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Although there are many studies that analyse and describe the distribution patterns of diverse organisms in South America at
different scales, Paraguay has been poorly assessed from a biogeographic point of view. Some of the available contributions
on the biogeography of Paraguay are based on different taxonomic groups, such as mammals, birds, reptiles, and plants,
describing relationships between species and their habitats by using indices of similarity and cluster analysis. The main
objective of this contribution is to identify areas of endemism based on the distribution of the 87 amphibian species known
from Paraguay, and to compare the results with the three schemes of ecoregion proposed for the country. Eight areas of
endemism were identified at different size of grids/scales, congruent with Dry Chaco, Atlantic Forest, Cerrado, Grasslands of

Mesopotamia, Neembucu, and the Great American Chaco ecoregions.
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INTRODUCTION

here are several studies that analyse and describe

the distribution of different organisms at different
scales in South America (e.g. Cabrera & Yepes, 1960;
Cabrera & Willink, 1973; Morrone, 2001; Diniz-Filho et
al., 2006; Guedes et al., 2014; Xavier et al., 2014; Azevedo
et al., 2016; Hoffmeister & Ferrari, 2016), however, two
information gaps are still evident. Despite the known
worldwide population declines in amphibians (Blaustein
et al., 1994; Corns, 1994; Stuart et al., 2008), detailed
distribution analyses of this group are scarce; and the
distributional biodiversity patterns of Paraguay are still
poorly known. In general, available biogeographical
information for Paraguay is based on either studies
that include the country as a part of a wider area (i.e.
continental or regional analyses, for example; Lundberg
et al., 1998; Leynaud & Bucher, 1999; Oakley et al., 2005;
Céceres, 2007; Werneck, 2011; Nascimiento et al., 2013;
Giarla & Jansa, 2014; Silva et al., 2014; Arzamendia &
Giraudo, 2015; Nori et al., 2015; Hoffmeister & Ferrari,
2016), or local and fragmentary studies based on different
taxonomic groups (mammals: Lépez-Gonzélez, 2004;
2005; Stevens et al., 2007; Rumbo, 2010; birds: Hayes,
1995; reptiles: Bauer, 2014; Cacciali & Ubilla, 2016; and
plants: Keel et al., 1993; Spichiger et al., 1995; Chernoff
et al., 2004). These contributions are mostly focused
on describing the relationships between species and

their habitats using indices of similarity, cluster analysis
and predefined areas. Despite the contribution on the
distribution of amphibians’ species in Paraguay provide
by Weiler et al. (2013), no progress has been made in the
direction of formal analyses of distributions. The need
for detailed studies on the distribution of amphibians
in Paraguay is urgent in order to develop efficient
conservation policies, especially in the biomes affected
by the advance of agricultural frontiers, as in the Chaco
region.

The concept of "areas of endemism" is used in
biogeography to refer to those geographic areas
delimited by the congruence in the distributions of at
least two taxa (Platnick, 1991). These areas describe
particular characteristics of biodiversity (Grehan, 1993;
Carvalho, 2011) and their identification constitutes an
important tool for conservation and a fundamental step
in the understanding of the evolutionary history of taxa
(Casagranda & Grosso, 2013; Warren et al., 2014). Several
methodologies have been proposed in the last years for
the identification of areas of endemism (Morrone, 1994;
2014; Hausdorf, 2002; Dos Santos et al., 2008; Veech,
2014; Da Silva et al., 2015; Guerin et al., 2015; Oliveira et
al., 2015; Vilhena & Antonelli, 2015), however Parsimony
Analysis of Endemicity (PAE; Morrone, 1994) and
Endemicity Analysis (EA; Szumik et al., 2002 and Szumik &
Goloboff, 2004) are the most used (Da Silva & Oren, 1996;
Garcia-Barros et al., 2002; Nori et al., 2011; Aagesen et al.
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Figure 1. Reference Maps. A) Amphibian records used mapped on natural watercourses with political boundaries of Paraguay;
A-B-C) Ecoregion schemes proposed for Paraguay by Dinerstein et al.(1995) (B); del Castillo & Clay (2005) (C); Secretaria del

Ambiente (2013) (D).

2012; Escalante, 2015; Cacciali & Ubilla, 2016; Andrade-
Diaz et al., 2017). Different to other methods, EA has
been exclusively developed for the identification of areas
of endemism and shows advantages over other methods
due to inclusion of spatial information in the searches
(Casagranda et al., 2012).

Multiple definitions of “endemic” and “endemism”
can be found in the literature, generating confusion and
misunderstanding around the term (see Anderson, 1994).
In the present study, we adopt the definition of Platnick
(1991), considering an area of endemism as a geographic
area defined by the congruent distribution of two or more
taxa. Following this definition, a species will be considered
as endemic when, together with other(s) species, it
participates in the delimitation of an area of endemism.
Since any species can contribute to the delimitation of
areas of endemism at some geographic scale, no species
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were discarded from the analyses in the present study,
even if its distributional range exceeded the area of study.

Table 1. Parameters used in NDM/VNDM during the search
of areas of endemism and consensus areas

Grid Sizes
0.5°x0.5° 0.7°x0.7° 1°x1°
Fill 70 30 10
Assumed 100 50 30

Minimum species score 0.5
Sets with 2 or more endemic species

Sets with score above 2

Random seed 1
Repeat search 20
Loose consensus rule 40 %




The main goals of this papers are: 1) to identify areas of
endemism based on the distribution of the 87 amphibian
species known from Paraguay; and 2) to compare them
with three ecoregion schemes proposed for Paraguay:
(a) Dinerstein et al. (1995); (b) del Castillo & Clay (2005)
and (c) Secretaria del Ambiente (2013) (Fig. 1B-D) and;
3) to provide updated and complete information on
the distributional range of the amphibian species in the
country, covering spatial gaps initially observed in the
data.

METHODS

Study site

Paraguay is located in the centre of South America (Fig.
1A), occupying an area of 406,752 km?. The Paraguay
River divides the country in two main regions: the
Oriental region and the Occidental region or Chaco, which
covers more than the 60 % of the national territory. The
Oriental region presents an average temperature of 23°C
and 1200-800 mm of annual precipitation (ENPAB, 2016),
while the Chaco shows a similar average temperature
(25°C) but an annual precipitation of approximately 400—
200 mm. Paraguay does not contain large orographic
chains or high elevations, with the greatest altitude at the
Cerro Perd (840 m.a.s.l).

Data

Our database included 4744 records of 87 anuran species
(32 genera, 10 families) distributed across Paraguay
(Supplementary Table). These data were obtained from
the main museum collections in the country: the Museo
Nacional de Historia Natural del Paraguay (MNHNP) and
the Instituto de Investigacidn Bioldgica del Paraguay (1IBP),
as well as data from recent publications (i.e. Brusquetti &
Lavilla, 2006; Weiler et al., 2013; Caballero et al., 2014;
Brouard et al., 2015; Lavilla et al., 2016). The distribution
records were revised and corrected, with taxonomy
updated following Pyron & Wiens (2011), Duellman et al.
(2016) and Dubois (2017). Records of doubtful taxonomic
identity and imprecise localities were discarded. Records
including the description of collection localities, but
lacking geographic coordinates, were georeferenced with
the help of Google Earth and ArcGis 10.1. Finally, records
of the same species for the same collection locality were
deleted in order to obtain a matrix of unique records.
Our final database included 2560 unique localities for 87
anuran species distributed in Paraguay (Fig. 1A).

Areas of Endemism
In order to identify areas of endemism, the distributional
dataset was analysed with the software NDM/VNDM ver.
3 (Goloboff, 2004), which applies the optimality criteria
described by Szumik et al. (2002) and Szumik & Goloboff
(2004). Since geographic scale (grid size) influences
pattern recognition (Casagranda et al., 2009; Szumik et
al., 2012; Ocampo et al., 2019), in the present paper we
analysed the data under three different grid sizes: 0.5° x
0.5°,0.7°x0.7°and 1° x 1°.

The information gaps in the distributions of species
are mostly due to incomplete inventories (the Wallacean
shortfall). To deal with data gapsin our matrix, we used the
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fill option available in VNDM. This function infers potential
presences of a species in cells that are surrounded —
within a certain radius— by cells where that species is
observed. Values used for the fill function are detailed
in Table 1. In the case of species where automatic fill
function was not enough to cover important data gaps,
a hand-made fill was made, guided by the distribution
maps of amphibians published by the International Union
for the Conservation of Nature (IUCN, 2016).

During the search of areas of endemism, VNDM

calculates an Endemicity Index for each species (Els)
distributed within the set of the cells evaluated (areas).
The IEs measures the congruence among the distribution
of a species and the given area, and varies from 0 to 1;
where the maximum value of 1 is assigned to a species
distributed uniformly and exclusively in the evaluated
area, that is, a perfect fit. The IEs value decreases as the
distribution of the taxon increases outside of the area
and/or its distribution inside the area is scattered. The
Endemicity Index of an area of endemism (Ela) is equal to
the sum of the IEs of the endemic species it contains. The
search parameters used in the analyses are detailed in
Table 1 (parameters keeping their default values are not
included in the table).
Areas of endemism similar in spatial structure and/
or species composition (fide Casagranda et al., 2012)
were grouped in consensus areas (CAs, see Aagesen et
al., 2013) to summarise the results obtained. Two rules
have been proposed for the construction of CAs: the
tight and loose consensus rules (more details in Aagesen
et al.,, 2013). Both rules group the areas according to a
percentage of shared species defined by the user; in this
work we used a loose consensus rule of 40 % of similarity.
The general patterns described here are based on CAs and
are compared with three ecoregion schemes proposed
for Paraguay: (a): Dinerstein et al. (1995); (b) del Castillo
& Clay (2005); (c): Secretaria del Ambiente (2013) (Fig.
1B-D).

RESULTS

Identified Areas of Endemism

The searches resulted in 17, 27 and 57 individual areas
of endemism (lA) for the 0.5°, 0.7° and 1° grid sizes,
respectively; that were grouped in 6, 10, and 17 CAs.
The CAs obtained under different grid sizes are mostly
congruent among them (Fig. 2). The size of grid in which
each CA was identified is indicated by a subscript number.
The El values for each area, the endemic species and
consensus values are detailed in Table 2.

Grid 0.5° x 0.5°

17 IAs were identified under this grid size and grouped
into 6 CAs (Fig. 3A-B). The CAQ,, covers all the country
(Fig. 3B), while CA1 _ is located in the south-eastern
Oriental region, (Fig. 3A). CA2_, and CA4 . are found
in the southern part of the country, defined by species
characteristic of forested and open areas, respectively (Fig.
3A-B). CA3 , covers the western part of the Occidental
region. Finally, CA5__ is located in the northern Oriental
region (Fig. 3A).
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Figure 2. A) Total number of individual areas (IA, blue)
and consensus areas (CA, red) recognised at different
scales (0.5°x0.5°, 0.7°x0.7°, 1°x1°). B) Total number of CAs
recognised at diff erent scale of analyses (0.5°x0.5°, 0.7°x0.7°,
1°x1°). Different colours in the bars represent the percentage
of CAs exclusively recognised under each scale (green);
percentage of CAs recognised under two scales (red); and
percentage of CA recognised under all scales of analyses
(blue).

Grid 0.7° x 0.7°

With the grid size of 0.7° x 0.7°, 27 1As were identified
and grouped in 10 CAs (Fig. 3C-F). CAQ,, is defined by
species associated with forest and is located in the south-
eastern part of the Oriental region (Fig. 3E). CA1 . and
CA4 _ _contain species widely distributed in the country
(Fig. 3F). The limits of CA2__ coincide with the Oriental
region and part of the Occidental region, with species
related to open areas (Fig. 3C). CA5__, located in the
Occidental region (Fig. 3E); CA6 , covers the entire
Occidental and part of the Oriental region (Fig. 3D). CA7 .
is located in the northern Oriental region, with species
characteristic of both forested and open areas (Fig. 3E).
Finally, CA8 , and CA9 , are located in the south of the
Oriental region, with species typical of forested and open
areas (Fig. 3D-E).

Grid 1° x 1°

In this grid size, 57 IAs were identified and grouped in 7
CAs (Fig. 3G-1). CAO, covers all the country, with species of
wide distribution that are associated with many different
types of habitats (Fig. 3G); while the CA1 and CA2, are
locatedinthe centre ofthe country, with species associated
mostly with open areas; however, some species related to
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forested areas are also present (Fig. 3H). CA3, is located
in the north of the Oriental region, defined by both open
and forested area species, while CA4, covers the entire
Occidental region. CA5, is located in the south of the
Oriental region, with species characteristic of forested
and open areas (Fig. 31). CA6, covers the entire Oriental
region and the northern Occidental region (Fig. 3G).

CAs compared to ecoregions

Several CAs found are congruent with different ecoregions
proposed for Paraguay. The Dry Chaco (sensu Dinerstein
etal., 1995) was recovered by CA3_,, CAS5__and CA4 (Fig.
4A); the Atlantic Forest (sensu Dinerstein et al., 1995)
was recovered with CA1 . and CAQ_, (Fig. 4B); and the
Cerrado (sensu Dinerstein et al., 1995) was recovered
by CAS5 ., CA7 , and CA3, (Fig. 4C). The Mesopotamian
Grasslands (del Castillo & Clay, 2005) was recovered by
CA2,.and CA9 . (Fig. 4G), while the Neembucu ecoregion
(Secretaria del Ambiente, 2013) was recovered with
CA4,. and CA8_. (Fig. 4F). Also, the Oriental region was
recovered as an area of endemism by CA2 _ (Fig. 4E) and
the Dry Chaco + Humid Chaco (sensu Dinerstein et al.,
1995) was recovered as a single area in the CA6, (Fig.
4D). The species scores for each CA and the corresponding
values are found in Table 2.

Dry Chaco

The Dry Chaco ecoregion (sensu Dinerstein et al., 1995)
(Fig. 4A) is defined by taxa traditionally recognised
as endemic to this ecoregion (Table 2), such as
Leptodactylus laticeps (De Sa et al., 2014), Chacophrys
pierottii, Lepidobatrachus laevis and Lepidobatrachus
llanensis, and Ceratophrys cranwelli (Brusquetti & Lavilla,
2006; Faivovich et al., 2014). Also inhabiting part of
this ecoregion are the species Dermatonotus muelleri,
Elachistocleis haroi, Leptodactylus bufonius, Rhinella
major, and Odontophrynus lavillai.

Atlantic Forest

Our results recover this ecoregion by the congruent
distributions of Melanophryniscus atroluteus,
Melanophryniscuskrauczuki,Chthonerpetonindistinctum,
Boana pulchella, Boana curupi, Crossodactylus
schmidti, Itapotihyla langsdorffii, Argenteohyla siemersi,
Phyllomedusa tetraploidea, Proceratophrys avelinoi, and
Luetkenotyphlus brasiliensis (Table 2). Almost all these
species are associated with the Atlantic Forest (Fig. 4B) in
Argentina, Brazil and Paraguay (Brusquetti & Lavilla, 2006;
Brusquetti & Lavilla, 2008; Caldart et al., 2010; Motte et
al., 2011), except for Melanophryniscus devincenzii that
has a disjunct distribution, with populations in Uruguay
separated from those in north-eastern Argentina and
southern Paraguay (Maneyro & Kwet, 2008; Airaldi et al.,
2008; Boeris et al., 2010), and A. siemersi with a unique
record known from Paraguay (Villarrica, Department of
Guaird; see Brusquetti & Lavilla, 2006), in the transition
area among Atlantic Forest and Humid Chaco (sensu
Dinerstein et al., 1995).

Cerrado
The Cerrado ecoregion (sensu Dinerstein et al., 1995)
(Fig. 4C) is characterised in our analyses by Physalaemus
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Table 2. Consensus areas in congruence with the ecoregions proposed for Paraguay. By column: Grid size of analysis (Grid),
Consensus Areas ID (CA), Endemic Species, ID of the Individual Areas of Endemism included in the CA; Consensus Endemicity
Value (CEV).

Grid CA  Species \ AE CEV

Dry Chaco ecoregion (Dinerstein et al., 1995)

0.5 3 Ceratophrys cranwelli, Chacophrys pierottii, Lepidobatrachus laevis, Leptodactylus 10 3.04-3.29
laticeps

0.7 5 Ceratophrys cranwelli, Chacophrys pierottii, Lepidobatrachus laevis, Lepidobatrachus 8,10, 15 2.82-3.32
llanensis, Leptodactylus laticeps, Odontophrynus lavillai

1 4 Ceratophrys cranwelli, Chacophrys pierottii, Lepidobatrachus laevis, Lepidobatrachus 6, 13,37, 39, 56 3.42-4.92
llanensis, Leptodactylus laticeps, Leptodactylus bufonius, Odontophrynus lavillai, Elachis-
tocleis haroi, Dermatonotus muelleri, Rhinella major, Phyllomedusa sauvagii

Atlantic Forest ecoregion (Dinerstein et al., 1995)

05 Melanophryniscus atroluteus, Melanophryniscus krauczuki, Chthonerpeton indistinctum, 3,8,15,17 2.95-3.45

’ Boana pulchella, Crossodactylus schmidti, Phyllomedusa tetraploidea

0.7 Melanophryniscus atroluteus, Melanophryniscus krauczuki, Melanophryniscus devincen- 0,3,11,12, 2.02-3.88
Zii, Rhinella ornata, Proceratophrys avelinoi, Luetkenotyphlus brasiliensis, Boana curupi, 21,25
Itapotihyla langsdorffii, Crossodactylus schmidti, Argenteohyla siemersi, Phyllomedusa
tetraploidea

Cerrado ecoregion (Dinerstein et al., 1995)

0.5 5 Physalaemus centralis, Physalaemus marmoratus, Leptodactylus furnarius, Rhinella 14 3.71-3.96
icterica, Dendropsophus jimi

0.7 7 Physalaemus centralis, Physalaemus marmoratus, Leptodactylus furnarius, Rhinella 18 4.64-4.89
icterica, Rhinella scitula, Dendropsophus jimi

1 3 Physalaemus centralis, Physalaemus marmoratus, Leptodactylus furnarius, Rhinella 3, 25,51,52 2.93-5.24
icterica, Rhinella scitula, Dendropsophus jimi, Dendropsophus elianeae, Elachistocleis
matogrosso, Siphonops paulensis

Mesopotamian grasslands ecoregion (Del Castillo & Clay, 2005)

0.5 2 Melanophryniscus atroluteus, Melanophryniscus krauczuki, Chthonerpeton indistinctum, 7,12,13 2.25-3
Boana pulchella, Crossodactylus schmidti, Phyllomedusa tetraploidea

0.7 9 Melanophryniscus atroluteus, Melanophryniscus krauczuki, Chthonerpeton indistinctum, 22 4.29-4.54
Boana pulchella, Crossodactylus schmidti

Neembucu ecoregion (Mereles et al., 2013; Secretaria del Ambiente, 2013)

0.5 4 Pseudopaludicola mystacalis, Physalaemus santafecinus, Scinax similis 11 2.39-2.64

0.7 8 Pseudopaludicola mystacalis, Physalaemus santafecinus, Scinax similis 19 2.43-2.68

Oriental region

0.7 2 Boana albopunctata, Boana caingua, Boana faber, Dendropsophus minutus, Ololygon 2,4,9,13,17 2.21-3.71
berthae, Proceratophrys avelinoi, Leptodactylus labyrinthicus, Rhinella ornata

Great American Chaco (TNC et al., 2005)

0.7 6 Physalaemus biligonigerus, Leptodactylus bufonius, Dermatonotus muelleri, Elachisto- 16 4.05-4.30

cleis haroi, Rhinella major

centralis, Physalaemus marmoratus, Lepodactylus
furnarius, Rhinella scitula, Dendropsophus elianeae, and
Dendropsophus jimi all formerly described as endemic
to the Cerrado (Table 2) (Napoli & Caramashi, 1999;
Caramaschi & Niemeyer, 2003; Nascimento et al., 2006;
Baldo et al., 2008; Vasconcelos et al., 2014; Loebmann
et al., 2017). Other species occurring in this area are
Elachistocleis matogrosso, associated with the Pantanal
and the Cerrado (Caramashi, 2010; Brouard et al., 2015),
and Rhinella icterica, which occurs both in Cerrado and
Atlantic Forest (Brusquetti & Lavilla, 2006; Valdujo et al.,
2012).

Mesopotamian grasslands

The Mesopotamian grasslands ecoregion is defined in our
results by the congruent distributions of C. schmidti, P.
tetraploidea and M. krauczuki, species with distributions
related to the Atlantic Forest (Table 2; Fig. 4G; Baldo &
Basso, 2004; Brusquetti et al., 2007; Caldart et al., 2013).
The fact that these species, predominantly distributed in
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the Atlantic Forest, score for an open formation ecoregion
could be a consequence of poor sampling. In Paraguay,
these three species are only known from only a single
locality each, and all these localities are on the geographic
boundaries of the Mesopotamian Grasslands (see Fig. 1C).
Species of wider distribution such as C. indistinctum —an
aquatic species associated with the Parana River system
— (Brusquetti & Lavilla, 2006; Cajade, 2012), B. pulchella
and M. atroluteus — which are associated with open areas
in Brazil, Argentina and Paraguay— (Cei, 1980; Brusquetti
& Lavilla, 2006) also contribute to define this ecoregion.

Neembucu

Scinax similis, Physalaemus santafecinus and
Pseudopaludicola mystacalis (Table 2) defined the
Neembucu ecoregion (Secretaria del Ambiente, 2013;
Fig. 4F), all three are species associated to open areas
(Brusquetti & Lavilla, 2006; Brusquetti et al., 2009;
Ingaramo et al., 2011).

Oriental region
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Figure 3. Consensus areas identified under different scales: (A-B) CAs identified when using grids of 0.5°x0.5°; (C-F) CAs
identified when using grids of 0.7°x0.7°; (G-1) CAs identified when using grids of 1°x 1°

The Oriental region is extended from the eastern
margin of the Paraguay River to the Rio Parana (Fig.
4E) and was defined by widely distributed species such
as Dendropsophus minutus, Boana albopunctata and
Leptodactylus labyrinthicus (Cei, 1980; Brusquetti &
Lavilla, 2006; de Sa et al., 2014; Gehara et al., 2014) and
species associated with the Atlantic Forest, such as Boana
caingua, B. faber, P. avelinoi and Rhinella ornata (Table 2,
Cei, 1980; Kwet & Faivovich, 2001; Baldissera et al., 2004;
Brusquetti & Lavilla, 2006; Lavilla & Brusquetti, 2010).
Ololygon berthae is also included as endemic to this area,
a species characteristic of open areas and the Atlantic
Forest in Argentina, Brazil, Uruguay and Paraguay (Lopez
et al., 1999; Brusquetti & Lavilla, 2006; Duellman et al.,
2016). The distributions of all these species reach the
Paraguay River in the Oriental region, but none of them
has been found in the Occidental region.

Great American Chaco (Dry Chaco + Humid Chaco)

The Dry Chaco + Humid Chaco (Great American Chaco
sensu Dinerstein etal., 1995; Fig. 4D) is identified by typical
Chacoan species like E. haroi and L. bufonius (Table 2)
(Narvaes & Rodrigues, 2009; Caballero et al., 2014; de Sa
et al.,, 2014; Pereyra et al., 2016). Dermatonotus muelleri,
which has a wide distribution in Argentina, Bolivia, Brazil
and Paraguay (Brusquetti & Lavilla, 2006) and is associated
with the dry diagonal of open formations (Prado & Gibbs,
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1993), R. major and Physalaemus biligonigerus, widely
distributed in Argentina, Bolivia, Brazil and Paraguay
(Brusquetti & Lavilla, 2006; De La Riva et al., 2000; Narvaes
& Rodrigues, 2009), also contribute to define this CA.

DISCUSSION

Areas of endemism and ecoregions
Our results indicate the existence of two large areas of
endemism in Paraguay: the Dry Chaco (AC3,,, AC5,_, and
AC4,) and the Oriental region (AC2, ) (Figs 4A, E). The Dry
Chaco was identified under all the grid sizes used (0.5°,
0.7°, 1°) and matches with the definitions of several
authors (Dinerstein et al., 1995; Mereles et al., 2013).
This area is characterised by species strongly linked with
Chacoan environments such as C. cranwelli, Ch. pierottii, L.
laevis, L. llanensis, Le. laticeps and O. lavillai (De la Riva et
al., 2000; Brusquetti & Lavilla, 2006, Faivovich et al. 2014).
In the Oriental region five CAs, related to previously
defined ecoregions, were identified for amphibians
(Atlantic Forest, Cerrado, Neembucl, Mesopotamian
grasslands and Oriental region), in contrast with previous
studies that identified only two areas of endemism for
birds: Campos Cerradostothe northand Paranatothe east
(Cracraft, 1985; Hayes, 1995). The Campo Cerrado and
Parana (Cracraft, 1985; Hayes, 1995) were also recovered
in our analysis and are congruent with the Cerrado and
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Figure 4. Consensus area identified in congruence with the ecoregions proposed by different authors. (A-E) Dinerstein et al.
(1995). A) Dry Chaco; B) Atlantic Forest; and C) Cerrado; D) Great American Chaco (Dry Chaco + Humid Chaco); E) Oriental
region no formal proposal as an ecoregion; F) Neembucu according to Secretaria del Ambiente (2013); and G) Mesopotamian

grasslands according to del Castillo & Clay (2005).
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Atlantic Forest ecoregions (Figs. 4C and B). The Cerrado is
an ecoregion related to xerophyte environments of South
America (Prado & Gibbs, 1993; Cacciali & Ubilla, 2016). In
this work, we identify the Cerrado as an area independent
from the Atlantic Forest, each one identified by unique
and characteristic species, thus sustaining the identity of
each area. This differs from what was found by Cacciali &
Ubilla (2016) for reptiles, where the Atlantic Forest was
recognised as an area of endemism with the Cerrado
nested inside. However, these authors suggested that
some sampling problems could have influenced on their
results, like sampling concentration in specific localities
and total absence of records in large areas.

The Paraguay River dates from the early Miocene
(Potter,1997)and it hasbeen proposed as a physical barrier
to the distribution of the species of Thylamys (Mammalia)
(Giarla & Jansa, 2014). This was also observed by Piatti
(2017) for different species of the genus Xenodon, which
can be found on opposite sides of the river in natural
areas with different biotic characteristics (e.g. Xenodon
pulcher and X. semicinctus on the western side, and X.
histricus and X. dorbignyi in the east). As stated by Myers
(1982) the differences between both sides of the Paraguay
River are attributed to distinct biotic characteristic, which
determine different habitats on each side: forested humid
habitats in the east and xerophytic and arid habitats in
the west. In line with the observed for mammals and
reptiles, major differences in the general composition of
amphibian species can be observed between the eastern
and western sides of the river. However, large areas along
the river with similar habitats in both margins, present
certain species characteristic of the Great American
Chaco (Dry Chaco + Humid Chaco) occurring on both
sides (see Souza et al., 2010; Sugai et al., 2013; Weiler
et al., 2013; Brusquetti et al., 2018). This fact indicates
that, although the river acts as a barrier for several taxa,
its effectiveness differs among groups and among species.
More studies are needed to better understand the role of
the river as a barrier in the distribution of amphibians and
to determine which factors make it more or less effective
in limiting dispersal of different groups.

Our results also recover the Great American Chaco
(Dry Chaco + Humid Chaco) as a single area of endemism,
in concordance with those described by Szumik et al.
(2012). Unlike the Dry Chaco, this area is defined by
widespread species, which besides the Chaco also occurs
in the Yungas (e.g., E. haroi), Cerrado and Caatinga (e.g.,
D. muelleri), and Amazonia (e.g., R. major). A similar area
of endemism was also identified for birds by Hayes (1995)
and for reptiles by Cacciali & Ubilla (2016).

Differentscalesin theidentification of areas of endemism
As discussed by several authors, the use of different
scales/grid sizes influences the search and identification
of areas of endemism (Aagesen et al., 2009; Casagranda
et al., 2009; Szumik et al., 2012). Our results show an
increase in the number of areas of endemism identified
when increasing the grid size (Fig. 2), furthermore,
some areas of endemism are only identified when using
a specific grid size (Table 2). The effects of the grid size
on the identification of areas of endemism is especially
relevant when analysing datasets with sampling gaps
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(Casagranda et al., 2009; Szumik et al., 2012), and species
with discontinuous distributions, as is the case of some
amphibians in Paraguay. The filling tools offered by
NDM/VNDM helped to deal effectively with this problem,
diminishing the impact of data incompleteness.

In their identification of areas of endemism for
reptiles of Paraguay, Cacciali & Ubilla (2016) found only
three areas of endemism when applying the Parsimony
Analysis of Endemicity (PAE). These authors suggested
that poor sampling efforts in some areas, together
with intensive collection in urban centres and along
access roads, would be the cause for the poor pattern
recognition and questioned the validity of the results.
Although similar sampling problems were observed in
our amphibian dataset, the use of different grid sizes
together with the manual filling tool allowed us to
ameliorate the gap information problem, identifying
more areas of endemism and characterising these better.
A possible cause of the limited number of AEs identified
by Cacciali & Ubilla (2016) - not explored by the authors-
is their methodological choice. As discussed by several
authors, PAE has shown to be very sensitive to incomplete
sampling (a common problem in distributional databases;
Arias et al., 2010), as well as a to have a poor performance
when dealing with the identification of overlapping
and disjunctive patterns, relatively common in nature
(Casagranda et al., 2012; Szumik et al., 2018).

Final considerations

Our paper presents the first delimitation of areas of
endemism in Paraguay based on amphibians. Most
ecoregions previously proposed for Paraguay (such
as Pantanal and Humid Chaco; Dinerstein et al., 1995;
Mereles et al., 2013) show a high congruence with the CAs
recovered in our analyses, however, the CA2 _ does not
show correspondence with the ecoregions but represent
an original distributional pattern, related to the transition
zone between the Atlantic Forest and the Cerrado. This CA
indicates a biotic cline area characterised for a mixture of
species: from species adapted to more humid regions (e.g.
B. caingua, B. faber, O. berthae, P. avelinoi, R. ornata) to
species widely distributed that mainly inhabit much drier
environments (e.g. Le. labyrinthicus, B. albopunctata).

Our results corroborate that classic ecoregions,
qualitative defined on the base of flora, also represent
natural patterns for amphibians. The application of a
guantitative method delivered hypothesis of endemism
feasible to be tested, as well as made available a list of
endemic amphibian species for each area of endemism,
facilitating future discussion of results. Quantitative
studies, like the present, allow the replication of analyses,
facilitating the discussion of hypotheses under the light
of new evidence. In this sense, much is still to be done in
biogeography of Paraguay and we hope this contribution
will be a first step in this direction.

The description of areas of endemism for amphibians
provides fundamentalinformationto discuss the evolution
of these taxa across time and space, and opens new
questions about the incidence of ecological and historical
factors on their distributional ranges. Understanding
the processes involved in shaping the distribution of
amphibians are important in a time where their existence



seems to be threatened from multiple fronts (Scheele et
al., 2019). Furthermore, about 50 % of the amphibian
species of Paraguay are distributed in the Chaco, one of
the most diverse biomes in South America (WWF, 2015),
hosting a wide diversity among which about a quarter
are endemic (Redford et al., 1990; Nori et al., 2016) and
subjected to strong environmental pressures. In the last
10 years, the great American Chaco has reached the
highest rate of deforestation in the world, with more than
1500 hectares of habitat destroyed every day (Hansen et
al., 2013; Caballero et al., 2014). This ecoregion has been
set as a priority for conservation of Neotropical terrestrial
vertebrates (Loyola et al., 2009), that is why studies that
resume and formalise the knowledge on the geographic
distribution of the species inhabiting the Chaco become
urgent as a first step to preserve these.

ACKNOWLEDGEMENTS

We thank Martha Motte (MNHNP) for allowing us to
review specimens and data in the collection under her
care and Norman Scott Jr. for the English review of the
manuscript. HC, FB and FN thank the Consejo Nacional
de Ciencia y Tecnologia (CONACYT, Paraguay) for financial
support through the Programa Nacional de Incentivo a
Investigadores (PRONII), and HC thanks the Programa de
Vinculacién de Cientificos y Tecnélogos and the Fundagado
de Apoio ao Desenvolvimento do Ensino, Ciéncia e
Tecnologia do Estado de Mato Grosso do Sul-FUNDECT
(Proc. 23/200.502/2014) for financial support. MDC
thank the Unidad Ejecutora Lillo for providing workspace
and CONICET for financial support.

REFERENCES

Aagesen, L., Szumik, C., Zuloaga, F. & Morrone, O. (2009).
Quantitative biogeography in the South America highlands—
recognizing the Altoandona, Puna and Prepuna through the
study of Poaceae. Cladistics 25, 295-310.

Aagesen, L., Bena, M., Nomdedeu, S., Panizza, A., Lopez, R. &
Zuloaga, F. (2012). Areas of endemism in the southern
Central Andes. Darwiniana 50, 218-251.

Aagesen, L., Szumik, C. & Goloboff, P. (2013). Consensus in the
search for areas of endemism. Journal of Biogeography 40.
2209-2408.

Airaldi, K., Baldo, D. & Lavilla, E. (2008). Amphibia, Anura,
Bufonidae, Melanophryniscus devincenzii: First record for
Paraguay and geographical distributional map. Check List 5,
377-379.

Andrade-Diaz, M., Hibbard, T. & Diaz-Gémez, J. (2017).
Identifying endemism areas: An example using neotropical
lizards. South American Journal of Herpetology 12, 61-75.

Arias, S., Casagranda, M.D. & Diaz Gémez, J.M. (2010). A
comparison of NDM and PAE using real data. Cladistics 26,
204.

Arzamendia, V. & Giraudo, A. (2015): Relaciones biogeograficas
de los grandes rios de la cuenca del Plata basadas en
ensambles de serpientes. Revista Mexicana de Biodiversidad
86, 674-684.

Azevedo, J.A.R., Valdujo, P. & Nogueira, P. (2016). Biogeography
of anurans and squamates in the Cerrado hotspot:
coincident endemism patterns in the richest and most

Endemism in Paraguayan amphibians

43

impacted savanna of the globe. Journal of Biogeography
43, 2454-2464.

Baldissera, F., Caramashi, U. & Haddad, C. (2004). Review of
the Bufo crucifer species group, with descriptions of two
new related species (Amphibia, Anura, Bufonidae). Arquivos
do Museo Nacional 62, 255-282.

Baldo, D. & Basso, N.G. (2004). A new species of Melano-
phryniscus Gallardo, 1961 (Anura: Bufonidae), with
comments on the species of the genus reported for
Misiones, northeastern Argentina. Journal of Herpetology
38, 393-403.

Baldo, D., Tomatis, C. & Segalla, M.V. (2008). Amphibia, Anura,
Leptodactylidae, Leptodactylus furnarius: New country
record, geographic distribution map and advertisement
call. Check List 4, 98-102.

Bauer, F. (2014). Sitios Prioritarios para la Conservacion de
Saurios en Paraguay. M.Sc. Dissertation, Universidad
Nacional de Asuncidn, Paraguay.

Blaustein, A.R., Wake, D.B. & Sousa, W.P. (1994). Amphibian
declines: judging stability, persistence, and susceptibility of
populations to local and global extinctions. Conservation
Biology 8, 60-71.

Boeris, J.M., Ferro, J.M., Krauczuk, E. & Baldo, D. (2010).
Amphibia, Anura, Bufonidae, Melanophryniscus devincenzii
Klappenbach, 1968: First record for Corrientes Province,
Argentina. Check List 6, 395-396.

Broaurd, J., Manders, R. & Smith, P. (2015). Elachistocleis
matogrosso Caramaschi 2010 (Amphibia: Anura:
Microhylidae) first records for Paraguay. Cuadernos de
Herpetologia 29, 97-98.

Brusquetti, F., & Lavilla, E. (2006). Lista comentada de los
anfibios del Paraguay. Cuadernos de Herpetologia 20, 3-79.

Brusquetti, F., Baldo, D. & Motte, M. (2007). Amphibia, Anura,
Bufonidae, Melanophryniscus krauczuki. Geographic
distribution map and first record for Paraguay. Check List 3,
141-142.

Brusquetti, F. & Lavilla, E. (2008). Amphibia, Anura, Hylidae,
Hypsiboas curupi. First record for Paraguay. Check List 4, 145.

Brusquetti, F., Netto, F. & Scott, N. (2009). Physalaemus
santafecinus Barrio, 1965 (Anura: Leiuperidae) en la
Republica del Paraguay. Cuadernos de Herpetologia 23,
63-65.

Brusquetti, F., Netto, F., Baldo, D. & Haddad, C.F.B. (2018). What
happenedinthe South American Gran Chaco? Diversification
of the endemic frog genus Lepidobatrachus Budgett, 1899
(Anura: Ceratophryidae). Molecular Phylogenetics and
Evolution 123, 123-136.

Caballero, A., Bueno, D., Romero, L. & Lavilla, E. (2014).
Elachistocleis haroi Akmentis, Laufer & Vaira, 2013 (Anura:
Microhylidae) en Paraguay. Boletin Museo Nacional de
Historia Natural del Paraguay 18, 98—103.

Caballero, J., Palacios, F., Arevalos, F., Rodas, O. & Yanosky, A.
(2014). Cambio de uso de la tierra en el Gran Chaco
Americano en el aio 2013. Paraquaria Natural 2, 21-28.

Cabrera, A. & Yepes, J. (1960). Mamiferos Sudamericanos.
Buenos Aires, Ediar.

Cabrera, A.L. & Willink, A. (1973). Biogeografia de América
Latina. Monografias de la OEA, Serie Biologia 13, 1-128
Cacciali, P. & Ubilla, M. (2016). Distribucion de reptiles en
Paraguay: Un aporte al conocimiento de su biogeografia.
Boletin Museo Nacional de Historia Natural del Paraguay

20, 5-30.



H. Cabral et al.

Cacciali, P., Scott, N.J., Aquino, A.L., Fitzgerald, L.A. & Smith, P.
(2016). The reptiles of Paraguay: Literature, distribution,
and an annotated taxonomic checklist. Special Publication
of the Museum of Southwestern Biology 11, 1-373.

Caceres, N.C. (2007). Semideciduous Atlantic Forest mammals
and the role of the Parana River as a riverine barrier.
Neotropical Biology and Conservation 2, 84—49.

Cajade, R. (2012): Chthonerpeton indistinctum (Reinhart &
Lutken, 1862). Cecilia/Tapalcud. In: Categorizacién del
Estado de Conservacion de la Herpetofauna de la Republica
Argentina. Ficha de los taxones. Anfibios. Cuadernos de
Herpetologia 26, 163.

Caldart, V.M., lop, S., Santos, T. & Cechin, S. (2010). Extension
of the geographical distribution of two anuran species for
Rio Grande do Sul State, Brazil, with comments on natural
history. Biota Neotropical 10, 143-147.

Caldart, V.M., lop, S., De S3, F., Rocha, M., Steindorff, L., Santos,
T. & Cechin, S. (2013). New records of Crossodactylus
schmidti Gallardo, 1961 (Anura: Hylodidae) for the state
of Rio Grande do Sul, Brazil, with data on morphometry
and an updated geographic distribution map. Check List 9,
1552-1555.

Caramaschi, U. & Niemeyer, H. (2003). Nova espécie do
complexo de Bufo margaritifer (Laurenti, 1768) do estado
do Mato Grosso do Sul, Brasil (Amphibia, Anura, Bufonidae).
Boletim do Museu Nacional. Zoologia 501, 1-16.

Caramashi, U. (2010). Notes on the taxonomic status of
Elachistocleis ovalis (Schneider, 1799) and description of
five new species of Elachistocleis Parker, 1927 (Amphibia,
Anura, Microhylidae). Boletim do Museu Nacional. Zoologia
527, 1-32.

Carvalho, C.J. (2011). Areas de Endemismo. Pp. 41-51, in:
Carvalho, C.J. & Almeida, E. (eds.). Biogeografia da América
do Sul. Padrdes & Processos. Ed., Sdo Paulo, ROCA.

Casagranda, D., Roig-Jufient, S. & Szumik, C. (2009). Endemismo
a diferentes escalas espaciales: un ejemplo con Carabidae
(Coleoptera: Insecta) de América del Sur austral. Revista
Chilena de Historia Natural 82, 17-42.

Casagranda, D., Taher, L. & Szumik, C. (2012). Endimicty
analysis, parsimony and biotic elements: a formal
comparision using hypothetical distributions. Cladistics 28,
645-654.

Casagranda, D. & Grosso, M.L. (2013). Areas of Endemism:
Methodological and Applied Biogeographic Contributions
from South America. Pp. 3—18, in: Silva-Opps (ed.). Current
Progress in Biological Research. London, IntechOpen.

Cei, J.M. (1980). Amphibians of Argentina. Monitore Zoologico
Italiano. Monografia 2, 1-609.

Chernoff, B., Willink, PW., Machado-Allison, A., Mereles, M.F.,
Magalhdes, C., Barbosa, A.R. & Callisto, M. (2004).
Distribution congruence among aquatic plants,
invertebrates and fishes within the Rio Paraguay basin.
Paraguay. Interciencia 29, 199-206.

Corns, P.S. (1994). What we know and don’t know about
amphibian declines in the west. Pp. 59-67, in: De Bano,
L.F. & Covington, W.W (eds.). Sustainable Ecological
Systems: Implementing an Ecological Approach to Land
Management. Rocky Mountain For-Fort Collins, Forestry
Service.

Cracraft, J. (1985). Historical biogeography and patterns of
differentiation within the South American avifauna: Areas
of endemism. Ornithological Monographs 36, 49-84.

44

Da Silva, J. & Oren, D. (1996). Application of parsimony analysis
of endemicity in Amazonian biogeography: an example
with primates. Zoological Journal of the Linnean Society 59,
427-437.

Da Silva, M., Pinto da Rocha, R. & De Souza, A. (2015). A
protocol for the delimitation of areas of endemism and
the historical regionalization of the Brazilian Atlantic Rain
Forest using harvestmen distribution data. Cladistics 31,
692-705.

De La Riva, ., Kéhler, J., Lotters, S. & Reichle, S. (2000). Ten
years of research on Bolivian amphibians: updated
checklist, distribution, taxonomic problems, literature and
iconography. Revista Espafiola de Herpetologia 14, 19-164.

De S3, R.O., Grant, T., Camargo, A., Heyer, R., Ponssa, M.L. &
Stanley, E. (2014). Systematics of the Neotropical genus
Leptodactylus Fitzinger, 1826 (Anura: Leptodactylidae):
Phylogeny, the relevance of non-molecular evidence, and
species accounts. South American Journal of Herpetology
9, 1-128.

Del Castillo, H. & Clay, R. (2005). Atlas de las Aves del Paraguay.
Asuncidn, Asociacion Guyra Paraguay 1-212.

Dinerstein, E., Olson, D., Graham, D., Webster, A., Primm, S.,
Bookbinder, M. & Ledec, G. (1995). Una evaluacion del
estado de conservacion de las ecorregiones terrestres
de América Latina y el Caribe. Washington, WWF. Banco
Mundial 1-176.

Diniz-Filho, J.A., Bini, L.M., Pinto, M.P., Rangel, T.F.,, Carvalho,
P., Vieira, S.L. & Bastos, R. (2006). Conservation
biogeography of anurans in Brazilian Cerrado. Biodiversity
and Conservation 16, 997-1008.

Dos Santos, D., Fernandez, H., Cuezzo, M. & Dominguez, E.
(2008). Sympatry inference and network analysis in
biogeography. Systematic Biology 57, 432—-448.

Dubois, A. (2017). The nomenclatural status of Hysaplesia,
Hylaplesia, Dendrobates and related nomina (Amphibia,
Anura), with general comments on zoological nomenclature
and its governance, as well as on taxonomic databases and
websites. Bionomina 11, 1-48.

Duellman, W.E., Marion, A.B. & Hedges, S.B.(2016). Phylogenetics,
classification, and biogeography of the treefrogs (Amphibia:
Anura: Arboranae). Zootaxa 4104, 1-109.

ENPAB. (2016). Estrategia nacional y plan de accién para la
conservacion de la biodiversidad del Paraguay 2015—-2020.
Asuncién, PNUD y FMAM..

Escalante T. (2015). Parsimony analysis of endemicity and
analysis of endemicity: A fair comparison. Systematics and
Biodiversity 13, 413—-418.

Faivovich, J., Nicoli, L., Blotto, B., Pereyra, M., Baldo, D.,
Barrionuevo, J.S., "...". & Haddad, C.F. (2014). Big, Bad,
and Beautiful: Phylogenetic relationships of the horned
frogs (Anura: Ceratophryidae). South American Journal of
Herpetology 9, 207-227.

Garcia-Barros, E., Gurrea, P., Luciafiez, M., Cano, J., Munguira,
M., Moreno, J., "...". & Simodn, J. (2002). Parsimony analysis
of endemicity and its application to animal and plant
geographical distributions in the Ibero-Balearicregion
(western Mediterranean). Journal of Biogeography 29,
109-124.

Gehara, M., Crawford, A., Orrico, V., Rodriguez, A., Lotters, S.,
Fouquet, A.,"...". & Kbhler, J. (2014). High levels of Diversity
uncovered in a widespread nominal taxon: Continental
Phylogeography of the Neotropical tree frog Dendropsophus



minutus. PLoS ONE 9, 1-13.

Giarla, T.C. & Jansa, S.A. (2014). The role of physical geography
and habitat type in shaping the biogeographical history of
a recent radiation of Neotropical marsupials (Thylamys:
Didelphidae). Journal of Biogeography 41, 1547-1558.

Goloboff, P. (2004). NDM/VNDM version 3, Programs for
identification of areas of endemism. Available from: www.
zmuc.dk/public/phylogeny/endemism.

Grehan, J.R. (1993). Conservation biogeography and the
biodiversity crisis: a global problem in space/time.
Biodiversity Letters 1, 134-140.

Guedes, T.B., Sawaja, R.J. & Nogueira, C. (2014). Biogeography,
vicariance and conservation of snakes of the neglected and
endangered Caatinga region, north-eastern Brazil. Journal
of Biogeography 41, 919-931.

Guerin, G., Ruokolainen, L. & Lowe, A. (2015). A georeferenced
implementation of weighted endemism. Methods in
Ecology and Evolution 6, 845—852.

Hansen, M.C., Potapov, PV., Moore, R., Hancher, M., Turubanova,
S.A., Tyukavina, A., "...". & Townshend, J.R. (2013). High-
Resolution global maps of 21st-Century forest cover
change. Science 342, 850-853.

Hausdorf, B. (2002). Units in Biogeography. Systematic Biology
51, 648-652.

Hayes, F.E. (1995). Status, Distribution and Biogeography of
the Birds of Paraguay. New York, American Birding
Association. Monographs on Field Ornithology 1 1-230.

Hoffmeister, C.H. & Ferrari, A. (2016). Areas of endemism of
Arthropods in the Atlantic Forest (Brazil): an approach based
on a metaconsensus criterion using endemicity analysis.
Biological Journal of the Linnean Society 119, 126-144.

Ingaramo, M.R., Etchepare, E., Alvarez, B.B. & Porcel, E. (2011).
Riqueza y composicion de la fauna de anuros en la region
oriental de la Reserva Natural Provincial Esteros del Iber3,
Corrientes, Argentina. Revista de Biologia Tropical 60, 759—
769.

Keel, S., Gentry, A.H. & Spinzi, L. (1993). Using Vegetation to
facilitate the selection of conservation sites in eastern
Paraguay. Conservation Biology 7, 66—75.

Kwet, A. & Faivovich, J. (2001). Proceratophrys bigibbosa
species group (Anura: Leptodactylidae), with description of
a new species. Copeia 2001, 203-215.

Lavilla, E. & Brusquetti, F. (2010): Status of amphibian
conservation and decline in Paraguay. Pp. 1-19, in:
Heatwole, H., Barrio-Amords, C.L. & Wilkinson, J.W. (eds.).
Status of decline of amphibians: Western Hemisphere.
Issue Number I, Paraguay, Chile and Argentina. Australia,
Surrey Beatty & Sons.

Lavilla, E., Caballero, A., Bueno-Villafaiie, D. & Cardozo, D.
(2016). Notes on the distribution of the genus
Pseudopaludicola Miranda-Ribeiro, 1926 (Anura:
Leptodactylidae) in Paraguay. Check List 12, 1-9.

Leynaud, G. & Bucher, E. (1999). La fauna de serpientes del
Chaco Americano: Diversidad, Distribucion geografica y
estado de conservacion. Academia Nacional de Ciencias de
Cordoba 98, 1-45.

Loebmann, D., Giovanelli, J., Mai, A., Lyra, M., Brasileiro, C.
& Haddad, C. (2017). Ecological niche modeling and new
distribution records of the central dwartfrog Physalaemus
centralis Bokermann, 1962 (Anura, Leptodactylidae,
Leiuperinae) with comments on its taxonomic status.
Tropical Zoology 30, 49-67.

Endemism in Paraguayan amphibians

45

Lépez, C., Blotto, B. & Cacivio, P. (1999). Tres nuevos anfibios
para la provincia del Chaco (Anura: Hylidae vy
Leptodactylidae). Cuadernos de Herpetologia 13, 105-106.

Lépez-Gonzalez, C. (2004). Ecological zoogeography of the bats
of Paraguay. Journal of Biogeography 31, 33-45.

Lépez-Gonzalez, C. (2005). Murciélagos de Paraguay. Madrid,
MAB-UNESCO.

Loyola, R., Kubota, U., Fonseca, G. & Lewinsohn, T. (2009).
Key Neotropical ecoregions for conservation of terrestrial
vertebrates. Biodiversity Conservation 18, 2017-2031.

Lundberg, J.G., Marshall, L.G., Guerrero, J., Horton, B.,
Malabarba, C.L., Wesselingh, F. (1998): The stage for
Neotropical fish diversification: A history of tropical South
American Rivers. Pp. 13-48, in: Malabarba, L.R., Reis, R.E.,
Vari, R.P,, Lucena, Z.M. & Lucena, C.A.S. (eds.). Phylogeny
and Classification of Neotropical Fishes. Part 1 - Fossils and
Geological Evidence. Porto Alegre, EDIPUCRS

Maneyro, R. & Kwet, A. (2008). Amphibians in the border
region between Uruguay and Brazil: Updated species list
with comments on taxonomy and natural history (Part I:
Bufonidae). Stuttgaerter Beitrédge zur Naturkunde A, Neue
Serie 1, 95-121.

Mereles, F., Cartes, J.L., Clay, R., Cacciali, P., Paradeda, C., Rodas,
0. & Yanosky, A. (2013). Analisis cualitativo para la definicion
de las ecorregiones del Paraguay. Paraquaria Natural 1, 12—
20.

Morrone, J. (1994). On the Identification of Areas of Endemism.
Systematic Biology 43, 438-441.

Morrone, J.J. (2001). Biogeografia de América Latinay el Caribe.
Zaragoza, Manuales & Tesis. SEA 1-148

Motte, T., Moura, M.R., Maciel, A.O. & Feio, R.N. (2011).
Morphological variation and geographical distribution of
Luetkenotyphlus brasiliensis (Gymnophiona: Siphonopidae).
Phyllomedusa 10, 153-163.

Myers, P. (1982). Origin and affinities of the mammal fauna
of Paraguay. Special publication Pymatuning Laboratory of
Ecology 6, 85-91.

Napoli, M. & Caramashi, U. (1999). Variation and description of
two new brazilian Hyla of the H. tritaeniata complex
(Amphibia, Anura, Hylidae). Boletim do Museu Nacional,
Zoologia 407, 1-11.

Narvaes, P. & Rodrigues, M. (2009). Taxonomic revision of
Rhinella granulosa specis group (Amphibia, Anura,
Bufonidae), with a description of a new species. Arquivo do
Zoologia, MZUSP 40, 1-73.

Nascimento, F.F., Lazar, A., Menezes, A.N., Durans, A., Moreira,
J.C., Salazar-Bravo, J., ...& Bonvicino, C.R. (2013). The role
of historical barriers in the diversification processes in open
vegetations formations during the Miocene/Pliocene using
an ancient rodent lineage as a model. PLoS ONE 8, 1-13.

Nascimento, L., Pimenta, B., Cruz, C. & Caramashi, U. (2006).
Taxonomic status of Gomphobates marmoratus Reinhardt
and Lutken, 1862 “1861”and Eupemphix fuscomaculatus
Steindachner, 1864 (Amphibia, Anura, Leptodactylidae).
South American Journal of Herpetology 1, 166—174.

Nori, J., Diaz, J. & Leynaud, G. (2011). Biogeographic regions of
Central Argentina based on snake distribution: evaluating
two different methodological approaches. Journal of
Natural History 45, 1005-1020.

Nori, J., Lemes, P., Urbina-Cardona, N., Baldo, D., Lescano, J. &
Loyola, R. (2015). Amphibian conservation, land-use
changes and protected areas: A global overview. Biological



H. Cabral et al.

Conservation 191, 367-374.

Nori, J., Torres, R., Lescano, J., Cordier, J.M., Periago, M.E. &
Baldo, D. (2016). Protected areas and spatial conservation
priorities for endemic vertebrates of the Gran Chaco, one of
the most threatened ecoregions of the world. Diversity and
Distribution 22, 1212-1219.

Oakley, L., Prado, D. & Adamoli, J. (2005). Aspectos biogeo-
graficos del corredor fluvial Paraguay-Parana. INSUGEQ,
Misceldnea 14, 245-258.

Ocampo, J., Castillo-Cerdn, J., Manriquez-Moran, N.,
Goyenechea, I. & Casagranda, D. (2019). Endemismo of
lizards in the Chihuahuan Desert province: An approach
based on endemicity analysis. Journal of Arid Environments
163, 9-17.

Oliveira, U., Brescovit, A. & Santos, A. (2015). Delimiting areas
of endemism throuhg Kernel interpolation. PLoS ONE 10,
1-18.

Pereyra, M., Baldo, D., Blotto, B., Iglesias, P., Thome, M.,
Haddad, C., ... & Faivovich, J. (2016). Phylogenetic
relationships of toads of the Rhinella granulosa group
(Anura: Bufonidae): a molecular perspective with comments
on hybridization and introgression. Cladistics 32, 36-53.

Piatti, L. (2017). Serpentes do Pantanal: biogeography and
taxonomic, phylogenetic and ecomorphological diversity.
Ph.D. Dissertation, Universidade de Sao Paulo, Brazil.

Platnick, N.I. (1991). On areas of endemism. Australian
Systematic Botany 4, i—ii.

Potter, P.E. (1997). The Mesozoic and Cenozoic paleodrainage
of South America: a natural history. Pergamon 10, 331-344.

Prado, D.R. & Gibbs, P.E. (1993). Patterns of species distribution
in the dry seasonal forests of South America. Annals of the
Missouri Botanical Garden 80, 902—-927.

Pyron, R.A. & Wiens, J.J. (2011). A large-scale phylogeny of
Amphibia including over 2.800 species, and a revised
classification of extant frogs, salamaders, and caecilians.
Molecular Phylogenetic and Evolution 61, 543-583.

Redford, K.H., Taber, A. & Simonetti, J.A. (1990). There is more
to biodiversity than the Tropical Rain Forests. Conservation
Biology 4, 328-330.

Rumbo, M. (2010). Analisis biogeografico de los mamiferos de
Paraguay. Boletin del Museo Nacional de Historia Natural
del Paraguay 16, 18-29.

Scheele, B., Pasmas, F., Skerrat, L., Berger, L., Martel, A.,
Beukema, W., ... & Canessa, S. (2019). Amphibian fungal
panzootic causes catastrophic and ongoing loss of
biodiversity. Science 363, 1459-1463.

Secretaria del Ambiente (2013). Resolucién 614/13. Por la cual
se establecen las ecorregiones para las regiones Oriental y
Occidental del Paraguay. Asuncion, Paraguay.

Silva, D.P., Vilela, B., Marco, P. & Nemésio, A. (2014). Using
ecological niche models and niche analysis to understand
speciation patterns: The case of sister Neotropical orchid
bees. PLoS ONE 9, 1-17.

Souza, F.L., Uetanabaro, M., Landgref-Filho, P., Piatti, L., Prado,
C.P.A. (2010). Herpetofauna, municipality of Porto
Murtinho, Chaco region, state of Mato Grosso do Sul, Brazil.
Check List 6, 470-475.

Spichiger, R., Palese, R., Chautems, A. & Ramella, L. (1995).
Origin, affinities and diversity hot spots of the Paraguayan
dendrofloras. Candolla 50, 515-537.

Stevens, R.D., Lopez-Gonzdalez, C. & Presley, S.J. (2007).
Geographical ecology of Paraguayan bats: spatial integration

and metacommunity structure of interacting assemblages.
Journal of Animal Ecology 76, 1086—1093.

Stuart, S.N., Hoffman, H., Chanson, J.S., Cox, N.A., Berridge, R.J.,
Ramani, P. & Young, B.E. (2008). Threatened Amphibians of
the World. Barcelona, Editorial Linx Editions 1-776.

Szumik, C., Cuezzo, F., Goloboff, P.A. & Chalup, A. (2002).
An Optimally Criterion to Determinate Areas of Endemism.
Systematic Biology 51, 806—816.

Szumik, C. & Goloboff, P. (2004). Areas of Endemism: An
Improved Optimality Criterion. Systematic Biology 53, 968—
977.

Szumik, C., Aagesen, L., Casagranda, D., Arzamendia, V., Baldo,
D., Claps, L.E., ... & Zuloaga, F.0. (2012). Detecting areas of
endemism with a taxonomically diverse data set: plants,
mammals, reptiles, amphibians, birds, and insects from
Argentina. Cladistics 28, 317-329.

Szumik, C., Pereyra, V. & Casagranda, D. (2018). Areas of
endemism: to overlap or not to overlap, that is the question.
Cladistics 35, 198-229.

Sugai, J.L.M.M., Faggioni, G.P., Piatti, L., Lemos, A.A., Souza,
F.L., Prado, C.P.A., (2013). Lepidobatrachus asper Budgett,
1899 (Amphibia: Anura: Ceratophryidae): new country
record, distribution map and natural history notes. Check
List9, 133-135.

The Nature Conservancy, Fundacién Vida Silvestre, Fundacion
DESDELCHACO & Wildlife Conservation Society Bolivia.
(2005). Evaluacion ecorregional del Gran Chaco Americano/
Gran Chaco Americano Ecoregional Assessment. Buenos
Aires.

UICN. (2016). The UICN Red list of threatened species. Version
2016.3. URL http://www.iucnredlist.org/search. (accessed
24 November 2016).

Valdujo, P.H., Silvano, D.L., Colli, G. & Martins, M. (2012). Anuran
Species Composition and Distribution Patterns in Brazilian
Cerrado, a Neotropical Hotspot. South American Journal of
Herpetology 7(2), 63-78

Vasconcelos, J., Sousa, G., Leite, J. & Andrade, E. (2014).
New record and geographic distribution map of
Physalaemus centralis (Anura: Leptodactylidae), in Piaui,
northeastern Brazil. Herpetology Notes 7, 325-327.

Veech, J. (2014). The pairwise approach to analysing species co-
ocurrence. Journal of Biogeography 41, 1029-1035.

Vilhena, D. & Antonelli, A. (2015). Beyond similarity: A network
approach for identifying and delimiting biogeographical
regions. Nature Communications 6, 1-9.

Warren, D.L., Cardillo, M., Rosauer, D.F. & Bolnik, D. (2014).
Mistaking geography for biology: inferring processes from
species distributions. Trends in Ecology & Evolution 10,
572-580.

Weiler, A., Nufiez, K., Airaldi, K., Lavilla, E., Peris, S. & Baldo, D.
(2013). Anfibios del Paraguay. San Lorenzo, Facultad de
Ciencias Exactas y Naturales.

Werneck, F.P. (2011). The diversification of eastern South
American open vegetation biomes: Historical biogeography
and perspectives. Quaternary Science Reviews 30, 1630—
1648.

WWEF (World Wild Fund for Nature (2015). Saving forest at risk.
Switzerland: WWF Living Forests Report.

Xavier, A.L., Guedes, T.B. & Napoli, M. (2014). Biogeography
of anurans from the poorly known and threatened coastal
sandplains of eastern Brazil. PLoS One 5, 1-18.

Accepted: 25 October 2019

Please note that the Supplementary Materials are available via the Herpetological Journal website:
https://thebhs.org/publications/the-herpetological-journal/volume-30-numberl-january-2020



