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Abstract. We herein present the first annotated anuran checklist for the Brazilian state of Amapa, eastern
Amazonia, based on a thorough literature review. We recorded the occurrence of 111 species belonging to
13 anuran families distributed across 48 localities throughout Amapa, within two biomes. Among these
species, 62.5% occur exclusively in the Tropical Moist Broadleaf Forest biome, ~8% occur exclusively
in the Tropical Savanna biome, and ~29% occur in both. Two species were considered endemic to
Amapa and were registered only in the central portion of the state. Regarding the conservation status,
only one species (Dendropsophus amicorum) is classified as threatened, assigned to the “critically
endangered” category. The other species are categorized as either “least concern” or “data deficient” (85
and 8, respectively), whereas 21 are not evaluated. The current annotated list contributes to the incipient
knowledge on anuran species richness in Amapa and, despite the research regarding anuran taxonomy
has considerably progressed over the past 20 years, there is still much to do. Our data highlight the need
for trained taxonomists to develop research in the state.
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Introduction

Amazonia spans more than 6 million square kilometers across eight South American countries and it
is one of the most critical natural environments to sustain the biodiversity and regulate climate on a
global scale (Davidson et al. 2012; Charity et al. 2016). In addition to its continental size, Amazonia
holds remarkable environmental heterogeneity, having many vegetation types, from forested formations
like ‘Terra firme’ (forests growing on the flood-free interfluves) and ‘varzeas’ (forests growing on the
seasonally inundated floodplains, found along rivers carrying copious quantities of sediments and
nutrients), to savannas sensu stricto (Oliveira-Filho et al. 2021). Such environmental heterogeneity
affects the species diversity patterns in Amazonia, which has been divided into large geographic regions
based on faunistic and floristic similarity since the nineteenth century (e.g., Wallace 1852). Authors
have used many different taxa to define this biogeographic organization, or areas of endemism, from
angiosperms (Prance 1982) to vertebrates (Ribas et al. 2012; Godinho & Silva 2018). The number of
biogeographic regions vary depending on study, but some of them are frequently recovered with slightly
different limits, such as the Guianan Biogeographic Region (Cracraft et al. 1988; Patton et al. 2000;
Godinho & Silva 2018; Vacher et al. 2020). This region is in the eastern portion of the Guiana Shield
and lays mostly below 400 m above sea level, encompassing Suriname, French Guiana, eastern Guyana,
and part of the Brazilian states of Para, Amazonas, and the entire state of Amapa.

The state of Amapa has a territory of about 143000 square kilometers (slightly larger than Greece)
and harbors three biomes (Olson ef al. 2001): Tropical Moist Broadleaf Forests; Tropical Grasslands,
Savannas, and Shrublands (known as the Cerrado of Amapd); and Mangroves. The great majority
of the state’s territory (almost 82%) is composed of forested formations (Souza et al. 2020), which
harbor a variety of vegetation types like Terra firme and varzeas forests, coastal vegetation mosaics,
savannas, and even rock outcrops (Oliveira-Filho ef al. 2021). Such habitat heterogeneity provides a
high biodiversity to the state and, despite the fact that there are some punctual biologic inventories (e.g.,
Silva et al. 1997 [birds]; Caceres & Aptroot 2016 [lichens]; Melo et al. 2016 [fishes]; Benicio & Lima
2017 [anurans]), and also some DNA-based exploration of the diversity of the region (e.g., Vacher et al.
2020 [anurans]), studies compiling the knowledge about large taxonomic groups in Amap4 are scarce.
Apart from mammals (Silva et al. 2013), no other vertebrate group has a compiled species list for the
state of Amapa.

Herein, we present the first amphibian anuran checklist for the Brazilian state of Amapa based on
an extensive literature review. We also summarize detailed geographic coordinates of each species
occurrence, offer insights into their distribution, and reduce knowledge gaps. Moreover, anuran
taxonomy has changed greatly during the 21* century, with large phylogenies and multidata integrative
taxonomic reviews enabled by the molecular and digital revolutions (e.g., Frost et al. 2006; Peloso et al.
2014). Thus, to enhance the knowledge regarding the anurans of Amapd, we update and make comments
on the taxonomy of several species.

Material and methods

We based our list mainly on literature records, through extensive searches on the ‘Google Scholar’
website (http://scholar.google.com) using the following combination of entries: “Amphibia* and
Amapd”, “Anura* and Amapa”, and “Herpeto* and Amapd”. Additionally, we searched for the
keyword “Amapa” in the basic search engine of the website ‘Amphibian Species of the World’
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Table 1. Literature records used to complete the anuran checklist from the state of Amapa.

—_

Reference

Type

Subject

Aratjo et al. (2014)

peer-reviewed article

checklist

2 Aratjo et al. (2018) peer-reviewed article  geographic distribution
3 Benicio & Lima (2017) peer-reviewed article checklist

4 Corréaetal. (2015) peer-reviewed article  geographic distribution
5 Costa-Campos et al. (2016) peer-reviewed article  geographic distribution
6 Costa-Campos & Carvalho (2018)  peer-reviewed article taxonomy

7 Costa-Campos & Freire (2019) peer-reviewed article checklist

8 Costa-Campos et al. (2019) peer-reviewed article  geographic distribution
9 Costa-Campos et al. (2020a) peer-reviewed article  geographic distribution
10 Costa-Campos et al. (2020b) peer-reviewed article  geographic distribution
11 Costa-Campos et al. (2020c) peer-reviewed article  geographic distribution
12 Costa-Campos et al. (2021) peer-reviewed article  geographic distribution
13 Dias-Souza et al. (2021) peer-reviewed article  geographic distribution
14 Ferreira-Lima et al. (2017) peer-reviewed article checklist

15  Ferreira-Lima et al. (2019) peer-reviewed article  geographic distribution
16  Figueiredo ez al. (2020) peer-reviewed article  geographic distribution
17 Figueiredo et al. (2021a) peer-reviewed article  geographic distribution
18  Figueiredo et al. (2021b) peer-reviewed article  geographic distribution
19 Fouquet et al. (2016) peer-reviewed article taxonomy

20  Fouquet et al. (2021a) peer-reviewed article taxonomy

21  Lima (2006a) report checklist

22 Lima (2006b) report checklist

23 Lima (2008) report checklist

24 Lima (2018) report checklist

25  Menin et al. (2020) peer-reviewed article Taxonomy

26  Missassi et al. (2017) peer-reviewed article  geographic distribution
27  Pedroso-Santos et al. (2019) peer-reviewed article checklist

28  Peloso et al. (2014) peer-reviewed article taxonomy

29  Pereira-Junior ef al. (2013) peer-reviewed article checklist

30  Queiroz et al. (2011) peer-reviewed article checklist

31 Rojasetal (2018) peer-reviewed article taxonomy

32 Silva-e-Silva & Costa-Campos peer-reviewed article checklist

33 Sousaetal (2016) peer-reviewed article  geographic distribution
34  Tavares-Pinheiro et al. (2021) peer-reviewed article  geographic distribution
35 Vacher ez al. (2020) peer-reviewed article molecular survey

(http://research.amnh.org/vz/herpetology/amphibia; Frost 2022). A remarkable amount of information
on the fauna of Amapa is available in the gray literature, and we also used reports from governmental
and non-governmental institutions in our compilation. We conducted the searches between June and
September 2021. We based our records mainly on new species descriptions, species checklists, notes on
geographic distribution, and DNA-based explorations of the diversity in anurans of the region, but we
also used other papers such as call and tadpole descriptions. We only accounted the registries (i.e., one
taxon at a specific place) once, reporting here only the most recent records. Concerning the localities,
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Fig. 1. Anuran species recorded in the state of Amapa. A. Adelophryne amapaensis Taucce, Costa-
Campos, Haddad & Carvalho, 2020. B. Adenomera andreae Miiller, 1923. C. Adenomera heyeri Boistel,
Massary & Angulo, 2006. D. Adenomera hylaedactyla (Cope, 1868). E. Allobates femoralis Boulenger,
1884. F. Allophryne ruthveni Gaige, 1926. G. Amazophrynella teko Rojas, Fouquet, Ron, Hernandez-
Ruz, Melo-Sampaio, Chaparro, Vogt, Carvalho, Pinheiro, Avila, Farias, Gordo & Hrbek, 2018.
H. Ameerega pulchripecta (Silverstone, 1976). 1. Anomaloglossus baeobatrachus (Boistel & Massary,
1999). J. Atelopus hoogmoedi Lescure, 1974. Photos: C.E. Costa-Campos.
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we only reported them if they were at least 5 km apart from each other. We merged localities closer than
5 km to each other.

We applied the nomenclature for the taxa at the species, genus, and family levels following Frost (2022)
and Segalla et al. (2021). In general, we did not include undescribed species or taxa not identified to
the species level (i.e., records treated in the literature as “aff.”, “cf.”, and “sp.”), except in cases where
we could confirm their taxonomic status using information available in the literature and/or our own
data. We discuss all these cases in the “Taxonomic Comments” section within the Discussion below. To
assess species conservation status, we used the categories of The IUCN Red List of Threatened Species
(IUCN 2022).

Results

We used 12 local anuran checklists, 16 notes on distribution extension, six taxonomic studies, and a
molecular survey study (35 studies in total; Table 1) to complete our list. We compiled a list of 111 species
belonging to 13 anuran families (Figs 1-9, Table 2), distributed across 48 localities, within two biomes
(Table 3, Fig. 10). The most representative families were Hylidae (41 species) and Leptodactylidae
(21 species), representing together almost 56% of all species, whereas Allophrynidae, Ceratophryidae,
Eleutherodactylidae, and Pipidae were represented by one species each. Among the 111 species, 69
(~62%) occur exclusively in the Tropical Moist Broadleaf Forest biome, nine (~8%) occur exclusively
in the Tropical Savanna biome, and 33 (~30%) occur in both biome types. Seventeen (~15%) are known
only from one locality and only three species (less than 3%) have their type localities within the state
of Amapa: Adelophryne amapaensis Taucce, Costa-Campos, Haddad & Carvalho, 2020, Boana dentei
(Bokermann, 1967), and Ameerega pulchripecta (Silverstone, 1976), all from the municipality of Serra
do Navio (Bokermann 1967; Silverstone 1976; Taucce et al. 2020). Two of them, Ad. amapaensis and
Am. pulchripecta, are endemic to the state of Amapa and were registered only in the central portion of
the state, in the municipalities of Serra do Navio and Pedra Branca do Amapari, with Am. pulchripecta
also occurring in Ferreira Gomes.

Conservation status

Regarding the conservation status, 81 (~73%) species are categorized as “least concern”, while eight
(~7%) are categorized “data deficient” (IUCN 2022). Only one species, Dendropsophus amicorum
(Mijares-Urrutia, 1998), is classified as threatened, assigned to the “critically endangered” category,
and 21 (~19%) species are not evaluated to date (IUCN 2022). Most of the non-evaluated species
were described between 2011 and 2022, except for three undescribed species, Boana aff. semilineata,
Leptodactylus sp. and Rhinella aft. castaneotica, and six species recently revalidated or with a complex
taxonomic history: Atelopus hoogmoedi Lescure, 1974, Hyalinobatrachium cappellei (Van Lidth de
Jeude, 1904), Leptodactylus intermedius Lutz, 1930, Leptodactylus macrosternum Miranda-Ribeiro,
1926, Pristimantis grandoculis (van Lidth de Jeude, 1904), and Rhinella major (Miiller & Hellmich,

1936).

Taxonomic comments

Class Amphibia Blainville, 1816
Order Anura Duméril, 1805
Family Aromobatidae Grant, Frost, Caldwell, Gagliardo, Haddad, Kok, Mittel, Noonan, Schargel &
Wheeler, 2006

Anomaloglossus baeobatrachus (Boistel & Massary, 1999) is found throughout French Guiana and

the state of Amap4, and may be a species complex (Fouquet ef al. 2019a, 2019b). The specimens from
Amapa are recovered in a different clade in comparison with the clade formed by specimens from
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the type locality (Saint Eugene, French Guiana). Moreover, what is called An. baeobatrachus in the
literature has two markedly different phenotypes, one with endotrophic (as observed from topotypes)
and the other one with exotrophic tadpoles, morphologically indistinguishable from each other (Fouquet
et al. 2019a, 2019b). The populations with exotrophic tadpoles have signs of past hybridization and
more investigation is necessary to clarify their taxonomic status (Fouquet et al. 2019a). Although both
phenotypes occur in Amapa (Fouquet et al. 2019a), we chose to consider all the records under the name
An. baeobatrachus until the situation is clarified.

Two problematic species appeared among the records, namely Anomaloglossus beebei (Noble,
1923) and Allobates marchesianus (Melin, 1941). Anomaloglossus beebei is an endangered species
with a restricted distribution, known only from the Pakaraima region, western Guyana (Cole ef al.
2013; IUCN 2022). There are records of An. beebei from seven localities in central and northeastern
Amapa (localities 5, 7-8, 11-12, 14—15; Lima 2006a, 2006b, 2008; Queiroz et al. 2011). Allobates
marchesianus is probably a species complex distributed in Colombia, Peru, Venezuela, and the Brazilian
state of Amazonas (Caldwell et al. 2002). There are also records of AL marchesianus from central and
northeastern Amapa, from five localities (6—8, 14—15; Lima 2006a, 2006b, 2008). According to recent
thorough molecular surveys (Fouquet et al. 2019b; Rejaud et al. 2020; Vacher et al. 2020) none of these
species occur in the state of Amapa. Besides, we did not have access to any of the vouchers and, due
to the complex taxonomic history of the two species (see Caldwell ef al. 2002; Kok et al. 2006), we
cannot assign these records undoubtedly to a single species and we chose to remove the records from
the list. Nonetheless, it is important to note that An. beebei has long been mistaken for Allobates granti
Kok, MacCulloch, Gaucher, Poelman, Bourne, Lathrop & Lenglet, 2006 (Kok et al. 2006) and, although
there is no record of 4/ granti in Amapa, the species is known to inhabit several localities throughout
the western border of French Guiana. Thus, at least some of the records of An. beebei may actually
correspond to A/l granti.

Family Bufonidae Gray, 1825

Acrecent study revealed high levels of species diversity within the bufonid genus Amazophrynella (Rojas
et al. 2018), and described a new species for Suriname, French Guiana, and Amapa: Amazophrynella
teko Rojas, Fouquet, Ron, Hernandez-Ruz, Melo-Sampaio, Chaparro, Vogt, Carvalho, Pinheiro, Avila,
Farias, Gordo & Hrbek, 2018. According to their study, it is the only species distributed in Amapa.
Vacher et al. (2020) also found only one species of Amazophrynella in their molecular survey, but
they identified it as 4. manaos Rojas-Zamora, Carvalho, Gordo, Avila, Farias & Hrbek, 2014 or 4. aff.
manaos. We assume that the entries 4. manaos and A. aff. manaos in their supplemental material is
likely an inconsistent nomenclatural update throughout their species list. Both applied names (4. manaos
and A. aff. manaos) of Vacher et al. (2020) are undoubtedly conspecific with A. feko. In this context,
we treated the records of A. minuta and Amazophrynella sp. 1 from the Amapa National Forest as
conspecific with 4. teko as well.

Formore than 30 years, Atelopus hoogmoedi was considered a subspecies of Atelopus pulcher (Boulenger,
1882) (Lescure 1974, 1976) or Atelopus spumarius Cope, 1871 (Lescure et al. 1980; Lescure & Marty
2000; Lotters et al. 2002). However, Lotters & Schulte (2005) elevated the taxon to full species level
and Noonan & Gaucher (2005) provided molecular support for their decision. The populations from
Brazil distributed north of the Amazon River, including Amapa4, are currently assigned to 4. hoogmoedi
(Costa-Campos & Carvalho 2018; Jorge et al. 2020; Silva et al. 2020). Thus, we considered the records
of Atelopus barbotini Lescure, 1981 from Lima (2006a, 2006b) and A. spumarius from Queiroz et al.
(2011) and Lima (2018) as 4. hoogmoedi. According to Vacher et al. (2020), Atelopus flavescens
Duméril & Bibron, 1841 is also expected to occur in Amapa. However, since the taxonomic status of
the populations from Amapa remains partly ambiguous, we adopted only one of the names in our list
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Table 2. List of the anuran species of the state of Amapa. Reference numbers are according to Table 1 and
locality numbers are from Table 3 and Figure 1. [IUCN is the conservation status of the species according
to the [IUCN Red List of Threatened Species. Abbreviations: DD = data deficient; CR = critically
endangered; LC = least concern; NE = not evaluated.

Taxon Biome IUCN Reference Locality

Allophrynidae Savage, 1973
1 Allophryne ruthveni Gaige, 1926 For LC 3,23,32 2,5-8,10

Aromobatidae Grant, Frost, Caldwell, Gagliardo, Haddad,
Kok, Mittel, Noonan, Schargel & Wheeler, 2006

2 Allobates femoralis (Boulanger, 1884) For, Sav LC 3,21-24,27, 2,4,6-11,
29-30 13-18
3 Allobates tapajos Lima, Simdes & Kaefer, 2015 For NE 35 28
Anomaloglossus baeobatrachus (Boistel & Massary, 1999) For DD 32,35 2,6, 10,28,
38-39, 41, 43

Bufonidae Gray, 1825
5 Amazophrynella teko Rojas-Zamora, Fouquet, Ron, Hernan- For NE 3,21-23, 25, 2,5-9,10, 11,

dez-Ruz, Melo-Sampaio, Chaparro, Vogt, Carvalho, Pinhei- 30-31 14,15, 44
ro, Avila, Farias, Gordo & Hrbek, 2018

6 Atelopus hoogmoedi Lescure, 1974 For NE 3,6,23-24, 2,4-5,7-17,45

27, 30, 32
7 Rhaebo guttatus (Schneider, 1799) For LC 3,21-24, 27, 2,4-17
32
Rhinella aff. castaneotica For NE 3,24 2,17
Rhinella dapsilis (Myers and Carvalho, 1945) For,Sav  LC 3,21-22, 2,8,11,17-18
29-30

10 Rhinella lescurei Fouquet, Gaucher, Blanc & Vélez-Rodri- For LC 9 9
guez, 2007

11 Rhinella major (Miiller & Hellmich, 1936) For,Sav  NE 7,14,22,24, 1,3,12,17-18

29
12 Rhinella margaritifera (Laurenti, 1768) For LC 27,32 9-10
13 Rhinella marina (Linnaeus, 1758) For, Sav LC 1,7, 14, 21— 1,3-12, 14-19
24,27, 30, 32

Centrolenidae Taylor, 1951

14 Cochranella resplendens (Lynch & Duellman, 1973) For LC 11 10

15 Hyalinobatrachium capellei (van Lidth de Jeude, 1904) For NE 16 21

16 Hyalinobatrachium iaspidiense (Ayarzagiiena, 1992) For DD 27,32 9-10

17 Hyalinobatrachium mondolfii Seharis & Ayargiiena, 2001 For LC 16 10,22

18 Hyalinobatrachium taylori (Goin, 1968) For LC 3,12,21-23 2,8-9,13,16

19 Hyalinobatrachium tricolor Castroviejo-Fisher, Vila, Ayar- For LC 12 10
zagiiena, Blanc & Ernst, 2011

20  Teratohyla midas (Lynch & Duellmann, 1973) For LC

21 Vitreorana ritae (Lutz, 1952) For DD 3,10,23 2,8-9,28
Ceratophryidae Tschudi, 1838

22 Ceratophrys cornuta (Linnaeus, 1758) For LC 3,21,23 2,8, 16
Craugastoridae Hedges, Duellman & Heinicke, 2008

23 Pristimantis chiastonotus (Lynch & Hoogmoed, 1977) For LC 3,21-24,27, 2,4-17

30, 32

24 Pristimantis crepitaculus Fouquet, Peloso, Jairam, Lima, For NE 3,23-24, 30, 2,8, 10-11, 17
Mobnico, Ernst & Kok, 2022 32

25  Pristimantis espedeus Fouquet, Martinez, Courtois, Dewyn- For NE 35 39
ter, Pineau, Gaucher, Blanc, Marty & Kok, 2013

26 Pristimantis grandoculis (van Lidth de Jeude, 1904) For NE 32 10
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Table 2. Continued.

Taxon Biome IUCN Reference Locality
27  Pristimantis gutturalis (Hoogmoed, Lynch, & Lescure, For LC 23 4-8
1977)
28  Pristimantis inguinalis (Parker, 1940) For LC 23 7-8
29 Pristimantis zeuctotylus (Lynch & Hoogmoed, 1977) For LC 3,23-24,27, 2,6,8-10, 17
32
30  Pristimantis zimmermanae (Heyer & Hardy, 1991) For LC 32 10
Dendrobatidae Cope, 1865
31 Ameerega hahneli (Boulenger, 1884) For LC 21-23, 30 4,5,7-8,11-16
32 Ameerega pulchripecta (Silverstone, 1976) For DD 3,27,32 2,9-10
33 Dendrobates tinctorius (Cuvier, 1797) For LC 3,23,27,32 2,6,8-10
34 Ranitomeya variabilis (Zimmermann & Zimmermann, For DD 21,22,24, 30 11, 13-15, 17
1988)
Eleutherodactylidae Lutz, 1954
35  Adelophryne amapaensis Taucce, Costa-Campos, Haddad, For NE 27,32 9-10

& Carvalho, 2020
Hylidae Rafinesque, 1815

36  Boana aff. semilineata For NE 19 10, 38, 43

37  Boana boans (Linnaeus, 1758) For, Sav LC 1,3, 10, 14, 1,2,4-10,
21-23,27,32 12-16, 19, 29

38  Boana calcarata (Troschel, 1848) For LC 3,21-23, 27, 2,5,7-10, 1,

32 14-15
39 Boana cinerascens (Spix, 1824) For LC 3,21-22,24, 2,10-11, 14-17
30, 32
40 Boana courtoisae Fouquet, Marinho, Réjaud, Carvalho, Ca- For NE 3,23,27,32 2,5,8-10

miner, Jansen, Rainha, Rodrigues, Werneck, Lima, Hrbek,
Giaretta, Venegas, Chavez & Ron, 2021

41  Boana dentei (Bokermann, 1967) For LC 3,21-23,32 2,6,8,10, 13,
16
42 Boana diabolica (Fouquet, Martinez, Zeidler, Courtois, For NE 16 9, 3942
Gaucher, Blanc, Lima, Souza, Rodrigues & Kok, 2016)
43 Boana lanciformis (Cope, 1871) For LC 10 29
44 Boana multifasciata (Glnther, 1859) For, Sav LC 7,14, 21, 24, 1,3, 10-11,
26, 29-30, 32, 16-18, 30, 38
35
45 Boana ornatissima (Noble, 1923) For LC 21,23 8,15
46  Boana punctata (Schneider, 1799) Sav LC 7,10, 14, 26 1,3,29-30
47 Boana raniceps (Cope, 1862) Sav LC 1,3, 14,29 1,3,18-19
48 Dendropsophus amicorum (Mijares-Urrutia, 1998) For CR 3,21,32 2,10, 16
49 Dendropsophus counani Fouquet, Orrico, Ernst, Blanc, For NE 3,32 2,10
Martinez, Vacher, Rodrigues, Ouboter, Jairam & Ron, 2015
50  Dendropsophus haraldschultzi (Bokermann, 1962) Sav LC 26 29, 30-31
51 Dendropsophus leucophyllatus (Beireis, 1783) For, Sav LC 3,21, 23,26, 2,8,10, 16, 30
32
52 Dendropsophus minusculus (Rivero, 1971) For, Sav LC 3,23,30 2,8, 11
53 Dendropsophus walfordi (Bokermann, 1962) For,Sav  LC 3,7,14,21, 30 1-3,11, 16
54 Lysapsus bolivianus Gallardo, 1961 For,Sav DD 1,14 1,19
55 Osteocephalus cabrerai (Cochran & Goin, 1970) For LC 22-23,27, 30 4% 8% 9% 11,
13*
56 Osteocephalus helenae (Ruthven, 1919) For DD 22-23, 30 4% 8*_9* 3%
57 Osteocephalus leprieurii (Duméril & Bibron, 1841) For LC 3,18, 21, 2,5,7,8, 11,
23-24, 30 16-17, 22
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Table 2. Continued.
Taxon Biome IUCN Reference Locality
58  Osteocephalus oophagus Jungfer & Schiesari, 1995 For LC 1,3, 23-24, 2,5,7,9-11,
27, 30, 32 17,19
59 Osteocephalus taurinus Steindachner, 1862 For,Sav  LC 1,3,7, 14, 1-8, 10-19
21-24, 29-30,
32
60  Pseudis paradoxa (Linnaeus, 1758) For,Sav  LC 1, 14,29 1, 18-19
61 Scarthyla goinorum (Bokermann, 1962) For, Sav LC 26, 33 30, 32-35
62 Scinax boesemani (Goin, 1966) For, Sav LC 10, 14,21,23, 1,8,10, 16,29
32
63 Scinax cf. cruentomma (Duellman, 1972) For LC 35 10
64 Scinax fuscomarginatus (Lutz, 1925) Sav LC 7,14 1,3
65 Scinax jolyi Lescure & Marty, 2000 For,Sav. DD 14,24, 32, 35 1,10, 17, 40
66 Scinax nebulosus (Spix, 1824) For, Sav LC 7,14, 29, 32 1, 3,10, 18
67 Scinax proboscideus (Brongersma, 1933) For LC 21-23 8,12, 15
68 Scinax ruber (Laurenti, 1768) For, Sav LC 1,7, 14, 24, 1,3, 10-11,
29-30, 32 17-19
69 Scinax ruberoculatus Ferrdo, Fraga, Moravec, Kaefer & For,Sav  NE 17 20, 36-37
Lima, 2018
70 Scinax x-signatus (Spix, 1824) For, Sav LC 7,22,24,29 3,12,17-18
71 Sphaenorhynchus carneus (Cope, 1868) Sav LC 4,14 1,31
72 Sphaenorhynchus lacteus (Daudin, 1800) Sav LC 14, 26 1,30
73 Trachycephalus coriaceus (Peters, 1867) For LC 3 2
74 Trachycephalus hadroceps (Duellman & Hoogmoed, 1992) For LC 22 12-14
75  Trachycephalus resinifictrix (Goeldi, 1907) For LC 3,23-24,27, 2,4-11,17
30, 32
76 Trachycephalus typhonius (Linnaeus, 1758) For, Sav LC 1,3,7,21,29  2,3,16, 18-19
Leptodactylidae Werner, 1896
77  Adenomera andreae (Miiller, 1923) For,Sav  LC 3,21-23,27, 2,4-12,14-16,
29, 32 18
78  Adenomera heyeri Boystel, Massari & Angulo, 2006 For LC 35 38
79  Adenomera hylaedactyla (Cope, 1868) For, Sav LC 3,7,10,21- 2-12, 14-16,
23,27, 29-30, 18,29
32
80  Engystomops petersi Jiménez de la Espada, 1872 For LC 23 4,7
81 Hydrolaetare schmidti (Cochran & Goin, 1959) For, Sav LC 14-15, 23-24 1,5,8,17,
23-27
82  Leptodactylus sp. For NE  Carvalho et al. 10, 40, 4647
(unpublished)
83  Leptodactylus fuscus (Schneider, 1799) For,Sav  LC 3,7,14,21, 1-3, 16-18
24,29
84  Leptodactylus guianensis Heyer & de Sa, 2011 For NE 22 12
85  Leptodactylus intermedius Lutz, 1930 For,Sav  NE 1,7,21,24,29 3,15,17-19
86  Leptodactylus knudseni Heyer, 1972 For LC 3,21-24, 30, 2,6-8,10-11,
32 13, 16-17
87  Leptodactylus leptodactyloides (Anderson, 1945) Sav LC Carvalho et al. 31
(unpublished)
88  Leptodactylus longirostris Boulenger, 1882 For,Sav  LC 14,22, 32 1,10, 14
89  Leptodactylus macrosternum Miranda-Ribeiro 1926 For,Sav. NE 1,7,14,26,29 1,3,18-19,30
90  Leptodactylus myersi Heyer, 1995 For LC 21,23, 30 6,11,15
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Table 2. Continued.
Taxon Biome IUCN Reference Locality
91  Leptodactylus mystaceus (Spix, 1824) For,Sav  LC 3,14, 21-24, 1,2,4-5,7-8,
32 10,12, 14,
16-17
92 Leptodactylus pentadactylus (Laurenti, 1768) For,Sav  LC 7,21-24, 30, 3-8, 10-17
32
93 Leptodactylus petersii (Steindachner, 1864) For, Sav LC 1, 14, 21-24, 1,4-10, 13,
26-27,32 16-17, 19, 30
94 Leptodactylus rhodomystax Boulenger, 1884 For LC 3,21-24, 30, 2,4,8,10-11,
32 13-14, 16-17
95  Leptodactylus stenodema Jiménez de la Espada, 1875 For LC 3,21,23-24, 2,4-5,10-11,
30, 32 15-17
96  Lithodytes lineatus (Scheneider, 1799) For LC 13,21-24, 30 8, 10-11, 13,
16-17, 20
97  Pseudopaludicola boliviana Parker, 1927 Sav LC 5,7, 14 1,3, 31
Microhylidae Giinther, 1858
98 Chiasmocleis haddadi Peloso, Sturaro, Forlani, Gaucher, For NE 28 8, 16
Motta & Wheeler, 2014
99 Chiasmocleis hudsoni Parker, 1940 For LC 8 10
100 Chiasmocleis shudikarensis Dunn, 1949 For LC 28 16
101  Ctenophryne geayi Mocquard, 1904 For LC 34 21
102 Elachistocleis helianneae Caramaschi, 2010 Sav LC 7,29 3,18
103 Hamptophryne boliviana (Parker, 1927) For, Sav LC 14,21, 23 1,8, 16
104 Otophryne cf. robusta Boulenger, 1900 For LC 3,21-23,30 2,7-8, 11, 13,
15-16
105 Synapturanus mirandaribeiroi Nelson & Lescure, 1975 For LC 23 5-7
106  Synapturanus zombie Fouquet, Leblanc, Fabre, Rodrigues, For NE 20 32,46
Menin, Courtois, Dewynter, Holting, Ernst, Peloso & Kok,
2021
Phyllomedusidae Giinther, 1858
107 Callimedusa tomopterna (Cope, 1868) For LC 21,23 8,16
108  Phyllomedusa bicolor (Boddaert, 1772) For LC 3,21-23,27, 2,5, 8-10,
32 14-16
109  Phyllomedusa vaillanti Boulenger, 1882 For LC 3,21-22,27, 2,9-11, 13, 16
30, 32
110 Pithecopus hypochondrialis (Daudin, 1800) For, Sav LC 3,7, 14,21, 1-3,10-11, 16
30, 32
Pipidae Gray, 1825
111 Pipa pipa (Linnaeus, 1758) For, Sav LC 1,21-24,29, §,10,12,16-19
32

*Since we could not check voucher material, these records of O. helenae and O. cabrerai could be associated to either species or to both.

(A. hoogmoedi). Although it is probable that 4. flavescens occurs indeed in the state of Amapa, further
taxonomic studies should clarify this matter.

Regarding the genus Rhinella, there are two species of the group of R. granulosa registered in Amapa:
Rhinella granulosa (Spix, 1824) (Pereira-Junior et al. 2013; Ferreira-Lima et al. 2017; Missassi
et al. 2017; Lima 2018) and R. major (Costa-Campos & Freire 2019). However, Amapa is contained
only within the distribution range of R. major, thus we considered records of R. granulosa to be
R. major. Within the group of R. margaritifera, Rhinella martyi Fouquet, Gaucher, Blanc & Vélez-
Rodriguez, 2007 is currently considered a junior synonym of Rhinella margaritifera (Laurenti, 1768)
(Pereyra et al. 2021), and we considered the records of R. martyi (Silva-e-Silva & Costa-Campos 2018;
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Fig. 2. Anuran species recorded in the state of Amapa. A. Boana boans (Linnaeus, 1758). B. Boana
calcarata (Troschel, 1848). C. Boana cinerascens (Spix, 1824). D. Boana courtoisae Fouquet, Marinho,
Réjaud, Carvalho, Caminer, Jansen, Rainha, Rodrigues, Werneck, Lima, Hrbek, Giaretta, Venegas,
Chavez & Ron, 2021. E. Boana dentei (Bokermann, 1967). F. Boana lanciformis (Cope, 1871).
G. Boana multifasciata (Giinther, 1859). H. Boana punctata (Schneider, 1799). 1. Boana raniceps
(Cope, 1862). J. Boana aff. semilineata. Photos: C.E. Costa-Campos.
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Fig. 3. Anuran species recorded in the state of Amapa. A. Callimedusa tomopterna (Cope, 1868).
B. Ceratophrys cornuta (Linnaeus, 1758). C. Chiasmocleis haddadi Peloso, Sturaro, Forlani, Gaucher,
Motta & Wheeler, 2014. D. Chiasmocleis hudsoni Parker, 1940. E. Chiasmocleis shudikarensis (Dunn,
1949). F. Cochranella resplendens (Lynch & Duellman, 1973). G. Ctenophryne geayi Mocquard,
1904. H. Dendrobates tinctorius (Cuvier, 1797). 1. Dendropsophus amicorum (Mijares-Urrutia, 1998).
J. Dendropsophus counani Fouquet, Orrico, Ernst, Blanc, Martinez, Vacher, Rodrigues, Ouboter,
Jairam & Ron, 2015. Photos: C.E. Costa-Campos.
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Pedroso-Santos et al. 2019) as R. margaritifera. We then considered the records of R. margaritifera as
Rhinella dapsilis (Myers & Carvalho, 1945), following the same study. Pereyra et al. (2021) recovered
Rhinella castaneotica (Caldwell, 1991) paraphyletic, with the specimen from French Guiana more
related to Rhinella proboscidea Spix, 1824 than to the probable R. castaneotica sensu stricto from the
Brazilian state of Para. Ferrdo et al. (2022) analyzed specimens from both French Guiana and Amapa,
recovering them monophyletic and as the sister group of R. castaneotica and Rhinella teotoniensis
Ferrdo, Souza, Hanken & Lima, 2022. We agree with their conclusions and consider the species from
Amapa an unnamed species, which we treat as R. aff. castaneotica.

Family Centrolenidae Taylor, 1951

Vitreorana ritae (Lutz, 1952) is currently a senior synonym of V. oyampiensis (Lescure, 1975) (Cisneros-
Heredita 2013). Despite some authors state that this synonymy remains dubious due to the lack of acoustic
and molecular data from the type locality (headwaters of the Caiwama River, Amazonas, Colombia)
(Fouquet ef al. 2019c¢), we consider the records of V. oyampiensis (as Cochranella oyampiensis; Lima
2006b; 2008) equivalent to V. ritae.

Family Craugastoridae Hedges, Duellman & Heinicke, 2008

Pristimantis marmoratus (Boulenger, 1900) is currently distributed in the western portion of the Guiana
Shield, through Venezuela and Guyana, and its sister clade has a more eastern distribution, occurring
in French Guiana and Amapa (Kok et al. 2018). Fouquet et al. (2022b) recently described this clade as
Pristimantis crepitaculus Fouquet, Peloso, Jairam, Lima, Monico, Ernst & Kok, 2022. We considered
four out of our five records of P marmoratus (Lima 2008; 2018; Queiroz et al. 2011; Benicio & Lima
2017) as P. crepitaculus. Pristimantis ockendeni (Boulenger 1912) was once thought to occur all over
the upper Amazon basin, from southern Peru to Colombia, but it is currently thought to be a species
complex with the nominal P. ockendeni currently known only from the type locality, in Peru (Elmer
et al. 2007; Elmer & Canatella 2008). Silva ¢ Silva & Costa-Campos (2018) recorded a species with
overall morphology similar to P. ockendeni which they identified as P. cf. ockendeni, but they also
recorded P. marmoratus. Besides P. crepitaculus, Fouquet et al. (2022b) also mention P. grandoculis
from the state of Amapa, a species they revalidated in their study. The main morphological difference
between these two species is the tympanum, which is present in the first species and absent in the latter.
Thus, we consider the records of Silva e Silva & Costa-Campos (2018) as P. crepitaculus (their P. cf.
ockendeni) and P. grandoculis (their P. marmoratus).

Family Dendrobatidae Cope, 1865

Ranitomeya populations in Amapa have been registered with two different names, Ranitomeya amazonica
(Schulte, 1999) (Lima 2018) and Ranitomeya ventrimaculata (Shreve, 1935) (Lima 2006a, 2006b;
Queiroz et al. 2011). However, R. amazonica is a species known for decades prior to its description, and
has been erroneously identified as several other species, including R. ventrimaculata (for a complete
taxonomic history see Brown et al. 2011). Currently, R. ventrimaculata is restricted to Colombia, Ecuador,
Peru, and the western portion of the Brazilian state of Amazonas, and until recently the populations of
Ranitomeya from eastern Amazonia were assigned to R. amazonica (Brown et al. 2011). Nevertheless,
Muell et al. (2022) recovered R. amazonica nested within R. variabilis (Zimmermann & Zimmermann,
1988) and specifically populations from eastern Amazonia were recovered as R. variabilis. Thus, we
agree with them and consider Amapa records to be R. variabilis.
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Table 3. Localities sampled in this study.

Number Latitude Longitude Locality

1 0.166679° N 51.033351°W Rio Curiau Environmental Protection Area, Macapa
2 0.924722° N 51.595833° W Amapa National Forest

3 0.384722° N 51.033889° W Experimental Field of the EMBRAPA, Macapa
4 1.601389° N 52.490278° W Tumucumaque Mountains National Park

5 2.193333°N 54.587500° W Tumucumaque Mountains National Park

6 3.216111°N 52.101944° W Tumucumaque Mountains National Park

7 1.386944° N 51.927500° W Tumucumaque Mountains National Park

8 1.844722° N 52.741111° W Tumucumaque Mountains National Park

9 0.791833°N 51.978361° W Beija-Flor-Brilho-de-Fogo Extrativist Reserve, Pedra Branca do Amapari
10 0.913285° N 52.006800° W Cancao Municipal Natural Park, Serra do Navio
11 0.583333°S 52.250000° W Rio Cajari Extrativist Reserve

12 0.290000° N 53.100000° W Rio Iratapuru Sustainable Development Reserve
13 0.280000° S 52.400000° W Rio Iratapuru Sustainable Development Reserve
14 0.600000° N 52.300000° W Rio Iratapuru Sustainable Development Reserve
15 1.308056° N 51.587780° W Amapa National Forest

16 1.101111° N 51.893330° W Amapa National Forest

17 0.849475° N 51.291266° W Ferreira Gomes

18 0.009822° S 51.083714° W Federal University of Amapa, Macapa

19 0.8848883° N 49.993328° W Parazinho Biological Reserve, Macapa

20 0.429765° S 52.647894° W Rio Iratapuru Sustainable Development Reserve
21 0.579° S 52.628° W Rio Iratapuru Sustainable Development Reserve
22 0.535°S 52.542° W Rio Iratapuru Sustainable Development Reserve
23 1.69° N 50.19° W Lago Pirituba Biological Reserve

24 0.97°N 51.02° W Tracajuba River, Tartarugalzinho

25 0.49°N 51.25°W Ferreira Gomes

26 0.02° N SL.1°W Porto Grande

27 0.03°S 51.15°W Santana

28 0.6679° S 52.5289° W Laranjal do Jari

29 0.08°S 51.182222° W Santana

30 0.304306° N 50.872556° W Macapa

31 0.297369° N 51.130969° W Macapa

32 0.0363° N 51.1625° W Santana

33 1.3239° N 50.2779° W Tartarugalzinho

34 1.6624° N 50.3215°W Amapa (municipality)

35 0.6171°S 52.5204° W Laranjal do Jari

36 0.715° N 51.4718° W Porto Grande

37 0.7851° N 51.2368° W Ferreira Gomes

38 2.3215556° N 51.6108611° W Lourenco, Calgoene

39 0.909122° N 53.228479° W Tumucumaque Mountains National Park

40 3.904047° N 51.77227° W Oiapoque

41 2.62764° N 52.54195° W Tumucumaque Mountains National Park

42 0.449335° N 52.02214° W Amapa State Forest

43 0.024167° S 51.897222° W Mazagao

44 0.23°N 51.86° W Amapa State Forest

45 0.826527° N 52.189333° W Amapa State Forest

46 0.299306° N 51.129889° W Comunidade Ariri, Macapa

47 0.979331° N 51.614895° W Amapa State Forest

48 0.576976° S 52.077805° W Vitéria do Jari
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Fig. 4. Anuran species recorded in the state of Amapa. A. Dendropsophus haraldschultzi (Bokermann,
1962). B. Dendropsophus leucophyllatus (Beireis, 1783). C. Dendropsophus minusculus (Rivero,
1971). D. Dendropsophus walfordi (Bokermann, 1962). E. Elachistocleis heliannae Caramaschi, 2010.
F. Hamptophryne boliviana Parker, 1927. G. Hyalinobatrachium iaspidiense (Ayarzagiiena, 1992).
H. Hyalinobatrachium mondolfii Senaris & Ayarzagiiena, 2001. 1. Hyalinobatrachium taylori (Goin,
1968). J. Hydrolaetare schmidti (Cochran & Goin, 1959). Photos: C.E. Costa-Campos.
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Fig. 5. Anuran species recorded in the state of Amapa. A. Leptodactylus fuscus (Schneider, 1799).
B. Leptodactylus intermedius Lutz, 1930. C. Leptodactylus knudseni Heyer, 1972. D. Leptodactylus
leptodactyloides (Andersson, 1945). E. Leptodactylus longirostris Boulenger, 1882. F. Leptodactylus
macrosternum Miranda-Ribeiro, 1926. G. Leptodactylus mystaceus (Spix, 1824). H. Leptodactylus
pentadactylus (Laurenti, 1768). 1. Leptodactylus petersii (Steindachner, 1864). J. Leptodactylus
rhodomystax Boulenger, 1884. Photos: C.E. Costa-Campos (A, C, E-H, J) and T.R. Carvalho (B, D, I).
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Family Eleutherodactylidae Lutz, 1954

Silva e Silva & Costa-Campos (2018) and Pedroso-Santos et al. (2019) recorded Adelophryne gutturosa
Hoogmoed & Lescure, 1984 at Cancdo Municipal Natural Park, municipality of Serra do Navio, and
Reserva Extrativista Beija-Flor-Brilho-de-Fogo, municipality of Pedra Branca do Amapari, respectively.
These records belong to the recently described 4. amapaensis.

Family Hylidae Rafinesque, 1815

The population previously identified as Boana multifasciata (Glnther, 1859) from the Guiana Shield is
currently known to be an unnamed candidate species, inhabiting the Guianas and the Brazilian states of
Roraima, Pard and Amapa (Fouquet et al. 2021c) based only on molecular data. We added the molecular-
based records from Vacher et al. (2020) and Fouquet et al. (2021c) corresponding to this taxon, as well
as the literature records with overall morphology more similar to B. multifasciata. We decided to keep
using this name for Amapa populations until more studies clarify their taxonomic status. In the species
group of B. semilineata, two species are known to occur in Amapa, Boana diabolica Fouquet, Martinez,
Zeidler, Courtois, Gaucher, Blanc, Lima, Souza, Rodrigues & Kok, 2016 and an unnamed species,
B. aff. semilineata (Fouquet et al. 2016). Besides these two names, records in Amapa have also been
identified as Boana geographica (Spix, 1824) (Lima 2008; Pereira-Junior et al. 2013; Benicio & Lima
2017; Ferreira-Lima et al. 2017) and B. aff. geographica (Lima 2006b). These records could belong
either to B. diabolica or B. aff. semilineata, so we chose to consider in our list only the molecular
confirmed records (Fouquet et al. 2016; Vacher et al. 2020).

Dendropsophus counani Fouquet, Orrico, Ernst, Blanc, Martinez, Vacher, Rodrigues, Ouboter,
Jairam & Ron, 2015 has long been confused with Dendropsophus brevifrons (Duellman & Crump,
1974) (Fouquet et al. 2015), and we consider the record of D. brevifrons (Benicio & Lima 2017) to be
D. counani. Dendropsophus minusculus (Rivero, 1971) is morphologically similar to Dendropsophus
branneri (Cochran, 1948), with which D. minusculus has been historically confused (Zina et al. 2014).
Dendropsophus minusculus is distributed in northern Brazil and the Guiana Shield, mainly within
Amazonia, with some sparse records in northeastern Brazil in the states of Maranhao, Piaui, Ceara, and
an isolated record from Bahia, whereas D. branneri inhabits the Atlantic Forest of southeastern and
northeastern Brazil (Zina et al. 2014; Frost 2022). Both species seem to have a contact zone in northeastern
Brazil, but the state of Amapa is within the distribution range of D. minusculus. Thus, we consider the
records of D. branneri (Lima 2006a, 2006b) to be D. minusculus. Orrico et al. (2021) has recently
defined the populations with the overall morphology like D. minutus (Peters, 1872) in the Guiana Shield
as D. amicorum, and we agreed with them regarding the records of Amapa. It is important to note that,
even though the [UCN status of the species is Critically Endangered (CR, IUCN 2022), it was evaluated
when it was known only from the type localiy, and the conservation status of D. amicorum is likely
to change during next evaluations. Dendropsophus walfordi (Bokermann, 1962) and Dendropsophus
nanus (Boulenger, 1889) are also very similar to each other, being even considered as representing a
single species (Lutz 1973). Despite being currently considered as separate species (Langone & Basso
1987), these are morphologically and genetically closely related to each other, with D. walfordi being
frequently recovered within D. nanus, leaving it paraphyletic (Fouquet et al. 2011; Medeiros et al.
2013; Orrico et al. 2021). Recently, Seger et al. (2021) evaluated the D. nanus-D. walfordi complex
with a broad molecular study and defined that D. nanus is the lineage inhabiting Paraguay, northeastern
Argentina, and southern Brazil, whereas D. walfordi is the single lineage inhabiting Amazonia. Thus, we
decided to adopt the name D. walfordi to records from both species within the state of Amapa. Benicio
& Lima (2017) recorded Dendropsophus microcephalus (Cope, 1886) and Dendropsophus parviceps
(Boulanger, 1882) in the Amapa National Forest. The first species is distributed from southern Mexico
to northern South America (Frost 2022) but, although the specimens east of Venezuela have been called
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Fig. 6. Anuran species recorded in the state of Amapa. A. Leptodactylus stenoderma Jiménez de la
Espada, 1875. B. Leptodactylus sp. C. Lithodytes lineatus (Schneider, 1799). D. Lysapsus bolivianus
(Gallardo, 1961). E. Osteocephalus cabrerai (Cochran & Goin, 1970). F. Osteocephalus leprieurii
(Duméril & Bibron, 1841). G. Osteocephalus taurinus (Steindachner, 1862). H. Phyllomedusa bicolor
(Boddaert, 1772). 1. Phyllomedusa vaillanti Boulenger, 1882. J. Pipa pipa (Linnaeus, 1758). Photos:
C.E. Costa-Campos (A, C-J) and T. R. Carvalho (B).
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D. microcephalus due to morphological similarities, they probably correspond to other species, such as
D. minusculus or even Dendropsophus gaucheri (Lescure & Marty, 2000) (V.G.D. Orrico, pers. comm.).
Although Benicio & Lima (2017) cited both D. minusculus and D. microcephalus, there are no voucher
specimens cited in their study. Thus, we decided to remove the record of D. microcephalus from the list
until more data from the Amapa National Forest is available to help clarifying the taxonomic status of
this population. Moreover, we considered the record of D. microcephalus from Queiroz et al. (2011)
as D. minusculus. Dendropsophus parviceps is currently known from Ecuador, Colombia, and the
Brazilian state of Amazonas, with related populations from Brazilian states of Acre and Rondonia being
recently described as Dendropsophus kamagarini Rivadeneira, Venegas & Ron, 2018 (Rivadeneira
et al. 2018). Besides D. parviceps, Benicio & Lima (2017) found another species from the group of
D. parviceps (sensu Orrico et al. 2021) in the Amapa National Forest, D. brevifrons (that we consider
D. counani, see above). As in the previous case concerning D. microcephalus and D. minusculus, we
also decided to remove D. parviceps from our list and consider the record as D. counani until additional
data is available. The record of Lysapsus laevis (Parker, 1935) from Aratjo & Costa-Campos (2015) (as
Pseudis laevis) is actually Lysapsus bolivianus (Gallardo, 1961) (Costa-Campos, pers. comm.).

There are two species of the group of Osteocephalus buckleyi (sensu Jingfer et al. 2013) cited for
Amapa, O. buckleyi (Boulenger, 1882) (Lima 2008; Queiroz et al. 2011) and O. cabrerai (Cochran &
Goin, 1970) (Lima 2006b, 2008; Pedroso-Santos et al. 2019). Dewynter et al. (2019) also found two
species of the group of O. buckleyi in French Guiana, both reaching the border with Amapa: O. cabrerai
and Osteocephalus helenae (Ruthven, 1919). Vacher et al. (2020) also adopted these two species
names in their molecular survey for populations of Osteocephalus from Amapa and French Guiana.
Even though the two species were recovered as a single taxonomic entity in their species delimitation
analysis, they applied both names to the clade formed by two lineages of Osteocephalus that appear to
be morphologically diagnosable to each other and coexist in the Eastern Guiana Shield (see Dewynter
et al. 2016). Thus, we consider both O. cabrerai and O. helenae in our list. We did not have access to the
voucher specimens of most studies and most of the known previous records do not provide photographs
of species of Osteocephalus. As such, we could not be precise about the locations where each of the
two species occurs in Amapa. One exception is at Reserva Extrativista Municipal Beija-Flor-Brilho-de-
Fogo, central part of Amapa, from where Pedroso-Santos et al. provided a picture of what they identified
as O. cabrerai (Pedroso-Santos et al. 2019: 801, fig. 1.11) and it corresponds to the same morphotype
Dewynter et al. (2016) consider O. cabrerai.

Scinax garbei (Miranda-Ribeiro, 1926) is a widespread species of the group of S. rostratus distributed
throughout the middle and upper Amazon Basin in Venezuela, Ecuador, Colombia, Peru, Bolivia and
Brazil (Faivovich et al. 2005; Frost 2022). Although there are records of S. garbei from Amapa (Ferreira-
Lima et al. 2017; Lima 2018; Silva e Silva & Costa-Campos 2018), there is molecular evidence of only
Scinax jolyi Lescure & Marty, 2000 inhabiting Amapa (Vacher et al. 2020). Due to the taxonomic
complexity of S. garbei (Ron et al. 2018) and the overall morphological similarity between the two
species, we consider more plausible that the records of S. garbei in Amapa are indeed S. jolyi. Scinax
cruentomma (Duelmann, 1972) is mainly distributed in western Amazonia, but there are a few additional
records in other Amazonian regions (Carvalho et al. 2015: fig. 3). Those authors conducted acoustic
comparisons between populations from the type locality (Santa Cecilia, Ecuador), the upper Negro
River (Amazonas, Brazil), and French Guiana (data derived from Lescure & Marty 2000) and found
that the high variation in some of the analyzed call traits indicate that the French Guiana population
could represent another, potentially unnamed, species. Therefore, we provisionally assign the Amapa
population to S. cf. cruentomma until the taxonomic status of the populations of Scinax bearing a
horizontal red streak on the iris from the Eastern Guiana Shield is addressed.
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Fig. 7. Anuran species recorded in the state of Amapa. A. Pithecopus hypochondrialis (Daudin, 1800).
B. Pristimantis chiastonotus (Lynch & Hoogmoed, 1977). C. Pristimantis gutturalis (Hoogmoed,
Lynch & Lescure, 1977). D. Pristimantis inguinalis (Parker, 1940). E. Pristimantis crepitaculus
Fouquet, Peloso, Jairam, Lima, Moénico, Ernst & Kok, 2022. F. Pristimantis zeuctotylus (Lynch &
Hoogmoed, 1977). G. Pseudis paradoxa (Linnaeus, 1758). H. Pseudopaludicola boliviana Parker,
1927. 1. Ranitomeya variabilis Zimmermann & Zimmermann, 1988. J. Rhaebo guttatus (Schneider,
1799). Photos: C.E. Costa-Campos.
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Fig. 8. Anuran species recorded in the state of Amapa. A. Rhinella aff. castaneotica. B. Rhinella major
(Miiller & Hellmich, 1936). C. Rhinella margaritifera (Laurenti, 1768). D. Rhinella marina (Linnaeus,
1758). E. Scarthyla goinorum (Bokermann, 1962). F. Scinax boesemani (Goin, 1966). G. Scinax
cruentomma (Duellmann, 1972). H. Scinax fuscomarginatus (A. Lutz, 1925). 1. Scinax jolyi Lescure &
Marty, 2001. J. Scinax nebulosus (Spix, 1824). Photos: C.E. Costa-Campos.
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Fig. 9. Anuran species recorded in the state of Amapa. A. Scinax proboscideus (Brongersma, 1933).
B. Scinaxruber (Laurenti, 1768). C. Scinax ruberoculatus (Ferrdo, Fraga, Moravec, Kaefer & Lima, 2018).
D. Scinax x-signatus (Spix, 1824). E. Sphaenorhynchus carneus (Cope, 1868). F. Sphaenorhynchus
lacteus (Daudin, 1800). G. Synapturanus zombie Fouquet, Leblanc, Fabre, Rodrigues, Menin,
Courtois, Dewynter, Holting, Ernst, Peloso & Kok, 2021. H. Trachycephalus hadroceps (Duellman &
Hoogmoed, 1992). 1. Trachycephalus typhonius (Linnaeus, 1758). J. Vitreorana ritae (Lutz, 1952).
Photos: C.E. Costa-Campos.
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Family Leptodactylidae Werner, 1896

Leptodactylus bolivianus Boulenger, 1898 is distributed in the western and central portions of the
Amazon Basin in Bolivia, Brazil, Colombia, Peru and Venezuela (Heyer & de S& 2011), whereas
Leptodactylus guianensis Heyer & de S4, 2011 is distributed across the Guiana Shield. These two
species are morphologically quite similar to each other and, before the description of L. guianensis in
2011, it was commonly confused with L. bolivianus in the literature (Heyer & de S42011). We consider
the record of L. cf. bolivianus from Lima (2006b) to be L. guianensis. Gazoni et al. (2021) recently
revisited the systematics of the group of L. melanonotus using an integrative approach. One of the
taxonomic results was the revalidation of L. intermedius, previously a junior synonym of Leptodactylus
petersii Steindachner, 1864. Besides L. petersii, there are records of two other species of the group of
L. melanonotus in Amapa: L. wagneri (Lima 2006) and Leptodactylus podicipinus Cope, 1862 (Pereira-
Janior et al. 2013; Aratjo & Costa 2015; Lima 2018; Costa-Campos & Freire 2019). All records
previously associated with L. podicipinus in Amapa should be assigned to L. intermedius. Leptodactylus
wagneri is distributed in western Amazonia and the records in eastern Amazonia correspond either to
L. intermedius (see Gazoni et al. 2021) or to unnamed species, treated here as Leptodactylus sp., endemic
to the Eastern Guiana Shield (Carvalho et al. in press). Leptodactylus leptodactyloides (Andersson,
1945) is widely distributed in Amazonia but reported in Amapa for the first time in this study. The
species was confirmed to occur at one location (Comunidade Ariri), within the municipality of Macapa,
based on DNA-barcoded individuals (Carvalho et al. in press).

Family Microhylidae Giinther, 1858

The only species of the genus Elachistocleis known to occur in the state of Amapa is Elachistocleis
helianneae Caramaschi, 2010 (Jowers et al. 2021). We considered the record of Elachistocleis sp. from
Pereira-Junior et al. (2013) to be E. helianneae based on the distribution and the overall morphology of
the specimens (Costa-Campos, pers. obs.) and calls (Marinho et al. 2018).

Fouquet et al. (2021b) showed in their integrative study that Otophryne pyburni is probably restricted
to the western portion of the Guiana Shield, and that the populations of Otophryne inhabiting French
Guiana and the Brazilian states of Amapa and Para belong to an unconfirmed candidate species related
to Otophryne robusta Boulenger, 1900. Therefore, we chose to consider the records of O. pyburni
in Amapa as O. cf. robusta until more studies arise to evaluate its taxonomic status, confirming or
contradicting this candidate species.

Synapturanus zombie Fouquet, Leblanc, Fabre, Rodrigues, Menin, Courtois, Dewynter, Holting, Ernst,
Peloso & Kok, 2021 was recently described from French Guiana with one population recorded in the
municipality of Oiapoque, northern Amapa (locality 46, Fig. 10) and a second potential population in
the upper Rio Calgoene (2.3734° N, 51.3782° W; Fouquet et al. 2021a). We did not add this locality
to the map because of the uncertainty on the population identity according to the original publication.
We have found records of Synapturanus mirandaribeiroi Nelson & Lescure, 1975 from three localities
in the Tumucumaque Mountains National Park (localities 5-7; Lima 2008). The two species have
previously been confused with each other and have close distribution ranges, with one of the records
from Tumucumagque (locality 5) very close to the Mitaraka massif, French Guiana, one of the localities
with known populations of S. mirandaribeiroi (Fouquet et al. 2021). We then consider the records from
the Tumucumaque Park (Lima 2008) as S. mirandaribeiroi, but we are aware that some of these records
may actually be S. zombie Fouquet, Leblanc, Fabre, Rodrigues, Menin, Courtois, Dewynter, Holting,
Ernst, Peloso & Kok, 2021. Finally, we have an unvouchered record of S. zombie from the municipality
of Serra do Navio, with only a picture (Fig. 9G). Although the picture is slightly out of focus, it is possible
to see one important diagnostic character distinguishing this species from S. mirandaribeiroi: the dorsum
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with numerous orange spots and blotches (dorsum with diffuse mottled pattern in S. mirandaribeiroi).
Therefore, we consider the photograph-based record of S. zombie in Serra do Navio, extending the
distribution of this species to the central portion of Amapa, more than 250 km southeast from its type
locality (Itoupé, French Guiana; 3.0230° N, 53.0955° W).

Discussion

The great majority of the localities sampled in this study are concentrated in the central part of Amapa
(Fig. 10), which is also the region with most of the checklist localities (9 out of 19). There are two other
important sampling regions within the state: the savannas in the southern portion of Amapa, mainly in
the municipalities of Macapa and Santana, and southernmost part of the municipality of Laranjal do
Jari, southwestern Amapa. These three regions correspond to 36 out of the total 48 sampling localities
and 14 out of the 19 checklist localities (75% and about 73%, respectively). The regions that most need

Biomes
[ Tropical Grasslands, Savannas, and Shrublands | -
B Tropical Broadleaf Moist Forests
B Mangroves

-1

-56 -54 -52 -50 -48

Fig. 10. Localities showing distribution records of anuran species through the biomes within the state of
Amapad. Localities 1 to 19 are from species checklists (light gray circles), whereas the remaining ones
(20 to 48, dark gray squares) represent punctual records.
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studies in Amapa are the mangroves along the coastline, the northern portion of the Cerrado of Amapa,
the forests east of the Cerrado of Amapa and in northern Amapa. Studies concerning anurans in these
regions should be prioritized.

The Tropical Moist Broadleaf Forest biome was the most diverse with almost 92% of the species, about
62% being exclusive, and we identified three diversity ‘hotspots’ within it: Parque Natural Municipal
do Cancao, municipality of Serra do Navio (Locality 10; 0.913285° N, 52.006800° W) with 51 species;
the Amapa National Forest, municipality of Ferreira Gomes (Locality 2; 0.924722° N, 51.595833° W);
and one site at Tumucumaque Mountains National Park, municipality of Pedra Branca do Amapari
(Locality 8; 1.844722° N, 52.741111° W), both with 42 species. The municipality of Serra do Navio
has been a study site for herpetologists, focused especially on anurans, since the late 1960s (Bokermann
1967), and the checklist by Silva-e-Silva & Costa-Campos (2018) was made based on monthly
expeditions during one year. Also, Benicio & Lima (2017) sampled the Amapa National Forest during
the period coinciding with the most intense rains in the region, spending 56 days of sampling divided
in three expeditions in two different years, 2012 and 2014. Conversely, Lima (2008) sampled the site
at the Tumucumaque National Park during only 20 days in February and March 2006, during a Rapid
Biological Inventory (RAP). Even so, according to our study, he registered 42 species. Due to the high
levels of species richness, several records not identified to the species level, and insufficient number of
species inventories, these three areas in Amapa hold the potential to harbor many more anuran species.
We expect that more expeditions to these localities, allied to integrative studies gathering molecular,
acoustic, and morphological data will increase the species account in these localities, as well as the
number of species occurring Amapa as a whole. By way of comparison, similar study sites in southern
French Guiana, close to the border with Amap4, can harbor up to 56 anuran species, such as the Mitaraka
Massif (Fouquet et al. 2019¢). This number is even higher than the 51 species found at Serra do Navio.
Although similar sites in the same region had less species, the numbers are also remarkable, with 31
anuran species inhabiting Haute Wanapi (Gaucher & de Massary 2005), 34 inhabiting Pic Coudreau
du sud (Blanc 2016), and 41 inhabiting Borne n°4 (Dewynter & Chaline 2016). The number of species
found in these sites in southern French Guiana are concordant with most forested sites sampled in Amapa
but, because of the lack of mid to long term studies, their species richness may also be underestimated.

On the other hand, the Cerrado of Amapa houses almost 38% of the anuran species in the state and,
although less diverse than the surrounding forests, it is an exclusive habitat to about 8% of these species.
The region is a knowledge gap in the state, especially its northern portion, with 3 out of the 19 checklist
localities and 12 out of the 48 total study sites. Nonetheless, only 9.2% of its total area is legally protected
and less than 0.5% is strictly protected. The Cerrado of Amapa is extremely threatened and it is subject
to high human pressure by urbanization, highway networks, and agriculture (Mustin et al. 2017). In
addition to the total number of species housed, savanna enclaves within the Amazon Forest in Amapa
and other regions in northern South America are important study sites for evolutionary biologists and
phylogeographers. Natural populations in these savanna areas are isolated from each other and from
adjacent forests and can inform us about species diversification in the Neotropics (e.g., Buzatti et al.
2018; Els et al. 2020). For instance, there are some species occurring in the open formations of Amapa
but nowhere else in the Guiana Shield, such as Dendropsophus haraldschultzi (Bokermann, 1962),
E. heliannae, Pseudopaludicola boliviana (Parker, 1927), R. major, Scinax fuscomarginatus (Lutz,
1925), and Sphaenorhynchus carneus (Cope, 1868). This is a striking pattern, and these species certainly
bear invaluable genetic information and can shed light on anuran diversification, as well as the historical
biogeography and the landscape dynamics in Amazonia. Moreover, genetic studies involving anurans in
the Cerrado of Amapa will highly increase our knowledge of South American phylogeography and the
conservation of the savanna enclaves within the Amazon Forest.
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Although we have found 111 anuran species, a remarkable number for a territory the size of Amapa,
we predict this number to grow fast as research in the state continues. Aside from undescribed species,
there are many species that are known to occur in bordering territories, but their distribution limits
coincide with the border with Amapa. For instance, French Guiana is a territory to the northwest, about
60% of the size of Amapa. With the exception of the unique Cerrado of Amapa, both territories are
environmentally very similar, comprising part of the eastern portion of the Guiana Shield, lying east of
the Branco and Esequibo rivers (Fouquet et al. 2012). Because of this, it is expected that most species
occurring in French Guiana also occur in Amapa. Many anuran species are known to occur in French
Guiana, with some occurrence records reported almost on the border with Amapa, such as Allobates
granti (Réjaud et al. 2020), Anomaloglossus mitaraka Fouquet, Vacher, Courtois, Deschamps, Ouboter,
Jairam, Gaucher, Dubois & Kok, 2019 (Fouquet et al. 2019b), Anomaloglossus surinamensis Ouboter &
Jairam, 2012, Cochranella geijskesi (Goin, 1966), Hyalinobatrachium kawense Castroviejo-Fisher,
Vila, Ayarzagiiena, Blanc & Ernst, 2011(Fouquet et al. 2019¢), Boana xerophylla (Duméril & Bibron,
1841), and Pipa aspera Miiller, 1924 (Dewynter & Chaline 2016; Blanc 2016; Fouquet et al. 2022a).
We predict that most or even all these species also occur in Amapa and will be found as a natural
consequence of the advance in research in the state.

The current annotated list greatly contributes to the incipient knowledge on anuran species richness in
the Brazilian state of Amapa. The first anuran local checklists in Amap4 are less than 20 years old (Lima
2006a, 2006b) and many of these show a large proportion of taxa not identified to the species level. We
could identify a few of them based on information retrieved from the literature only (see “Taxonomic
Comments” section above), but for the vast majority an integrative approach is still required, linking
voucher specimens to bioacoustic and/or molecular data for more accurate species identifications. Many
of these non-identified species may be new to science, such as the three undescribed frog species we
recorded in our study (Boana aff. semilineata, Leptodactylus sp., and Rhinella aff. castaneotica). Of
111 anuran species included in our list, only three (less than 3%) have their type locality within the state
of Amap4, being two of them endemic to the state. As much as the knowledge regarding amphibian
taxonomy in the state has developed over the past 20 years, describing new species is not a trivial task
and the high species diversity and the very low number of anuran species described with material from
Amapa highlight the need for trained taxonomists to develop research in the state.
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Note added in proof

Carvalho et al. (2022) recently published a systematic review of the Leptodactylus melanonotus group,
with the description of a new species for the state of Amapa. Thus, all our records of Leptodactylus sp.
correspond to Leptodactylus fremitus Carvalho, Fouquet, Lyra, Giaretta, Costa-Campos, Rodrigues,
Haddad & Ron, 2022.
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C.F.B. & Ron S.R. 2022. Species diversity and systematics of the Leptodactylus melanonotus group
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