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Integrative taxonomy reveals a new but common Neotropical treefrog, hidden under the name Boana xerophylla
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Boana xerophylla is a common treefrog widely distributed in northern Brazil, Colombia, French Guiana, Guyana, Panama, Suriname, Trinidad and Tobago, and Venezuela. A recent study found molecular, acoustic, and morphometric differences between the populations located on opposite sides of the Orinoco River. Here, we carry out an updated molecular phylogenetic analysis, including new samples from all the countries along the distribution area, and analyzed additional call recordings from Brazil, Colombia, French Guiana, Panama, Trinidad and Tobago, and Venezuela. Our phylogenetic inference reveals three geographically restricted lineages: one in the eastern Guiana Shield (corresponding to B. xerophylla sensu stricto), another in the western Guiana Shield, and a third one north of the Orinoco River. Morphological and acoustic data agree with the differentiation between the populations north of the Orinoco River and the eastern Guiana Shield despite the low genetic p-distances observed (16S rRNA: 0.7-2.2 %). We argue that the populations north of the Orinoco River correspond to a new species, sister of B. xerophylla. We name and describe Boana platanera sp. nov. from the southern versant of the Cordillera de Mérida (08º48'26'' N, 70º30'46'' W, WGS 84; 947 m asl) Venezuela, and refer all the populations north of the Orinoco River currently identified as B. xerophylla to this species. The new species can be readily diagnosed from B. xerophylla (characters of the latter in parentheses) by a pale orange-yellow or light brown dorsal coloration (dark brown to green), palpebral membrane with dark pigments (pigments absent); pericloacal region dark brown (cream), advertisement call with shorter first note length than B. xerophylla. This study represents an empirical example regarding false negatives behind genetic thresholds for species discovery, appraising the use of integrative taxonomic approaches.

Introduction

Hylidae Rafinesque, 1815 is among the most species-rich anuran families in the world [START_REF] Frost | Amphibian Species of the World: an Online Reference. Version 6.0[END_REF]. Within this family, the treefrog species of the genus Boana Gray, 1825 form a conspicuous component of the Neotropical anurofauna, occurring in open and forested environments from Nicaragua to Argentina, and the islands of Trinidad and Tobago [START_REF] Frost | Amphibian Species of the World: an Online Reference. Version 6.0[END_REF]. The species of Boana vary widely in a number of phenotypic traits such as size, shape, color, bony spines, integument structures (folds, spicules, warts, toe webbing, etc.), and behaviors (e.g., vocalizations, parental care) [START_REF] Duellman | The Hylid Frogs of Middle America[END_REF]. Boana currently includes 95 described species [START_REF] Frost | Amphibian Species of the World: an Online Reference. Version 6.0[END_REF] arranged in seven species groups [START_REF] Pinheiro | A new genus of Cophomantini, with comments on the taxonomic status of Boana liliae (Anura: Hylidae)[END_REF]. One of these species groups, the Boana faber group [START_REF] Faivovich | Systematic review of the frog family Hylidae, with special reference to Hylinae: a phylogenetic analysis and taxonomic revision[END_REF], contains nine species: B. faber (Wied-Neuwied, 1821), B. albomarginata (Spix, 1824), B. crepitans (Wied-Neuwied, 1824), B. exastis [START_REF] Caramaschi | A new large treefrog species, genus Hyla, from southern Bahia, Brazil (Amphibia, Anura, Hylidae)[END_REF]), B. lundii (Burmeister, 1856), B. pardalis (Spix, 1824), B. pugnax (Schmidt, 1857), B. rosenbergi (Boulenger, 1898), and B. xerophylla [START_REF] Duméril | Erpétologie Genérale ou Histoire Naturelle Complète des Reptiles[END_REF]. The monophyly of this species group is well supported by molecular synapomorphies, and the behavior of nest-building by males was suggested as a putative phenotypic synapomorphy [START_REF] Faivovich | Systematic review of the frog family Hylidae, with special reference to Hylinae: a phylogenetic analysis and taxonomic revision[END_REF].

Boana xerophylla was described from "Cayenne", French Guiana. Guibé (1948) considered it a junior synonym of B. crepitans, a name that has been widely used during more than 70 years. [START_REF] Orrico | Integrative taxonomy supports the existence of two distinct species within Hypsiboas crepitans (Anura: Hylidae)[END_REF] performed an integrative taxonomic assessment of B. crepitans using northern South American and Brazilian Atlantic Forest specimens and resurrected B. xerophylla from its synonymy with B. crepitans. As currently understood, B. xerophylla is known from Brazil, Colombia, French Guiana, Guyana, Panama, Suriname, Trinidad and Tobago, and Venezuela [START_REF] Orrico | Integrative taxonomy supports the existence of two distinct species within Hypsiboas crepitans (Anura: Hylidae)[END_REF]). This species is colloquially called rana platanera (banana tree dwelling frog) in Colombia and Venezuela (La Marca 1996, Lynch & Suárez-Mayorga 2001) and it is considered one of the most common and widespread anuran species in Venezuela [START_REF] Donoso-Barros | Desarrollo y evolución larval de Hyla crepitans (Amphibia-Salientia)[END_REF]. Paradoxically, the systematics of this geographically widespread, abundant, and popularly known species is still debated.

During decades, several authors have suggested that Boana xerophylla (referred to as B. crepitans) represented multiple species [START_REF] Duellman | The hylid frogs of Middle America[END_REF][START_REF] Duellman | Amphibians of La Escalera region, southeastern Venezuela: taxonomy, ecology, and biogeography[END_REF][START_REF] Duellman | The Hylid Frogs of Middle America[END_REF][START_REF] Donoso-Barros | Desarrollo y evolución larval de Hyla crepitans (Amphibia-Salientia)[END_REF]Kluge 1979;La Marca 1992;Lynch & Suárez-Mayorga 2001;[START_REF] Faivovich | Systematic review of the frog family Hylidae, with special reference to Hylinae: a phylogenetic analysis and taxonomic revision[END_REF][START_REF] Vanzolini | The herpetological collection of Maximilian, Prince of Wied (1782-1867), with special reference to Brazilian materials[END_REF]. In Venezuela, [START_REF] Barrio-Amorós | Catalogue of the amphibians of Venezuela: Illustrated and annotated species list, distribution, and conservation[END_REF] suggested that there are at least three different taxa under the name Boana xerophylla, although without supporting this contention. Escalona et al. (2019a) revealed genetic, acoustic, and morphometric differentiation between populations across the Orinoco River, further supporting the idea of the existence of cryptic species under this name.

Aiming at evaluating the species level systematics of Boana xerophylla, we collected new molecular, morphological, and acoustic data. A detailed comparison of phenotypic and genotypic variation indicates that there are three independently evolving lineages within B. xerophylla, two of them corresponding to phenotypically differentiated populations: Boana xerophylla sensu stricto and an unnamed taxon. Accordingly, we name and describe this new species following the rules of the International Code of Zoological Nomenclature (Anonymous 1999).

Materials and methods

Sampling. We compiled and obtained new molecular, acoustic, and morphological data from specimens of Boana xerophylla from Brazil, Colombia, French Guiana, Guyana, Panama, Suriname, Trinidad & Tobago, and Venezuela. More specifically, we updated the molecular dataset of Escalona et al. (2019a) with newly acquired and recently deposited GenBank sequences from all the countries along the species distribution area (Appendix 1); we updated the acoustic dataset with calls from Brazil, Colombia, French Guiana, Panama, Trinidad and Tobago, and Venezuela (Appendix 2); and we also updated the morphometric dataset with additional female specimens from other Venezuelan localities (Appendix 3). We complemented the three datasets with data from the Boana faber species group (Appendices 1-3).

Molecular methods. We extracted genomic DNA from samples preserved in 95 % ethanol (Appendix 1). Muscle samples were digested using proteinase K (10 mg/mL) and DNA was extracted following a standard salt protocol (Bruford et al. 1992). Amplification by polymerase chain reaction (PCR) was conducted to obtain one fragment from each of the mitochondrial genes 16S rRNA (16S) and cytochrome oxidase I (COI). The primers used were 16sar-L and 16sar-H (Kessing et al. 1989) for 16S, and dgLCO and dgHCO (Meyer 2003) for COI.

The PCR reactions were carried out as described in Escalona et al. (2019a). Successfully amplified products were purified using Exonuclease I and Shrimp Alkaline Phosphatase [START_REF] Werle | Convenient single-step, one tube purification of PCR products for direct sequencing[END_REF], and then sequenced in an Applied Biosystems® 3130 automated Sanger DNA sequencer using the forward and reverse primers. Resulting chromatograms were assembled and edited using the CodonCode aligner software (v. 4.0.4,Codon Code Corporation). BLAST searches were performed to validate the taxonomic identity of sequences and the corresponding sequences were submitted to GenBank (Appendix 1).

Taxon and character sampling. The ingroup is composed by Boana xerophylla and additional species of the B. faber group: B. albomarginata, B. crepitans, B. exastis, B. faber, B. lundii, B. pardalis, B. pugnax, and B. rosenbergi. Our outgroup, following Faivovich et al. (2005), included Aplastodiscus leucopygius, B. albopunctata, B. boans, B. cinerascens, B. ericae, B. lanciformis, B. melanopleura, B. multifasciata, B. nympha, B. pellucens, B. pulchella, B. punctata, B. roraima, B. rufitela, and Bokermannohyla alvarengai. We included homologous sequences from GenBank of 12S, 16S, and COI for the phylogenetic analyses. In order to reduce the amount of missing entries per terminal and search space during phylogenetic analyses [START_REF] Wilkinson | Coping with abundant missing entries in phylogenetic inference using parsimony[END_REF]Kearney 2002;[START_REF] Brower | Going rogue[END_REF], we combined sequences from two conspecific specimens in a single composite terminal (only in the outgroup; see [START_REF] Campbell | The use and validity of composite taxa in phylogenetic analysis[END_REF]. Taxon and character sampling, as well as composite terminals, are listed in Appendix 1.

Phylogenetic analyses. Sequences of each locus were individually aligned using the MAFFT online service (Katoh et al. 2019). We used the alignment strategies E-INS-i for 12S and 16S and FFT-NS-i for COI, both under default parameters. We visualized and checked all alignments in AliView (Larsson 2014), and combined them into a single matrix using SequenceMatrix 1.8 [START_REF] Vaidya | SequenceMatrix: concatenation software for the fast assembly of multigene datasets with character set and codon information[END_REF]). The dataset is available from MES upon request. We used the greedy algorithm of PartitionFinder v2 (Lanfear et al. 2016) and the Bayesian information criterion to select the optimal combination of partition schemes and DNA substitution models for the concatenated matrix. We defined 12S and 16S as potential character sets as well as each codon position of COI.

The best-fitting partition scheme and DNA substitution models were applied to maximum likelihood (ML) optimization and tree searches, with indels coded as unknown nucleotides, and performed in Garli v2.01 [START_REF] Zwickl | Genetic algorithm approaches for the phylogenetic analysis of large biological sequence datasets under the maximum likelihood criterion[END_REF]. We did 500 independent searches using a fast ML stepwise-addition algorithm ("streefname = stepwise"), with stepwise-addition set to 379 ("attachmentspertaxon"), 60,000 generations without topology improvement required for termination ("genthreshfortopoterm"), tree rejection threshold at 50 ("treerejectionthreshold"), and the maximum number of branches away from original location that a branch may be reattached during a limited SPR move was 6 ("limsprrange"). Bootstrap frequencies were calculated with 1,000 pseudoreplicates under the same tree search parameters outlined above. Phylogenetic analyses were run in the cluster of the Laboratório de Alto Desempenho (LAD) at PUCRS. Bootstrap frequencies were assigned to the corresponding clades of the optimal tree using SumTrees 4.3.0 of the DendroPy 4.3.0 package [START_REF] Sukumaran | DendroPy: A Python library for phylogenetic computing[END_REF].

We considered an optimal phylogenetic hypothesis as supported if not contradicted by other, equally optimal hypotheses (Jaramillo et al. 2020). We interpreted Bootstrap values, when ≥ 50 %, as a proxy of the relative amount of favorable and contradictory evidence for each clade present in the optimal topology (Goloboff et al. 2003;[START_REF] Ramírez | Resampling measures of group support: a reply to Grant and Kluge[END_REF].

Mean, minimum, and maximum genetic p-distance of the 16S between members of the major clades of Boana xerophylla sensu lato (s.l.) were calculated in MEGA 7.0 (Kumar et al. 2016) using the default parameters. We used only this molecular marker because it is the most common in our dataset (Appendix 1).

Bioacoustics. We used the advertisement calls analyzed by Escalona et al. (2019a), new recordings from northern Brazil, French Guiana, and Venezuela and additional recordings from northern Brazil, Colombia, Panama, and Trinidad and Tobago obtained from Fonoteca Zoológica at Museo Nacional de Ciencias Naturales, Macaulay Library at Cornell Lab, and other published sources (Ibáñez et al. 1999;Loebmann et al. 2008;Appendix 2). Furthermore, we analyzed advertisement calls of all the species from the Boana faber species group, with the purpose of acoustically diagnosing the new species, using sound recordings obtained from Fonoteca Zoológica, Macaulay Library, and Museo de Zoología de la Pontificia Universidad Católica del Ecuador via Anfibios del Ecuador site [START_REF] Ron | Anfibios del Ecuador. Version[END_REF]) (Appendix 2).

We obtained spectrograms, power spectra (Hamming window, 256 samples, FFT size = 1024, and overlap = 85 %), and oscillograms using Raven Pro 1.3 (Cornell Lab of Ornithology). Illustrations of oscillograms and spectrograms were generated with the R (R Core Team 2017) packages tuneR version 1.3.3 (Ligges et al. 2017) and Seewave version 1.7.3 [START_REF] Sueur | Seewave, a free modular tool for sound analysis and synthesis[END_REF]. The following call variables were obtained by ME from power spectra and oscillograms (the spectral and temporal traits, respectively): (1) NN, number of notes (following the note centered approach of Köhler et al. 2017); (2) 1 st NL, first note length; (3) CL, call length, following [START_REF] Crocoft | Patterns of advertisement call evolution in toads and chorus frogs[END_REF]; ( 4) PI, pulse interval, measured as the distance between higher amplitude peaks of two pulses (this value was obtained by calculating the mean of the PI values at the beginning, middle, and end of call); ( 5) FF, fundamental frequency, determined according to [START_REF] Duellman | Biology of amphibians[END_REF]; (6) DF, dominant frequency, determined according to [START_REF] Duellman | Biology of amphibians[END_REF]; (7) SFB, second frequency band; (8) NT, note type (i.e., simple or complex), following [START_REF] Castroviejo-Fisher | A new morphologically cryptic species of Phyllomedusa (Anura: Phyllomedusidae) from Amazonian forests of northern Peru revealed by DNA sequences[END_REF]. Additionally, we measured the length of the second phase (2 nd PL), following Littlejohn (2001), for calls of B. xerophylla s.l. This second phase is the time between the beginning of the second note and the end of the call. Whenever possible, five calls per specimen (sparsely chosen along the recording) were quantified and the mean of each parameter for each frog was used to calculate the average, minimum, and maximum values for each group of interest. We collected and summarized acoustic data from different call types independently (see Results).

We performed a principal component analysis (PCA) with the call variables quantified for Boana xerophylla s.l. in order to evaluate graphically the existence of different groups. Mean values per individual were used for the PCA. We included the two call types found in the populations south of the Orinoco River. Because the advertisement call DF varies inconsistently between the upper and lower frequency bands (see Results), we included the DF of each band as independent variables in the PCA-second frequency band (SFB) and fundamental frequency (FF), respectively). We assessed the correlation between call length (CL) and number of notes (NN), as well as between FF and SFB through ordinary least square models. Since, CL and NN, and FF and SFB are correlated (r 2 = 0.85, p = 0.0001 [CL~NN]; r 2 = 0.71, p = 0.0001 [FF~SFB]), we carried out a second PCA excluding NN and SFB. We tested for statistically significant differences between the calls of B. xerophylla from the eastern Guiana Shield (call type I: n = 8; call type II: n = 6) and north of the Orinoco River (n = 31) using the first two principal components, as well as the acoustic variables. We used the exact Wilcoxon Mann-Whitney Rank Sum test in PAST version 3.19 (Hammer et al. 2001).

Morphological data. We examined adult specimens of the Boana faber group from the following museums: CVULA, Colección de Vertebrados de la Universidad de Los Andes, Mérida, Venezuela; MCNG, Museo de Ciencias Naturales de Guanare, Guanare, Venezuela; MCP, Museu de Ciências e Tecnologia da Pontifícia Universidade Católica do Rio Grande do Sul, Porto Alegre, Brazil; MHNLS, Museo de Historia Natural La Salle, Caracas, Venezuela; MNRJ, Museu Nacional, Universidade Federal do Rio de Janeiro, Rio de Janeiro, Brazil; MTR, Miguel Trefaut Rodrigues' collection, Departamento de Zoologia, Instituto de Biociências, Universidade de São Paulo, São Paulo, Brazil; MZUSP, Museu de Zoologia da Universidade de São Paulo, São Paulo, Brazil; and ULABG, Colección de Anfibios y Reptiles del Laboratorio de Biogeografía de la Universidad de Los Andes, Mérida, Venezuela. Species, voucher numbers, and localities are provided in Appendix 3. We identified males as specimens possessing prominent prepollex (with roughly 20 % of specimens corroborated by direct observation of gonads) and confirmed female specimens as those possessing convoluted oviducts or mature ovarian eggs. We included data from the material examined in Escalona et al. (2019a).

For morphological discrete and qualitative characters, we followed [START_REF] Duellman | The hylid frogs of Middle America[END_REF] except for snout shape, anal plate, and thenar tubercle, for which we followed [START_REF] Caramaschi | A new large treefrog species, genus Hyla, from southern Bahia, Brazil (Amphibia, Anura, Hylidae)[END_REF]. We changed the adjective "anal" for "cloacal" because it is the appropriate term in anuran anatomy. We coded webbing extension using La Marca (1994). We used a Famex® digital calliper with precision to the nearest 0.01 mm to measure 17 external morphometric variables as described in Escalona et al. (2019a). Specimens of B. rosenbergi were kindly measured by Paulo Pinheiro following the same protocol (Appendix 3).

Integrative taxonomy and species concept. We based our taxonomic decision on the integration by congruence of different kinds of data (e.g., Padial et al. 2010) and using the evolutionary species concept of [START_REF] Wiley | The evolutionary species concept reconsidered[END_REF]see Frost & Hillis 1990). Thus, species are considered as separately evolving metapopulation lineages that are operationally identifiable from their sister species by fixed differences in phenotypic data (see [START_REF] De Queiroz | Species concepts and species delimitation[END_REF]Padial et al. 2010)-including data indicative of reproductive isolation (i.e., advertisement call)-and reciprocal monophyly [START_REF] Castroviejo-Fisher | A new morphologically cryptic species of Phyllomedusa (Anura: Phyllomedusidae) from Amazonian forests of northern Peru revealed by DNA sequences[END_REF].

Results

Molecular analysis. We generated 107 new sequences from 87 specimens and obtained 256 sequences from Gen-Bank, totalizing 363 sequences (Appendix 1). Our complete molecular dataset consisted of 53 DNA sequences of 12S (940 aligned bp), 167 DNA sequences of 16S (590 bp), and 143 DNA sequences of COI (657 bp). Partition-Finder selected four partitions with the following best-fit models of nucleotide substitution for each one: 1) 12S plus 16S with a GTR+I+Γ model; 2) COI first codon position with TRNEF+I+Γ model; 3) COI second position, F81 model; 4) COI third position, TRN+Γ model.

The ML tree included a monophyletic Boana faber species group as originally defined, but with BS < 50 % (Fig. 1). Within the B. faber species group, B. albomarginata was recovered as the most external species. Its sister clade was divided into two subgroups: a south of Amazonia clade, comprising B. exastis, B. faber, B. lundii, and B. pardalis, and a widespread group comprising B. crepitans, B. pugnax, B. rosenbergi, and B. xerophylla s.l. Within B. xerophylla s.l., the most external clade (BS = 100) is composed by specimens from the Venezuelan Amazonas state in the western Guiana Shield. We consider it as a candidate species requiring the acquisition of more data to be formally described (Fig. 1). This clade is sister to a large clade that is divided into two main groups, one (BS = 61) containing only specimens from the eastern Guiana Shield (northern Brazil, French Guiana, Guyana, Suriname, and Venezuela), and another (BS = 60) with specimens north of the Orinoco River (i.e., Colombia, Panama, Trinidad and Tobago, Venezuela). Within each of the two aforementioned clades, branch lengths are short (≤ 0.01 expected substitutions/nucleotide), with abundant polytomies and BS values typically below 50 % (Fig. 1).

Uncorrected genetic distances for 16S among specimens of Boana xerophylla s.l. are summarized in Table 1. Average pairwise genetic distances are 0.1 % (0-0.7 %) within the eastern Guiana Shield clade, 0 % within the western Guiana Shield clade, and 0.5 % (0-1.4 %) within north of the Orinoco River clade. Distances among these three clades are relatively moderate compared to intraspecific distance usually observed between currently recognized species of Boana [START_REF] Vacher | Large scale DNA-based survey of Amazonian frogs suggest a vast underestimation of species richness and endemism[END_REF], especially between the eastern Guiana Shield and north of the Orinoco River clades: 1.3 % (0.7-2.2 %). 2. Within B. xerophylla s.l., we found four distinct types of calls: two are unique to the populations north of the Orinoco River, while the other two are unique to the populations from the eastern Guiana Shield (Fig. 2). One of the call types of the populations north of the Orinoco River was found in 31 recordings, while the other was found predominantly in three recordings. We also identified this call type in some recordings as part of the background calls of a chorus. We considered that the most frequent type of vocalization is the advertisement call. We did not include in our analysis the three recordings with the uncommon call-MES_LC1 (ULABG 7770), MES_CA6 (unvouchered) and MES_CA7 (unvouchered)-since it could be a different kind of vocalization (e.g., territorial call). Eighteen percent of recordings from the eastern Guiana Shield contain just one type of call, while 82 % recordings include two types of calls, emitted without any evident pattern and apparently by the same individual. We did not observe different behavioral contexts between recordings from the eastern Guiana Shield (i.e., individuals were usually vocalizing with at least two conspecifics and often with a heterospecific).

The first three components of the PCA with all the acoustic measurements (Fig. 3A) explain 51.8 %, 20.6 % and 9.6 % of the acoustic variance, respectively. The summary and loadings of the PCA are shown in Table 3. The variables with the highest loadings in the first principal component are: number of notes (NN) and call length (CL). The variables with the highest loading in the second component are second frequency band (SFB) and fundamental frequency (FF), while the variable with the highest loading in the third component is second phase length (2 nd PL). The first three components of the PCA obtained without including NN and SBF (Fig. 3B) explain 52.14 %, 16.01 % and 12.26 % of the acoustic variance. Call length is the variable with the highest loading in the first principal component and FF is the variable with the highest loading in the second principal component. There is not overlapping in the acoustic space beetwen the populations north of the Orinoco River versus the eastern Guiana Shield (Fig. 3). We found significant differences (p ≤ 0.05) between the populations north of the Orinoco River versus the eastern Guiana Shield (using the two call types independently, see below) in the first and third principal components, pulse interval (PI), and first note length (1 st NL)-calls north of the Orinoco River populations have longest PI and shortest 1 st NL. Additionally, comparing with the call type I of the eastern Guiana Shield populations, we found significant differences with the populations north of the Orinoco River in the second principal component, number of notes and call length-calls north of the Orinoco River populations are longer and with a higher number of notes. Comparing with the call type II of the eastern Guiana Shield populations, the second phase of calls north of the Orinoco River populations are significantly longer. Below, we describe in detail the calls of each group of interest. Call type II (see Results for details).

Vocalization of Boana xerophylla north of the Orinoco River.

Frogs from these populations produced a complex and biphasic (sensu Littlejohn 2001) advertisement call formed by five pulsed notes (minimum and maximum: 4-6 notes) (Fig. 2A andC, Table 3). The notes are composed by two to four pulses. The first phase corresponds to the first note, while the second phase corresponds to the segment of the call between the second and the last note. The amplitude and duration of pulses increase from the second note (Fig. 2C). The first phase lasts, on average, 44 ms (minimum and maximum: 28-71 ms) and it is followed by a silent interval, highly variable, that lasts on average 35 ms (11-89 ms). The second phase lasts 205 ms (137-312 ms). Total call length is 284 ms (200-451 ms). The call amplitude is modulated. The relative amplitude in the first note was around 50 % the relative amplitude at the end of the call; it increases progressively in the beginning of the second note, reaching the highest value at the first pulse of the last note and then decreasing abruptly (Fig. 2C). The advertisement call has two frequency bands in most recordings, which have about the same relative amplitude (Fig. 2E). The fundamental frequency is on average 713.7 Hz (542.7-1125.0 Hz) and the second frequency band is 1656.7 Hz (1033( .6-2306.26 Hz).26 Hz). Usually, the second frequency band is the dominant (Table 4). The dominant frequency is 1280.4 Hz (562. 5-2287.5 Hz), which is usually modulated, increasing gradually towards the end of the call; the dominant frequency is 680.0 Hz (516.8-1106.3 Hz) in the first note and 1449.6 Hz (551. 2-2343.8 Hz) at the end of the call (average change in dominant frequency = 790.2 Hz, -51.7-1541.8 Hz). The second frequency band is emphasized only in the second-half of the second phase (Fig. 2G). 
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Vocalizations of Boana xerophylla from the eastern Guiana Shield. Descriptive statistics of the acoustic variables are shown in Table 2 and4. We found two call types in six of the eight analyzed recordings. The most common call type (53 %), hereafter call type I, is the one analyzed by Escalona et al. (2019a). This is a simple pulsed call formed by one note (Fig. 2B andD) with average duration of 97 ms (minimum and maximum: 79-125 ms). Call amplitude is modulated, progressively increasing, and reaching its highest value at the middle of the call, after which it decreases progressively (Fig. 2D). This call has two frequency bands (Fig. 2F). The fundamental frequency is 827.0 Hz (617.3-964.7 Hz) and the dominant frequency at 1443.6 Hz (656. 2-1966.7 Hz). Only one individual (AAG-UFU 5549) emitted calls with the fundamental frequency being the dominant frequency. Dominant frequency was modulated in most of cases, increasing towards the end of the call (average change in the dominant frequency = 854.4 Hz, 722.6-1042.2 Hz).

The second type of vocalization, hereafter call type II, is a complex call formed by four notes (minimum and maximum: 3-6 notes; Fig. 2C, F andI), which is basically formed by a call type I, with the addition of two to five spaced short notes. This call, following Littlejohn (2001), is biphasic. Average call length is 262 ms (210-296 ms), with the first note lasting 94 ms (85-110 ms) and the second phase (group of short notes) lasting 105 ms (73-150 ms). This type of call has two frequency bands (Fig. 2I); the fundamental frequency is 907.3 Hz (843.8-974.3 Hz) and the dominant frequency is 1637.9 Hz (909.8-1938.0 Hz). Call type II has a dominant frequency modulation, but not as steep as that observed in call type I (average change in the dominant frequency = 489.4 Hz, 93.8-956.2 Hz). In both call types, the second frequency band is emphasized in the first note (Fig. 2H,I).

Morphological data. In addition to the morphometric data of Escalona et al. (2019a), we measured 76 adult females from populations north of the Orinoco River and around 30 individuals from the other species of the B. faber species group. Table 5 summarize character variation. Detailed morphological comparisons are presented in the systematics section. Morphological characters are illustrated in Figs. 4-6, 8-10. Data integration. The observed phylogenetic, morphological, and acoustic variation reported in this study and Escalona et al. (2019a) consistently and congruently indicate that Boana xerophylla, as currently understood, includes more than one independently evolving lineage. While the specimens from the eastern Guiana Shield can be clearly associated with the binomen Boana xerophylla sensu stricto, those north of the Orinoco River are considered as part of a new species that we name and describe below. Based on the molecular phylogenetic analyses and genetic differentiation, we flag the specimens from the western Guiana Shield clade as members of an unconfirmed candidate species.

Boana platanera sp. nov. La Marca, Escalona, Castellanos, Rojas-Runjaic, Crawford, Señaris, Fouquet, Giaretta, and Castroviejo-Fisher (Figs. 2,[START_REF] Chasiluisa | Description and phylogenetic relationships of a new species of treefrog of the Osteocephalus buckleyi species group (Anura: Hylidae)[END_REF][START_REF]c -4735 c )[END_REF](6)8J,10) Suggested common name: Banana tree dwelling frog (rana platanera, in Spanish). [START_REF] Shreve | On Venezuelan reptiles and amphibians collected by Dr. H.G. Kugler[END_REF]; [START_REF] Alemán | Contribución al estudio de los reptiles y batracios de la Sierra de Perija[END_REF]; [START_REF] Ginés | Familias y géneros de anfibios-Amphibia de Venezuela[END_REF]; [START_REF] Röhl | Fauna Descriptiva de Venezuela (Vertebrados). 4 th Edition[END_REF]; [START_REF] Rivero | Salientia of Venezuela[END_REF]; [START_REF] Fouquette | Some hylid frogs of the Canal Zone, with special reference to call structure[END_REF]; Solano de Chacín (1968); Kenny (1969); populations from north Orinoco River, [START_REF] Duellman | The hylid frogs of Middle America[END_REF][START_REF] Duellman | Amphibians of La Escalera region, southeastern Venezuela: taxonomy, ecology, and biogeography[END_REF][START_REF] Duellman | The Hylid Frogs of Middle America[END_REF] Referred specimens. Up to 497 specimens were used to describe the genetic and phenotypic variation, although they are not included in the type series. In addition, we analyzed the calls of eleven non-vouchered specimens. See Appendices 1-3 for details.

Generic placement. The new species is assigned to Boana, within the B. faber group (sensu [START_REF] Faivovich | Systematic review of the frog family Hylidae, with special reference to Hylinae: a phylogenetic analysis and taxonomic revision[END_REF], based on the results of the phylogenetic analyses (Fig. 1). 18) dorsal coloration is variable at night, from almost uniform pale yellowish ocher, reddish brown, to conspicuously marbled with more or less well defined dark-brown marks, and an irregular or broad X-shaped on the mid dorsum; (19) in preservative, palms and soles pale cream-colored, hand and foot webs cream with dark brown flecks, especially on foot.

Diagnosis. Character states of compared species are given in parentheses. Boana platanera is sister of B. xerophylla (Fig. 1) and it can be diagnosed from the latter by the following combination of adult male characters: a pale orange-yellow or light brown coloration on dorsum (dark brown to green tones; Fig. 8I,J); presence of black or dark brown speckles in the anterior half of the palpebral membrane (absent; Fig. 9); pericloacal region dark brown (cream); advertisement call with shorter, 28-71 ms, first note length (79-124 ms in call type I and 85-110 ms in call type II), composed of five notes (one note in call type I). Although not diagnostic, the following characters may help to differentiate both species: the new species has a statistically significant larger body (46.57-63.34 mm) than B. xerophylla (45.13-56.71 mm) (Table 2 in The new species differs from Boana crepitans by having a pale orange-yellow or light brown coloration on dorsum (gray-cream tones to dark brown; Fig. 8H,J); advertisement call composed of five notes (two notes). Although not diagnostic, the new species has a statistically significant shorter ETD (eye to tympanum distance; B. platanera: 0.96-2.78 mm) than B. crepitans (1.99-3.29 2).

The new species differs from Boana exastis by having a smooth dorsum, thighs, and flanks (rough or with tubercles in at least one of these regions; Fig. 8); smaller body size (males: B. platanera: 46.57-63.34 mm; B. exastis: 81.1-99.0 mm); presence of black dots on anterior half of the palpebral membrane (absent); poorly-defined dermal fringes on limbs (crenulated dermal fringes), less webbing in hands and feet (more extensive webbing in hands and feet), absence of cloacal plate (presence); absence of calcars (presence); complex advertisement call (simple in B. exastis), with shorter duration (B. platanera: 200-451 ms; B. exastis: 807-1229 ms) (Table 2).

Boana platanera differs from B. lundii by having a smooth dorsum, thighs, and flanks (rough or with tubercles in at least one of these regions; Fig. 8); presence of black dots on anterior half of the palpebral membrane (absence); poorly-defined dermal fringes on limbs (well defined); less webbing in hands and feet (more webbing in hands and feet); absence of calcars (presence); complex advertisement call (simple), with shorter duration (B. platanera: 200-451 ms; B. lundii: 834-1228 ms) (Table 2).

The new species differs from Boana pardalis by having a smooth dorsum, thighs, and flanks (rough or with tubercles in at least one these regions; Fig. 8); presence of black dots on first half of the palpebral membrane (absence); poorly-defined dermal fringes on limbs (crenulated); less webbing in hands and feet (more webbing in hands and feet); absence of cloacal plate (presence); absence of calcars (presence); complex advertisement call (simple), with longer duration (B. platanera: 200-451 ms; B. pardalis: 117-143 ms), composed of 4-6 notes (one) (Table 2).

Boana platanera differs from B. faber by having a smaller body size (males: B. platanera: 46.57-63.34 mm; B. faber: 77.90-97.08 mm); presence of black dots on anterior half of the palpebral membrane (absence); ulnar fold present (absent); cream gular coloration with dark-brown flecks near to the jaw border (dark); complex advertisement call (simple), longer advertisement call (B. platanera: 200-451 ms; B. faber: 75-121 ms), composed of 4-6 notes (one note), with higher fundamental frequency (B. platanera: 542.7-1125.0 Hz; B. faber: 344.5-447.9 Hz) (Table 2).

Boana platanera is readily distinguishable from B. albomarginata by having a smooth dorsal skin (slightly granular in B. albomarginata), a pale orange-yellow coloration with dark-brown marks, irregular or broad X-shaped on the dorsum and dark-brown bars on flanks and thighs (green with some withe spots on the dorsum; Figs. 8A,J); supratympanic fold slopes downward to a point above arm insertion (supratympanic extends posteriorly until half of the laterodorsal region); absence of calcar (presence); complex advertisement call (simple), with longer duration (B. platanera: 200-451 ms; B. albomarginata: 166-185 ms), with 4-6 notes (one note), and lower fundamental frequency (B. platanera: 542.7-1125.0 Hz; B. albomarginata: 1136.9-1231.7 Hz) (Table 2). Although not diagnostic, the new species is larger bodied (males: B. platanera: 51.97-59.08 mm; B. albomarginata: 44.68-53.6 mm).

Holotype description. Adult male in a good state of preservation (Fig. 4), with a piece of tissue sampled from the right thigh. Morphometric measurements of the holotype are presented in Table 5. Body slender; head longer than wide (HW/HeL = 1.06); snout truncated in lateral and dorsal views; nostrils protuberant, oblique and directed dorsolaterally; internarial distance smaller (66 %) than eye-to-nostril distance; eye diameter, upper eyelid width and interorbital distance approximately equal to tympanum diameter; canthus rostralis rounded, almost indistinct; loreal region concave; lips not flared; eyes large (ED/HeL = 0.28), protruding; interorbital region and dorsal surface of snout slightly concave. Tympanum conspicuous, nearly circular; tympanic membrane differentiated; tympanic annulus well-defined, with upper border concealed by the tympanic membrane. Vocal sac single, subgular; vocal slits large, located at the posterolateral edge of the mouth floor. Tongue wider than long, cordiform, slightly notched behind; almost completely attached to mouth floor. Choanae elliptical, widely separate. Vomerine teeth massive; vomerine processes arched, slightly separate and between choanae. Arms slender; forearms more robust than upper arms; an inconspicuous crenulated fringe along forearm ventroexternal surface and prolateral side finger IV (more conspicuous on right forearm). Hand with an elliptical and flat palmar tubercle and a inconspicuous thenar tubercle; prepollex well-developed, with a single curved spine (Fig. 5); numerous small supernumerary tubercles scattered on the palm; relative fingers length: III>IV>II>I; subarticular tubercles single, rounded to conical and prominent; fingers discs large, expanded and nearly circular; disc on first finger slightly smaller than those of other fingers; third finger disc diameter about 50 % of eye diameter and approximately 60 % of tympanum diameter; hand-webbing formula: I0-0II1 + -1III1.5-2 + IV.

Legs long and slender; thigh length slightly longer than shank length (FL/TL = 1.01); without calcars-the protrusion of the skin fold on the right heel, which resembles a calcar, is caused by the fixation position of the hind limbs, with the feet oriented posteriorly; tarsal fringe not evident; foot with an elliptical inner metatarsal tubercle; outer metatarsal tubercle not evident; subarticular tubercles single, rounded and prominent; supernumerary tubercles scarce, small, and flat; toes extensively webbed, with rounded and expanded disks; foot-web formula: I1.5-1 + II2 + -2III3-3 -IV3-3 + V. Skin on dorsal surfaces smooth; throat, chest, belly and inferior edge of ventral surface of thighs granulate; supracloacal fold crenulated; pericloacal region tuberculate.

Color of euthanized holotype. The holotype was photographed two minutes after anesthesia and the following description was based in those photographs. Dorsum with a large dark brown irregular blotch over an olive background; flanks olive with vertical narrow brown bands; groin and postero-ventral part of flank orange; throat and chest dark gray; chin olive with dark brown markings; upper part of venter gray; middle and lower part of venter reddish orange, with gray tubercles; upper parts of extremities gray to olive, with brown bands or markings; foot web reddish; iris light greenish gray with fine dark venation.

Color of holotype in preservative. Dorsum pale brown with dark-brown irregular blotches without a defined pattern, darker on dorsum than on head (Fig. 4); upper surface of arms pale brown, with one dark-brown incomplete band on forearm, wider on the external edge; dorsal surface of hands with one dark-brown incomplete band (more evident on the right hand); third and fourth fingers with the same coloration of arms; first and second fingers pale cream colored; dorsal surface of thighs pale brown with dark brown bars that form an irregular reticular pattern; dorsal surface of shanks, metatarsus and toes pale brown with dark brown blotches without a defined pattern; webbing on hands cream colored with dark brown flecks. Flanks cream with dark-brown vertical lines. Pericloacal region dark brown surrounded by white.

Ventral surfaces of arms, forearms and hand palms pale cream; pattern on dorsal surface of thigh partially extended to ventral surface; lower edge of thighs pale cream; shanks pale brown with dark brown blotches; metatarsus, feet and foot-web cream with numerous dark brown flecks; throat cream with dark brown flecks, mostly in borders of the mouth; chest and belly pale cream.

Variation in morphology. The variation of external measurements, as well as hand and foot webbing formula of some type specimens and from all the specimens examined is shown in Table 5. There is sexual dimorphism in body size, with males generally smaller than females (males: 46.57-63.34 mm; females: 54.33-74.74 mm), and by the presence of a prominent prepollical spine in males (Figs. 5,6).

Color variation in life. When active at night, adult specimens have a yellow, tan, to light brown coloration, with brown patterns (irregular in shape or with a broad X-shaped blotch near the head; some specimens have a brown vertebral line) on dorsum (Figs. 6A,7C). Brown dots are spread on the flanks, above the upper lip, on the limbs, and on the webbings. Some specimens have a brown line delimiting the supratympanic fold. Some specimens have apparent scars on the dorsum. There is a brown blotch with a white line on the upper margin on heels and cloacal region. There are several vertical brown bars on flanks and transversal brown bars on the thighs. White coloration predominates along all the ventral surfaces, with strong orange or pinkish tones on the belly, arms, and thighs. In some specimens, the dorsal brown bars of the thighs are projected on the internal portion. The tarsus has two colorations delimited by the tarsal fold. The outer portion of the tarsus has a brown coloration with orange tones, while the internal portion has orange coloration. Some specimens have some brown spots around the mandible, on the upper portion of the thigh, and/or the webbing at the hands and foots. During the day, when normally are inactive, they have a pale cream coloration (Fig. 6E). The brown patterns and spots, when visible, are pale gray, and the bars on the flanks and thighs are dark brown almost black. Juvenile specimens have a pale green coloration with black diffuse dots on the dorsum (Fig. 6F). During the night, the iris around the pupil is metallic gray color and the outer area is pale emerald (Fig. 6A,C,D). Color variation in preservative. Coloration pattern of paratopotypes in preservative is depicted in Fig. 5. Specimens from localities other than the type locality show some color variation, as follows: dorsum occasionally may be uniformly pale-brown (e.g., [START_REF]-7035 c , IV-7036 c )[END_REF]ULABG , 2951, 7755, 7803), 7755, 7803), sometimes bearing two scapular dark brown spots (e.g., ULABG 5338), or few scattered small dots on sacral region (e.g., ULABG 5337, 5338) or dorsum (e.g., ULABG 7745). Some specimens tend to have an ashy background with irregular markings (e.g., ULABG 5060, 6902, 7753) and, very rarely, have a lichen aspect (e.g., ULABG 7756, 7757). More often, dorsum bears large blotches that may be irregular in shape (e.g., ULABG 1416, 3725), or sometimes with a broad X-shaped brown blotch (e.g., ULABG 2544, 4749, 4754) that could tend to be diffuse (e.g., ULAB 2949). Specimen ULABG 7744 has a white supratympanic line from posterior border of eye to posterior part of tympanum, and a white line along border of upper lip. Specimen ULABG 1417 has a dark brown line on middle of dorsum, from almost tip-of-snout to sacral region. Forearms and wrists may have brown bands (e.g., ULABG 2544). Shanks and thighs may have bands with ill-defined borders (e.g., ULABG 2544). Natural history. All specimens from the type series were collected after dusk (around 20:00 h) in a sewage system alongside a paved road, in steep terrain, 947 m asl. These were found active on the floor, many of them vocalizing. Surrounding vegetation was disturbed second-growth forest, with primary humid forest surrounding it (Fig. 7B). No other anuran species was heard or seen at this site.

The additional museum specimens reviewed came from the Tropical and Premontane altitudinal belts of the Holdridge's system as applied to Venezuela [START_REF] Ewel | Zonas de Vida de Venezuela[END_REF], within the life zones of Tropical dry forest and Tropical humid forest, as well as Premontane dry forest and PreMontane humid forest. The associated vegetation is usually that of open disturbed areas, with abundance of grasses and few trees. Field records of ELM for some of the referred specimens indicate that the species live in places with annual mean temperatures higher than 17 ºC and mean annual precipitation roughly between 600 and 1500 mm. Two precipitation regimes are associated with the distribution of this species. One is the bi-seasonal pluviometry regime, with a single wet season around the middle of the year (June and July). The other is the tetra-seasonal regime with two wet seasons separated by a short midyear period of less precipitation (Monasterio & Reyes 1980).

Males vocalize on vegetation up to 5 m (Fig. 6G), but also from the ground, on rocks, or partially submerged or floating in the water, although the latter behavior is usually observed in artificial and temporary pools (Fig. 6H). Field observations indicate that the amplexus in Boana platanera is axillary (sensu Carvajal-Castro et al. 2020), with the toes projected above the female shoulders (Fig. 10). Scars on the dorsum of several individuals suggest the existence of male to male combat in this species. This species can form choruses and males are separated from each other by at least one meter. In addition, this treefrog usually lays eggs in rafts in lentic aquatic systems. The following species were detected sharing the same breeding sites as B. platanera: B. lanciformis, B. pugnax, Dendropsophus microcephalus, Engystomops pustulosus, Leptodactylus fuscus, Pleurodema brachyops, Pseudis paradoxa, Rhinella horribilis, R. marina, Scarthyla vigilans, and Scinax rostratus.

Distribution. Boana platanera is widely distributed north of the Orinoco River in Venezuela (states of Anzoátegui, Apure, Aragua, Barinas,Carabobo,Cojedes,Distrito Capital,Lara,Mérida,Miranda,Portuguesa,Sucre,Táchira,Trujillo,Vargas,yaracuy,and Zulia;Fig. 7A; Appendix 3), although it is unclear if it is present in Nueva Esparta state and other islands near to mainland Venezuela. Based on our phylogenetic tree, it is also present in Panama, Colombia, and Trinidad and Tobago. Therefore, we assign all the populations of B. xerophylla s.l. north of the Orinoco River to B. platanera. The localities from Colombia and Panama published by Kluge (1979) andLynch &Suárez-Mayorga (2001) are plotted in Fig. 7A.

Conservation status. Venezuelan populations of Boana platanera (as Hyla crepitans) were referred as abundant by Donoso- [START_REF] Donoso-Barros | Desarrollo y evolución larval de Hyla crepitans (Amphibia-Salientia)[END_REF]. This abundance is indirectly evidenced by the hundreds of samples housed at Venezuelan museums. Two recent studies provided quantitative data about how its abundance varies geographically (referred as B. xerophylla). Rojas-Runjaic & Infante-Rivero (2018) reported that B. platanera is rare between 1500 and 2000 m asl in the Sierra de Perijá. [START_REF] Cañizales | Comunidad de anuros en ambiente de sabana de la Cordillera de la Costa de Venezuela[END_REF] reported this species as abundant in one locality (around 100 m asl) in western Venezuela. Our field observations agree with these observations, and point out that B. platanera is especially common and very abundant throughout the year in anthropic environments with aquatic habitats. Infection by the chytrid fungus Batrachochytrium dendrobatidis (Bd) was reported, with low prevalence (1/20), in samples from the Cordillera de Mérida (referred as Hypsiboas crepitans) by [START_REF] Sánchez | Widespread occurrence of an emerging pathogen in amphibian communities of the Venezuelan Andes[END_REF], absent in 16 tested individuals from Montalbán, Carabobo state, Venezuela (Señaris & Lampo, unpublished data), and present in 6 of 50 samples from across Colombia [START_REF] Flechas | Current and predicted distribution of the pathogenic fungus Batrachochytrium dendrobatidis in Colombia, a hotspot of amphibian biodiversity[END_REF]. Experiments by Márquez et al. (2010) found that B. platanera specimens (referred as Hypsiboas crepitans) from the Cordillera de Mérida are susceptible to Bd infection, but they have the ability to overcome it within 38 days at a temperature (23 °C) purportedly ideal for Bd growth. Following the criteria of the IUCN Red List categories (IUCN 2012), we propose that B. platanera should be listed as Least Concern (LC) based on its wide geographical and elevational distribution in a broad range of habitats, its tolerance for habitat modification, and presumed large and stable populations.

Etymology. The specific epithet platanera is an adjective used in apposition. It is the common name given in Colombia and Venezuela to this kind of relatively large treefrogs (i.e., Boana platanera and B. pugnax). The epithet "platanera" refers to the plantain or banana plant ("plátano"; hence, "from the plantain"), where these frogs are commonly found in the daytime. This name is widely used since the species is abundant, easy to spot, present in anthropic environments, and widely distributed. Although B. platanera and B. pugnax have been misidentified in the past (La Marca 1996;[START_REF] Escalona | Unveiling the geographic distribution of Boana pugnax (Schmidt, 1857) (Anura, Hylidae) in Venezuela: new state records, range extension, and potential distribution[END_REF], our intention is to use the folk nomenclature as the species epithet so that it can be easily remembered by non-taxonomic experts.

Discussion

Cryptic diversity and integrative taxonomy. Speciation, the process of lineage splitting and formation of new species, could take place with little or no morphological differentiation [START_REF] Coyne | Speciation[END_REF][START_REF] Bickford | Cryptic species as a window on diversity and conservation[END_REF]Padial et al. 2010;[START_REF] Fišer | Cryptic species as a window into the paradigm shift of the species concept[END_REF]. Empirical data indicate that cryptic species "classified as a single nominal species because they are at least superficially morphologically indistinguishable" [START_REF] Bickford | Cryptic species as a window on diversity and conservation[END_REF]) are common and present in many animal taxa [START_REF] Pfenninger | Cryptic animal species are homogeneously distributed among taxa and biogeographical regions[END_REF][START_REF] Adams | Global biodiversity assessment and hyper-cryptic species complexes: more than one species of elephant in the room?[END_REF][START_REF] De León | Taxonomic distribution of cryptic diversity among metazoans: not so homogeneous after all[END_REF], notably amphibians [START_REF] Pfenninger | Cryptic animal species are homogeneously distributed among taxa and biogeographical regions[END_REF][START_REF] De León | Taxonomic distribution of cryptic diversity among metazoans: not so homogeneous after all[END_REF][START_REF] Chasiluisa | Description and phylogenetic relationships of a new species of treefrog of the Osteocephalus buckleyi species group (Anura: Hylidae)[END_REF]. The analysis of DNA sequences has greatly increased reports of cryptic species [START_REF] Bickford | Cryptic species as a window on diversity and conservation[END_REF], with anurans notably exemplifying this trend [START_REF] Fouquet | Underestimation of species richness in Neotropical frogs revealed by mtDNA analyses[END_REF]Jungfer et al. 2013;[START_REF] Gehara | High levels of diversity uncovered in a widespread nominal taxon: continental phylogeography of the Neotropical tree frog Dendropsophus minutus[END_REF][START_REF] Castroviejo-Fisher | A new morphologically cryptic species of Phyllomedusa (Anura: Phyllomedusidae) from Amazonian forests of northern Peru revealed by DNA sequences[END_REF][START_REF] Vacher | Large scale DNA-based survey of Amazonian frogs suggest a vast underestimation of species richness and endemism[END_REF].

While most empirical studies have focused on how speciation may be decoupled from morphological differentiation as inferred from genetic data, evolutionary theory allows for critical phenotypic differentiation (e.g., evolution of intrinsic reproductive barriers) with minimal or absence of detectable genetic differentiation (e.g., [START_REF] De Queiroz | The general lineage concept of species, species criteria, and the process of speciation[END_REF]Padial et al. 2010). In other words, species can be genetically cryptic. Although rarely reported in the literature, a clear example is Osteocephalus taurinus and O. oophagus. These two Amazonian treefrog species show clear morphological, behavioral, and acoustical differences but with little genetic differentiation and even lacking reciprocal monophyly as inferred from mitochondrial and/or nuclear markers (Jungfer et al. 2013). Other examples are shown in Pons et al. (2004[START_REF] Fouquet | A new species of Anomaloglossus (Anura: Aromobatidae) of the stepheni group with the redescription of A. baeobatrachus (Boistel and de Massary, 1999), and an amended definition of A. leopardus Ouboter and Jairam[END_REF] and [START_REF] Chasiluisa | Description and phylogenetic relationships of a new species of treefrog of the Osteocephalus buckleyi species group (Anura: Hylidae)[END_REF], for coleopterans and anurans, respectively.

Herein, we found low genetic differentiation between specimens of Boana platanera and B. xerophylla compared to most other sister species of Anura. For example, the genetic distances (min. and max. at 16S: 0.7-2.2 %) are well below suggested thresholds for amphibian species (3-5 %; Vences et al. 2005a;Vences et al. 2005b;[START_REF] Fouquet | Underestimation of species richness in Neotropical frogs revealed by mtDNA analyses[END_REF][START_REF] Vieites | Vast underestimation of Madagascar's biodiversity evidenced by an integrative amphibian inventory[END_REF]) and despite reciprocal monophyly in our ML analysis, we note the low BS values and the necessity of recognizing the samples from the western Guiana Shield as a different candidate species.

While most systematists would rightfully interpret these genetic results as more compatible with variation within a species than with the existence of more than one species (Hillis 2019, 2020), we found several morphological and acoustical differences between B. platanera and B. xerophylla that indicate species-level differenciation despite moderate genetic distance. These fixed phenotypic differences are indicative of divergence as expected when samples from more than one independent evolutionary lineage are studied (Padial et al. 2010;Padial & De la Riva 2010[START_REF] Core | R: A language and environment for statistical computing[END_REF]. Particularly relevant are the observed diagnostic differences in advertisement calls because they are likely linked to mate choice [START_REF] Ryan | Female mate choice in a neotropical frog[END_REF][START_REF] Gerhardt | Female mate choice in treefrogs: static and dynamic acoustic criteria[END_REF][START_REF] Ryan | Directional patterns of female mate choice and the role of sensory biases[END_REF] and reproductive isolation [START_REF] Boul | Sexual selection drives speciation in an Amazonian frog[END_REF]. In summary, we consider B. platanera and B. xerophylla as genetically cryptic species and a clear empirical example that suggest that false negatives using genetic thresholds may be more common than reported in the literature. Thus, we appraise to use integrative taxonomic approaches for species recognition.

Explanations behind false negatives when looking for new species with genetic data include recent speciation events (Moritz & Cicero 2004;Vences et al. 2005b;[START_REF] Vieites | Vast underestimation of Madagascar's biodiversity evidenced by an integrative amphibian inventory[END_REF]) coupled with evolutionary mechanisms leading to phenotypic character fixation, such as strong positive selection (Padial et al. 2010), introgression across species, inadequate sampling or a combination of them (Hillis 2019). We argue that for B. platanera and B. xerophylla the first scenario is more likely because the congruence among the mt and nuDNA phylogenies, and with the morphological and acoustical patterns of variation (Escalona et al. 2019a; this work) are incompatible with introgression. Also, our sampling comprises several individuals per locality and from across the known distribution of these treefrogs, although samples are missing from the area between the western and eastern Guiana Shield (Fig. 7A). We suggest future studies to further evaluate these species hypotheses, as well as the Orinoco River barrier hypothesis, using a wider collection of samples, genetic markers, and phenotypic data.

Acoustic differentiation. We found marked differences between the two call types of Boana xerophylla and the advertisement call of B. platanera. Differences in advertisement calls have been suggested as indicative of mating isolation among anuran species [START_REF] Blair | Mating call in the speciation of anuran amphibians[END_REF][START_REF] Ryan | Female mate choice in a neotropical frog[END_REF][START_REF] Gerhardt | The evolution of vocalization in frogs and toads[END_REF][START_REF] Vences | Speciation, species boundaries and phylogeography of amphibians[END_REF][START_REF] Boul | Sexual selection drives speciation in an Amazonian frog[END_REF][START_REF] Wollenberg | Patterns, mechanisms and genetics of speciation in reptiles and amphibians[END_REF]. Consequently, their assessment has proven to be very effective in anuran systematics, revealing morphologically cryptic species (e.g., [START_REF] Angulo | Acoustic signals, species diagnosis, and species concepts: the case of a new cryptic species of Leptodactylus (Amphibia, Anura, Leptodactylidae) from the Chapare region, Bolivia[END_REF][START_REF] Funk | High levels of cryptic species diversity uncovered in Amazonian frogs[END_REF][START_REF] Castroviejo-Fisher | A new morphologically cryptic species of Phyllomedusa (Anura: Phyllomedusidae) from Amazonian forests of northern Peru revealed by DNA sequences[END_REF]Rojas-Runjaic et al. 2018). Our study constitutes an example in which differences in advertisement calls support the recognition of two species (i.e., B. platanera and B. xerophylla).

Our results regarding acoustic differentiation between Boana platanera and B. xerophylla agree with the pattern found within the B. faber group. We compared the advertisement calls from species of the B. faber group and, even among sister species, we found that there are remarkable differences in variables such as number of notes, call length, and fundamental and dominant frequencies (Table 2). This agrees with the observations of de Andrade et al. (2017). Moreover, it supports the idea that the advertisement call is a multi-trait character that shows variation among species (Escalona et al. 2019b), which is consistent with its utility in systematics [START_REF] Castroviejo-Fisher | A new morphologically cryptic species of Phyllomedusa (Anura: Phyllomedusidae) from Amazonian forests of northern Peru revealed by DNA sequences[END_REF]. Marked differentiation of advertisement calls among closely related species is expected if the calls evolved under relatively strong evolutionary forces (e.g., reinforcement; see [START_REF] Pfennig | Character displacement: ecological and reproductive responses to a common evolutionary problem[END_REF]. However, other factors can be at play. For example, variation in dominant frequency could be the byproduct of size variation (Gingras et al. 2013;Escalona et al. 2019b;[START_REF] Tonini | Allometric escape from acoustic constraints is rare for frog calls[END_REF], with larger species emitting sounds at lower frequencies. Concomitantly, the species composition of the communities where species occur could exert an additional selective force due to partition of the acoustic space (Wells 2007; but see Garey et al. 2018).

Our study also revealed two call types within Boana platanera and B. xerophylla, both emitted by males from several locations. In B. platanera, this is consistent with the calls reported by [START_REF] Fouquette | Some hylid frogs of the Canal Zone, with special reference to call structure[END_REF]; however, we interpreted the call with notes fused as the advertisement call since it was the call predominantly found in all recordings analyzed. In B. xerophylla, the call with the simplest structure has one note and is emitted in six of the seven recordings, while the other type of call is basically a lengthening of the simple call by the addition of two to five spaced one pulse notes (Fig. 2; Table 2). This latter call could correspond to a territorial call (sensu Köhler et al. 2017) of B. xerophylla, since it is relatively less common in our recordings [START_REF] Toledo | The anuran calling repertoire in the light of social context[END_REF][START_REF] Castroviejo-Fisher | A new morphologically cryptic species of Phyllomedusa (Anura: Phyllomedusidae) from Amazonian forests of northern Peru revealed by DNA sequences[END_REF]. Alternatively, this two notes call represents a "mix" of territorial and advertisement call (see [START_REF] Gerhardt | The evolution of vocalization in frogs and toads[END_REF]. Nali & Prado (2014) showed evidence that indicate that the short note of the complex call of Bokermannohyla ibitiguara (composed by long and short notes) might be a territorial component, while the long note may be directed to females. Other interpretation is that the two to five spaced pulses of the call type II would be an "attractive" component, functionally similar to the chucks in Engystomops pustulosus [START_REF] Ryan | Female mate choice in a neotropical frog[END_REF] or the squawk in E. petersi [START_REF] Boul | Sexual selection drives speciation in an Amazonian frog[END_REF]). However, our interpretations regarding the function of the call type II are speculative and needs further observations of the behavioral context of call emission. In any case, regardless of which of the two call types of B. xerophylla is the advertisement call, our taxonomic conclusion is not affected since we found diagnostic differences when comparing both call types with the advertisement call of B. platanera.

We found a striking variation of the band of frequency corresponding to the dominant frequency in Boana platanera and B. xerophylla. In most cases, around 65 % of the specimens in both species, the dominant frequency corresponded to the second band frequency. This pattern has been reported in other hylids (Magrini et al. 2011 and references therein). Such variation could be explained by differences in call amplitude, because the air pressure that passes through the vocal tract could affect the dominant frequency (Martin 1972). It agrees with the modulation of the dominant frequency and the modulation of amplitude along the call in both species (Fig. 2). Finally, this variability in dominant frequency raises questions for future studies regarding female preferences based on the dominant frequency in these species.

Available names. Following the conclusions of [START_REF] Orrico | Integrative taxonomy supports the existence of two distinct species within Hypsiboas crepitans (Anura: Hylidae)[END_REF], Hyla doumercii [START_REF] Duméril | Erpétologie Genérale ou Histoire Naturelle Complète des Reptiles[END_REF], Hyla fuentei Goin & Goin, 1968, Hyla levaillantii Duméril & Bibron, 1841, and Hypsiboas indris Cope, 1867 are synonyms of B. xerophylla. Although Hypsiboas indris is considered a nomen nudum [START_REF] Frost | Amphibian Species of the World: an Online Reference. Version 6.0[END_REF], all these names were assigned to types from "Suriname" ("Suriname, Suriname District, Powakka" in the case of Hyla fuentei). Our results indicate that the observed variation in molecular, morphological, and acoustic traits of specimens from the eastern Guiana Shield is minimal, and more compatible with the existence of a single species, reinforcing the conclusions of [START_REF] Orrico | Integrative taxonomy supports the existence of two distinct species within Hypsiboas crepitans (Anura: Hylidae)[END_REF] and Escalona et al. (2019a). We conclude that all the aforementioned names are synonyms of B. xerophylla and not applicable to B. platanera. We provided a list of cresonyms for B. platanera, although no exhaustive.

Natural history of Boana platanera. Natural history knowledge of Boana platanera is retrieved from previous works referring to individuals as Hyla crepitans from populations north of the Orinoco River. Donoso- [START_REF] Donoso-Barros | Desarrollo y evolución larval de Hyla crepitans (Amphibia-Salientia)[END_REF] commented that Venezuelan populations seem to have a cyclic reproductive season, with sexual activity in April-May, which corresponds to the start of the rainy season in the bi-seasonal precipitation regime. Moreover, they described the clutch and eggs of B. platanera and described the embryological and larval development from one clutch reared in the laboratory. They emphasized the similitude of the coloration of the juvenile of B. platanera (Fig. 6F) with the adult of Hyalinobatrachium fleischmanni. The tadpole of B. platanera was described by Kenny (1969) from populations from Trinidad. [START_REF] Duellman | The hylid frogs of Middle America[END_REF] described tadpoles from Villavicencio (Colombia) and posteriorly mentioned that it differs structurally from the tadpoles described by Kenny [START_REF] Duellman | The Hylid Frogs of Middle America[END_REF]. Mijares-Urrutia (1998) included the tadpole of B. platanera in a key to the tadpoles of frogs of the high Venezuelan Andes.

Available data indicate that the new species has a natural history with some similarities regarding the species of the Boana faber group. The amplexus observed in individuals of B. platanera from Venezuela is similar with the observed in other populations from Panama (Kluge, cited by Martins et al. 1998) 10B]). However, in the case of B. rosenbergi and B. faber, the hands have been observed at the angle of the female's jaw and the fingers were projected toward the head of the female. As hypothesized by Martins & Haddad (1988), this kind of clasping would avoid hurting females with the prepollical spine in comparison to a "typical" axillary amplexus, with the hands below the female's forelimbs. [START_REF] De Andrade | Reassessment of the vocal repertoire of a nestbuilding gladiator frog, Boana pardalis (Anura, Hylidae, Cophomantinae): implications for its diagnosis within the B. faber species group[END_REF] called this kind of amplexus as "tympanic"; however, this is debatable because neither the hands nor the fingers reach the tympanum in B. pardalis (the same occurs in B. platanera and B. xerophylla).

The construction of nests by males has been suggested as a potential behavioral synapomorphy of Boana faber group [START_REF] Faivovich | Systematic review of the frog family Hylidae, with special reference to Hylinae: a phylogenetic analysis and taxonomic revision[END_REF]. Boana platanera shows a plastic reproductive behavior. [START_REF] Caldwell | Diversity of reproductive modes in anurans: facultative nest construction in gladiator frogs[END_REF] studied a population from Guatopo National Park, Miranda State, during reproductive activity and reported the first case of nest building (see [START_REF] Duellman | The hylid frogs of Middle America[END_REF]. She found only one nest, which was at the edge of a sand spit, while most embryos or tadpoles were in small pools along the edge of the stream. Interestingly, the tadpoles found in the nest showed a faster growth. She concluded that the construction of nests by males in this species is facultative, suggesting that it depends on the substrate. Lynch & Vargas Ramírez (2000) reported 50 observations of males building nest with gravel in a population from Tayrona National Park (northern Colombia). Lehtinen (2014) found a nest with tadpoles in Trinidad and Tobago, and confirmed that this belonged to B. crepitans based on 16S sequences (herein referred as B. platanera). Based on the previous observations, we infer that there is not parental care in the nest as known for other species of the B. faber group (e.g., B. rosenbergi [Kluge 1981] andB. faber [Martins et al. 1998]). 
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FIGURE 1 .

 1 FIGURE 1. Maximum likelihood phylogenetic tree of the Boana faber species group and outgroups inferred from concatenated DNA sequences of fragments of the mitochondrial genes 12S, 16S, and COI, totaling 2820 aligned base pairs. The best models of molecular evolution were used per fragment and codon position. Numbers on internal branches are the percentage (≥ 50 %) of 1,000 nonparametric bootstrap pseudoreplicates. The updated taxonomy of B. xerophyla following the results of this work is on the right of the black bars.

FIGURE 1 .

 1 FIGURE 1. (Continued)

FIGURE 2 .

 2 FIGURE 2. Calls of Boana platanera sp. nov. (A, B, E, F, I and J) and B. xerophylla (C, D, G, H, K and L). (A and E) Oscillograms and (I) spectrogram of the advertisement call (call type I) of B. platanera. Illustrated calls from the holotype, ULABG 7758, temperature and humidity at time of recording unknown (recording "MES_SO1"). (B and F) Oscillograms and (J) spectrogram of the presumably territorial call (call type II) of B. platanera. Illustrated calls from a non-collected specimen from Caparú lagoon, Mérida state, Venezuela, temperature and humidity at time of recording unknown (recording "MES_CA6"). (C and G) Oscillograms and (K) spectrogram of the advertisement call (call type I) of B. xerophylla. (D and H) Oscillograms and (L) spectrogram of the presumably territorial call (call type I) of B. xerophylla. Both illustrated calls from specimen AAG-UFU 5550, from Rancho do Papito, road BR-432, on the road from Boa Vista to Cantá, Roraima state, Brazil, air and water temperature at time of recording 26 °C and 32 °C, respectively (recording "Hypsib_crepitansCantaRR2bAAG").

FIGURE 3 .

 3 FIGURE 3. Scatter plot of the first two principal components obtained of the principal component analysis (PCA) of the call variables measured for Boana xerophylla sensu stricto and B. platanera sp. nov. Values between brackets are the variance explained by each component. yellow dots are B. platanera specimens (n = 31); purple empty and filled squares are B. xerophylla specimens with call type I (n = 8) and II (n = 6), respectively.

FIGURE 4 .

 4 FIGURE 4. Dorsal and ventral view of Boana platanera sp. nov. preserved holotype, ULABG 7758 (field number MES 018) from 2 km of La Soledad, on the road Barinitas to Santo Domingo, Barinas state, Venezuela. White scale bar represents 20 mm. Photos: Michelle Castellanos and Enrique La Marca.

  Escalona et al. 2019a); in preservative, the gular region is cream with dark brown or black flecks near to the jaw border (cream and sometimes with few dark brown speckles on the border of the jaw; Fig.9); advertisement call with statistically significant longer pulse interval (11-23 ms) than B. xerophylla (12-14 ms in call type I and 11-14 ms in call type II); statistically significant longer second phase length (137-312 ms) than B. xerophylla (73-150 ms in call type II).

FIGURE 5 .

 5 FIGURE 5. Dorsal and ventral views of preserved paratypes, ULABG 7759-7764. Details in the text. Photos: Michelle Castellanos and Enrique La Marca.

FIGURE 6 .

 6 FIGURE 6. Specimens of Boana platanera sp. nov. in life. Note the variation in coloration at night (A-D, G, H), the difference of the coloration during the day (E), and the coloration of a juvenile at night (F). All the specimens from Venezuela: (A, B) adult male not collected from Sabaneta sector, El Hatillo, Miranda state; (C) adult male from Río Cata, Aragua state; (D) adult male from Parque Minas de Aroa, yaracuy state; (E) adult male from Ipika, Sierra de Perijá, Zulia state; (F) juvenile not collected, sex unknown, from Posada Ecológica Casa María, altos de Canoabo, Carabobo state; (G) adult male calling from Laguna de Caparú, Mérida state; (H) adult male calling from Posada Ecológica Casa María, altos de Canoabo, Carabobo state (not collected). The photos are not to the same scale. Photos: (A-B, D) Fernando J. M. Rojas-Runjaic; (E) Edwin Infante; (F, H) Celsa Señaris (C) Iván Mendoza; (G) Moisés Escalona.

FIGURE 7 .

 7 FIGURE 7. (A) Map of northern South America with confirmed localities of Boana platanera sp. nov. (circles and star), B. xerophylla (triangles), and B. sp. (squares). The type locality of B. platanera is indicated with a star; yellow symbols indicate localities of specimens with DNA sequence data analyzed in this study; white symbols indicate localities of specimens analyzed morphologically; gray symbols indicate localities of individuals according to the literature (Kluge 1979; Lynch & Suárez-Mayorga 2001). (B) Photograph illustrating the landscape around the type locality of B. platanera. (C) Paratype of B. platanera in life at night (ULABG 7763). Photos: (B) Jesús Molinari; (C) Enrique La Marca.

FIGURE 8 .

 8 FIGURE 8. Species of the Boana faber species group in life. Note the difference in coloration, skin texture, supratympanic fold, calcar, tarsal fringe, and hand webbing. (A) Boana albomaginata; (B) B. faber; (C) B. pardalis; (D) B. exastis; (E) B. lundii; (F) B. rosenbergi; (G) B. pugnax; (H) B. crepitans; (I) B. xerophylla; and (J) B. platanera sp. nov. Photographs are not at the same scale. Photos: (A, B, J) Fernando J. M. Rojas-Runjaic; (C, E) Mario Sacramento; (D) Mauro Texeira Jr.; (F) Santiago Ron (Anfibios del Ecuador); (G) Iván Mendoza; (H) Omar Padilla; (I) Santiago Castroviejo-Fisher.

FIGURE 9 .

 9 FIGURE 9. Lateral view of head of (A) Boana platanera sp. nov. (MHNLS 20970) and (B) B. xerophylla (MHNLS 15062). Ventral view of the anterior half of (A) B. platanera (MHNLS 5567) and (B) B. xerophylla (MHNLS 15062). The black arrows in the gular region indicate the difference in pigmentation between the two species. Photos are not at the same scale. Photos: Michelle Castellanos.

FIGURE 10 .

 10 FIGURE 10. Axillary amplexus in (A) Boana platanera sp. nov. from Sabaneta sector, El Hatillo, state of Miranda, Venezuela, and (B) B. xerophylla from Reserva Biológica Ilha de Maracá, Roraima, Brazil. Photos: (A) Fernando J. M. Rojas-Runjaic and (B) Antoine Fouquet.

  ...continued on the next page

TABLE 1 .

 1 Uncorrected genetic (16S rRNA) p-distances within and between the clades of Boana xerophylla sensu lato found in this study: B. platanera sp. nov. north of the Orinoco River, B. xerophylla from the eastern Guiana Shield (E-GS), and B. sp. from the western Guiana Shield (W-GS). Values are shown as percentages (%) and represent the average followed by the minimum and maximum values.

	Clade	B. platanera sp. nov.	B. xerophylla E-GS	B. sp. W-GS
	B. platanera sp. nov. (n = 73)	0.5 (0.0-1.4)	-	-
	B. xerophylla E-GS (n = 50)	1.3 (0.7-2.2)	0.1 (0.0-0.7)	-
	B. sp. W-GS (n = 5)	2.0 (1.6-2.6)	2.5 (2.5-2.8)	0.0
	Bioacoustics. We analyzed 193 calls from 42 individuals of Boana xerophylla s.l., and 187 calls from 41 indi-
	viduals from B. albomarginata, B. exastis, B. faber, B. lundii, B. pardalis, and B. rosenbergi. Descriptive statistics of
	acoustic variables of			

all currently recognized species of the Boana faber group are in Table

  

TABLE 2 .

 2 Advertisement call data of species of the Boana faber group obtained in this study (see Appendix 2 for details of sound records). Values are given as average followed by minimum and maximum values when there is variation. NT = Note type; ST = structure; NN = number of notes; CL = call length (ms); FF = fundamental frequency (Hz); DF = dominant frequency (Hz). The data of B. exastis and B. crepitans is from Loebmann et al. (2008) and Escalona et al. (2019a), respectively.

	Species	NT	ST	NN	CL	FF	DF
	B. albomarginata (n	Simple	Pulsed	1	175 (166-	1188.6	2331.3
	= 3)				185)	(1136.9-1231.7)	(2196.4-2446.2)
	B. faber (n = 6)	Simple	Pulsed	1	86 (75-121)	402.4	1114.0
						(344.5-447.9)	(990.5-1274.8)
	B. lundii (n = 2)	Simple	Pulsed	4 (1-8)	1031	512.1	512.1
					(834-1228)	(506.2-517.9)	(506.2-517.9)
	B. pardalis (n = 5)	Simple	Pulsed	1	133	647.7	647.7
					(117-143)	(602.5-826.9)	(602.5-826.9)
	B. exastis (n = 12)	Simple	Pulsatile	3 (2-4)	1040	320.0	1420.0
					(807-1229)	(270.0-360.0)	(1300.0-1510.0)
	B. pugnax (n = 8)	Simple	Pulsed	1	209	623.4	1486
					(156-258)	(562.5-750.0)	(562.5-1687.5)
	B. rosenbergi (n = 2)	Simple	Pulsed	6 (4-8)	655	607.3	607.3
					(551-759)	(568.5-646)	(568.5-646)
	B. crepitans (n = 7)	Simple	Pulsed	2	427	842.6	842.6
					(368-473)	(689.1-937.5)	(689.1-937.5)
	B. platanera sp. nov.	Complex	Pulsed	5 (4-6)	284	713.7	1280.4
	(n = 31)				(200-451)	(542.7-1125.0)	(562.5-2287.5)
	B. xerophylla 1 (n = 8)	Simple	Pulsed	1	97	827.0	1443.6 (656.2-
					(79-125)	(617.3-964.7)	1966.7)
	B. xerophylla 2 (n = 6)	Complex	Pulsed	4 (3-6)	261	859.2	1533.7
					(210-297)	(618.7-974.3)	(909.8-1938.4)

1

Call type I (see Results for details).

TABLE 3 .

 3 Eigenvalue, variance explained (in %), and loadings for the six principal components obtained from the principal component analysis of the advertisement call of Boana platanera sp. nov. (n = 31) and the call types I (n = 8) and II (n = 6) of B. xerophylla. Highest loading are shown in bold. NN = number of notes; 1 st NL = first note length; 2 nd PL = second phase length; CL = call length; PI = pulse interval; FF = fundamental frequency; SFB = second frequency band.

		PC 1	PC 2	PC 3	PC 4	PC 5	PC 6
	Eigenvalue	3.62685	1.44539	0.671059	0.619474	0.485245	0.111824
	Variance (%)	51.8	20.6	9.6	8.8	6.9	1.6
	Loadings						
	NN	0.42115	0.40979	-0.35279	0.087963	0.10258	0.018553
	1 st NL	-0.35444	-0.38066	-0.13209	0.382	0.68007	0.24324
	2 nd PL	0.34672	-0.069226	0.67326	0.63023	-0.11482	0.0014711
	CL	0.43806	0.28769	-0.29811	0.28225	0.34315	0.092649
	PI	0.37391	-0.075023	0.44534	-0.6069	0.49494	0.20317
	FF	-0.34582	0.52799	0.27574	0.024572	0.3775	-0.61844
	SFB	-0.35425	0.56143	0.20391	0.023667	-0.092643	0.71285

TABLE 4 .

 4 Acoustic

		ULABG 7758	ULABG 7759	ULABG7760	Topotype 1
		(holotype)	(paratype)	(paratype)	(unvouchered)
	NN	5 (4-5)	5 (4-6)	5 (5-6)	5 (5-5)
	CL	400	320		340	378
	1 st NL	59	50		45	37
	2 nd PL	255	245		259	270
	PI	19	18		21	16
	FF	562.5	600.0		562.5	750.0
	SFB	1312.5	1350.0	1218.8	1500.0
	DF	562.5	600.0		937.5	1500.0
	Continued.				
	NN	5 (4-6)		1		4 (3-6)
	CL	284 (200-451)		97 (79-125)		261 (210-297)
	1 st NL	44 (28-71)		97 (79-125)		94 (85-110)
	2 nd PL	205 (137-312)		NA		108 (73-150)
	PI	16 (11-23)		13 (12-14)		12 (11-14)
	FF	713.7 (542.7-1125.0)		827.0 (617.3-964.7)	859.2 (618.7-974.3)
	SFB	1656.7 (1033.6-2306.26)	1840.5 (1500.0-2101.7)	1870.7 (1593.8-2058.2)
	DF	1280.4 (562.5-2287.5)		1443.6 (656.2-1966.7)	1533.7 (909.8-1938.4)

measurements (average, minimum, and maximum values) of the advertisement call of Boana platanera sp. nov. and call types I and II of B. xerophylla. The measurements for the holotype, two paratypes, and one noncollected topotype (recording "MES_SO2") of B. platanera are shown separately. N = number of individuals. Abbreviations as follow: 1 st NL = first note length (ms); 2 nd PL = second phase length (ms); CL = call length (ms); DF = dominant frequency (Hz); FF = fundamental frequency (Hz); SFB = second frequency band (Hz); NN = number of notes; PI = pulse interval (ms).

B. platanera (n = 31) B. xerophylla -call type I (n = 8) B. xerophylla -call type II (n = 6)

TABLE 5 .

 5 Measurements of external morphology and webbing formulas of some type specimens of Boana platanera sp. nov. (holotype in bold) and average, minimum, and maximum values per sex. Sample included all type and referred specimens measured (Appendix 3). All measurements are in mm Abbreviations: SVL, snout-vent length; FL, femur length; TL, tibia length; TaL, tarsus length; FoL, foot length; AL, arm length; FaL, forearm length; HL, hand length; DIIIW, disc width of finger III; HW, head width; IED,

	Males (N = 195)	54.32 (46.57-63.34)	29.65 (23.49-35.98)	30.69 (25.17-36.28)	16.84 (14.30-20.09)	22.28 (18.26-26.01)	9.18 (6.66-12.63)	9.49 (7.42-11.37)	16.24 (13.72-19.80)	2.60 (1.48-3.44)	18.62 (14.58-20.85)	5.92 (4.62-7.56)	3.60 (2.87-4.23)	17.83 (15.39-21.05)	4.37 (3.02-5.16)	1.97 (0.96-2.78)	5.44 (4.31-6.68)	5.32 (4.37-6.93)
	Females (N = 76)	63.10 (54.33-74.74)	34.12 (27.52-40.89)	34.89 (30.22-39.53)	19.04 (16.06-22.37)	25.49 (21.22-29.74)	10.46 (7.11-13.38)	11.34 (9.29-13.97)	18.25 (15.14-21.29)	3.07 (2.11-3.85)	21.10 (18.14-24.94)	6.62 (5.23-8.71)	4.08 (3.34-5.00)	20.27 (17.50-23.54)	4.87 (3.48-5.87)	2.28 (1.42-3.16)	6.16 (4.90-7.75)	6.09 (4.68-7.74)
	ULABG 7761	55.50	30.21	31.07	17.20	21.99	10.06	11.03	15.86	2.87	19.17	5.95	3.94	17.56	4.52	1.76	6.00	5.44
	ULABG 7760	53.93	28.87	28.22	15.81	22.44	8.87	10.05	16.08	2.93	18.21	6.16	3.58	17.18	4.43	1.74	4.97	5.44
	ULABG 7759	54.01	30.50	31.31	17.18	23.37	9.53	10.23	16.47	3.17	18.99	6.17	4.05	17.84	4.27	2.12	5.21	5.70
	ULABG 7758	52.87	28.70	28.50	16.10	21.45	8.30	9.01	16.47	2.19	18.35	5.40	3.70	17.27	4.25	2.05	4.86	5.19
		SVL	FL	TL	TaL	FoL	AL	FaL	HL	DIIIW	HW	IED	IND	HeL	TW	ETD	ED	END

inter-eye distance; IND, inter-nostril distance; HeL, head length; TW, tympanic membrane width; ETD, eye-tympanum distance; EL, eye length; END, eye-nostril distance; Hwb, hand webbing; and Fwb, foot webbing.

  Boana xerophylla-populations north of the Orinoco River, Dubois (2017); Rojas-Runjaic & Infante-Rivero (2018); populations north of the Orinoco River, Barrio-Amorós et al. (2019); populations north of the Orinoco River, Escalona et al. (2019a); Cañizales (2020). Hypsiboas xerophyllus-populations from north Orinoco River, Orrico et al. (2017). Hypsiboas crepitans-populations from north Orinoco River, Faivovich et al. (2005); populations from north Orinoco River, Köhler (2010); Lehtinen (2014); Guarnizo et al. (2015).

	Hyla crepitans-Lutz (1927);

  mm) (Tables1-2inEscalona et al. 2019a); statistically significant shorter advertisement call(B. platanera: 200-451 ms; B. crepitans: 368-473 ms), with a statistically significant shorter second phase (B. platanera: 137-312 ms; B. crepitans: 278-367 ms) (Tables2, 3inEscalona et al. 2019a).Boana platanera differs from B. rosenbergi by having a smooth dorsum, thighs, and flanks (rough or with tubercles in at least one of these regions; Fig.8); smaller body size(males: B. platanera: 46.57-63.34 mm; B. rosenbergi: 75.55-83.98 mm); presence of black dots on anterior half of the palpebral membrane (absent); ulnar fold smooth (slightly crenulated); and a complex advertisement call (simple in B. rosenbergi) with shorter duration (B. platanera: 200-451 ms; B. rosenbergi: 551-759 ms) (Table

  , as well as to other species in the B. faber group (i.e., B. rosenbergi [Kluge 1981], B. faber [Martins & Haddad 1988], B. pardalis [de Andrade et al. 2017], B. xerophylla [Fig.
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