH = 0.15-0.16), dorsally positioned. Spiracle sinistral, with medium
length (SL/BL =0.09-0.09), narrow to medium (SW/BH =0.08-0.10),
opening on the middle third of the body, posterodorsally directed, with
the centripetal wall fused to the body wall and free distal edge. Vent
tube dextral, fused to the ventral fin. The caudal musculature width is
medium (TMW/BW = 0.31-0.31). The dorsal fin is medium to high
(DFH/TMH = 0.95-1.03), emerging at the tail-body junction with
median slope, and convex margin; ventral fin has medium height (VFH/
TMH = 0.71-0.73) with margin parallel to the caudal musculature; the
tail tip acute. Lateral line evident.

Comments. Tadpoles treated as Stombus boiei by Miranda-Ribeiro
(1937) but the tadpoles presented in the Figure 5 is not representatives
of the species (Izeckson et al. 1979). Tadpoles described by Izeckson
et al. (1979) were like those in our sample but lacks the folds in the
lower labium. From the total of analyzed individuals, one presented
an elliptical body shape in dorsal view, and one individual had the A2
slightly longer than A1.

Proceratophrys cururu Eterovick & Sazima, 1998

First Description of the tadpole: Serra do Cipéd — MG, Brazil (Eterovick
& Sazima 1998).

Other characterizations: not available.

Specimens Examined: Brazil, Minas Gerais State, Parque Nacional de
Sempre Vivas (ZUFG 931, ZUFG 937, ZUFG 984, ZUFG 991, ZUFG

Figure 45. Tadpoles of Proceratophrys boiei at Stage 32 (Gosner 1960): (A)
lateral, and (B) dorsal view (scale 10 mm), (C) oral disc (scale 2 mm).
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1007). Description based on 15 tadpoles between Gosner Stages 35
and 39.

Characterization. Total length 32.67 + 4.61 mm (Table 1, Figure 46).
The body shape is ovoid in dorsal view and globular-depressed in lateral
view (BW/BH = 1.39-1.41). The snout is rounded in lateral view. The
oral disc is ventral, laterally and lateroventrally emarginate, with a
uniseriate row of conical marginal papillae, interrupted by a dorsal
gap; submarginal papillac aggregated laterally, and smaller than the
marginal papillae. LTRF is 2/3(1), A1 <A2, P1 = P2 > P3. The upper
jaw sheath is narrow, arc-shaped, and the lower jaw sheath is narrow,
V-shaped; the upper jaw sheath is wider than the lower. Nares medium
(ND/ED =0.15-0.21), elliptical, with a small projection on the marginal
rim, dorsally positioned. Eyes medium (ED/BH = 0.21-0.24), dorsal
positioned. Spiracle sinistral, short to medium (SL/BL = 0.05-0.13),
narrow to medium (SW/BH = 0.05-0.11), opening on the middle third
of the body, posterodorsally directed, with the centripetal wall fused to
the body wall and free distal edge. Vent tube medial, fused to the ventral
fin. The caudal musculature width is narrow to medium (TMW/BW =
0.25-0.31). The dorsal fin has medium height (DFH/TMH = 0.60-0.66)
originating at the posterior third of the body with a median slope, with
convex margin; ventral fin is low to medium (VFH/TMH = 0.36-0.70)
with margin parallel to the caudal musculature; the tail tip is rounded.
Lateral line not evident.

Comments. The tadpole presented in Eterovick & Sazima (1998)
was described with the spiracle dorsally directed and without lateral
emargination and folds on the lower labium. The tadpoles in our
sample had lateral emargination and two folds in the lower labium,
although not as prominent as seems in P. boiei and P. dibernardoi. The
presence of lateral emargination and two folds in the lower labium were
reported in tadpoles of P. cururu by Provete et al. (2013). Tadpoles of
P. cururu differ from tadpoles of P. boiei by larger body proportions,
less prominent folds in the lower labium and the greater number of
submarginal papillae aggregated in the lateral of the oral disc, and the
rounded tail tip.

Proceratophrys dibernardoi Brandao, Caramaschi, Vaz-Silva & Campos
2013

First Description of the tadpole: Jatai — GO, Brazil (Santos et al. 2017).
Other characterizations: not available.

Specimens Examined: Brazil, Goias State, municipality of Jatai
(ZUFG: 717).

Characterization. The following information is complementary to the
description available in Santos et al. (2017). Total length 29.75 + 1.52 mm

Figure 46. Tadpoles of Proceratophrys cururu at Stage 39 (Gosner 1960): (A)
lateral, and (B) dorsal view (scale 10 mm), (C) oral disc (scale 2 mm).
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(Table 1, Figure 47). The body shape is globular-depressed in lateral
view (BW/BH = 1.46-1.52). Nares middle (ND/ED = 0.15-0.18) and
eyes medium (ED/BH =0.20-0.21). Spiracle short (SL/BL =0.03-0.06)
and narrow to medium width (SW/BH = 0.05-0.10). The caudal
musculature width is medium (TMW/BW = 0.37-0.38), the dorsal fin
has medium height (DFH/TMH = 0.53-0.54) and the ventral fin is low
(DFH/TMH = 0.41-0.41).

Comments. Santos et al. (2017) provided comparison with other species
of'the P, cristiceps group. Tadpoles of P. dibernardoi differ from tadpoles
of P. boiei and P. cururu by the spiracle with centripetal wall completely
fused to the body wall, lower body height, and wider marginal rim,
especially when compared to P. cururu.

Proceratophrys salvatori Caramaschi 1996

First Description of the tadpole: Alto Paraiso — GO, Brazil (Brandao
& Batista 2000).

Other characterizations: not available.

Specimens Examined: Brazil, Goias, Parque Nacional da Chapada dos
Veadeiros National (ZUFG 1886). Description based on six tadpoles
between Gosner Stages 38 and 40.

Characterization. Total length 29.84 £ 1.91 mm (Table 1, Figure 48).
The body shape is elliptical in dorsal view and globular-depressed in
lateral view (BW/BH = 1.15-1.18). The snout is rounded in lateral view.
The oral disc is ventral, laterally emarginate, with a uniseriate row of
elongated marginal papillae, interrupted by a dorsal gap; submarginal
papillae absent. LTRF is 2(2)/3(1), A1 <A2,P1=P2>P3. The upper jaw
sheath is wide, arc-shaped, and the lower jaw sheath is wide, V-shaped,

the upper jaw sheath is wider than the lower jaw sheath. Nares medium
(ND/ED =0.17-0.20), rounded, with a small projection on the marginal

Figure 47. Tadpoles of Proceratophrys dibernardoi at Stage 37 (Gosner 1960):
(A) lateral, and (B) dorsal view (scale 10 mm), (C) oral disc at Stage 30 (scale
2 mm).

Figure 48. Tadpoles of Proceratophrys salvatori at Stage 40 (Gosner 1960): (A)
lateral, and (B) dorsal view (scale 10 mm), (C) oral disc at Stage 39 (scale 2 mm).
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rim, dorsally positioned. Eyes medium (ED/BH = 0.20-0.20), dorsally
positioned. Spiracle sinistral, short to medium (SL/BL = 0.04-0.08),
narrow to medium (SW/BH = 0.06-0.10), opening on the middle third
of the body, posterodorsally directed, with the centripetal wall fused to
body wall and free distal edge. Vent tube medial with dextral opening,
fused to the ventral fin. The caudal musculature width is medium
(TMW/BW = 0.30-0.33). The dorsal fin has medium height (DFH/
TMH = 0.83-0.86), originating at the body-tail junction with an acute
slope, and convex margin; ventral fin has medium height (VFH/TMH =
0.44-0.49) with margin parallel to the caudal musculature; the tail tip
is pointed. Lateral line not evident.

Comments. Proceratophrys salvatori was initially allocated in the genus
Odontophrynus, and more recently transferred to the Proceratophrys
genus (Magalhaes et al. 2020). Tadpoles of P. salvatori can be
distinguished from other Proceratophrys tadpoles included in our work
by the nares with opening anterolaterally directed. Also, the pointed tail
tip differentiates Proceratophrys ct. goyana from P. cururu.

Proceratophrys cf. goyana

First Description of the tadpole: not applicable.

Other characterizations: not available.

Specimens Examined: Brazil, Goias State, municipality of Ipora (ZUFG
2269, ZUFG 2270, ZUFG 2271, ZUFG 2272, ZUFG 2273). Description
based on ten tadpoles between Gosner Stages 31 and 37.
Characterization. Total length 35.56 + 3.83 mm (Table 1, Figure 49).
The body shape is elliptical in dorsal view and globular-depressed
in lateral view (BW/BH = 1.03—1.22). The snout is rounded in
lateral view. The oral disc is ventral, laterally emarginate, with a
uniseriate row of conical marginal papillae, interrupted by a dorsal
gap; submarginal papillae scattered laterally, with the same length
of the marginal papillae. LTRF is 2(2)/3(1), A1 slightly smaller than
A2, P1>P2>P3. The upper jaw sheath is narrow, arc-shaped, and the
lower jaw sheath is narrow, U-shaped; the lower jaw sheath is wider
than the upper jaw sheath. Nares medium (ND/ED = 0.29-0.32),
elliptical, with a projection on the marginal rim, dorsally positioned.
Eyes medium (ED/BH = 0.19-0.19), dorsally positioned. Spiracle
sinistral, short (SL/BL = 0.05-0.06), narrow (SW/BH = 0.07-0.09),
with opening on the middle third of the body, posterodorsally directed,
with the centripetal wall fused to body wall. Vent tube dextral, fused
to the ventral fin. The caudal musculature width is medium to wide
(TMW/BW = 0.44-0.49). The dorsal fin has medium height (DFH/
TMH = 0.60-0.63), originating at the tail-body junction with acute

slope, with convex margin; ventral fin is low (VFH/TMH = 0.42-0.42)
with margin parallel to the caudal musculature; the tail tip is pointed.
Lateral line not evident.

Comments. We are using the name Proceratophrys cf. goyana to these
tadpoles once they were collected in the same pond were only adults of
P, goyana were found and because a formal description of these tadpoles
is lacking. The number of marginal papillae and the quantity and position
of submarginal papillae presented variation among individuals in our
sample. One individual has a uniseriate marginal papilla, two have
submarginal papillae only laterally, two only ventrally, two does not
have submarginal papillae and one have submarginal papillae larger
than marginal papillae. Three individuals had the A2 teeth row slightly
longer than the A1, and four individuals had the A1 with same size that
the A2. Tadpoles of Proceratophrys cf. goyana can be distinguished
from P. boiei by having larger body and the oral disc with only lateral
emargination. Tadpoles of Proceratophrys cf. goyana differ from P,
dibernardoi by the spiracle with a free distal margin, greater number
of submarginal papillae, oral disc without folds ventrally in the lower
labium, and dorsal fin originating on the the tail-body junction.
Also, the absence of folds ventrally in the lower labium differentiate
Proceratophrys cf. goyana from P. cururu.

Proceratophrys sp.

First Description of the tadpole: not applicable.

Other characterizations: not available.

Specimens Examined: Brazil, Goias State, municipality of Sao
Domingos (ZUFG 1043, ZUFG 1051). Description based on five
tadpoles between Gosner Stages 31 and 39.

Characterization. Total length 27.55 + 4.99 mm (Table 1, Figure 50).
The body shape is elliptical in dorsal view and globular-depressed in
lateral view (BW/BH = 1.22—1.24). The snout is sloped in lateral view.
The oral disc is ventral, laterally emarginate, with a uniseriate row of
conical marginal papillae, interrupted by a dorsal gap; submarginal
papillae absent. LTRF is 2(2)/3(1), A1 slightly smaller than A2, P1 =
P2 and P3 slightly smaller than P2. The upper jaw sheath is narrow to
medium, arc-shaped, and the lower jaw sheath is narrow, U-shaped; the
lower jaw sheath is wider than the upper jaw sheath. Nares very large
(ND/ED = 0.81-0.89), elliptical, with a projection on the marginal rim,
dorsolaterally positioned. Eyes small to medium (ED/BH =0.16-0.19),
dorsal positioned. Spiracle sinistral, with medium lenght (SL/BL =
0.13-0.14), medium to wide (SW/BH = 0.20-0.25), opening on the
middle third of the body, posterodorsally directed, with the centripetal

Figure 49. Tadpoles of a Proceratophrys cf. goyana at Stage 36 (Gosner 1960):
(A) lateral, and (B) dorsal view (scale 10 mm), (C) oral disc (scale 2 mm).
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Figure 50. Tadpoles of a Proceratophrys sp. at Stage 36 (Gosner 1960): (A)
lateral, and (B) dorsal view (scale 10 mm), (C) oral disc at Stage 33 (scale 2 mm).
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wall fused to body wall. Vent tube dextral, fused to the ventral fin. The
caudal musculature width is medium (TMW/BW = 0.34-0.43). The
dorsal fin has medium height (DFH/TMH = 0.68-0.81), originating at
the body with median slope, and convex margin; ventral fin has medium
height (VFH/TMH = 0.53-0.61) with margin parallel to the caudal
musculature; the tail tip is rounded. Lateral line evident.

Comments. We were unable to associate this morphotype to the other
known species of Proceratophrys. Tadpoles of Proceratophrys sp. differ
from tadpoles of P. cf. goyana, P. boiei and P. dibernardoi by the sloped
snout shape in lateral view and nares size. In addition, these tadpoles
differ from Proceratophrys cf. goyana by the oral disc emarginate
ventrally with two folds in the lower labium, and from P. dibernardoi
by the spiracle with a free distal margin.

8. Phyllomedusidae Giinther 1858

Pithecopus azureus Cope 1862

First Description of the tadpole: Argentina (Cei 1980).

Other characterizations: Populations from Salta and Formosa, Argentina,
treated as P. hypochondrialis, had the oral disc described by Vera
Candioti (2007); Bolivia (Schulze et al. 2015); Barro Alto, Cocalzinho,
Mineiros and Jatai - GO, Brazil (Santos et al. 2018).

Specimens Examined: Brazil, Goiés State, municipalities of Barro Alto
(ZUFG 819, ZUFG 838), Jatai (ZUFG 2350), Mineiros (ZUFG 746).
Description based on 15 tadpoles between Gosner Stages 35 and 38.
Characterization. Total length 48.76 + 4.97 mm (Table 1, Figure 51).
The body shape is elliptical-elongated in dorsal view and triangular-
compressed in lateral view (BW/BH = 0.83-0.92). The snout is truncated
in lateral view. Oral disc anteroventral, ventrally emarginate, with a
uniseriate row of elongated marginal papillae, in alternated disposition,
interrupted by a dorsal gap; submarginal papillae scattered laterally, and
smaller than the marginal papillae. LTRF is 2(2)/3(1), A1 slightly smaller
than A2, P1 = P2 and P3 with about a third of the P2 length. The upper
jaw sheath is narrow to medium, M-shaped, and the lower jaw sheath
is narrow, V-shaped; the upper jaw sheath is wider than the lower jaw
sheath. Nares small to medium (ND/ED = 0.08-0.21), elliptical, laterally
positioned. Eyes medium (ED/BH = 0.26-0.30), laterally positioned.
Spiracle ventral, short to medium (SL/BL = 0.06-0.09), with medium
width (SW/BH = 0.13-0.16), opening at the middle third of the body,
posteriorly directed, with the centripetal wall fused to the body wall.
Vent tube medial with dextral opening, fused to the ventral fin. The
caudal musculature width is wide (TMW/BW =0.50-0.51). The dorsal
fin is low (DFH/TMH = 0.28-0.43), originating at the tail-body junction
with acute slope, with margin parallel to the caudal musculature; ventral
fin has medium height (VFH/TMH = 0.57-0.73) with convex margin;
the tail tip end with a flagellum. Lateral line evident.

Comments. Tadpoles described by Cei (1980) differed from the tadpoles
in our sample by the LTRF 2(2)/2(1) and the dextral vent tube. The
populations analyzed by Vera Candioti (2007) had uniseriate marginal
papillae. Two morphotypes were presented by Schulze etal. (2015), from
Bolivia, the “P. azureus A” and “P. azureus B” (treated as Phyllomedusa
azurea). The morphotype B (Schulze et al. 2015) was described with
a sloped snout in lateral view, arc-shaped upper jaw sheath, V-shaped
lower jaw sheath, marginal papillae biseriate laterally and uniseriate in
alternated disposition ventrally, and without submarginal papillae. The
morphotype A (Schulze et al. 2015) also had a sloped snout in lateral
view, but the marginal papillae were biseriate lateral and ventrally, and
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the submarginal papillae were absent. The morphotype A presented a
narrow ventral gap, variation that we observed in seven tadpoles in our
sample. Two individuals had ventral emargination in the oral disc, and
one individual had a biseriate marginal papillae. The lateroventrally
spiracle described by Schulze et al. (2015) represent a difference in
terminology use, but the position is the same. We prefer the use of
ventral spiracle, once the spiracle can be only seen in ventral position,
although it is not positioned in the sagittal line.

Pithecopus oreades (Branddo, 2002)

First Description of the tadpole: Goias — Brasil (Brandao, 2002).
Other characterizations: not available.

Specimens Examined: Brazil, Goias State, Parque Nacional da Chapada
dos Veadeiros (ZUFG 1976). Description based on eight tadpoles
between Gosner Stages 36 and 38.

Characterization. Total length 48.72 £ 2.31 mm (Table 1, Figure 52).
The body shape is elliptical-elongated in dorsal view and triangular-
compressed in lateral view (BW/BH = 0.98-1.00). The snout is rounded
to sloped in lateral view. The oral disc is anteroventral, ventrally
emarginate, with a uniseriate row of elongated marginal papillae, in
alternated disposition, interrupted by a dorsal and a small ventral gap;
submarginal papillae scattered laterally, smaller than the marginal
papillae. LTRF is 2(2)/3, A1 = A2, P1 = P2 > P3. The upper jaw sheath
is narrow to medium, M-shaped, and the lower jaw sheath is narrow,

V-shaped; the upper jaw sheath is wider than the lower jaw sheath.
Nares medium (ND/ED = 0.23-0.26), elliptical, with a projection
on the marginal rim, laterally positioned. Eyes medium (ED/BH =

Figure 51. Tadpoles of Pithecopus azureus at Stage 35 (Gosner 1960): (A) lateral,
and (B) dorsal view (scale 10 mm), (C) oral disc (scale 2 mm).

Figure 52. Tadpoles of Pithecopus oreades at Stage 36 (Gosner 1960): (A) lateral,
and (B) dorsal view (scale 10 mm), (C) oral disc (scale 2 mm).
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0.25-0.26), laterally positioned. Spiracle ventral, short to medium (SL/
BL = 0.05-0.09), with medium width (SW/BH = 0.11-0.15), opening
at the middle third of the body, posteriorly directed, displaced to the
left, with the centripetal wall fused to the body wall. Vent tube medial
with dextral opening, fused to the ventral fin. The caudal musculature
width is medium to wide (TMW/BW = 0.45-0.51). The dorsal fin is low
(DFW/TMW = 0.39-0.40), originating at the tail-body junction with
acute slope, with margin parallel to the caudal musculature; ventral fin
has medium height (VFH/TMH = 0.57-0.70) with convex margin; the
tail end with a flagellum. Lateral line evident.

Comments. Our tadpoles are like those described by Brandao (2002),
but the presence of a narrow ventral gap was not reported in the original
description. Tadpoles of P. oreades can be distinguished from tadpoles
of P. azurea by the P3 teeth row slightly smaller than P2 and P1, labial
teeth row formula 2(2)/3, and spiracle opening oriented to the left.

Pithecopus sp.

First Description of the tadpole: not applicable.

Other characterizations: not available.

Specimens Examined: Brazil, Goids State, municipality of Pontalina
(ZUFG 1294). Description based on two tadpoles at Gosner Stage 34.
Characterization. Total length 42.10 £ 0.79 mm (Table 1, Figure 53).
The body shape is elliptical-elongated in dorsal view and triangular-
compressed in lateral view (BW/BH = 0.82—0.94). The snout is truncated
in lateral view. The oral disc is anteroventral, ventrally emarginate, with
auniseriate row of elongated marginal papillae, in alternated disposition,
interrupted by a dorsal gap; submarginal papillae scattered laterally,
smaller than the marginal papillae. LTRF is 2(2)/3(1), A1 = A2, P1 >
P2 > P3. The upper jaw sheath is narrow to medium, M-shaped, and
the lower jaw sheath is narrow, V-shaped; the upper jaw sheath is wider
than the lower jaw sheath. Nares small (ND/ED = 0.08-0.08), elliptical,
with a projection on the marginal rim, laterally positioned. Eyes large
(ED/BH =0.32-0.32), laterally positioned. Spiracle ventral, short (SL/
BL=0.05-0.06), with medium width (SW/BH =0.12-0.14), opening at
the middle third of the body, posteriorly directed, with centripetal wall
fused to the body wall. Vent tube medial with dextral opening, fused
to the ventral fin. The caudal musculature width is wide (TMW/BW =
0.56-0.60). The dorsal fin is low (DFH/TMH = 0.21-0.23), originating
at the tail-body junction with acute slope, with margin parallel to the
caudal musculature; ventral fin is low (VFH/TMH = 0.40-0.41) with
convex margin. Lateral line evident.

Figure 53. Tadpoles of Pithecopus sp. at Stage 34 (Gosner 1960): (A) lateral,
and (B) dorsal view (scale 10 mm), (C) oral disc (scale 2 mm).
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Comments. We were unable to associate this morphotype to the other
known species of Pithecopus. Tadpoles of Pithecopus sp. differ from
tadpoles of P. azurea and P. oreades by the taller caudal musculature,
lower dorsal fin, and smaller total length. In one individual, we observed
a narrow ventral gap.

Discussion

Most larval studies in Brazil are related to descriptive studies, like
the description of the external morphology (Andrade et al. 2007), which
allow the inclusion of larval morphology as functional or ecological
traits in hypothesis test (e.g., Arifin et al. 2021). However, we still need
to understand the extent of variation in morphological traits to increase
the accuracy of taxonomic studies, and its usefulness in ecological
studies. In the characterizations that we provided in this article, we
found variation in the body or oral features even for species that we do
not have a larger sample, which highlight the need to not underestimate
the amount of intra- or interpopulation morphological variation and the
impact of such variation in defining morphotypes for taxonomic studies
(Grosjean 2005) or evaluating the effect of environmental modifications
(e.g., Costa & Nomura 2016, Costa et al. 2017), for example. Moreover,
tadpoles are known to exhibit phenotypic plasticity and morphological
variation in tadpoles is expected throughout its area of occurrence,
due to changes in local environmental conditions or the presence of
predators and competitors (Marques & Nomura 2018). In general,
morphological characterization of the external morphology of tadpoles
does not receive much attention from researchers or journals, with
several journals indicating that tadpole morphological characterization
should be published as Short Notes or Correspondence (e.g., Santos
et al. 2018, Tolledo & Toledo 2010, Verdade et al. 2023). Certainly,
we can have many arguments for a given report to be published as
a summarized version, but this decision ideally should be done case
by case, once this type of publication reduces the opportunity for
discussion of the results and for comparisons. Also, when a given
tadpole morphology is already formally described, the interest to
report other characterization of the same tadpole with samples from
different localities is reduced, unless the original description is not very
detailed, have a low sample of individuals, or is based on individuals
in early developmental stages (i.e., below Gosner’s Stage 34). Such
constraint in reporting morphological variation, despite its result from
the interest of researchers for novelty or journal editorial decisions,
implies a generalization of the tadpole morphology based on the first
description for the entire range of the species distribution and restricts
the morphological sampling throughout the geographical range of the
species. Although the effect of availability is not restricted to the reports
of tadpoles’ morphology, it is an issue to be considered, nevertheless.
One of the possibilities to overcome this effect is to produce descriptive
reports with broader geographical samples and to use more diverse
and comparative analytical methods. However, in a continental size
country like Brazil, this sampling and analytical decisions can result
in greater logistical costs, which could be prohibitive, once financial
resource is an important constraint of biodiversity research in developing
countries (Young 2005). The increase of independent and geographically
restricted reports of tadpoles’ morphology would help to reduce several
opportunities costs and increase the open collaboration in biodiversity
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research, aligned to the principles and practices of the open science
initiative (UNESCO 2021).

The ontogenetic variation can lead to erroneous determination of
diagnostic traits (see Gosner 1960, Grosjean 2005, and Navarro Acosta
& Vera Candioti 2017 for a discussion about morphological variation
regarding developmental allometry). To avoid this problem, the use of
tadpoles between Stages 32 and 40 was suggested by Grosjean (2005),
once it is more likely that any variation in these developmental stages
reflect interspecific variation than ontogenetic changes. It would be
ideal if all anuran species had a known developmental table for the
larval stage, but we are far from this reality. Even if we consider that
the ontogenetic changes in the larval stage among anuran species
is relatively uniform, and then could be illustrated by the Gosner’s
(1960) developmental table, we do not have enough information about
populational variation to define which are the most reliable traits for
taxonomic comparisons.

The shape of the snout, the body or fins or the size of eyes and nares
had great variation in tadpoles’ descriptions. The use of morphological
traits as nominal variables increases the risk of subjective interpretation
of such traits. Although the variability in the reports of the external
morphology could represent a natural variation in a continuous shape
scale, and the use of nominal descriptors in the characterization is
also useful to describe tadpole morphology, the use of quantitative
morphometric definitions for such shapes would increase reliability in
tadpoles’ descriptions. An attempt to provide morphological definitions
was made by Altig (1970), modified posteriorly by Altig & McDiarmind
(1986, 1999). Despite being widely used, in many descriptions several
traits are lacking, or the traits are not used as proposed. Together with the
terminology problem, the use of ratios to describe tadpole morphology
limits the utility of the descriptions. Although ratios are helpful to
establish a size proportion of the morphological trait, we cannot access
the raw information from ratios. Conversely, the use of new technologies
in image capture and processing allowed an increase in the quality of
pictures in recent descriptions of tadpoles’ external morphology (e.g.,
Chiasmocleis schubarti, Santos et al. 2015; Crossodactylus aeneus,
Silva-Soares et al. 2015; Dendropsophus branneri, Abreu et al. 2015),
and the use of quantitative morphometric analytical approaches, as
geometric morphometric (e.g., Pezzuti et al. 2016).

We detected large variation in external morphological traits of
tadpoles from several anuran species, with no reference in other
available descriptions of such variation. Evaluation if these variations
represent some level of phenotypic plasticity or a clue for taxonomic
use, like a complex of cryptic species, is hard to define once data
about morphological traits from populations throughout a geographic
gradient is lacking.

1. How to use this taxonomic key

We think this taxonomic key would be helpful to anyone interested
in describing the anuran biodiversity using larval stage information,
but the users should be aware of its limitations. First, the distribution
of anuran species in the Cerrado Biome is compartmentalized, thus
many species that occur in the Cerrado-Atlantic Forest border are not
expected to be found in the Cerrado-Amazon border, and vice-versa
(Valdujo et al. 2012). The user should know the expected species pool
for the sampled area to avoid misidentification. Second, we should
expect variation in tadpole morphology; thus, the user should compare
the tadpole morphology with the larval description before associating a
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larval morphology with a species name. This taxonomic key includes
about 22% of the species known to occur in the Cerrado biome, and for
many anurans’ species larval stage is currently unknown. For example,
for the 114 anurans species that occur in the Goids State, central Brazil,
35 does not have their larval stage described (Vaz-Silva et al. 2020).
Thus, the user should be aware that this taxonomic key can be useful
to indicate which species the larva belongs to or exclude other species
to which the larva does not belong. Finally, we invite other researchers
with samples of tadpoles’ larvae of species not included to modify this
taxonomic key to improve its accuracy and species coverage.

Identification key
1. Nares unperforated ..........coccoereeireiineeeeeee e 2

17, Nares perforated ..........eovrveerererieineineieeseeeeee e seseaeeas 4

2. Double dermal flap covering the mouth, vent tube with sinistral opening
........................................................................... FElachistocleis cesarii

2’. A single continuous dermal flap covering the mouth, vent tube
with medial OPeNINg ........ccoocevivieierieieieeeeeeeeee e 3

3. Total length above 30 mm in stage 37, snout rounded in lateral view,
dorsal fin originating at the body-tail junction .........c.cccoceevccneennne.
..................................................................... Dermatonotus muelleri

3’. Total length below 25 mm in stage 37, snout truncate in lateral
view, dorsal fin originating at the posterior third of the body
... Chiasmocleis albopunctata

4. Accessory teeth row present laterally in the oral disc ................ 5
4’. Accessory teeth row absent laterally in the oral disc ................ 8

5. Small anterior gap in the marginal papillae, snout rounded in lateral
view, nares with projection on the marginal rim ......................... 6

5°. Wide anterior gap in the marginal papillae, snout sloped in lateral
view, nares without projection on the marginal rim ..............
...................................................... Trachycephalus typhonius

6. Spiracle with the centripetal wall fused to body wall and free distal
edge, vent tube ShOTt ........cooiiiiiieiiic e 7

6’. Spiracle with centripetal wall not fused to the body wall and
longer than external wall, vent tube long .......... Boana lundii

7. Presence of dark rounded blotches scattered on the dorsum of the
body, two labial teeth row anterior, labial teeth row formula (LTRF)
2(2)/5(1) eeveieieeeeee e Bokermannohyla sapiranga

7°. Absence of dark rounded blotches scattered on the dorsum
of the body, three labial teeth row anterior, LTRF 3(1,3)/6(1)
......................................... Bokermannohyla pseudopseudis

8. Dorsal and ventral fins margin parallel to the caudal musculature .... 9

8’. Dorsal and ventral finsnotas above ..................coeeninn. 13
9. Oral disc notemarginated ..........cccoooeveiuiiiiiiiiiiniiiiia, 10
9’. Oral disc emarginated .............coviiiiiiiiiiniiiiiiiiens 11

10. Oral disc anteroventral, snout rounded in lateral view, marginal
papillae short and rounded, labial teeth row 1/2(1), total length
58.72mm .....cooiiiiivenineneenenn..n. Leptodactylus labyrinthicus

10’. Oral disc ventral, snout sloped in lateral view, marginal papillae
elongated, labial teeth row 2(2)/3 total length 35.77 mm
.. Leptodactylus troglodytes
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11. Body rounded in dorsal view, globular in lateral view, oral
disc anteroventral, laterally emarginated, papillae absent at the
eMargination .........ccecceveverenenennns Adelphobates galactonotus

11°. Body in dorsal view globular or elliptic, depressed in lateral
view, oral disc ventral, ventrally emarginate, papillae present
at the emargination ..........cccocevvevveninvneeieneeenneeeen 12

12. Body ovoid in dorsal view, nares anterodorsally directed, dorsal fin
originating at the middle third of the tail ...... Thoropa megatympanum

12’. Body elliptical in dorsal view, nares dorsolaterally
directed, dorsal fin originating at the posterior third the tail
....................................................... Thoropa miliaris

13. Spiracle ventral

13°. Spiracle sinistral

14. Labial teeth row 2(2)/3, spiracle displaced to the left side of the
Belly oo Pithecopus oreades

14°. Labial teeth row 2(2)/3(1), spiracle positioned near the sagittal
LINE ot 15

15. Nares with a projection on the marginal rim, total length with average
of 42.10 mm and ventral fin with about 1.09 mm ...................
... Pithecopus sp.

15°. Nares without a projection on the marginal rim, total length
with average of 48.76 mm and ventral fin with about 1.44 mm
... Pithecopus azureus

16. Body rounded in dorsal view, nares rounded, oral discs not
emarginated, with posterior margin concave when closed ..........17

16’. Body not rounded, nares elliptical or reniform, oral disc
emarginated, not forming a concave shape when closed ........18

17. Large oral disc, without dorsal gap, submarginal papillae aggregated
lateroventrally, T-shaped papillae present, upper jaw sheat arc-
shaped .........oviiviiiicrceecseeee e e SCERAX pombali

17°. Smaller oral disc with dorsal gap, submarginal papillae
aggregated 1aterally, T-shaped paplllae absent, upper jaw sheath

M-shaped .. .. Scinax longilineus
18. Upper labial teeth rows absent or with only one row ............... 19
18°. Two or more upper labial teeth rows ...............coeveeenine 20

19. Oral disc interrupted by lateroventral gaps, margin of fins convex,
upper jaw sheath U-Shaped ................... Dendropsophus soaresi

19°. Oral disc not interrupted by lateroventral gaps, fins high
and triangular, upper jaw sheath arc-shaped ..................

............................................................ . Dendropsophus minutus

20. Eyes dorsal, body globular in lateral view ..........c.cccoooe.e. 21

20’. Eyes lateral, body triangular in lateral view .................. 45

21. Marginal papillae interrupted by ventral gap ...............ccceenes 22

21°. Marginal papillae not interrupted by ventral gap ............... 28

22. Oral disc with two rows of posterior labial teeth ................... 23
22’. Oral disc with three rows of posterior teeth ............... 24

23. Spiracle positioned bellow the body midline in lateral view,
ventrally directed, nares medium, absence of a medial gap in P1
.. Physalaemus centralis
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23’. Spiracle positioned at the body midline in lateral view,
posterodorsally directed, nares large to very large, presence
of amedial gap in P1................... Physalaemus marmoratus

24. P3 longer than half the length of the P2, nares medium to large
.............................................................................................. 25

24’. P3 shorter than one third the length of the P2, nares very large
... Physalaemus cuvieri

25. Rounded tail tip, caudal musculature not reaching the tail tip,
spiracle with centripetal wall longer than the external wall, wide
VENLTAl AP . n ettt 26

25’. Pointed tail tip, caudal musculature almost reaching the tail tip,
spiracle with centripetal wall with the same length of the external
wall, without ventral gap ................... Physalaemus nattereri

26. Unpigmented longitudinal stripe along the ventral edge of the tail
MUSCUIALUTE .. ..ottt 27

26’. Unpigmented longitudinal stripe along the ventral edge of the
tail musculature absent ...................... Rhinella cerradensis

27. Spiracle opening on the midbody, eyes laterally directed .......
............................................................................ Rhinella diptycha

27’. Spiracle opening on the posterior third of the body, eyes
dorsolaterally directed ............. Rhinella crucifer x R. ornata

28. Nares large, with a large projection on marginal rim, spiracle long,
centripetal wall not fused to body wall and with the same length
of the external wall ..o 0. 29

28’. Nares small, without projection on marginal rim, spiracle
short, centripetal wall fused to the body wall and longer than
the external wall ..............iiivnniinncin e 30

29. Marginal papillae triangular, submarginal papillae present, dorsal
fin triangular ... Boana raniceps

29’. Marginal papillae conical, submarginal papillae absent, dorsal

fin CONVeX ....ovviniiiiiiiiiiin, Boana albopunctata
30. Oral disc not emarginate ..............coeeueuininininiineneneeenn 31
30°. Oral discemarginate ............o.eeereuenirineniniiiiienienns 34

31. Vent tube long, medial, upper jaw sheath arc-shaped, submarginal
papillae absent ...........cooviiiriiii 32

31°. Vent tube short, dextral, upper jaw sheath M-shaped,
submarginal papillae shorter, laterally aggregate on the oral
diSC vt Scinax rupestris

32. Total length below 40 mm, marginal papillae not biseriate ventrally
and not triseriate laterally, spiracle at the midline of the body at
lateral view, pointed tail tip ...........ccocvivinieniininiiieieieeee. 33

32’. Total length above 45 mm, marginal papillae biseriate ventrally
and triseriate laterally, spiracle bellow the midline of the body at
lateral view, rounded tail tip ............... Leptodactylus latrans

33.A2 teeth row without a medial gap, marginal papillae
biseriate ventrally, snout rounded in lateral view ...............
... Leptodactylus podicipinus

33’. A2 teeth row with a medial gap, marginal papillae uniseriate
in alternate disposition, snout sloped in lateral view ............
............................................................... Leptodactylus fuscus

https://doi.org/10.1590/1676-0611-BN-2023-1486


https://doi.org/10.1590/1676-0611-BN-2023-1486

Biota Neotrop., 23(3): €20231486, 2023

39

Morphology of tadpoles from Cerrado

34. Oral disc emarginate ventrally ..........c.ccccovivvinccncneee e 35
34°. Oral disc emarginate laterally .........c...coeeeiiiiiiiiennen.. 36

35. Body elliptical in dorsal view, nares without projection on the
marginal rim, five posterior rows of labial teeth .......................
............................................................ Bokermannohyla alvarengai

35°. Body ovoid in dorsal view, nares with a large projection
on the marginal rim, four posterior rows of labial teeth
weeen e Boana cf. crepitans

36. Intestinal tube switchback point located at to the center of abdominal

TEZIOM ettt ettt ettt 37
36’. Intestinal tube switchback point located at to the left of
abdominal region ...................eenie Ameerega flavopicta

37. Rounded tail tiP c.oocveevereerieeieieieieieiesie e 38
37, Pointed tail tP c..ovevvereieiieiieiieiieeee e 41
38. Total length less than 50 mm, upper jaw sheath arc-shaped,
submarginal papillae present ...........cccoeeevviniiiiiiiiiinenn. 39
38’. Total length above 50 mm, upper jaw sheath M-shaped,
submarginal papillae absent .................. Odontophrynus sp.

39. Presence of medial gap in the A2 teeth row ........cc........... 40
39°. Labial teeth row A2 not interrupted ...... Proceratophrys cururu

40. Body elliptical in dorsal view, depressed in lateral view, maximum
total length of 38 mm and lower dorsal fin ....................
................................................................. Odontophrynus cultripes

40’. Body ovoid in dorsal view, globular in lateral view,
maximum total length of 48 mm and higher dorsal fin .........
<evvnee.. Odontophrynus sp. (cf. juquinha)

41. Nares closer to snout tip than eyes, directed anterolaterally, large
gap in Pl teeth row .....ccooeiiviinii Proceratophrys salvatori

41°. Nares at equal distance from eyes and snout tip, not directed
anterolaterally, small gap in P1 teeth tow .......cccevvevieriiennnnns 42

42. Spiracle conspicuous, with centripetal wall not fused to the body
wall, or with the distal margin free ..........ccevveeverieciecinireeeens 43

42’. Spiracle inconspicuous, with centripetal wall completely fused
to the body wall .................... Proceratophrys dibernardoi

43. Spiracle positioned below body midline ..............ccceeee........ 44

43’. Spiracle positioned above body midline ......................
............................................................. Proceratophrys boiei

44. Nares medium, folds on the lower labium absent, spiracle short
............................................................. Proceratophrys cf. goyana

44°. Nares very large, two folds on the lower labium, spiracle medium
................................................................... Proceratophrys sp.

45. Posterior third of the tail not pigmented ............................. 46

45°. Posterior third of the tail heavily pigmented ...................
................................................................... Scinax squalirostris

46. Dorsal fin emerging closerto theeye ................cccevveeien. . 47
46’. Dorsal fin emerging posteriorly totheeye ........................ 48

47. Snout rounded in lateral view, eyes large, jaw sheaths narrow
................................................................... Scinax fuscomarginatus
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47’. Snout sloped in lateral view, eyes medium, jaw sheaths wide ....
....................................................................... Scinax fuscovarius

48. Spiracle conspicuous, nares with opening directed laterally, upper
jaw sheath arc-shaped ............c.oceoiiiiii Scinax gr. ruber

48’. Spiracle inconspicuous, nares with opening directed
anterolaterally, upper jaw sheath M-shaped ...... Scinax similis

Acknowledgments

We are thankful to Project Tadpoles of Brazil (SISBIOTA program:
grants CNPq 563075/2010-4 and FAPESP 2010/52321-7), PELD/
MCTI/CNPq/FAPEG (grants CNPq 403833/2012-4 and FAPEG
201210267001109), CNPq (grant 301232/2018-0), and FINEP for
funding this project. This study was financed in part by the Coordenacao
de Aperfeigoamento de Pessoal de Nivel Superior - Brasil (CAPES) -
Finance Code 001 (DLS scholarship support).

Authors Contributions

Danusy Lopes Santos: Substantial contribution in the concept and
design of the study; contribution to data collection; contribution to data
analyses and interpretation; contribution to manuscript preparation;
contribution to critical revision; adding intellectual content.

Renato Neves Feio: Contribution to data collection; contribution
to data analyses and interpretation; contribution to critical revision;
adding intellectual content.

Fausto Nomura: Substantial contribution in the concept and design
of'the study; contribution to data collection; contribution to data analyses
and interpretation; contribution to manuscript preparation; contribution
to critical revision; adding intellectual content.

Conflict of Interests

The authors declares that they have no conflict of interest related
to the publication of this manuscript.

Data Availability

The morphometric raw data can be accessed at https://doi.
org/10.48331/scielodata. HIOHTL

References

AB’SABER, A.N. 1977. Os Dominios morfoclimaticos da América do Sul.
Primeira Aproximagao. Geomorfologia 52:1-21.

ABREU, R.O., JUNCA, F.A., SOUZA, L.C.A. & NAPOLI, M.F. 2015. The
tadpole of Dendropsophus branneri (Cochran, 1948) (Amphibia, Anura,
Hylidae). Zootaxa 3946:296-300.

ALTIG, R. 1970. A key to the tadpoles of the continental United States and
Canada. Herpetologica 26:180-207.

ALTIG, R. & JONHSTON, C.F. 1986. Major characteristics of free-living
anuran tadpole. Smithsonian Herpetological Information Service 67:1-75.

ALTIG, R. & JONHSTON, C.F. 1989. Guilds of anuran larvae: relationships
among developmental modes, morphologies and habitats. Herpetol Monogr
3:81-109.

http://www.scielo.br/bn


https://doi.org/10.1590/1676-0611-BN-2023-1486
https://doi.org/10.48331/scielodata.HI0HTL
https://doi.org/10.48331/scielodata.HI0HTL

40

Biota Neotrop., 23(3): €20231486, 2023

Santos D.L. et al.

ALTIG, R. & MCDIARMID, R.W. 1999. Body plan: development and
morphology. In Tadpoles: The Biology of Anuran Larvae (R.W. McDiarmid
& R. Altig, eds.). The University of Chicago Press, Chicago, p. 24-51.

ALVES, A.C.R. & CARVALHO-E-SILVA, S.P. 1999. Descri¢do da larva de
Scinax similis (Cochran) com notas comparativas sobre o grupo “ruber” no
sudeste do Brasil (Amphibia, Anura, Hylidae). Rev Bras Zool 16:507-512.

ALVES-FERREIRA, G., PAIXAO, L.B.F. & NOMURA, F. 2021. Morphological
characterization and diversity of tadpoles (Amphibia: Anura) at Emas
National Park and its surrounding, Goias State, Brazil. Biota Neotropica
21:e20201178.

ANDRADE, G.V., ETEROVICK, P.C., ROSSA-FERES, D.C. & SCHIESARI,
L. 2007. Estudos sobre girinos no Brasil: historico, conhecimento atual e
perspectivas. Pp. 123—145. In Herpetologia no Brasil II (L.B. Nascimento &
M.E. Oliveira, eds.). Sociedade Brasileira de Herpetologia. Belo Horizonte.

ANDRADE, G.V. & CARDOSO, A.J. 1991. Descrigao de larvas e biologia de
quatro espécies de Hyla (Amphibia, Anura). Rev Bras Biol 51:391-402.

ANDRADE, S.P,, SANTOS, D.L., ROCHA, C.F., POMBALJR, J.P.,, & SILVA,
W.V. (2018) A new species of the Ololygon catharinae species group (Anura:
Hylidae) from the Cerrado biome, State of Goias, Central Brazil. Zootaxa
4425:283-303.

ANNIBALE, F.S., SOUSA, V.T.T., SOUSA, C.E., VENESKY, M.D.,
ROSSA-FERES, D.C., WASSERSUG, R.J. & NOMURA, F. 2020. Smooth,
striated, or rough: how substrate textures affect the feeding performance
of tadpoles with different oral morphologies. Zoomorphology 139:97-110

ARAUJO-VIEIRA, K., BRANDAO, R.A. & FARIA, D.C.C. 2015. A new
species of Rock-Dwelling Scinax Wagler (Anura: Hylidae) from Chapada
dos Veadeiros, Central Brazil. Zootaxa 3915:052—-066.

ARIFIN, U., CHAN, K.O., SMART, U., HERTWIG, S.T., SMITH, E.N.,
ISKANDAR, D.T. & HAAS, A. 2021. Revisiting the phylogenetic
predicament of the genus Huia (Amphibia: Ranidae) using molecular data
and tadpole morphology. Zool J Linn Soc 193:673-699.

ARIFIN. U., SMART, U., HERTWIG, S.T., SMITH, E.N., ISKANDAR, D.T.
& HAAS, A. 2018. Molecular phylogenetic analysis of a taxonomically
unstable ranid from Sumatra, Indonesia, reveals a new genus with
gastromyzophorous tadpoles and two new species. Zoosystematics and
Evolution 94(1):163—-193.

AZEVEDO, J.A.R., VALDUIJO, P.H. & NOGUEIRA, C.C. 2016. Biogeography
of anurans and squamates in the Cerrado hotspot: coincident endemismo
patterns in the richest and most impacted savanna on the globe. J Biogeogr
43:2454-2464.

BALDISSERA JR, F.A.,, CARAMASCHI, U. & HADDAD, C.F.B. 2004.
Review of the Bufo crucifer species group, with descriptions of two new
related species (Amphibia, Anura, Bufonidae). Arquivos do Museu Nacional
62:255-282.

BINI, L.M., DINIZ-FILHO, J.A.F., RANGEL, T.F.L.V.B., BASTOS, R.P.
& PINTO, M.P. 2006. Challenging Wallacean and Linnean shortfalls:
knowledge gradients and conservation planning in a biodiversity hotspot.
Divers Distrib 12:475-482.

BLAUSTEIN, A.R., & KIESECKER, J.M. 2002. Complexity in conservation:
lessons from the global decline of amphibian populations. Ecol Lett
5:597-608.

BOKERMANN, W.C.A. (1962) Observagdes biologicas sobre Physalaemus
cuvieri Fitz., 1826 (Amphibia, Salientia). Rev Bras Biol 22:391-399.
BOKERMANN, W.C.A. 1963. Girinos de anfibios brasileiros I. (Amphibia:

Salientia). An Acad Bras Cienc 35:465-474.

BOKERMANN, W.C.A. 1965. Notas sobre as espécies de Thoropa Fitzinger.
(Amphibia, Leptodactylidae). An Acad Bras Cienc 37:525-534.

BOKERMANN, W.C.A. 1967. Girinos de anfibios Brasileiros—4. Rev Bras
Biol 27:363-367.

BOKERMANN, W.C.A. & SAZIMA, 1. 1973. Anfibios da Serra do Cip6, Minas
Gerais, Brasil. 1: Duas novas espécies de Hyla (Anura, Hylidae). Rev Bras
Biol 33:457-472.

BORTOLUS, A. 2008. Error cascades in the biological sciences: The unwanted
consequences of using bad taxonomy in ecology. Ambio 37:114—118.

http://www.scielo.br/bn

BRANDAO, R.A. & BATISTA, C.G. 2000. Descricdo do girino de
Odontophrynus salvatori (Anura, Leptodactylidae). Theringia 89:165-170.

BRANDAO, R.A. 2002. A new species of Phyllomedusa Wagler, 1830 (Anura:
Hylidae) from central Brazil. J Herpetol 36:571-578.

BRANDAO, R.A., MAGALHAES, R.F., GARDA, A.A., CAMPOS,
L.A., SEBBEN, A. & MACIEL, N.M. 2012. A new species of
Bokermannohyla (Anura: Hylidae) from highlands of Central Brazil.
Zootaxa 3527:28—42.

BRASILEIRO, C.A. & MARTINS, M. 2006. Breeding biology of Physalaemus
centralis (Anura: Leptodactylidae) in southeastern Brazil. J Nat Hist
40:1199-12009.

BRITO, D. 2010. Overcoming the Linnean shortfall: Data deficiency and
biological survey priorities. Basic and App Ecol 11:709-713.

CAMPOS, F., LAGE, A. & RIBEIRO, P. 2013. Diversity of medium and
large sized mammals in a Cerrado fragment of central Brazil. Journal of
Threatened Taxa 5:4994-5001.

CARAMASCHI, U. & SAZIMA, 1. 1984. Uma nova espécie de Thoropa da
Serra do Cipd, Minas Gerais, Brasil (Amphibia, Leptodactylidae). Rev
Bras Zool 2:139-146.

COLLI, G.R., VIEIRA, C.R. & DIANESE, J.C. 2020. Biodiversity and
conservation of the Cerrado: recent advances and old challenges.
Biodiversidade e Conservagao 29:1465-1475.

CASAL, F.C. & JUNCA, F.A. 2008. Girino ¢ canto de antncio de Hypsiboas
crepitans (Amphibia: Anura: Hylidae) do estado da Bahia, Brasil, e
consideragdes taxondmicas. Bol. Mus. Para. Emilio Goeldi. Ciéncias
Naturais 3(3):217-224

CASCON, P. & PEIXOTO, O.L. 1985. Observagdes sobre a larva de
Leptodactylus troglodytes (Amphibia, Anura, Leptodactylidae). Rev Bras
Biol 45:361-364.

CEI, J.M. 1980. Amphibians of Argentina. Ital J Zool 2:1-609.

CHANNING, A., DEHLING, J. M., LOTTERS, S. & ERNST, R. (2016).
Species boundaries and taxonomy of the African river frogs (Amphibia:
Pyxicephalidae: Amietia). Zootaxa 4155(1):1-76.

COSTA, R.C., FACURE, K.G. & GIARETTA. A.A. 2006. Courtship,
vocalization, and tadpole description of Epipedobates flavopictus (Anura:
Dendrobatidae) in southern Goias, Brazil. Biota Neotrop 6:1-9.

COSTA, R.N. & NOMURA, F. 2016. Measuring the impacts of Roundup
Original_on fluctuating asymmetry and mortality in a Neotropical tadpole.
Hydrobiologia 765:85-96

COSTA,R.N., SOLE, M. & NOMURAF. 2017. Agropastoral activities increase
fluctuating asymmetry in tadpoles of two neotropical anuran species. Austral
Ecol 42:801-809.

DE SA, R.O. 1995. Hyla albopunctata. Catalogue of American Amphibian
Reptiles 602:1-5.

DIAS, PHS., BRANDAO, A.P. & GRANT, P. 2018. The Buccopharyngeal
Morphology of the Tadpole of Ameerega flavopicta (Anura: Dendrobatidae:
Colostethinae), with a Redescription of its External Morphology.
Herpetologica 74(4):323-328.

DUBEUX, M.J., NASCIMENTO, F.A.C.N., LIMA, L.R., MAGALHAES,
F.M., SILVA, L.R.S., GONCALVES, U., ALMEDIA, J.P.F., CORREIA,
L.L., GARDA, A.A., MESQUITA, D.O., ROSSA-FERES, D.C., MOTT,
T. 2020. Morphological characterization and taxonomic key of tadpoles
(Amphibia: Anura) from the northern region of the Atlantic Forest. Biota
Neotrop 20(2):1-24.

DUELLMAN, W.E. 1970. The hylids frogs of Middle America. Monograph of
the Museum of Natural History: 1:1-753.

DUELLMAN, W.E. 1978. The biology of an Equatorial Herpetofauna in
Amazonian Ecuador. Miscellaneous Publications 65:1-352.

DUELLMAN, W.E. 1997. Amphibians of La Escalera Region, southeastern
Venezuela: Taxonomy, Ecology, and Biogeography. Scientific Papers 2:1-52.

DUELLMAN, W.E. 2005 Cusco Amazonico — the lives of amphibians and
reptiles in an Amazonian rainforest. Cornell University Press, Ithaca, New
York.

https://doi.org/10.1590/1676-0611-BN-2023-1486


https://doi.org/10.1590/1676-0611-BN-2023-1486

Biota Neotrop., 23(3): €20231486, 2023

41

Morphology of tadpoles from Cerrado

ETEROVICK, P.C. & SAZIMA, 1. 1998. New species of Proceratophrys (Anura:
Leptodactylidae) from southeastern Brazil. Copeia:159—164.

ETEROVICK, P.C. & BRANDAO, R.A. 2001. Description of the tadpoles
and advertisement calls of members of the Hyla pseudopseudis group. J
Herpetol 35:442-450.

ETEROVICK., P.C. & SAZIMA, 1. 2004. Anfibios da Serra do Cipd, Minas
Gerais, Brasil. PUC-Minas, Belo Horizonte.

ETEROVICK., P.C., SOUZA, A.P. & SAZIMA, 1. 2020. Anfibios da Serra do
Cip6, Minas Gerais, Brasil. Bios Consultoria ¢ Réplicas.

FABREZI, M. & VERA, R. 1997. Caracterizaciéon morfoldgica de larvas de
anuros del noroeste Argentino. Cuadernos de Herpetologia 11:37-49.

FAIVOVICH, J., HADDAD, C.F.B., GARCIA, P.C.A., FROST, D.R.,
CAMPBELL, J.A. & WHEELER, W.C. 2005. Systematic review of the frog
family Hylidae, with special reference to Hylinae: phylogenetic analysis and
taxonomic revision. B Am Mus Nat Hist 294:1-240.

FABREZI, M., QUINZIO, S., GOLDBERG, J. & DE SA, R. 2012. The
Development of Dermatonotus muelleri (Anura: Microhylidae:
Gastrophryninae). J Herpetol 46:363-380.

FATORELLI, P., NOGUEIRA-COSTA, P. & ROCHA, C.R. (2018)
Characterization of tadpoles of the southward portion (oceanic face) of
Ilha Grande, Rio de Janeiro, Brazil, with a proposal for identification key.
North-Western J Zool 14(2):171-184.

FERNANDEZ, K. & FERNANDEZ, M. 1921. Sobre la biologia y reproduccion
de algunos batracios argentinos 1. Cystignathidae. Anales de la Sociedad
Cientifica Argentina 41:97-139.

FRANK, N. & RAMUS, E. 1995. Complete Guide to Scientific and Common
Names of Amphibians and Reptiles of the World. N. G. Publishing Inc.,
Pottsville, Pennsylvania.

GEHARA, M., CRAWFORD, A.J., ORRICO, V.G.D., RODRIGUEZ, A.,
LOTTERS, S., FOUQUET, A., BARRIENTOS, L.S., BRUSQUETTL E.,
DE LARIVA, I, ERNST, R., URRUTIA, G.G., GLAW, F., GUAYASAMIN,
G.M., HOLTING, M., JANSEN, M., .OK, PI.R., KWET, A., LINGNAU,
R., LYRA, M., MORAVEC, J., POMBAL JR., J.P., ROJAS-RUNJAIC,
F.JM., SCHULZE, A., SENARIS, J.C., SOLE, M., 50DRIGUES, M.T.,
TWOMEY, E., HADDAD, C.F.B., VENCES, M. & KOHLER, J. 2014.
High Levels of Diversity Uncovered in a Widespread Nominal Taxon:
Continental Phylogeography of the Neotropical Tree Frog Dendropsophus
minutus. PLoS ONE 9(9): €103958.

FROST, D.R., GRANT, T., FAIVOVICH, J., BAIN,R.H., HAAS,A., HADDAD,
C.EB.,DE SA, R.O., CHANNING, A., WILKINSON, M., DONNELLAN,
S.C., RAXWORTHY, C.J., CAMPBELL, J.A., BLOTTO, B.L., MOLER,
P, DREWES, R.C., NUSSBAUM, R.A., LYNCH, J.D., GREEN, DM &
WHEELER, W.C. 2006. The Amphibian Tree of Life. Bull Am Mus Nat
Hist 297:1-370.

GOMES, M.D.R. & PEIXOTO, O.L. 1991. Consideragdes sobre os girinos
de Hyla senicula (Cope, 1868) e Hyla soaresi (Caramaschi e Jim, 1983).
(Amphibia, Anura, Hylidae). Acta Biologica Leopoldensia 13:5-8.

GOSNER, K.L. (1960) A simplified table for staging anurans embryos and larvae
with notes on identification. Herpetologica 16:183-190.

GOTELLI, N.J. 2004. A taxonomic wish-list for community ecology. Philos T
R Soc Lond 359:585-597.

GROSIJEAN, S. 2005. The choice of external morphological characters and
developmental stages for tadpole-based anuran taxonomy: a case study in
Rana (Sylvarana) nigrovittata (Blyth, 1855) (Amphibia, Anura, Ranidae).
Contrib Zool 74:61-76.

HAAS, A.2003. Phylogeny of frogs as inferred from primarily larval characters
(Amphibia: Anura). Cladistics 19:23-89.

HADDAD, C.F.B. & MARTINS, M. 1994. Four species of Brazilian poison
frogs related to Epipedobates pictus (Dendrobatidae): taxonomy and natural
history observations. Herpetologica 50:282-295.

HERO, J.M. (1990) An Illustrated key to tadpoles occurring in the Central
Amazon rainforest, Manaus, Amazona, Brazil. Amazoniana 11:201-262.

HEYER, W.R.,RAND, A.S., CRUZ, C.A.G., PEIXOTO, O.L. & NELSON, C.E.
(1990) Frogs of Boracéia. Arquivos de Zoologia 31:237-410.

https://doi.org/10.1590/1676-0611-BN-2023-1486

IZECKSOHN, E., CRUZ, C.A.G. & PEIXOTO, O.L. 1979. Notas sobre o
girino de Proceratophrys boiei (Weid-Neuwied, 1825) (Amphibia, Anura,
Leptodactylidae). Rev Bras Biol 39:233-236.

Instituto Brasileiro de Geografia e Estatistica (IBGE). Banco de Dados de
Informagdes Ambientais. 2022. Disponivel em: https://bdiaweb.ibge.gov.
br/#/home.

KENNY, J.S. (1969) The amphibia of Trinidad. Studies on the Fauna Curagao
and other Caribbean Islands 108:66-70.

KLINK, C.A. & MACHADO, R.B. (2005) Conservation of the Brazilian
Cerrado. Conserv Biol 19:707-713.

KOLENC, F., BORTEIRO, C., ALCALDE, L., BALDO, D., CARDOZO, D. &
FAIVOVICH, J. 2008. Comparative larval morphology of eight species of
Hypsiboas Wagler (Amphibia, Anura, Hylidae) from Argentina and Uruguay,
with a review of the larvae of this genus. Zootaxa 1927:1-66.

LAVILLA, E.O. & SCROCCHI, G.J. 1986. Morfometria larval de los generos
de Telamatobinae (Anura: Leptodactylidae) de Argentina Y Chile. Physis
44:39-43.

LAVILLA, E.O. 1992. The tadpole of Dermatonotus muelleri (Anura:
Microhylidae). Bolletino Museum Regionale de Science Naturale Torino
10:63-71.

LAVILLA, E.O. & BRUSQUETTI, F. 2018. On the identity of Bufo diptychus
Cope, 1862 (Anura: Bufonidae). Zootaxa 4442:161-170.

LESCURE, J. 1973. Contribution a l’é¢tude des amphibians de Guyane
Frangaise. I1. Leptodactylus fuscus (Schneider) observation écologiques et
éthologiques. Annals du Muséum d’Histoire Naturelle de Nice 1:91-100.

LINS,A.C.R., MAGALHAES, R.F,, COSTA,R.N.,BRANDAO, R.B., DANIEL,
T.R.P., OLIVEIRA, N.E., MACIEL, N.M., NOMURA, F. & PEZZUTI,
T.L. 2018. The larvae of two species of Bokermannohyla (Anura, Hylidae,
Cophomantini) endemic to the highlands of central Brazil. Zootaxa
4527:501-520.

LIPS, K.R. & SAVAGE, J.M. 1996. Key to known Tadpoles (Amphibia: Anura)
of Costa Rica. Stud Neotrop Fauna E 31:17-26.

LOURENCO, A.C.C., BAETA, D., DE ABREU, A.C.L. & POMBAL JR, J.P.
2010. Tadpole and advertisement call of Rhinella pombali (Baldissera,

Caramaschi & Haddad, 2004) (Amphibia, Anura, Bufonidae). Zootaxa
2370:65-68.

LOURENCO, A.C.C., CARVALHO, A.L.G., BAETA, D., PEZZUTI, TL. &
LEITE, E.S.F. 2013. A new species of the Scinax catharinae group (Anura,
Hylidae) from Serra da Canastra, southwestern state of Minas Gerais, Brazil.
Zootaxa 3613:573-588.

LYNCH, J.D. (2006) The tadpoles of frogs and toads found in the lowlands
of northern Colombia. Revista de la Academia Colombiana de Ciencias
30:443-457.

LYNCH J.D. & SUAREZ-MAYORGA, A.M. 2011. Clave ilustrada de los
renacuajos en las tierras bajas al oriente de los Andes con énfasis en Hylidae.
Caldasia 33:235-270.

MACHADO, I.F. &« MALTCHIK, L.G. 2007. Check-list da diversidade de anuros
no Rio Grande do Sul (Brasil) e proposta de classificagdo para as formas
larvais. Neotropical Biology and Conservation 2:101-116.

MACIEL, N.M., BRANDAO, R.A., CAMPOS, L.A. & SEBBEN, A. 2007. A
Large New Species of Rhinella (Anura: Bufonidae) from Cerrado of Brazil.
Zootaxa 1627:23-39.

MAGALHAES, EM., SANTANA, D.J., NETO, A.M. & GARDA, A.A. 2012.
The tadpole of Elachistocleis cesarii Miranda-Ribeiro, 1920 (Anura,
Microhylidae). Zootaxa 3187:54-56.

MAGALHAES, F.M., BRANDAO, R.A., GARDA, A A, & MANGIA, S. 2020.
Revisiting the generic position and acoustic diagnosis of Odontophrynus
salvatori (Anura: Odontophrynidae). Herpetol J 30:189-196.

MARQUES, N. S. & NOMURA, F. 2015. Where to live? How morphology
and evolutionary history predict microhabitat choice by tropical tadpoles.
Biotropica 47:227-235.

MARQUES, N.C.S. & NOMURA, F. 2018. Environmental and spatial factors
affect the composition and morphology of tadpoles assemblages. Can J
Zool 96:1130-1136.

http://www.scielo.br/bn


https://doi.org/10.1590/1676-0611-BN-2023-1486

42

Biota Neotrop., 23(3): €20231486, 2023

Santos D.L. et al.

MARQUES, N.C.S., RATTIS, L. & NOMURA, F. 2018. Local environmental
conditions affecting anuran tadpoles’ microhabitat choice and morphological
adaptation. Mar Freshwater Res 70(3):395-401.

MARTINO, A.L., DEHLING, J.M. & SINSCH, U. 2019. Integrative taxonomic
reassessment of Odontophrynus populations in Argentina and phylogenetic
relationships within Odontophrynidae (Anura). PeerJ 7(82): e6480.

MATAVELLL R.,OLIVEIRA, J., GODOY, E., RIBEIRO, M.C. & BERTOLUCI,
J. (2018) First record of Ololygon longilinea (Anura: Hylidae) for the state
of Sao Paulo, southeastern Brazil. Herpetology Notes 11:281-283.

MELO, M., FAVA, F., PINTO, H.B.A., BASTOS, R.P., & NOMURA, F. 2013.
Anuran diversity (Amphibia) in the Extractivist Reserve Lado do Cedro,
Goias. Biota Neotrop 13(2):205-217.

MELO, M., FAVA, F., PINTO, H.A., NOMURA, F. 2014. Are Assemblages
of Aquatic-Breeding Anurans (Amphibia) Niches Structured or Neutral?
Biotropica 46:608—614.

MERCES, E.A., JUNCA, F.A. & CASAL, F.S.C. 2009. Girinos de trés espécies
do género Rhinella Fitzinger, 1826 (Anura — Bufonidae) ocorrentes no
Estado da Bahia, Brasil. Sitientibus Série Ciéncias Biologicas 9:133—138.

MIRANDA-RIBEIRO, A. 1937. Espécies novas do género Strombus da série
de apéndices oculares reduzidos. O Campo 24.

MONTILLA, S.0, ARCILA-PEREZ, L.F., TORO-GOMEZ, M.P., VARGAS-
SALINAS, F. & RADA, M. 2023. A multidisciplinary approach reveals
a new species of glassfrog from Colombia (Anura: Centrolenidae:
Nymphargus). Zootaxa 5271:1-48.

MYERS, N., MITTERMEIER, R.A., MITTERMEIER, C.G., FONSECA,
G.A.B. & KENT, J. 2000. Biodiversity hotspots for conservation priorities.
Nature 403:853-858.

MUSHET, D.M., EULISS, N.H., STOCKWELL, C.A. 2012. Mapping anuran
habitat suitability to estimate effects of grassland and wetland conservation
programs. Copeia 2:321-330.

NAVARRO ACOSTA, G., BALDO, D., KOLENC, F. & VERA CANDIOTI,
M.F. 2017. Embryonic morphology in five species of Hypsiboas (Anura:
Hylidae). Herpetol J 26(2):121-132.

NOMURA, F., ROSSA-FERES, D.C. & PRADO, V.H. 2003. The tadpole of
Physalaemus fuscomaculatus (Anura: Leptodactylidae) with a description
of internal oral morphology. Zootaxa 370:1-8.

OLIVEIRA-FILHO, J.C. & GIARETTA, A.A. 2006. Tadpole and advertisement
call of Chiasmocleis albopunctata (Anura, Microhylidae) from Brazil.
Zootaxa 1353:63-68.

PATTERSON, J.W. & MACLACHLAN, A.J. 1989. Larval habitat duration and
size at metamorphosis in frogs. Hydrobiologia 171:121-126.

PEREYRA, M.O., BLOTTO, B.L., BALDO, D., CHAPARRO, J.C., RON,
S.R., ELIAS-COSTA, A.J., IGLESIA, P.P., VENEGAS, P.J., THOME,
M.T., OSPINA-SARRIA, J.J., MACIEL, N.M., RADA, M., KOLENC,
F., BORTEIRO, C., RIVEIRA-CORREA, M., ROJAS-RUNIJAIC, F.J.,
MORAVEC, J., DE LA RIVA, 1., WHEELER, W.C., CASTROVIEIROS-
FISHER, S., GRANT, T., HADDAD, C. & FAIVOVICH, J. 2021.
Evolution in the Genus Rhinella: A Total Evidence Phylogenetic Analysis
of Neotropical True Toads (Anura: Bufonidae). B Am Mus Nat Hist
447(1):1-15.

PEZZUTI, T.L., LEITE, E.S.F., ROSSA-FERES, D.C. & GARCIA, P.C.A.
2021. The tadpoles of the Iron Quadrangle, Southeastern Brazil: A baseline
for larval knowledge and anuran conservation in a diverse and threatened
region. S Am J Herpetol 22:1-107.

PEZZUTI, T.L., FERNANDES, I.G., LEITE, F.S.A., SOUZA, C.E., GARCIA,
P.C.A. & ROSSA-FERES, D.C. 2016. The tadpoles of the Neotropical
Scinax catharinae group (Anura, Hylidae): Ecomorphology and descriptions
of two new forms. Zoologischer Anzeiger 261:22-32.

PIMENTA, B., COSTA, D., MURTA-FONSECA, R. & PEZZUTI, T. 2014.
Anfibios: Alvorada de Minas, Concei¢do do Mato Dentro, Dom Joaquim
- Minas Gerais.

PIMM, S.L., JENKINS, C.N.,ABELL, R., BROOKS, T.M., GITTLEMAN, J.L.,
JOPPA, L.N., RAVEN, P.H., ROBERTS, C.M., & SEXTON, J.O. 2014.
The biodiversity of species and their rates of extinction, distribution, and
protection. Science 344:987-998.

http://www.scielo.br/bn

PINHEIRO, P.D.P., CINTRA, C.E.D., VALDUJO, P.H., SILVA, H.L.R.,
MARTINS, I.A., SILVA, N.J. & GARCIA, P.C.A. 2018. A new species of
the Boana albopunctata group (Anura: Hylidae) from the Cerrado of Brazil.
S Am J Herpetol 13:170-182.

PROVETE, D.B., MELO, L.S.0., GAREY, M.V., GOMES, F.B.R., MARTINS,
I.A. & ROSSA-FERES, D.C. 2013. Larvae of Proceratophrys melanopogon
(Amphibia: Anura), with emphasys on internal oral morphology and
comparisons with P. cururu and P. moratoi. Herpetologica 69:163—174.

PYBURN, WF. 1967. Breeding and larval development of the hylid frog Phrynohyas
spilomma in southern Vera Cruz, Mexico. Herpetologica 23:184-194.

RIBEIRO, J.F. & WALTER, B.M.T. 1998. Fitofisionomias do bioma Cerrado.
In Cerrado: Ambiente e Flora (S.M. Sano & S.P. Almeida, eds.). Embrapa-
CPAC, Planaltina, pp. 87-166.

ROCHA, P. C., DE SENA, L. M. F., PEZZUTI, T.L., LEITE, F. S. F.,
SVARTMAN, M., ROSSET, S. D., BALDO, D. & GARCIA, P.C.A. 2017.
A new diploid species belonging to the Odontophrynus americanus species
group (Anura: Odontophrynidae) from the Espinhaco range, Brazil. Zootaxa
4329:327-350.

ROSA, C.N. 1965. Sistemética e biologia de alguns girinos do Estado de Sao
Paulo. Boletim PUC SP — Zoologia 25:467—487.

ROSSA-FERES, D.C., & JIM, J. 1993. Tadpole of Physalaemus centralis (Anura,
Leptodactylidae). Copeia 2:566—569.

ROSSA-FERES, D.C. & NOMURA, F. 2006. Characterization and taxonomic
key for tadpoles (Amphibia: Anura) from the northwestern region of Sao
Paulo State, Brazil. Biota Neotrop 6:1-26.

ROSSA- FERES, D. C., VENESKY, M., NOMURA, F., ETEROVICK, P.C.,
CANDIOTI, M.F.V.,, MENIN, M., JUNCA, F.J., SCHIESARI, L.C.,
HADDAD, C.F.H., GAREY, M.,ANJOS, L.A., & WASSERSUG, R. 2015.
Taking tadpole biology into the 21st century: a consensus paper from the
First Tadpoles International Workshop. Herpetologia Brasileira 4:48-59.

RUGGERI, J. & WEBER, L.N. 2012. Article A survey of the internal oral features
and external morphology of Physalaemus larvae (Anura, Leptodactylidae).
Zootaxa 3200:1-26.

SANCHEZ, D.A. 2010. Larval Development and Synapomorphies for Species
Groups of Hyloscirtus Peters, 1882 (Anura: Hylidae: Cophomantini).
Copeia 3:351-363.

SANTOS, M.T.T., PEZZUTI, T.L., LEITE, F.S. & GARCIA, P.C. 2015. The
tadpole of Chiasmocleis schubarti Bokermann, 1952 (Amphibia, Anura:
Microhylidae). Zootaxa 4000:137-140.

SANTOS, D.L., FEIO, R.N. & NOMURA, F. 2017. The Tadpole of
Proceratophrys dibernardoi (Brandao, Caramaschi, Vaz-Silva, and Campos,
2013) (Anura, Odontophrynidae). J Herpetol 51(1):114-118.

SANTOS, D. L., DANTAS, S.P. & NOMURA, F. 2018. The tadpole of
Adelphobates galactonotus (Steindachner, 1864) (Amphibia, Anura,
Dendrobatidae). Zootaxa 4422:287-290.

SAVAGE, J.M. & CEI, J.M. 1965. A review of the leptodactylid frog genus
Odontophrynus. Herpetologica 21:178-195.

SAZIMA, 1. & BOKERMANN, W.C.A. (1977) Anfibios da Serra do Cipo,
Minas Gerais, Brasil. 3: Observagdes sobre a biologia de Hyla alvarengai
Bok. (Anura, Hylidae). Rev Bras Biol 57:413-417.

SCHIESARI L.C. & MOREIRA, G. 1996. The tadpole of Phrynohyas coriaceae
(Hylidae) with comments on the species reproduction. J Herpet 30:404-407.

SCHNEIDER, C.A., RASBAND, W.S., & ELICEIRI, K.W. 2012. NIH Image
to ImagelJ: 25 years of image analysis. Nat Methods 9(7):671-675.

SCHULZE, A., JANSEN, M. & KOHLER, G. 2015. Tadpole diversity
of Bolivia’s lowland anuran communities: molecular identification,
morphological characterisation, and ecological assignment. Zootaxa
4016:1-111.

SILVA, J.M.C. & BATES, J.M. (2002) Biogeographic patterns and conservation
in the South American Cerrado: A tropical savanna Hotspot. BioScience
52:225-233.

SILVA-SOARES, T., COSTA, P.N., JUNIOR, V.N.T.B., WEBER, L.N. &
ROCHA, C.E.D. 2015. The Larva of Crossodactylus aeneus Miiller, 1924:
Morphology and Ecological Aspects. Herpetologica 71:46-57.

https://doi.org/10.1590/1676-0611-BN-2023-1486


https://doi.org/10.1590/1676-0611-BN-2023-1486

Biota Neotrop., 23(3): €20231486, 2023

43

Morphology of tadpoles from Cerrado

SILVEIRA, FAO, NEGREIROS, D., BARBOSA, N.P.U., BUISSON,
E., CARMO, F.F.,, CARSTENSEN, D.W., CONCEICAO, A.A.,
CORNELISSEN, T.G., ECHTERNACHT, L., FERNANDES, G.W.,
GARCIA, Q.S., GUERRA, T.J., JACOBIL, C.M., LEMOS-FILHO, J.P.,
LE STRADIC, S., MORELLATO, L.P.C, NEVES, E.S., OLIVEIRA, R.S.,
SCHAEFER, C.E., VIANA, P.L. & LAMBERS, H. 2016. Ecology and
evolution of plant diversity in the endangered campo rupestre: a neglected
conservation priority. Plant Soil 403:129-152.

STEIN, A., GERSTNER, K. & KREFT, H. 2014. Environmental heterogeneity
as a universal driver of species richness across taxa, biomes and spatial
scales. Ecol Lett 17(7):866—880.

THOME, M.T.C., ZAMUDIO, K.R. & ALEXANDRINO, J. 2012. Delimiting
genetic units in Neotropical toads under incomplete lineage sorting and
hybridization. BMC Evol Biol 12:242-255.

TOLLEDO, J. & TOLEDO, L.F. 2010. Tadpole of Rhinella jimi (Anura:
Bufonidae) with comments on the tadpoles of species of the Rhinella marina
group. J Herpetol 44:480-483.

TRINDADE-FILHO, J., CARVALHO, R.A., BRITO, D. & LOYOLA,
R.D. 2012. How does the inclusion of Data Deficient species change
conservation priorities for amphibians in the Atlantic Forest? Biodivers
Conser 21:2709-2718.

UNESCO. 2021. UNESCO recommendation on Open Science. UNESCO Open
Access repository, Paris.

VALDUIJO, P.H., SILVANO, D.L., COLLI, G. & MARTINS, M. 2012. Anuran

species composition and distribution patterns in Brazilian Cerrado, a
neotropical hotspot. S Am J Herpetol 7:63-78.

VAZ-SILVA, W., MACIEL, N.M., NOMURA, F., MORAIS, A.R., BATISTA,
V.G., SANTOS, D.L., ANDRADE, S.P., OLIVEIRA, A.A.B., BRANDAO,
R.A. & BASTOS, R.P. 2020. Guia de identificacdo das espécies de anfibios
(Anura e Gymnophiona) do estado de Goias e do Distrito Federal, Brasil
Central. Zoologia: guias e manuais de identificacdo series. Sociedade
Brasileira de Zoologia. Curitiba. 223pp.

https://doi.org/10.1590/1676-0611-BN-2023-1486

VAZ-SILVA, W., MACIEL, N.M., ANDRADE, S.P. & AMARO, R.C. 2018.
A new cryptic species of Oreobates (Anura: Craugastoridae) from the
seasonally dry tropical forest of central Brazil. Zootaxa 4441:89-108.

VERA CANDIOTI, M.F. 2007. Anatomy of anuran tadpoles from lentic water
bodies: systematic relevance and correlation with feeding habits. Zootaxa
1600:1-175.

VERA CANDIOTI, M.F., HAAD, M.B., BALDO, J.D & KOLENC, F. 2011.
Different pathways are involved in the early development of the transient
oral apparatus in anuran tadpoles (Anura: Leiuperidae). Biol J Linn Soc
104(2):330-345.

VERDADE, VK., ALMEIDA-SILVA, D. & RODRIGUES, M.T. 2023. The
endotrophic nidicolous tadpole of Cycloramphus eleutherodactylus
(Miranda-Ribeiro) (Anura: Cycloramphidae). Zootaxa 5254:287-294.

VINK, C.J., PAQUIN, P. & CRUICKSHANK, R.H. 2012. Taxonomy and
Trreproducible Biological Science. BioScience 62(5):451-452.

VIZOTTO, L.D. 1967. Desenvolvimento de anuros da regiao norte-ocidental do
Estado de Sao Paulo. Boletim da Faculdade de Filosofia Ciéncias e Letras
de Sao José do Rio Preto, Sado Paulo.

YOUNG, C.E.F. 2005. Financial mechanisms for conservation in Brazil.
Conservation Biology 19:756-761.

Received: 21/03/2023
Accepted: 28/08/2023
Published online: 27/10/2023

http://www.scielo.br/bn


https://doi.org/10.1590/1676-0611-BN-2023-1486

