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Abstract: Herein, we provide the first comprehensive amphibian checklist for the State of Tocantins, North of
Brazil, based on field sampling, literature data, and specimens deposited in zoological collections. We performed
field surveys from 2012 to 2019 in 12 Tocantins municipalities, totaling 376 days of sampling effort. We analyzed
25 papers from the literature and examined 1311 specimens from collections and collected 750 during field
surveys. We recorded 90 amphibian species distributed in 12 anurans and two caecilians families. At least seven
undescribed species along the state were recorded. We also present new records for 20 species for the state, nine of
them corresponding to Amazonian species, four Cerrado endemic, one Caatinga species, and the widely distributed
treefrog Boana crepitans; the others five new records comprise undescribed species. Our data also suggest that
the Tocantins amphibian composition is not geographically structured in relation to the biomes, since Amazonian,
Caatinga, and Cerrado amphibian lineages have their distribution nearly completely overlapped in the state. We
propose that this absence of spatial structuration may be a result of two factors (synergetic or not). First, the events
of expansion and retraction of the biomes caused by the Quaternary climatic cycles, which may have mixed the
populations of species from different biomes causing the notable pattern of overlapped distribution observed here.
Second, the forest environments (e.g. gallery and riparian forests) associated to the Araguaia-Tocantins River
basins may have acted as historical dispersal corridors for the Amazonian amphibian lineages into the Cerrado
of the Tocantins. Despite the sampling effort of the present study, we stress that gaps of information still remain
and further field sampling efforts should be performed along the state. Lastly, taxonomic appraisals involving the
species with problematic taxonomic status recorded here should be based on multiples lines of evidences (acoustic,
molecular, and morphological data), which will render a more accurate view on the Tocantins amphibian diversity.
Such data are extremely necessary under the current high rate of habitat loss across the state, since they can be
used to guide public policies of conservation.

Keywords: Amazonian Forest, Amphibia, Savanna, Cerrado.

Riqueza, padrdes de diversidade e notas taxonémicas dos anfibios do estado do Tocantins

Resumo: Apresentamos aqui a primeira lista de anfibios para o estado do Tocantins, regido norte do Brasil, com base em
amostragens de campo, dados da literatura e espécimes depositados em colegdes zoologicas. As expedi¢des de campo
foram realizadas entre 2012 e 2019 em 12 municipios do Tocantins, totalizando 376 dias de esfor¢o amostral. Nos
analisamos 25 artigos da literatura, examinamos 1311 espécimes depositados em colegdes e coletamos 750 individuos
durante as amostragens de campo. No total, nos registramos 90 espécies de anfibios distribuidas em 14 familias, das
quais 12 sdo de anuros e duas sdo de gimnofionas. Nossas amostragens também indicam a presenga de ao menos sete
espécies ndo descritas ao longo do estado. Adicionalmente, fornecemos registros inéditos para 20 espécies, das quais
nove sdo amazonicas, quatro sdo endémicas do Cerrado, uma espécie da Caatinga e uma amplamente distribuida, a
perereca Boana crepitans; cinco das espécies cujos os registros sdo inéditos para o estado correspondem a linhagens
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ndo descritas. Nossos dados também sugerem que a fauna de anfibios do Tocantins ndo esta geograficamente
estruturada em relag@o aos biomas, uma vez que linhagens de anfibios amazonicos, da Caatinga ¢ endémicas do
Cerrado apresentaram distribui¢do quase completamente sobreposta ao longo de todo o estado. Nos propomos
que essa auséncia de estruturagio espacial pode ser o resultado de dois fatores (sinergéticos ou ndo). Primeiro, os
eventos de expansao e retracdo dos biomas causados pelos ciclos climaticos do quaternario, que podem ter mixado
as populagdes de espécies de diferentes biomas, promovendo o padrido de sobreposi¢do de distribuigdo geografica
aqui observado. Segundo, destacamos que os ambientes florestais (e.g. matas de galeria e riparias) associadas as
bacias do dos Rios Araguaia-Tocantins podem ter atuado como corredores historicos de dispersdo para linhagens
de anfibios amazo6nicos para dentro do Cerrado tocantinense. A despeito do esfor¢o de amostragem do presente
estudo, lacunas de informagdo em diversas areas do estado permanecem e apontam a necessidade de adicionais
amostragens de campo. Além disso, diversas espécies com status taxondmico problematico foram diagnosticadas
no presente estudo, e futuras avaliagdes das mesmas devem ser baseadas em multiplas linhas de evidéncia (dados
acusticos, moleculares e morfologicos), produzindo assim uma viséo mais acurada sobre a diversidade de anfibios
do estado do Tocantins. Essas informagdes sdo extremamente necessarias em vista das atuais taxas de degradagdo
ambiental dentro do estado do Tocantins, uma vez que esse tipo de informagdo pode auxiliar politicas piblicas

voltadas para conservagao.

Palavras-chave: Floresta Amazonica, Amphibia, Savana, Cerrado.

Introduction

Political boundaries rarely coincide with natural barriers for
animal and plant distributions. However, accurate biodiversity data for
geopolitical units directly influences conservation policies (Diniz-Filho
et al. 2005, Silveira et al. 2010, Roberto & Loebmann 2016). A crucial
step in determining biodiversity conservation actions is the production
of basic information about diversity, distribution, and natural history of
the target group (Bini et al. 2006, Toledo et al. 2014). In fact, under the
current high rate of anthropogenic changes, these data are extremely
necessary (Vitousek et al. 1997, Hoffman et al. 2010, McCallum 2015).
This is especially true for amphibians, one of the most threatened
vertebrate group in the world (Silvano & Segalla 2005, Gallant et al.
2007, Hoffman et al. 2010).

Brazil holds the most diverse amphibian fauna of the world (Segalla
et al. 2019). Nevertheless, few Brazilian states have comprehensive
amphibian checklists (e.g. Almeida et al. 2011, Rossa-Feres et al.
2011, Roberto et al. 2013, Almeida et al. 2016, Brandao et al. 2016,
Roberto & Loebmann 2016). The paucity of such studies is mainly
due to the i) large size of the states, which makes samplings efforts
logistically difficult, and #7) the lack of human resources to produce
these checklists. To overcome this shortfall, large inventories have often
used a compilation of information from different sources as literature
data, specimens deposited in zoological collections, and field samplings
(e.g. Almeida et al. 2011, Rossa-Feres et al. 2011, Roberto et al. 2013,
Almeida et al. 2016).

Despite its large territory and by the presence of several ecosystems
within its boundaries, the amphibian diversity of the state of Tocantins
is poorly known (Diniz-Filho et al. 2005, 2006). Located on the central
portion of Brazil, the Cerrado biome covers 92% of the state, encompassing
many phytophysiognomies, from savanna formations (e.g. Cerrado
stricto sensu) to forest environments (e.g. gallery forest) (Oliveira-
Filho & Ratter 2002, Sano et al. 2010), placed side by side along the
landscape. This habitat distribution promotes a natural fragmentation of
the landscape, which deeply influences the amphibian occupancy and
diversity of the Cerrado biome (Colli et al. 2002, Santoro & Branddo 2014).

http://www.scielo.br/bn

Despite the increase of anthropogenic pressures on the Cerrado in past
decades, Tocantins still presents large natural areas of Cerrado, with
nearly 79% of its typical habitats poorly altered by human activities
(Santos et al. 2007, Sano et al. 2010, Rocha et al. 2011, Frangoso et
al. 2015). Additionally, two other South American biomes are present
in the Tocantins, the Amazonia and enclaves of the Seasonally Dry
Tropical Forests (SDTFs) (Werneck 2011, Tocantins 2015). The
Amazonia biome is present in the northwest portion of the state,
covering nearly 7% of its territory, with additional extensive transitional
zones between them and the Cerrado in the west of the state. The
enclaves of SDTFs (commonly referred as Matas secas) presents in
the southern and eastern portions of Tocantins share close evolutionary
history with the Caatinga (Werneck 2011). The SDTFs formations are
adapted to the severe drought conditions, and one of its main attributes
is the loss of leaves during the dry season (Araujo et al. 2007). Thus,
several amphibian lineages from the Amazonia, Cerrado and SDTFs
can be found in the Tocantins (Brandio & Peres Jr 2001, Pavan 2007,
Brasileiro et al. 2008, Valdujo et al. 2011, 2012, Silva et al. 2014,
2018). In this context, comprehensive inventories can also greatly
improve our understanding about the biogeography and evolution of
the amphibians of the study area (Silvano & Segalla 2005, Valdujo et
al. 2012, Roberto & Loebmann 2016).

Despite the current deficit of sampling effort regard the Tocantins
amphibian fauna, some regions of the state were recovered as endemism
centers and/or priority areas for herpetofauna conservation, as the
Parand Valley and Tocantins-Araguaia River basins (Azevedo et al.
2016). This highlight the necessity to improve our knowledge about
the amphibians of the State of Tocantins. Herein, we provide the first
comprehensive amphibian checklist for Tocantins state based on
field sampling, literature data, and specimens deposited in zoological
collections. In addition, we also 7) address the geographic patterns of
the amphibian diversity analyzing the spatial distribution of species
with different ranges (i.e. Cerrado endemic, Amazonian, and Caatinga
species), ii) identify gaps on geographic and taxonomic knowledge,
suggesting priority areas and taxa for further studies, and iii) provide
taxonomic notes to some recorded species.
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Material and Methods

1. Study area

The Tocantins is the third larger state of the north of Brazil, with
nearly 278,000 km? (Figure 1). The Cerrado biome vegetation cover
most of the state, but the Amazonia Forest and few enclaves of SDTFs
are also present (Sano et al. 2010, Werneck 2011). The regional
precipitation varies between 1,300 and 1,900 mm per year, generally
concentrated between December and March, the climate is tropical,
with a dry winter and moist summer (AW), according to Koppen
classification; mean temperature annual near to 32 °C (Alvares et al.
2013a, b). The main plateaus are present in the center (e.g. Parque
Estadual do Lajeado), south (e.g. Serra das Trairas) and east (e.g. Serra

Geral) of the state. Lowlands are mainly located along the two major
hydrographic basins of the state, the Araguaia and Tocantins Rivers. The
Araguaia River is located at the western limit of the state (borderline with
Mato Grosso in Midwest to South and Para in Midwest and North), while
the Tocantins River is centrally located, crossing the state in a south—north
orientation. Additionally, the state is the newest federative unity of the
Brazil, created in 1989. The main center of research of the state is the
Universidade Federal do Tocantins (UFT), which was created just in 2000
and currently have seven campi spread throughout the state (UFT 2018).
This university offer the bachelor degree in Biological Sciences only in the
municipality of Porto Nacional. Even nowadays, no amphibian’s specialist
works in any campi of the UFT. The large state territory and the absence of
local researchers are the main reasons to the current scarcity of information
on the Tocantins amphibian community.
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Figure 1. Biomes, River basins, and Richness of amphibian species by municipalities in the State of Tocantins.
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2. Sampling

Our amphibian checklist is result of a compilation of literature
data, specimens deposited in zoological collections, and field
samplings. The literature data was obtained by i) searching the
international databases (Web of Science, Scielo and Scopus)
using the follow key-word combinations: Amphibia*Cerrado or
Anura*Cerrado or Herpetofauna*Cerrado or Amphibia*Savanna*Brazil
or Anura*Savanna*Brazil or Herpetofauna*Savanna*Brazil. Searches
in the mentioned bases with key-words referring to Amazonian biome
(e.g. Amphibian*Amazonia*Tocantins) returned only two articles,
which just one (of our authorship, Andrade et al. 2019) fits to our study
aim. Thus, include these words do not improved the literature dataset.
That’s maybe a result of the smaller spatial representativity of the
Amazonian biome within the state and the absence of the researcher
groups in the region; and #7) searching papers from personal libraries
not found in the above-mentioned databases. We started gathering
papers from international databases in April of 2015, without start date
restriction. To avoid artificial richness inflation of the species list, we
used two exclusion criteria for literature records: i) species identified
with some taxonomic indetermination (i.e. aff., cf., gr. and sp.), and
ii) inaccuracy in determination of the sampled area. When applicable,
we updated the nomenclature of some records and/or corrected
identifications based on newly published information.

We directly analyzed specimens in four zoological collections:
Laboratdrio de Caracterizagao de Impactos Ambientais (acronym LCIA),
from the Universidade Federal do Tocantins, campus Palmas, Tocantins;
Museu de Zoologia José Hidasi (acronym MZJH), Porto Nacional
municipality, Tocantins; Cole¢do Herpetoldgica da Universidade
de Brasilia (acronym CHUNB), Brasilia municipality, Distrito
Federal; and Museu Nacional do Rio de Janeiro (acronym MNRJ),

Rio de Janeiro municipality, Rio de Janeiro. We also measured and
photographed specimens of some species to allow comparisons of
records from different collections and/or field samplings (Appendix 1).
We performed field surveys from 2012 to 2019 in 12 Tocantins
municipalities, totaling 376 days of sampling effort (Table 1). We used
at least one of the following three methods in the sampling areas: visual
search, pitfall traps, and incidental records. When possible, advertisement
calls were also recorded to help species identification. The collected
specimens were killed by immersion in benzocaine hydrochloride
250 mg/1 or interpectoral injection of lidocaine (CFBio n® 148/2012),
fixed in 10% formalin solution, and permanently preserved in 70%
alcohol. Before fixation, we extracted tissue samples (liver or muscle)
and preserved them in alcohol 95%. All collected specimens and
tissue samples are housed in the amphibians collection of the Colegdo
Zooldgica da Universidade Federal de Mato Grosso do Sul (acronym
ZUFMS-AMP). The Instituto Chico Mendes de Biodiversidade (acronym
ICMBio) granted the collection permits (51036-2 and 54493-11).

3. Data analysis

Some lineages are hard to be identified at specific level based only
on morphological characters, as Adenomera, Pseudopaludicola, and
Pristimantis genera (Carvalho & Giaretta 2013, Padial et al. 2014,
Veiga-Menoncello et al. 2014, Carvalho et al. 2015a, b, Andrade et
al. 2016, 2017). Therefore, specimens of these groups collected or
analyzed in zoological collections without specific identification were
excluded from the list, except when we were able to distinguish them
from their already registered congeners. Despite excluding some of
these records from the list, we maintained them to analyze the richness
by municipality, except when morphologically similar congeners were
also reported for the same municipality.

Table 1. Sampled areas in the State of Tocantins. Biome: Cerrado, Ecotone — Transitional areas between Amazonian and Cerrado.
Environment — AT: anthropic (e.g. pastures), forest formation (e.g. gallery forest), OA: open areas (e.g. cerrado stricto sensu). Water body
sampled — P: ponds, R: river, S: streams. Methods — OE: occasional encounter, PT: pitfalls, VS: visual surveys. The richness presented
here is the compilation of records obtained from field sampling, literature, and zoological collections. The richness corresponds to the total
of records (sum of field surveys, literature, and zoological collections data) from each municipality.

Sampling ~ Municipality Biome Richness Environment Water Methods Period Lat. Long.
effort body
80 days Araguaina Ecotone 35 AT, FF PS OE,PT,VS  2013-2016  7°06°15”S 48°12°00”"W
30 days Arraias Cerrado 33 OA, AT S OE,PT,VS 2016-2019 12°55°50”S 46°56°42”W
52 days Caseara Ecotone 42 OA, AT, FF PR,S OEPT,VS 2017-2018 9°24°17”S 49°58°59”W
3 days Colinas do Ecotone 4 AT, FF P VS 10/2016 8°3728S  48°28°34”W
Tocantins
3 days Couto de Ecotone 7 OA, AT P A 10/2016 8°17°22”S  49°14°53”W
Magalhdes
10 days  Figueiropolis  Ecotone 13 OA, AT, FF P OE,PT,VS  10/2015 12°07°51”S 49°10°26”"W
10 days Gurupi Cerrado 12 OA, AT P OEPT,VS  10/2015  11°43°44”S 49°04°08”W
22 days Lagoa da Ecotone 34 OA, AT, FF PR  OEPT,VS 10/2015 10°48°44”S 49°54’51”W
Confusao
9 days Mateiros Cerrado 40 OA, AT PR,S OE,PT,VS 03/2018 10°33°45”S  46°13°12”W
144 days Palmas Cerrado 57 FF P,S OEPT,VS 2012-2018 10°17°47”S 48°07°42”W
3 days Palmeirante  Ecotone 41 OA, AT P VS 10/2016  7°51°44”S  47°56’9”W
10 days  Porto Nacional ~Cerrado 34 AT, FF PR,S OEPT,VS 10/2015 10°42°28”S 48°25°01”W
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We follow Valdujo et al. (2012) to determine the distribution pattern
of the registered species. Here, the categories are briefly described as EN:
Cerrado endemic species, for species exclusively found through Cerrado;
AM: Amazonian species, when their range comprise the Amazonia and
marginal zones of the Cerrado; CA: Caatinga species, when their range
comprise the Caatinga and marginal zones of the Cerrado; BD: species
found throughout South American open formations (SDTFs, Cerrado, and
Chaco); and WD: widely distributed species, when their range encompass
more the two biomes (except BD species) (see Valdujo et al. 2012 for more
details about these distribution categories). Also following Valdujo et al.
(2012), we plotted in a map all records of each species distribution category
and observed if them were structured through the state or not. Based on
the field surveys and literature data, we also associated each species to
different environments: AT — anthropic, as pastures; FF — forest formation,
as gallery forest; and OA — open areas, as Cerrado stricto sensu. The water
bodies explored for each species were classified as pond, stream, and river.

Results

1. Richness

We analyzed 25 works from literature, collected 750 specimens
during 376 days field surveys and examined 1311 specimens from
collections (totaling 2.061 specimens). We recorded 90 amphibian
species distributed in 14 families, 12 anuran families and two caecilians
families (Table 2; Figures 2—7, Appendix 1). The most representative
families were Hylidae (33 spp.) and Leptodactylidae (30 spp.). The
richness presented by each source was very similar, as we found 75
spp. during field samplings, 72 spp. through literature data, and 63
spp. from zoological collections. On the other hand, many records
were performed exclusively by one of the sources, as 11 species were
registered solely during field samplings, seven species only from the
literature data, and five only from zoological collections data (Table 2).
We recovered 56 municipalities with some information about amphibians,

Table 2. Diversity and distribution of the amphibians species in the State of Tocantins. Abbreviations — Municipalities: AA = Araguacema, AG =
Aragominas, Al = Aguiarnopolis, AL = Alianca do Tocantins, AM = Almas, AN = Anands, AR = Araguaina, AS = Arraias, AT = Araguatins, AU =
Aurora do Tocantins, BA = Babagulandia, BN = Brejinho de Nazaré, BT = Buriti do Tocantins, CA = Caseara, CB = Combinado, CM = Couto de
Magalhaes, CO = Colinas do Tocantins, CT = Concei¢do do Tocantins, DA = Darcin6polis, DI = Diandpolis, DO = Dois Irmaos do Tocantins, FA =
Formoso do Araguaia, FI = Figueir6polis, FL = Filadélfia, GA = Guarai, GO = Goiatins, GU = Gurupi, IP = Ipueiras, IT = Itaguatins, LA = Lajeado,
LG = Lagoa da Confusdo, LZ = Lizarda, MA = Mateiros, MU = Muricilandia, NA = Nazaré, NO = Nova Olinda, NR = Nova Rosalandia, NV =
Novo Acordo, PA =Palmas, PE = Pedro Afonso, PI = Pium, PL = Palmeirante, PM = Palmeiras do Tocantins, PR = Parana, PO = Porto Nacional, PT
= Porto Alegre do Tocantins, PX = Peixe, RS = Rio Sono, SA = Sao Bento do Tocantins, SF = Santa Fé do Araguaia, SN = Sandolandia, SS = Sao
Salvador do Tocantins, TA = Taguatinga, TU = Tupiratins, WA = Wanderlandia, XA = Xambioda. Vegetation: AT = anthropic (e.g. pasturelands), FF
= forest formation (e.g. gallery forest, “cerraddo”), OA = open areas (e.g. grassland, cerrado stricto sensu). Water body: Ri =river, Po = Ponds, St =
stream. Range: AM = Amazonian species that reach the Cerrado biome, AT = Atlantic species that reach the Cerrado biome, DB = South American
diagonal belt of open formations, CA = Caatinga species that reach the Cerrado biome, CHA = Chaco species that reach the Cerrado biome, EN =
Cerrado endemic, WD = Widespread are those occur in two or more biomes, except DB ones. Conservation Units (UCs): APA = Area de Protecio
Ambiental Serra do Lajeado; PEC: Parque Estadual do Cantdo; PEJ: Parque Estadual do Jalapao. IUCN status: DD = Data deficient, LC = Least
concern, NE = Not evaluated species. Record: FS = Field sampling, LI = Literature, ZC = Zoological collections. New records are indicated by an
asterisk.

Taxa Municipalities Vegetation Water body Range UCs IUCN Record
Aromobatidae - - - - - - -
Allobates crombiei AR,CA,GA,LA,
(Morales, 2002) * PASA XA FF St AM APA DD  FS,LT, ZC
Bufonidae - - - - - - -
Rhacho eutiar AN,AR,CA,CM,
(Scffneoi (i“r f;;;) DLGA,MA,MU, FF Ri,St AM  PECPE] LC  FS,LT,ZC
’ SA,TU,XA
AAAG,AL,AR,
AS,BA,CA,DA, APAPEC
Rhinella diptycha (Cope, 1862) DLFL,GA,LG,MA, AT,FF,0A Po,St WD PiEJ ’ DD FS,LT, ZC
MU,NO,NR,PA,PI,
PL,PO,PR,PX,SA,SS
Rhinella gildae Vaz-Silva
. ’ AN,AR,BA,GO,MU,
Maciel, Bastos, and Pombal, NO.PLPL.SA.XA FF St AM - NE FS,LT, ZC
2015
Rhinella inopina Vaz-Silva,
Valdujo, and Pombal, 2012 AU,CB Unknown Unknown EN - NE LT
AR,AS,AT,BA,BN,
Rhinella mirandaribeiroi CA,CO,DA,GA,GO,
( G”ff rg m’lr;g‘s)“r’ ewor GU,IPLG,MAMU, ATFFOA  PoSt EN  APAPE] NE  FSLT,ZC
atlardo, NO,NR,PA,PO,PT,
SA,SE,SS
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Taxa Municipalities Vegetation Water body Range UCs IUCN Record
Rhinella ocellata CA,GA,LG,MA,PA,PX FF,0A Po EN PEJ NE  FS,LT, ZC
(Giinther, 1858)
Centrolenidae - - - - - - -
Hyalinobatrachium taylori
(Goin, 1968)* PA FF St AM APA LC FS
Craugastoridae - - - - - - -
AG,AL,AR,BA,CA,
Barycholos ternetzi GA,GU,LG,MU,NA,
iranda-Ribeiro, ,NR,PA,PL,PO,
(MirandaRibeiro, 1937 NONEPAPLPO FF,0A Po,St EN APA LC  FS,LT,ZC
PR,PX,SA,SS
Pristimants sp. AR,BA,IT,MU,PA,PL.SA FF St AM APA NE  FS.LT,ZC
(aff. fenestratus)
Dendrobatidae - - - - - - -
Adelphobates galactonotus
(Steindachner, 1864) AR,GO,PA,PO,SA FF St AM - LC FS,LT, ZC
Ameerega flavopicta
(Lutz, 1925) PR FF Unknown EN - LC LT
Hylidae - - - - - - -
Boana albopunciata AS,LA,LG,MA,PA ATFFOA  Po,St WD  APAPE]  LC  FS|LT,ZC
(Spix, 1824)
Boana caiapo Pinheiro, Cintra,
Valdujo, Silva, Martins, Silva, [;AG’S)Q’E}? i)F(I)’g)é, AT,0A Po AM - NE LTFS, ZC
and Garcia, 2018 o
Boana cinerascens
(Spix, 1824)* AR,SA FF Po,St AM - NE FS,ZC
Boana crepitans
(Wied-Neuwied, 1824)* AS ATFF St Wb ) NE FS
Boana lundii (Burmeister, 1856) FL,LPO,PR AT,AO Po EN - NE FS,LT
AG,AL,AN,AR,BA,
Boana multifasciata CA,DAFI,GA,GO,
(Giinther, 1859) GU.NA.PA PL.PM. AT,FF,OA Po,St AM APA NE FS,LT, ZC
PO,PR,SA,SF,WA
5 . AG,AL,AN,AR,AS,
(S"C‘;’;"ei’g‘;c ]“7;9) BA,CA,GA,GO,MA, AT,0A Po WD PEJ NE  FS,LT, ZC
’ PA,PL,PM,PO,SF
AG,AN,AR,AS,BA,
CA,CO,DAFI,GA,GO,
Boana raniceps (Cope, 1862) GU,IT,.LG,MA MU, AT,FF,O0A Po,Ri WD PEC,PEJ NE FS,LT, ZC
PA,PE,PI,PL,PO,PR,
PX,SS,TU,SA, WA
Boana sp. (aff. semilineata)* é%éi?/{%?\ﬁ&cs? AT,FF,0A Po AM - NE FS,LT, ZC
Boana sp. (cf. wavrini) AN’BI;?&(I})?’E/II\}[J NO, FF,0A St AM APA NE FS,LT, ZC
Bokermannohyla pseudopseudis
(Miranda-Ribeiro, 1937) FA FE St EN APA ke S
Corythomantis greeningi MA,PA FF St CA  APAPE] LC FS,LT
Boulenger, 1896
Dendropsophus anataliasiasi AL,BN,CA,GA,LG,
(Bokermann, 1972) NO,PA,PL,PX AT.0A Po EN ) Le FS,LT, ZC
AG,AL,AN,AR,BA,
Dendropsophus cruzi CAFI,GA,GO,LG,MA,
(Pombal and Bastos, 1998) MU,PA,PI,PL,PM, ATFF,0A Po,St EN APA,PE] Le FS,LT, ZC

PO,PR,PX,SA,SF,WA

http://www.scielo.br/bn
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Taxa Municipalities Vegetation Water body Range UCs IUCN Record
Dendr 5 lanarevr AL,AS,BA,CA,GA,
( Ceél 60’1’ ;g’;)”s mesanargyreus LG,MU,NO,PA PE, AT,FF,0A Po,St WD  APAPEC  LC  FS,LT,ZC
pe PILPL.PM,PO,SS
AG,AL,AN,AS,BA,
Dendropsophus minutus CA,DA,GO,LG,MA, APA.PEC,
(Peters, 1872) NR,PA,PLPL,PM,PO, ALFEOA Po,St WD PEJ LC  FSLT.ZC
PR,PX,SA,SS,WA
Dendropsophus nanus AS,.BA,CA,CMLIT,
(Boulonger, 1889) LG.PE PL PM WA AT,FE,0A Po,St WD APA LC  FS,LT,ZC
Dendropsophus rubicundulus AS,.BA,MA,PA,PL,
(Reinhardt and Liitken, 1862) PM,PO,PT,PX,WA ALFEOA Po EN PEJ LC FS.LT, 2C
Dendropsophus soaresi
(Caramaschi and Jim, 1983) MA FF Unknown  CA PEJ LC LT
Dendropsophus sp. AG,AN,AR,PA FF Po AM ; NE  FS,LT, ZC
(gr. leucophyllatus)
gz‘j{””s caraya Gallardo, CA,CM,LG OA Po EN - LC  FS,LT, ZC
Osteocephalus taurinus AR,CA,GO,ITMA, APA,PEC,
Steindachner, 1862 MU,PA,PLPL,SA FF St AM PEJ LC FS.LT, ZC
Pseudis t tins Caramaschi BA,BN,BT,FAFI,
agg“C;i Oi‘;’;é’” ! LG,PA,PE,PL,PO, AT,0A Po EN . LC  FS,LT,ZC
Zs PR,PT,PX,SN
Scinax constrictus Lima,
Bastos, and Giaretta, 2005 MA FF Unknown EN PEJ Lc LT
AA,AG,AL,AR,AS,
Scinax f nat BA,CA,DA,DO,GA,
(f”:"xlggmarg’”“ us GO,GU,LG,LZMA, AT,FF,0A Po WD PEJ LC  FS,LT,ZC
ut, PA,PE,PL,PO,PR,PT,
PX,SA,SS,WA
AG,AL,AN,AR,AS,
Scinax fuscovarius BA,DA,GA,LG,MA,
(Lutz, 1925) NO,NR,PA PL.PM.PR, AT,0A Po WD APA,PE] LC FS,LT, ZC
PX,SS,WA
AG,AL,AN,AR,AS,
. . BA,CA,GA,GO,LA,
Scinax nebulosus (Spix, 1824) MU.NO.PA PL.PO, AT,FF,OA Po,St AM APA LC FS,LT, ZC
PX,WA
. . . AG,AS,CA,.DA,GOMA, APA,PEC,
Scinax x-signatus (Spix, 1824) NO.PA.PLPM.PO.PT.SA AT,0A Po,St WD PEJ LC FS,LT, ZC
AR,LA,LG,MA MU
. 9 9 bl bl 9 r)
Scinax sp. (gr. ruber) NA.NO.NR.PA AT,0A Po ? PEJ NE FS,LT,ZC
Sphaenorhynchus lacteus
(Daudin, 1800)* AN OA Po AM - LC zC
. AL,AN,AS,BA,CA,
(Tﬁi‘ifl’aygf hl";zsg)’yp honius GA,GU,LG,MA,NO, ATFFOA  Po,St WD APAPEJJEC’ NE  FS,.LT,ZC
’ PA,PLPL,PR,PX,SS,WA
Trachycephalus sp.* SF - Unknown ? - NE V4®
Trachycephalus mambaiensis
Cintra, Silva, Silva, Garcia, CB - Unknown EN - NE ZC
and Zaher, 2009
Leptodactylidae - - - - - - -
Adenomera cotuba Carvalho
and Giaretta, 2013 CA,FLPA AT,0A St EN APA NE FS,LT
Adenomera hylaedactyla
AG,AR,DA,MA,PL FF Unknown WD PEJ LC zC

(Cope, 1868)

http://dx.doi.org/10.1590/1676-0611-BN-2019-0838
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Taxa Municipalities Vegetation Water body Range UCs IUCN Record
Adenomera juikitan
Steindachner, 1867 CA,PA,SA AT,0A St EN APA NE FS
Adenomera saci Carvalho and AM,CA,FA,GA,LG,
Giaretta, 2013 MA,MU,PA,PL,PX OA St EN PEJ NE  FSLT,ZC
Adenomera sp. 1* CA,SA AT,0A St ? - NE FS
Adenomera sp. 2* AR FF St ? - NE FS
Leptodactylus furnarius
Sazima and Bokermann, 1978 GO,TA ) Unknown EN ) LC LrzC
AL,AN,AR,AS,BA,
Leptodactylus f CA,CM,DA FIL,GA,GO,
(sephi if’f ’;579”;3)0”3 GU,LG,MA,MU,NO, AT,FF,0A Po WD  APAPE]  LC  FSLT,ZC
chneidet, PA,PLPL.PO,PR,
PX,SA,SS,WA
AG,AL,AN,AR,AS,
Leptodactylus labyrinthicus AU,BA,CA,DA,GA, APA,PEC,
(Spix. 1834) LG.MAMU.NANO. AT,FE,0A Po,St WD i LC  FS,LT,ZC
PA,PL,PL,PM,PR,SA,SS,WA
AG,AN,AR,AS,BA,
Leptodactylus macrosternum CA,DA FI,GO,GU,LG, APA PEC,
Miranda-Ribeiro, 1926 MA,NO,NR,PA,PE,PI, AT,0A Po bB PEJ LC  FSIT,ZC
PL,PM,PO,PX,SA,SF,WA
Leptodactylus mystaceus AL,AN,AS,BA,CA,
(Spix. 1834) GULGNOPAPEDPLPLPO ATFFOA Po,St WD  APAPEC LC  FS.LT,ZC
Leptodactylus mystacinus AL,AS,BA,GA,PA,PX ATFFOA  Po,St AT ; LC  FS|LT, ZC
(Burmeister, 1861)
Lovtodactolus podicini AG,AN,AR,BA,CA,DA,
(é’; Oe ‘i‘;g;;sm teipunus DLGO,LG,MA PA, AT,FF,0A Po DB PEC,PE]  LC  FS,LT,ZC
pe PL,PO,PX,SA,WA
Loviodactv] ol AG,AN,BA,CA,CM,
(lfpt o ”3’8%'(‘); pustutatus FL,GA,GU,LG,PA, AT,0A Po,Ri EN - LC  FS,LT, ZC
crers, PL,PO,PX,SF
Leptodactylus sertanejo
Giaretta and Costa, 2007 MA OA Unknown EN PEJ LC LT
Leptodactylus syphax GA,MA,NO,PA,PL.PO OA Po,St DB APAPE] LC  FSLT,ZC
Bokermann, 1969
Leptodactylus troglodytes Lutz, AS,BA,DA,GAMA,
1926 NO.PA.PL.PO OA Po,St CA APA,PEJ LC FS,LT, ZC
Leptodac.tjflr{s sp. AG,CA,LG,PI AT,0A Po ? - NE FS,ZC
(aff. podicipinus)
Leptodactylus sp. AS OA St 9 ) NE FS
(aff. mystaceus)*
Lithodytes lineatus
(Schneider, 1799)* AR,CAFL.PL FF,0A St AM - LC FS,LT
. AL,AR,AS,BA,CA,DA,
ghfﬁzeﬂslcg%”z”“l’s GA,LG,MA MU, AT,FF,0A Po EN AP‘;g’JEC’ LC  FSLT,ZC
okermann, NO,NR,PA,PL,PO,PT
AG,AL,AN,AR,AS,BA,
Physalaemus cuvieri Fitzinger, CO,DA,GA,GO,LG,MA,
1896 MU.NO.NR_PA.PE PL. AT,FF,0A Po WD  APAPE] LC  FS,LT,ZC
PM,PR,PX,SA
Physalaemus nattereri AL,AS,AU,BA,DA,DI,
(Steindachner, 1863) FILLLG,MA,PA,PL,PO,PR,PT AT.0A Po EN PEJ LC FS.LT, ZC
Physalaemus sp. (gr. cuvieri)* CA AT,0A Po,St ? PEC NE FS
Pleurodema diplolister AS,MA,PR OA Po,St CA PEJ LC  FS,LT,ZC

(Peters, 1870)*
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Taxa Municipalities Vegetation Water body Range UCs IUCN Record
Pseudopaludicola canga
Giarette and Kokubum 2003* CA,MA,PA AT,0A Po,St AM PEJ DD FS,LT
Pseudopaludicola
Jazmynmedonaldae Andrade, CA AT,0A Po,St EN - NE FS,LT
Silva, Koroiva, Fadel, and
Santana, 2019
Pseudopaludicola mystacalis AL,AS,BA,DA,GA.LG,
(Cope, 1887) MA,PL,PO,PR,PX,SS,WA AT.0A Po,St EN PEJ LC FSLT
Pseudopaludicola ternetzi
Miranda-Ribeiro, 1937 AR ; Unknown  EN ; Le zC
Pseudopaludicola sp. FL,GU,MA,PA,PL.PO AT,FF,0A St ? APAPE]  NE FS,LT
(gr. saltica)
Microhylidae - - - - - - -
AG,ALAL,AN,AS,AT,
Chiasmocleis centralis AU,BA,CA,CB,CM,DI,
Bokermann, 1952 GA,IP,LG,MU,PA,PE, AT,0A Po EN APA DD FSLT, ZC
PL,PO,PR,PX
lcgtf)Tp hryne geayi Mocquard, PA FF Unknown  AM - LC LT
Dermatonotus muelleri AS,BA,DA,MA,PA,PL AT,0A Po DB PEJ LC  FS,LT, ZC
(Boettger, 1885)
AG,AR,AS,CA,CM, APA_PEC
Elachistocleis sp. DA,GU,LG,MA NO,PA, AT,FF,0A Po,St ? PiE J ’ NE FS,LT, ZC
PL,PO,PT,SA,SF,XA,WA
Odontophrynidae - - - - - - -
Proceratophrys branti Branddo,
Caramaschi, Vaz-Silva, and CB,CT.DLGOMANV, FF,0A St EN APA,PEJ NE FS,LT, ZC
PA,PE,PO,PR,PT
Campos, 2013
Proceratophrys goyana
(Miranda-Ribeiro, 1937)* AS OA Po,St EN ) LC FS
Proceratophrys sp. AL,AN,AR,BA,CA,NO,
(aff. concavitympanum)* PA,PL,SA FF St AM APA NE FS.LT, ZC
Phyllomedusidae - - - - - - -
. AG,AS,AR,BA,CA,GA,
fclfhewfggza)zmus GO,LG,MA PA,PLPL, AT,FF,0A Po EN APAPi;EC’ DD  FS,LT,ZC
ope, PO,PR,SS
Pithecopus hypochondrialis AN,AR,BA,DA,GO,NA,
(Daudin, 1800) PA,PO,SA,WA FF.0A Po AM - LC  FSLT.ZC
Pipidae - - - - - - -
Pipa arrabali 1zecksohn, 1976* PA FF St AM APA LC FS
Pipa pipa (Linnaeus, 1758)* AR,LG AT,0A Po,St AM - LC FS
Ranidae - - - - - - -
Lithobates palmipes .
(Spix, 1824) MU,RS FF Ri AM - LC LT,ZC
Caeciliidae - - - - - - -
Caecilia gracilis Shaw, 1802 PA Unknown  Unknown AM - LC LT
Siphonopidae - - - - - - -
fgpghzo’wps paulensis Boettger, DLMA,PT OA Unknown WD PEJ LC  LTZC
Siphonops annulatus (Mikan, AS AT.0A Po WD i LC FS

1822)
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Figure 2. Amphibian species recorded in the State of Tocantins. Aromobatidae: a) Allobates crombiei; Bufonidae: b) Rhaebo guttatus; c) Rhinella diptycha; d) Rhinella gildae;
) Rhinella mirandaribeiroi; f) Rhinella ocellata; Centrolenidae: g) Hyalinobatrachium taylori; Craugastoridae: h) Barycholos ternetzi; i) Pristimantis sp. (aff. fenestratus);
Dendrobatidae: j) Adelphobates galactonotus; Hylidae: k) Boana albopunctata; 1) Boana caiapo. Photo “d” and “j”” by Silionama Pereira Dantas; all others by Leandro Alves da Silva.

Figure 3. Amphibian species recorded in the State of Tocantins. Hylidae: a) Boana crepitans; b) Boana multifasciata; ¢) Boana punctata; d) Boana raniceps; €) Boana sp.
(aff. semilineata); f) Boana sp. (cf. wavrini); g) Bokermannohyla pseudopseudis; h) Corythomantis greeningi; 1) Dendropsophus anataliasiasi; ) Dendropsophus cruzi; k)
Dendropsophus melanargyreus; 1) Dendropsophus minutus. Photos by Leandro Alves da Silva.
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Figure 4. Amphibian species recorded in the State of Tocantins. Hylidae: a) Dendropsophus nanus; b) Dendropsophus rubicundulus; c) Dendropsophus sp. (gr.
leucophyllatus); d) Lysapsus caraya; e) Osteocephalus taurinus; ) Pseudis tocantins; g) Scinax fuscomarginatus; h) Scinax fuscovarius; i) Scinax nebulosus; j)
Scinax x-signatus; k) Scinax sp. (gr. ruber); 1) Trachycephalus typhonius. Photo “c” by Silionama Pereira Dantas; photo “f” by Wanieulli Pascoal; all others by
Leandro Alves da Silva.

Figure 5. Amphibian species recorded in the State of Tocantins. Hylidae: a) Trachycephalus sp.; b) Trachycephalus sp.; Leptodactylidae: ¢) Adenomera cotuba; d)
Adenomera juikitan; e) Adenomera saci; f) Adenomera sp. 1; g) Leptodactylus chaquensis; h) Leptodactylus fuscus; 1) Leptodactylus labyrinthicus; j) Leptodactylus
mystaceus; k) Leptodactylus mystacinus; 1) Leptodactylus pustulatus. Photos by Leandro Alves da Silva.
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Figure 6. Amphibian species recorded in the State of Tocantins. Leptodactylidae: a) Leptodactylus syphax; b) Leptodactylus troglodytes; ¢) Leptodactylus sp. (aff.
mystaceus); d) Leptodactylus sp. (gr. melanonotus); e) Lithodytes lineatus; f) Physalaemus centralis; g) Physalaemus cuvieri; h) Physalaemus nattereri; i) Physalaemus
sp. (gr. cuvieri); j) Pleurodema diplolister; k) Pseudopaludicola canga; 1) Pseudopaludicola jazmynmcdonaldae. Photo “j” by Silionama Pereira Dantas; photo “1”
by Diego Santana; all others by Leandro Alves da Silva.

Figure 7. Amphibian species recorded in the State of Tocantins. Leptodactylidae: a) Pseudopaludicola mystacalis; b) Pseudopaludicola sp. (gr. saltica); Microhylidae:
¢) Chiasmocleis centralis; d) Dermatonotus muelleri; €) Elachistocleis sp.; Odontophrynidae: f) Proceratophrys branti; g) Proceratophrys goyana; h) Proceratophrys
sp. (aff. concavitympanum); Phyllomedusidae: i) Pithecopus azureus; j Pipidae:) Pipa arrabali; k) Pipa pipa; Ranidae: 1) Lithobates palmipes. Photo “k” by Silionama
Pereira Dantas; photo “1” by Danusy Lopes Santos; all others by Leandro Alves da Silva.
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Figure 8. Distribution of amphibian species from different biomes in the State of Tocantins. AM: species of amphibians shared between Amazonia and Cerrado, AT:
species of amphibians shared between Atlantic Rain Forest and Cerrado, CA: species of amphibians shared between Caatinga and Cerrado, DB: species distributed
through the South American diagonal of open formations, EN: Cerrado endemic species, and WD: species distributed in three or more South American biomes.
Biomes — Dark grey: Amazonia, Light grey: Cerrado. Rivers — line light blue: Araguaia River, line black: Tocantins River.

nearly 40% of the Tocantins municipalities (Figure 1). Around 52% (n=
29) of these municipalities had between 1 and 10 recorded species, 13%
(n =7) between 11 and 20 species, 18% (n = 10) between 21 and 30
species, 13% (n=7) between 31 and 40 species, 4% (n=2) between 41
and 50 species, and just 2% (only the municipality of Palmas) between
51 and 60 species. The richest municipalities of the Tocantins in species
of amphibians were Palmas (57 spp.), Caseara (42 spp.), Palmeirante (41
spp.), and Mateiros (40 spp.). We also reported seven undescribed species
registered along the state, Adenomera sp. 1, Adenomera sp. 2, Boana
sp. (aff. semilineata), Leptodactylus sp. (aff. mystaceus), Pristimantis
sp. (aff. fenestratus), Proceratophrys sp. (aff. concavitympanum), and
Trachycephalus sp. Additionally, we found some amphibian lineages
that need further appraisal to define their specific identification, as Boana
sp. (cf. wavrini) (Figure 3f) and Dendropsophus sp. (gr. leucophyllatus)
(Figure 4c). A detailed discussion on these taxonomical issues are
provided in the session Remarks on Taxonomy.

http://dx.doi.org/10.1590/1676-0611-BN-2019-0838

2. Diversity patterns

Most of the Tocantins amphibian diversity correspond to Cerrado
endemic species (n = 29, as Bokermannohyla pseudopseudis and
Rhinella ocellata), followed by Amazonian frog species (n = 24, as
Pipa arrabali and Hyalinobatrachium taylori), widely distributed
species (n = 19, as Boana raniceps and Rhinella diptycha),
Caatinga frogs species (n = 4, as Corythomantis greeningi and
Pleurodema diplolister), species that occur throughout the South
American diagonal of open formations (n = 4, as Leptodactylus
syphax and Dermatonotus muelleri), and one species shared
with the Atlantic Forest, Leptodactylus mystacinus (Table 2).
We cannot determine the distribution range for nine recorded
species, mainly because they present complex and unsolved
taxonomy, such as belonging to problematic species complex,
as Scinax sp. (gr. ruber), or actually represent undescribed and
poor known lineages, as Leptodactylus sp. (aff. mystaceus).
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We did not observe a clear geographic separation in the distribution of
amphibians from different biomes throughout the Tocantins (Figure 8),
except regarding to amphibian’s species from Caatinga, which were
slightly restricted to the eastern portion of the state, on the right bank of the
Tocantins River (Figure 8). In summary, we found that species typically
from different biomes have their distributions strongly overlapped
within the state.

3. New records

Twenty new records were found to Tocantins amphibian fauna
(Table 2). Nine of these new records correspond to Amazonian frog
species mainly associated to gallery forests, including Allobates
crombiei and Pipa pipa, four new records for Cerrado endemic frogs,
as Adenomera cotuba and Proceratophrys goyana, and one typical
Caatinga frog species, Pleurodema diplolister. We also provide a new
record for the widely distributed treefrog Boana crepitans. The other
five new records comprise undescribed species, and will be addressed
in the session Remarks on Taxonomy.

4. Status of conservation and habitat use

Of the 90 recorded species, 53 were assigned as least concern (LC)
by IUCN criteria, 32 were not evaluated (NE), and five are data deficient
(DD) (Table 2); we were not able to identify at the species level 14
lineages, and thus no conservation status was attributed to them. From
all recorded species, 57 were reported to occur at least in one of the
following three conservation units in Tocantins, two of integral protection,
the Parque Estadual do Jalapao (with 40 spp.) and Parque Estadual do
Cantdio (with 16 spp.), and one of sustainable use, the Area de Protego
Ambiental Serra do Lajeado (with 37 spp.) (Table 2). Regarding the type
of vegetation where each species was registered, we found 20 species
exclusively occurring in forested formations (e.g. gallery forest), most
of them (13 spp.) Amazonian species. Other 10 species were found only
in open Cerrado formations, mainly represented by Cerrado endemic
species. Twenty-four species were found in all phytophysiognomies,
most of them (12 spp.) considered widely distributed along the Brazil or
South America (Table 2). Regarding water body explored by the species,
25 were reported only in temporary ponds, 21 only in streams, and one
only in rivers. The water body use is unknown for 13 species registered
only by analyses of literature and/or zoological collections data. The
other 30 species were recorded for more than one type of water bodies.

Discussion

1. Richness

The amphibian fauna in the northern portion of the Cerrado has
been historically recognized as less rich than the south of this biome,
something often attributed to a sampling artefact (Diniz-Filho et al.
2005, 2007, Valdujo et al. 2012). Here we show that the Tocantins state,
which is occupied up to 90% by the Cerrado, holds a notable fauna of
amphibians, highlighting that the northern Cerrado may be as highly
diversified as the south of this biome. The richness of amphibians along
the state is also deeply influenced by the presence of a high number of
amphibian Amazonian lineages, even throughout Cerrado areas, where
them occurs mainly in forest environments as gallery and riparian forests.

http://www.scielo.br/bn

In fact, the northern portion of the state is largely occupied by the
Amazonian biome, and there are extensive transitional areas between
Amazonia and Cerrado along the west borderline of the state. Despite the
high richness of amphibians presented here, we point out two observations
that indicates that this number will certainly increase after further
investigations. First, nearly 60% of the Tocantins municipalities have
no information on amphibians, and more than half of the municipalities
with some data about its amphibian fauna showed just a low number
of species (i.e. between 1 and 10 spp.). Second, we found that the areas
with the most diversified amphibian fauna were located in municipalities
where long-term surveys were performed, in which we unveiled several
unprecedented records, including at least seven undescribed species,
representing about 8% of the total registered species. In addition, unique
environments through the state remain poorly known, and further sample
efforts along them may render additional new records and the recognition
of undescribed species. Such environments are the mountaintops presents
in Almas, Dianopolis, and Natividade municipalities (southeast of the
state), the valleys of gallery forests between Palmas, Paraiso, and Porto
Nacional municipalities (center of the state, a region of strong influence
of the Tocantins river basin), and the northern of the Tocantins (Bico do
Papagaio region), where the Amazonian biome is present. Thus, improve
our knowledge on the Tocantins amphibian diversity requires intensive
sampling efforts throughout the gaps of information above mentioned.
We also highlight that many populations with taxonomic problems were
found in the study area and we strongly suggest that taxonomical studies
aiming solve these problems need to be performed under an integrative
taxonomy perspective (see session Remarks on Taxonomy).

2. Diversity Patterns

On a regional scale, the amphibian fauna shared among the
Cerrado and its neighboring biomes (Amazonia in northwest;
Caatinga in northeast; Atlantic Forest in southeast; and Chaco in
southwest) is geographically structured, and most of these shared
species have a marginal distribution in the Cerrado (Valdujo
et al. 2012). In the Tocantins state, however, we found extensive
overlaps on the distribution of amphibian species from the Cerrado,
Amazonia, and Caatinga. Thus, no clear regionalization was
detected analyzing our dataset concerning the amphibian species
from different biomes within the Tocantins. In fact, many records
of Amazonian and Caatinga species were found deeply within the
Cerrado biome, showing that these species are not only marginal
ones (e.g. Corythomantis greeningi and Hyalinobatrachium taylori).

‘We briefly discuss two putative processes, not necessarily mutually
exclusives, which may have promoted the striking overlapped
distribution pattern described here. First, during the Quaternary,
the climate of the Neotropics was unstable and several warm-moist
and dry-cold periods were driven by glaciations cycles (Carnaval &
Bates 2007, Hoorn et al. 2010, Werneck et al. 2012). These climate
fluctuations are known to have caused expansions and retractions
cycles of the South American biomes (Haberle & Maslin 1999,
Auler et al. 2004, Werneck 2011, Baker & Frits 2015). During glacial
periods, the world climate become drier and colder, favoring the
expansion of open biomes (e.g. Caatinga, Cerrado and Chaco) and
the retraction of forested ones (e.g. Amazonia and Atlantic Forest).
On the other hand, during interglacial periods the world climate was
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warmer and moist and the forest biomes expanded their distribution
while the open biomes retracted. These climate fluctuations are also
assumed as important drivers of demographic events (e.g. expansions
and bottlenecks) of some populations of amphibian species (e.g.
Carnaval & Bates 2007, Fouquet et al. 2012, Gehara et al. 2014,
Azevedo et al. 2016). Given the central geographic position of the
State of Tocantins relative to different Brazilian biomes, different
amphibians populations from Amazonia, Caatinga, and Cerrado found
throughout the state would have become mixed after recurrent cycles of
expansion—retraction. Second, we also point out that the large patches
of forest habitats along the Araguaia and Tocantins rivers valleys may
have experienced more stable climate in the past and acted as historical
dispersal corridors, connecting core areas of Cerrado (where these rivers
are born) and Amazonia (where they reach to the sea). In fact, the State
of Tocantins is located in an extensive ecotone zone, especially between
Amazonia and Cerrado (Ab’Saber 1977). The potential effects of these
factors may explain 7) why we did not observe a clear structuration of
the geographic distribution of amphibians from different biomes in the
state and i7) why Amazonian amphibian lineages largely contributed
to the overall amphibian diversity in Tocantins, even this state being
mainly covered by the Cerrado biome.

3. New records

The present paper represents the first large effort to record the
fauna of amphibians of the State of Tocantins. Many new distribution
records were found (see Table 2), and we provide comments on the
more notables. Some these new records represent undescribed species,
and comments on them are presented along the session Remarks on
Taxonomy.

The first new record presented here is for the Amazonian species
Allobates crombiei (Aromobatidae) (Figure 2a), previously known
only from two localities, in the drainage of the lower Xingu River
(Lima et al. 2012). We found new populations of this species in five
municipalities through the Tocantins, Xambioa and Araguaina (north
of the state), Caseara (west of the state), and Lajeado and Palmas
(both in the central portion of the state). These reports extend the
range of this species in a straight line (as well as for all other records
henceforth) nearly 575 km, 620 km, 780 km, 840 km, and 880 km
respectively in a southwestern direction from Altamira municipality.
All these populations were found inhabiting forests environments,
both along the Araguaia (e.g. Xambioa and Caseara) and Tocantins
(e.g. Lajeado and Palmas) rivers basins, where we collected several
calling males during diurnal surveys. In fact, this species was very
common in all these localities during the rainy season, easily found
due its very conspicuous advertisement call and abundance (Lima et al.
2012). Mainly based on morphological evidence, some authors have
attributed the name ‘Allobates aff. brunneus’ for populations of this
species in the Babagulandia and Guarai municipalities (north of the
state) (Pavan 2007, Valdujo et al. 2012). However, this species can be
easily diagnosed through its advertisement call (Lima et al. 2012), and
ours field expeditions able us to reach the species level identification
for these populations along the Tocantins. The new records for this
species are extremely important, once the previous known populations
of A. crombiei relies on a highly endangered area, where the large Belo
Monte hydroelectric power plant was implanted (Fearnside 2009).
The new records provided here show that Allobates crombiei, rather
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than an Amazonian microendemic species, is distributed from core
Amazonia areas to nuclear Cerrado areas. The fact that this abundant and
conspicuous species have been reported only nowadays in the Tocantins
show how the amphibian fauna of this state was poorly known. We also
stress that no additional species of Allobates was heard or collected
during the field surveys.

The family Centrolenidae Taylor 1951 currently comprises 156
nominal species (Frost 2019), with most of them restricted to forest biomes
throughout South and Central America (Castroviejo-Fisher et al. 2014,
Frost 2016). Nowadays, only three Centrolenidae species have known
populations in the Cerrado, Vitreorana aft. eurygnata, V. aff. uranoscopa,
and V. franciscana Santana, Barros, Pontes & Feio, 2015 (Valdujo et al.
2012, Cintra et al. 2013, Santana et al. 2015, Paz et al. 2019). Here, we
present the first report of a Hyalinobatrachium species occurring in the
Cerrado, H. taylori (Figure 2g). Hyalinobatrachium taylori was rare in
the present study, found during only two of the several field expeditions
performed between 2012-2018 in a gallery forest that surround the
Roncadeira waterfall (450-550m above sea level), Taquarugu district,
Palmas municipality. The previous known geographic distribution for this
species encompasses the north of the South America, along the Guianan
Shield, throughout the Surinam, Guyana, French Guiana, and southeastern
Venezuela. Morphologically, the population reported here is undiagnosable
from the nominal species Hyalinobatrachium taylori (Goin, 1968). Thus,
the present record is nearly 1500 km far away from the nearest and type
locality of H. taylori, New River, Guyana (Frost 2019). We highlight,
however, that the nominal H. taylori may be compose by at least two
different lineages, once the genetic distance among individuals from
low and high altitudes along the type locality region reaches more than
3% in 16S mtDNA (Castroviejo-Fisher et al. 2011). At this moment, the
acoustic repertory of the population from Palmas wasn’t recorded, and
this type of evidence may change our interpretation on the taxonomical
status of this lineage. The present record show that Hyalinobatrachium
species are not exclusive of Rain Forest biomes (Guayasamin et al. 2009,
Castroviejo-Fisher et al. 2014), and raises questions on which process
could be responsible for the presence of a highly disjoint population found
in some gallery forests embedded in a savanna landscape.

We also found new reports for two Amazonian Pipidae Gray 1825
species, Pipa arrabali and P. pipa. The currently known Brazilian
distribution of Pipa arrabali encompass just five localities through the
Amazonia biome. Two of these localities are in the Amazonas state,
the type locality, Parintins municipality (Trueb & Cannatella 1986),
and the capital Manaus (Gascon 1992), one in the Para state, Serra
do Cachimbo, Novo Progresso municipality (Garda et al. 2006), one
in the Rondonia state, Parque Municipal de Pimenta Bueno, Pimenta
Bueno municipality (Sousa & Bernarde 2007), and one in the Mato
Grosso state, Parque Estadual do Cristalino, Novo Mundo municipality
(Rodrigues et al. 2015). Here we present a new report of P. arrabali
in the Roncadeira waterfall, Taquarugu district, Palmas municipality,
extending the range of this species about 750 km from the nearest known
Amazonian populations (i.e. Serra do Cachimbo and Parque Estadual
do Cristalino). This record represents the first report of P. arrabali
both for the Cerrado and Tocantins state (Trueb & Cannatella 1986).
Only one specimen of this species was captured using pitfall traps
(four buried buckets in a “Y” shape, connected by drift fences) inside
a gallery forest in the beginning of the rainy season of 2013. Surveys
using sieves along water bodies in this area were performed, but no
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additional individual was found. The second species of the Pipa genus,
P. pipa, was previously known to occur in the Cerrado, in Bonépolis
municipality, Goias state (Vaz-Silva & Andrade 2009). The reports
presented here in the Dois Rios Farm, Lagoa da Confus@o municipality
(southwest of the state) and in the Escola de Medicina Veterinaria e
Zootecnia (acronym EMVZ), Araguaina municipality (northern of the
state) constitutes unprecedented records of P. pipa for the Tocantins
state. Both municipalities are located in transitional zones between the
Amazonia and Cerrado biomes. In Lagoa da Confuséo, some specimens
were found crossing a dirty road between artificial temporary ponds
inside of a rice plantation. In Araguaina, two specimens of this species
were captured in a stream in a gallery forest. These records increase
the distribution of P. pipa in nearly 330 km and 770 km, respectively,
from the nearest known Cerrado population (i.e. Bondpolis municipality,
Goias state). Thus, here we present the first reports of Pipidae species
to occur in the Tocantins state.

Additional new records for Amazonian frog species in Tocantins
are Boana cinerascens, Pseudopaludicola canga and Sphaenorhynchus
lacteus. Boana cinerascens and S. lacteus are species widely distributed
throughout the Amazonia (Azevedo-Ramos et al. 2010, La Marca et
al. 2010), and here we extended their distributions by the first time for
the Tocantins. Some calling males of B. cinerascens were collected in
a forest fragment in the Escola de Medicina Veterinaria e Zootecnia
(acronym EMVZ), Araguaina municipality. Two individuals of S.
lacteus were found on floating macrophytes of temporary ponds near to
the Araguaia River, in the Ananas municipality. Both municipalities are
transitional zones between Amazonia and Cerrado. Pseudopaludicola
canga was previously known for some localities of eastern Para (Maraba,
Curindpolis, Sdo Geraldo do Araguaia, and Concei¢do do Araguaia
municipalities) and Tocantins (Mateiros and Palmas municipalities)
(Carvalho et al. 2015b). Here we present a new distribution for P.
canga in the Caseara municipality, about 150 km south from the nearest
known Para populations (i.e. Concei¢do do Araguaia), and about 200
km west from the nearest known Tocantins populations (i.e. Palmas).
In Caseara, Pseudopaludicola canga was syntopic with the recently
described Pseudopaludicola jazmynmcdonaldae (Andrade et al. 2019).

Among the new reports to Cerrado endemic frogs, we highlight the
record of Trachycephalus mambaiensis for the Combinado municipality,
southeastern of the Tocantins. This species was previously known for the
Goias state (Mambai and Sdo Domingos municipalities), Bahia (Santa Maria
da Vitoria municipality) and Minas Gerais (Bonito de Minas, Januaria,
and Jodo Pinheiro municipalities) state (Freitas et al. 2011, Silveira &
Pacheco 2011, Dayrell et al. 2012). This record extends the distribution
of T. mambaiensis nearly 70 km from the near known population, in the
Sao Domingos municipality, Goias, and is the first for the Tocantins state.
We also present new records for two recently described species of the
Adenomera genus. Adenomera cotuba was previously known for four
municipalities, including the type locality Teresina de Goias, Uruagu,
and Goiania, Goias state, and Figueiropolis, Tocantins state (Carvalho
and Giaretta 2013a). Recently, an additional record for this species was
provided for Sao Desidério municipality, Bahia state (Oliveira et al. 2018).
Here, we report new records for this species to Caseara (west of the state)
and Palmas (central portion of the state) municipalities, extending their
range nearly 314 km and 230 km, respectively, from the nearest known
locality, the Figueiropolis municipality (southern of the State of Tocantins).
The second species, 4. juikitam, was known from two municipalities
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of the Goias state, the type locality Teresina de Goias, and Colinas
do Sul, in the Chapada dos Veadeiros region (Carvalho & Giaretta
2013a). During ours field expeditions, we confirm the presence of
this species along three municipalities within the Tocantins, Palmas
(central portion of the state), Caseara (west of the state), and Sao
Bento do Tocantins (northern of the state), extending the distribution
of this species in 395 km, 568 km, 861 km, respectively, from the
nearest and type locality, Teresina de Goias. As pointed out by the
authors that described 4. cotuba and A. juikitan, we observe both
species calling in syntopy in Palmas and Caseara municipalities, and
the reliable identification of them was only possible due to the recent
improvement of the acoustic knowledge of this genus, depicting the
importance of pluralistic source of evidences in diagnoses for these
tiny and morphologically conserved group of Leptodactylidae frogs
(Carvalho & Giaretta 2013a, b, Carvalho et al. 2019).

In addition, we found a new report for the typical Caatinga
species Pleurodema diplolister, known to have a marginal
distribution in Cerrado (Andrade & Vaz-Silva 2012, Valdujo et al.
2012). Here, we present another population of this species occurring
in a more central area of Cerrado, in Parand municipality (south of
the state), increasing its distribution nearly 105 km from the nearest
known Cerrado population, in Arraias municipality, Tocantins
(Andrade & Vaz-Silva 2012). The main vegetation of this locality
is Seasonally Dry Tropical Forest formations (acronym SDTF),
locally called as ‘matas secas’. These environments share close
evolutionary history with the Caatinga vegetation (Werneck 2011)
and may have influenced the presence of this common Caatinga frog
species in the Arraias municipality. Finally, we also report the first
record of Boana crepitans for the Tocantins state, also in Arraias
municipality, extending its distribution nearly 40 km north from the
near known locality, Monte Alegre de Goids municipality, Goias
state (Orrico et al. 2017).

4. Remarks on taxonomy

Discover new species often lies on intensive field surveys and/
or meticulous analyses of specimens in zoological collections.
Equally important is the use of pluralistic lines of evidence to
confirm these new and sometimes cryptic species (e.g. Bickford et
al. 2006, Padial et al. 2010, Fouquet et al. 2016). Morphological
and/or acoustic evidences indicated the existence of at least seven
undescribed species along the state. Based on advertisement calls
recorded during field works, we were not able to attribute specific
names for populations of Adenomera from Caseara and Sao Bento do
Tocantins (Adenomera sp. 1; Figure 5f), and Araguaina (Adenomera
sp. 2), suggesting that these populations cannot be assigned to any
currently valid species. Thus, here we consider both as undescribed
species. Other leptodactylid on similar situation is Leptodactylus
sp. (aff. mystaceus). In a recent field expedition in the Arraias
municipality, southeastern of the Tocantins, we recorded some
calling males morphologically very similar to the species embedded
in the L. mystaceus complex, but with a call pattern very distinct
of the syntopic L. mystaceus population. The new species pointed
here, L. sp. (aff. mystaceus) (Figure 6c¢), has a call consisting of a
single nonpulsed note, while the syntopic L. mystaceus showed the
conventional pulsed call pattern.
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Recent studies have revealed a high cryptic diversity within
reticulated-eye treefrogs, the Boana semilineata species group (Fouquet
et al. 2016, Peloso et al. 2018). One of these cryptic lineages is B. aff.
semilineata 2 (Fouquet et al. 2016), previously known to occur in Guarai
municipality, Tocantins state, and in Altamira municipality, Para state.
During field samplings and analysis of specimens from collections,
we found several specimens of this lineage and confirm its full species
status (Figure 3e). Currently, this lineage is known to occur in marshy
environments along 10 municipalities in north (Aragominas, Ananas,
Araguaina, Babagulandia, and Guarai) and western (Caseara, Colinas
do Tocantins, Muricilandia, Nazaré, and Santa Fé do Araguaia) of the
State of Tocantins.

The Proceratophrys populations found through Tocantins have
a complex taxonomic history, and different names were already
attributed to a same lineage (e.g. Branddo & Peres 2001, Pavan 2007,
Valdujo et al. 2011, Brandao et al. 2013). Currently, three species of
this genus have confirmed presence in the Tocantins, two of these
species are described, P. branti (Figure 7f) and P. goyana (Figure
7g), known for inhabit just Cerrado open formations (Valdujo et al.
2011, Brandao et al. 2013, present work). The third Proceratophrys
registered here, P. sp. (aff. concavitympanum) (Figure 7h) (Mangia
et al. 2018), is easily diagnosable from the two nominal species
aforementioned based on its call, that is composed of just one note
(personal observation), while P. branti and P. goyana have calls
consisting of multiple notes (Martins & Giaretta 2013, Andrade
et al. 2018). Additionally, P. sp. (aff. concavitympanum) was
found exclusively on forest environments, while P. branti and P.
goyana were restrict to open formations of the Cerrado. Most of the
distribution of this lineage in the study area encompass the central
and northern portion of the state, in the municipalities of Alianga do
Tocantins, Anands, Araguaina, Babaculandia, Caseara, Nova Olinda,
Palmas, and Palmeirante.

The identification of the Pristimantis populations within the state
have challenged different specialists (e.g. Pavan & Dixo 2004, Brasileiro
et al. 2008). In fact, any taxonomical appraisal had included populations
of Pristimantis from the State of Tocantins, the worst scenario when we
are dealing with a group (i.e. Terrarana) where even different genera
are hard to distinguish using only morphological characters (Hedges et
al. 2008, Heinicke et al. 2009, Padial et al. 2014). Based on molecular
and acoustic evidences, all populations of Pristimantis currently known
for the Tocantins belongs to a same, but undescribed lineage, herein
called as Pristimantis sp. (aff. fenestratus) (Figure 2i) (Oliveira et
al. submitted). This species was exclusively recorded within gallery
forests of seven municipalities along the Tocantins river, Araguaina,
Babagculandia, Itaguatins, Muricilandia, Palmas, Palmeirante, and Sao
Bento do Tocantins.

The genus Trachycephalus Tschudi, 1838 comprises 17 recognized
species distributed along the Central and South America (Frost 2019).
In addition to molecular support, the presence of paired vocal is a
putative morphological synapomorphy to this genus (Faivovich et al.
2005). However, two Trachycephalus species are known to have a single
subgular vocal sac, T. hadroceps (Duellman & Hoogmoed 1992) and
T. helioi Nunes, Suarez, Gordo and Pombal (2013). Here, we suggest a
third Trachycephalus candidate species with single subgular vocal sac.
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Our statement is based on the analysis of the adult male MNRJ48218 that
lack the paired vocal sac (Figure 5 a,b), an easily visible structure in adult
males of the most Trachycephalus species. The two others species of
the genus found in the study area (i.e. 7. mambaiensis and T. typhonius)
have paired vocal sacs. Besides the absence of paired vocal sacs, the
Trachycephalus sp. reported herein can be easily differentiated from 7.
typhonius by the eye ornamentation (banded in candidate species and
reticulated in 7. typhonius). This species was neither recorded during
field surveys nor mentioned in the literature. The MNRJ48218 specimen
was collected in the Santa Fé do Araguaia municipality, north of the
state, in a transitional area between Amazonia and Cerrado biomes.

We also highlight that some recorded species were not attributed to
any nominal species, and further taxonomic investigations are necessary
to clarify their taxonomic status. Firstly, we highlight Elachistocleis sp.
(Figure 7e), registered in 18 municipalities of all regions of the Tocantins
(Table 2). Despite the high similarity in advertisement calls of the
Elachistocleis populations herein recorded, we found a notable intra and
inter-population variation in venter color pattern and CRC, both diagnostic
characters for this some species in this group (Caramaschi 2010, Toledo
et al. 2010, Nunes-de-Almeida & Toledo 2012). Employing a more
conservative assumption, we named all populations of this genus found in
the state as Elachistocleis sp. Other similar situation occurred with some
populations belonged to the Leptodactylus melanonotus, Physalaemus
cuvieri, and Scinax ruber species groups found during the present study.

Finally, many recent studies have challenged traditional proposals
of amphibian species diagnosis based on morphological data only (e.g.
Funk et al. 2011, Bruschi et al. 2013, Brusquetti et al. 2014, Caminer &
Ron 2014, Carvalho et al. 2015, Lourenco et al. 2015, de Sa et al. 2019).
For example, the color patterns suggested to distinguish Pithecopus
azureus from P. hypochondrialis have failed to reliably diagnose these
valid species (Caramaschi 2006, Bruschi et al. 2013, Haga et al. 2017).
Thus, we call attention to the fact that other nominal and morphologically
similar amphibian species reported in this work should be revaluated to
confirm their validity and/or to improve their diagnoses. Among the highly
morphologically similar species found herein, we can cite Boana boans
and B. wavrini, Dendropsophus melanargyreus and D. soaresi, and Scinax
constrictus and Scinax nebulosus. The taxonomical status of Boana boans
and B. wavrini is historically confuse, but these very similar species are
currently considered valid (Hoogmoed 1990). During our investigations
of'the literature and in zoological collections, we found records suggesting
the presence of both B. wavrini (Brandao & Peres Jr. 2001; Brasileiro et
al. 2008) and B. boans (Pavan & Dixo 2004) in the State of Tocantins.
However, we point out that the distribution of both species is highly
associated to Amazonia biome, far from the southern previous records
of B. boans and B. wavrini in the State of Tocantins (i.e. Palmas). During
ours field expeditions, we collected specimens in Guarai and Palmas
municipalities that we were not able to determine if them belonged to B.
boans or B. wavrini (Figure 3f). Thus, to avoid an artificial inflation on the
number of species in the present checklist, we decide to name all populations
(including those from literature and zoological collections) as B. cf. wavrini.
A more accurate investigation of the identity of the populations attributed
to B. boans and B. wavrini along the Tocantins will determine if 1) really
both species occurs in the state, ii) just one of them or, iii) the Tocantins
populations belongs to an undescribed species.
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5. Conservation and habitat use

Tocantins is the youngest state of the Brazil and the third less
populated (1.496.880 habitants, IBGE 2014). Although anthropic
impacts are commonly associated with densely populated regions,
areas with low population density can suffer severely due to livestock
and predatory agriculture practices (Diniz-Filho et al. 2006, Sano et
al. 2010, Rocha et al. 2011). Besides these threats, the establishment
of several hydroelectric power plants in the Tocantins River (n = 7)
has provoked irreversible biodiversity and habitat loss (Pavan 2007,
Agostinho et al. 2011, Pelicice et al. 2014, see a study case in Branddo
& Araujo 2008). In the present study, we found many of the Tocantins
amphibians using specific phytophysiognomies and water bodies.
Therefore, the continuous increase of these anthropic impacts in
Tocantins could eliminate singular environments and eventually lead
to local extinctions of specialist species.

Tocantins state harbors unique conservation units, varying from wide
savanna formations (Parque Estadual do Jalapao) to large transitional
zones between Amazonia forest and Cerrado (Parque Estadual do
Cantao and Parque Nacional do Araguaia) (Naturatins 2017). Despite the
singularity and spatial significance of the conservation units in the state,
information about amphibian diversity in these protected areas are often
anecdotal or inexistent. Indeed, among the 28 conservation units of the
state, comprehensive sampling efforts to study amphibian assemblages
were only carried out in the Jalapao region (e.g. Parque Estadual do
Jalapdo and Estacdo Ecoldgica Serra Geral do Tocantins) (Vitt et
al. 2005, Valdujo et al. 2011). Legally protected areas have obvious
importance to wildlife conservation. However, create protection units
without a careful analysis on which areas are priority for biodiversity
conservation can decreases the effectiveness of these units (Silvano
et al. 2016). Thus, we stress that the creation of future conservation
units within the Tocantins should be guided by biodiversity informed
decision, taking into account different diversity metrics as endemism,
phylogenetic diversity, and evolutionary distinctiveness. Further, the
current protected areas urgently need of a comprehensive sampling
effort to produce basic information on its diversity, once this kind of
information can help us to set appropriate conservation actions to keep
their biota safe.

Most of the species recorded herein are categorized as least
concern by the IUCN criteria, and five are data deficient. One of these
data deficient species is A. crombiei, which was previously known
to occur only in Altamira municipality, Para (Lima et al. 2012), a
highly threatened region due to the construction of the Belo Monte
hydroelectric power plant (Fearnside 2009, Greenpeace 2016). The
establishment of hydroelectric power plants causes profound changes to
the amphibian diversity in the impacted areas, including local extinctions
(Brandao & Araujo 2008, Lima et al. 2015). In the present work, we
provided the first report of this data deficient species outside the impact
zone of the Belo Monte hydroelectric plant.

Species richness is an important parameter in order to choose priority
areas for conservation (Diniz-Filho et al. 2007). Thus, investigate
sampling gaps allow us to diagnose areas that should receive more
attention related to conservation. Here, we highlighted the remarkable
amphibian diversity of the State of Tocantins and the urgency in protecting
the singular amphibian community of the region (Azevedo et al. 2016;
Silvano et al. 2016). Crucial steps to conservation purposes include fill
the geographical and taxonomic knowledge gaps showed herein.
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6. Final remarks

In a final appointment on the new records of Amazonia amphibian
species in the Tocantins Cerrado, we suggest species as Allobates
crombiei, Osteocephalus taurinus, and Pristimantis sp. (aff. fenestratus)
as ideal models for investigate the path and chronology of occupation
of Amazonia frog lineages into the north Cerrado, once they were very
abundant and of easy capture along many sampling sites. Thus, further
co-phylogeographic studies can investigate if the current distribution
of these species were more influenced by i) the quaternary climate
fluctuations, i) the potential historical dispersal corridor formed by
the forest habitats along the Araguaia and Tocantins basins or, iii) the
current distribution of these species resulted from a synergistic interplay
of the previous factors.

The Tocantins amphibian fauna is highly diversified and composed
by species from different biomes, especially Amazonian species.
Thus, protect areas in Tocantins state also represents maintain a rich
evolutionary history of Brazilian amphibians safe (Azevedo et al. 2016,
Silvano et al. 2016). In fact, in all sites where we performed intensive
and long-term surveys, unnamed species were recorded. Also, inedited
records were common in these sites, some of which were very abundant,
as the Amazonian lineage A/lobates crombiei, highlighting that most
of the Tocantins state was poorly sampled. Substantial sampling gaps
still remain through the State of Tocantins, and in order to reach a
more accurate dimension of the state’s amphibian diversity, these gaps
must be overcome. Further taxonomic appraisals should be based on
multiples lines of evidence (acoustic, molecular, and morphological
data) and cover the entire distribution of these species, including the
newly discovered populations presented here.
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