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RESUMO

A Amazoénia ¢ uma das regides mais biodiversas do planeta e, na Colombia, ocupa 42,3% do
territério continental. No oeste da Amazonia colombiana encontra-se o departamento de
Putumayo, uma regido caracterizada por uma grande variedade de ecossistemas, como as
florestas tropicais muito umidas e o sopé andino-amazonico, ambos reconhecidos por sua alta
diversidade biologica. Embora recentemente tenha havido avangos no conhecimento dos anuros
amazonicos, persistem desafios importantes relacionados a compreensao de sua riqueza
especifica (déficit linneano) e seus padroes de distribuicao (déficit wallaceano). Parte dessa
dificuldade se deve a presenga de complexos de espécies cripticas, o que levou a uma
subestima¢do da verdadeira diversidade. Um exemplo claro desse fenomeno ¢ o caso de
Adenomera, um género de ras-de-espuma endémico da América do Sul ao leste dos Andes, que
atualmente conta com 32 espécies reconhecidas. Esse género ¢ composto por oito clados
principais distribuidos ao longo da América do Sul, entre eles o clado Adenomera andreae,
endémico da Amazonia. Dentro deste clado encontra-se um complexo de espécies agrupadas
sob o nome de Adenomera simonstuarti, distribuidas principalmente na Amazonia ocidental.
Este estudo analisa, por meio de uma abordagem taxonOmica integrativa baseada em
caracteristicas acusticas, morfologicas e genéticas, a diversidade ndo descrita do complexo de
A. simonstuarti no departamento de Putumayo, Amazonia ocidental da Colombia. A andlise
filogenética baseada em genes mitocondriais e nucleares permitiu identificar onze linhagens,
incluindo 4. albarena e A. simontuarti. Os dados acusticos revelaram trés possiveis novas
espécies em Putumayo. Essas descobertas destacam uma subestimacdo significativa da
diversidade do género Adenomera na Colombia. A divergéncia nos cantos de acasalamento
constitui a principal evidéncia para a delimitacdo especifica das linhagens identificadas. Cada

uma das trés espécies propostas apresentou padrdes acusticos Unicos dentro do género,



diferengas que reforcam seu status como unidades evolutivas independentes, apesar de algumas
inconsisténcias nos dados mitocondriais, possivelmente atribuiveis a contaminagdo ou a
eventos recentes de cladogénese. Além de sua relevancia taxondmica, este estudo documenta
mudangas nos padrdes de uso do habitat, registrando pela primeira vez a presenca de linhagens
do clado de A. andreae em areas abertas, tanto naturais quanto antropizadas, em Putumayo.
Esses sdo habitats tipicamente ocupados por espécies associadas a formagdes abertas em outras
localidades da Amazobnia, o que sugere uma possivel substitui¢do ecoldgica regional do clado
de A. hylaedactyla, ausente na zona. Por fim, os resultados fornecem conhecimentos
fundamentais e destacam a importancia do trabalho de campo, especialmente em regides pouco
exploradas como o departamento de Putumayo, onde a riqueza especifica ainda ¢ pouco
documentada. A identificagao de espécies ndo descritas € o reconhecimento de seus padrdes de
distribuicao representam contribuigdes fundamentais para a tomada de decisdes e o desenho de

estratégias de conservagdo em paisagens altamente biodiversas e ameagadas.

Palavras-chave: Amazonia ocidental; diversidade criptica; Putumayo; taxonomia integrativa.



ABSTRACT

The Amazon is one of the most biodiverse regions on the planet, and in Colombia, it occupies
42.3% of the continental territory. In the western part of the Colombian Amazon is the
department of Putumayo, a region characterized by a great variety of ecosystems, such as the
very humid tropical forests and the Andean-Amazonian piedmont, both recognized for their
high biological diversity. Although in recent times there have been advances in the knowledge
of Amazonian anurans, there are still important challenges related to understanding their
specific richness (deficit Linnean) and distribution patterns (deficit Wallacean). Part of this
difficulty is due to the presence of cryptic species complexes which has led to an
underestimation of the true diversity. A clear example of this phenomenon is the case of
Adenomera, a genus of terrestrial foam frogs, distributed in South America and on the eastern
slopes of the Andes, which currently has 32 recognized species. This genus comprises eight
main clades distributed throughout South America, including the Adenomera andreae clade,
endemic to Amazonia. Within this clade is a complex of species grouped under the name
Adenomera simonstuarti, distributed mainly in western Amazonia. This study analyzes, using
an integrative taxonomic approach based on acoustic, morphological, and genetic
characteristics, the undescribed diversity of the A. simonstuarti complex in the department of
Putumayo, western Amazonia, Colombia. The phylogenetic analysis based on
mitochondrial and nuclear genes allowed the identification of eleven lineages, including
A. albarena and A. simonstuarti. Acoustic data revealed three putative new species in
the Putumayo. These findings underline a significant underestimation of the diversity of the
genus Adenomera in Colombia. The divergence in advertisement calls constitutes the main

evidence for the specific delimitation of the identified lineages. Each of the three proposed



species presented unique acoustic patterns within the genus, differences that reinforce their
status as independent evolutionary units, despite some inconsistencies in the mitochondrial
data, possibly attributable to contamination or recent cladogenesis events. In addition to its
taxonomic relevance, this study documents changes in habitat use patterns, recording for the
first time the presence of lineages of the A. andreae clade in open areas, both natural and
anthropized, in Putumayo. These habitats are typically occupied by species associated with
open formations in other Amazonian localities, suggesting a possible regional ecological
replacement of the A. hylaedactyla clade, which is absent in the area. Finally, the results provide
key knowledge and highlight the importance of fieldwork, especially in poorly explored regions
such as the department of Putumayo, where specific richness is still poorly documented. The
identification of undescribed species and the recognition of their distribution patterns represent
fundamental inputs for decision-making and the design of conservation strategies in highly

biodiverse and threatened landscapes.

Keywords: cryptic diversity; integrative taxonomy; Putumayo; Western Amazonia.



FIGURE CAPTIONS

Figure 1. (A) Distribution map of the molecular vouchers linked to each of the genetic lineages
within the Adenomera simonstuarti complex. (B) Distribution map focused on the Department

of Putumayo, in southwestern Colombia. Red symbols indicate type localities.

Figure 2. Phylogenetic relationships of Adenomera, focused on the A. andreae clade, inferred
from Maximum Likelihood method based on mtDNA+nuDNA dataset. Bootstrap values are

shown near the nodes. Scale is given as nucleotide subtitution rate.

Figure 3. Advertisement calls (spectrogram and oscillogram of one call note) of species of the
Adenomera clade. (A) Adenomera sp. 1 nov., (B) Adenomera sp. 2 nov., (C) Adenomera sp. 3
nov., (D) Adenomera albarena, (E) Adenomera simonstuarti, (F) Adenomera andreae, (G)
Adenomera chicomendesi, (H) Adenomera guarayo. Calls are equally scaled (x-axis = 300 ms;

y-axis = 8 kHz).

Figure 4. Oscillograms of the temporal organization (single-note and multi-note calls) of
advertisement calls of the Adenomera andreae clade. (A) Adenomera sp. 1 nov.: two notes; (B)
Adenomera sp. 2 nov.: 22 notes, (C) Adenomera sp. 3 nov.: 21 notes in antiphonal calling with
a background male, (D) Adenomera simonstuarti: two multinote calls. Call sections are equally

scaled (=30 s).

Figure 5. Variation in the amplitude modulations (pulsing) in the advertisement call of three
individuals of Adenomera sp. 3 nov. (A) CBUFMG 1173: three-pulse note; (B) CBUFMG
1186: two-pulse note; (C) CBUFMG 1184: nonpulsed note. Calls are equally scaled (x-axis =

300 ms; y-axis = 8 kHz).



Figure 6. Dorsal and ventral body (A, B), hand (C), and foot (D) of the preserved holotype of
Adenomera sp. 1 nov. (MHUA-A 13962) from Mocoa, Department of Putumayo, Colombia.

Scale bars (A, B=10 mm; C, D=1 mm).

Figure 7. Life colors (adult males) of the holotype of three new species of the Adenomera
simonstuarti complex from the Department of Putumayo, Colombia. (A—D) Adenomera sp. 1
nov. (MHUA-A 13962: SVL =21.9 mm); (E-H) Adenomera sp. 2 nov. (MHUA-A 13957: SVL

=23.5 mm); (I-L) Adenomera sp. 3 nov. (MHUA-A 13972: SVL = 23.4 mm).

Figure 8. Life colors of type specimens of Adenomera sp. 1 nov. from the Department of
Putumayo, Colombia. (A) MHUA-A 13962 (male, holotype; SVL =21.9 mm); (B) MHUA-A
13984 (male; SVL =21.8 mm); (C) MHUA-A 13955 (female; SVL = 23.0 mm); (D) MHUA-

A 13956 (female; SVL = 22.7 mm).

Figure 9. Dorsal and ventral body (A, B), hand (C), and foot (D) of the preserved holotype of
Adenomera sp. 2 nov. (MHUA-A 13957) from the Department of Putumayo, Colombia. Scale

bars (A, B=10 mm; C, D =1 mm).

Figure 10. Life colors of type specimens of Adenomera sp. 2 nov. from the Department of
Putumayo, Colombia. (A) MHUA-A 13957 (male, holotype; SVL = 23.5 mm); (B) MHUA-A
13968 (male; SVL = 22.7 mm): (C) MHUA-A 13970 (female; SVL = 23.0 mm); (D) MHUA-

A 13971 (female; SVL = 22.9 mm).

Figure 11. Dorsal and ventral body (A, B), hand (C), and foot (D) of the preserved holotype of
Adenomera sp. 3 nov. (MHUA-A 13972) from the Department of Putumayo, Colombia. Scale

bars (A, B=10 mm; C, D =1 mm).



Figure 12. Life colors of type specimens of Adenomera sp. 3 nov. from the Department of
Putumayo, Colombia. (A) MHUA-A 13972 (male, holotype; SVL = 23.4 mm); (B) MHUA-A
13968 (male; SVL = 23.5 mm); (C) MHUA-A 13970 (female; SVL = 24.4 mm); (D) MHUA-

A 13971 (female; SVL = 23.1 mm).



TABLE CAPTIONS

Table 1. Measurements (mm) of the type series (adult specimens only) of the three new species
of the 4. simonstuarti complex. Morphometric traits are defined in Materials and Methods.

Values are presented as X = SD (range). N = sample sizes (M = male, F = female).

Table 2. Advertisement call traits of species of the Adenomera simonstuarti complex. Values
are presented as X = SD (range). N = sample sizes (recorded males / analyzed calls). *
Adenomera simonstuarti has a multi-note call, thus the note repetition rate is not directly
comparable to single-note calls of the other species. H1 = fundamental harmonic; H2 = second

harmonic. See section Advertisement calls for variation in the dominant frequency.



SUMMARY

INTRODUCTION .cuuiisuinreniensuissanssesssnssssssessssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssasssas 17
MATERIALS AND METHODS.....couiiiiininnnininsaisssnsesssissssssesssssssssssssssssasssssssssssssssssasssas 19
Field data COLIECHION ......couiiiiiiiiiee et et 19
Morphology and COIOTALION ........ccviieiiiiieiiie ettt sre e et e b e e e aaeeenaeas 20
Acoustic data acquisition and analYSIS .........ccccveiecieeriiiieeiie e 21
DNA sequencing and phylogenetic analysis .........ccccoeveeriiiiieiiieiienie e 22
INtErSPECITiC COMPATISOMS ...eeiuerieeiiieeiieeeireeeiiteeeitreeerteeeeteeesbaeessseeessseeessseeessseeesseeensseesnnseas 23
RESULTS....coovevvuinnnnensansanens 24
Phylogenetic relationNSNIPS .......ocueiiiierieiiieiiceiteste ettt ettt ee et eebeesaaeebeensaeensaens 24
AdVErtiSeMENt CaALLS........eeuiiiieieiiei e 26
TaAXONOMIC ACCOUNLS .....eueiiieiieiieeiieete ettt et ettt et et e st e bt et e stee bt entesaeesbeenbeeseenseenseeneenee 31
DISCUSSION . ..ucutiiiiiicsnicseisnississsissssssessssssssssnsssissssssssssssssssssssssssssssssssssssssssssssssssssassssssssssssss 55
REFERENCES ....cuuiuiiiitiiinninsnisenssicssissssssesssissssssssssissssssesssssssssssssssssssssssssssssssssssssssassssssas 59
APPENAIX ST couerriiinriinsnninssnnisssenessssnsssssnsssssssssssssssssssssasssssasssssassssssssssssssssssssssssssssssssssssssssnssssss 64
APPENAIX S2. couerriiinrinrraresssenesssansssssrsssssssssssssssssssssssssssssssssasssssasssssssssssssssssssssssssssssssssssssssssssssss 65

APPENAIX S3. oeveriiierinirnninssenesssenessssnsssssssssssssssssssssasssssasssssasssssassssssssssssssssssssssssssssssssssssssssassssss 71




17

INTRODUCTION

Amazonia stands out as one of the most biodiverse regions on the planet and is threatened by
multiple anthropogenic pressures (Godinho and Silva 2018). Amazonian ecosystems cover
42.3% of Colombia’s continental territory (SIAT-AC 2022). Southwestern Colombian
Amazonia corresponds to the Department of Putumayo, which is known to harbor different
ecosystems (Mueses-Cisneros 2005), including lowland Amazonian forests and part of the
eastern foothills (Eastern Cordillera) of the Andes, recognized as the Andean-Amazonian
piedmont region (Prieto and Arias 2007). These characteristics make this region accumulate
one of the highest biodiversity levels in Colombia. Despite representing a megadiverse region
in Colombia, the Putumayo has been strongly affected by Colombia’s internal armed conflict
for more than 50 years (Krause 2020), as well as alarming rates of habitat loss that are mainly
caused by deforestation, illicit crops, and illegal gold mining, among other factors (Lapola et

al. 2023).

Nevertheless, there are impediments to our understanding of species richness and
distribution patterns, the so-called Linnean and Wallacean shortfalls, respectively (Brown and
Lomolino 1998; Lomolino 2004). This is partially explained by cryptic diversity (two or more
species under a single species name and morphologically indistinguishable) (Bickford et al.
2007), which complicates their taxonomic delimitation (Angulo and Icochea 2010). Advances
in tools and technologies and the integration of diverse data sources have facilitated the
discovery of such species, with significant implications for the conservation of species

complexes (Angulo and Icochea 2010).

Molecular and phylogenetic methods have revolutionized the discovery and

formalization of taxonomic diversity. However, species delimitation based solely on molecular
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characters or genetic distances is insufficient (Bickford et al. 2007). Although integrative
taxonomy approaches go a long way, the modern concept of integrative taxonomy and
delimitation methods are relatively new (Dayrat 2005) and have been used to address complex
taxonomic problems. This integrative framework supports incorporating multiple independent
lines of evidence to test better hypotheses related to species delimitation and cryptic species
richness (Padial et al. 2010). One of the most important tools for anuran species delimitation is
bioacoustics, as vocalizations can establish prezygotic isolation between species (Angulo et al.

2003).

A clear example of cryptic diversity in Amazonia is the genus Adenomera, a group of
terrestrial foam-nesting frogs with 32 species (Frost 2025). This genus, endemic to South
America east of the Andes, remains underestimated in species richness (Fouquet et al. 2014;
Carvalho et al. 2021a), especially in Amazonian ecosystems. The taxonomic impediment of
Adenomera frogs reflects the recurrent cases of cryptic species diversity (Angulo et al. 2003).
For this reason, the integrative taxonomy approach through the analysis of morphological,
acoustic, and DNA-sequence data is paramount for bridging the current gap in the taxonomic
knowledge of Adenomera. This approach has contributed to the recognition of more than half
of the species described for the genus over the past decade, and recent research suggests that
the species accumulation curve has yet to level off (Carvalho et al. 2020a, 2021a). Almost all
species described in that period are endemic to Amazonian ecosystems. Taxonomic and
phylogenetic studies on Adenomera, in addition to naming new species, have highlighted the
underestimation of species in different Amazonian regions and the sympatric occurrence of two
or more morphologically cryptic species (e.g., Carvalho et al. 2021a). Ecosystems in western
Amazonia represent the major gap in the current taxonomic knowledge of Adenomera. At least

two putative new species have been reported for the Colombian Amazon: Adenomera sp. P is
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from a locality in the Department of Vaupés, which belongs to the clade Adenomera Lutzi; the
second is Adenomera sp. Q from a locality in the triple border between Colombia (Department
of Guainia), Brazil, and Venezuela within the clade Adenomera heyeri, according to the
phylogeny of Adenomera (Fouquet et al. 2014). Both localities are in the southeastern Amazon

of Colombia.

In addition to Adenomera simonstuarti, described by Angulo and Icochea (2010) using
morphological and acoustic characters, a species that belongs to the Adenomera andreae clade
(Fouquet et al. 2014) and is part of a complex composed of eight genetic lineages, including
that of the nominal species Adenomera simonstuarti. These lineages are distributed from the
montane forests of the Venezuelan Andes, through Andean-Amazonian montane ecosystems,
to lowland forests, in ecosystems of western and northern Amazonia, and probably correspond

to as yet undescribed species (Carvalho et al. 2020a).

In this study we analyze, through an integrative taxonomic approach based on
morphological, phylogenetic, acoustic and some ecological traits, the taxonomic identity of
three lineages related to the A. simonstuarti complex in the western Amazon of Colombia,
contributing significantly to reduce the Linnean and Wallacean deficits of foam frogs of the

genus Adenomera in the country.

MATERIALS AND METHODS

Field data collection

We conducted fieldwork in three municipalities in the department of Putumayo, located in the
southwestern part of the Colombian Amazonia: (1) Mocoa, in the Centro Experimental

Amazoénico (CEA), a conservation area in the Andean Amazonian foothills (1.084332°S,
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76.628589°W; 545 m above sea level [asl]), where we collected from open areas and forests;
(2) Puerto Asis (0.49983°S, 76.49860°W; 248 m asl), where we collected in urban areas; and
(3) Puerto Leguizamo (0.18857°S, 74.78047°W; 191 m asl), where we collected in urban areas

and forests of the municipality. Localities are provided in Figure 1.

Specimens were euthanized using a topical solution of 10% lidocaine, fixed with 10%
formalin, and preserved in 70% ethanol (Cortez et al. 2006). Voucher specimens and tissues
were deposited in the amphibian collection of the Museo de Herpetologia Universidad de
Antioquia, Medellin, Colombia (MHUA). Institutional acronyms followed the list published by

Sabaj (2025).

Morphology and coloration

We analyzed the morphology and coloration of 33 adult specimens of Adenomera. To determine
the sexual maturity of males, we examined the presence of a dermal ridge at the tip of the snout,
in addition to those collected during vocal activity. For females, sexual maturity was determined

by the presence of mature oocytes visible through the skin and a rounded snout.

Eleven body measurements were taken using an ocular micrometer (10 mm scale) fixed
on a stereomicroscope, except for snout-vent length (SVL), which was measured with digital
calipers. Eight measurements followed the definitions and terminology provided by Watters et
al. (2016): snout-vent length (SVL), thigh length (THL), tibia length (TL), foot length (FL), eye
diameter (ED), tympanum diameter (TD), eye-nostril distance (EN), and internarial distance
(IND). Three measurements followed the definitions of Carvalho et al. (2019a): hand length
(HAL), head length (HL), and head width (HW). The terminology related to head shape is
according to Heyer et al. (1990). Character states of toe tips were assessed according to

Carvalho et al. (2019b).
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Figure 1. (A) Distribution map of the molecular vouchers linked to each of the genetic lineages within
the Adenomera simonstuarti complex. (B) Distribution map focused on the Department of Putumayo,

in southwestern Colombia. Red symbols indicate type localities.

Acoustic data acquisition and analysis

We recorded calls in the field (Department of Putumayo, Colombia) using unidirectional
microphones (Sennheiser ME66 and ME67/K6) and digital recorders (Marantz PMD 670 and
PMD 671) at a sampling rate of 44.1 kHz and a sample size of 16 bits. We also had access to
recordings of the two described species of the A. simonstuarti complex: A. albarena and A.
simonstuarti. We reanalyzed calls of both species under our analytical procedures for
standardization and direct acoustic comparisons. The acoustic analysis was conducted using a
customized version (0.9.6.1) of Soundruler (Gridi-Papp 2007) and Matlab scripts (Matlab 2004)

to quantify acoustic traits through automated procedures. A 500-Hz high-pass filter was applied
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to sound files in Soundruler before conducting the acoustic analysis to reduce background noise.
Note rate was measured manually in Raven Pro version (1.6.5) (Yang 2024). Overall settings
were: FFT size = 1024 samples, FFT overlap = 90%, window type = Hann, contrast = 70%.
Sample sizes for automated recognition of pulses (detection and delineation, respectively) were:
smoothing = 250, resolution = 1; and smooth factor = 1, smoothing = 25, resolution = 1.
Acoustic definitions and terminology adopted in this study follow those of Carvalho et al.
(2019b); information on sound recordings is in Appendix S1. Sound figures were produced
using seewave 2.1.0 (Sueur et al. 2008) in R 3.5.0 (R Core Team 2018). Settings were: window

Hann, FFT size = 256 samples, FFT overlap = 90%.

DNA sequencing and phylogenetic analysis

We completed a dataset with two mitochondrial genes (COI and CYTB) and two nuclear genes
(POMC and RAG1), based on sequences available in GenBank (Appendix S2), in addition to
new sequences produced for this study. Our sampling included lineages of all described species
of Adenomera and candidate lineages (sensu Fouquet et al. 2014). Outgroup taxa were
represented by the genera Lithodytes, Leptodactylus, and Hydrolaetare. Our analysis focused
on the A. andreae clade, especially the A. simonstuarti complex. For new sequences, we
extracted genomic DNA from ethanol-preserved tissues using the ammonium acetate
precipitation method (Maniatis et al. 1982). Primers and amplification conditions are the same
used in Fouquet et al. (2014). PCR products were purified using a mix of 0.5 unit of
thermosensitive alkaline phosphatase and 1 unit of Exonuclease I (Thermo Fisher Scientific
Inc.). Sequencing were conducted in Macrogen Inc. (Seoul, Republic of Korea). Resulting

sequences were quality verified using Geneious v11 (Biomatters).
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Gene alignment was performed using MAFFT (Katoh and Standley 2013). The phylogenetic
inference was conducted using the Maximum Likelihood optimatily criterion (RAxML
analysis; Stamatakis 2014) in IQ-TREE v3.0.1 (Wong et al. 2025). All four genes were
considered as separate partitions, with three positions each (protein-coding genes). Best-fitting
nucleotide substitution models were as follows: TPM3u+F+R3 (COI position 2, RAG1 position
2), HKY+F+I+R2 (CYTB position 2, RAG1 position 3), TIM2+F+R3 (POMC positions 1 and
2, and RAGI1 position 1), TIM2+I+R2 (POMC position 3), TN+F+ASC+G4 (COI position 3),
TIM2e+I+R3 (COI position 1 and CYTB position 1), and GTR+F+ASC+R3 (CYTB position
3). Genetic distances (uncorrected pairwise distances) were computed for the COI gene using

Mega X (Kumar et al. 2018); see Appendix S3.

Interspecific comparisons

Among the seven clades of Adenomera (sensu Carvalho et al. 2021a), two are endemic to
Amazonia, composed of species that inhabit forested areas (4. andreae and A. lutzi clades).
There is a third clade, composed of species that inhabit both forested and open areas, the A.
heyeri clade (Carvalho et al. 2021a), and a fourth clade, the 4. hylaedactyla clade (Carvalho et
al. 2019b), which is represented exclusively by species that inhabit open and anthropized areas
throughout and outside Amazonia. Interspecific comparisons (morphology and calls)
considered only Amazonian species with occurrence in both forest and open formations, which
are: A. simonstuarti, A. albarena, A. andreae, A. chicomendesi, and A. guarayo (A. andreae
clade); A. kayapo, A. phonotricus, A. gridipappi, A. tapajonica, A. aurantiaca, A. inopinata,
and A. heyeri (A. heyeri clade); A. glauciae and A. lutzi (A. lutzi clade); A. coca and A.

hylaedactyla (A. hylaedactyla clade).
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RESULTS

Phylogenetic relationships

Our analysis recovered a monophyletic Adenomera and A. andreae clade with maximum
bootstrap support (BP). In addition to the nine recognized lineages within the A. simonstuarti
complex, i.e., 4. albarena, A. simonstuarti, and seven unnamed lineages, two new lineages were
revealed with newly produced sequences from Amazonian Colombia and Brazil, referred herein
to as lineages 10 and 11 (Fig. 2). Lineage 10 (BP = 82) is formed by individuals from the
Brazilian Amazonia on the south bank of Solimdes River (Fig. 1). Lineage 11 (BP = 100) is
formed by 13 individuals from the Japurd-Juami interfluve, in northwestern Brazilian
Amazonia, and five individuals from Mocoa, in the middle Putumayo River of Colombia’s
Putumayo (Fig. 1). The other new sequences from the Putumayo were recovered as belonging
to lineage 6 (BP = 100) of the 4. simonstuarti complex, formed also by a single sequence from

Loreto, in northern Peru (Fig. 1).

Lineage 10 and its sister group (4. albarena) display a minimum distance of 3.4 % in
the COI gene. Lineage 11 and is sister group (clade formed by lineage 4 + 5) display a minimum
distance of 3.6%. Genetic distances within groups (i.e., lineages 10 and 11) did not exceed

0.7%.
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Figure 2. Phylogenetic relationships of Adenomera, focused on the A. andreae clade, inferred from
Maximum Likelihood method based on mtDNA+nuDNA dataset. Bootstrap values are shown near the

nodes. Scale is given as nucleotide subtitution rate.



26

Advertisement calls

Three distinct call patterns were recorded in Colombia’s Putumayo from different habitats (Fig.
3). One call type was recorded from non-flooded forests, whereas the other two call types were
recorded from anthropized open areas. The forest call type (Adenomera sp. 1 in Taxonomic
accounts; 38 notes of five males) consists of a single, nonpulsed note, emitted at 1-5 per minute
(Figs. 3A, 4A). Note duration varies from 17—40 ms, with rise time varying from 1-8 % of the
note. The dominant frequency coincides with second harmonic, ranging from 40274587 Hz.
Fundamental frequency ranges from 1949-2207 Hz. Frequency modulation is descendent,

ranging from -1249 to -215 Hz.
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Figure 3. Advertisement calls (spectrogram and oscillogram of one call note) of species of the
Adenomera clade. (A) Adenomera sp. 1 nov., (B) Adenomera sp. 2 nov., (C) Adenomera sp. 3 nov., (D)
Adenomera albarena, (E) Adenomera simonstuarti, (F) Adenomera andreae, (G) Adenomera

chicomendesi, (H) Adenomera guarayo. Calls are equally scaled (x-axis = 300 ms; y-axis = 8 kHz).

The second call type (Adenomera sp. 2 in Taxonomic accounts; 91 notes of four males)
consists of a single, pulsed note emitted at 31-72 per minute (Figs. 3B, 4B). Note duration
varies from 48—109 ms, with rise time varying from 12—80 % of the note. The note is composed

of 2-3 complete pulses, emitted at a rate of 20—38 per second. Pulse duration varies from 15—
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56 ms. The dominant frequency coincides either with the fundamental harmonic (1615 Hz;
three notes of one male) or the second harmonic (3208-3811 Hz; remaining notes). Frequency

modulation is negligible but slightly ascendant, ranging from 43-302 Hz.

A Adenomera sp. 1 nov. Adenomera sp. 2 nov.

———

o .'+.+"+"F'q" +‘“‘H '“M} ”%+
C Adenomera sp. 3 nov. Adenomera simonstuarti

20 25

Figure 4. Oscillograms of the temporal organization (single-note and multi-note calls) of

0 5 10 15 20 25 0 5 10 15
Time (s) Time (s)

advertisement calls of the Adenomera andreae clade. (A) Adenomera sp. 1 nov.: two notes; (B)
Adenomera sp. 2 nov.: 22 notes, (C) Adenomera sp. 3 nov.: 21 notes in antiphonal calling with
a background male, (D) Adenomera simonstuarti: two multinote calls. Call sections are equally

scaled (=30 s).

The third call type (Adenomera sp. 3 in Taxonomic accounts; 76 notes of three males)
consists of a single, pulsed note emitted at 34—44 per minute (Figs. 3C, 4C). Note duration
varies from 49—-82 ms, with rise time varying from 47-83 % of the note. The note is composed

of 2-3 incomplete pulses, emitted at a rate of 38—60 per second. Pulse duration varies from 17—
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33 ms. The dominant frequency coincides either with the fundamental harmonic (1529-1744
Hz; 55 calls of three males) or the second harmonic (2864-3510 Hz; 21 calls of two males).
Frequency modulation is ascendant, ranging from 215-818 Hz. Even though the call of this
species is defined as being formed by 2 or 3 incomplete pulses, all 17 calls recorded from one
male (recording CBUFMG 1184) are nonpulsed, with distinct temporal envelope and the
absence of sinusoidal modulations in the harmonic series that are typical of pulsed notes in

Adenomera (see Fig. 5).
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Figure 5. Variation in the amplitude modulations (pulsing) in the advertisement call of three individuals
of Adenomera sp. 3 nov. (A) CBUFMG 1173: three-pulse note; (B) CBUFMG 1186: two-pulse note;

(C) CBUFMG 1184: nonpulsed note. Calls are equally scaled (x-axis = 300 ms; y-axis = 8 kHz).

Adenomera simonstuarti (282 notes of 5 males) produces a multinote call emitted at 1—

4 per minute (note series per minute; Fig. 4D). Call duration varies from 1.2—13.8 s, formed by



31

6—59 notes. Note duration varies from 47-62 ms, with rise time varying from 18—-80 % of the
note (Fig. 3E). The note is composed of 2—7 incomplete pulses, emitted at a rate of 16—85 per
second. Pulse duration varies from 12-36 ms. The dominant frequency coincides either with
the second harmonic (3941-4328 Hz; 31 notes of three males) or the fundamental harmonic
(19162132 Hz; remaining notes). Frequency modulation is ascendant, ranging from 129-861

Hz.

The call of A. albarena (40 notes of four males) consists of a single, pulsed note emitted
at 12-37 per minute (Fig. 3D). Note duration varies from 112—183 ms, with rise time varying
from 16—68 % of the note. The note is composed of 10—18 incomplete pulses, emitted at a rate
of 97—-141 per second. Pulse duration varies from 5-31 ms. The dominant frequency coincides
with second harmonic, ranging from 3725-4199 Hz. Fundamental frequency ranges from

1900-2088 Hz. Frequency modulation is negligible but ascendant, ranging from 129-861 Hz.

Taxonomic accounts

Adenomera sp. 1 nov. (Tables 1-2; Figs. 6, 7A-D)

Holotype. MHUA-A 13962 (field number TRC 502), an adult male from the conservation area
at the Centro Experimental Amazonico (CEA; 1.08255°N, 76.62855°W) in Mocoa, Department
of Putumayo, Colombia, collected on 20 October 2024 by Thiago R. Carvalho and Alejandra
M. Salazar-Guzman.

Paratypes. MHUA-A 13963 (field number TRC 503) adult male, MHUA-A 139546 (field
number TRC 494-6) adult females; with the same collection data as the holotype; MHUA-A

13973 (field number TRC 513) adult male collected at the Villa del Rosario farm (0.17608°N,
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74.79314°W), rural district “vereda” la Raizita, municipality of Puerto Leguizamo, Department
of Putumayo; collected on 19, 20, and 23 October 2024 by Thiago R. Carvalho and Alejandra
M. Salazar-Guzman. MHUA-A 139814 (field numbers AMS 321-4) adult males, from the
type locality (1.08425°N, 76.62911°W), collected on 5-8 September 2019 by Alejandra M.

Salazar-Guzman.

Diagnosis. Adenomera sp. 1 nov. is recognized within Adenomera by the following
combination of character states: (1) medium size (adult male SVL =21.4-22.1 mm); (2) robust
body shape; (3) toe tips moderately to fully expanded (character states C—D); (4) distal
antebrachial tubercle absent; (5) single note advertisement call; (6) nonpulsed note; (7) note
duration varying from 1740 ms; (8) note repetition rate varying from 1-4 per minute; (9) note

with descendent frequency modulation.

Morphological comparisons. Adenomera sp. 1 nov. has adult males (SVL = 21.4-22.1 mm;
Table 1) that are smaller than 4. coca [23.6-24.1 mm (Angulo and Reichle 2008)]; 4. glauciae
[27.0-30.4 mm (Carvalho et al. 2020b)]; 4. gridipappi [25.4-25.7 mm (Carvalho et al. 2021a)];
A. heyeri [22.5-25.8 mm (Boistel et al. 2006)]; 4. hylaedactyla [22.2—26.5 mm (Carvalho et
al. 2019a); A4. inopinata [23.5 mm (Carvalho et al. 2021a)]; A. lutzi [25.7-33.5 mm (Kok et al.
2007)]; A. simonstuarti [25.9-26.2 mm (Angulo and Icochea 2010)]; and 4. tapajonica [23.6—
25.6 mm (Carvalho et al. 2021a)]. On the other hand, Adenomera sp. 1 nov. is larger than 4.
aurantiaca [20.9 mm (Carvalho et al. 2021a); 4. kayapo [17.5-21.0 mm (Carvalho et al.
2021a)], and A. phonotriccus [19.8-21.6 mm (Carvalho et al. 2019¢)]. Adenomera sp. 1 nov.
has moderately to fully expanded toe tips (character states C—D; Heyer 1973; Carvalho et al.

2019a), differing from A. hylaedactyla (character state B; Carvalho et al. 2019a), 4. aurantiaca,
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A. glauciae, A. kayapo, and A. phonotriccus (character states B—C; Carvalho et al. 2020b,

2021a). Adenomera sp. 1 nov. lacks a dark-colored stripe on the ventral surface of the forearm,

a feature present in A. albarena (Martins et al. 2024) and A. simonstuarti (Angulo and Icochea

2010). Also, Adenomera sp. 1 nov. lacks the distal antebrachial tubercle on the underside of the

forearm present in 4. glauciae and A. lutzi (Kok et al. 2007; Carvalho et al. 2020b), and all

species of the A. heyeri clade: A. amicorum, A. aurantiaca, A. gridipappi, A. inopinata, A.

kayapo, A. phonotriccus, and A. tapajonica, except A. heyeri (Carvalho et al. 2019¢, 2021a).

Table 1. Measurements (mm) of the type series (adult specimens only) of the three new species of the

A. simonstuarti complex. Morphometric traits are defined in Materials and Methods. Values are

presented as X + SD (range). N = sample sizes (M = male, F = female).

Adenomera sp. 1 nov.

Adenomera sp. 2 nov.

Adenomera sp. 3 nov.

N=6(M) N=30F) N=7M) N=4(F) N=6M) N=2(F)

gyl 2185024 23.09+045 2249+ 1.12 2338+093 23324092 23.74+0.92

(21.4-22.1) (22.7-23.6) (20.2-23.5) (22.9-24.8) (22.4-25.0) (23.1-24.4)

Hw  852£031  9.03+0.15 888=041 9.09+047 8.85+0.18 9.09+0.14
(82-9.1)  (89-92) (8.0-92) (8.6-9.5) (8.6-9.1) (9.0-9.2)
gL 738+023  7.66+032 7.49+033 7.62+040 7.50£024  7.5+0.0

(7.1-7.7)  (713-79) (69-79) (73-82) (7.2-7.8) (7.5)

Ep 215012 239 £0.17 226+021 2224005 241+0.17 2.19+0.28
(2.0-23)  (22-25) (1.9-25) (22-23) (21-26) (2.0-24)

EN 181 £0.15 198 £026 1.72+0.13 1.88+025 1.68+0.16 1.78=0.28
(1.7-2.1)  (1.7-22)  (1.6-20) (1.7-22) (1.5-19) (1.6-2.0)
tp 1.56£0.10 175020 1.65+0.14 1.79+0.18 168+0.09 1.6=0.0

(14-17) (1.6-20) (15-19)  (1.6-2.0) (1.6-1.8) (1.6)

INp  211£0.09  236+0.05 241+012 242+0.09 225+0.13 2.40+0.14
(2.0-22)  (23-24) (22-25)  (23-25 (2.1-24) (23-2.5)

HAL 473%020  506+0.05 4.97+036 5.15+0.55 4.81+0.33 523+0.64
(45-51)  (5.0-5.1) (44-54) (44-57) (45-53) (48-5.7)

THL 1011024 11.03+032 9.99+0.65 11.12+0.79 10.73+0.36 10.80+0.28

(9.9-10.5) (10.8-11.4) (8.9-10.8) (10.2-11.8) (10.3-11.3) (10.6- 11.0)

10384031 11.66+0.11 10.68+0.38 11.55+0.79 10.93+£0.43 11.09+0.28

(9.8-10.6) (11.6-11.8) (10.0-11.2) (10.6-12.4) (10.4-11.6) (10.9-11.3)
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FL 1052+050 11.86+0.23 11.39+0.54 1201053 11.29+0.37 11.97+0.99
(9.9-11.2) (11.6-12.0) (10.5-12.0) (11.3-12.5) (10.7-11.7) (11.3-12.7)

Acoustic comparisons. Adenomera sp. 1 nov. differs markedly from its Amazonian congeners
in its advertisement call (Fig. 3A, 4A). The nonpulsed call of Adenomera sp. 1 nov. is
distinguished from all species, except 4. [utzi (Carvalho et al. 2021a). The descending
frequency modulation is a unique spectral structure within Adenomera, which differs from all
species, including 4. lutzi (Carvalho et al. 2020b). The single-note call of Adenomera sp. 1 nov.
is distinguished from the multi-note calls of 4. amicorum, A. aurantiaca, A. gridipappi, A.

inopinata, A. glauciae, and A. simonstuarti (Carvalho et al. 2020b; Carvalho et al. 2021).
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Table 2. Advertisement call traits of species of the Adenomera simonstuarti complex. Values are presented as X = SD (range). N = sample sizes (recorded males

/ analyzed calls). * Adenomera simonstuarti has a multi-note call, thus the note repetition rate is not directly comparable to single-note calls of the other species.

H1 = fundamental harmonic; H2 = second harmonic. See section Advertisement calls for variation in the dominant frequency.

Adenomera sp. 1 nov.

Adenomera sp. 2 nov.

Adenomera sp. 3 nov.

A. simonstuarti

A. albarena

Call traits
(N=5/38) N=4/91) (N=3/76) (N=4/282) (N=4/40)
Note duration (ms) 27.6 5.2 82.7+17.8 64.6+7.0 66.4+6.8 136.8 £13.5
(17-40) (48-109) (49-82) (47-101) (112-183)
Notes per minute* 09+1.7 54.7+19.9 395+7.1 59.9+24.0 29.7+11.6
(1-5) (31-72) (35-45) (34-88) (12-38)
Relative rise time (%) 21+£0.7 56.6 £10.2 63.6x+11.3 483 +12.7 347+ 15.2
(1-8) (12-80) (47-83) (12-30) (16-68)
Pulses per note 24+0.5 2.5+0.7 3.1+£03 144+ 1.8
Nonpulsed (2-3) (2-3) -7 (10-18)
Pulse rate (per second) 27.9+£4.8 46.0 £4.1 65.5+3.5 112.8+10.9
Nonpulsed (20-38) (38-60) (16-86) (98-141)
Pulse duration (ms) 28.8+4.8 229+6.1 20.7£1.2 9.0£1.6
Nonpulsed (15-56) (17-33) (12-30) (7-11)
Frequency modulation (Hz) -674.8 £293.8 211.4£89.6 590.8 +£52.1 387.8 £148.1 338.4+£125.8
(-1249 to -215) (43-301) (215-818) (129-861) (129-861)
H1 peak frequency (Hz) 2060.6 +42.3 1717.1+£97.5 1590.0 + 64.7 2038.8 +35.9 1962.8 £22.0
(1949-2207) (1572-1841) (1432-1680) (1863-2107) (1900-2088)
H2 peak frequency (Hz) 4355.5+159.9 3505.8+193.4 3179.0 £ 394.9 4087.0 £ 206.6 3940.1 £ 74.8
(4027-4587) (3208-3811) (2864-3510) (3941-4328) (3725-4199)
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Description of holotype. MHUA-A 13962. Body robust (Figs. 6; 9A—D). Snout subovoid in
dorsal view (Fig. 6A), acuminate in lateral view. Nostril closer to the snout tip than to the eye;
dermal ridge at snout tip; canthus rostralis not marked; loreal region slightly concave;
supratympanic fold from the posterior corner of the eye to the base of the arm; oval
postcommissural gland; vocal sac subgular with a fold from jaw extending to the base of the
arm, vocal slit present; vomerine teeth in two straight rows medial and posterior to choanae.
Tongue elongated, free behind, heart-shaped. Relative finger lengths IV <1 <II < III; fingers
without ridges or fringes; finger tips rounded, not expanded or flattened; inner metacarpal
tubercle oval; outer metacarpal tubercle nearly rounded (Fig. 6C). Subarticular tubercles
rounded; supernumerary tubercles oval or elongated. Dorsum and flank shagreened. Throat and
belly smooth (Fig. 6B). Axillary gland ovoid. Lumbar gland present. Ventral surface of thigh
granular (Fig. 6B). Paracloacal gland rounded. Relative toe lengths I <II <V <III <IV; toes
without ridges or fringes; toe tips rounded and swollen (character state between C and D), but
not expanded into discs (character state D). Inner metatarsal tubercle is elongated, outer
metatarsal tubercle rounded (Fig. 6D). Tarsal fold from the inner metatarsal tubercle extending
2/3 length of tarsus. Subarticular tubercles oval; supernumerary tubercles rounded (indistinct;
fixation bias). Measurements of the holotype are (in mm): SVL 21.9; HW 8.5; HL 7.1; ED 2.3;

EN 1.7; TD 1.4; IND 2; HAL 4.5; THL 10.1; TL 10.3; and FL 10.1.
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B I D
Figure 6. Dorsal and ventral body (A, B), hand (C), and foot (D) of the preserved holotype of

Adenomera sp. 1 nov. (MHUA-A 13962) from Mocoa, Department of Putumayo, Colombia. Scale bars

(A, B=10mm; C, D =1 mm).
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In preservative (Fig. 6), snout tip with a faded white coloration (coincident with the
dermal ridge). Dorsum medium brown, with darker and lighter brown specks and spots.
Vertebral pinstripe on the posterior third of body length, cream-colored, interrupted. Lumbar
gland black. Dorsal surface of limbs with dark brown stripes/blotches on a slightly lighter
brown background. Upper jaw with dark brown vertical bars; whitish post-commissural gland,
dark brown on the border. Tympanum brown, with a granular texture dorsally and at middle
length. Throat, belly, and ventral surface of limbs cream, with melanophores, throat with a
black-dotted pattern, concentrated laterally. Axillary gland cream-colored. Posterior surface of
thigh densely covered with dots and spots on a light background, paracloacal gland with the

same color, with a black horizontal blotch.

In life (Figs. 7A-D; 10A), dorsum is medium brown, with diffusely distributed dark
brown spots, including two elongated but interrupted dorsolateral spots, and a triangle-shaped
spot with irregular outlines between the eyes. The vertebral pinstripe is poorly defined and
located on the posterior third of the body length in a cream-orange color. Lumbar gland black;
posterior dorsum with a granular concentration, dark orange. The dorsal surface of the limbs
has dark brown stripes/stripes on a medium brown background, especially on the hindlimbs.
Iris of intense copper color, faintly reticulated. Upper jaw with dark brown vertical bars,
interspersed with thin whitish bars. Postcommissural gland orange-cream colored, with a dark
brown anterior border. Tympanum dark brown, with a spot in its anteroexternal portion in the
shape of an irregular lunula, dark brown. The throat, belly, and ventral surface of the limbs are
partially translucent and whitish. Belly cream colored in the central region and yellowish
colored laterally towards the flank, and presence of melanophores. Throat with dark-colored

dots concentrated toward the periphery. Thigh with spots of black dots concentrated toward the

periphery.
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Figure 7. Life colors (adult males) of the holotype of three new species of the Adenomera simonstuarti
complex from the Department of Putumayo, Colombia. (A—D) Adenomera sp. 1 nov. (MHUA-A 13962:
SVL =21.9 mm); (E-H) Adenomera sp. 2 nov. (MHUA-A 13957: SVL =23.5 mm); (I-L) Adenomera

sp. 3 nov. (MHUA-A 13972: SVL = 23.4 mm).

Variation. The type series is generally homogeneous in morphology and coloration (Fig. 8).
Variation includes the specimen MHUA-A 13984 with a cream-colored dorsolateral stripe from
behind the eye to the inguinal region in (Fig. 8B). Character state C of toe tip development in

MHUA-A 13973.
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Figure 8. Life colors of type specimens of Adenomera sp. 1 nov. from the Department of Putumayo,
Colombia. (A) MHUA-A 13962 (male, holotype; SVL = 21.9 mm); (B) MHUA-A 13984 (male; SVL
=21.8 mm); (C) MHUA-A 13955 (female; SVL =23.0 mm); (D) MHUA-A 13956 (female; SVL =22.7

mm).

Habitat and natural history. Adenomera sp. 1 nov. is associated with non-flooded forest
habitats. Males vocalize hidden under leaf litter, initiating their vocal activity between 17:30
and 18:00, with a decrease of vocal activity around 20:00. Vocalizations were recorded mainly
between May and October. At its type locality, it is found in sympatry with Adenomera sp. 2

nov.
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Distribution. Adenomera sp. 1 nov. seems to have its distribution restricted to the Caqueta-
Putumayo interfluve in the Department of Putumayo, southwestern Colombia. The occurrence
of the species was confirmed in two localities on opposite sides of the Department of Putumayo:
the Centro Experimental Amazoénico (CEA) in Mocoa, its type locality, and in Puerto
Leguizamo, based on calls inside the forest that were heard on different occasions in the field
in December 2023 (AMS) and October 2024 (TRC and AMS). Terminals linked to lineage 11
of A. simonstuarti from ESEC Juami-Japurd were considered as potentially conspecific with
Adenomera sp. 1 nov. (Fig. 2), with genetic distance (COI) from 1.0 to 1.5 % between the
Putumayo and Japurd populations (see Appendix S3). However, we could not analyze

morphological and acoustic data of the Japura population to confirm its taxonomic identity.

Adenomera sp. 2 nov. (Tables 1-2; Figs. 9, 7E-H)
Adenomera simonstuarti (Fouquet et al. 2014), in part

Adenomera simonstuarti 6 (Carvalho et al. 2020a), in part

Holotype. MHUA-A 13957 (field number TRC 497), an adult male from the conservation area
at the Centro Experimental Amazonico (CEA; 1.08273°N, 76.62864°W), in Mocoa,
Department of Putumayo, Colombia, was collected on 20 October 2024 by Thiago R. Carvalho

and Alejandra M. Salazar-Guzman.

Paratypes. MHUA-A 13949, 13951, 13968-71 (TRC field numbers 488, 490, 508-11,
respectively), corresponding to four adult males and two adult females, collected on the bank

of the Singuiy4 micro-watershed (0.49983°N, 76.49860°W), where the sewage flows in the
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municipality; MHUA-A 13950, 13967 (field numbers TRC 489, 507), located outside the 20
de Julio Health Post (0.506823°N, 76.499208°W), both in the municipality of Puerto Asis,
department of Putumayo. Collected by Thiago R. Carvalho and Alejandra M. Salazar-Guzméan
between 17-21 October 2024. IAVH-Am 16158-9 (field numbers AMS 221, 296) from the
village of Valle de las Palmeras and the San Andrés inspection (0.640403°N, 77.087670°W and
0.571237°N, 76.738500°W, respectively), both localities in the municipality of Orito,

Department of Putumayo; collected from 9-18 August 2019 by Alejandra M. Salazar-Guzman.

Diagnosis. Adenomera sp. 2 nov. is recognized within Adenomera by the following
combination of character states: (1) medium size (adult male SVL 20.2-23.5 mm); (2) robust
body shape; (3) toe tips moderately to fully expanded (character states C-D); (4) distal
antebrachial tubercle absent; (5) single-note advertisement call; (6) note formed by 2 to 3

complete pulses; (6) note duration varying from 48—109 ms.

Morphological comparisons. Adenomera sp. 2 nov. has adult males with SVL 20.2-23.5 mm
(Table 1) that are smaller than 4. coca [23.6-24.1 mm (Angulo and Reichle 2008)]; 4. glauciae
[27.0-30.4 mm (Carvalho et al., 2020b)]; 4. gridipappi [25.4-25.7 mm (Carvalho et al. 2021a)];
A. heyeri [25.4-25.7 mm (Carvalho et al. 2021a)]; 4. lutzi [25.7-33.5 mm (Kok et al. 2007)];
A. simonstuarti [25.9-26.2 mm (Angulo and Icochea 2010)]; and A. tapajonica [23.6-25.6 mm
(Carvalho et al. 2021a). Adenomera sp. 2 nov. has moderately to fully expanded toe tips
(character states C—D; Heyer 1973; Carvalho et al. 2019a), differing from A4. hylaedactyla
(character state B; Carvalho et al. 2019a), A. aurantiaca, A. glauciae, A. kayapo, and A.
phonotriccus (character states B—C; Carvalho et al. 2020b; Carvalho et al. 2021a). Adenomera

sp. 2 nov. lacks a dark-colored stripe on the ventral surface of the forearm, a feature present in
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A. albarena (Martins et al. 2024) and 4. simonstuarti (Angulo and Icochea 2010). Also,
Adenomera sp. 2 nov. lacks the distal antebrachial tubercle on the underside of the forearm
present in 4. glauciae and A. lutzi (Kok et al. 2007; Carvalho et al. 2020b), and all species of
the A. heyeri clade: A. amicorum, A. aurantiaca, A. gridipappi, A. inopinata, A. kayapo, A.
phonotriccus, and A. tapajonica, except in A. heyeri (Carvalho et al. 2019¢; Carvalho et al.

2021a).

Acoustic comparisons. The single-note call of Adenomera sp. 2 nov. (Fig. 3C) is distinguished
from the multi-note calls of A. amicorum, A. aurantiaca, A. gridipappi, A. inopinata, A.
glauciae, and A. simonstuarti (Carvalho et al. 2020b; Carvalho et al. 2021). The single-note call
of Adenomera sp. 2 nov. is formed by complete pulses, whereas the single-note calls of 4.
albarena, A. andreae, A. chicomendesi, A. coca, A. heyeri, A. hylaedactyla, A. kayapo, and A.
tapajonica are formed by incomplete pulses (Carvalho et al. 2021; Martins et al. 2024), and the
calls of 4. lutzi and Adenomera sp. 1 nov. are nonpulsed (Carvalho et al. 2020b). The single-
note calls of A. guarayo and A. phonotriccus are also formed by complete pulses, but differ
from the call of Adenomera sp. 2 nov. in the number of pulses per note (2—3 in the new species;
9—17 in A. guarayo; 14-26 in A. phonotriccus; Carvalho et al. 2020b; Fig. 3H) and note duration
(48—109 ms in the new species; 187-364 ms in A. guarayo; 213—433 ms in A. phonotriccus;

Carvalho et al. 2020b).

Description of holotype. MHUA-A 13957. Body robust (Figs. 7E-H; 9). Snout subovoid in
dorsal view (Fig. 9A), acuminate in lateral view. Nostril closer to the snout tip than to the eye;
dermal ridge at snout tip; canthus rostralis not marked; loreal region slightly concave;

supratympanic fold from the posterior corner of the eye to the base of the arm; supratympanic
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fold from the posterior corner of the eye to the base of the arm; triangular post commissural
gland; vocal sac subgular with a fold from jaw extending to the base of the arm, vocal slit
present; vomerine teeth in two straight rows medial and posterior to choanae. Tongue elongated,
free behind. Relative finger lengths IV <1 < II < III; fingers without ridges or fringes; finger
tips rounded, not expanded or flattened; inner metacarpal tubercle oval; outer metacarpal
tubercle ovoid (Fig. 9B). Subarticular tubercles oval; supernumerary tubercles oval. Dorsum
and flank shagreened. Throat and belly smooth (Fig. 9C). Axillary gland ovoid. Lumbar gland
present. Ventral surface of thigh granular (Fig. 9C). Paracloacal gland oval. Relative toe lengths
[ <II <V <II < 1V; toes without ridges or fringes; toe tips rounded and swollen (character
state C), but not expanded into discs, i.e., flattened. Inner metatarsal tubercle is oval, outer
metatarsal tubercle rounded (Fig. 9D). Tarsal fold from the inner metatarsal tubercle extending
2/3 length of tarsus. Subarticular tubercles oval; supernumerary tubercles rounded.
Measurements of the holotype are (in mm): SVL 23.5; HW 9.1; HL 7.9; ED 2.5; EN 1.7; TD

1.7; IND 2.5; HAL 5.2; THL 10.8; TL 11; and FL 11.8.
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Figure 9. Dorsal and ventral body (A, B), hand (C), and foot (D) of the preserved holotype of
Adenomera sp. 2 nov. (MHUA-A 13957) from the Department of Putumayo, Colombia. Scale bars (A,

B=10mm; C, D=1 mm).
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In preservative (Fig. 9), snout tip with a faded white coloration (coincident with the
dermal ridge). Dorsum grayish, with darker specks and spots. Vertebral stripe (broad) on the
posterior third of body length, cream-colored, interrupted. Lumbar gland black. Dorsal surface
of limbs with dark brown stripes/blotches on a slightly lighter brown background. Upper jaw
with dark brown vertical bars; whitish post-commissural gland, dark brown on the border.
Tympanum brown, with a granular texture dorsally and at middle length. Throat, belly, and
ventral surface of limbs cream, with melanophores, throat with a black-dotted pattern. Axillary
gland cream-colored. Posterior surface of thigh sparsely covered with dots and spots on a light
background, paracloacal gland with the same color.

In life (Fig.7E-H; 11A), dorsum is grayish-brown, with diffusely distributed dark brown
spots, including two elongated but interrupted dorsolateral spots, and two lateral cream-colored
stripes interrupted, and a triangle-shaped spot with irregular outlines between the eyes. The
vertebral pinstripe is poorly defined and located on the posterior third of the body length in a
cream-orange color. Lumbar gland black; posterior dorsum with a granular concentration of
rounded, small, dark orange. The dorsal surface of the limbs has grayish-brown stripes/stripes
on a medium brown background, especially on the hindlimbs. Iris of intense copper color,
faintly reticulated. Upper jaw with dark brown vertical bars, interspersed with thin whitish bars.
Postcommissural gland orange-cream colored. Tympanum dark brown, with a spot in its
anteroexternal portion in the shape of an irregular lunula, dark brown colored. The throat, belly,
and ventral surface of the limbs are partially translucent and whitish. Belly cream colored in
the central region of the belly, and presence of melanophores. Axillary gland cream colored.
The posterior surface of the thigh grayish-brown colored, with scattered orange-cream spots.

Paracloacal gland rounded and dark brown
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Variation. The type series is homogeneous in morphology and coloration (Fig. 10).

Figure 10. Life colors of type specimens of Adenomera sp. 2 nov. from the Department of Putumayo,
Colombia. (A) MHUA-A 13957 (male, holotype; SVL = 23.5 mm); (B) MHUA-A 13968 (male; SVL
=22.7 mm): (C) MHUA-A 13970 (female; SVL = 23.0 mm); (D) MHUA-A 13971 (female; SVL =

22.9 mm).

Habitat and natural history. Adenomera sp. 2 nov. is associated in urban and open areas.
Despite disturbed environmental conditions, the species prefers microhabitats with some
vegetation cover, shade, and accumulation of leaf litter, where it is common to hear males
vocalizing. Vocalizations were recorded throughout the year, initiating their vocal activity

between 17:00 and 18:00, with a decrease of vocal activity around 20:00, as well as after rainfall
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events. At its type locality, it is found in sympatry with Adenomera sp. 1 nov., particularly at

forest edges, clearings, and disturbed or anthropized areas within the reserve.

Distribution. Adenomera sp. 2 nov. is known from urban and rural areas in western Amazonia,
in the municipalities of Mocoa, Puerto Asis, and Orito, in the Department of Putumayo,
southwestern Colombia. In addition, the species was recorded acoustically in the urban centers
of other municipalities in the same department, including Villa Garzon, Puerto Guzméan, Puerto
Caicedo, and Valle del Guamuez. Adenomera sp. 2 nov. formed a clade with one individual
from the Parinari (Department of Loreto) in northern Peru (see voucher MHNC10058 in
Appendix S2) that belongs to lineage 6 of the A. simonstuarti complex (Figs. 1-2). This terminal
and the new species exhibit a COI distance of 1.7-2.1 %. We do not have available phenotypic

data for the Peruvian population to confirm their conspecificity.

Adenomera sp. 3 nov. (Tables 1-2; Figs. 71-L, 11)

Holotype. MHUA-A 13972 (field number TRC 512), an adult male in an urban area, in the
garden of La Consolata Church (0.18865°N, 74.78033°W), in the municipality of Puerto
Leguizamo, Department of Putumayo, Colombia, collected on 22 October 2024 by Thiago R.

Carvalho and Alejandra M. Salazar-Guzman.

Paratypes. MHUA-A 13974 (field number TRC 514) adult female captured on the road to
vereda la Raicita (0.18003°N, 74.78482°W), municipality of Puerto Leguizamo, department of
Putumayo, Colombia; MHUA-A 13975-78, 13980 (field numbers TRC 515-18, 520), four
adult males and one adult female, with the same collection data as the holotype; MHUA-A

13979 (field number TRC 519), adult male collected in a street-side garden (0.18857°N,



49

74.78047°W), in front of La Consolata church, municipality of Puerto Leguizamo, department
of Putumayo, Colombia. All individuals were collected on 23 and 24 October 2024 by Thiago

R. Carvalho and Alejandra M. Salazar-Guzman.

Diagnosis. Adenomera sp. 3 nov. is recognized within Adenomera by the following
combination of character states: (1) medium to large size within the genus (adult male SVL 22—
25 mm); (2) robust body shape; (3) toe tips unexpanded to modestly expanded (character states
B-C); (4) distal antebrachial tubercle absent; (5) single-note advertisement call; (6) call formed
by 2 to 3 incomplete pulses; (6) call duration varying from 49-82 ms; (7) note dominant
frequency coinciding either with fundamental (1529-1744 Hz) or the second (2864-3510 Hz)

harmonic.

Morphological comparisons. Adenomera sp. 3 nov. has adult males (SVL = 22.4-25.0 mm;
Table 1) that are smaller than A. glauciae [27.0-30.4 mm (Carvalho et al. 2020b)]; A. gridipappi
[25.4-25.7 mm (Carvalho et al. 2021a)]; A. heyeri [22.5-25.8 mm (Boistel et al. 2006)]; 4. lutzi
[25.7-33.5 mm (Kok et al. 2007)] and 4. simonstuarti [25.9-26.2 mm (Angulo and Icochea
2010)]. On the other hand, it is larger than Adenomera sp. 1 nov. (21.4-22.1 mm); 4. aurantiaca
[20.9 mm (Carvalho et al. 2021a); 4. kayapo [17.5-21.0 mm (Carvalho et al. 2021a)], and A.
phonotriccus [19.8-21.6 mm (Carvalho et al. 2019¢c)]. Adenomera sp. 3 nov. has toe tips
unexpanded or modestly expanded (character states B—C; Heyer 1973; Carvalho et al. 2019a),
whereas A. albarena, A. amicorum, A. andreae, A. chicomendesi, A. gridipappi, A. guarayo, A.
heyeri, A. lutzi, A. simonstuarti, and A. tapajonica have toe tips moderately to fully expanded
(character states C—D; Angulo and Icochea 2010; Carvalho et al. 2019a, b, 2020a, b, 2021a;

Martins et al. 2024). Adenomera sp. 3 nov. lacks almost solid stripes on the lower part of the
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arms, a feature present in 4. albarena (Martins et al. 2024) and A. simonstuarti (Angulo and
Icochea 2010). Additionally, Adenomera sp. 3 nov. lacks the distal antebrachial tubercle on the
underside of the forearm present in A. glauciae and A. lutzi (Kok et al. 2007; Carvalho et al.
2020b), and all species of the 4. heyeri clade: A. amicorum, A. aurantiaca, A. gridipappi, A.
inopinata, A. kayapo, A. phonotriccus, and A. tapajonica, except in A. heyeri (Carvalho et al.

2019c, 2021a).

Acoustic comparisons. The single-note call of Adenomera sp. 3 nov. is distinguished from the
multi-note calls of A. amicorum, A. aurantiaca, A. gridipappi, A. inopinata, A. glauciae, and A.
simonstuarti (Carvalho et al. 2020b; Carvalho et al. 2021). The single-note call of Adenomera
sp. 3 nov. is formed by incomplete pulses, whereas the single-note calls of 4. guarayo, A.
phonotriccus, and Adenomera sp. 2 nov. are formed by complete pulses (Carvalho et al. 2021;
Martins et al. 2024), and the calls of A. [utzi and Adenomera sp. 1 nov. are nonpulsed (Carvalho
et al. 2020b). The call of Adenomera sp. 3 nov. is distinguished from other congeners with
single-note calls formed by incomplete pulses in the number of pulses per note (2—3 in the new
species; 10-18 in A. albarena; 22-35 in A. chicomendesi; 1015 in A. coca; 4-12 in A. heyeri,
4-10 in A. hylaedactyla; 12—-16 in A. kayapo; Fig. 3D, 3G) and lower dominant frequency
(2.86-3.51 kHz in the new species; 4.24-5.23 kHz in A. andreae; 4.05-4.43 kHz in A.

tapajonica; Fig. 3F).

Description of holotype. MHUA-A 13972. Body robust (Figs. 7I-L, 11). Snout subovoid in
dorsal view (Fig. 11A), acuminate in lateral view. Nostril closer to the snout tip than to the eye;
dermal ridge at snout tip; canthus rostralis not marked; loreal region slightly concave;

supratympanic fold from the posterior corner of the eye to the base of the arm; nearly rounded
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postcommissural gland; vocal sac subgular with a fold from jaw extending to the base of the
arm, vocal slit present; vomerine teeth in two straight rows medial and posterior to choanae.
Tongue elongated, free behind. Relative finger lengths IV <1 <II <III; fingers without ridges
or fringes; finger tips rounded, not expanded or flattened; inner metacarpal tubercle oval; outer
metacarpal tubercle rounded (Fig. 11B). Subarticular tubercles oval; supernumerary tubercles
rounded. Dorsum shagreened, warty on flank and inguinal region. Throat and belly smooth
(Fig. 11C). Lumbar gland present. Ventral surface of thigh granular (Fig. 11C). Paracloacal
gland rounded. Relative toe lengths I <11 <V <III < IV; toes without ridges or fringes; toe tips
rounded and swollen (character state C), but not expanded into discs, i.e., flattened. Inner
metatarsal tubercle is elongated, outer metatarsal tubercle rounded (Fig. 11D). Tarsal fold from
the inner metatarsal tubercle extending 2/3 length of tarsus. Subarticular tubercles oval;
supernumerary tubercles rounded, posterior surface of tarsus covered with white-tipped
tubercles. Measurements of the holotype are (in mm): SVL 23.4; HW 8.9; HL 7.6; ED 2.4; EN

1.7, TD 1.8; IND 2.4; HAL 4.7; THL 10.8; TL 10.7; and FL 11.5.
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Figure 11. Dorsal and ventral body (A, B), hand (C), and foot (D) of the preserved holotype of
Adenomera sp. 3 nov. (MHUA-A 13972) from the Department of Putumayo, Colombia. Scale bars (A,

B=10mm; C, D=1 mm).
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In preservative (Fig. 11), snout tip with a faded white colouration (coincident with the
dermal ridge). Dorsum gray/marron with darker specks and spots. Lumbar gland black. Dorsal
surface of limbs with dark brown stripes/blotches on a slightly lighter brown background. Upper
jaw with dark brown blotches irregular vertical bars, whitish postcommissural gland, with dark
blotches. Tympanum brown. Throat, belly, and ventral surface of limbs cream. Belly and
ventral surface of limbs with melanophores. Throat immaculate with a cream-dotted pattern,
concentrated laterally. Axillary gland cream-colored. Posterior surface of the thigh has a few
dark brown spots on a light background. Paracloacal gland are half black and half cream-

colored.

In life (Figs. 71-L, 12A), the dorsum is light brown color, with dark brown spots
distributed as splashed, and a triangle-shaped spot with irregular outlines between eyes. Lumbar
gland black; posterior dorsum with a granular concentration of rounded, small, dark orange.
The dorsal surface of the limbs is of the same light brown color as the body. Iris of intense
copper color, faintly reticulated. The upper jaw has dark brown vertical bars. The post-
commissural gland is cream-colored. Tympanum dark brown, with a spot in its anteroexternal
portion in the shape of an irregular lunula, dark brown colored. The throat, belly, and ventral
surface of the limbs are translucent and whitish. Belly cream colored in the central region.
Axillary gland cream. The posterior surface of the thigh presents a color grayish-brown, finely

dotted. Paracloacal gland dark.

Variation. The type series is homogeneous in morphology and coloration (Fig. 12).
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Figure 12. Life colors of type specimens of Adenomera sp. 3 nov. from the Department of Putumayo,
Colombia. (A) MHUA-A 13972 (male, holotype; SVL = 23.4 mm); (B) MHUA-A 13968 (male; SVL
=23.5 mm); (C) MHUA-A 13970 (female; SVL = 24.4 mm); (D) MHUA-A 13971 (female; SVL =23.1

mm).

Habitat and natural history. Adenomera sp. 3 nov. has been recorded exclusively in urban
and open areas of Puerto Leguizamo, including parks, green areas, gardens, and roadsides. The
species prefers microhabitats with shrubs, or some vegetation cover, shade, and, in some cases,
an accumulation of leaf litter. It is common to hear males vocalizing among the shrubs or hiding
in leaf litter when present. Vocal activity begins between 18:00 and 20:00 hours and is heard

throughout the year, with increased activity during and after rains.
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Distribution. Adenomera sp. 3 nov. has been recorded only at its type locality, in Puerto
Leguizamo, Department of Putumayo. The species uses human-altered areas, including urban

and rural areas on the outskirts of the town of Puerto Leguizamo.

DISCUSSION

The diversity of anurans in Colombian Amazonia remains poorly understood, with significant
gaps in the collection of scientific data and the understanding of biological diversity in the
region (Vasquez-Restrepo 2021; Camacho-Rozo and Urbina-Cardona 2023). This is especially
critical in taxa with prevalent cryptic morphology, illustrated in this study by the foam-nesting
frogs of the genus Adenomera. In Colombia, the information available on this genus is limited
to scattered records of two widely distributed species (4. andreae and A. hylaedactyla; Acosta-
Galvis 2025), mainly from lists, guides, and technical reports. However, based on the present
study and additional evidence from the Adenomera phylogeny (Fouquet et al. 2014), the species
richness of the genus in Colombia has been significantly underestimated. In addition to A.
andreae and A. hylaedactyla, there are at least two candidate new species, the lineage “sp. P”
and the lineage “sp. Q” indicated by Fouquet et al. (2014), plus the three new species from the

Putumayo that were characterized for the first time in the present study.

The use of multiple lines of evidence, especially the combined information derived from
bioacoustics, morphology, and DNA sequences, has contributed to the advance of the taxonomy
of the main clades of Adenomera (e.g., Carvalho et al. 2020a, 2021a; Zaracho et al. 2023;
Cassini et al. 2024). The recent description of A. albarena is another example from central
Brazilian Amazonia (Martins et al. 2024). Considering both 4. albarena and Adenomera sp. 3

nov., the A. simonstuarti complex contains at least eleven distinct lineages. This strategy



56

allowed us to identify three unnamed species in the Department of Putumayo, associated with
the A. simonstuarti species complex. Our results show genetic correspondence with two of
these lineages. Adenomera sp. 1 nov. corresponds to lineage 11 of 4. simonstuarti from Japura
or the sister group of this lineage, thus assuming that lineage 11 corresponds to an additional
unnamed species within this species complex. Likewise, Adenomera sp. 2 nov. corresponds to
lineage 6 of A. simonstuarti from Loreto or the sister group of lineage 6 if they do not
correspond to the same taxonomic unit. In both cases, we still need to obtain phenotypic data
for confirmation of their identities in comparison with the two new species from the Putumayo.
In addition, we identified a third putative new species that had not been sampled previously,
given its divergent call, which indicates the existence of additional unnamed lineages within

the 4. simonstuarti complex (but see a discussion on its phylogenetic assessment below).

Considering the heterogeneity of habitats in southwestern Amazonia, the 4. andreae clade and
the original eight lineages of the A. simonstuarti complex have been recorded only in non-
flooded forests (Carvalho et al. 2020a). However, A. albarena, the most recently described
species of this species complex, is found in white-sand forest ecosystems. In this context,
Adenomera sp. 2 nov. and Adenomera sp. 3 nov. are species that inhabit open and urban areas
within their known distribution, habitats that are primarily associated with species of the “open-
formation” clade, formed by the A. hylaedactyla and A. martinezi clades. The latter is widely
distributed, but restricted to the open formations across the South American Dry Diagonal,
whereas the former is also distributed in open areas throughout Amazonia (Fouquet et al. 2014;
Carvalho et al. 2019a). Interestingly, the natural and human-altered open areas of Putumayo are
occupied by two lineages of the A. simonstuarti complex, where A. hylaedatyla does not occur.

Therefore, there is a species turnover of open-formation Adenomera in western Amazonia
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(Colombia, Peru, and Ecuador), whose limits are still poorly understood. These species

represent the only two cases in the 4. andreae clade using non-forested environments.

The acoustic divergence among the three lineages of the A. simonstuarti complex from the
Putumayo constitutes the primary line of evidence for their delimitation as distinct species. The
unique call characteristics of each lineage provide valuable diagnostic features, enhancing our
understanding of acoustic diversity and revealing previously unrecognized call patterns within
the A. andreae clade. Adenomera sp. 1 nov. has an advertisement call composed of a single
nonpulsed note with a descendent frequency modulation, which makes it unique among all five
species of the A. andreae clade and more broadly among Adenomera. Adenomera lutzi is the
only Amazonian congener that also has a nonpulsed call, whereas nonpulsed calls are pervasive
in the Atlantic Forest endemic A. marmorata clade. Besides, the call of Adenomera sp. 1 nov.
has a unique spectral feature among Adenomera species, descending frequency modulation, a
previously unknown call pattern in the genus. The call of Adenomera sp. 2 nov. is formed by
complete pulses. This feature is present in many species of the 4. heyeri clade (Carvalho et al.
2021), but only in one species of the A. andreae clade (4. guarayo). However, they differ
markedly in the number of pulses per call (Fig. 3). Finally, the call of Adenomera sp. 3 nov. is
formed by incomplete pulses, a trait shared with the other described species of the A. andreae
clade. The three-pulse note pattern of this lineage is most similar to the note structure of 4.
simonstuarti, but they differ in the emission pattern. Adenomera simontuarti has a multi-note
call (i.e., series of pulsed notes; Carvalho et al. 2020a), whereas Adenomera sp. 3 nov. produces

the same structure (three-pulse notes) as single notes (Fig. 4).

The use of advertisement calls as a tool in taxonomic studies is widely documented as highly

reliable and effective for the diagnosis and delimitation of anuran species. In an integrative
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taxonomic approach, where multiple lines of evidence are considered, differences in
bioacoustics can be interpreted as an indication of taxonomic differentiation (Kohler 2007).
This applies well to the three taxonomic entities from the Putumayo, with marked differences
in their vocalizations, a taxonomic character of high relevance in the genus (e.g., Angulo and
Icochea 2010; Fouquet et al. 2014; Carvalho et al. 2020a, 2021a; Martins et al. 2014). However,
despite the acoustic divergence between Adenomera sp. 2 nov. and Adenomera sp. 3 nov., they
were recovered together in a clade, without clear distinction in the mtDNA COI gene (< 1 %;
see Appendix S3). It is worth mentioning that, to date, we could produce only one COI sequence
of Adenomera sp. 3 nov. and, as such, we do not discard the possibility of contamination (in the
field or laboratory) or, alternatively, the incorrect assignment of a tissue sample. We are going
to sequence additional individuals and genes to confirm this possibility. This is especially
because their advertisement calls are consistently divergent, which indicates that they should
correspond to independently evolving lineages. Another scenario to explain the discordance
between topology and advertisement call is the limitation in the ability to accurately recover
relationships between populations (Lougheed et al. 2006). We cannot rule out the possibility of
such a recent cladogenesis, so the COI gene might not resolve relationships adequately. This
was also highlighted by Fouquet et al. (2014) to explain the genotype-phenotype discordance
within the acoustically divergent lineages subsumed under A. hylaedactyla. In this context, a
future genetic sampling should also aim at nuclear genes to investigate haplotype networks and
mitonuclear discordance, and underlying mechanisms, such as incomplete lineage sorting and

introgression.

In addition to contributing to taxonomic knowledge, the documentation of taxonomic diversity
and its distribution patterns is fundamental for developing effective conservation strategies and

land-use planning in regions of high biological diversity. This challenge is especially urgent in
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areas with scarce biological information, such as the Amazonian ecosystems, which are likely
to face significant environmental transformations in the coming years (Camacho-Rozo and
Urbina-Cardona 2023). This study highlights the need for investment in taxonomic sampling in
the natural areas of Colombia’s Putumayo, a region that shelters a diversity of lowland forest

ecosystems, as well as the transitional Andean-Amazonian Piedmont.
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4.54806 -52.15194 KF674851 KF674539 KF674219
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-2.96615 -59.93122 KF674864 KF674554 KF674235
--- --- --- MN866431 ---
- - - MN866432  ---
--- --- --- MN866428  ---
— -— -— MNB66430 -
--- --- --- MN866434  ---
— -— -— MN866433 -—
--- --- --- MN866435 ---
— — -— MN866427  ---
--- --- --- MNB66422 -
— — -— MN866426  ---
--- --- --- MN866420  ---
- — - MN866421 -
--- --- --- MN866425 ---
- - - MN866423 -
-4.33333  -58.13333 KF674868 KF674558 KF674239
-3,103983°-59,974858°  --- MK959184  ---
-1.71389  -57.21333 KF674865 KF674555 KF674236
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Appendix S3. Matrix of genetic pairwise distances (uncorrected p-distances) of the COI gene among the lineages of the Adenomera simonstuarti complex.
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0.060
0.058
0.055
0.055
0.057
0.061
0.080
0.078
0.078
0.078
0.078
0.073
0.084
0.070
0.068
0.068
0.072
0.072
0.072
0.072
0.070
0.070
0.070
0.070
0.068
0.066
0.061
0.063
0.063

0.070

0.000
0.010
0.007
0.062
0.060
0.055
0.066
0.064
0.057
0.055
0.055
0.057
0.055
0.060
0.053
0.053
0.053
0.053
0.058
0.047
0.047
0.059
0.059
0.059
0.059
0.062
0.062
0.062
0.066
0.070
0.068
0.068
0.068
0.066
0.068
0.068
0.053
0.053
0.050
0.050
0.051
0.052
0.076
0.074
0.074
0.074
0.074
0.071
0.082
0.070
0.070
0.070
0.070
0.070
0.070
0.070
0.068
0.068
0.068
0.068
0.060
0.062
0.060
0.062
0.062

0.010
0.007
0.062
0.060
0.055
0.066
0.064
0.057
0.055
0.055
0.057
0.055
0.060
0.053
0.053
0.053
0.053
0.058
0.047
0.047
0.059
0.059
0.059
0.059
0.062
0.062
0.062
0.066
0.070
0.068
0.068
0.068
0.066
0.068
0.068
0.053
0.053
0.050
0.050
0.051
0.052
0.076
0.074
0.074
0.074
0.074
0.071
0.082
0.070
0.070
0.070
0.070
0.070
0.070
0.070
0.068
0.068
0.068
0.068
0.060
0.062
0.060
0.062
0.062

0.007
0.057
0.057
0.051
0.062
0.060
0.053
0.051
0.055
0.053
0.051
0.057
0.049
0.049
0.049
0.049
0.055

0.044
0.051
0.051
0.051
0.051
0.054
0.054
0.054
0.058
0.070
0.068
0.068
0.068
0.066
0.068
0.068
0.053
0.053
0.050
0.050
0.051
0.052
0.072
0.070
0.070
0.070
0.070
0.067
0.078
0.066
0.066
0.066
0.066
0.066
0.066
0.066
0.064
0.064
0.064
0.064
0.057
0.062
0.057
0.058
0.058

0.066
0.064
0.058
0.066
0.064
0.057
0.055
0.055
0.057
0.055
0.060
0.053
0.053
0.053
0.053
0.058
0.047
0.047
0.059
0.059
0.059
0.059
0.062
0.062
0.062
0.066
0.074
0.072
0.072
0.072
0.070
0.068
0.068
0.057
0.057
0.053
0.054
0.055
0.056
0.079
0.077
0.077
0.078
0.077
0.075
0.086
0.075
0.075
0.075
0.075
0.075
0.075
0.075
0.072
0.072
0.072
0.072
0.060
0.066
0.060
0.062
0.062

0.009
0.009
0.060
0.060
0.058
0.060
0.058
0.050
0.054
0.056
0.058
0.058
0.058
0.058
0.060
0.052
0.052
0.059
0.059
0.059
0.059
0.060
0.060
0.060
0.056
0.072
0.058
0.058
0.058
0.056
0.058
0.058
0.060
0.060
0.058
0.058
0.058
0.059
0.062
0.060
0.060
0.061
0.060
0.068
0.068
0.062
0.062
0.062
0.066
0.066
0.066
0.066

0.064
0.064
0.064
0.058
0.050
0.046
0.046
0.046

10

0.005
0.056
0.063
0.061
0.060
0.058
0.051
0.053
0.058
0.053
0.056
0.056
0.055
0.063
0.053
0.053
0.052
0.052
0.052
0.052
0.055
0.055
0.055
0.053
0.061
0.050
0.050
0.050
0.048
0.053
0.053
0.058
0.056
0.051
0.051
0.055
0.052
0.063
0.061
0.061
0.060
0.061
0.060
0.065
0.057
0.056
0.056
0.059
0.059
0.059
0.059
0.057
0.057
0.057
0.057
0.061
0.053
0.053
0.054
0.054

11

0.051
0.058
0.056
0.054
0.053
0.049
0.048
0.053
0.049
0.051
0.051
0.049
0.058
0.048
0.048
0.048
0.048
0.048
0.048
0.051
0.051
0.051
0.048
0.057
0.046
0.046
0.046

0.051
0.051
0.053
0.051
0.046
0.046
0.050
0.048
0.057
0.055
0.055
0.054
0.055
0.056
0.060
0.054
0.052
0.052
0.055
0.055
0.055
0.055
0.054
0.054
0.054
0.054
0.055
0.048
0.048
0.049
0.049

12

0.025
0.023
0.018
0.023
0.020
0.015
0.017
0.022
0.021
0.021
0.019
0.025
0.018
0.018
0.038
0.038
0.038
0.038
0.043
0.043
0.043
0.038
0.050
0.046
0.046
0.046

0.061
0.061
0.061

0.051
0.051
0.055
0.052
0.070
0.068
0.068
0.066
0.068
0.067
0.074
0.072
0.070
0.070
0.070
0.070
0.070
0.070
0.068
0.068
0.068
0.068
0.062
0.057
0.063
0.065
0.065

13

0.023
0.021
0.020
0.014
0.012
0.014
0.015
0.014
0.014
0.013
0.022
0.014
0.014
0.040
0.040
0.040
0.040
0.038
0.038
0.038
0.038
0.053
0.050
0.050
0.050
0.048
0.058
0.058
0.060
0.060
0.051
0.051
0.055
0.048
0.063
0.061
0.061
0.058
0.061
0.064
0.069
0.068
0.066
0.066
0.066
0.066
0.066
0.066
0.065
0.065
0.065
0.065
0.055
0.053
0.056
0.058
0.058

14

0.050

0.072
0.070
0.070
0.068
0.070
0.065
0.074
0.070
0.068
0.068
0.068
0.068
0.068
0.068
0.066
0.066
0.066
0.066
0.055
0.051
0.054
0.056
0.056

15

16

0.012
0.014
0.015
0.015
0.013
0.013
0.013
0.017
0.010
0.010
0.034
0.034
0.034
0.034
0.032
0.032
0.032
0.033
0.042
0.043
0.043
0.043
0.041
0.056
0.056
0.049
0.048
0.041
0.041
0.043
0.039
0.063
0.061
0.061
0.058
0.061
0.060
0.069
0.065
0.063
0.063
0.063
0.063
0.063
0.063
0.061
0.061
0.061
0.061
0.049
0.046
0.051
0.053
0.053

17

0.011
0.012
0.013
0.013
0.013
0.011
0.017
0.010
0.010
0.030
0.030
0.030
0.030
0.028
0.028
0.028
0.030

0.041
0.041
0.041
0.039
0.053
0.053
0.053
0.051
0.043
0.043
0.046
0.039
0.059
0.057
0.057
0.054
0.057
0.058
0.065
0.063
0.061
0.061
0.061
0.061
0.061
0.061
0.059
0.059
0.059
0.059
0.051

0.051
0.053
0.053

18

0.005
0.010
0.010
0.010
0.008
0.015
0.006
0.006
0.030
0.030
0.030
0.030
0.028
0.028
0.028
0.031
0.041
0.037
0.037
0.037
0.036
0.054
0.054
0.049
0.050
0.043
0.043

0.039
0.061
0.059
0.059
0.056
0.059
0.058
0.063
0.063
0.061
0.061
0.061
0.061
0.061
0.061
0.059
0.059
0.059
0.059
0.049
0.043
0.053
0.054
0.054

19

0.013
0.013
0.013
0.011
0.017
0.010
0.010
0.032
0.032
0.032
0.032
0.030
0.030
0.030
0.033
0.042
0.039
0.039
0.039
0.037
0.056
0.056
0.054
0.055
0.046
0.046
0.050
0.042
0.062
0.061
0.061
0.058
0.061
0.062
0.067
0.065
0.063
0.063
0.063
0.063
0.063
0.063
0.061
0.061
0.061
0.061
0.055
0.048
0.058
0.059
0.059

20

0.002

0.015

21

0.000
0.000
0.013
0.006
0.006
0.034
0.034
0.034
0.034
0.032
0.032
0.032
0.034
0.046
0.043
0.043
0.043
0.041
0.061
0.061
0.048
0.046
0.045
0.045
0.046
0.042
0.065
0.063
0.063
0.059
0.063
0.060
0.066
0.065
0.063
0.063
0.063
0.063
0.063
0.063
0.061
0.061
0.061
0.061
0.051

0.053
0.055
0.055

22

0.000
0.013
0.006
0.006
0.034
0.034
0.034
0.034
0.032
0.032
0.032
0.034
0.046
0.043
0.043
0.043
0.041
0.061
0.061
0.047
0.046

0.045
0.046
0.042
0.065
0.063
0.063
0.059
0.063
0.060
0.066
0.065
0.063
0.063
0.063
0.063
0.063
0.063
0.061
0.061
0.061
0.061
0.051

0.053
0.055
0.055

23

24

25

0.000
0.028
0.028
0.028
0.028
0.026
0.026
0.026
0.031
0.042
0.039
0.039
0.039
0.037
0.058
0.058
0.042
0.043
0.041
0.041
0.043
0.037
0.059
0.057
0.057
0.055
0.057
0.056
0.060
0.061
0.059
0.059
0.059
0.059
0.059
0.059
0.057
0.057
0.057
0.057
0.046
0.039
0.049
0.051
0.051

26

0.028
0.028
0.028
0.028
0.026
0.026
0.026
0.031
0.042
0.039
0.039
0.039
0.037
0.058
0.058
0.042
0.043
0.041
0.041
0.043
0.037
0.059
0.057
0.057
0.055
0.057
0.056
0.060
0.061
0.059
0.059
0.059
0.059
0.059
0.059
0.057
0.057
0.057
0.057

0.039
0.049
0.051
0.051

27

0.000
0.000
0.000
0.027
0.027
0.027
0.025
0.036
0.034
0.034
0.034
0.032
0.062
0.062
0.059
0.059
0.056
0.056
0.056
0.055
0.060
0.058
0.058
0.055
0.058
0.061
0.065
0.059
0.059
0.059
0.063
0.063
0.063
0.063
0.061
0.061
0.061
0.061
0.061
0.050
0.062
0.062
0.062

28

0.000

0.027
0.027
0.027
0.025
0.036
0.034
0.034
0.034
0.032
0.062
0.062
0.059
0.059
0.056
0.056
0.056
0.055

0.058
0.058
0.055
0.058
0.061
0.065
0.059
0.059
0.059
0.063
0.063
0.063
0.063
0.061
0.061
0.061
0.061
0.061
0.050
0.062
0.062
0.062

29

0.000
0.027
0.027
0.027
0.025
0.036
0.034
0.034
0.034
0.032
0.062
0.062
0.059
0.059
0.056
0.056
0.056
0.055
0.060
0.058
0.058
0.055
0.058
0.061
0.065
0.059
0.059
0.059
0.063
0.063
0.063
0.063
0.061
0.061
0.061
0.061
0.061
0.050
0.062
0.062
0.062

30

0.027
0.027
0.027
0.025
0.036
0.034
0.034
0.034
0.032
0.062
0.062
0.059
0.059
0.056
0.056
0.056
0.055
0.060
0.058
0.058
0.055
0.058
0.061
0.065
0.059
0.059
0.059
0.063
0.063
0.063
0.063
0.061
0.061
0.061
0.061
0.061
0.050
0.062
0.062
0.062
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Continuation.

32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69

0.005  0.005

0.043  0.043  0.039

0.038 0038 0.036 0.034

0.038 0038 0.036 0.034 0.000

0038 0038 0.036 0034 0000 0.000

0.036 0036 0.034 0032 0002 0.002 0.002

0074 0074 0.061 0066 0066 0.066 0.066 0.064

0.074  0.074  0.061  0.066 0.066 0.066 0.066 0.064 0.000

0062 0062 0.061 0059 0057 0057 0057 0055 0056 0.056

0062 0062 0.060 0057 0057 0.057 0057 0055 0056 0056 0.003

0.060 0060 0.051 0055 0055 0.055 0055 0054 0048 0048 0.002 0.002

0.060 0.060 0.051 0055 0.055 0.055 0055 0054 0.048 0048 0.002 0.002 0.000

0.060 0060 0.055 0055 0055 0055 0055 0054 0051 0051 0003 0003 0002 0.002

0.057 0057 0.052 0061 005 0059 0059 0057 0057 0057 0.002 0.002 0000 0.000 0.000

0.056  0.056 0.055 0066 0068 0.068 0068 0066 0051 0051 0057 0057 0048 0048 0.052 0.045

0.054 0054 0.053 0064 0066 0.066 0066 0064 0.049 0049 0.059 0059 0050 0.050 0.054 0.048 0.002

0.054 0054 0.053 0064 0066 0.066 0066 0064 0.049 0049 0.059 0.059 0050 0.050 0.054 0048 0.002 0.000

0051 0051 0.050 0062 0064 0064 0064 0062 0048 0048 0056 0057 0047 0047 0051 0044 0002 0.000 0.000

0.054 0054 0.053 0064 0066 0.066 0066 0064 0049 0049 0059 0059 0050 0050 0.054 0048 0002 0.000 0.000 0.000

0064 0064 0056 0064 0061 0061 0061 0059 0056 0056 0051 0051 0049 0.049 0049 0055 0017 0015 0015 0014 0015

0.068 0.068 0.065 0071 0065 0.065 0065 0063 0060 0060 0064 0062 0053 0053 0.057 0055 0019 0017 0017 0016 0017 0.007

0062 0062 0.055 0068 0061 0061 0061 0059 0057 0057 0050 0052 0050 0050 0050 0053 0015 0013 0013 0012 0013 0007 0.005

0062 0062 0.054 0067 0059 0059 0059 0057 0055 0055 0050 0050 0048 0048 0048 0053 0015 0013 0013 0012 0013 0005 0.005 0.002

0062 0062 0.054 0067 0059 0059 0059 0057 0055 0055 0050 0050 0048 0048 0048 0053 0015 0013 0013 0012 0013 0005 0.005 0002 0.000

0.066  0.066 0.057 0067 0.063 0.063 0063 0061 0055 0055 0050 0.050 0048 0048 0048 0053 0015 0013 0013 0012 0013 0005 0002 0.005 0003 0.003

0.066 0066 0.057 0067 0063 0.063 0063 0061 0055 0055 0050 0050 0048 0048 0048 0053 0015 0013 0013 0012 0013 0005 0.002 0005 0003 0.003 0.000

0.066  0.066 0.057 0067 0.063 0.063 0063 0061 0055 0055 0050 0050 0048 0.048 0048 0053 0015 0013 0013 0012 0013 0005 0.002 0005 0003 0.003 0.000 0.000

0.066 0.066 0.057 0067 0063 0.063 0063 0061 0055 0055 0050 0050 0048 0048 0048 0053 0015 0013 0013 0012 0013 0005 0.002 0005 0003 0.003 0.000 0000 0.000

0064 0.064 0.055 0065 0061 0061 0061 005 0054 0054 0048 0048 0.047 0.047 0047 0050 0.013 0011 0011 0010 0011 0003 0.004 0003 0002 0.002 0002 0002 0.002 0.002

0.064 0064 0.055 0065 0061 0061 0061 0059 0054 0054 00438 0048 0047 0047 0047 0050 0.013 0011 0011 0010 0011 0003 0004 0003 0002 0.002 0002 0002 0.002 0002 0.000

0.064 0064 0.055 0065 0061 0061 0061 0059 0054 0054 0048 0048 0.047 0.047 0047 0050 0.013 0011 0011 0010 0011 0003 0004 0003 0002 0.002 0002 0002 0.002 0002 0.000 0.000

0.064 0064 0.055 0065 0061 0061 0061 0059 0054 0054 0048 0048 0047 0047 0047 0050 0.013 0011 0011 0010 0011 0003 0004 0003 0002 0.002 0002 0002 0.002 0002 0.000 0.000 0.000

0.058 0058 0.059 0066 0064 0064 0064 0062 0038 0038 0043 0048 0044 0044 0046 0043 0049 0048 0043 0048 0048 0049 0057 0048 0048 0.048 0048 0048 0.048 0048 0.046 0046 0046 0.046
0.056  0.056 0.055 0.058 0056 0.056 0.056 0054 0.041 0041 0041 0041 0037 0037 0039 0039 0046 0.044 0044 0045 0044 0040 0.048 0.039 0039 0.039 0039 0039 0039 0039 0037 0037 0037 0037 0.031
0.065 0065 0.061 0060 0061 0061 0061 0059 0041 0041 0044 0043 0039 0039 0041 0048 0048 0046 0046 0.046 0046 0039 0049 0039 0038 0038 0038 0038 0038 0038 0036 0036 0036 0036 0026 0015
0.065 0.065 0.063 0062 0062 0.062 0062 0061 0043 0043 0.046 0045 0041 0041 0043 0048 0.050 0.048 0048 0.048 0.048 0040 0.051 0041 0039 0039 0039 0039 0039 0039 0038 0038 0038 0038 0028 0017 0.002
0.065 0065 0.063 0062 0062 0062 0062 0061 0043 0043 0046 0045 0041 0041 0043 0048 0.050 0048 0043 0.048 0048 0040 0051 0041 0039 0039 0039 0039 0039 0039 0038 0038 0038 0038 0028 0017 0.002 0.000
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Table. Estimates of Ewolutionary Divergence between Sequences

The number of base substitutions per site from between sequences are shown. Analyses were conducted using the Maximum Composite Likelihood model [1]. This analysis involved
70 nucleotide sequences. Codon positions included were 1st+2nd+3rd+Noncoding. All ambiguous positions were removed for each sequence pair (pairwise deletion option). There
were a total of 658 positions in the final dataset. Evolutionary analyses were conducted in MEGA X[2]

1. Tamura K., Nei M., and Kumar S. (2004). Prospects for inferring very large phylogenies by using the neighbor-joining method. Proceedings of the National Academy of Sciences
(USA) 101:11030-11035.

2. Kumar S., Stecher G., Li M., Knyaz C., and Tamura K. (2018). MEGA X Molecular Ewolutionary Genetics Analysis across computing platforms. Molecular Biology and Ewolution
35:1547-1549.
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Specie Codigo SIMONSTUARTI10_MTR36860 35
SIMONSTUARTI11_MCP13875 1 SIMONSTUARTI10_MCP13878 36
simonstuarti8_APL13097 2 SIMONSTUARTI10_MCP13901 37
simonstuarti6_MHNC10058 3 SIMONSTUARTI10_MCP13902 38
Adenomera_sp2_MHUAA13949 4 SIMONSTUARTI10_MCP13895 39
Adenomera_sp2_MHUAA13951 5 simonstuarti4_LSU12840 40
Adenomera_sp2_MHUAA13957 6 simonstuarti4_MHNC6302 41
Adenomera_sp2_MHUAA13950 7 simonstuarti7_EJRA1002 42
Adenomera_sp3_MHUAA13972 8 simonstuarti7_EIRA1003 a3
simonstuarti3_INPAH40967 9 SIMONSTUARTI7_GGU7515 a4
simonstuarti3_MNCN23203 10 SIMONSTUARTI7_GGU7044 45
simonstuarti3 ZSVI748 1 SIMONSTUARTI7_GGU7555 46
simonstuartil LSU13787 12 simonstuarti7_MNCN27344 47
SIMONSTUARTI1_QCAZA74932 13 :22:2:::—251—3:3:?2:3 ig
;Egﬁ;ii;gﬁiﬁig;s i: Adenomera_spl_MHUAA13955 50
. a—— Adenomera_spl_MHUAA13956 51
2::2:2:3:::1_211’;;10092 ig Adenomera_spl_MHUAA13962 52

= SIMONSTUARTI11_CZPBAA1527 53
SIMONSTUARTI1_QCAZA51254 18 SIMONSTUARTILL MCP13766 o
SIMONSTUARTI1_QCAZA55844 19 SIMONSTUARTILL MCP13898 =
EILLL, E (LRSS Ller:1) 20 SIMONSTUARTI11_MCP13879 56
SIMONSTUARTI1_TRC302 21 §MONSTUARTI11_MCP13892 57
SIMONSTUARTI1_TRC303 2 SIMONSTUARTI11_MCP13767 58
SIMONSTUARTI1,_TRC335 23 SIMONSTUARTI11_MCP13896 59
simonstuartil_QU2965 24 SIMONSTUARTI11_MCP13903 60
SIMONSTUARTI1_TRC341 25 SIMONSTUARTILL_MCP13905 61
SIMONSTUARTI1_TRC342 26 SIMONSTUARTI11_MCP13899 62
albarena_INPAH44867 27 SIMONSTUARTI11_MCP13904 63
albarena_INPAH44868 28 SIMONSTUARTI11_MCP13906 64
albarena_INPAH44871 29 SIMONSTUARTI11_MCP13909 65
albarena_INPAH44872 30 Adenomera_sp5_AMS396 66
simonstuarti2_INPAH39792 31 simonstuarti5_CB5696 67
simonstuarti2_INPAH39796 32 SIMONSTUARTIS_AJC4091 68
simonstuarti2_INPAH39814 33 SIMONSTUARTIS_AJC4093 69
simonstuarti2_QU5337 34 SIMONSTUARTI5_AJC4094 70



