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Abstract

The bocagei clade is a species complex of dendrobatid frogs evidenced from recent molecular systematic studies. This 
lineage is endemic to the eastern Andean slopes and adjacent Amazonian lowlands in southern Colombia, Ecuador and 
northern Peru. Herein, we analyze the taxonomy of the bocagei clade by means of qualitative and quantitative 
morphological characters and call parameters. We recognize and provide accounts for six species: Hyloxalus bocagei, H. 
faciopunctulatus, H. maculosus, H. sauli and two new species. We also provide phylogeographic data. We formally 
assign the name of Hyloxalus bocagei only to populations from the surroundings of Volcán Reventador (Provincia Napo, 
Ecuador). Additionally, we describe the tadpoles of Hyloxalus bocagei, H. maculosus, and two new species, plus 
vocalizations of H. bocagei, H. maculosus, H. sauli, and two new species. Morphological variation was estimated from 
16 morphometric characters using multivariate analysis. Adults of the two new species were indistinguishable using 
quantitative and qualitatively morphological characters. Nevertheless, molecular data, call parameters (dominant 
frequency, note repetition rate), and tadpole morphology supported the recognition of these two species as cryptic taxa. A 
current phylogenetic tree using molecular characters of five species of the bocagei clade is also provided including the 
maximum likelihood (ML) phylogeny and a chronogram of the group. Our phylogeny confirms the close relationship of 
members of the bocagei clade with Andean relatives of Hyloxalus and recurrent dispersal events from the Andes to the 
Amazon Basin in the late Miocene (< 10 MYA). Our data also corroborate that the sister lineage of bocagei clade 
includes the Andean H. subpunctatus clade. We anticipate that further detailed morphological and molecular data will be 
necessary to reveal the existence of additional cryptic species within the bocagei clade.

Key words: Amazonia, Andes, Anura, cryptic species, Dendrobatidae, Ecuador, Hyloxalus bocagei, Hyloxalus 
faciopunctulatus, Hyloxalus maculosus, Hyloxalus sauli, morphology, new species, tadpoles, taxonomy, vocalization

Resumen

El clado bocagei es un complejo de especies de ranas dendrobátidas evidenciado por recientes estudios de sistemática 
molecular. Este linaje es endémico de las estribaciones orientales andinas y las zonas bajas amazónicas adyacentes en el 
sur de Colombia, Ecuador y el norte de Perú. Estudiamos la taxonomía de las ranas del clado bocagei utilizando 
caracteres morfológicos cualitativos y cuantitativos y parámetros de las vocalizaciones. Reconocemos y proveemos 
sumarios de seis especies: Hyloxalus bocagei, H. faciopunctulatus, H. maculosus, H. sauli y dos especies nuevas. 
Además proveemos datos filogeográficos. Asignamos formalmente el nombre de Hyloxalus bocagei únicamente a las 
poblaciones localizadas en los alrededores del volcán Reventador (Provincia Napo, Ecuador). Adicionalmente, 
describimos los renacuajos de Hyloxalus bocagei, H. maculosus y las dos especies nuevas; además de las vocalizaciones 
de H. bocagei, H. italoi, H. maculosus y las dos especies nuevas. Se estimó la variación morfológica a partir de 16 
caracteres morfométricos, examinados mediante análisis multivariados. Adultos de las dos especies nuevas son 
indistinguibles entre ellos utilizando caracteres morfológicos cuantitativos y cualitativos. No obstante, datos 
moleculares, parámetros de los cantos (frecuencia dominante, tasa de repetición de notas) y morfología de los renacuajos 
sustentan el reconocimiento de estas dos especies como taxa crípticos. Se provee un árbol filogenético actualizado de 
cinco especies del clado bocagei incluyendo una filogenia inferida con máxima verosimilitud (ML) y un cronograma del 
grupo. Nuestra filogenia confirma la cercana relación de miembros del clado bocagei con parientes andinos de Hyloxalus
y las dispersiones repetidas desde los Andes a la Cuenca Amazónica durante el Mioceno tardío (< 10 MA). Nuestros 
datos también corroboran que el linaje hermano del clado bocagei incluye el clado de la especie andina H. subpunctatus. 
Preveemos que datos morfológicos y moleculares detallados serán necesarios para confirmar la existencia de más 
especies crípticas en el clado bocagei. 

Palabras clave: Amazonia, Andes, Anura, Dendrobatidae, Ecuador, especies crípticas, especies nuevas, Hyloxalus 
bocagei, Hyloxalus faciopunctulatus, Hyloxalus maculosus, Hyloxalus sauli, morfología, renacuajos, taxonomía, 
vocalización
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Introduction
 
As currently recognized, the genus Hyloxalus is the most diverse among dendrobatid frogs (Santos et al. 
2009). To date, there are 57 species described (AmphibiaWeb 2010), but several species await formal 
recognition. Hyloxalus are characterized by being mostly cryptically colored frogs and distributed 
predominantly in the northern and central Andes of South America. However, the lack of unambiguous 
morphological synapomorphies and other evident characters (e.g., coloration) make many species within this 
genus difficult to identify. The goal of this paper is to clarify the taxonomic status of members of the H. 
bocagei complex, and describe two new species for the Ecuadorian herpetofauna.

Recognized Neotropical anuran diversity has increased in recent years through more exhaustive 
explorations and data analyses, especially with the inclusion of molecular data (Duellman 2004; Fouquet et al.
2007; Santos et al. 2003; 2009). Recent phylogeographic and population-level studies in the Neotropical 
amphibian fauna have revealed significant underestimation of species diversity in many groups (Ron et al. 
2006; Elmer et al. 2007; Fouquet et al. 2007). Significant patterns of cryptic diversity are found among 
dendrobatids (e.g., Allobates, Simões et al. 2010) and other anuran groups such as Strabomantidae (Elmer & 
Cannatella 2008).

Most populations assigned to Hyloxalus bocagei are distributed at elevations from 200 to 1740 meters 
above sea level (masl) of the eastern Andean slopes and adjacent lowlands in southern Colombia, Ecuador and 
northern Peru. Coloma (1995) was the first to report high variability among these populations and suggested 
that they might represent a complex of closely related species. More recently, molecular analyses suggested 
that this “species” represents a composite of several unrecognized species (Santos et al. 2003; 2009). 

The taxonomic history of Hyloxalus bocagei and allies is complex. This group has gone through several 
taxonomic revisions since its recognition. Jiménez de la Espada (1871) described Hyloxalus bocagei and H. 
fuliginosus from the type locality of San José de Moti in northeastern Ecuador. San José de Moti’s exact 
coordinates remain unknown, but it was approximately situated on the northern slopes of Volcán Sumaco 
(Peters 1973; Rivero & Almendáriz 1991; MIP pers. obs.). Jiménez de la Espada differentiated the two 
species by two main characteres: body size and the extent of toe webbing. Andersson (1945) argued that 
different degrees of webbing could not “be regarded as a good specific character for distinguishing this 
species (H. bocagei) from closely allies” (Andersson 1945:18) and suggested that H. bocagei was the same as
H. fuliginosus, which gave priority to the name fuliginosus, as its description preceaded the one of H. bocagei
—both descriptions were in page 59 of Jiménez de la Espada (1871) manuscript. In the early 1990s, Rivero 
(1991) described another member of the clade, H. maculosus, based on two specimens from Ecuador. The 
type of this species was collected in Puyo (Provincia Pastaza, Ecuador) and the paratype from the Volcán 
Reventador (Provincia Napo, Ecuador). However, Rivero noted differences between the two specimens and 
claimed “they may eventually be found to be subspecies of each other”. Coloma (1995), on the other hand, 
resurrected bocagei based on the characters mentioned by Jiménez de la Espada and its sympatric occurrence 
with H. fuliginosus near the type locality. He also considered H. maculosus to be a junior synonym of H. 
bocagei, owing to the fact that the type material of H. maculosus fell well within the range of variation of 
populations he recognized as H. bocagei. To date, the taxonomy of the Hyloxalus bocagei species complex 
based on morphological characters is unresolved and most recognized species require a detailed redescription.

Santos et al. (2003) proposed that Hyloxalus bocagei is a complex of cryptic species based on molecular 
characters, which we consider as the bocagei clade (we describe the morphological diagnostic characters of 
this clade in the Discussion). Despite their phenotypic resemblance, the genetic distances were significant and 
ranging between 3.87–16 % for  mitochondrial genes (12S, 16S and Cytochrome b, Santos 2002). The species 
recognized by Santos et al. (2003) as H. bocagei sensu stricto is the sister taxon of H. sauli, and the rest of the 
species fell out as the sister group of both of them. These undescribed species inhabit lowland areas, whereas 
H. bocagei sensu stricto inhabit areas above 1100 m in the Ecuadorian Amazon basin. More recently, Grant et 
al. (2006:136) mentioned an alternative hypothesis: the sister taxon of H. sauli is an undescribed species and 
the remaining samples are conspecific with topotypic H. bocagei. This could be feasible given that the type 
material of H. bocagei is in poor condition and the exact altitude of the collection site of H. bocagei sensu 
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stricto is unknown. Santos et al. (2003) also resurrected the name maculosus to place their sample from the 
surroundings of Puyo, which is near the type locality of H. maculosus. 

Biogeographically, the diversity of the bocagei clade in the Amazon basin is the result of four immigration 
events from the Andes after the floodbasin system receded, 1.6–7.3 million years ago (MYA). Those 
migrations correspond to Hyloxalus sauli, which migrated first (7.355 ± 1.620 MYA), the Cuyabeno 
population of an undescribed species (5.129 ± 1.384 MYA), and the populations near Kapawi and Santiago of 
another unnamed species (4.735 ± 1.363 and 1.593 ± 0.587 MYA, respectively) (Santos et al. 2009). 

The taxonomic status of Hyloxalus bocagei is complex and far from being resolved. A detailed revision 
including morphological, acoustic, and molecular characterization is lacking. Consequently, we aim to (1) 
reassess the taxonomic status of described species, and (2) identify differences among them and other new, 
putative taxa previously diagnosed using molecular characters. Thus, we provide species accounts of 
described and new species. These accounts include adults, tadpoles, and calls, as well as a phylogeny, a 
chronogram, and data about distribution, ecology, and conservation status. Comparisons of adult 
morphometrics and call parameters are also given. 

Materials and methods

Institutional abbreviations follow Leviton et al. (1980) and updates by Frost (2009). Specimens examined 
(listed in Appendix I) are housed at the Museo de Zoología, Pontificia Universidad Católica del Ecuador 
(QCAZ), the National Museum of Natural History (USNM), the Escuela Politécnica Nacional, Colección 
Herpetología (EPN), the Museum of Comparative Zoology, Harvard University (MCZ), and the Museo 
Nacional de Ciencias Naturales, Madrid (MNCN).

Molecular data. We sequenced or retrieved data from the GenBank of the mitochondrial genes 12S-16S 
rRNA (~2350 bp) from 23 individuals and 12S-16S rRNA+cytochrome b (CYTB, ~480 bp) from 12 
individuals from all members of the bocagei clade and its closest relatives. NCBI accession numbers of all 
DNA sequences are provided in Table 1. PCR amplifications of the target segments were done using specific 
primers and conditions available from previous publications: the 12S-16S rRNA fragment from Santos et al. 
(2003); and the CYTB fragment using the primer pair #144 CB1-L and #163 CB3-H from Goebel et al. 
(1999). Sequences were checked by NCBI-BLAST by comparison against GenBank database to rule out 
contamination or sampled mislabeling. 

Phylogenetic analysis, chronogram inference, and ancestral reconstruction. We perfomed a 
phylogenetic analysis using both Maximum Likelihood (ML) algorithms and Bayesian estimation. The 
molecular model for each segment (i.e., 12S-16S rRNA and CYTB) was determined using the AIC criterion 
(Akaike 1973) implemented in jModelTest (Posada 2008), which uses Phyml (Guindon & Gascuel 2003) in 
its inferences. The model favored was GTR+Γ+I for both segments and they were included in the partition 
commands on each phylogenetic analysis. The ML phylogenies were inferred using Garli 0.951 (Zwilck 
2006) and RAxML 7.0.4 (Stamatakis 2006). The Bayesian phylogeny was inferred using MrBayes 3b4 
(Huelsenbeck & Ronquist 2001) with default settings for all priors. For the ML phylogenetic inferences, each 
algorithm was run with 20 different starting random numbers, and only the best score phylogeny form each 
program is reported. The Bayesian phylogeny was inferred using the Markov Chain Monte Carlo (MCMC) 
analysis with two independent runs, each one with 4 chains of 20 million generations with a sampling rate 
every 1000 generations. The convergence of the runs was determined using Tracer 1.4 (Rambaut & 
Drummond 2007). A total 10,000 trees were discarded as burnin, and we inferred a 50% majority rule 
consensus tree from the remaining 10,000 trees. Nodal support values for the ML phylogenies were 
determinated with 500 non-parametric bootstrap replicates from both Garli 0.951 (Zwilck 2006), and RAxML 
7.0.4 (Stamatakis 2006) analyses. Posterior probabilities for each node were determined form the 50% 
majority rule consensus tree obtained with MrBayes 3b4 (Huelsenbeck & Ronquist 2001).

Chronogram inference was estimated using Beast 1.5.3 (Drummond & Rambaut 2007). Four MCMC runs 
of 40 million generations were performed using only the 12S-16S rRNA segment. Node calibration was 
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determined using a normal prior of 25.274 ± 3.535 on the node defining the clade bocagei as inferred by 
Santos et al. (2009) on the ultrametric starting tree. After an initial run, we optimized other prior calibrations 
based on the suggestions provided by the software. We run 4 independent analyses of 40 million generations 
with every 1000 generations sampling rate. We determined the convergence of the runs and the optimal burnin 
using Tracer 1.4 (Rambaut & Drummond 2007). We combined the tree files using LogCombiner (Drummond 
& Rambaut 2007), with a total initial 40,000 trees discarded as burnin and retaining the remaining 120,000 
trees. The combined tree files was used to determine a maximum clade credibility tree using TreeAnnotator 
(Drummond & Rambaut 2007), which included mean node ages and highest posterior density (HPD) 95% CI 
intervals.

TABLE 1. Hyloxalus bocagei clade species and other dendrobatid samples from this study, their voucher specimens and 
GenBank accession numbers (http://www.ncbi.nlm.nih.gov) for the mitochondrial 12S-16S rRNA and CYTB genes. 
Abbreviations: KU, University of Kansas, Museum of Natural History, Lawrence, USA; MHNSM, Museo de Historia 
Natural, Universidad Nacional Mayor de San Marcos, Lima, Perú; TNHCFS, Texas Natural History Collection Field 
Series, QCAZ, Museo de Zoología, Pontificia Universidad Católica del Ecuador, Quito, Ecuador. Localities are in 
Ecuador unless otherwised noted.

Locality 12-16S rRNA CYTB

1 Hyloxalus leucophaeus KU 211880 Peru: Amazonas: Molinopampa EU342689 HQ286372

2 Hyloxalus sordidatus MHNSM 22690 Peru: San Martín: San José de Sisa EU342690 HQ286373

3 Hyloxalus sp. TNHCFS 4940 Colombia: Casanare: Agua Azul EU342692 HQ286374

4 Hyloxalus subpunctatus TNHCFS 4957 Colombia: Boyaca: Chiquinquirá EU342693 HQ286375

5 Hyloxalus sauli QCAZ 27126 Napo: Jatunsacha EU342695 --

6 Hyloxalus sauli QCAZ 16541 Orellana: Yasuní Research Station AY364555 HQ286376

7 Hyloxalus maculosus QCAZ 19971 Napo: Puerto Misahuallí EU342694 HQ286377

8 Hyloxalus maculosus QCAZ 37156 Pastaza: Puyo HQ286384 --

9 Hyloxalus maculosus QCAZ 37158 Pastaza: Puyo HQ286385 --

10 Hyloxalus bocagei QCAZ 37259 Sucumbíos: Reventador HQ286386 HQ286378

11 Hyloxalus bocagei QCAZ 20826 Sucumbíos: La Libertad AY364545 --

12 Hyloxalus italoi QCAZ 16510 Morona Santiago: Santiago EU342701 --

13 Hyloxalus italoi QCAZ 16511 Morona Santiago: Santiago AY364558 HQ286379

14 Hyloxalus italoi KU 220616 Pastaza: Montalvo EU342702 --

15 Hyloxalus italoi KU 220615 Pastaza: Montalvo EU342703 --

16 Hyloxalus italoi QCAZ 16508 Pastaza: Reserva HolaVida AY364552 HQ286380

17 Hyloxalus italoi QCAZ 37214 Pastaza: Reserva HolaVida HQ286387 --

18 Hyloxalus italoi QCAZ 25539 Pastaza: Kapawi EU342704 --

19 Hyloxalus yasuni QCAZ 19909 Orellana: Cononaco Poza 16 EU342700 --

20 Hyloxalus yasuni QCAZ 16505 Orellana: Yasuní Research Station EU342699 HQ286381

21 Hyloxalus yasuni QCAZ 31144 Napo: Guagua Sumaco HQ286388 --

22 Hyloxalus yasuni QCAZ 16504 Napo: Cotapino AY364559 HQ286382

23 Hyloxalus yasuni QCAZ 20007 Sucumbíos: Cuyabeno EU342697 --

24 Hyloxalus yasuni QCAZ 37262 Sucumbíos: Lumbaqui HQ286389 --

25 Hyloxalus yasuni QCAZ 16503 Sucumbíos: Bermejo AY364560 HQ286383
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For the ancestral reconstructions, we coded the distribution of each individual of the phylogeny based on 
the 12S-16S rRNA fragment. Each population was assigned to one of two categories: (1) Andean population, 
if the individual was collected in the Eastern Andes slopes at altitudes > 280 meters above sea level (masl), or 
(3) Amazonian population, if the individual was collected in the Amazon Basin at altitude ≤ 280 masl. This 
altitude is the maximum throughout the Amazonas River (see references in Santos et. al., 2009). The ML 
phylogeny (inferred with RAxML) was used to infer the ancestral distribution at each node using the 
maximum likelihood reconstruction method using the Markov k-state 1 parameter model (Mk1 model) 
implemented in Mesquite 2.72 (Maddison & Maddison 2009). The ancestral states are reported as 
proportional likelihoods and traced over the chronogram of the bocagei clade.

Morphology. Morphological characters studied follow Duellman (2004), Caldwell and Lima (2003) and 
references therein. Sex was determined by dissection and the presence of vocal slits in adult males. Sexual 
maturity of females was determined by the presence of eggs or convoluted oviducts. Morphological 
measurements were modified from Gray and Cannatella (1985) and Caldwell and Lima (2003) and recorded 
to the nearest 0.01 mm. An electronic Digital Caliper (0−150 mm) was used. Measurements taken were 
abbreviated as follows: SVL (snout to vent length), HLSQ (head length to the posterior margin of the 
squamosal), HW (head width), SL (snout length), END (eye to nostril distance), IND (internarial distance), 
EL (eye length or diameter), TYM (diameter of tympanum), ARM (arm length), HAND (hand length from 
outer metatarsal fold to tip of Finger IV), FIIL (Finger II or thumb length), WFD (width disc of Finger IV), 
FEL (femur length), TL (tibia length), FL (foot length), and WTD (width disc of Toe IV). Fingers are 
numbered preaxially to postaxially from II–V, following the nomenclature proposed by Guayasamin and 
Trueb (2007). Webbing formulae are described following Savage and Heyer (1967) with the modifications of 
Myers and Duellman (1982) (see also Coloma 1995:7, and Figs. 13 and 17 of Hyloxalus italoi and H. yasuni
holotypes). Sometimes it is difficult to distinguish when the web ends and a lateral fringe begins; thus 
webbing formula is not exact. Thus, caution in defining and using this character is recommended. 

Tadpoles of four species were described. Developmental stages were determined using Gosner's protocol 
(1960); oral disc characters follow Altig and McDiarmid (1999). Tadpoles collected from the dorsum of adult 
males were chosen for description, with the exception of one species (Hyloxalus italoi), since the oral disc of 
those tadpoles was not completely developed. Instead, a tadpole collected syntopically with adults was 
described. The template for tadpole description mostly follows Castillo-Trenn (2004). Measurements were 
taken using a micrometer on a Zeiss Stemi SV11 dissecting microscope. Drawings were made under a camera 
lucida attached to a Wild M3B microscope. Color transparencies, digital images cited in the text, and holotype 
virtual animations (provided as hyperlinks) of two new species are deposited at QCAZ and displayed at 
AmphibiaWebEcuador (http://zoologia.puce.edu.ec/vertebrados/Anfibios.aspx).

Calls. Sound recordings were made with an Olympus LS-10 Linear PCM Field Recorder and a Sennheiser 
K6–ME 66 unidirectional microphone and analyzed in the Sound Analysis Software RAVEN 1.2 (Charif et al.
2004). The spectrogram analyses used settings of window type Hann, window size 512 samples and filter 
bandwidth 124 Hz. Fundamental frequencies were determined using the spectrogram slice view. Parameters 
analyzed were as follows: (1) call length; (2) notes per call; (3) note length; (4) interval between notes; (5) 
note repetition rate (number of notes/min); (6) rise time (time required for a note to reach their maximum 
amplitude); (7) call shape (rise time/note length); (8) fundamental frequency; and (9) dominant frequency. 
Voucher specimens and sound archives are deposited at QCAZ. 

Statistic analyses. Multivariate analyses were used to assess the degree of morphometric variation within 
populations and morphometric differentiation between species. We performed a Kolmogorov-Smirnov test to 
examine the distribution of our data. Outliers were not kept if they represented non-natural variation (e.g. 
measurements errors). Principal Components Analysis (PCA) and Discriminant Function Analysis (DFA) 
were applied to the residuals of the linear regressions between the SVL and the rest of morphometric variables 
(log transformed) to remove the effect of overall body size (Parmalee 1999). Call parameters were also 
analyzed with a PCA. Call length and notes per call were not included in these analyses because frogs may 
stop calling as soon as they sense any disturbance. Only principal components with eigenvalues >1 were 
retained. Varimax orthogonal rotation was applied to improve interpretation. A MANCOVA with total length 
as covariable was applied to tadpoles to test morphological differenciation. SPSS® (2004, ver.13.0) was used 
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to perform the statistical analyses. Comparisons between means of bocagei clade species and other Hyloxalus 
species were performed using t-test in GraphPad Software (2002–2005). 

Conservation status. We categorized the conservation status of the five species treated herein by 
applying IUCN categories, criteria, and guidelines (IUCN 2001, IUCN Standards and Petitions Working 
Group 2008). We measured the area of extent of occurrence for the species as the area contained by a 
minimum convex polygon (the smallest polygon in which no internal angle exceeds 180 degrees and which 
contains all the sites of occurrence).

Results

Phylogeny

We found high support (i.e., 100 non-parametric bootstrap and 1.0 posterior probability) for clade bocagei in 
all analyses (Fig. 1). The clade of subpunctatus + sp. (Agua Azul, Departamento Casanare, Colombia) is the 
closest lineage to the clade bocagei, suggesting an Andean ancestor of the bocagei clade (see Chronogram and 
Ancestral Area Reconstruction section). Within the bocagei clade, two lineages were highly supported (i.e., ≥
98 non-parametric bootstrap and 1.0 posterior probability) in all analysis: (1) the clade maculosus + bocagei + 
sauli; and (2) the clade yasuni + italoi (Fig. 1). All species of bocagei clade included in this report (i.e., 
bocagei, italoi, maculosus, sauli, and yasuni) were significantly supported in all analyses (i.e., ≥ 86 non-
parametric bootstrap and 1.0 posterior probability). Significant genetic variability was found among 
populations of H. yasuni and H. italoi. The patristic distances among individuals for each of the mitochondrial 
fragments (i.e., 12S-16S rRNA and Cytochrome b) are indicated in Tables 2 and 3.

TABLE 2. Pairwise patristic distances calculated from the 12S-16S sequences from ML tree (Fig. 1) branch lengths that 
describe the amount of phylogenetic change between individuals of the clade bocagei. Each patristic distance is the sum 
of the lengths of the branches that link two terminal nodes. 

Individual 1 2 3 4 5 6 7 8

1. H. leucophaeus KU 211880

2. H. sordidatus MHNSM 22690 0.0469

3. H. sp. TNHCFS 4940 0.1246 0.1322

4. H. subpunctatus TNHCFS 4957 0.1154 0.1253 0.1056

5. H. sauli (Napo: Jatunsacha) QCAZ 27126 0.1218 0.1307 0.1291 0.1293

6. H. sauli (Orellana: Yasuní Research Station) QCAZ 
16541

0.1248 0.1329 0.1325 0.1281 0.136

7. H. maculosus (Napo: Puerto Misahuallí) QCAZ 19971 0.1252 0.1366 0.1305 0.1259 0.0502 0.0511

8. H. maculosus (Pastaza: Puyo) QCAZ 37156 0.126 0.1366 0.131 0.1264 0.0503 0.0511 0.0009

9. H. maculosus (Pastaza: Puyo) QCAZ 37158 0.1256 0.1371 0.1314 0.1268 0.0492 0.0507 0.0013 0.0004

10. H. bocagei (Sucumbíos: Reventador) QCAZ 37259 0.1247 0.1379 0.1297 0.1272 0.0528 0.0537 0.0234 0.0243

11. H. bocagei (Sucumbíos: La Libertad) QCAZ 20826 0.1243 0.1379 0.131 0.1285 0.0528 0.0537 0.0238 0.0247

12. H. italoi (Morona Santiago: Santiago) QCAZ 16510 0.1315 0.146 0.1345 0.1305 0.0881 0.0889 0.0868 0.0877

13. H. italoi (Morona Santiago: Santiago) QCAZ 16511 0.1315 0.146 0.1354 0.1314 0.0889 0.0898 0.0876 0.0885

14. H. italoi (Pastaza: Montalvo) KU 220616 0.1301 0.1446 0.1326 0.1286 0.0862 0.0862 0.0858 0.0859

15. H. italoi (Pastaza: Montalvo) KU 220615 0.1309 0.1437 0.1317 0.1286 0.0862 0.0862 0.0854 0.0855

16. H. italoi (Pastaza: Reserva Hola Vida) QCAZ 16508 0.1284 0.1446 0.1317 0.1274 0.0862 0.0862 0.0858 0.0859

17. H. italoi (Pastaza: Reserva Hola Vida) QCAZ 37214 0.1295 0.1458 0.1329 0.1281 0.0864 0.0864 0.0865 0.0865

18. H. italoi (Pastaza: Kapawi) QCAZ 25539 0.1288 0.145 0.1322 0.1278 0.0862 0.0862 0.0858 0.0859

......continued on the next page
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(continued)

(continued)

TABLE 2. (continued)

Individual 1 2 3 4 5 6 7 8

19. H. yasuni (Orellana: Cononaco Poza 16) QCAZ 
19909

0.1289 0.146 0.1326 0.1297 0.087 0.0879 0.0896 0.0901

20. H. yasuni (Orellana: Yasuní Research Station) QCAZ 
16505

0.1299 0.1478 0.1333 0.1301 0.0866 0.0875 0.0892 0.0896

21. H. yasuni (Napo: Guagua Sumaco) QCAZ 31144 0.1329 0.1453 0.1351 0.1297 0.0866 0.0849 0.0866 0.0867

22. H. yasuni (Napo: Cotapino) QCAZ 16504 0.1342 0.1466 0.1356 0.1306 0.0879 0.0862 0.0879 0.0879

23. H. yasuni (Sucumbíos: Cuyabeno) QCAZ 20007 0.1311 0.1456 0.1329 0.1288 0.0883 0.0892 0.09 0.0909

24. H. yasuni (Sucumbíos: Lumbaqui) QCAZ 37262 0.1282 0.1427 0.1312 0.128 0.0887 0.0896 0.0904 0.0913

25. H. yasuni (Sucumbíos: Bermejo) QCAZ 16503 0.1288 0.1427 0.1321 0.1276 0.0883 0.0883 0.09 0.0909

Individual 9 10 11 12 13 14 15 16

9. H. maculosus (Pastaza: Puyo) QCAZ 37158

10. H. bocagei (Sucumbíos: Reventador) QCAZ 37259 0.0238

11. H. bocagei (Sucumbíos: La Libertad) QCAZ 20826 0.0243 0.0013

12. H. italoi (Morona Santiago: Santiago) QCAZ 16510 0.0881 0.0846 0.0846

13. H. italoi (Morona Santiago: Santiago) QCAZ 16511 0.089 0.0855 0.0855 0.0009

14. H. italoi (Pastaza: Montalvo) KU 220616 0.0863 0.0828 0.0828 0.038 0.03889

15. H. italoi (Pastaza: Montalvo) KU 220615 0.0859 0.082 0.0828 0.0389 0.0397 0.0009

16. H. italoi (Pastaza: Reserva Hola Vida) QCAZ 16508 0.0863 0.0828 0.0828 0.0397 0.0406 0.0064 0.0072

17. H. italoi (Pastaza: Reserva Hola Vida) QCAZ 37214 0.087 0.0835 0.0835 0.0398 0.0407 0.0068 0.0077 0.0013

18. H. italoi (Pastaza: Kapawi) QCAZ 25539 0.0863 0.0828 0.0828 0.0397 0.0406 0.0064 0.0072 0.0009

19. H. yasuni (Orellana: Cononaco Poza 16) QCAZ 
19909

0.0905 0.0853 0.0853 0.0564 0.0564 0.0503 0.0512 0.0516

20. H. yasuni (Orellana: Yasuní Research Station) 
QCAZ 16505

0.0901 0.0857 0.0857 0.0559 0.0559 0.0511 0.052 0.0524

21. H. yasuni (Napo: Guagua Sumaco) QCAZ 31144 0.0871 0.084 0.0836 0.058 0.058 0.0512 0.052 0.0524

22. H. yasuni (Napo: Cotapino) QCAZ 16504 0.0884 0.0853 0.0849 0.058 0.058 0.0516 0.0524 0.0529

23. H. yasuni (Sucumbíos: Cuyabeno) QCAZ 20007 0.0913 0.0878 0.0887 0.055 0.0559 0.0507 0.0507 0.0511

24. H. yasuni (Sucumbíos: Lumbaqui) QCAZ 37262 0.0918 0.0879 0.0887 0.0551 0.0559 0.0498 0.0498 0.0503

25. H. yasuni (Sucumbíos: Bermejo) QCAZ 16503 0.0913 0.0875 0.0883 0.0546 0.0555 0.0494 0.0494 0.0498

Individual 17 18 19 20 21 22 23 24

17. H. italoi (Pastaza: Reserva Hola Vida) QCAZ 37214

18. H. italoi (Pastaza: Kapawi) QCAZ 25539 0.0004

19. H. yasuni (Orellana: Cononaco Poza 16) QCAZ 
19909

0.0526 0.052

20. H. yasuni (Orellana: Yasuní Research Station) QCAZ 
16505

0.0534 0.0528 0.0051

21. H. yasuni (Napo: Guagua Sumaco) QCAZ 31144 0.053 0.0529 0.04 0.04

22. H. yasuni (Napo: Cotapino) QCAZ 16504 0.0534 0.0533 0.0405 0.0396 0.0013

23. H. yasuni (Sucumbíos: Cuyabeno) QCAZ 20007 0.0521 0.0516 0.0434 0.0443 0.0404 0.04

24. H. yasuni (Sucumbíos: Lumbaqui) QCAZ 37262 0.0512 0.0507 0.0443 0.0451 0.0404 0.04 0.068

25. H. yasuni (Sucumbíos: Bermejo) QCAZ 16503 0.0508 0.0503 0.0439 0.0447 0.04 0.0396 0.0064 0.0013
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FIGURE 1. Maximum likelihood phylogeny of the bocagei clade. The population localities, museum numbers, nodal 
support are provided. 

Species accounts 

Hyloxalus bocagei (Jiménez de la Espada 1871)

Hyloxalus bocagei—Jiménez de la Espada, 1871:59.—Syntypes: MNCN 1583–84 “Hab. in Ecuador; ad sylvas pagi S. 
Jose de Moti men. Jun. nobis invento” [Cantón Quijos], Provincia Napo, Ecuador [collected in June 1865], MNCN 
1583 designated lectotype by Coloma (1995). Adult, possibly female (SVL = 26.6; Fig 2).

Hylixalus bocagii—Boulenger 1882:138.
Colostethus bocagei—Edwards 1971:148.
Hyloxalus bocagei—Grant et al. 2006:168.
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TABLE 3. Pairwise patristic distances calculated from the Cytochrome b sequences from ML tree branch lengths that 
describe the amount of phylogenetic change between individuals of the clade bocagei. Numbers in the individual column 
and row correspond to those indicated in Table 2.

Diagnosis. A species with (1) mean SVL in adult males 22.8 mm (20–25 mm, SD 1.3 mm, n = 23) and in 
adult females 27.2 mm (23.6–29.5 mm, SD = 1.6, n = 21); (2) disc of Finger IV expanded 1.5–2 times the 
width of adjacent phalange; (3) Finger II shorter than Finger III; (4) fringes present on fingers; (5) disc of Toe 
IV expanded 1.5 times the width of adjacent phalange; (6) fringes present on toes; (7) outer metatarsal fold 
present; (8) extensive toe webbing, formula I1—(1½–2+)II(1–1½)—(2–3-)III(1–2)—(2½–3½)IV(3–3½)—
(1–2)V; (9) oblique lateral stripe present, complete or sometimes diffuse anteriorly; (10) dorsum with 
scattered grayish brown marks; (11) gular-chest region uniformly gray in adult males, gray with white dots in 
adult females; (12) venter uniformly gray in adult males, white and slightly translucent in adult females; (13) 
sexual dimorphism in ventral coloration present; (14) tadpoles uniformly brown with a conspicuous 
longitudinal brown mark on dorsum of tail musculature and, in vivo, two ventral silver marks on anterior 
portion of body; (15) tadpole spiracular opening oriented dorsoposteriorly; (16) call is a long trill composed of 
paired pulsed notes.

Hyloxalus bocagei is similar to species that have extensive toe webbing and oblique lateral stripe 
complete, sometimes diffuse anteriorly (H. fuliginosus and some specimens of H. maculosus). It is 
distinguished from H. fuliginosus by its smaller size (H. fuliginosus, female SVL 27.8–32.5 mm, mean = 29.9 
mm, n = 12, U-Mann-Whitney, U = 22, p < 0.001; male SVL 23.6–24.3 mm, mean = 23.8 mm, n = 4, U-
Mann-Whitney, U = 27, p > 0.001) and by having more extensive toe webbing (see Coloma, 1995:23). 
Hyloxalus bocagei differs from H. maculosus by the dorsal coloration pattern (Figs. 3 and 4). Hyloxalus 
maculosus has a big blotch at sacrum level, whereas H. bocagei has several small and irregular blotches in the 
posterior dorsum. Occasionally, the oblique lateral stripe is diffused anteriorly; when this happens, it is similar 
to H. sordidatus Duellman, whose oblique lateral stripe is present in the posterior half of the flanks. 
Nonetheless, H. sordidatus has larger size (male SVL 24.2–29.9 mm, mean = 25.7, n = 8, t-test, t = 4.84, df = 
25, p < 0.001; females SVL 31.8–36.1 mm, mean = 33.6 mm, n = 3, t-test, t = 6.67, df = 22, p < 0.001) and the 
gular region is yellow in females (Duellman 2004). 

Description. (n = 44: 23 males, 21 females). Morphometric variation is depicted on Table 4. Head slightly 
longer than wide; snout subacuminate in dorsal view, round or angular in lateral view; loreal region slightly 
concave; nostrils protuberant; supratympanic bulge covering upper edge of tympanum. 

Finger II shorter than Finger III; fingers unwebbed; fringes discreet; terminal discs expanded 1.5–2 times 
the width of adjacent phalange; subarticular tubercles round, those of the Fingers II and III slightly oval, the 
more distal tubercles in Fingers IV and V only visible under dissecting microscope; outer metacarpal tubercle 
large, round and slightly protuberant; inner metacarpal tubercle at the base of the thumb, small, elliptical and 
slightly protuberant. Outer metatarsal tubercle present; inner tarsal fold sigmoid present on distal half of 

Individual 1 2 3 4 6 7 10 13 16 20 22

1

2 0.1

3 0.1979 0.2021

4 0.1979 0.2042 0.1875

6 0.2 0.2 0.2083 0.2125

7 0.1958 0.1896 0.1937 0.2167 0.1271

10 0.1833 0.1896 0.1917 0.2146 0.1271 0.0688

13 0.1875 0.1979 0.1896 0.175 0.1708 0.1563 0.15

16 0.1937 0.1813 0.2083 0.1854 0.1896 0.1333 0.1312 0.1104

20 0.2063 0.2125 0.2083 0.2 0.1917 0.1583 0.1813 0.1167 0.1229

22 0.2063 0.1896 0.2083 0.2146 0.1667 0.1417 0.1708 0.1083 0.1292 0.0938

25 0.2 0.2042 0.2146 0.2042 0.1854 0.15 0.1708 0.1333 0.1458 0.1271 0.1042
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tarsus; outer metatarsal tubercle round; inner metatarsal tubercle smaller than outer, elliptical; protuberance 
present between the two metatarsal tubercles, similar to a tubercle in appearance, present in 96% of specimens 
(n = 23); toes more than a half webbed, webbing formula I1—(1½–2+)II(1–1½)—(2–3-)III(1–2)—(2½–
3½)IV(3–3½)—(1–2)V; lateral fringes extensive; terminal discs expanded, less than those of fingers, 1.5 
times the width of adjacent phalange; subarticular tubercles round, small; supernumerary tubercles absent. 

TABLE 4. Measurements (in mm) of adults of Hyloxalus bocagei, H. maculosus and H. sauli. Mean ± SD, and range are 
given. Abbreviations are defined in the text. 

Hyloxalus bocagei Hyloxalus maculosus Hyloxalus sauli

Males Females Males Females Males Females

n = 23 n = 21 n = 20 n = 24 n = 30 n = 29

SVL 22.8 ± 1.3 27.2 ± 1.6 22.6 ± 1.6 25.1 ± 1.5 22.7 ± 1 25.4 ± 1.4

20–25 23.6–29.5 19.5–24.9 22.4–29 19.7–24.9 22.2–28.7

HLSQ 8.4 ± 0.5 9.7 ± 0.5 8.6 ± 0.4 9.2 ± 0.5 8.7 ± 0.4 9.4 ± 0.4

7.7–9.5 8.8–11.3 7.8–9.1 8.5–10.1 7.5–9.3 8.5–10.1

HLSQ/SVL 37.1 ± 0.9 35.6 ± 1.5 38 ± 1.2 36.8 ± 1.7 38.4 ± 1 37.2 ± 1.2

35.7–38.8 33.1–39.9 35.1–40.3 33.6–40 36.4–40.6 35.2–39.7

HW 7.9 ± 0.6 9.1 ± 0.6 8 ± 0.5 8.8 ± 0.7 8.4 ± 0.5 9.1 ± 0.6

7–9 7.6–10.1 7–8.9 7.8–10 7.6–9.4 8.2–10.2

HW/SVL 34.8 ± 1.7 33.3 ± 1.1 35.5 ± 1.6 35.2 ± 2.4 37.2 ± 1.2 36 ± 1.7

31.5–38.8 31.6–35.5 33.3–39.2 31.3–40.1 35.3–40.6 32–38.8

HLSQ/HW 1.1 ± 0.04 1.1 ± 0.05 1.1 ± 0.04 1 ± 0.06 1 ± 0.04 1 ± 0.05

1–1.1 1–1.2 1–1.2 0.9–1.2 1–1.1 0.9–1.2

SL 3.6 ± 0.2 3.5 ± 0.2 3.1 ± 0.2 3.4 ± 0.2 3.1 ± 0.1 3.3 ± 0.2

3.2–4.1 3.7–4.6 3.2–4.3 3.4–4.8 3.1–4.2 3.8–4.6

END 2.2 ± 0.1 2.5 ± 0.2 2.3 ± 0.2 2.5 ± 0.2 2.5 ± 0.1 2.7 ± 0.2

2–2.3 2.2–2.8 1.8–2.6 2.2–2.9 2.1–2.7 2.4–3

END/EL 67.8 ± 8.9 67.6 ± 5.5 68.8 ± 4.8 73.9 ± 11.7 73.5 ± 3.9 75.7 ± 3.8

59–76.8 53.9–80.4 57.9–77 61.2–103.1 66–79.4 69.2–82.7

IND 3.1 ± 0.2 3.5 ± 0.2 3.1 ± 0.2 3.4 ± 0.2 3.1 ± 0.1 3.3 ± 0.2

2.8–3.4 3–3.8 2.8–3.5 3–3.8 2.6–3.4 2.9–3.7

EL 3.3 ± 0.4 3.8 ± 0.3 3.3 ± 0.2 3.4 ± 0.4 3.4 ± 0.2 3.6 ± 0.2

2–3.8 3.3–4.2 3–3.6 2.5–4.1 2.9–3.7 3.2–4

TYM 1.2 ± 0.2 1.5 ± 0.2 1.3 ± 0.1 1.4 ± 0.2 1.5 ± 0.1 1.7 ± 0.2

0.8–1.5 1.1–1.7 1–1.6 0.8–1.7 1.2–1.8 1.4–2.1

TYM/EL 35.8 ± 5.4 38.8 ± 4 39.6 ± 3.1 41.3 ± 8.2 44.9 ± 5 47.6 ± 4.3

25–49.3 33.7–47.1 34.4–45.4 23.3–66.3 32.1–51.9 39.8–57.7

ARM 5.2 ± 0.3 5.7 ± 0.3 5.2 ± 0.5 5.6 ± 0.4 5.6 ± 0.3 6.14 ± 0.3

4.6–5.7 5.3–6.3 4.2–6.1 4.9–6.5 4.9–6.3 5.2–6.7

ARM/SVL 22.7 ± 0.7 21 ± 1 22.7 ± 0.7 22.4 ± 1.3 24.8 ± 1.1 24.3 ± 1.2

21.6–23.9 19.3–23.7 20–25.1 20.1–25.6 23–27.2 22.3–26.8

HAND 6.7 ± 0.4 7.6 ± 0.4 6.3 ± 0.5 6.8 ± 0.4 6.6 ± 0.5 7.4 ± 0.3

5.7–7.2 6.9–8.4 5.6–7.1 5.8–7.4 4.8–7.5 6.7–8

......continued on the next page
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Skin of dorsum, limbs, flanks and venter smooth; scattered tubercles posterior to the sacral region and on 
flanks of some specimens, especially near the oblique lateral stripe (QCAZ 32386, 32389, 32392, 37257–
37260); round tubercle posterior to the mandible junction; anal sheath conspicuous. Tongue twice as long as 
wide, thinner and broader posteriorly, posterior half not attached to mouth’s floor. Testes white.

Color variation in preservative. (~70% ethanol). Variation in color patterns is depicted on Figs. 5A–7A. 
Dorsum of head and body dark brown, slightly grayish; an interorbital blotch, another V-shaped blotch at 
scapular level and, small blotches scattered on the posterior region of dorsum; flanks brown, white spotted; a 
diffuse dark brown stripe from the anterior tip of snout, through loreal and supratympanic regions, to the arm-
body junction. Oblique lateral stripe present from groin to the posterior corner of eye, sometimes diffused 
anteriorly (e.g. QCAZ 32390), sometimes interrupted (e.g. QCAZ 37260). Forelimbs brown with transverse 
bars darker in forearm, a longitudinal stripe on anterior surface of arm from elbow to arm-body junction; 
dorsal surfaces of hind limbs brown with darker transverse bars (9–11 in leg and tarsus); ventral surface of 
hind limbs gray in males, cream in females. Venter gray in males, white in females; gular-chest region 
uniformly gray in males, white-dotted in females; axillar region translucent. Palmar and plantar surfaces gray; 
toe webbing cream. 

Fourteen juveniles (QCAZ 5005, 9016, 15199–15200, 18350, 18625, 20826, 32389, 32395–32396, 
37621–37623, 37627) with SVL 12–22.6 mm (mean = 16.2 mm and SD = 3.4) have the same coloration of 
adult specimens. However, the transverse bars on hind limbs are more conspicuous, and some of the 
specimens (n = 6, QCAZ 6896, 17938, 20826, 32389, 32395–32396) exhibit white tubercles on dorsum, 
flanks and dorsal surfaces of limbs. Ventrally, they exhibit ontogenetic variation; the youngest juvenile are 
translucent but acquire a cream coloration as development proceeds. Eight recently metamorphosed 
specimens (QCAZ 8565, 10259, 10328, 10926, 37494, 37650, 37656–37657) have SVL of 9.6–12.5 mm 
(mean = 11.6 and SD = 0.97). 

Color in life. QCAZ 32385 (male with back-riding tadpoles, Figs. 3A, 8A). Iris golden with small black 
flecks. Dorsum olive-brown with dorsal blotches dark brown and flanks with a dark brown stripe. Oblique 
lateral  stripe  extended  from  anterior  corner of  the eye to the groin, with cream and golden traces, olive-tan

TABLE 4. (continued)

Hyloxalus bocagei Hyloxalus maculosus Hyloxalus sauli

Males Females Males Females Males Females

n = 23 n = 21 n = 20 n = 24 n = 30 n = 29

FIIL 4.5 ± 0.4 5.4 ± 0.5 4.6 ± 0.5 5.1 ± 0.4 4.8 ± 0.2 5.3 ± 0.3

3.8–5.2 4.4–6.1 3.8–5.4 4.5–6 4.3–5.2 4.6–5.9

WFD 1 ± 0.2 1.3 ± 0.2 0.9 ± 0.2 1 ± 0.2 0.9 ± 0.1 1 ± 0.1

0.8–1.4 1–1.6 0.6–1.1 0.8–1.8 0.7–1.2 0.8–1.3

FEL 12.1 ± 0.5 13.4 ± 0.5 11.3 ± 0.9 12.4 ± 0.9 11.1 ± 0.5 12 ± 0.7

11.3–13.1 12.6–14.7 9.6–12.6 11.2–14.2 9.8–12 10.6–13.8

TL 11.8 ± 0.5 13 ± 0.6 11 ± 0.8 12 ± 0.7 11 ± 0.4 11.9 ± 0.6

11–12.8 12–14 9.7–12.2 11.3–13.9 9.8–11.6 10.6–13.3

TL/SVL 51.7 ± 1.7 47.8 ± 2.2 49 ± 1.5 48 ± 2.1 48.4 ± 1.8 46.9 ± 2.3

48.6–55.3 44.4–53.2 46.1–52.2 44.5–51.8 44.9–52.8 40.9–51.8

FL 11 ± 0.5 12.4 ± 0.7 10.6 ± 0.9 11.3 ± 0.7 10.4 ± 0.6 11.4 ± 0.5

9.7–11.7 11–13.4 9–12 10–12.6 8.3–12.1 10.4–12.1

FL/SVL 48.4 ± 1.9 45.6 ± 1.8 46.8 ± 1.7 44.9 ± 2.5 45.6 ± 2.7 45 ± 2.2

43.8–51.7 43–49.8 42.3–50.2 40–50 41.7–53.6 40.4–49.4

WTD 1 ± 0.2 1.2 ± 0.2 1 ± 0.1 1.1 ± 0.2 1 ± 0.1 1 ± 0.1

0.7 – 1.3 0.9 – 1.5 0.7 – 1.4 0.8 – 1.4 0.8 – 1.1 0.8 – 1.4
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FIGURE 2. (A) Lectotype of Hyloxalus bocagei (MNCN 1583, SVL = 26.6 mm); (B) holotype of H. faciopunctulatus 
(MCZ-A 94751, adult male, SVL = 22.2 mm); (C) holotype of H. maculosus (MCZ-A, male, 91558, SVL = 20.4 mm). 
Photo (A): MNCN Courtesy; (B): Jonathan Woodward (MCZ) and (C): James A. Poindexter II (USNM). Labels were 
removed from specimens MCZ-A 94751 and MCZ-A 91558 using Adobe Photoshop. 
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FIGURE 3. Dorsal (left) and ventral (right) views of males of (A) Hyloxalus bocagei from Hostería El Reventador 
(QCAZ 42095, SVL = 23.7 mm); (B) H. maculosus from Santa Rosa (QCAZ 42085, SVL = 24 mm); (C) H. sauli from 
PUCE’s Yasuní Research Station (QCAZ 45516, SVL = 22.6 mm); (D) H. italoi from Reserva Hola Vida (Holotype, 
QCAZ 33197, SVL = 24.5 mm); (E) H. yasuni from PUCE’s Yasuní Research Station (QCAZ 45517, SVL = 24.5 mm). 
Photos by LAC.
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FIGURE 4. Dorsal (left) and ventral (right) views of females of (A) Hyloxalus bocagei from Hostería El Reventador 
(QCAZ 42099, SVL = 28 mm); (B) H. maculosus from Santa Rosa (QCAZ 42081, SVL =28.7 mm); (C) H. sauli from 
PUCE’s Yasuní Research Station (QCAZ 45513, SVL = 27.4 mm); (D) H. italoi from Reserva Hola Vida (QCAZ 33191, 
SVL = 25.8 mm); (E) H. yasuni from PUCE’s Yasuní Research Station (QCAZ 45488, SVL = 26.8 mm). Photos by 
LAC.
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FIGURE 5. Dorsal view of adults showing intra and inter-population variation in dorsal coloration pattern: (A) 
Hyloxalus bocagei, left to right: QCAZ 32388 (Río Leo), 20824 (La Virgen), 37620 (Hostería El Reventador), 37260 (La 
Virgen); (B) H. maculosus, left to right: QCAZ 37156 (Puyo-Shell road), 42074 (Santa Rosa), 19975 (Puerto 
Misahuallí), 37870 (Puyo-Shell road); (C) H. sauli, left to right: QCAZ 33382, 39893 (PUCE’s Yasuní Research 
Station), 6233 (Jatunsacha), 33384 (PUCE’s Yasuní Research Station); (D) H. faciopunctulatus, left to right: MCZ-A 
93782, 94746, 94749, 94761 (Puerto Nariño); (E) H. italoi, left to right: QCAZ 33200, 37202, 33194, 33199 (Reserva 
Hola Vida); (F) H. yasuni, left to right: QCAZ 25065, 32467, 25059, 22557 (PUCE’s Yasuní Research Station). Labels 
were removed from specimens of H. faciopunctulatus using Adobe Photoshop. Scale bar = 10 mm. Photos by LAC.
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FIGURE 6. Ventral view of adult males showing intra and inter-population variation in ventral patterns: (A) Hyloxalus 
bocagei, left to right: QCAZ 37257 (La Virgen), 37622 (Hostería El Reventador), 32388 (Río Leo), 20824 (La Virgen); 
(B) H. maculosus, left to right: QCAZ 19976 (Puerto Misahuallí), 37156 (Puyo-Shell road), 42074, 42079 (Santa Rosa); 
(C) H. sauli, left to right: QCAZ 22168, 17858, 33382, 39893 (PUCE’s Yasuní Research Station); (D) H. 
faciopunctulatus, left to right: MCZ-A 94747, 94746, 94749, 93782 (Puerto Nariño); (E) H. italoi, left to right: QCAZ 
33200, 37202, 33195, 25704 (Reserva Hola Vida); (F) H. yasuni, left to right: QCAZ 6877 (Km 107, MAXUS road), 
22957, 25065, 32467 (PUCE’s Yasuní Research Station). Labels were removed from specimens of H. faciopunctulatus
using Adobe Photoshop. Scale bar = 10 mm. Photos by LAC.
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FIGURE 7. Ventral view of adult females showing intra and inter-population variation in ventral patterns: (A) Hyloxalus 
bocagei, left to right: QCAZ 32390, 32393 (Río Leo), 37620 (Hostería El Reventador), 37260 (La Virgen); (B) H. 
maculosus, left to right: QCAZ 19975 (Puerto Misahuallí), 37870 (Shell-Puyo road), 42078, 42082 (Santa Rosa); (C) H. 
sauli, left to right: QCAZ 1435 (Locación Petrolera Garza 1), 35462 (PUCE’s Yasuní Research Station), 6233 
(Jatunsacha), 33384 (PUCE’s Yasuní Research Station); (D) H. faciopunctulatus, left to right: MCZ-A 94759, 94761, 
94750, 94752 (Puerto Nariño); (E) H. italoi, left to right: QCAZ 37171, 33194, 33199, 37213 (Reserva Hola Vida); (F) 
H. yasuni, left to right: QCAZ 22588, 25059, 33379, 22557 (PUCE’s Yasuní Research Station). Labels were removed 
from specimens of H. faciopunctulatus using Adobe Photoshop. Scale bar = 10 mm. Photos by LAC. 
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anteriorly, with appearance of two small golden glands at each side of the eye. Tympanum cream in color-
ation. Mandibular tubercle iridescent cream. Dorsal surfaces of fore and hind limbs olive-brown with a pale 
blotch on the dorsal surface of the arms, near the arm-body junction. Ventral surfaces uniformly gray (MIP 
field notes, 18 September 2006).

QCAZ 32390 (adult female, Fig. 4A). Coloration similar to male QCAZ 32385. Posterior dorsum and 
dorsal surfaces of limbs slightly coppery with a light yellow spot at arm-body junction. Oblique lateral stripe 
cream, slightly coppery at the posterior corner of eye, and golden at groin. Ventral surfaces iridescent white 
and limbs translucent with dark stippling (MIP field notes, 18 September 2006).

Variation. Specimens from La Virgen, 2 km West to Volcán Reventador (n = 9, QCAZ 20824–20826, 
37257–37260, 37627–37628), exhibit dorsum light gray and dorsal blotches and oblique lateral stripe are 
more contrasting than those specimens previously described. An adult female (QCAZ 37260) has a white 
gular-chest region with light gray blotches. Postmandibular tubercle white. Inner tarsal fold reaches one third 
of tarsus in six of these specimens (QCAZ 20825, 37257, 37259–37260, 37627–37628).

Tadpole. The following description is based on a specimen in Stage 28 (QCAZ 32404a, Figs. 9A–C). 
Tadpole corresponds to a series of ten back-riding tadpoles of adult male QCAZ 32385 (see also Ecology and 
Distribution sections), obtained in Río Leo, trail to Cascada San Rafael, 200 m from Quito-Lago Agrio road, 
Provincia Sucumbíos, Ecuador. All measurements provided below are in millimeters. Total length 17.7; body 
ovoid, depressed, slightly narrower at posterior third; body length 7.0 (39% of total length), width at spiracle 
4.8, height taken posterior of eyes 3.2; snout round in dorsal and lateral views. 

Nostrils small, directed anterolaterally, openings circular; opening 1.1 from tip of snout; internarial 
distance (taken at internal edge of each nostril) 1.3; distance from narial opening to anterior edge of eye 0.6. 
Eyes directed dorsolaterally; eye length 0.8, width 0.7; interorbital distance from internal edge of each eye 
1.4. 

Spiracle sinistral 4.3 from tip of snout (61.4% of total length); inner wall free in its distal portion; length 
1.0, width at base 1.0; opening directed dorsoposteriorly and with a diameter of 0.5. Vent tube totally bounded 
to ventral fin, length 1.0, width 0.6; opening circular and dextrally to ventral fin. 

Tail length 10.5 (59.4% of total length); tail musculature narrowing gradually, tip pointed not reaching tail 
terminus; myotomes visible through the length of musculature, more differentiated posteriorly; musculature 
width at body-tail junction 1.7, musculature height 2.0; tail height at midtail 4.2; dorsal and ventral fin 
originate at body-tail junction; dorsal fin height 1.3, ventral fin height 1.0; distal margin of tail round. The 
lateral line system is present. The infraorbital, supraorbital, and middle body lines were hardly identifiable. 

Oral disc located ventrally, emarginated on both sides (Fig. 10A); transverse width 2.1 (43.9% of body 
width); labia surrounded with 72 marginal papillae: 49 ventral papillae and 23 located laterally (11 at one side 
and 12 at the other); submarginal papillae absent; ventral marginal papillae aligned, but alternate papillae 
project to opposite directions, emulating two rows; this orientation is more pronounced toward the sides of the 
oral disc; single anterior gap of papillae 1.3. 

Anterior and posterior jaw sheaths serrated through their entire length; serrations less profound as they 
move away from center; anterior jaw sheath transverse width, including lateral processes, 0.9 (42.9% of oral 
disc width); anterior edge of anterior jaw sheath convex; posterior edge, winding; posterior jaw sheath V-
shaped, transverse width 0.7 (35.7% of oral disc width). 

Labia tooth row formula 2(2)/3; anterior tooth row A-1 length 1.5, number of teeth 110; A-2 length 1.6 
and 49 teeth at each side of gap; A-2 gap length 0.2; at P-1 row, teeth proximal to center converge orientating 
to the front; posterior tooth row P-1 length 1.5, 96 teeth (48 at each side of small gap); P-2 length 1.6 and 102 
teeth; P-3 length 1.6 and 110 teeth. 

Color in preservative. (~10% formalin). Dorsum and flanks uniformly dark brown. Ventrally, oral disc 
and immediate posterior region translucent; posterior labium with six blotches scattered at proximal portion, 
near the body junction. Anterior region of spiracle stippled; posterior region of venter translucent leaving gut 
visible. Spiracle and vent tube translucent. Jaw sheath coppery brown with metallic glitter.

Tail dorsally and ventrally white, translucent posteriorly with a conspicuous dorsal brown mark extending 
from the body-tail junction to tail terminus (Figs. 9A–B). Ventral brown mark from midtail to terminus. 
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Laterally, brown blotches throughout entire extension. Dorsal, ventral, and lateral marks decrease their size 
and intensity gradually to tail terminus. Fins translucent; dorsal fin with scattered spots, decreasing in size and 
intensity and increasing in number gradually towards terminus; small spots at posterior half of ventral fin. 

Color in life. (Fig. 11). Dorsum brown, golden glittered; tail pinkish with brown and golden spots in the 
dorsoanterior portion. Ventrally translucent, two very conspicuous silver marks at anterior portion. A golden 
mark on dorsal fin, just posterior to its origin (photo of QCAZ 32252, taken by LAC).

Variation. Eighty three (83) tadpoles in Stages 25–36 were examined; however, not every stage is 
represented in the sample. Variation (i.e., sample size, mean, SD, and range) of all 17 measurements is given 
in Table 5. 

TABLE 5. Measurements (in mm) of tadpoles of Hyloxalus bocagei. Mean ± SD, and range are given. Abbreviations 
are: TL = total length; BL = body length; BW = body width; BH = body height; TAL = tail length; TMW = tail 
musculature width; TMH = tail musculature height; SND = snout to nostril distance; IND = internarial distance; END = 
eye to nostril distance; EL = eye length; EW = eye width; IOD = interorbital distance; VP = number of ventral papillae; 
LAP = number of lateral papillae; WOD = oral disc width; WUJ = upper jaw width; LTRF = labial tooth row formula. 

Hyloxalus bocagei

Stage 25 Stage 26 Stage 27 Stage 28 Stage 29 Stage 31 Stage 34 Stage 35 Stage 36

n = 31 n = 29 n = 11 n = 3 n = 1 n = 1 n = 1 n = 6 n = 2

TL 14.4 ± 1.3 16.5 ± 1.7 18.8 ± 2.9 17.3 ± 1.8 28 26.7 29.5 30.5 ± 2.2 32.7 ± 1.8

11.8–16.8 13.8–20.2 16.5–25 15.3–18.8 28–33 31.5–34

BL 5.5 ± 0.6 6.2 ± 0.8 7.0± 1.0 6.7 ± 0.7 9.8 9.2 11 10.9 ± 0.6 11.3 ± 0.5

4.5–6.5 4.8–7.8 6.2–9.2 5.8–7.2 10–11.7 11–11.7

BW 3.6 ± 0.3 4.0 ± 0.4 4.4 ± 0.6 4.3 ± 0.6 5.8 5.7 6.7 6.8 ± 0.6 7.1 ± 0.6

3–4.2 3.3–5 3.5–5.5 3.7–4.8 6–7.5 6.7–7.5

BH 2.3 ± 0.3 2.7 ± 0.4 3.0 ± 0.4 2.9 ± 0.5 4 4.2 4.7 4.7 ± 0.5 4.4 ± 1.1

1.8–2.8 1.8–3.5 2.7–3.8 2.3–3.2 4–5.3 3.7–5.2

TAL 8.9 ± 0.9 10.3 ± 1.0 11.6 ± 2.0 10.7 ± 1.0 18.7 18.2 19.7 20.1 ± 1.9 22.5 ± 0.7

7.2–10.5 8.5–12.3 10.2–15.7 9.8–11.8 17.5–21.8 22–23

TAL/TL 62.1 ± 2.7 62.6 ± 1.4 61.7 ± 2.0 62.1 ± 2.4 66.7 68.1 66.7 66.0 ± 2.3 68.7 ± 1.6

52.4–65.6 59.4–65.3 56.9–64.2 59.4–64.1 62–68.9 67.6–69.8

TMW 1.1 ± 0.2 1.4 ± 0.2 1.6 ± 0.3 1.6 ± 0.3 2.7 2.8 2.7 2.9 ± 0.4 3.3 ± 0.2

0.8–1.5 1–1.7 1.3–2.2 1.2–1.8 2.5–3.3 3.2–3.5

TMH 1.3 ± 0.1 1.5 ± 0.2 1.7 ± 0.3 1.7 ± 0.4 2.5 3 2.7 2.8 ± 0.3 3.3

1–1.7 1.3–1.8 1.3–2.3 1.3–2 2.7–3.3

SND 0.7 ± 0.2 0.8 ± 0.1 1.0 ± 0.2 0.9 ± 0.3 1.5 1.2 1.5 1.4 ± 0.2 1.3

0.4–1.2 0.6–1 0.8–1.4 0.6–1.1 1.0–1.6

IND 1.1 ± 0.2 1.2 ± 0.1 1.4 ± 0.2 1.3 ± 0.2 1.8 1.8 2 2.1 ± 0.1 2.2 ± 0.4

0.5–1.4 1–1.6 1.2–1.9 1.2–1.5 2.1–2.2 2.2–2.2

END 0.6 ± 0.1 0.6 ± 0.1 0.7 ± 0.1 0.6 ± 0.1 1 1.0 1 1.0 ± 0.1 1.2 ± 0.1

0.4–1.0 0.5–0.9 0.7–0.9 0.6–0.7 0.9–1.2 1.0–1.2

EL 0.6 ± 0.1 0.6 ± 0.1 0.7 ± 0.1 0.7 ± 0.2 1.2 1.2 1.2 1.4 ± 0.1 1.5 ± 0.04

0.4–0.7 0.4–0.8 0.6–1.0 0.6–0.8 1.2–1.4 1.5–1.6

EW 0.5 ± 0.1 0.6 ± 0.1 0.7 ± 0.1 0.6 ± 0.1 1 1.1 1.1 1.2 ± 0.1 1.3 ± 0.04

0.4–0.7 0.4–0.7 0.6–0.9 0.5–0.7 1–1.3 1.3–1.4

IOD 1.1 ± 0.1 1.2 ± 0.1 1.3 ± 0.2 1.2 ± 0.1 1.8 1.6 2.1 2.0 ± 0.1 2.1 ± 0.1

0.9–1.2 1.0–1.5 1.0–1.8 1.1–1.4 1.9–2.2 2–2.2

......continued on the next page
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FIGURE 8. Adult males carrying tadpoles: (A) Hyloxalus bocagei from Río Leo (QCAZ 32385, SVL = 24.5 mm); (B) 
H. maculosus from Santa Rosa (QCAZ 42085, SVL = 23.8 mm); (C) H. italoi from Reserva Hola Vida (QCAZ 37168, 
SVL = 25.7 mm); (D) H. yasuni from PUCE’s Yasuní Research Station (QCAZ 32465, SVL = 23.2 mm). Photos by 
LAC.

TABLE 5. (continued)

Hyloxalus bocagei

Stage 25 Stage 26 Stage 27 Stage 28 Stage 29 Stage 31 Stage 34 Stage 35 Stage 36

n = 31 n = 29 n = 11 n = 3 n = 1 n = 1 n = 1 n = 6 n = 2

VP 40.9 ± 6.3 44.1 ± 6.6 49.5 ± 8.2 45.3 ± 7.2 59 60 76 63.8 ± 6.8 66 ± 5.7

34–55 33–56 38–65 37–47 56–71 62–70

LAP 10.3 ± 2.0 11.5 ± 2.8 12.9 ± 2.4 12.6 ± 2.0 13 19 17.5 17.3 ± 2.3 19.2 ± 2.5

8–15 7.5–18.5 10–18 10.5–14.5 10.5–14.5 17.5–21

WOD 1.6 ± 0.2 1.8 ± 0.2 2.2 ± 0.5 1.9 ± 0.3 2.9 2.7 3.2 3.2 ± 0.4 3.2 ± 0.2

1.2–2.0 1.4–2.3 1.8–3.1 1.6–2.1 2.9–3.6 3.0–3.3

WUJ 0.7 ± 0.1 0.8 ± 0.1 1.0 ± 0.2 0.8 ± 0.1 1.4 1.2 1.5 1.4 ± 0.1 1.5 ± 0.1

0.5–1.1 0.6–1.1 0.8–1.4 0.7–0.9 1.3–1.5 1.5–1.6

WUJ/WOD 48 ± 3.5 47.1 ± 2.4 44.8 ± 3.2 45.5 ± 2.3 48.4 45.6 47.6 43.9 ± 2.4 42.2 ± 0.3

43.2–60 40.8–51.3 38.4–48.6 42.9–47.1 41.1–47.6 48–8.5

LTRF 2(2)/3 2(2)/3 2(2)/3 2(2)/3 2(2)/3 2(2)/
3(1)

2(2)/
3(1)

2(2)/3
2(2)/3(1)

2(2)/3(1)
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FIGURE 9. Tadpole of Hyloxalus bocagei from Río Leo (QCAZ 32404a, Stage 28): (A) dorsal; (B) lateral; (C) ventral 
views. Drawings by Diego A. Paucar.

Variation in tooth row P-1 consists in that 50% of tadpoles in Stages 25, 26 and 27 (n = 71) have the same 
projection of teeth as specimen QCAZ 32404a. Three specimens in Stages 25, 26 and 27 exhibit an evident 
gap in this row. From Stage 31, gap is present in every specimen examined. Labial papillae oriented to 
opposite sides, can diverge at its base, forming two rows of papillae. Lateral papillae can also acquire the 
orientation previously described. One tadpole in Stage 35 (QCAZ 17769) exhibits evident middle body and 
dorsal lines of lateral line system; middle body is relatively dorsal to body, located near dorsal line. 

One metamorph in Stage 43 (QCAZ 18753) exhibits the same dorsal color pattern than adults; limbs are 
white with light brown transverse bars; ventrally translucent. 

Comparisons. Tadpoles of Hyloxalus bocagei are notably similar to H. maculosus and H. sauli. 
Nevertheless, they differ from H. maculosus in (1) shape of dorsal fin (Figs. 9B, 11A–B, 19B); (2) spiracular 
opening directed dorsoposteriorly (directed laterally in H. maculosus); (3) oral disc wider (t-test, t = -3.544, p
= 0.001); (4) stippling on anterior and posterior labia (labia immaculate in H. maculosus); (5) anterior jaw 
sheath slender (Fig. 10A–B). It differs from H. sauli in the following: (1) tail musculature is thicker and 
reaches tail terminus in H. sauli; whereas, it is slender and does not reach tail terminus in H. bocagei; (2) tail 
terminus is pointed in H. sauli, round in H. bocagei; (3) proximal third of dorsal fin is very thin in H. sauli; (4) 
H. sauli has less brown marks, specially on tail; (5) anterior edge of anterior jaw sheath is slightly winding in 
H. sauli, whereas it is round in H. bocagei. Oral discs are very similar between both species. 

Tadpoles of Hyloxalus bocagei are morphometrically different to H. italoi and H. yasuni (MANOVA, F = 
15.437, df1 = 30, df2 = 361.705, p < 0.001, n = 137). Additionally, the following differences are appreciable: 
(1) H. bocagei is smaller (t-test, t = -10.75, df = 108, p < 0.001 with H. italoi; t = -3.4, df = 82, p < 0.001, with 
H. yasuni); (2) body/tail proportion is lower in H. bocagei (t-test, t = -10.96, df = 108, p < 0.001 with H. italoi;
t = -7.3, df = 82, p < 0.001, with H. yasuni); (3) tail musculature is thinner in H. bocagei (t-test, t = -16.16, df 
= 108, p < 0.001 with H. italoi; t = -7.07, df = 82, p < 0.001, with H. yasuni); (4) eyes are smaller in proportion 
to body size in H. bocagei (t-test, t = -12.33, df = 108, p < 0.001 with H. italoi; t = -6.1, df = 82, p < 0.001, 
with H. yasuni); (5) body is less elongated in H. bocagei; (6) greater number of labial papillae (t-test, t = 9.58, 
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df = 108, p < 0.001 with H. italoi; t = 7.08, df = 82, p < 0.001, with H. yasuni); (7) anterior edge of anterior 
jaw sheath is round in H. bocagei, winding in H. italoi and H. yasuni (Fig. 9); (8) in life, H. bocagei has two 
pale spots at anterior portion of venter, just posterior to oral disc, and a small mark at body-tail junction, H. 
italoi and H. yasuni exhibit two pale marks on each side of oral disc and two on each side of body at spiracular 
level (Fig. 11). 

FIGURE 10. Oral discs of (A) Hyloxalus bocagei from Río Leo (QCAZ 32404a, Stage 28); (B) H. maculosus from 
Santa Rosa (QCAZ 42086a, Stage 28); (C) H. italoi from Reserva Hola Vida (QCAZ 33220a, Stage 25); (D) H. yasuni
from PUCE’s Yasuní Research Station (QCAZ 33189a, Stage 27). Drawings by Diego A. Paucar.

Morphometric evaluation of type material. A PCA was performed with 347 specimens belonging to the 
bocagei clade and two syntypes of Hyloxalus bocagei housed at MNCN. Three components with eigenvalues 
greater to 1.0 were extracted. These axes accounted for 69.7% of total variation. Head variables had high 
loadings on PC I and limb variables on PC II, respectively. Internarial distance (IND) and eye length (EL) had 
high loadings in PC III. Arm length (ARM) crossloaded on the two first components, and eye length (EL) on 
the three components. The two syntypes of H. bocagei were located on the left superior quadrant, in a biplot 
of the first two components (Fig. 12A). Therefore, those specimens would be similar to specimens with long 
limbs and small head located on the same quadrant, particularly those of the surroundings of Volcán 
Reventador (designated as H. bocagei herein). 

In the DFA, the two syntypes were classified as Hyloxalus bocagei (sensu this paper) (Fig 12B, Table 6). 
The first two DF had eigenvalues greater than 1.0 and explained 93.9% of total variation. Along the DF 1, the 
highest loadings were for arm length (ARM). Along DF 2, the highest loadings were for head width (HW) and 
eye-nostril distance (END). The two syntypes are located near H. bocagei in the morphometric space; 
moreover, one of them is next to the group centroid. 
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FIGURE 11. Lateral (left) and ventral (right) views of tadpoles of (A) Hyloxalus bocagei from Río Leo (QCAZ 32252, 
Stage 35); (B) H. maculosus from Santa Rosa (QCAZ 42086, Stage 26); (C) H. italoi from Reserva Hola Vida (QCAZ 
33214b lateral view and QCAZ 33215 ventral view, Stages 26 and 25, respectively); (D) H. yasuni from PUCE’s Yasuní 
Research Station (no voucher). Photos by LAC.

Comments. The type locality of Hyloxalus bocagei is the jungle of the village of San José de Moti, cantón 
Quijos, Provincia Napo, Ecuador (Jiménez de la Espada, 1871:59). This village is located at the northwestern 
slopes of Volcán Sumaco according to Jiménez de la Espada et al. (1998) and Savage (1978). However, at this 
time there is no locality under that name in the area and the exact altitude and location remains unknown. 
According to Jiménez de la Espada, indigenous people gave him dead frogs and snails in exchange of 
medallions during his stay in this village (Jiménez de la Espada et al. 1998:174). This report complicates 
confirmation of the collection site of this species, as it is unknown whether the indigenous collected the frogs 
in San José or in its surroundings. 

The type material is in poor condition; therefore, a description of those specimens is not useful because 
very few external diagnostic characters can be described (Fig. 2). Herein, we described a series from the 
surroundings of Volcán Reventador (Río Leo, trail to the Cascada San Rafael, 200 m from Quito-Lago Agrio 
road, Provincia Sucumbíos, Ecuador). This population is considered Hyloxalus bocagei due to its 
morphometric resemblance with the type specimens, its occurrence near the type locality and its sympatry 
with H. fuliginosus (see Coloma, 1995:23).

The specimen designated as paratype of Hyloxalus maculosus (MCZ-A 104846, Fig. 16) by Rivero 
(1991) corresponds to H. bocagei. The specimen MCZ-A 194846 was collected on Río Reventador, trail to the 
Cascada San Rafael and exhibits several small blotches in the posterior dorsum, a conspicuous oblique lateral 
stripe and the morphometric profile of H. bocagei specimens (Fig. 16). Further information is included under 
Phylogeny and Chronogram and Ancestral Area Resconstruction sections (Tables 2 and 3; Fig. 1).
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FIGURE 12. (A) Axes I and II from Principal Component Analysis, and (B) Functions I and II from Discriminant 
Function Analysis on eight size-corrected morphological variables for Hyloxalus bocagei, H. maculosus, H. sauli, H. 
faciopunctulatus, H. italoi, H. yasuni and two syntypes of H. bocagei.
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TABLE 6. Classification results from Discriminant Analysis on eight size-corrected morphological variables for 
Hyloxalus bocagei, H. maculosus, H. sauli, H. faciopunctulatus, H. italoi, H. yasuni and two syntypes of H. bocagei.

Hyloxalus faciopunctulatus (Rivero 1991)

Colostethus faciopunctulatus—Rivero 1991:23.—Holotype: “MCZ-A 94751, an adult male from Puerto Nariño (3°46’N, 
71°23’W, 15 km W. of Leticia), Departamento Amazonas, Colombia”. Fig. 2.

Hyloxalus faciopunctulatus—Grant et al. 2006:168.

Diagnosis. A species with (1) mean SVL in adult males 22.3 mm (21.9–22.7, SD = 0.3, n = 5) and in adult 
females 24.2 mm (23.5–25.7, SD = 1.0, n = 4); (2) disc of Finger IV expanded less than 1.5 times the width of 
adjacent phalange; (3) Finger II slightly shorter than Finger III; (4) fringes present on fingers; (5) disc of Toe 
IV expanded less than 1.5 times the width of adjacent phalange; (6) fringes present on toes; (7) outer 
metatarsal fold present; (8) extensive toe webbing, formula I(1-–1)—(2-–2)II(1-–1)—(2½–3)III(1–2-)—(3–
3½)IV(3+–3½)—(1½–2-)V; (9) oblique lateral stripe absent or reduced, a small bar or a series of 3–4 dots at 
groin level; (10) dorsum with two large blotches; (11) gular-chest region brown with white marks in adult 
males, cream or subtly brown stippled in adult females; (12) venter white or slightly brown flecked in adult 
males, cream in adult females; (13) sexual dimorphism in ventral coloration present; (14) and (15) tadpoles 
unknown; (16) call unknown.

Hyloxalus faciopunctulatus is similar to those species that exhibit extensive toe webbing and lack oblique 
lateral stripe or it is reduced at groin level (H. abditaurantius Silverstone, H. betancuri Rivero and Serna, H. 
chocoensis Boulenger, H. edwardsi Lynch, H. italoi, H. leucophaeus Duellman, H. maculosus, H. ruizi Lynch,
H. yasuni). It is distinguished from these species by the following characters: H. abditaurantius has an orange 
spot on the calf, absent in H. faciopunctulatus—Hyloxalus betancuri lacks a postmandibular tubercle; ventral 
coloration in females (holotype CJS 2372, an adult female and the only specimen known of the species) is 
dark brown with small white dots, whereas females of H. faciopunctulatus are ventrally cream. Hyloxalus 
chocoensis has a squared dorsal mark and testes enlarged. Hyloxalus edwarsi and H. ruizi are distinguished 
from all species within the genus by having a cloacal funnel. Hyloxalus italoi and H. yasuni have three dorsal 
blotches and are larger in size (t-test, t = -2.729, df = 86, p = 0.008 with H. italoi; t = -2.150, df = 120, p = 
0.034 with H. yasuni). Hyloxalus leucophaeus lacks outer metatarsal fold and sexual dimorphism in ventral 
coloration. Hyloxalus maculosus differs in gular-chest region of adult males; they do not exhibit white spots 
over a dark brown background.

Species Predicted Group Membership Total

H. bocagei H. faciopunctulatus H. italoi H. maculosus H. sauli H. yasuni

Count H. bocagei 37 0 3 4 0 0 44

H. faciopunctulatus 0 2 1 0 0 7 10

H. italoi 2 1 53 2 4 16 78

H. maculosus 8 0 9 19 4 4 44

H. sauli 0 0 1 1 55 2 59

H. yasuni 0 1 14 0 0 97 112

Syntypes (ungrouped) 2 0 0 0 0 0 2

% H. bocagei 84.1 0 6.8 9.1 0 0 100

H. faciopunctulatus 0 20 10 0 0 70 100

H. italoi 2.6 1.3 67.9 2.6 5.1 20.5 100

H. maculosus 18.2 0 20.4 43.2 9.1 9.1 100

H. sauli 0 0 1.7 1.7 93.2 3.4 100

H. yasuni 0 0.9 12.5 0 0 86.6 100

Syntypes (ungrouped) 100 0 0 0 0 0 100
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Description. (n = 8; 4 males, 4 females). Head slightly longer than wide; snout subacuminate, round in 
one specimen (MCZ-A 94747), and truncate in two (MCZ-A 94746, 94752) in dorsal view, truncate in lateral 
view (slightly angular in MCZ-A 94759); loreal region slightly concave; nostrils slightly protuberant; 
supratympanic bulge covering upper edge of tympanum.

Finger II slightly shorter than III; fingers unwebbed; fringes present on fingers; terminal discs expanded 
less than 1.5 times the width of adjacent phalange; subarticular tubercle round, the one in Finger II oval, the 
distal of the Fingers IV and V only visible under dissecting microscope; outer metacarpal tubercle large, 
round protuberant; inner metacarpal tubercle small, elliptical, protuberant, one-third the size of outer; outer 
metacarpal ridge absent, except in two specimens (MCZ-A 94752, 94759). Outer metatarsal fold present, not 
reaching the outer metatarsal tubercle; inner sigmoid tarsal fold present on distal half of tarsus; outer 
metatarsal tubercle tubercle round, small protuberant; inner metatarsal tubercle twice as large as outer, 
elliptical, protuberant; a third tubercle slightly smaller than inner between the other two tubercles; toe 
webbing formula I(1-–1)—(2-–2)II(1-–1)—(2½–3)III(1–2-)—(3–3½)IV(3+–3½)—(1½–2-)V; lateral fringes 
present; terminal disc expanded less than 1.5 times width of adjacent phalange; subarticular tubercles round, 
small; supernumerary tubercles absent.

Skin of dorsum, flanks, limbs and throat smooth; venter smooth (MCZ-A 94747, 94749, 94752, 94761) or 
shagreen (MCZ-A 94746, 95750, 94751, 94759); round tubercle posterior to mandible junction; anal sheath 
subtly conspicuous. Tongue twice as long as wide, thinner and broader posteriorly, posterior half not attached 
to mouth’s floor. 

TABLE 7. Measurements (in mm) of adults of Hyloxalus faciopunctulatus, H. italoi, and H. yasuni. Mean ± SD, and 
range are given. Abbreviations are defined in the text.

Hyloxalus faciopunctulatus Hyloxalus italoi Hyloxalus yasuni

Males Females Males Females Males Females

n = 6 n = 4 n = 94 n = 111 n = 78 n = 70

SVL 22.3 ± 0.3 24.2 ± 1 23.1 ± 1.4 25.8 ± 1.6 23 ± 1.2 25.5 ± 1.6

21.9–22.7 23.5–25.7 19.1–27 21.6–30.1 19–25.8 21.3–28.9

HLSQ 8.5 ± 0.3 9.1 ± 0.4 8.8 ± 0.5 9.7 ± 0.5 8.7 ± 0.4 9.4 ± 0.5

8.2–9 8.7–9.6 7.5–9.8 8–10.7 8–9.7 8.3–10.3

HLSQ/SVL 38.4 ± 1 37.8 ± 0.8 38.3 ± 1.5 37.5 ± 1.4 38 ± 1.5 37.1 ± 1.2

37.2–39.7 37–38.6 35.2–42.7 31.2–40.2 34.7–42.8 34.5–39.8

HW 8.3 ± 0.4 9 ± 0.3 8.5 ± 0.5 9.4 ± 0.6 8.5 ± 0.4 9.4 ± 0.5

7.6–8.7 8.6–9.2 6.9–9.7 8–11.1 7.7–9.6 8.2–10.3

HW/SVL 37.2 ± 1.8 37.1 ± 1.7 36.8 ± 1.6 36.2 ± 1.9 37.2 ± 1.7 36.9 ± 1.7

34.8–39 35–38.8 33.1–40.9 31.4–39.7 32.6–40.7 31.2–41.4

HLSQ/HW 1 ± 0.05 1 ± 0.03 1 ± 0.04 1 ± 0.05 1 ± 0.03 1 ± 0.04

0.9–1 0.9–1 0.9–1.2 0.8–1.2 0.9–1.1 0.9–1.1

SL 3.6 ± 0.1 3.9 ± 0.2 3.8 ± 0.2 4.2 ± 0.3 3.9 ± 0.2 4.2 ± 0.3

3.5–3.8 3.7–4.1 3–4.4 3.5–4.9 3.2–4.4 3.3–4.7

END 2.3 ± 0.1 2.5 ± 0.2 2.4 ± 0.2 2.6 ± 0.2 2.4 ± 0.2 2.6 ± 0.2

2.2–2.5 2.4–2.8 1.8–3 2.2–3 2–2.8 2.2–3.1

END/EL 71 ± 5 71.2 ± 5 70.1 ± 4.3 70.6 ± 4.9 70.3 ± 5.7 72.4 ± 5.5

65.5–78.8 65.6–77.7 57.9–81.7 58–84.7 58–86.5 60.9–87.2

IND 3 ± 0.1 3.1 ± 0.1 3.2 ± 0.2 3.5 ± 0.2 3.2 ± 0.2 3.5 ± 0.2

2.9–3.2 3–3.2 2.8–3.8 2.9–4 2.9–3.7 2.8–3.9

......continued on the next page
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Variation of color in preservative (~70% ethanol). Variation in measurements is given in Table 7. 
Variation in color patterns is depicted on Figs. 5D–7D. Dorsum of head and body brown; an interorbital blotch 
and a dark brown bar present on posterior dorsum, except in one specimen that exhibits a subtle mark at 
scapular level (MCZ-A 94759); flanks brown, darker than dorsum, same color of dorsal blotches; a diffuse 
dark brown strip from the anterior tip of snout, through loreal and supratympanic regions to the arm-body 
junction; white dots on loreal region vary in number and intensity, absent in two specimens (MCZ-A 94749, 
94761). Oblique lateral stripe absent or a series of 3–4 white dots at groin level (MCZ-A 94746, 94749–
94751); forelimbs brown with transverse brown marks visible only on forearm; a longitudinal dark brown 
stripe at anterior surface of arm; a white stripe underneath the dark stripe in two specimens (MCZ-A 94747, 
94751); a cream spot at arm-body junction; dorsal surfaces of hindlimbs brown with darker transverse bars 
(9–10) on leg and tarsus; ventral surfaces cream-colored, thighs brown stippled and white dotted on inner 
surface. Venter cream-colored with small white dots in females, one specimen lacks white dots but exhibits 
very subtle light brown stippling (MCZ-A 94761), venter cream-colored, slightly flecked with brown in 

TABLE 7. (continued)

Hyloxalus faciopunctulatus Hyloxalus italoi Hyloxalus yasuni

Males Females Males Females Males Females

n = 6 n = 4 n = 94 n = 111 n = 78 n = 70

EL 3.3 ± 0.2 3.5 ± 0.1 3.4 ± 0.2 3.7 ± 0.2 3.4 ± 0.2 3.6 ± 0.2

3.1–3.5 3.3–3.7 2.9–3.9 2.9–4.3 2.9–3.9 3.1–4.1

TYM 1.3 ± 0.2 1.6 ± 0.05 1.3 ± 0.2 1.5 ± 0.2 1.3 ± 0.1 1.5 ± 0.2

0.7–1.5 1.6–1.7 0.9–1.8 0.9–1.9 0.9–1.8 1.1–1.8

TYM/EL 39.1 ± 5 45.8 ± 1.5 37.9 ± 4.4 39.6 ± 5.1 38.7 ± 4.1 42.2 ± 3.9

30.8–43.7 44.4–47.2 27.4–46.9 25.6–48.4 27.3–48.6 30.7–53.5

ARM 4.7 ± 0.2 5.1 ± 0.2 5.2 ± 0.3 5.6 ± 0.3 5 ± 0.2 5.4 ± 0.3

4.4–4.8 4.8–5.3 4.2–5.9 4.9–6.4 4.5–5.6 4.7–6.3

ARM/SVL 20.9 ± 0.5 20.9 ± 1 22.6 ± 1.1 21.8 ± 1.2 21.9 ± 1.2 21.2 ± 1.2

20.2–21.6 20.1–22.2 20.2–25.1 18.2–25.4 19–24.5 18.8–25.2

HAND 5.5 ± 0.3 5.9 ± 0.2 6.2 ± 0.4 6.7 ± 0.4 6.2 ± 0.3 6.6 ± 0.5

5–6 5.8–6.1 5–7.2 5.2–7.6 5.3–7 5.2–7.7

FIIL 4.1 ± 0.1 4.5 ± 0.2 4.6 ± 0.4 5 ± 0.4 4.6 ± 0.3 4.9 ± 0.4

4–4.3 4.2–4.7 3.5–5.2 4–5.9 4–5.4 3.9–5.7

WFD 0.7 ± 0.04 0.8 ± 0.1 0.8 ± 0.1 0.9 ± 0.1 0.8 ± 0.1 0.9 ± 0.1

0.7–0.8 0.8–1 0.5–1.1 0.5–1.1 0.6–1 0.6–1.2

FEL 10.5 ± 0.3 11.6 ± 0.6 11.8 ± 0.7 12.8 ± 0.6 11.3 ± 0.5 12.1 ± 0.7

10.2–11.1 11–12.2 9.8–13.6 11.1–14.1 10–12.5 10.3–14

TL 10.1 ± 0.5 11 ± 0.2 10.9 ± 0.5 11.8 ± 0.6 10.7 ± 0.4 11.4 ± 0.6

9.6–10.8 10.8–11.2 9.1–12 10.3–13.4 9.5–11.9 9.5–13.2

TL/SVL 45.4 ± 2.1 45.4 ± 1.3 47.3 ± 1.9 45.6 ± 2.3 46.6 ± 2.3 44.6 ± 2.3

42.9–48.8 43.6–46.5 43–52.4 40.1–51.5 42.7–53.4 39.8–53

FL 9.2 ± 0.3 10 ± 1 10.1 ± 0.6 11 ± 0.7 10 ± 0.5 10.7 ± 0.7

8.8–9.6 8.6–10.9 8.4–11.5 8.5–12.2 8.9–11.3 8.9–12.6

FL/SVL 41.2 ± 1.2 41.2 ± 3.1 43.8 ± 1.7 42.5 ± 2.5 43.8 ± 2.4 42 ± 2.2

40.1–43.2 36.7–44 40.5–48.9 32.7–49.4 37.9–49.5 37.2–47.3

WTD 0.8 ± 0.04 0.9 ± 0.1 0.9 ± 0.1 1 ± 0.2 0.9 ± 0.1 1 ± 0.1

0.8–0.9 0.7–1 0.7–1.2 0.7–1.4 0.6–1.2 0.7–1.3
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males; gular-chest region brown stippled in males with a light medial stripe (absent in MCZ-A 93782 and 
94749), same coloration as venter in females; axillas translucent. Palmar and plantar surfaces brown; toe 
webbing translucent cream.

Ten juveniles (MCZ-A 94748, 94753–94758, 94760, 96016–96017) with SVL 12.8–18.2 mm (mean = 
15.7) are very similar to adult specimens but they are light brown to yellowish brown in coloration. Six 
specimens exhibit white dots on loreal region (MCZ-A 94748, 94753–94754, 94757–94758, and 94760). 

Tadpoles. Unknown. 
Comments. Rivero’s (1991) description is appropriate with the following exceptions: the holotype (MCZ-

A 94751) exhibits oblique lateral stripe as a short bar anterior to groin to one-third of flank length at right side 
of the body and a series of four dots reaching midflank at the left side; Finger II slightly shorter than III; 
fringes definitely present on fingers and the outer metatarsal fold reaches half metatarsus only. Moreover, 
Finger II is shorter than Finger III in all specimens examined. 

Hyloxalus italoi new species

Hylixalus bocagii (non Jiménez de la Espada)—Boulenger 1882:138. 
Hyloxalus bocagei—Grant et al. 2006:136, 168.

Holotype. QCAZ 33197 (Fig. 13, virtual animation), adult male from Ecuador: Provincia Pastaza: Reserva de 
Bosque Tropical Fundación Hola Vida (01° 37' S, 77° 54' W; 831 m above sea level), obtained on 30 March 
2007 by Diego Almeida-Reinoso, Ítalo G. Tapia and Mónica I. Páez. 

Paratopotypes. QCAZ 33191–33213, same data as holotype; QCAZ 25650, 25702–25708, obtained on 
28–29 June 2003 by Ítalo G. Tapia and Kathryn Elmer; QCAZ 37168, 37171–37174, 37195–37196, 37202–
37205, 37207–37210, 37213–37214, obtained on 9 July 2007 by Luis A. Coloma, Ítalo G. Tapia, Carolina 
Proaño-Bolaños, Paula Peña-Loyola and Mónica I. Páez. 

Referred specimens. QCAZ 3344 Miazal (2° 37' 23.0514"S, 77° 47' 41.6394"W), 423 m, Provincia 
Morona Santiago, Ecuador, obtained on 24 July 1992 by Paulina Mendoza, USNM 281997–99, Miazal, 
obtained on February 1956 by Manuel Olalla; QCAZ 6237–38, Santiago, Provincia Morona Santiago, 
obtained 12 July 1994 by Martin Schiller; QCAZ 24328, Santiago, obtained on 28 December 2000 by Samael 
Padilla and Juan Carlos Santos; QCAZ 27411, 27445–46, Santiago, obtained on 24 April 2004 by David C. 
Cannatella, Luis A. Coloma, Juan Carlos Santos and Ítalo G. Tapia, QCAZ 29185, 2–2.3 km W Santiago, 296 
m, obtained on 24 April 2004 by David C. Cannatella, Luis A. Coloma, Juan Carlos Santos and Ítalo G. Tapia; 
QCAZ 27182–88, 27190–91, 28804, Santiago, Río Santiago, 310 m, obtained on 30–31 March 2004 by 
Catherine Darst and Diego A. Paucar; USNM 281961, 281986–95, N of Arapicos, Llushin, obtained on 
January 1955 by Ramón Olalla; USNM 281996, Macuma, obtained on October 1953 by B. Pazmiño; USNM 
317039–64, 560215–29, vicinity of Shaim, on the Alto Comaina, tributary of Cenepa, Amazonas, Peru; 
USNM 317065–66, Chigkishinuk entse, on the Río Huampami, tributary of Río Cenepa; USNM 317067–68, 
headwaters of Río Kagka, tributary of Río Cenepa; USNM 317069–73, 317075, vicinity of Huampami on the 
Río Cenepa, 210 m; USNM 317074, Huampami, Quebrada Tsunup, on the Río Cenepa, 210 m; USNM 
317076, 0.5 m N of Huampami, on the Río Cenepa, 210 m; USNM 317077–103, 317608, 560200–08, 
Huampami, Quebrada Sasa, on the Río Cenepa, 210 m; USNM 317109, S of Huampami, Apinkam entse, on 
the Río Cenepa, 210 m; USNM 317104–08, 560209–10, USNM 317122, Aintami entse, on the Río Cenepa; 
USNM 317117–21, 560213–14, vicinity of Aintami, on the Río Cenepa; USNM 317110–16, 317142, vicinity 
of Río Kayamas, tributary of Río Cenepa; USNM 317123–26, across the Río Cenepa from Chigkan entse; 
USNM 317127–36, vicinity of San Antonio, on the Río Cenepa; USNM 317137–41, 560211–12, vicinity of 
Sua, on the Río Cenepa, obtained between 13 July and 30 August 1977 by Roy McDiarmid; RWM 14237–38, 
14335–36, 14486–87, 15690, Galileo; RWM 13939–40, Chiringa; RWM 14392–96, La Poza; RWM 14403, 
Shaime, obtained on 29–31 January 1977 by Roy McDiarmid.

Diagnosis. A species of the genus Hyloxalus as defined by Grant et al. (2006), based on the following 
features: (1) dorsal coloration cryptic, brown or black; (2) pale oblique lateral stripe present (although 
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reduced); (3) pale dorsolateral stripe absent; (4) pale ventrolateral stripe absent; (5) dorsal skin texture 
posteriorly granular; (6) toe webbing extensive; (7) third finger of adults not swollen; (8) finger disc 
moderately expanded; (9) median lingual process absent; (10) larval vent tube dextral; (11) larval oral disc not 
umbelliform; (12) larval oral discs emarginated; (13) tested unpigmented; (14) dark throat collar absent. 

FIGURE 13. Holotype of Hyloxalus italoi (QCAZ 33197, adult male, SVL = 24.5 mm): (A) dorsal view; (B) ventral 
view; (C) lateral view; (D) right hand enlarged 2.4 times of A; (E) right foot enlarged 2.4 times of A. Photos by LAC.
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FIGURE 14. Tadpole of Hyloxalus italoi from Reserva Hola Vida (QCAZ 33220a, Stage 25): (A) dorsal; (B) lateral; (C) 
ventral views. Drawings by Diego A. Paucar.

A species with (1) mean SVL in adult males 23.6 mm (19.1–27, SD = 1.4, n = 94) and in adult females 
25.8 mm (21.6–30.1, SD = 1.6, n = 111); (2) disc of Finger IV expanded less than 1.5 times the width of 
adjacent phalange; (3) Finger II shorter, equal or longer than Finger III; (4) fringes present on fingers; (5) disc 
of Toe IV expanded less than 1.5 times the width of adjacent phalange; (6) fringes present on toes; (7) outer 
metatarsal fold present; (8) extensive toe webbing, formula I1—(1½–2½)II(1–1½)—(2–3-)III(1–2-)—(2½–
3½)IV(3–3½)—(1–2-)V; (9) oblique lateral stripe reduced, a small bar or a series of 3–5 dots at groin level; 
(10) dorsum with three large blotches; (11) gular-chest region brown with white marks in adult males, cream-
colored or with very subtle brown spots in adult females; (12) venter white with brown marks in adult males, 
cream in adult females; (13) sexual dimorphism in ventral coloration present; (14) tadpoles brown with large 
and blurry darker blotches on tail, a belt-like mark on body-tail junction and, in vivo, two pale marks on each 
side of oral disc and two on each side of body at spiracle level; (15) tadpole spiracular opening oriented 
dorsoposteriorly; (16) call is a long trill composed of single pulsed notes. 

 Hyloxalus italoi is similar to those species that exhibit extensive toe webbing and lack oblique lateral 
stripe or it is reduced at groin level (H. abditaurantius Silverstone, H. betancuri Rivero and Serna, H. 
chocoensis Boulenger, H. edwardsi Lynch, H. faciopunctulatus Rivero, H. leucophaeus Duellman, H. 
maculosus, H. ruizi Lynch, H. yasuni). It is distinguished from these species by the following characters: H. 
abditaurantius has an orange spot on the calf, absent in H. italoi. Hyloxalus betancuri lacks a postmandibular 
tubercle; ventral coloration in females (holotype CJS 2372, an adult female and the only specimen known of 
the species) is dark brown with small white dots, whereas females of H. italoi are ventrally cream-colored. 
Hyloxalus chocoensis has a squared dorsal mark and testes enlarged. Hyloxalus edwarsi and H. ruizi are 
distinguished from all species within the genus by having a cloacal funnel. Hyloxalus faciopunctulatus lacks a 
V-shaped dorsal blotch at scapular level. Hyloxalus leucophaeus lacks outer metatarsal fold and sexual 
dimorphism in ventral coloration. Hyloxalus maculosus differs in gular-chest region of adult males; they do 
not exhibit white spots over a dark brown background (Fig. 3). Adult specimens of H. yasuni are very similar 
to H. italoi, nevertheless, this two species differ in genetic sequences, tadpole morphology, and call 
parameters (see H. italoi Comments). 
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Description of holotype. (Fig. 13, virtual animation). Male, SVL 24.5 mm; head slightly longer than 
wide; head length 39.4% of SVL; head width 38.9% of SVL; snout subacuminate in dorsal view, angular in 
lateral view; loreal region slightly concave; nostrils slightly protuberant laterally; eye-nostril distance 67.2% 
of eye length; supratympanic bulge diffuse, covering upper edge of tympanum; tympanum diameter 36.8% of 
eye length.

Arm length 21.7% of SVL; Finger II shorter than Finger III; fingers unwebbed; fringes present; terminal 
discs expanded less than 1.5 times diameter of adjacent phalange; subarticular tubercles round, small, those of 
Fingers II and III slightly oval; outer metacarpal tubercle large, round and protuberant; inner metacarpal 
tubercle at base of the thumb, small, elliptical and protuberant, approximately one third of outer metacarpal 
tubercle; unpigmented outer edge of metacarpus from Finger V to outer metacarpal tubercle. Tibia length 
46.9% of SVL; foot length 44.3% of SVL; outer metatarsal fold present; inner sigmoid tarsal fold present on 
distal half of tarsus; outer metatarsal tubercle round; inner metatarsal tubercle larger than outer, elliptical; 
subtle unpigmented protuberance between the two metatarsal tubercles; toes more than a half webbed, 
webbing formula I1—2-II1—2III1—3-IV3+—1V; lateral fringes extensive; terminal discs expanded less than 
1.5 times diameter of adjacent phalange; subarticular tubercles small, round; supernumerary tubercles absent.

Skin on dorsum, limbs, flanks and venter smooth; a few tubercles on right flank; round tubercle posterior 
to mouth; anal sheath conspicuous. Tongue twice as long as wide, thinner and broader posteriorly, posterior 
half not attached to mouth’s floor. Testis white. 

Color in preservative (~70% ethanol). Dorsum of head and body dark brown, slightly olive tan; three 
darker brown blotches on dorsum, an interorbital mark, a V-shaped mark at scapular level and a bar at sacral 
level; flanks dark brown with white spots towards the venter; dark brown stripe present from posterior corner 
of eye to the arm-body junction. Cream-colored spots present at the posterior corner of the eye; loreal region 
dark brown with scattered diffuse bronze spots. Oblique lateral stripe reduced to 3–5 cream dots, anterior to 
the groin. Forelimbs dark brown, transverse bars not visible, a cream spot in the dorsal surface of arm near 
arm-body junction; dorsal surfaces of hind limbs dark brown, transverse bars conspicuous, a dark blotch at 
back of the knee; ventral surfaces cream-colored with brown spots. Gular-chest region dark brown with large 
white spots; venter cream flecked with brown; axillas translucent with two small brown bands. Palmar and 
plantar surfaces dark brown; webbing translucent. 

Color in life. (Fig. 3D). Iris coppery brown with copper flecks; dorsum brown; dorsal blotches dark 
brown; a reddish brown band posterior to each eye; canthus rostralis brown with small white spots, flanks 
same color as dorsum; tympanum cream-colored; supratympanic bulge brown covering upper edge of 
tympanum. Pale oblique lateral stripe reduced to a series of 3–5 pale dots anterior to the groin. Dorsal surfaces 
of limbs reddish brown; a reddish brown spot in dorsal surface of arm, near arm-body junction; internal 
surfaces of thighs yellow flecked with brown; groin yellowish brown. Gular-chest region dark brown with 
small white dots, venter iridescent white flecked with dark brown; limbs ventrally cream-colored with brown 
traces, the tibia acquires a blue shade with small brown spots; palmar and plantar surfaces brown, the edges 
yellowish; yellowish cream spot on edge of palms, between the two metacarpal tubercles; webbing yellowish 
cream (MIP field notes, 31 March 2007).

Variation. Variation in measurements is given in Tables 7 and 8. Variation in color patterns is depicted on 
Figs. 5E–7E. Specimens from type locality are reddish brown (n = 79: 36 males, 43 females). Gular-chest 
region in males is dark brown with white spots, this coloration can be either collar-shaped or extended 
posteriorly to mid venter; throat in females cream flecked with brown, this coloration can extend posteriorly 
to mid venter. Bronze or cream dots present on loreal region. Finger II shorter than III, the difference in 
lengths can be very subtle. Toe webbing formula I1—(1½–2½)II(1–1½)—(2–3-)III(1–2-)—(2½–3½)IV(3–
3½)—(1–2-)V.

Referred specimens from Santiago (n = 25: 10 males, 15 females) show slight differences in ventral 
coloration. Gular-chest region color is due to a variable concentration of brown stippling, large white spots 
absent, cream-colored in females, a very subtle stippling sometimes present; white dots on loreal region 
absent; Finger II shorter than III.
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TABLE 8. Measurements (in mm) of Hyloxalus italoi from type locality (Reserva Hola Vida), and two additional 
localities. Mean ± SD, and range are given. Abbreviations are defined in the text.

                                                                                    Hyloxalus italoi

Reserva Hola Vida Santiago Río Cenepa

Males Females Males Females Males Females

n = 36 n = 42 n = 11 n = 15 n = 47 n = 54

SVL 23.4 ± 1.6 26.1 ± 1.6 23.3 ± 1.5 26.6 ± 1.8 22.8 ± 1.1 25.4 ± 1.4

19.1–27 22.2– 28.4 20.2–24.7 24.2–30.1 20.4–25.1 21.6–27.9

HLSQ 8.9 ± 0.5 9.8 ± 0.5 8.7 ± 0.6 9.7 ± 0.7 8.8 ± 0.3 9.6 ± 0.5

7.6–9.8 8.5–10.7 7.5–9.6 8–10.6 8.1–9.5 8.3–10.6

HLSQ/SVL 38 ± 1.6 37.5 ± 1.2 37.3 ± 1.4 36.4 ± 2 38.8 ± 1.2 37.7 ± 1.1

35.2–40.8 34.6–40.2 35.2–39.1 31.2–39 36.7–42.7 35.5–40.2

HW 8.6 ± 0.6 9.6 ± 0.6 8.3 ± 0.7 9.5 ± 0.7 8.4 ± 0.4 9.1 ± 0.5

7.4–9.7 8.5–11.1 6.9–9.2 8.4–10.8 7.6–9.2 8–10.1

HW/SVL 36.9 ± 2 36.7 ± 2.2 35.7 ± 1.5 35.8 ± 1.6 37 ± 1.2 36 ± 1.6

33.1–40.6 31.4–39.7 33.9–38 33.5–38.8 35.1–40.9 31.5–39

HLSQ/HW 1 ± 0.04 1 ± 0.04 1.1 ± 0.06 1 ± 0.08 1 ± 0.02 1 ± 1.2

0.9–1.2 1–1.2 1–1.2 0.8–1.2 1–1.2 1–1.2

SL 3.9 ± 0.3 4.3 ± 0.3 3.8 ± 0.3 4.3 ± 0.3 3.8 ± 0.2 4.1 ± 0.3

3–4.4 3.6–4.8 3.3–4.4 3.8–4.7 3.5–4.1 3.5–4.9

END 2.4 ± 0.2 2.6 ± 0.2 2.4 ± 0.2 2.7 ± 0.2 2.4 ± 0.1 2.6 ± 0.2

1.7–2.1 2.2–2.9 2.1–3 2.2–2.9 2.1–2.6 2.2–3

END/EL 68.4 ± 3.9 69.6 ± 4.7 7.03 ± 5.4 71 ± 3.8 71.2 ± 3.9 71.3 ± 5.2

57.9–74.8 58–84.2 58.4–77 62.7–76.7 63.2–81.7 62.5–84.7

IND 3.2 ± 0.2 3.6 ± 0.2 3.1 ± 0.2 3.5 ± 0.2 3.1 ± 0.2 3.4 ± 0.2

2.8–3.8 3–4 2.8–3.4 3.2–3.8 2.8–3.5 2.9–3.7

EL 3.5 ± 0.2 3.8 ± 0.3 3.4 ± 0.3 3.8 ± 0.3 3.4 ± 0.2 3.7 ± 0.2

3–3.9 3.2–4.3 2.9–3.8 2.9–4.3 3–3.8 3.2–4

TYM 1.3 ± 0.2 1.6 ± 0.2 1.3 ± 0.2 1.4 ± 0.2 1.3 ± 0.1 1.4 ± 0.2

0.9–1.8 1.1–1.9 0.9–1.6 1–1.7 0.9–1.5 0.9–1.8

TYM/EL 38.3 ± 5 40.9 ± 5.2 37.5 ± 5.4 36.8 ± 5.3 37.8 ± 3.8 39.2 ± 4.8

27.4–46.9 26.9–48.4 30.1–44.1 26.8–45.8 27.7–45.6 25.6–47

ARM 5.2 ± 0.3 5.7 ± 0.3 5.2 ± 0.5 5.6 ± 0.3 5.2 ± 0.3 5.6 ± 0.3

4.33–5.9 5–6.4 4.2–5.8 5.2–6.2 4.6–5.7 4.9–6.2

ARM/SVL 22.2 ± 1.1 22 ± 1.2 22.3 ± 1 21.2 ± 1 21.2 ± 1 21.9 ± 1.2

20.2–24.6 19–25.4 21.1–23.7 19.2–22.5 20.7–25.1 18.2–24.2

HAND 6.4 ± 0.4 6.9 ± 0.4 6 ± 0.5 6.6 ± 0.5 6.1 ± 0.3 6.5 ± 0.4

5.1–7.2 5.8–7.6 5–6.7 5.2–7.4 5.4–6.7 5.5–7.2

FIIL 4.7 ± 0.4 5.3 ± 0.3 4.3 ± 0.5 5 ± 0.5 4.6 ± 0.3 4.9 ± 0.4

3.9–5.2 4.2–5.9 3.5–5.2 4–5.7 3.7–5.2 3.7–5.5

WFD 0.8 ± 0.1 0.9 ± 0.1 0.8 ± 0.1 0.9 ± 0.1 0.8 ± 0.1 0.9 ± 0.1

0.5–1.1 0.6–1 0.6–1 0.6–1.1 0.6–1 0.5–1.1

......continued on the next page
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Referred specimens from Río Cenepa (n = 102; 47 males, 55 females) have subacuminate snout. Finger II 
slightly shorter than Finger III. In males, gular-chest region with lateral bands of different lengths, from very 
small spots at each side of throat (e.g. USNM 317059, 317064) to long spots at each side that join together and 
form a collar-like band (e.g. USNM 317039, 317047, 317062) (see Coloma, 1995:10), and gular-chest region 
completely brown occasionally (e.g. USNM 317049, 317053, 317054). In females, gular-chest region cream-
colored, sometimes subtly stippled, sometimes brown dotted anterior to arm-body junction, or even with a 
transverse band on the chest and a spot on the chin. 

Three recently metamorphosed individuals (QCAZ 7487a, 7487b, 33209–33210) have SVL of 11.1–12.9 
mm (mean = 11.9). 

Variation of coloration in life: QCAZ 33191 (adult female, Fig. 4D). Body lightly lighter than holotype, 
but more reddish. Dorsal yellow spot on arm at arm-body junction. Venter white; gular-chest region white 
slightly flecked with brown; limbs translucent (MIP field notes, 31 March 2007).

Tadpole. (Figs. 11, 14). The following description is based on a specimen in Stage 25 (QCAZ 33220a, 
Figs. 14A–C), obtained along with the species holotype (QCAZ 33197) at Reserva Hola Vida. All 
measurements provided are in millimeters. Total length 21.2; body ovoid, ventrally depressed; body length 6.8 
(32.3% of total length), width at spiracle 4.3, height taken posterior of eyes 3.0; snout round in dorsal and 
lateral views. 

Nostrils very small, directed laterally, slightly leaning dorsally and anteriorly, openings circular; opening 
0.6 from tip of snout; internarial distance (taken at internal edge of each nostril) 1.5; distance from narial 
opening to anterior edge of eye 0.7. Eyes directed dorsolaterally; eye length 0.8, width 0.7; interorbital 
distance from internal edge of each eye 1.6. 

Spiracle sinistral 4.2 from tip of snout (61.5% of total length); inner wall free in its distal portion; length 
0.8, width at base 0.6; opening directed dorsoposteriorly and with a diameter of 0.4. Vent tube totally bounded 
and dextrally to ventral fin, length 1.0, width 0.3; opening circular. 

Tail length 14.3 (67.7% of total length); tail musculature narrowing gradually, tip pointed, reaching tail 
terminus; myotomes visible at distal half; muscle width at body-tail junction 2.2, muscle height 2.3; tail height 
at midtail 4.5; dorsal and ventral fin originate at body anterior to body-tail junction, but dorsal fin edge 
becomes evident at one third of tail lenght; dorsal fin height 1.3, ventral fin height 1.3; distal margin of tail 
pointed, subtly round. Lateral line system present; dorsal, middle body (only on body, not on tail), 
supraorbital, infraorbital and posterior infraorbital lines are distinguished, but not clearly.

TABLE 8. (continued)

                                                                                    Hyloxalus italoi

Reserva Hola Vida Santiago Río Cenepa

Males Females Males Females Males Females

n = 36 n = 42 n = 11 n = 15 n = 47 n = 54

FEL 11.8 ± 0.8 12.8 ± 0.6 11.6 ± 1 12.6 ± 0.6 11.9 ± 0.6 12.8 ± 0.6

9.8–13.6 11.5–14 10.2–13.2 11.5–13.5 10.8–13.2 11.1–14.1

TL 11 ± 0.5 12 ± 0.6 10.7 ± 0.8 11.7 ± 0.4 10.9 ± 0.4 11.6 ± 0.5

9.1–12 10.8–13.4 9.3–12 11–12.3 10–12 10.3–12.8

TL/SVL 47.1 ± 1.8 46.1 ± 2.3 45.9 ± 1.5 43.9 ± 1.8 47.8 ± 1.9 45.7 ± 2.1

43.7–50.6 41.7–51.5 43.3–48.5 40.1–46.7 42.9–52.4 41.2–50.6

FL 10.3 ± 0.6 11.3 ± 0.6 9.9 ± 0.8 10.8 ± 1 10 ± 0.5 10.7 ± 0.6

8.7 – 11.5 9.7 – 12.2 8.4 – 11 8.5 – 11.8 9 – 11.1 9.2 – 11.7

FL/SVL 43.9 ± 1.8 43.5 ± 1.9 42.7 ± 1.7 40.4 ± 3.4 43.9 ± 1.6 42.2 ± 2.3

40.5–47.8 40.1–49.4 40.8–45.6 32.7–46.2 41.1–48.9 36.8–47.9

WTD 0.9 ± 0.1 1 ± 0.2 0.9 ± 0.1 1 ± 0.2 0.9 ± 0.1 1 ± 0.1

0.6–1.2 0.7–1.4 0.7–1.1 0.7–1.4 0.7–1.1 0.7–1.2
PÁEZ-VACAS et al.36  ·   Zootaxa 2711  © 2010 Magnolia Press



Oral disc located ventrally, emarginated on both sides (Fig. 10C); transverse width 1.9 (43.7% of body 
width); oral disc surrounded with 50 marginal papillae: 29 ventral papillae and 21 located laterally (10 at left 
side and 11 at right side); submarginal papillae absent; ventral marginal papillae aligned, but alternate papillae 
project to opposite directions; single anterior gap of papillae 0.8. 

Anterior and posterior jaw sheaths serrated through their entire length; serrations less profound as they 
move away from center; anterior jaw sheath transverse width, including lateral processes, 0.9 (48% of oral 
disc width); anterior and posterior edge of anterior jaw sheath winding; posterior jaw sheath V-shaped, 
transverse width 0.4 (24% of oral disc width). 

Labia tooth row formula 2(2)/3(1); anterior tooth row A-1 length 1.1, number of teeth 112; A-2 length 1.1, 
and 39 and 35 teeth at left and right side of gap, respectively; A-2 gap length 0.1; at P-1 gap 0.03; posterior 
tooth row P-1 length 0.9, 76 teeth (38 at each side of gap); P-2 length 1.0 and 86 teeth; P-3 length 0.7 and 76 
teeth. 

Color in preservative (~10% formalin). Dorsum, flanks and tail brown. Ventrally, a large brown blotch 
covers the region between the spiracle and the gut; venter translucent, leaving gut visible. Spiracle and vent 
tube translucent.

Tail musculature white, becoming translucent gradually until the tail terminus; brown spots scattered 
throughout the tail, this spots aggregate to form larger blotches, they are smaller and less intense posteriorly; 
tiny spots at the last portion of tail. Fins translucent, slightly brownish with the same spot pattern as tail. 

Color in life. (Fig. 11). Body light brown with golden glitter; a darker brown belt-like mark at tail-body 
junction. Tail cream with brown and golden spots, translucent posteriorly with smaller golden spots. Two 
conspicuous white marks on each side of oral disc and two on each side of body at spiracle level. These four 
mark visible in lateral and ventral view (QCAZ 33214–33215).

Variation. Forty two (42) tadpoles in Stages 25–4 were examined; however, not every stage is represented 
in the sample. Variation of 17 measurements is given in Table 9. 

TABLE 9. Measurements (in mm) of tadpoles of Hyloxalus italoi. Mean ± SD, and range are given. Abbreviations are: 
TL = total length; BL = body length; BW = body width; BH = body height; TAL = tail length; TMW = tail musculature 
width; TMH = tail musculature height; SND = snout to nostril distance; IND = internarial distance; END = eye to nostril 
distance; EL = eye length; EW = eye width; IOD = interorbital distance; VP = number of ventral papillae; LAP = number 
of lateral papillae; WOD = oral disc width; WUJ = upper jaw width; LTRF = labial tooth row formula.

Hyloxalus italoi
Stage 25 Stage 26 Stage 27 Stage 28 Stage 30 Stage 31 Stage 41

n = 22 n = 10 n = 5 n = 2 n = 1 n = 1 n = 1

TL 20.6 ± 2.9 26.6 ± 1.4 29.2 ± 2.2 28.4 ± 2.5 33.8 31.3 36.7

15.8–27.7 24.8–29 26.2–31.5 26.7–30.2

BL 7.1 ± 1.1 8.9 ± 0.6 10.4 ± 0.4 9.2 ± 1.1 11 11 11

5.3–9.7 8.3–9.7 9.7–10.8 8.5–10

BW 4.4 ± 0.7 5.6 ± 0.5 6.5 ± 0.3 5.5 ± 1.4 6 6.8 7.2

3.5–6 4.8–6.3 6–6.7 4.5–6.5

BH 2.9 ± 0.4 3.7 ± 0.2 4.3 ± 0.2 3.6 ± 1.1 4.3 4.7 3.5

2.3–3.8 3.3–4 4–4.7 2.8–4.3

TAL 13.7 ± 1.8 17.8 ± 1.2 19.4 ± 1.8 19.8 ± 1.3 23.3 20.7 24.3

10.5–18.3 15.8–19.8 17.5–21.8 18.8–20.7

TAL/TL 67.3 ± 2.0 66.9 ± 2.1 66.5 ± 2.1 69.6 ± 1.5 69.0 66.0 66.4

63.9–71.8 62.1– 69.5 63.5–69.3 68.5–70.6

TMW 2.1 ± 0.3 2.8 ± 0.3 3.0 ± 0.2 2.8 ± 0.6 3.7 3.3 3.8

1.7–3 2.3–3.2 2.7–3.3 2.3–3.2

......continued on the next page
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Hyloxalus italoi tadpoles exhibit the same color pattern in all developmental stages. Nonetheless, they 
become darker at latter stages. Lateral line system is evident in larger and darker tadpoles from Stage 25; 
dorsal, middle body, ventral, anterior, supraorbital, infraorbital, posterior infraorbital, anterior oral and 
longitudinal oral are visible. Dorsal blotches shown in adults are visible from Stage 39, being the interorbital 
mark the first to appear. One metamorph (Stage 43, QCAZ 33220ai) exhibits the V-shaped mark at scapular 
level and a very subtle posterior dorsum blotch; limbs are white with light brown transverse bars. The P-1 gap 
is absent in 50% of specimens in Stage 25 (n = 22) (Table 9). 

Comparisons. Hyloxalus italoi and H. yasuni are remarkably similar. However, H. italoi tadpoles are 
darker and generally exhibit large blotches with diffuse edges in body and tail, whereas H. yasuni tadpoles 
show dark stippling (Figs. 14, 18). Furthermore, they differ significantly in their morphometric variables 
(MANOVA, p < 0.001, F = 15.437, df = 30, df2 = 361.705, n = 137). 

Hyloxalus italoi tadpoles differ from H. bocagei and H. maculosus tadpoles in morphometric variables (p
< 0.001). Hyloxalus italoi differs from H. bocagei in a lower body/tail proportion (t-test, t = -10.96, df = 108, 
p < 0.001); tail musculature is more robust (t-test, t = -16.16, df = 108, p < 0.001); body is more elongated; 

TABLE 9. (continued)

Hyloxalus italoi
Stage 25 Stage 26 Stage 27 Stage 28 Stage 30 Stage 31 Stage 41

n = 22 n = 10 n = 5 n = 2 n = 1 n = 1 n = 1

TMH 2.2 ± 0.4 2.8 ± 0.2 3.2 ± 0.2 3.1 ± 0.4 3.2

1–2.8 2.5–3.2 2.8–3.3 2.8–3.33

SND 0.8 ± 0.1 1.0 ± 0.2 1.1 ± 0.1 0.9 ± 0.9 1 0.9 1.5

0.5–1.1 0.7–1.2 0.9–1.2 0.8–1

IND 1.5 ± 0.2 2.0 ± 0.2 2.1 ± 0.2 2 ± 0.4 2.2 1.5 2.4

1.2–2 1.7–2.2 2.0–2.3 1.7–2.3

END 0.7 ± 0.2 0.9 ± 0.1 1.0 ± 0.04 0.9 ± 0.1 0.9 1.2 1.0

0.4–1 0.8–1 1.0–1.0 0.8–1.0

EL 0.8 ± 0.1 1.0 ± 0.1 1.2 ± 0.1 1.1 ± 0.1 1.4 2.2 1.8

0.6–1.1 0.9–1.2 1–1.2 1–1.2

EW 0.7 ± 0.1 1.0 ± 0.1 1.1 ± 0.1 1.0 ± 0.1 1.2 1.6 1.5

0.6–1 0.8–1.1 1–1.2 0.9–1

IOD 1.6 ± 0.3 2.0 ± 0.2 2.2 ± 0.1 2.0 ± 0.4 2.2 2.2 2

1.1–2.1 1.8–2.2 2.1–2.2 1.7–2.2

VP 30.4 ± 4.4 34.4 ± 3.7 34.2 ± 2.9 34 ± 7.1 34 33 36

20–36 28–41 31–38 29–39

LAP 9.6 ± 1.5 10.4 ± 1.0 10.3 ± 2.11 10 ± 2.1 11.5 10 9.5

7–13 8.5–12 8–14 8.5–11.5

WOD 1.9 ± 0.3 2.4 ± 0.2 2.8 ± 0.2 2.4 ± 0.4 2.6 2.8 3.1

1.4–2.4 2.1–2.9 2.6–3.0 2.2–2.8

WUJ 0.9 ± 0.2 1.1 ± 0.1 1.3 ± 0.1 1.1 ± 1.2 1.3 1.3 1.5

0.6–1.3 0.9–1.3 1.2–1.4 0.9–1.2

WUJ/WOD 44.2 ± 4.0 44.5 ± 4.0 45.6 ± 1.8 43.5 ± 0.2 50 47.1 49.5

38–54.0 36.1–50 43.3–48.3 43.4–43.7

LTRF 2(2)/3 2(2)/3(1) 2(2)/3(1) 2(2)/3(1) 2(2)/3(1) 2(2)/3(1)

2(2)/3(1)
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less marginal papillae (t-test, t = 9.58, df = 108, p < 0.001); anterior edge of anterior jaw sheath is winding, 
round in H. bocagei (Fig. 10); in vivo, H. bocagei has two pale pectoral spots and a mark at dorsal fin origin; 
whereas, H. italoi lack those marks but exhibit two pale marks at each side of oral disc and two at each side of 
body at spiracle level (Fig. 11). Hyloxalus italoi differs from H. maculosus in that tail musculature reaches tail 
terminus (not reaching in H. maculosus); dorsal tail blotch absent; spiracle directed dorsoposteriorly (laterally 
in H. maculosus); blotches on labia (immaculate in H. maculosus); less marginal papillae (t-test, t = 6.163, df 
= 63, p < 0.001); anterior border of anterior jaw sheath winding (convex in H. maculosus); in vivo, H. 
maculosus has only one pair of pale marks, one at each side of the oral disc (Fig. 11).

Etymology. The specific name italoi is a patronym of Ítalo G. Tapia, collection manager of amphibian and 
reptiles at QCAZ. Ítalo G. Tapia is one of the collectors of specimens of the bocagei complex herein analyzed. 
He has also contributed significantly to the growth of scientific collections since 2000, hence, to the 
development in Herpetology in Ecuador. 

Comments. Hyloxalus italoi is strikingly similar to H. yasuni; however, genetic distance between these 
species is very high (4.9–5.7% in mitochondrial genes 12S, 16S and Cytochrome b; Tables 2 and 3, Santos 
2002, Santos et al. 2009:Fig. S3C). Moreover, tadpoles differ in coloration pattern and morphometric 
variables (see Comparisons between tadpoles), and their advertisements call show differences in temporal and 
spectral parameters (see Calls Descriptions and Comparison section). Therefore, they are considered not to be 
conspecific. Further information is included under Phylogeny and Chronogram and Ancestral Area 
Resconstruction sections (Tables 2 and 3; Fig. 1).

Referred specimens from Santiago (Provincia Morona Santiago, Ecuador) and Río Cenepa (Departamento 
Amazonas, Peru) are morphologically similar to type specimens and are included as Hyloxalus italoi (Table 
8). Specimens from Santiago are closely related to Hola Vida (Provincia Pastaza) specimens in the molecular 
phylogeny. Nonetheless, genetic distance between both populations is high as well (3.8–4% in mitochondrial 
genes 12S, 16S and Cytochrome b; Tables 2 and 3, Fig. 1; Santos et al. 2009:Fig. S3C). Thus, it is conceivable 
that they do not belong to the same species. Given the absence of molecular data for Cenepa specimens, they 
are assigned as referred specimens of H. italoi for their morphological similarity with specimens of Reserva 
Hola Vida and geographic proximity with specimens from Santiago.

Santos et al. (2003, 2009) assigned the name Hyloxalus maculosus to specimens from El Porvenir (= 
Reserva Hola Vida) and Kapawi, Provincia Pastaza, which belong to H. italoi. Their assigment was done on 
the basis of the proximity of Reserva Hola Vida specimens to the type locality of H. maculosus (Puyo, 
Provincia Pastaza). 

Hyloxalus maculosus (Rivero 1991)

Colostethus maculosus—Rivero 1991:17–20.—Holotype: “MCZ-A 99558 an adult male from Puyo, between Turingia 
and theatre, 950 m, Provincia Pastaza, Ecuador”. Fig. 2B.

Hyloxalus fuliginosus—Andersson 1945:17.
Colostethus bocagei—Coloma 1995:23 (partim).
Hyloxalus maculosus—Grant et al. 2006:168.

Diagnosis. A species with (1) mean SVL in adult males 22.6 mm (19.5–24.9 SD = 1.6, n = 12) and in adult 
females 25.1 mm (22.4–29, SD = 1.5, n = 19); (2) disc of Finger IV expanded 1.5 times the width of adjacent 
phalange; (3) Finger II shorter than Finger III; (4) fringes present on fingers; (5) disc of Toe IV expanded 
slightly less than 1.5 times the width of adjacent phalange; (6) fringes present on toes; (7) outer metatarsal 
fold present; (8) extensive toe webbing, formula I1—(2–2+)II(1)—(2–3)III(1–1½)—(3–3+)IV(3–3+)—(1–
1½)V; (9) oblique lateral stripe present, complete but diffused anteriorly or incomplete; (10) dorsum with 
three large blotches and small scattered spots; (11) gular-chest region brown or gray in adult males, 
completely cream or brown with white spots in adult females; (12) venter uniformly brown or gray in adult 
males, cream slightly translucent in adult females; (13) sexual dimorphism in ventral coloration present; (14) 
tadpoles translucent with brown stippling and blotches, a longitudinal brown mark on dorsum of tail 
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musculature and, in vivo, two pale spots at each side of the oral disc; (15) tadpole spiracular opening oriented 
laterally; (16) call is a long trill composed of paired pulsed notes. 

Hyloxalus maculosus is similar to those species with extensive toe webbing and oblique lateral stripe 
complete or diffused anteriorly (H. bocagei, H. fuliginosus, H. sordidatus). It is distinguished from H. bocagei
by having a large spot at sacral level (small spots in H. bocagei). Hyloxalus fuliginosus is larger (SVL 27.8–
32.5 mm, mean = 29.9 mm in 12 adult females, U- Mann-Whitney, U= 0, p < 0.001; SVL 23.6–24.3 mm, 
mean = 23.8 mm in 4 adult males, U- Mann-Whitney, U = 6, p > 0.001, Coloma, unpublished data) and has 
less extensive toe webbing (formula I1½—2II1½—(2½–3)III2—(3–3½)IV3½—2V). Hyloxalus sordidatus
is larger (SVL 24.2–29.9 mm, mean = 25.7 mm in 8 males, t-test, t = 5.71, df = 16, p < 0.001; SVL 31.8–36.1 
mm, mean = 33.6 mm in 3 females, t-test, t = 12.43, df = 15, p < 0.001) and gular-chest region in adult females 
is yellow, whereas in H. maculosus it is cream or light brown (Duellman, 2004). Specimens of H. maculosus
that lack an oblique lateral stripe, or it is reduced at groin level, are similar with H. leucophaeus, H. italoi and 
H. yasuni. Hyloxalus maculosus differs from H. italoi and H. yasuni by the ventral coloration; males of these 
two species have the throat dark brown with white spots, whereas, H. maculosus has the throat uniformly gray 
or brown without white spots. In H. leucophaeus, Finger II is longer than Finger III, outer metatarsal fold is 
absent, and there is no sexual dimorphism in ventral coloration. 

FIGURE 15. Tadpole of Hyloxalus maculosus from Santa Rosa (QCAZ 42086a, Stage 28): (A) dorsal; (B) lateral; (C) 
ventral views. Drawings by Diego A. Paucar.
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Description. Variation in measurements is given in Table 4 (n = 44: 20 males, 24 females). Head slightly 
longer than wide; snout subacuminate in dorsal view, angular in lateral view; loreal region flat; nostrils 
slightly protuberant; supratympanic bulge weak, covering upper edge of tympanum.

Finger II shorter than Finger III; fingers unwebbed; fringes present but discrete; terminal discs 1.5 times 
diameter of adjacent phalange; subarticular tubercles round, those of Finger II slightly oval, distals of Fingers 
IV and V only visible under dissecting microscope; outer metacarpal tubercle large, round and slightly 
protuberant; inner metacarpal tubercle at base of thumb small, elliptical and less protuberant than outer; an 
indistinctive keel in outer edge of metacarpus. Outer metatarsal fold present; inner sigmoid tarsal fold present 
on distal half of tarsus; outer metatarsal tubercle round; inner metatarsal tubercle same size as outer, elliptical; 
protuberance between the two metatarsal tubercles; toes more than half webbed, toe webbing formula I1—(2–
2+)II(1)—(2–3)III(1–1½)—(3–3+)IV(3–3+)—(1–1½)V; extensive lateral fringes on toes; terminal discs 
expanded slightly less than 1.5 times the diameter of adjacent phalange; subarticular tubercles round, small; 
supernumerary tubercles absent. 

Skin on dorsum, limbs, flanks and venter smooth; scattered tubercles on posterior dorsum and on flanks of 
some specimens; small and round tubercle inmediatly posterior to mouth; anal sheath conspicuous. Tongue 
more than twice as long as wide, thinner and broader posteriorly, posterior half not attached to mouth’s floor. 
Testis white.

Variation of color in preservative (~70% ethanol). Variation in color patterns is depicted on Figs. 5B–
7B. Dorsum of head and body brown; an interorbital blotch, a V-shaped blotch at scapular level, a blotch at 
sacral level, and small spots around scapular level blotch; flanks brown; diffuse dark brown stripe from snout 
to arm-body junction. Oblique lateral stripe present, complete but diffuse in anterior portion, or incomplete. 
Forelimbs brown with three transverse bars on elbow and forearm, transverse bars continue throughout 
fingers; dorsal surfaces of hind limbs brown with transverse bars darker brown (approximately 11 at leg and 
tarsus); ventral surfaces cream-colored. Venter uniformly brown in adult males, cream in adult females; gular-
chest region uniformly brown in adult males, cream or slightly brown with white dots in adult females; axillas 
translucent. Palmar and plantar surfaces brown; toe webbing cream. 

Sixteen juveniles (EPN 1649, 8906; QCAZ 19968–19971, 19973, 20628, 20630–20631, 37157, 37160; 
USNM 282069, 282074, 282077, 282683) with SVL of 12.9–21.7 (mean = 17.5) have same coloration as 
adult specimens. However, blotches are more contrasting with brown dorsal coloration than in adults. Ventral 
surfaces are translucent. Five recently metamorphosed specimens (QCAZ 19978–19982) have SVL of 9.9–
10.6 (mean = 10.3). 

Color in life. (Fig. 3B). QCAZ 37156 (adult male, 2.6 km W of Puyo). Dorsum reddish-brown, posterior 
portion of dorsum and hind limbs more reddish; brighter reddish-brown spots posterior to eyes and on arm at 
arm-body junction. Ventrally translucent; gular-chest region uniformly gray, two thin band-like marks at each 
side of throat; venter white. Loreal region plain light brown. Tubercle posterior to mouth iridescent. Iris 
bronze (MIP field notes, 09 July 2007).

QCAZ 37158–37159 (adult females, 2.6 km W of Puyo, Fig. 4B). Gular-chest region white; hind limbs 
ventrally translucent (MIP field notes, 09 July 2007).

Variation. Twelve specimens from 2.6 km W of Puyo (QCAZ 37156–37160), and also males from Santa 
Rosa (QCAZ 42074–42084) are gray in preservative and the oblique lateral stripe is indistinctive; oblique 
lateral stripe to midflanks in females (QCAZ 42078, 42082–42083). Two males (QCAZ 37156, 37868) 
exhibit two band-like marks at gular-chest region; two females (QCAZ 37158 and 37159) have the gular-chest 
region gray with white spots. Specimens from Puerto Misahuallí (QCAZ 19968–19978, 20628, 20630–20631, 
20635, 21186) are slightly lighter; transverse bars in hind limbs are very subtle and the oblique lateral stripe is 
reduced to a short cream band anterior to the groin. A male (QCAZ 19972) has a cream longitudinal band in 
middle of the throat, and in two females (QCAZ 19975 and 21186), the gular-chest region has brown stippling 
over a cream background. 

Tadpole. The following description is based on a single specimen in Stage 28 (QCAZ 42086a, Figs. 11B, 
15). Tadpole corresponds to a series of back-riding tadpoles from adult male QCAZ 42085, obtained in Santa 
Rosa, Provincia Pastaza, Ecuador. All measurements provided are in millimeters. Total length 26.7; body 
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ovoid, depressed, narrower at anterior portion; body length 10.0 (37.5% of total length), width at spiracle 7.5, 
height taken posterior of eyes 5.5; snout round in dorsal and lateral views. 

Nostrils very small, directed anterolaterally, openings circular; opening 2.5 from tip of snout; internarial 
distance (taken at internal edge of each nostril) 1.8; distance from narial opening to anterior edge of eye 1.0. 
Eyes directed dorsolaterally; eye length 1.0, width 0.9; interorbital distance from internal edge of each eye 
1.8. 

Spiracle sinistral 5.6 from tip of snout (56% of total length); inner wall free in its distal portion; length 1.2, 
width at base 1.3; opening directed laterally and with a diameter of 0.4. Vent tube totally bounded to ventral 
fin, length 1.2, width 1.2; opening circular and dextrally to ventral fin. 

Tail length 17.8 (66.9% of total length); tail musculature narrowing gradually, tail musculature almost 
reaches tail terminus (Fig. 15B); myotomes conspicuous from the posterior half of tail; muscle width at body-
tail junction 2.7, muscle height 2.7; tail height at midtail 6.3; dorsal and ventral fin originate at body-tail 
junction; dorsal fin height 1.7, ventral fin height 1.0; distal margin of tail slightly round (Fig. 15B). Lateral 
line system poorly developed; interorbital, supraorbital, and dorsal body lines hardly seen; dorsal body line 
not visible on the tail.

Oral disc located ventrally, emarginated on both sides (Fig. 10B); transverse width 3.0 (40% of body 
width); border of disc surrounded with 104 marginal papillae: 65 ventral papillae and 39 located laterally (18 
at one side and 21 at the other); submarginal papillae absent; alternate ventral marginal papillae are slightly 
displaced to opposite directions, emulating two rows; towards the sides of the oral disc, the ventral papillae 
are distributed irregularly; lateral papillae are aligned, but alternate papillae are oriented to opposite 
directions, also emulating two rows; single anterior gap of papillae 1.4. 

Anterior and posterior jaw sheaths serrated through their entire length; serrations less profound as they 
move away from center; anterior jaw sheath transverse width, including lateral processes, 1.3 (43.4% of oral 
disc width); anterior and posterior edges of anterior jaw sheath convex; posterior jaw sheath V-shaped, 
transverse width 0.9 (30.3% of oral disc width). 

Labia tooth row formula 2(2)/3; anterior tooth row A-1 length 2.1, number of teeth 197; A-2 length 1.0 
and 75 teeth at each side of gap; A-2 gap length 0.1; a 1-tooth gap at P-1 row; posterior tooth row P-1 length 
2.0, 142 teeth (71 at each side of small gap); P-2 length 2.0 and 168 teeth; P-3 length 2.0 and 189 teeth. 

Color in preservative (~10% formalin). Dorsum and sides of body translucent with brown stippling. 
Ventrally, oral disc and immediate posterior region translucent. Region anterior to spiracle slightly stippled; 
posterior region of venter translucent leaving gut visible. Spiracle and vent tube translucent. Jaw sheath 
coppery brown.

Tail musculature white, translucent posteriorly; dorsally stippled from body-tail junction to two thirds of 
its length, forming a conspicuous blotch (Fig. 15). Ventrally white. Laterally, scattered gray small blotches on 
the anterior two thirds. Fins translucent; dorsal fin with scattered small blotches on the anterior two thirds; 
ventral fin immaculate.

Color in life. (Fig. 11). Dorsum brown with golden glitter; tail whitish with brown and golden spots on 
the anterodorsal portion, laterally white with brown flecks. Ventrally translucent, two pale spots at each side 
of the oral disc (photo of QCAZ 42086, taken by LAC).

Variation. Twenty (20) tadpoles in Stages 25–36 were examined; however, not every stage is represented 
in the sample. Variation of 17 measurements is given in Table 10. 

Variation in tooth row P-1 consists of 83% of tadpoles in Stages 25–29 (n = 12) lack an evident gap. From 
Stage 33, gap is present in every specimen examined with the exception of two (n = 8). Specimens from the 
series QCAZ 37864–37865 differ in having a more pronounced oval body shape, posterior portion narrower; 
dorsum of body brownish and stippling in dorsal surface of tail is less visible. As development proceeds, the 
lateral line system becomes more evident; dorsal body, middle body, infraorbital, supraorbital and posterior 
supraorbital are visible from Stage 33. Dorsum of body and tail of tadpoles in early stages (25–29) is stippled. 
As development continues, the dots grow and blur to combine with other dots, resulting in a blotch pattern 
and, ultimately, in a uniform pattern of coloration.

Two metamorphs in Stage 42 (QCAZ 37864i, j) and one metamorph in Stage 44 (QCAZ 37865e) exhibit 
the same coloration pattern of adult specimens. Nonetheless, the transverse bars on limbs are more 
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conspicuous. Gular-chest region slightly stippled and abdomen translucent. Dorsal tail blotch conspicuous and 
scattered spots throughout tail. 

TABLE 10. Measurements (in mm) of tadpoles of Hyloxalus maculosus. Mean ± SD, and range are given. Abbreviations 
are: TL = total length; BL = body length; BW = body width; BH = body height; TAL = tail length; TMW = tail 
musculature width; TMH = tail musculature height; SND = snout to nostril distance; IND = internarial distance; END = 
eye to nostril distance; EL = eye length; EW = eye width; IOD = interorbital distance; VP = number of ventral papillae; 
LAP = number of lateral papillae; WOD = oral disc width; WUJ = upper jaw width; LTRF = labial tooth row formula.

Hyloxalus maculosus
Stage 25 Stage 26 Stage 28 Stage 29 Stage 33 Stage 34 Stage 35 Stage 36

n = 1 n = 2 n = 4 n = 5 n = 1 n = 1 n = 5 n = 1

TL 14.2 14.7 ± 0.5 27.0 ± 2.5 27.4 ± 0.7 31.3 35.7 35.0 ± 2.3 37.3

14.3–15 23.8–30 26.7– 28.5 31.6–37.3

BL 4.8 5.2 ± 0.2 9.8 ± 1.4 9.8 ± 0.6 10.7 11.2 11.4 ± 0.3 12.2

5–5.3 7.8–11.2 9.3–10.5 11–10.7

BW 3.3 3.4 ± 0.1 7.1 ± 1.2 6.8 ± 1.1 8 6.7 7.2 ± 0.6 7.3

3.3–3.5 5.3–8 5.5–8 6.3–8

BH 2.3 2.3 5.2 ± 1.1 4.8 ± 0.7 4.5 4.8 4.9 ± 0.2 5.5

3.5–6 4–5.7 4.5–5

TAL 9.7 9.6 ± 0.6 17.3 ± 1.2 17.7 ± 10.9 20.8 24.5 23.6 ± 2.0 25.2

9.2–10 16–18.7 16.7–19.2 20.8–25.8

TAL/TL 68.2 65.3 ± 1.9 64.3 ± 3.2 64.6 ± 2.2 66.5 68.7 67.5 ± 1.4 67.4

64.0–66.7 61.0–67.1 62.0–67.2 65.8–69.2

TMW 1.3 1.5 2.5 ± 0.2 2.7 ± 0.1 3.7 3.7 3.8 ± 0.4 4

2.3–2.7 2.5–2.8 3.2–4.2

TMH 1.5 1.7 2.8 ± 0.2 2.8 ± 0.1 3.5 3.3 3.3 ± 0.3 3.5

2.7–3 2.7–3 2.8–3.7

SND 1.2 1.2 ± 0.1 2.4 ± 0.3 2.3 ± 0.2 2.4 2.5 2.3 ± 0.2 2.8

1.2–1.2 2.0–2.8 2–2.5 2.1–2.5

IND 0.9 1.1 ± 0.04 1.8 ± 0.4 1.8 ± 0.3 2.2 2.2 2.1 ± 0.3 2

1.1–1.2 1.2–2.1 1.2–2.0 1.8–2.2

END 0.4 0.5 1.0 ± 0.1 0.9 ± 0.1 1.0 1 1.0 ± 0.04 1.0

0.9–1.2 0.8–1 0.9–1

EL 0.7 0.7 1.04 ± 0.1 1.1 ± 0.1 1.4 1.6 1.6 ± 0.1 1.6

0.9–1.2 1.0–1.2 1.4–1.6

EW 0.6 0.6 0.9 ± 0.1 0.9 ± 0.1 1.1 1.4 1.2 ± 0.1 1.2

0.7–1 0.8–1 1–1.3

IOD 0.9 1.0 ± 0.04 1.7 ± 0.4 1.6 ± 0.3 2.3 2 2.1 ± 0.2 2.8

1.0–1 1.1–1.9 1.2–2.0 1.8–2.3

VP 27 29 52.8 ± 5.7 52.4 ± 5.6 49 51 43.8 ± 6.9 47

45–58 46–58 36–52

LAP 7.5 9.2 ± 1.1 16.1 ± 1.7 15.1 ± 3.1 14 17 16.6 ± 1.6 18

......continued on the next page
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Comparisons. Tadpoles of Hyloxalus maculosus are notably similar to H. bocagei and H. sauli. They 
differ from H. bocagei in the following: (1) shape of dorsal fin (Figs. 9B, 11A−B, 15B); (2) spiracular opening 
directed laterally (directed dorsoposteriorly in H. bocagei); (3) oral disc narrower in relation to body width (t-
test, t = 3.544, p < 0.001); (4) labia immaculate (stippling on anterior and posterior labia in H. bocagei); (5) 
anterior jaw sheath broader (Fig. 10A−B). It differs from H. sauli in the following: (1) tail terminus is round in 
H. maculosus, pointed in H. sauli; (2) spiracular opening directed laterally (dorsoposteriorly in H. sauli); (3) 
anterior jaw sheath broader and the anterior edge is convex, whereas it is slightly winding in H. sauli.

Tadpoles of Hyloxalus maculosus are morphometrically different from H. italoi and H. yasuni
(MANOVA, p < 0.001, F = 15.437, df = 30, df2 = 361.705, n = 137). Additionally, the following differences 
are appreciable: (1) body less elongated in H. maculosus (t-test, t = 3.749, df = 59, p < 0.001 with H. italoi; t = 
4.332, df = 33, p < 0.001 with H. yasuni); (2) dorsal caudal blotch present (absent in H. italoi and H. yasuni); 
(3) spiracle directed laterally (dorsoposteriorly in H. italoi and H. yasuni); (4) tail musculature does not reach 
tail terminus in H. maculosus; (5) greater number of labial papillae (t-test, t = 6.163, df = 59, p < 0.001 with H. 
italoi; t = 5.229, df = 33, p < 0.001, with H. yasuni); (6) anterior edge of anterior jaw sheath is round in H. 
maculosus, winding in H. italoi and H. yasuni (Fig. 10B−D); (7) labia immaculate (blotches in labia of H. 
italoi and H. yasuni); (8) in life, H. maculosus has a pale mark at each side of oral disc, whereas H. italoi and 
H. yasuni also exhibit two pale marks at each side of body at spiracular level (Fig. 11). 

Comments. Rivero’s description of Hyloxalus maculosus (1991) is appropriate. Nonetheless, he points 
out that the holotype specimen corresponds to an adult male. Despite the presence of vocal slits, this specimen 
has juvenile appearance (SVL = 20.4 mm) and does not exhibit sexual dimorphism in ventral coloration. We 
have noticed that vocal slits can be open in juveniles as a result of manipulation. The presence of vocal slits in 
this specimen could be an artifact of previous manipulations. Thus, the holotype of H. maculosus is 
considered a juvenile. On the other hand, the specimen assigned as paratype (MCZ-A 104846) by Rivero 
(1991) corresponds to H. bocagei (Fig. 16). See also comments in H. bocagei account. Hyloxalus maculosus
is resurrected from H. bocagei’s synonymia. These species differ in adult and tadpole morphometrics and 
external morphology. Additionally, call parameters of their advertisement call show statistically significant 
differences (see Call Comparisons section, and Tables 2 and 3 for patristic distances). Santos et al. (2003, 
2009) assigned erroneously the name of H. maculosus to specimens from El Porvenir (= Reserva Hola Vida) 
and Kapawi in Provincia Pastaza, which belong to H. italoi. Further information is included under Phylogeny 
and Chronogram and Ancestral Area Reconstruction sections (Tables 2 and 3; Fig. 1).

TABLE 10. (continued)

Hyloxalus maculosus
Stage 25 Stage 26 Stage 28 Stage 29 Stage 33 Stage 34 Stage 35 Stage 36

n = 1 n = 2 n = 4 n = 5 n = 1 n = 1 n = 5 n = 1

8.5–10 15–18.5 10–18 15–19

WOD 1.4 1.6 ± 0.01 2.9 ± 0.3 2.8 ± 0.4 3.2 3.2 2.8 ± 0.3 2.8

1.5–1.6 2.4–3.1 2.2–3.0 2.4–3.2

WUJ 0.6 0.7 1.3 ± 0.1 1.3 ± 0.2 1.5 1.5 1.4 ± 0.1 1.5

1.1–1.2 1.0–1.4 1.2–1.5

WUJ/WOD 42.2 42.9 ± 0.3 43.9 ± 0.9 45.9 ± 2.4 47.2 47.6 49.8 ± 3.6 55.1

42.7–43.1 43–45 42.3–47.9 45.6–53.6

LTRF 2(2)/3 2(2)/3 2(2)/3 2(2)/3 2(2)/3(1) 2(2)/3(1) 2(2)/3 2(2)/3

2(2)/3(1) 2(2)/3(1)
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FIGURE 16. Paratype of Hyloxalus maculosus (MCZ-A 104846, adult male, SVL = 21.8 mm) from Volcán Reventador 
corresponds to H. bocagei. 

Hyloxalus sauli (Edwards 1974)

Colostethus sauli—Edwards 1974b:10.—Holotype: “KU 122217, an adult male from Santa Cecilia, 340 m, Napo, 
Ecuador; collected by William G. Saul on 12 July 1968”. 

Hyloxalus sauli—Grant et al. 2006:168.

Diagnosis. A species with (1) mean SVL in adult males 22.7 mm (19.7–24.9, SD = 1, n = 30), and in adult 
females 25.4 mm (22.2–28.7, SD = 1.4, n = 29); (2) disc of Finger IV expanded 1.5 times the width of 
adjacent phalange; (3) Finger II shorter than Finger III; (4) fringes present on fingers; (5) disc of Toe IV 
expanded 1.5 times the width of adjacent phalange; (6) fringes present on toes; (7) outer metatarsal fold 
present; (8) basal toe webbing, formula I(1½–2)—(2–3)II(1½–2)—(2–3½)III(2+–3)—(3½–4+)IV(4–4½)—
(2–3)V; (9) oblique lateral stripe complete, ventrolateral stripe complete, diffuse or interrupted; (10) dorsum 
with three large blotches; (11) gular-chest region uniformly brown or gray in adult males, cream-colored or 
slightly brown with white spots in adult females; (12) venter uniformly brown or gray in adult males, cream 
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slightly translucent or slightly flecked with brown in adult females; (13) sexual dimorphism in ventral 
coloration present; (14) tadpoles light brown with scattered brown blotches on tail and a large longitudinal 
brown mark on dorsum of tail musculature; (15) tadpole spiracular opening oriented dorsoposteriorly; (16) 
call is a long trill composed of single notes.

Hyloxalus sauli is similar to those species with basal toe webbing, oblique lateral stripe complete, and that 
lack dorsolateral stripe and pectoral marks (H. awa Coloma, H. insulatus Duellman, H. littoralis Péfaur, H. 
toachi Coloma, H. vergeli Hellmich). Hyloxalus awa has white spots over dark brown throat and chest. 
Hyloxalus insulatus has Finger II longer than Finger III and lacks outer metatarsal fold and metatarsal 
tubercle. Hyloxalus littoralis exhibits brown spots on gular-chest region, forming a subtle collar-like mark and 
Fingers II and III are equal in size. Hyloxalus toachi has no fringes on fingers and testes are brown. Hyloxalus 
vergeli is larger in size (SVL greater than 28 mm).

Description. Edwards (1974b) provided a morphological description of the species under the name of 
Colostethus sauli. Variation in measurements is given in Table 4 (n = 59: 30 males, 29 females). Head slightly 
longer than wide; snout round in dorsal view, angular in lateral view; loreal region flat; nostrils slightly 
protuberant; supratympanic bulge diffuse, covering upper edge of tympanum or not. 

Finger II shorter than Finger III, fingers unwebbed; fringes present but discrete; terminal discs 1.5 times 
width of adjacent phalange; subarticular tubercles round, that of Finger II slightly oval; outer metacarpal 
tubercle large, round; inner metacarpal tubercle at base of thumb small, elliptical and subtly protuberant. 
Outer metatarsal fold present; inner sigmoid tarsal fold present on distal third of half of tarsus; outer 
metatarsal tubercle round; inner metatarsal tubercle smaller than outer, elliptical; protuberance between both 
metatarsal tubercles in 60% of examined specimens; toe webbing formula I(1½–2)—(2–3)II(1½–2)—(2–
3½)III(2+–3)—(3½–4+)IV(4–4½)—(2–3)V; lateral fringes present but discrete; terminal discs expanded 1.5 
times width of adjacent phalange; subarticular tubercles small, round; supernumerary tubercles absent.

Skin of dorsum, limbs and venter smooth; flanks rough; tubercle posterior to mandible junction; anal 
sheath conspicuous. Tongue more than twice as long as wide, thinner and broader posteriorly, posterior half 
not attached to mouth’s floor. Testis white. 

Color in preservative (~70% ethanol). Variation in color patterns is depicted on Figs. 5C–7C. Dorsum of 
head and body brown, slightly reddish; a dark brown interorbital blotch, a V-shaped mark at scapular level and 
a blotch at posterior portion of dorsum; dark brown lateral stripe from snout to groin. Pale oblique lateral 
stripe conspicuous from posterior corner of eye to groin, sometimes diffuse at anterior portion; pale 
ventrolateral stripe complete, diffuse or interrupted. Forelimbs brown with darker transverse bars on forearm, 
longitudinal dark brown stripe at anterior surface of arm, cream spot at arm-body junction; dorsal surfaces of 
hind limbs brown with darker transverse bars (9–11 at leg and tarsus), cream spot posterior to groin; ventral 
surface cream in females, brown in males. Gular-chest region uniformly dark brown in males, cream or light 
brown in females; venter uniformly gray or brown in males, cream slightly flecked with brown in females; 
axillas translucent, brown band at each axilla in some male specimens. Palmar and plantar surfaces brown; toe 
webbing cream.

Color in life. Edwards (1974b) described color in life. An adult male and a female from PUCE’s 
(Pontificia Universidad Católica del Ecuador) Yasuní Research Station are depicted in Figs. 3C and 4C, 
respectively.

Variation. Variation in measurements is given in Table 4. Variation in color patterns is depicted on Figs. 
5C–7C. Specimens from Bloque Shiripuno (n = 2, QCAZ 8984 and 9329) and Locación Petrolera Garza 1 (n
= 1, QCAZ 1435) lack ventrolateral stripe. In specimens from Puerto Bolívar (n = 3, QCAZ 28262–28263 and 
28339), the ventrolateral stripe is very subtle. 

Twenty juveniles (QCAZ 484, 486–487, 5318, 6879, 8082, 9404–9405, 22626, 24101–24102, 24237–
24238, 25050–25051, 25056, 25060, 25066, 28262–28263, 32476, 32478; USNM 282108–282112) with SVL 
of 10.3–21.4 (mean = 15.2) exhibit same coloration pattern as adults. Nonetheless, they are slightly paler and, 
thus, dark dorsal blotches are more contrasting. Ventrally cream-colored, some specimens translucent. Two 
recently metamorphosed specimens (QCAZ 5313 and 25051) have SVL of 12.1 and 10.49 respectively. 
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Tadpole. Edwards (1974b) described tadpoles in Stages 27–36. Duellman (1978) described tadpoles at 
Stage 36. Tadpoles of Hyloxalus sauli are similar to H. bocagei tadpoles. Nevertheless, the latter are round, 
their snout is more elongated, tail musculature is slender, tip of the tail is round, dorsal fin is broader at its 
anterior region and they are darker; the upper edge of upper jaw is straight, whereas it is subtly winding in H. 
sauli. Tadpoles of H. sauli are similar to H. maculosus tadpoles as well. However, tail in H. sauli is more 
heavily pigmented, spiracular opening is directed dorsoposteriorly (laterally in H. maculosus) and the upper 
edge of the upper jaw is slightly winding (straight in H. maculosus). 

Comments. Edwards’ (1974b) description is appropriate with the exceptions noticed by Coloma (1995). 
Additionally, Finger II is shorter than Finger III and females might exhibit brown spots on venter, whereas 
venter in males lacks spots. Edwards (1974b) also remarks on the absence of ventrolateral stripe. Nonetheless, 
88% of examined specimens exhibit ventrolateral stripe, complete, diffuse, or interrupted. Further information 
is included under Phylogeny and Chronogram and Ancestral Area Reconstruction sections (Tables 2 and 3; 
Fig. 1).

Hyloxalus yasuni new species

Hyloxalus bocagei (non Jiménez de la Espada)—Grant et al. 2006:136, 168.

Holotype. (Fig. 17, virtual animation). QCAZ 32465, adult male from Ecuador: Provincia Orellana: PUCE’s 
(Pontificia Universidad Católica del Ecuador) Yasuní Research Station (01° 40' 16.7" S, 76° 24' 01.8" W), 300 
m above sea level, part of a series collected on 29 July 2006 by Myrian Rivera, Ítalo G. Tapia, and Mónica 
Reinoso-Recalde. 

Paratopotypes. QCAZ 32455–67, same data as holotype; QCAZ 5100, 5132, obtained on 17–20 May 
1994 by Stella de la Torre and Santiago R. Ron; QCAZ 5319, 5864, obtained on 21 May–04 June 1994 by 
Stella de la Torre and Diego Tirira; QCAZ 6659, obtained on 01 January 1994 by Felipe Campos-Yánez; 
QCAZ 8079–80, 8081, 8083, 8284, obtained on 21 January–09 February 1995 by Morley Read; QCAZ 
12098–12099, obtained on 27 August 1996 by W. Chris Funk; QCAZ 12102, obtained on 31 December 1996 
by W. Chris Funk; QCAZ 13253, obtained on 19 April 1999 by Santiago R. Ron; QCAZ 13717, 13723–27, 
18435, 18706, obtained on August 1999 by Santiago R. Ron and Dania Prado; QCAZ 16779, obtained on 08 
August 2001 by Francisco Villamarín J.; QCAZ 18411–12, 18497, obtained on 16 February 2000 by Juan 
Carlos Santos; QCAZ 18719, obtained on 07 July 1997 by Santiago R. Ron; QCAZ 19230–35, 19250, 
obtained on 20 February 2002 by Ítalo G. Tapia and Giovanni Carotti; QCAZ 17849–52, 17854, 21264–67, 
21330; QCAZ 21432, 21441–44, 22480, 22535, 22554–60, 22588–93, 22625, 22957, 23825–27, 24056–74, 
24230–36, 24542, 25053–55, 25057–59, 25061–65, 25067–68, 25070–83, 30001–10, obtained between April 
2001 and September 2002 by Diego A. Paucar; QCAZ 33379–80, obtained on 23 April 2007 by Mónica I. 
Páez.

Referred specimens. QCAZ 31143–51, 31153–55, 31159, 31161–63, 31174–77, 31268, 31349, Guagua 
Sumaco, 1095 m (0° 43' 32.7"S, 77° 33' 57.6"W), obtained on 15–16 December 2005 by Ítalo G. Tapia, Néstor 
Acosta-Buenaño, and Mónica I. Páez; QCAZ 18679–80, Loreto obtained on 23 October 1999 by Eduardo 
Kohn; EPN 5752–54, Parroquia San José de Dahuano, Comuna 24 de Mayo, 415 m (0°43'16" S, 
77°25'24"W), obtained by Ana Almendáriz; EPN 7514, La Barquilla, obtained by Mario Yánez-Muñoz; 
QCAZ 37261–37262, 37629–34, Lumbaqui, 547 m (0° 4' 47.676"N, 77° 21' 53.28"W), obtained on 25 July 
2007 by Juan Carlos Santos, Natalia Biani, and Ítalo G. Tapia; QCAZ 5865–66, Reserva de Producción 
Faunística Cuyabeno, 260 m (0° 0' 34.92"S, 76° 10' 54.12"W), obtained on 01 April 1994 by Laurie J. Vitt and 
Peter A. Zani; QCAZ 6340, Reserva de Producción Faunística Cuyabeno, obtained on 01 September 1994 by 
Diego Tirira, Santiago R. Ron, and Edwin Carrillo, QCAZ 19161–62, 19164–65, Reserva de Producción 
Faunística Cuyabeno, 220–260 m, obtained on 03 February 2002 by Santiago R. Ron, Luis A. Coloma, and 
Ítalo G. Tapia; QCAZ 13670, Río Bermejo, 2 Km Northeast of Bermejo, 825 m (0° 10' 59.9982"N, 77° 22' 
0.1194"W), obtained on 24 October 1999 by Jenny Naranjo.
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Diagnosis. A species of the genus Hyloxalus as defined by Grant et al. (2006), based on the following 
features: (1) dorsal coloration cryptic, brown or black; (2) pale oblique lateral stripe present (although 
reduced); (3) pale dorsolateral stripe absent; (4) pale ventrolateral stripe absent; (5) dorsal skin texture 
posteriorly granular; (6) toe webbing extensive; (7) third finger of adults not swollen; (8) finger disc 
moderately expanded; (9) median lingual process absent; (10) larval vent tube dextral; (11) larval oral disc not 
umbelliform; (12) larval oral discs emarginated; (13) testes unpigmented; (14) dark throat collar absent. 

A species with (1) mean SVL in adult males 23 mm (19–25.8, SD = 1.2 n = 78) and in adult females 25.5 
mm (21.3–28.9, SD = 1.6, n = 70); (2) disc of Finger IV expanded less than 1.5 times the width of adjacent 
phalange; (3) Finger II shorter than Finger III; (4) fringes present on fingers; (5) disc of Toe IV expanded less 
than 1.5 times the width of adjacent phalange; (6) fringes present on toes; (7) outer metatarsal fold present or 
absent; (8) extensive toe webbing, formula I1—(1½–2+)II1—(2–3)III(1–2+)—(3–3½)IV(3–3½)—(1–2-)V; 
(9) oblique lateral stripe reduced to a small bar or a series of 3–5 dots at groin level; (10) dorsum with three 
large blotches; (11) gular-chest region brown with white marks in adult males, cream-colored or with faint 
brown spots in adult females; (12) venter white with brown marks in adult males, cream in adult females; (13) 
sexual dimorphism in ventral coloration present; (14) tadpoles translucent with brown stippling, a belt-like 
mark on body-tail junction and, in vivo, two pale marks on each side of oral disc and two on each side of body 
at spiracle level; (15) tadpole spiracular opening oriented dorsoposteriorly; (16) call is a long trill composed 
of single pulsed notes. 

Hyloxalus yasuni is similar to those species that exhibit extensive toe webbing and lack oblique lateral 
stripe (H. abditaurantius, H. betancuri, H. chocoensis, H. edwardsi, H. faciopunctulatus, H. italoi, H. 
leucophaeus, H. maculosus, H. ruizi). It is distinguished from these species by the following characters: H. 
abditaurantius has an orange spot on the calf, absent in H. yasuni. Hyloxalus betancuri lacks a tubercle 
posterior to mouth, ventral coloration in females (holotype CJS 2372, an adult female and the only specimen 
of the species known) is dark brown with small white dots, whereas females of H. yasuni are ventrally cream. 
Hyloxalus chocoensis has a squared dorsal mark and testes enlarged. Hyloxalus edwarsi and H. ruizi are 
distinguished from all species within the genus by having a cloacal funnel. Hyloxalus faciopunctulatus lacks a 
V-shaped dorsal blotch at scapular level. Hyloxalus leucophaeus lacks outer metatarsal fold and sexual 
dimorphism in ventral coloration. Hyloxalus maculosus differs in gular-chest region of adult males; they do 
not exhibit white spots over a dark brown background (Figs. 3B, E and 5-7B, F). Specimens of H. italoi are 
very similar to H. yasuni, nevertheless, these two species differ in genetic sequences, tadpole morphology, and 
call parameters (see H. italoi Comments).

Description of holotype. (Fig. 17, virtual animation). Male, 23.2 mm; head slightly longer than wide; 
head length 40.3% of SVL; head width 37.3% of SVL; snout round in dorsal view, slightly angular in lateral 
view; loreal region slightly concave; nostrils slightly protuberant; eye-nostril distance 64.9% of eye length; 
supratympanic bulge subtle, covering upper edge of tympanum; tympanum diameter 39.3% of eye length. 

Arm length 22.1% of SVL; Finger II shorter than Finger III; fingers unwebbed; fringes on finger discrete; 
terminal discs expanded, less than 1.5 times diameter of adjacent phalange; subarticular tubercles small, 
round, those of Fingers II and III slightly oval; outer metacarpal tubercle large, round and protuberant; inner 
metacarpal tubercle at base of thumb, elliptical, protuberant, approximately one third the size of outer 
metacarpal tubercle; depigmentation on the outer edge of metacarpus absent. Tibia length 45.7% of SVL; foot 
length 42.2% of SVL; outer metatarsal fold absent; inner sigmoid tarsal fold present on distal half of tarsus; 
outer metatarsal tubercle round; inner metatarsal fold larger than inner, elliptical; translucent protuberance 
between the two metatarsal tubercles; toes more than a half webbed, toe webbing formula I1—2II1—
2½III1+—3+IV3½—1½V; lateral fringes on toes extensive; terminal discs expanded, less than 1.5 times 
diameter of adjacent phalange; subarticular tubercles small, round; supernumerary tubercles absent.

Skin of dorsum, limbs, flanks and venter smooth; scattered tubercles on posterior portion of dorsum and 
flanks; tubercle posterior to mouth; anal sheath conspicuous. Tongue twice as long as wide, thinner and 
broader posteriorly, posterior two thirds not attached to mouth’s floor. Testis white.
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FIGURE 17. Holotype of Hyloxalus yasuni (QCAZ 32465, adult male, SVL = 23.2 mm): (A) dorsal view; (B) ventral 
view; (C) lateral view; (D) right hand enlarged 2.2 times of A; (E) right foot enlarged 2.5 times of A. Photos by LAC.

Color in preservative (~70% ethanol). Dorsum of head and body dark brown; a darker brown interorbital 
blotch, a V-shaped mark at scapular level, and a band-like mark at sacral level; flanks dark brown with white 
spots towards the venter; dark brown stripe from posterior corner of eye to arm-body junction. Loreal region 
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brown with scattered diffuse bronze spots. Pale oblique lateral stripe nearly absent, reduced to a short and dif-
fuse cream-colored band. Forelimbs dark brown, transverse bars not visible, a dark brown band on dorsal sur-
face of arm, a cream spot on dorsal surface of arm at arm-body junction, fingers dark brown; dorsal surface of 
hind limbs dark brown, transverse bars subtle, a dark brown spot behind the knee; groin dark brown; ventral 
surface of hind limbs brown, cream-colored proximally. Gular-chest region dark brown with small white 
spots, larger spots on chin; venter cream flecked with brown; short dark brown spots at axilla, axillas translu-
cent. Palmar and plantar surfaces dark brown; toe webbing translucent. 

Color in life. QCAZ 33379 (adult female, Fig. 4E). Iris black with coppery reticulations. Dorsum brown, 
slightly reddish; dorsal blotches dark brown; longitudinal reddish brown stripes posterior to each eye; loreal 
region brown with cream spots; flanks dark brown with white spots towards the venter. Tubercle posterior to 
mouth creamy white. Oblique lateral stripe reduced to a short cream-colored band anterior to the groin. Dorsal 
surfaces of hind limbs reddish brown; white spot at the arm-body junction; transverse bars dark brown. Gular-
chest region cream flecked with brown; venter white; dorsal surfaces of limbs translucent; palmar and plantar 
surfaces brown; webbing whitish translucent (MIP field notes, 23 April 2007).

QCAZ 33380 (adult male, Fig. 3E). Darker than female (QCAZ 33379). Reddish brown thigh marks. 
Ventrally, gular-chest region dark brown with white spots, venter cream flecked with dark brown (MIP field 
notes, 23 April 2007).
Variation. Variation in measurements is given in Table 7. Variation in color patterns is depicted on Figs. 5F–
7F. Toe webbing formula I1—(1½–2+)II1—(2–3)III(1–2+)—(3–3½)IV(3–3½)—(1–2-)V. Specimens from the 
type locality (n = 113: 58 males, 55 females) exhibit a keel on outer edge of metacarpus (75% of specimens). 
Outer metatarsal fold present in 77% of specimens. In some specimens, cream spots or dots present on loreal 
region (e.g. QCAZ 32459). Females paler than males in dorsal coloration. Gular-chest region dark brown in 
males, pale dots present or absent; cream slightly flecked with brown in females. Venter brown marbled or 
completely cream in males, cream or slightly flecked with brown in females. 

FIGURE 18. Tadpole of Hyloxalus yasuni from PUCE’s Yasuní Research Station (QCAZ 33189a, Stage 27): (A) dorsal; 
(B) lateral; (C) ventral views. Drawings by Diego A. Paucar.
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Fifty-one juveniles (QCAZ 5319, 6659, 8080–8081, 8083, 8284, 12098, 12102, 13253, 13723, 13725–
13727, 16779, 18411–18412, 18497, 19233–19235, 19250, 19910–19911, 21330, 22593, 23825, 24231–
24236, 25053–25055, 25061–25062, 25067, 25073–25075, 25077–25079, 32279, 32397–32399, 32457, 
32463) with SVL between 9–23.3 mm (mean = 15.8) have the same coloration patterns of adult specimens. In 
recently metamorphosed specimens, venter translucent and dorsal surface of limbs cream-colored. As 
development proceeds, the venter acquires cream coloration and limbs become brown. Nine recently 
metamorphosed specimens (QCAZ 5153, 5320–5322, 25079, 32397–32399, 35738) have SVL of 9.6–10.9 
mm (mean = 10.4).

In referred specimens from Guagua Sumaco (n = 21: 14 males, 7 females), transverse bars on hind limbs 
are more contrasting than in specimens from the type locality. Loreal region is the same color of dorsum or 
paler; pale dots absent. Gular-chest region in an adult male is cream-colored with scattered brown spots and a 
collar-like mark. Dorsum of referred specimens from Reserva de Producción Faunística Cuyabeno (n = 7: 3 
males, 4 females) is light brown, thus, dorsal marks are more conspicuous than in other localities; light brown 
stripes posterior to eyes. Loreal region is slightly lighter than dorsum, scattered pale dots in some specimens. 
The chest is white; venter and ventral surfaces of limbs are yellow marbled in both sexes. Two males with 
gular-chest region cream flecked with brown. Referred specimens from Lumbaqui (n = 6: 2 males, 4 females) 
are very similar to the topotypes. Loreal region is slightly paler than dorsum; pale dots absent. Measurements 
of three populations are given in Table 11. 

TABLE 11. Measurements (in mm) of Hyloxalus yasuni from type locality (Yasuní Research Station, PUCE), and two 
additional localities. Mean ± SD, and range are given. Abbreviations are defined in the text.

Hyloxalus yasuni
Yasuní Research Station (PUCE) Sumaco Cuyabeno and Lumbaqui

Males Females Males Females Males Females

n = 57 n = 55 n = 14 n = 6 n = 7 n = 8

SVL 23.2 ± 1.1 25.3 ± 1.6 22.5 ± 1.6 26.9 ± 0.8 22.7 ± 1.1 25.8 ± 2

20.6–25.8 21.3–28.9 19–25.2 25.9–27.8 21–23.7 22.1–28.2

HLSQ 8.7 ± 0.4 9.4 ± 0.5 8.8 ± 0.4 10 ± 0.3 8.6 ± 0.1 9.3 ± 0.5

8–9.7 8.3–10.2 8.1–9.6 9.6–10.3 8.3–9.2 8.5–9.8

HLSQ/SVL 37.8 ± 1.4 37.1 ± 1.2 39.1 ± 1.5 37.4 ± 0.6 38.1 ± 1.6 36.4 ± 1.3

34.7–40.3 34.7–39.8 36.6–42.8 37–38.5 36.2–40.2 34.5–38.1

HW 8.6 ± 0.4 9.4 ± 0.5 8.5 ± 0.6 9.7 ± 0.4 8.5 ± 0.3 9.4 ± 0.6

7.9–9.6 8.24–10.3 7.7–9.6 9.2–10.2 8.2–9 8.4–10.2

HW/SVL 37 ± 1.7 37 ± 1.5 37.6 ± 1.5 36 ± 1.8 37.5 ± 1.6 36.8 ± 3

32.6–40.1 33.1–40 35.7–40.7 33.2–38.5 35.8–40 31.2–41.4

HLSQ/HW 1 ± 0.03 1 ± 0.04 1 ± 0.04 1 ± 0.04 1 ± 0.02 1 ± 0.06

0.9–1.1 0.9–1.1 1–1.1 1–1.1 1–1 0.9–1.1

SL 3.8 ± 0.2 4.2 ± 0.3 4 ± 0.2 4.4 ± 0.2 3.8 ± 0.1 4.2 ± 0.2

3.2–4.3 3.3–4.7 3.7–4.4 4–4.6 3.7–4 3.8–4.4

END 2.4 ± 0.2 2.6 ± 0.2 2.4 ± 0.2 2.7 ± 0.2 2.4 ± 0.1 2.6 ± 0.2

2–2.8 2.2–3.1 2.2–2.6 2.4–2.9 2.3–2.5 2.3–2.8

END/EL 70 ± 6 73 ± 5.6 70.6 ± 5.3 67.7 ± 5.1 72.5 ± 3.5 72.5 ± 3.3

58–86.5 61.3–87.2 60.6–77.6 60.9–73.6 68.2–77.6 66.6–77

IND 3.3 ± 0.2 3.5 ± 0.2 3.2 ± 0.2 3.7 ± 0.1 3.1 ± 0.1 3.5 ± 0.1

2.9–3.7 2.8–3.9 3–3.5 3.6–3.8 3–3.3 3.3–3.7

EL 3.4 ± 0.2 3.6 ± 0.2 3.4 ± 0.2 4 ± 0.1 3.2 ± 0.2 3.5 ± 0.2

......continued on the next page
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Tadpole. The following description is based on a single specimen in Stage 27 (QCAZ 33189a, Fig. 18). 
Tadpole corresponds to a series of dorsal tadpoles carried on back of adult male QCAZ 32466, obtained at 
forest at PUCE’s Yasuní Research Station along with the species holotype (QCAZ 32465). All measurements 
provided are in millimeters. Total length 23.5; body ovoid, ventrally depressed; body length 8.0 (34% of total 
length), width at spiracle 5.0, height taken posterior of eyes 3.7; snout round in dorsal and lateral views. 

Nostrils very small, inconspicuous, directed anterolaterally, openings circular; opening 0.8 from tip of 
snout; internarial distance (taken at internal edge of each nostril) 1.5; distance from narial opening to anterior 
edge of eye 0.8. Eyes directed dorsolaterally, slightly leaning anteriorly; eye length 1.0, width 0.9; interorbital 
distance from internal edge of each eye 1.6. 

Spiracle sinistral 5.0 from tip of snout (62.5% of total length); inner wall free in its distal portion; length 
0.8, width at base 0.8; opening directed dorsoposteriorly and with a diameter of 0.4. Vent tube totally bounded 
and dextrally to ventral fin, length 1.2, width 0.5; opening circular. 

TABLE 11. (continued)

Hyloxalus yasuni
Yasuní Research Station (PUCE) Sumaco Cuyabeno and Lumbaqui

Males Females Males Females Males Females

n = 57 n = 55 n = 14 n = 6 n = 7 n = 8

2.9–3.9 3.1–4.1 3.1–3.8 3.8–4.1 3.1–3.5 3.3–3.7

TYM 1.4 ± 0.1 1.5 ± 0.2 1.2 ± 0.2 1.6 ± 0.1 1.2 ± 0.1 1.4 ± 0.1

0.9–1.7 1.1–1.8 0.9–1.8 1.5–1.7 1.1–1.4 1.2–1.6

TYM/EL 39.1 ± 4.2 42.6 ± 0.3 37.1 ± 3.6 40.2 ± 3.3 38 ± 3.8 40.5 ± 3

27.3–48.6 30.7–53.5 30.5–45.7 35.4–44.8 34.5–45.8 36–45.4

ARM 5 ± 0.2 5.3 ± 0.3 5 ± 0.2 5.7 ± 0.2 5.1 ± 0.3 5.6 ± 0.4

4.5–5.5 4.7–6 4.6–5.3 5.4–5.9 4.8–5.6 5–6.3

ARM/SVL 21.7 ± 1.1 21.1 ± 1.1 22.4 ± 0.9 21.1 ± 0.9 22.3 ± 1.6 21.8 ± 1.9

19–24 18.8–23.4 20.8–24.2 20.2–22.8 20.4–24.5 19.1–25.2

HAND 6.1 ± 0.3 6.5 ± 0.4 6.2 ± 0.4 7 ± 0.3 6.3 ± 0.3 7 ± 0.5

5.3–7 5.2–7.4 5.4–6.9 6.7–7.3 6–6.7 6.3–7.7

FIIL 4.6 ± 0.2 4.9 ± 0.4 4.8 ± 0.3 5.2 ± 0.3 4.4 ± 0.4 5 ± 0.5

4.1–5.3 3.9–5.7 4.1–5.4 4.8–5.5 4–4.9 4.4–5.7

WFD 0.8 ± 0.1 0.8 ± 1.2 0.8 ± 0.1 1 ± 0.1 0.9 ± 0.1 0.9 ± 0.1

0.6–1 0.6–1.2 0.7–1 0.8–1.2 0.8–1 0.8–1.1

FEL 11.2 ± 0.5 11.9 ± 0.6 11.5 ± 0.7 13.1 ± 0.7 11.6 ± 0.4 12.9 ± 0.5

10–12.6 10.3–13.6 10–12.2 12.1–14 11–12.2 12.1–13.9

TL 10.6 ± 0.4 11.2 ± 0.5 10.9 ± 0.6 12.1 ± 0.3 11 ± 0.4 12 ± 0.8

9.5–11.4 9.5–12.3 9.8–11.9 11.6–12.5 10.7–11.5 10.6–13.2

TL/SVL 45.9 ± 1.9 44.3 ± 2 48.5 ± 1.8 45.2 ± 1.6 48.7 ± 2.8 46.8 ± 3.6

42.7–50.3 39.8–50.6 45.6–51.4 44.2–48.3 45.6–53.4 41–53

FL 9.9 ± 0.4 10.5 ± 0.6 10.4 ± 0.7 11.7 ± 0.6 10.3 ± 0.5 11.2 ± 0.6

8.9–11.1 8.9–11.8 9.1–11.3 11.1–12.6 9.6–10.9 10.4–12.1

FL/SVL 42.9 ± 1.9 41.6 ± 2 46.2 ± 1.3 43.4 ± 2 45.5 ± 3.2 43.8 ± 2.7

37.9–46.9 37.2–46.2 44.4–49.1 41–45.9 41–49.5 38.2–47.3

WTD 0.9 ± 0.1 1 ± 0.1 1 ± 0.1 1.2 ± 0.1 1 ± 0.1 1.1 ± 0.2

0.6–1.2 0.7–1.3 0.7–1.1 1–1.3 0.9–1.2 0.8–1.2
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Tail length 15.5 (66% of total length); tail musculature narrowing gradually, tip pointed reaches tail 
terminus; myotomes visible at distal half; muscle width at body-tail junction 2.5, muscle height 2.7; tail height 
at midtail 5.3; dorsal and ventral fin originate at body-tail junction, but dorsal fin edge becomes evident at one 
fourth of tail lenght; dorsal fin height 1.8, ventral fin height 1.5; distal margin of tail pointed, subtly directed 
upwards. Lateral line system not visible. 

Oral disc ventrally located, emarginated on both sides (Fig. 10D); transverse width 1.9 (37.9% of body 
width); border of disc surrounded with 62 marginal papillae: 41 ventral papillae and 21 located laterally (10 at 
left side and 11 at right side); a submarginal papillae at right side of inferior labium; ventral marginal papillae 
aligned, but alternate papillae project to opposite directions; single anterior gap of papillae 1.0. 

Anterior and posterior jaw sheaths serrated through their entire length; serrations less profound as they 
move away from center; anterior jaw sheath transverse width, including lateral processes, 0.8 (44% of oral 
disc width); anterior and posterior edge of anterior jaw sheath winding; posterior jaw sheath V-shaped, 
transverse width 0.6 (32% of oral disc width). 

Labia tooth row formula 2(2)/3(1); anterior tooth row A-1 length 1.4, number of teeth 107; A-2 length 1.3 
and 35 teeth at each side of gap; A-2 gap length 0.1; P-1 gap 0.04; posterior tooth row P-1 length 1.3, 70 teeth 
(35 at each side of gap); P-2 length 1.4 and 83 teeth; P-3 length 1.2 and 83 teeth. 

Color in preservative (~10% formalin). Dorsum and flanks translucent, tail musculature white; brown 
stippling covering integument and muscle. Integument less stippled than muscle. Ventrally translucent; region 
between mouth and gut heavily stippled; venter less stippled. Spiracle and vent tube translucent.

Tail musculature white, translucent at posterior portion; brown spots on entire extension of dorsal surface; 
ventrally and laterally subtly stippled; fins translucent with scattered brown spots. 

Color in life. (Fig. 11D). Body light brown with golden glitter on dorsum. Two short brown stripes, one 
anterior and the other posterior to the eye. Tail cream-colored with brown and golden spots; dorsal spots 
conspicuous in anterodorsal portion of tail; tail gradually becomes translucent, small iridescent spots in 
posterior portion of tail. A belt-like mark at body-tail junction. Ventrally, translucent with golden dots; brown 
spots on anterior portion of abdomen. Two conspicuous pale marks at each side of oral disc, and two at each 
side of the body at spiracle level. These marks are visible at ventral and lateral views (Fig. 11D).

TABLE 12. Measurements (in mm) of tadpoles of Hyloxalus yasuni. Mean ± SD, and range are given. Abbreviations 
are: TL = total length; BL = body length; BW = body width; BH = body height; TAL = tail length; TMW = tail 
musculature width; TMH = tail musculature height; SND = snout to nostril distance; IND = internarial distance; END = 
eye to nostril distance; EL = eye length; EW = eye width; IOD = interorbital distance; VP = number of ventral papillae; 
LAP = number of lateral papillae; WOD = oral disc width; WUJ = upper jaw width; LTRF = labial tooth row formula.

Hyloxalus yasuni
Stage 25 Stage 26 Stage 27 Stage 34 Stage 37

n = 6 n = 3 n = 2 n = 2 n = 1

TL 17.2 ± 1.2 18.3 ± 0.6 22.6 ± 1.3 27.4 ± 0.4 30.8

16–19 17.8–19 21.7–23.5 27.2–27.7

BL 5.6 ± 0.4 5.8 ± 0.1 7.7 ± 0.5 9.3 ± 0.5 10.3

5–6.2 5.7–5.8 7.3–8 9–9.7

BW 3.4 ± 0.3 3.6 ± 0.2 4.7 ± 0.5 5.9 ± 0.6 7

3–3.7 3.3–3.7 4.3–5 5.5–6.3

BH 2.4 ± 0.1 2.5 ± 0.2 3.5 ± 0.2 4 ± 0.5 4.8

2.2–2.5 2.3–2.7 3.3–3.7 3.7–4.3

TAL 11.7 ± 0.7 12.3 ± 0.2 15 ± 0.7 18.2 ± 0.2 20.8

11–13 12.2–12.5 14.5–15.5 18.2–18.3

TAL/TL 67.9 ± 0.7 67.2 ± 1.3 66.4 ± 0.7 66.6 ± 1.3 67.6

65.4–70 65.8–68.2 66.0–66.9 65.7–67.5

......continued on the next page
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Variation. Fifteen (15) tadpoles in Stages 25–37 were examined; however, not every stage is represented 
in the sample. Variation of 17 measurements is given in Table 12. 

Hyloxalus yasuni tadpoles exhibit the same color pattern as adult specimens in every developmental stage. 
The tail terminus is not always projected anteriorly. Fins are slender in Stage 25. P-1 gap sometimes is absent 
or teeth proximal to this space converge orienting to the front (Fig. 10D). Submarginal papillae absent in the 
rest of specimens examined. Two metamorphs (Stage 41, QCAZ 18756, 18942) exhibit dorsal pattern of adult 
specimens. 

Comparisons. Tadpoles of Hyloxalus yasuni are very similar to H. italoi. Nonetheless, they differ in 
morphometric variables (MANOVA, F = 15.437, df = 30, df2 = 361.705, p < 0.001, n = 137). Moreover, H. 
yasuni has brown stippling in body and tail; whereas, H. italoi has large blotches with diffuse edges (Figs. 14, 
18). 

Tadpoles of Hyloxalus yasuni differ from tadpoles of H. bocagei and H. maculosus in morphometric 
variables (MANOVA, F = 15.437, df = 30, df2 = 361.705, p < 0.001, n = 137). Additionally, H. yasuni is 

TABLE 12. (continued)

Hyloxalus yasuni
Stage 25 Stage 26 Stage 27 Stage 34 Stage 37

n = 6 n = 3 n = 2 n = 2 n = 1

TMW 1.8 ± 0.1 1.9 ± 0.2 2.2 ± 0.3 2.8 3.3

1.6–2 1.7–2 2–2.5

TMH 2 ± 0.2 2.1 ± 0.1 2.2 ± 0.6 2.8 ± 0.2 3.2

1.8–2.3 2–2.2 1.8–2.7 2.7–3

SND 0.6 ± 0.1 0.6 ± 0.03 0.9 ± 0.1 1.0 ± 0.04 1.2

0.6–0.7 0.6–0.65 0.8–1.0 0.95–1

IND 1.2 ± 0.1 1.2 ± 0.1 1.7 ± 0.2 2.1 ± 0.04 2

1.0–1.2 1.1–1.2 1.5–1.8 2.1–2.2

END 0.5 ± 0.05 0.7 ± 0.03 0.7 ± 0.04 0.9 ± 0.1 1.2

0.4–0.6 0.4–0.5 0.7–0.8 0.9–1

EL 0.8 ± 0.1 0.8 0.9 ± 0.1 1.2 ± 0.1 1.4

0.6–0.8 0.8–1.0 1.2–1.3

EW 0.7 ± 0.05 0.7 0.8 ± 0.1 1.1 ± 0.04 1.2

0.6–0.8 0.7–0.8 1.0–1.1

IOD 1.1 ± 0.10 1.1 ± 0.03 1.6 ± 0.1 1.8 ± 0.1 1.8

1–1.2 1.0–1.1 1.5–1.6 1.7–1.8

VP 27.7 ± 3.4 28 ± 1.7 40 ± 1.4 35 ± 4.2 35

25–34 26–29 39–41 32–38

LAP 7.5 ± 0.7 7.7 ± 1.3 10.5 ± 0.7 12.5 ± 1.4 12

7–8.5 6.5–8.5 10–11 12–13

WOD 1.3 ± 0.1 1.2 ± 0.1 1.8 ± 0.1 2.5 ± 0.1 2.2

1.2–1.5 1.0–1.3 1.7–1.9 2.4–2.6

WUJ 0.6 ± 0.1 0.6 ± 0.03 0.8 1.1 1.1

0.5–0.7 0.59–0.64

WUJ/WOD 45.0 ± 8.3 52.5 ± 4.9 46.1 ± 3.0 41.4 50.7

33–58.5 47.6–57.4 44–48.2

LTRF 2(2)/3 2(2)/3 2(2)/3 2(2)/3 2(2)/3

2(2)/3(1) 2(2)/3(1) 2(2)/3(1) 2(2)/3(1) 2(2)/3(1)
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larger than H. bocagei (t-test, t = -3.4, df = 82, p < 0.001); body/tail proportion is larger (t-test, t = -7.3, df = 
82, p < 0.001); tail musculature is more robust (t-test, t = -7.07, p < 0.001); eyes are larger (t-test, t = -6.1, df = 
82, p < 0.001); body is more elongated; fewer marginal papillae (t-test, t = 7.08, df = 82, p < 0.001); anterior 
edge of anterior jaw sheath winding, round in H. bocagei (Fig. 10); in vivo, tadpoles of H. bocagei have two 
pale ventral spots at anterior portion of body and a mark at dorsal fin origin; whereas, H. yasuni lacks those 
marks but exhibit two pale marks at each side of oral disc and two at each side of body at spiracle level (Fig. 
11). Hyloxalus maculosus has a dorsal tail blotch; spiracle directed laterally (dorsoposteriorly in H. yasuni); 
tail musculature reaches tail terminus; body less elongate (t-test, t = 4.332, df = 33, p < 0.001); more ventral 
papillae on oral disc (t-test, t = 5.229, df = 33, p < 0.001); labia immaculate (blotches on H. yasuni); anterior 
margin of anterior jaw sheath is convex (winding in H. yasuni); in life, H. maculosus exhibits only two pale 
marks at each side of oral disc (Fig. 11).

Etymology. The specific name yasuni is meant as a noun in apposition. It is derived from the Yasuní 
National Park, the type locality of the species and the larger protected area in Ecuador. The Yasuní National 
Park holds one of the richest amphibian faunas of the world that includes 150 species (Duellman 1988; Ron 
2001–2008); thus, its conservation is pivotal and of global significance (Bass et al. 2010). This name is also 
used to call attention to the Yasuní-ITT Initiative (Iniciativa Yasuní ITT 2009), a revolutionary idea to keep oil 
underground and protect the planet’s climate and biodiversity (http://www.yasuni-itt.gov.ec). According to 
Kohn (2002:451), this species has a common name given by Kichwa people from Ávila Viejo (Provincia 
Orellana): “yaku telele” (yaku, water in Kichwa; telele, onomatopoeic word for the calling of some frog 
species).

Comments. Referred specimens from Guagua Sumaco (Río Pingullo of Santos et al. 2009), R. P. F. 
Cuyabeno, Lumbaqui, and Bermejo are similar morphologically and they are included under Hyloxalus 
yasuni because of their phylogenetic proximity based on molecular data (Fig. 1; Santos et al. 2009). However, 
patristic distances between these populations are high (3.7–4.4% in mitochondrial genes 12S, 16S and 
Cytochrome b, Santos 2002; Santos et al. 2009); therefore, it is feasible that they are not conespecific (Fig. 1, 
Tables 2 and 3). For further information, see H. italoi Comments and Phylogeny and Chronogram and 
Ancestral Area Resconstruction sections (Tables 2 and 3; Figs. 1). 
 

Morphometric comparisons

(Fig. 19, Table 13). Sexes were analyzed separately, but the results were highly similar between them. 
Consequently, we present the results of both sexes together. We used only adult specimens for these analyses. 
Four components with eigenvalues greater than 1.0 were extracted from the PCA of 509 specimens belonging 
to the bocagei clade. The axes accounted for 64.4% of total variation. Limb variables had high loadings on PC 
I (29% of total variation) and head variables on PC II (19.2%). Width disc of Finger IV (WFD) and width disc 
of Toe IV (WTD) had high loadings on PC III (8.19%); eye to nostril distance (END) and diameter of 
tympanum (TYM), on PC IV (7.98%). Hyloxalus bocagei, H. sauli and H. maculosus had high PC I values. 
These species exhibit long limbs. Hyloxalus faciopunctulatus and H. yasuni are the species with the shortest 
limbs. However, there is a large amount of intraspecific variation in H. yasuni. Regarding PC II, H. bocagei
has the smallest head, whereas H. sauli has the largest. Hyloxalus italoi, H. maculosus and H. yasuni exhibit 
large intraspecific variation. Hyloxalus faciopunctulatus has intermediate values and does not show much 
intraspecific variation, perhaps due to sample size. 

In the DFA classification procedure, 78.2% of the 509 specimens were correctly classified. The species 
with the highest correct classification score was Hyloxalus sauli (94.9%), followed by H. bocagei (90.9%). 
There is some level of overlap between H. italoi (16.1% classified as H. yasuni) and H. yasuni (23.1% 
classified as H. italoi). In regards of H. maculosus, 56.8% were correctly classified, the remaining 43.2% 
distributed among the other species, except H. faciopunctulatus (note that 18.2% was classified as H. italoi). 
Hyloxalus faciopunctulatus had 50% of specimens correctly classified, 30% as H. yasuni and 20% as H. 
italoi. The two first discriminant functions accounted for 86.8% of total variation. Hand length (HAND), 
width finger disc (WFD), foot length (FL) and tibia length (TL) had the highest loading on DF I axis (48.8% 
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of total variation). Along DF II axis (37.2% of total variation), eye-nostril distance (END), tympanum 
diameter (TYM) and arm length (ARM) had the highest loadings. Along DF I axis, H. bocagei, H. maculosus 
and H. sauli had higher loadings (mainly positive), whereas, H. italoi, H. faciopunctulatus and H. yasuni had 
lower loadings (mainly negative). 

FIGURE 19. (A) Axes I and II from Principal Component Analysis, and (B) Functions I and II from Discriminant 
Function Analysis on fifteen size-corrected morphological variables for Hyloxalus bocagei, H. maculosus, H. sauli, H. 
faciopunctulatus, H. italoi, and H. yasuni.
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TABLE 13. Classification results from Discriminant Analysis on fifteen size-corrected morphological variables for 
Hyloxalus bocagei, H. maculosus, H. sauli, H. faciopunctulatus, H. italoi, and H. yasuni.

These analyses demonstrate that there is morphometric differentiation between the two clades within the 
bocagei clade: (bocagei + maculosus + sauli) and (italoi + yasuni). Because the morphometric variation of 
Hyloxalus faciopunctulatus falls within the italoi + yasuni morphometric space, as well as the similarity in 
some external morphological characters, we presume that it might pertain to the italoi + yasuni clade; 
however, this needs to be confirmed with a phylogenetic analyses. Species that were distinguishable on basis 
of qualitative characters were also distinguishable on basis of morphometric characters and vice versa.

Call descriptions and comparisons

The advertisement call of the bocagei clade species is a long trill, whose notes are emitted at regular intervals. 
Differences are noted in diagnosis (see also Table 17). There are mainly two types of calls among species: one 
composed of single notes (pulsed or not) and another one with paired pulsed notes. Dominant frequency is the 
second harmonic. Maximum amplitude is in the middle of the note. The call of Hyloxalus sauli is composed 
of single notes that are not pulsed. This species has the highest note repetition rate, and it also has a lower 
dominant frequency, always below 3500 Hz. In H. bocagei and H. maculosus the call is composed of paired 
pulsed notes, the dominant frequency is the highest of the group, always above 4100 Hz. The calls of these 
two species differ in call shape. In H. italoi and H. yasuni, the call is composed of single pulsed notes, 
moderately modulated in frequency. However, H. italoi presents a higher dominant frequency, a lower 
repetition rate and longer note duration than H. yasuni. 

Hyloxalus bocagei. (Fig. 20A, Table 14). Based on sound archives (QCAZ GD 014, 018, 020, and 023) of 
four specimens (QCAZ 42091–94; SVL = 22.3–25.6 mm). Calls were obtained at a stream in a disturbed area 
with pasture, 200 m above (crossing the road) Hostería El Reventador, Quito-Lago Agrio road, Provincia 
Sucumbíos (air temperature 18–19°C, water temperature 21°C, 0900–1200 hs) (Elicio E. Tapia field notes of 
12 May 2009). Call is a long trill consisting of paired notes. Ten pairs per call were analyzed (n = 8 calls). Call 
average length is 43.95 s (6.39–129.36 s), and average number of notes per minute is 452.8 (432.4–478.1). 
Average length of each pair is 123.15 ms (120.31–131.46 ms), and interval between pairs is 142.04 ms 
(134.65–149.19 ms). Average length of the first note is 38.04 ms (34.66–44.8 ms), interval between the two 
notes within each pair 49.76 ms (44.39–55.36 ms), and average length of the second note is 35.04 ms (30.28–
42.27 ms). Fundamental frequency 2076.19–2525.08 Hz (mean = 2331.68 Hz); dominant frequency 4142.99–
4969.86 Hz (mean = 4678.27 Hz). 

Species Predicted Group Membership Total

H. bocagei H. faciopunctulatus H. italoi H. maculosus H. sauli H. yasuni

Count H. bocagei 40 0 0 3 0 1 44

H. faciopunctulatus 0 5 2 0 0 3 10

H. italoi 0 3 165 2 2 33 205

H. maculosus 5 0 8 25 1 5 44

H. sauli 0 1 2 0 56 0 59

H. yasuni 0 1 34 5 0 107 147

% H. bocagei 90.9 0 0 6.8 0 2.3 100

H. faciopunctulatus 0 50 20 0 0 30 100

H. italoi 0 1.5 80.5 1 1 16.1 100

H. maculosus 11.4 0 18.2 56.8 2.3 11.4 100

H. sauli 0 1.7 3.4 0 94.9 0 100

H. yasuni 0 0.7 23.1 3.4 0 72.8 100
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FIGURE 20. Advertisement calls. Oscillograms (left) and spectrograms (right) of (A) Hyloxalus bocagei from Hostería 
El Reventador (QCAZ 42094); (B) H. maculosus from Santa Rosa (no voucher); (C) H. sauli from Bloque Shiripuno (no 
voucher); (D) H. italoi from Reserva Hola Vida (no voucher); (E) H. yasuni from PUCE’s Yasuní Research Station (no 
voucher). 

Hyloxalus italoi. (Fig. 20D, Table 14). Based on sound archives (QCAZ CC076) of three non-collected 
individuals recorded in the field (Reserva Hola Vida, El Porvenir, 12 km from Km 16 of Puyo-Macas road, 
02–03 September 1995; 19–20°C, 77–82% RH). Ten notes per call were analyzed (n = 13 calls). Call is a trill, 
average call length is 3.85 seconds, average number of notes per call is 41.46, and average note length is 45.55 
miliseconds. Fundamental frequency is 1636.52–2041.35 Hz (mean = 1860.83). Dominant frequency is 
3393.63–3821.16 Hz (mean = 3565.30). 

Hyloxalus maculosus. Edwards (1974a) describes the call of Hyloxalus maculosus (under the name of 
Colostethus fuliginosus) based on two recordings from Mera, 1140 m above sea level, Provincia Pastaza, 
Ecuador (24°C). The call consists of a series of paired notes, each pair 0.15 seconds long and 0.27 seconds 
between pairs. Each pair of notes has three harmonics. The fundamental frequency is 1800–2300 (mean =
2050) Hz and dominant frequency 3600–4600 (mean = 4100) Hz. 

Based on sound archives (QCAZ-GD 006, 007, 011, 013) of four specimens (QCAZ 42076 and three non-
collected individuals). Calls were obtained by Elicio E. Tapia from Santa Rosa, 1 km from Shell on Shell–
Puyo road, Provincia Pastaza on 11 May 2009 (air temperature 19°C, water temperature 20–21°C, 0930–1130 
hs). Call is a long trill consisted of paired notes, whose average length is 38.38 s (20.61–58.51 s). Ten pairs of 
notes per call were analyzed (n = 9 calls). Average number of notes per minute is 437.5 (394.3–460). Average 
length of each pair is 145.36 ms (137.76–160.55 ms) and interval between pairs 128.6 ms (117.77–147.62 
ms). Average length of the first note is 45.91 ms (34.56–50.24 ms), interval between the two notes within each 
pair 59.18 ms (48.55–71.74 ms), and average length of the second note is 40.22 ms (34.29–45.15 ms). 
Fundamental frequency 1981.06–2239.45 Hz (mean = 2081.54 Hz); dominant frequency 3953.50–4401.39 
Hz (mean = 4134.8 Hz).
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TABLE 14. Descriptive statistics for call parameters of Hyloxalus bocagei, H. maculosus, H. sauli, H. italoi, and H. 
yasuni. Mean ± SD is given with range below. Sample sizes are number of calls. Only H. bocagei and H. maculosus have 
paired notes. Temporal characters are given in milliseconds (call length in seconds); spectral characters in Hertz. 

Hyloxalus sauli. Duellman (1978) described the call of Hyloxalus sauli as a series of two or three quickly 
repeated peeps. According to Acosta-Buenaño (2002), the call described by Duellman (1978) corresponds to a 
call other than the advertisement call, due to great dissimilarity between the two calls studied by these authors. 
Acosta-Buenaño (2002) describes the advertisement call based on recordings obtained in the field (Bloque 
Shiripuno, Coca, 07 April 1996; 26°C, 93% of RH). The individual was in a sloping rocky terrain with several 
crevices used as hiding places. Sound archive (QCAZ CC077) with no voucher specimen associated (Fig. 
20C, Table 14). It is a long trill whose average length is 53.79 seconds, average number of notes per call is 61 
and average note length is 14.99 ms. Initial fundamental frequency is 1678.04–1709.24 Hz (mean = 1690.05 
Hz) and final 1678.83–1708.82 Hz (mean = 1690.14 Hz). Initial dominant frequency is 5275.55–5565.72 Hz 
(mean = 5429.63 Hz) and final 5276.80–5567.19 Hz (mean = 5421.99 Hz, n = 4, from the same specimen). 

Calls obtained by Diego A. Paucar from PUCE’s (Pontificia Universidad Católica del Ecuador) Yasuní 
Research Station were analyzed. Sound archives (QCAZ CC077 and QCAZ GD 027) correspond to four 
specimens (QCAZ 45514 and three non-collected individuals). Call is a long trill, whose average length is 
126.79 s (4.86–791.735 s). Ten pairs of notes per call were analyzed (n = 9 calls). Average number of notes 
per minute is 1233.31 (1153.85–1276.7). Average note length is 13.36 ms (11.18–16.77 ms), interval between 
notes is 35.85 ms (32.72–42.22 ms). Fundamental frequency is 1317.83–1869.08 Hz (mean = 1543.93 Hz); 
and dominant frequency 2480.62–3445.31 Hz (mean = 2951.48 Hz).

Hyloxalus yasuni. (Fig. 20E, Table 14) Based on sound archives (QCAZ CC209–12 and QCAZ GD028) 
with no voucher specimens, recorded by Diego A. Paucar. Number of individuals was not determined, but 

Hyloxalus bocagei Hyloxalus 
maculosus

Hyloxalus sauli Hyloxalus italoi Hyloxalus yasuni

n = 8 n = 9 n = 9 n = 13 n = 28

Call length 43.95 ± 39.13 35.69 ± 10.57 126.79 ± 253.29 3.84 ± 1.61 5.91 ± 1.48

6.39–129.36 20.61–58.51 4.86–791.74 1.87–8 3.58–8.63

Notes per call 331.12 ± 289.68 158.56 ± 68.50 2497.72 ± 4862.47 41.46 ± 20.88 83.25 ± 21.31

48–955 154–388 102–15226 19–99 51–126

Notes/minute 452.83 ± 15.30 437.53 ± 24.16 1233.31 ± 42.44 638.36 ± 68.21 845.11 ± 33.52

432.42–478.14 394.29–460.03 1153.85–1276.7 544–749.65 778.23–896.55

Note length 38.04 ± 3.42 45.91 ± 4.93 13.36 ± 1.94 45.55 ± 7.34 33.89 ± 6.99

34.66–44.8 34.56–50.24 11.18–16.77 38.22–64.22 25.74–54.8

Interval between notes 49.76 ± 3.68 56.18 ± 9.63 35.85 ± 2.76 51.74 ± 9.04 37.33 ± 8.02

44.39–55.36 48.55–71.74 32.72–42.22 25.94–64.2 14.14–49.29

Rise time 9.66 ± 2.45 17.89 ± 5.48 4.09 ± 1.05 22.27 ± 6.86 17.85 ± 3.14

5.15–13.82 10.04–29.20 2.71–6.48 12.49–32.54 9.59–24.49

Call shape 0.25 ± 0.05 0.4 ± 0.14 0.3 ± 0.06 0.5 ± 0.17 0.55 ± 0.13

0.14–0.31 0.2–0.63 0.23–0.4 0.3–0.73 0.32–0.73

Fundamental frequency 2330.97 ± 143.39 2065.27 ± 73.31 1543.93 ± 198.6 1860.83 ± 106.69 1864.16 ± 131.85

2067.19–2515.08 1981.06–2170.55 1317.83–1869.08 1636.52–2041.35 1541.78–2058.57

Dominant frequency 4661.94 ± 233.02 4105.42 ± 108.93 2951.48 ± 340.85 3565.3 ± 158.86 3606.81 ± 217.38

4142.99–4866.50 3953.5–4315.25 2480.62–3445.31 3393.63–3821.16 3100.78–3919.04

Pair of notes length 123.15 ± 3.89 145.36 ± 8.77

120.31–131.46 137.76–160.55

Interval between pairs of notes 142.04 ± 5.61 128.6 ± 8.54

134.65–149.19 117.77–147.62
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presumably each call belongs to a different frog (Diego A. Paucar, pers. comm.). He identified three types of 
calls from recordings obtained at the PUCE’s Yasuní Research Station between October 2001 and September 
2002 (23.2–28.9°C and 78–99% RH). Aggression call is a series of notes emitted at irregular intervals in a 
single call. Average call length is 2.47 seconds, average number of notes per call is 16 and average note length 
is 31 miliseconds. Dominant frequency is between 3000 and 4300 Hz, and its average peak is at 3690 Hz (n = 
11). Aggression call during combat is a brief hoarse sound of low intensity produced by both sexes in 
synchrony with each charge. It consists of one note whose length is 154 ms with frequencies between 1000 
and 4000 Hz. Dominant frequency is between 2000 and 2500 Hz and a defined peak is not distinguished (n = 
25). Advertisement call consists of a long trill, emitted at regular intervals. Ten notes per call were analyzed (n
= 28 calls). Average call length is 5.91 s, average number of notes per call is 83.2. Average note length is 
33.89 ms (25.74–54.8 ms), interval between notes is 37.33 ms (32.72–42.22 ms). Fundamental frequency is 
1541.78–2058.57 Hz (mean = 1864.16 Hz), and dominant frequency 3100.78–3919.04 Hz (mean = 3606.81 
Hz). 

FIGURE 21. (A) Axes I and II from Principal Component Analysis on six call parameters for Hyloxalus bocagei, H. 
maculosus, H. sauli, H. italoi, and H. yasuni.

Call Comparisons. Two components with eigenvalues > 1.0 were extracted from a PCA of calls from 19 
males belonging to Hyloxalus bocagei, H. maculosus, H. sauli, H. italoi and H. yasuni. The two axes 
accounted for 74.44% of the total variation. Principal Component I loads on note duration, notes repetition 
rate and frequency variables; while Principal Component II on call shape (Table 15). Along PC I, Hyloxalus 
sauli has the most divergent calls, characterized by a highest note repetition rate, shortest note duration and 
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lowest frequencies. Calls of neither H. italoi nor H. yasuni overlap with any other species along PC I. 
Hyloxalus bocagei and H. maculosus have a clear overlap in this component. They both exhibit the highest 
frequencies, the longest note durations and the lowest note repetition rate among the group; however, these 
can be clearly distinguished by the call shape (PC II, Fig. 21). In the DFA classification procedure, there were 
no cases of misclassifications. 

TABLE 15. Character loading and percentage of explained variance for Principal Components (PC) I–II for six acoustic 
variables from the advertisement call of Hyloxalus bocagei, H. maculosus, H. sauli, H. italoi, and H. yasuni. Bold figures 
indicate highest loadings.

Chronogram and ancestral area reconstruction

We found a recurrent trend of dispersal of species and populations within the bocagei clade from Andean 
ancestors to the Amazon Basin (Fig. 22). However, we also found evidence of populations of a single species 
distributed in both Amazon Basin and the Andes. The ancestral area reconstruction favored an Andean 
ancestor for the bocagei clade and this might suggest a late Miocene dispersal from the Andes to the 
developing Amazon Basin after the floodbasin gave rise to the modern Amazon River drainage (Hoorn 1994). 
The estimated age of the bocagei clade was 12.95 MYA (8.19−17.88). Times of divergence within the bocagei 
clade are given in Table 16.

TABLE 16. Times of divergence.

Variable Character Loading

PC I PC II

Note repetition rate (notes/min) –0.961 –0.02

Note length 0.756 0.007

Interval between notes 0.646 0.342

Call shape –0.060 0.870

Fundamental frequency 0.836 –0.357

Dominant frequency 0.851 –0.357

Eigenvalue 3.338 1.129

% 55.6 18.8

Node Mean (MYA) Range (MYA)

bocagei clade + H. subpunctatus + H. leucophaeus 25.55 17.09−34.28

bocagei clade + H. subpunctatus 23.63 16.61−30.00

bocagei clade 12.95 8.19−17.88

H. sauli + H. bocagei + H. maculosus 7.00 3.97−10.39

All H. sauli 1.52 0.64−2.57

 H. bocagei + H. maculosus 2.77 1.37−4.40

All H. bocagei 0.18 0.02−0.40

All H. maculosus 0.19 0.03−0.40

H. yasuni + H. italoi 6.86 4.05−9.80

All H. yasuni 4.88 2.8−7.10

All H. italoi 4.55 2.41−6.80
 Zootaxa 2711  © 2010 Magnolia Press  ·   61SYSTEMATICS, NEW SPECIES OF HYLOXALUS



FIGURE 22. Chronogram and ancestral reconstruction of the distribution of members of the bocagei clade. The 95% CI 
of the age of the nodes are indicated by purple bars. The likelihood of Amazonian versus Andean ancestral distribution is 
provided as piecharts for each node from raw likelihood results. Major paleogrographic events in the Amazon basin 
during the Neogene are indicated (i.e., rise of the Andes and major floodbasin in Amazonia). Photographs of Hyloxalus 
leucophaeus and H. subpunctatus by William E. Duellman, courtesy of Biodiversity Institute, University of Kansas. 
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Ecology and life history

Species of the bocagei clade are active by day, along small rocky streams. Males are usually found calling on 
top or under rocks and from within crevices formed by the rocks (Fig. 23A−E). These frogs jump to water 
when disturbed and then return to the same or adjacent rocks after a few hours. Hyloxalus bocagei from La 
Virgen and H. maculosus from the surroundings of Puyo are found in streams at both sides of the road or 
inside water ducts that cross under the paved road (Fig. 23A−B). Hyloxalus bocagei males from Hostería El 
Reventador were found in water ditches connecting two pools within the lodge or inside plastic pipes 
embedded in the concrete wall, there was no vegetation cover. Hyloxalus maculosus from Santa Rosa were 
calling 2–10 m from each other on rocky streams at both sides of the road, or inside water ducts that cross 
under the paved road, primary vegetation in the surrounding area. Hyloxalus italoi were collected in a rocky 
stream 1 m wide in an area with primary vegetation; males were calling at 1000 hs (Fig. 23C). Hyloxalus sauli 
is found in crevices in small streams. Adult males usually call inside the crevices or at its entrance (Fig. 23E). 
Male QCAZ 5252 was found calling at 1200 hs inside a crevice on 02 June 1994 by Stella de la Torre and 
Santiago R. Ron. Male QCAZ 5312 was found calling at 1000 hs over dead leaves on 04 June 1994 by Stella 
de la Torre and Diego Tirira. No ecological data is available for H. faciopunctulatus. 

Like most other dendrobatid frogs, members of the clade deposite their eggs amidst leaf litter on the forest 
floor. Eggs are attended by the male and, upon hatching, climb onto the back of the male, who transports them 
to water. A Hyloxalus bocagei male (QCAZ 32385) was found on 18 September 2006 at Río Leo, carrying ten 
tadpoles on his back (Fig. 8A). A H. italoi male (QCAZ 37168) was found on 09 July 2007 at Reserva Hola 
Vida, carrying eight tadpoles on his back (Fig. 8C). A H. maculosus male (QCAZ 42085) was found on 11 
May 2009 at Santa Rosa, carrying nine tadpoles on his back, near a 30 x 30 cm pond, on a rocky stream 
surrounded by pasture (Fig. 8B). A H. sauli male (QCAZ 22168) was found carrying 9 dorsal tadpoles in a 
small rocky stream on 23 September 2002 by Diego A. Paucar. Three H. yasuni males (QCAZ 32465–32467) 
were found carrying 13, 4 and 7 dorsal tadpoles, respectively, on 29 July 2006 by Myrian Rivera, Ítalo G. 
Tapia and Mónica Reinoso-Recalde (Fig. 8D). 

Tadpoles usually inhabit quite ponds within streams (Fig. 23). Tadpoles of Hyloxalus maculosus were 
found in slow-running water in the ditch (LAC field notes of 14 April 2008). Tadpoles of H. yasuni were 
found under dead leaves at banks of the streams or at small ponds formed within the streams (MIP field notes, 
23 April 2007). 

Three females of Hyloxalus bocagei having SVLs of 28.8−29.1 mm (mean = 29) contained 28−50 brown 
oocytes (mean = 39.7) having diameters of about 1.43−2.32 mm (mean = 1.78, SD = 0.19) plus many more 
small (< 0.5 mm) unpigmented oocytes. Three females of H. italoi having SVLs of range 23.8−27.6 mm 
(mean = 26.3) contained 15−30 brown oocytes (mean = 21) having diameters of about 0.85−3.44 mm (mean = 
2.39, SD = 0.78) plus many more small (< 0.5 mm) unpigmented oocytes. Three females of H. maculosus 
having SVLs of 25.1−29 mm (mean = 26.7) contained 28−40 brown oocytes (mean = 49.3) having diameters 
of about 0.8−3.12 mm (mean = 1.96, SD = 0.5) plus many more small (< 0.5 mm) unpigmented oocytes. 
Three females of H. sauli having SVLs of 24.8−26.8 mm (mean = 25.9) contained 6−11 brown oocytes (mean 
= 8.33) having diameters of about 2−2.91 mm (mean = 2.36, SD = 0.25) plus many more small (< 0.5 mm) 
unpigmented oocytes. Three females of H. yasuni having SVLs of 24.8−27.2 mm (mean = 25.8) contained 9−
50 brown oocytes (mean = 25.3) having diameters of about 1.75−3.35 mm (mean = 2.67, SD = 0.37) plus 
many more small (< 0.5 mm) unpigmented oocytes.

At PUCE’s Yasuní Research Station, H. sauli and H. yasuni are syntopic and their territories might border. 
In such cases, aggressive encounters have been observed between both species (Diego A. Paucar, unpublished 
data).

Distribution and conservation status 

Hyloxalus bocagei occurs at elevations between 1420 and 1750 m on the northeast side of the Ecuadorian 
Andes, in Napo and Sucumbíos provinces (Fig. 24). The distribution lies within the Low Montane Evergreen 
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Forest (Bosque Siempreverde Montano Bajo) (Palacios et al. 1999). The geographic area, calculated as extent 
of occurrence, is 715 km2; 0.1% lies within the Ecological Reserve Cayambe-Coca and 54.7% in the Napo 
Galeras National Park. It is considered as Critically Endangered (A2ce IUCN criteria) because of a suspected 
population size reduction of 80% over the last 10 years where the reduction or its causes may not have ceased. 
The area of occurrence has decreased due to habitat destruction outside of the reserves and is severely affected 
by amphibian population declines (Bustamante et al. 2005). The continuous activity of the Volcán Reventador 
is also thought to affect this area (Hall et al. 2008). Although, no population data associated to the impact of 
volcanic activity has been yet gathered.

FIGURE 23. Habitat of (A) Hyloxalus bocagei (Río Leo); (B) H. maculosus (Km 3. on Shell-Baños road); (C) H. italoi 
(Reserva Hola Vida); (D) H. yasuni (PUCE’s Yasuní Research Station); and (E) H. sauli (PUCE’s Yasuní Research 
Station).
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FIGURE 24. Known localities of the six bocagei clade species. Referred specimens to Hyloxalus italoi and H. yasuni
are indicated with a small black dot at the center of the green circles and the orange pentagons, respectively. See 
Appendix for detailed locality data.

Hyloxalus faciopunctulatus is only known at type locality: Puerto Nariño, 15 km W of Leticia, 
Departamento Amazonas in Colombia. It occurs at about 40–150 masl (Fig. 24). The distribution lies within 
the Bosque Basal Amazónico (Ojeda et al. 2001). As Leticia is located at the Colombian, Peruvian and 
Brazilian border, this species is likely to be present in western Brazil and northern Peru. However, it is
considered as data deficient (Bolívar & Rueda 2004) because few collecting efforts have been carried out at its 
only known locality. The known area of occurrence for this species is not associated with protected areas. The 
closest protected area is the Amacayacu National Park located 60 km NW of Leticia. According to Bolívar 
and Rueda (2004), it has not been found there in two extensive collecting trips.

Hyloxalus italoi occurs at elevations between 200 and 1000 m above sea level on the eastern slopes of the 
Ecuadorian Andes, in Pastaza and Morona Santiago provinces. The distribution lies within Lowland 
Evergreen Forest (Bosque Siempreverde de Tierras Bajas) and Foothill Evergreen Forest (Bosque 
Siempreverde Piemontano) (Palacios et al. 1999). Referred specimens are found on the eastern slopes of the 
Andes in southern Ecuador and northern Peru at 200–400 m above sea level in Lowland Evergreen Forest 
(Bosque Siempreverde de Tierras Bajas). Specimens from Arapicos, in the northern Provincia Morona 
Santiago, are found at 950–1000 m above sea level in Foothill Evergreen Forest (Bosque Siempreverde 
Piemontano) (Palacios et al. 1999) (Fig. 24). The geographic area, calculated as the extent of occurrence, is 
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23,145 km2. This species is considered as Near Threatened, and although this species is widespread, its area of 
occurrence does not include any protected areas. Habitat destruction and other anthropogenic threats are of 
concern at their distribution range.

Hyloxalus maculosus occurs at elevations between 460 and 1150 m above sea level in the central region of 
eastern slopes of Ecuadorian Andes, in Napo and Pastaza provinces (Fig. 24). The distribution lies within 
Lowland Evergreen Forest (Bosque Siempreverde de Tierras Bajas) and Foothill Evergreen Forest (Bosque 
Siempreverde Piemontano) (Palacios et al. 1999). The distribution area is 473 km2, calculated as extent of 
occurrence and does not correspond to any protected areas. Angulo (2008) included this species as data 
deficient; herein it is considered as Critically Endangered (A2ce IUCN criteria) because of a suspected 
population size reduction of 80% over the last 10 years where the reduction or its causes may not have ceased. 
The type locality has been occupied by human habitations and the small known area of occurrence has been 
severely affected by growing human urbanization and habitat destruction. 

Hyloxalus sauli occurs at elevations between 220 and 800 m above sea level, on the eastern Andean slopes 
of Ecuador in Sucumbíos, Napo, Orellana, and Pastaza provinces (Fig. 24), and Colombia in Departamento de 
Putumayo (Grant & Ardila-Robayo 2002). The distribution lies within Lowland Evergreen Forest (Bosque 
Siempreverde de Tierras Bajas) (Palacios et al. 1999). The area of distribution is 15,579 km2, calculated as 
extent of occurrence; from this area, 1.1% lies within the Reserva de Producción Faunística Cuyabeno and 
10.5% within the Yasuní National Park. Castro et al. (2004) included this species in the category of Least 
Concern. Herein, it is considered as Near Threatened. Although this species is widespread, only 11.6 % of its 
area of occurrence includes protected areas. Habitat destruction and anthropogenic threats are of concern 
throughout its range, including the protected areas. The habitat specialization of this species, which is 
restricted to the scarce forest rocky streams in lowland habitats, adds vulnerability to its conservation status. 
Also the amount of genetic diversity found in this species requires further analysis and close attention for 
conservation purposes (see Conservation status under Discussion). For example, there is 1.36% sequence 
divergence at 12S, 16S, and cytochrome b between the Jatunsacha and the Yasuní National Park populations; 
thus, conserving the genetic diversity of the unprotected population at Arajuno (near Jatunsacha) should be 
considered a priority.

Hyloxalus yasuni occurs at elevations between 200 and 1095 m above sea level in Orellana, Napo and 
Sucumbíos provinces, Ecuador (Fig. 24). At PUCE’s Yasuní Research Station, it occurs at 200 and 300 m in 
Lowland Evergreen Forest (Bosque Siempreverde de Tierras Bajas) (Palacios et al. 1999). The geographic 
range is 22,203 km2, inferred by extent of occurrence. From this area, 3.2% lies within the Reserva de 
Producción Faunística Cuyabeno, 2.8% within the Sumaco Napo Galeras National Park, 0.1% within the 
Limoncocha Biological Reserve and 21.6% within the Yasuní National Park. Referred specimens from 
Guagua Sumaco are found at 1095 m, which corresponds to Foothill Evergreen Forest (Bosque Siempreverde 
Piemontano). In the Reserva de Producción Faunística Cuyabeno is between 200 and 250 m, specimens are 
found in streams surrounding the salty wall in Lowland Evergreen Forest (Bosque Siempreverde de Tierras 
Bajas). Specimens from Lumbaqui and Bermejo occur between 547 and 850 m. The distribution corresponds 
to Lowland Evergreen Forest (Bosque Siempreverde de Tierras Bajas) and Foothill Evergreen Forest (Bosque 
Siempreverde Piemontano) (Palacios et al. 1999). Hyloxalus yasuni is considered as Near Threatened. 
Although this species is widespread, only 27.7 % of its area of occurrence includes protected areas. Habitat 
destruction and anthropogenic threats are of concern throughout its range, including within protected areas. 
Additionally, the amount of genetic diversity found wihtin this species (see Comments) requires close 
attention for conservation purposes (see Conservation status under Discussion). 

Discussion 

Systematics. Cryptic species of Dendrobatidae (including Aromobatidae of Grant et al. 2006, following 
Santos et al. 2009) have challenged several taxonomists due to their considerable diversity, inter and intra 
specific variation and similarity among species (Santos 2002; Santos et al. 2003; Caldwell et al. 2002). 
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Herein, four out of five species within the bocagei clade were previously included under the Hyloxalus 
bocagei specific name (H. bocagei, H. italoi, H. maculosus and H. yasuni). Nonetheless, Santos et al. (2003) 
and Santos et al. (2009) provided evidence that H. bocagei was a species complex composed of at least five 
species. The phylogeny obtained herein includes the population from near the type locality of H. maculosus
not previously analyzed by Santos et al. (2009). This addition helped to resolve the taxonomic status and 
relationships of H. maculosus and other clade members. The population from surroundings of Volcán 
Reventador (herein designated as H. bocagei), H. maculosus and H. sauli fell out as a monophyletic group, 
sister to a group containing H. italoi and H. yasuni (Fig. 1). Our results corroborate the separation between H. 
bocagei, from Volcán Reventador, and the other species of the bocagei clade. Moreover, morphometric 
analyses support the assignment of the specific name bocagei to the Reventador population only. 

No morphological synapomorphies have been identified for members of the bocagei clade. Nonetheless, 
they can be distinguished by the combination of the following characters: basal or extensive toe webbing; 
sexual dimorphism in ventral coloration in which the females exhibit white or cream venter with no or very 
subtle mottling and males exhibit a darkening in throat occasionally on the anterior portion of venter; 
juveniles and young females with no ventral markings; dorsal coloration pattern that includes an interorbital 
blotch, a V-shaped scapular blotch (absent in Hyloxalus faciopunctulatus) and a transverse bar at sacrum level 
(a series of small blotches in H. bocagei); and oblique lateral stripe complete or reduced to nearly absent 
(Table 17). Most of these characters seem to be plesiomorphic at level of the ancestor of the bocagei clade. 
However, its level of universality remains uncertain until the distribution of characters in the dendrobatid 
phylogeny is stablished. 

TABLE 17. Diagnosis characters of species in the Hyloxalus bocagei complex. 

Within the bocagei clade, the clade composed of Hyloxalus bocagei, H. maculosus and H. sauli is 
characterized by an oblique lateral stripe, ventral coloration uniformly gray or brown in adult males and 
morphometric similarity. On the other hand, H. italoi and H. yasuni differ from those three species by lacking 
an oblique lateral stripe, adult males ventrally spotted, and dissimilarities in morphometric variables and 
tadpole morphology. 

Characters H. bocagei H. 
faciopunctulatus

H. italoi H. maculosus H. sauli H. yasuni

Dorsal 
coloration 
pattern

Small dorsal blotches 
at posterior dorsum

V-shape mark at 
scapular level 
absent

Stripe at posterior 
dorsum

Stripe at 
posterior dorsum

Stripe at 
posterior 
dorsum

Stripe at posterior 
dorsum

Male gular-
chest region

Uniformly dark gray Dark brown with 
white blotches

Dark brown with 
white blotches

Uniformly dark 
gray

Uniformly dark 
gray

Dark brown with 
white blotches

Oblique 
lateral stripe

Complete and/or 
diffused anteriorly

Reduced to groin 
level

Reduced to groin 
level

Complete, 
diffused or 
incomplete

Complete Reduced to groin 
level

Toe webbing Extensive Extensive Extensive Extensive Basal Extensive

Tadpole (1) Longitudinal 
brown mark on 
dorsum of tail 
musculature, (2) in 
vivo, two ventral 
silver marks on 
anterior portion of 
body

Unknown (1) Blurry 
blotches on tail, 
(2) belt-like mark 
on body-tail 
junction, (3) in 
vivo, two pale 
marks on each 
side of oral disc 
and two on each 
side of body at 
spiracle level

(1) Longitudinal 
brown mark on 
dorsum of tail 
musculature, (2) 
in vivo, two pale 
spots at each 
side of the oral 
disc

Longitudinal 
brown mark on 
dorsum of tail 
musculature

(1) Brown 
stippling on tail, 
(2) belt-like mark 
on body-tail 
junction, (3) in 
vivo, two pale 
marks on each 
side of oral disc 
and two on each 
side of body at 
spiracle level

Call Long trill, paired 
pulsed notes

Unknown Long trill, single 
pulsed notes

Long trill, paired 
pulsed notes

Long trill, 
single notes

Long trill, single 
pulsed notes
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Hyloxalus faciopunctulatus is phenetically very similar to H. italoi and H. yasuni and, in absence of 
molecular data, we hypothesize that it corresponds to the bocagei clade, particularly to the italoi + yasuni 
clade. However, it can be distinguished from those species by lacking a V-shaped blotch at the scapular level. 
Ecuadorian populations of the bocagei clade exhibit great genetic divergence among them, even if they differ 
little in morphology and their distributions overlap. As Hyloxalus faciopunctulatus is morphologically 
different and geographically distant from other clade populations, we hypothesize it is not conspecific with 
any of the Ecuadorian populations.

According to Santos et al. (2009) and our analysis (Fig. 1), the sister group of the bocagei clade includes
Hyloxalus subpunctatus Cope, and Hyloxalus sp. Hyloxalus subpunctatus exhibits basal toe webbing and 
oblique lateral stripe. Nonetheless, it differs from bocagei clade species in lacking dorsal blotches and having 
a middorsal stripe, brown spotted venter and ventral thighs, while its throat is immaculate. Hyloxalus sp. 
exhibits an oblique lateral stripe, and lacks toe webbing and large dorsal blotches. It also differs in females 
exhibiting marbled venter (JCS field notes). Santos et al. (2009) identified their sample (THNCFS 4957) from 
Agua Azul (Departamento Casanare, Colombia) as Hyloxalus ranoides, even though Grant et al. (2006) 
placed ranoides in the genus Allobates. Therefore, the generic afilitation of ranoides to Hyloxalus or 
Allobates requires further verification of the specimen analyzed by Santos et al. (2009). In the meantime, we 
place it as Hyloxalus sp.

Hyloxalus fuliginosus was considered to be conspecific with H. bocagei. Nonetheless, Coloma (1995) 
provided evidence to recognize their validity as different species. Although the phenetic similarity of H. 
fuliginosus may suggest that it is part of the bocagei clade, we lack molecular data to support or reject this 
hypothesis. In the same manner, molecular data is missing for H. vergeli (from the western slope of the 
Western Andes, Fusagasugá, Colombia, ca. 1800 m elevation), which is phenetically similar to H. bocagei 
(e.g., size, coloration patterns, sexual dimorphism, toe webbing). Additional Amazonian and Andean 
Hyloxalus species could be embebed in this clade and their addition should await further data and analyses.

Tadpole morphology contributed significantly to distinguishing species within the bocagei clade. Useful 
characters were body and tail patterns of coloration, body shape; tail length to body length ratio; height and 
width of tail musculature; tail shape; eyes size to body size ratio; spiracular opening orientation; number of 
marginal papillae on oral disc and shape of upper jaw. Among these characters, we propose patterns of 
coloration of tadpoles and the spiracular opening orientation as potentially useful diagnosis characters of 
Hyloxalus species. Within the genus, tadpole body and tail coloration ranges from very subtle patterns to 
larger blotches that, ultimately, lend a uniform dark appearance. Spiracle opening orientation can be 
posterodorsal in H. delatorreae (Coloma 1995), H. insulatus, H. leucophaeus, H. nexipus (Duellman 2004), 
H. bocagei, H. italoi, H. sauli and H. yasuni; dorsal in H. sordidatus and H. sylvaticus (Duellman 2004); and 
lateral in H. maculosus.

Available tadpole descriptions of species closely related to those of the bocagei clade are those of 
Hyloxalus leucophaeus and H. sordidatus (Duellman 2004). Body/tail ratio in these two species is 41% versus 
62–68% within the bocagei clade. Additionally, tail is orange in life in H. sordidatus. Hyloxalus leucophaeus
venter is dark (translucent in bocagei clade species), dorsal fin is slender than caudal musculature and ventral 
fin and, lateral marginal papillae are arranged in two rows.

Advertisement calls contribute to premating isolation among sympatric species, and hence they can be 
highly valuable to determine species identity, solve taxonomic problems, and identify cryptic species 
(Duellman & Pyles 1983; Heyer et al. 1996; Funk et al. 2008; Padial et al. 2008). In this study, call parameters 
support the recognition of the species proposed integrating morphological and molecular analyses. Despite the 
obvious resemblance of calls in sister species, differences among them are also clear in temporal and spectral 
parameters, and they are useful for distinguishing species. 

Although no discrete characters separate adult specimens of Hyloxalus italoi and H. yasuni, we argue that 
they are not conspecific. Frogs can form species complexes characterized by a very similar or cryptical 
morphology, which hides profound genetic differentiation (Heyer & Maxson 1982; Elmer & Cannatella 
2008). In fact, several molecular studies have shown incongruence between phylogenetic histories of 
organisms and their phenotypes (Wiens 2008; Fouquet et al. 2007). As the speciation process does not always 
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create unambiguous limits between species and depending on the chosen criteria and evidence for 
delimitation, any researcher will have to choose among different alternatives for delimiting species. This is the 
consequence of the inexistence of an objective criterion to determine how much the divergence, genetic or 
morphological, is necessary to delimit species (Sites & Marshall 2004). Hyloxalus italoi and H. yasuni are 
highly divergent in mitochondrial genes, tadpoles differ in their morphology, and the advertisement call 
differs in spectral and temporal parameters as well (see H. italoi Comments). These differences suggest that 
they represent evolutionary independent lineages and, using the evolutionary species concept (Wiley 1978), 
we hypothesize that they are distinct species. As stated by Heyer et al. (1996), “the important point to keep in 
mind in determining how many species are involved for the problem at hand is not whether we, as scientists, 
can recognize differences in morphologies of preserved specimens, but what the reality in nature is”. 
Although some populations (included under the section of referred specimens of H. italoi and of H. yasuni) 
diverge significantly with the species to which they were assigned, we are reluctant to make any additional 
species recognitions within the clade until more evidence is gathered. 

Chronogram and ancestral area reconstruction. Our results confirm the recurrent and on-going process 
of diversification of dendrobatids on the Eastern slopes of Andes as hypothesized by Santos et al. (2009). 
According to this hypothesis, the bocagei clade originated in the Andes and, in the late Miocene, dispersal 
events to the developing Amazon Basin occurred. Differences in our chronogram compared to that of Santos 
et al. (2009) (indicated in parenthesis) are: the population of Jatunsacha (Arajuno in Santos et al. 2009) of 
Hyloxalus sauli is Andean (Amazonian); Cononaco and Yasuní (the latter under Cononaco, QCAZ 16505) of 
H. yasuni are Amazonian (Andean); Montalvo of H. italoi is Amazonian (Andean), and Santiago of H. italoi 
is Andean (Amazonian). The pattern of diversification is maintained regardless the altitude used to delimit 
Andes and Amazon Basin (280 masl in Santos et al. 2009 and herein), the addition of more populations to the 
analysis, and the changes mentioned above.

The members of the bocagei clade exhibit different levels of morphological diversity, regardless of their 
time of divergence. For example, the sister species Hyloxalus italoi and H. yasuni are cryptic species, even 
though they diverged an estimated 6.86 MYA (4.05−9.8); whereas, H. bocagei and H. maculosus, whose
calculated time of divergence is 2.77 MYA (1.37−4.05), are clearly distinctive in morphology. 

Conservation status. Assessment of frog diversity based only on morphology can be difficult because the 
conserved morphological evolution of amphibians can hide divergent lineages that should be recognized and 
protected. Accordingly, a clear definition of the taxonomic units or species is essential prior to determine their 
conservation status and the application of conservation strategies. The occurrence of multiple species within 
the bocagei clade provides a good example of this fact and the important implications for conservation. Prior 
to Santos (2002) and Santos et al. (2003), Hyloxalus bocagei was considered as a single species with a broad 
distribution, thus it was classified in the Least Concern category (IUCN 2006). Nonetheless, once its 
taxonomy began to be clarified, the finding of at least six species led to a reassessment of the distribution and 
conservation status of each species. For example, two of the species of the clade (H. bocagei and H. 
maculosus) are currently classified as Critically Endangered (Ron et al. 2008), whereas H. italoi, H. sauli and 
H. yasuni are considered Near Threatened, and H. faciopunctulatus is Data deficient. Hence, at least for H. 
bocagei and H. maculosus, urgent conservation measures are needed as claimed elsewhere (Mendelson et al.
2006).
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Appendix I: Specimens examined

Hyloxalus bocagei 
ECUADOR: Sucumbíos: Río Reventador, trail to Cascada San Rafael, 1400–1500 m, MCZ-A 97924–25, 104846 
(Hyloxalus maculosus paratype), QCAZ 4230–31 (tadpoles), 5005, 8563 (tadpoles), 8565, 4231, 9016, 9452 
(tadpoles), 9534, 10328, 10350, 10481, 17769 (tadpoles), 18625, 32250–53 (tadpoles), 32385–93, 32395–96, 32404 
(tadpoles), USNM 286368–70; between Andes de Cascabel and road, QCAZ 10259–60, 10315–16, 10926, 11628 
(tadpoles); La Libertad, La Virgen, QCAZ 20821 (tadpoles), 20824–26, 37494, 37560, 37656–57; Hostería El 
Reventador, 1420 m, QCAZ 37620–26, 42091–102; Lumbaqui, MCZ-A 106979–80. Napo: Río Gradas, QCAZ 
18753–55; immediate environs of Borja, 1707 m, USNM 282044, 282057; Borja, 1707 m, USNM 282060–65; Río 
Quijos, immediate environs of Borja, 1675 m, USNM 282054–55, 282980; Río Quijos, 1 km E of Chaco, 1433 m, 
USNM 282045–56.

Hyloxalus faciopunctulatus
COLOMBIA: Amazonas: Puerto Nariño, MCZ-A 93782, 94746–61 (paratypes), MCZ-A 94751 (holotype), 96016–
17. 

Hyloxalus italoi
ECUADOR: Pastaza: Sarayacu, EPN 8906, USNM 281966; Locación Petrolera Garza 1, NE Montalvo, 300 m, 
QCAZ 1318–19 (paratypes); El Porvenir, Reserva Hola Vida, km 16 Puyo-Macas road, 810–846 m, QCAZ 7483 
(tadpoles), 7487 (paratype), 7488 (tadpoles), 8570–71 (paratypes), 8578–79 (paratypes), 8600 (paratype), 8666 
(tadpoles), 8883, 9834, 18463–67 (paratypes), 25146 (tadpoles), 25650, 25702–08 (paratypes), 25715, 25743 
(tadpoles), 33191–213 (paratypes), 33197 (holotype), 33214–19 (tadpoles), 33220 (tadpoles), 37168 (paratype), 
37171–74 (paratypes), 37199–214 (paratypes), 37194 (tadpoles); Fátima, 13.9 km Puyo-Tena road, QCAZ 8585, 
8872; Kapawi Lodge, QCAZ 25539.

Referred specimens
ECUADOR: Napo: Río Arajuno at Río Lluchna, QCAZ 27147. Pastaza: Río Pastaza, Canelos to Marañon, USNM 
118226–27; Abitagua, USNM 118708; Andoas, Río Pastaza, USNM 124587; Río Rutuno, tributary of Río 
Bobonaza, USNM 281951–55, 281962, 281971–75; Río Llushin, tributary S of Upper Pastaza, USNM 281956; 
Hacienda Madrid, 5 km SSE of Puyo, 980 m, USNM 281957–58; headwaters of Río Capahuari, USNM 281959–60, 
281976–83; Ca. 10 km W of Puyo, 1220 m, USNM 281963–64; Puyo, 1006 m, USNM 281965; headwaters of Río 
Arajuno, tributary of Río Napo, USNM 281967–69; Chirirota, USNM 281970, 281985; near town of Río Tigre, Río 
Pindo, USNM 281984. Morona Santiago: Miazal, QCAZ 3344, USNM 281997–99; Santiago, QCAZ 6237–38; 2–
2.3 km E Santiago, 296 m, QCAZ 24328, 27411, 27445–46, 29185; Santiago, Río Santiago, 310 m, QCAZ 27182–
88, 27190–91, 28804; N of Arapicos, Río Llushin, QCAZ 281961, 281986–95; Macuma, USNM 281996. PERU: 
Amazonas: Vicinity of Shaim, Río Alto Comaina, tributary of Río Cenepa, USNM 317039–64, 560215–29; 
Chigkishinuk entse, on the Río Huampami, tributary of Río Cenepa, USNM 317065–66; headwaters of Río Kagka, 
tributary of Río Cenepa, USNM 317067–68; vicinity of Huampami on the Río Cenepa, 210 m, USNM 317069–73, 
317075; Huampami, Quebrada Tsunup, on the Río Cenepa, 210 m, USNM 317074; 0.5 m N of Huampami, on the 
Río Cenepa, 210 m, USNM 317076; Huampami, Quebrada Sasa, on the Río Cenepa, 210 m, USNM 317077–103, 
317608, 560200–08; S of Huampami, Apinkam entse, on the Río Cenepa, 210 m, USNM 317109; Aintami entse, on 
the Río Cenepa, USNM 317104–08, 317122, 560209–10; vicinity of Aintami, on the Río Cenepa, USNM 317117–
21, 560213–14; vicinity of Río Kayamas, tributary of Río Cenepa, USNM 317110–16, 317142; across the Río 
Cenepa from Chigkan entse, USNM 317123–26; vicinity of San Antonio, on the Río Cenepa, USNM 317127–36; 
vicinity of Sua, on the Río Cenepa, USNM 317137–41, 560211–12; Galileo, RWM 14237–38, 14335–36, 14486–
87, 15690; Shiringa, RWM 13939–40, 14785–86; La Poza, RWM 14392–96; Shaime, RWM 14403.

Hyloxalus maculosus
ECUADOR: Napo: Puerto Misahuallí, Pununo-Jardín Alemán road, 460–462 m, QCAZ 19968–76, 18878–82, 
20628, 20630–31, 20635, 21186. Pastaza: Puyo, between Turingia and theatre, 950 m, MCZ-A 91558 (holotype); 
2.6 km W of Puyo on the road, QCAZ 37156–60; Canelos, MCZ-A 17938–42; 2 km from Rosario Yacu on trail to 
Union Basi, 99056–57, W of Mera, USNM 164344–45; Mera, EPN 1649, 1656; 2 km downstream from headwaters 
of Río Bobonaza, 655 m, USNM 282067–69; headwaters of Río Bobonaza, 685 m, USNM 282070; headwaters of 
Río Arajuno, tributary of Río Napo, USNM 282072; Río Pucayacu, USNM 282073–76; Río Villano, USNM 
282077–79; 282683–85; Río Pastaza, USNM 283982; 3 km from Shell on Shell-Baños road, QCAZ 37864–65 
(tadpoles), 37868–70; Santa Rosa, 1 km from Shell on Shell-Puyo road, QCAZ 42074–85, 42086 (tadpoles).
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Hyloxalus sauli 
ECUADOR: Sucumbíos: Puerto Bolívar, 240 m, QCAZ 28262–63, 28339. Orellana: Francisco de Orellana, 
QCAZ 484–87; Yasuní National Park, km 66, QCAZ 5252; Yasuní National Park, AMO 1, km 97, QCAZ 5313, 
5317–18; km 65.9 road to Maxus, QCAZ 6826, 6879; Yasuní National Park, km 38 Pompeya Sur-Iro road, QCAZ 
8082; Yasuní National Park, monkey plot, QCAZ 25066; Bloque Shiripuno, 220 m, QCAZ 8984, 9329, 9403–05; 
PUCE’s (Pontificia Universidad Católica del Ecuador) Yasuní Research Station, Yasuní National Park, 230 m, 
QCAZ 14023, 14445 (tadpoles), 16780, 17854, 17858, 17870, 18530–31 (tadpoles), 18538 (tadpoles), 18707 
(tadpoles), 18709 (tadpoles), 19985, 19987, 22168, 22449, 22481–82, 22550–53, 22577, 22620, 22626, 23630 
(tadpoles), 24075–80, 24101–04, 24237–38, 25050–51, 25056, 25060, 32468–80, 45513–16; Dayuma-Pindo, 
QCAZ 32312. Napo: Jatunsacha, QCAZ 6233–34; Río Arajuno, Trail 1, 364 m, QCAZ 27126, 27138; 2 km W of 
Puerto Napo, on S branch of Río Napo, Hacienda of George Kiederle, 465m, USNM 282108–12. Pastaza: Locación 
Petrolera Garza 1, NE Montalvo, 300 m, QCAZ 1435; Huayusmura, QCAZ 10643. 

Hyloxalus yasuni
ECUADOR: Orellana: 75 km E Coca, Hostería La Selva, QCAZ 5032; Yasuní National Park, QCAZ 5100, 5132, 
5153, 5319–23, 5396, 5864, 6659, 6877, 8079–81, 8083–84, 12098–99, 12102, 13253; Shiripuno, QCAZ 9001–02; 
PUCE’s (Pontificia Universidad Católica del Ecuador) Yasuní Research Station, Yasuní National Park, 280 m, 
QCAZ 13717 (paratype), 13723–27 (paratypes), 16779 (paratype), 17849–53 (paratypes), 18284 (tadpoles), 18411–
12 (paratypes), 18435 (paratype), 18493 (tadpoles), 18497, 18706, 18719 (paratype), 18756 (tadpoles), 19230–35 
(paratypes), 19250, 21173, 21264–67, 21330, 22441–44, 22480, 22535, 22554–60, 22588–93, 22625, 22957, 
23825–27, 24056–74, 24230–36, 24542, 25053–55, 25057–59, 25061–65, 25067–68, 25070–83, 25098, 30001–10, 
32397–99, 32455–67 (paratypes), 32465 (holotype), 33188–90 (tadpoles), 33379–80, 35738, 45510–12, 45517–19, 
45488; Cononaco Poza 16, 200–250 m, QCAZ 19908–11; Taracoa, QCAZ 29696; Dayuma-Pindo, QCAZ 32278–
79, 32307–11. 

Referred specimens
ECUADOR: Sucumbíos: La Barquilla, EPN 7514; Reserva de Producción Faunística Cuyabeno, 220 m, QCAZ 
5865–66, 6340, 19161–62, 19164–65; Río Bermejo, 2 Km NW Bermejo, QCAZ 13670; Lumbaqui, 547 m, QCAZ 
37261–62, 37629–31. Orellana: Loreto-Ávila Viejo, QCAZ 18679–80; Balsayacu, QCAZ 19535. Napo: Río 
Hollín, Jondachi-Loreto road, QCAZ 6869; Río Hollín, 1068 m, QCAZ 17938, 18350; Río Huataraco, 70 km E of 
Río Hollín, Hollín-Loreto road, 380 m, QCAZ 7112; Chontapuntas, QCAZ 29305; Guagua Sumaco, 1095 m, QCAZ 
31143–51, 31153–55, 31159, 31161–63, 31174–77, 31268, 31349.
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