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AsstracT:  The Brazilian Ministry of the Environment (Ministério Do Meio Ambiente, MMA) proposed
defining priority areas for Brazilian biodiversity conservation in 2007, but to date, no definitions of priority
areas for amphibian conservation have been developed for the Caatinga biome or the semiarid region of
Brazil. In this study, we searched for “hot spots™ of amphibians in these two regions and assessed whether the
priority areas established by the MMA coincided with those suitable for amphibian conservation. We
determined amphibian hot spots by means of three estimates: areas of endemism, areas of high species
richness, and areas with species that are threatened, rare, or have very limited distributions. We then assessed
the degree of coincidence between amphibian hot spots and the priority areas of the MMA based on the
current conservation units. We analyzed areas of endemism with the use of a parsimony analysis of
endemicity (PAE) on quadrats. The Caatinga biome and semiarid region showed four and six areas of
endemism, respectively, mainly associated with mountainous areas that are covered by isolated forests and
positively correlated with species richness. All areas of endemism coincided with one or more priority areas
defined by the MMA. We identify 15 priority areas for amphibian conservation in the Caatinga biome and
semiarid region, including the creation of new full-protection conservation units.

ResuMo: A defini¢do de dreas prioritarias para a conservagio da biodiversidade brasileira foi proposta
pelo Ministério do Meio Ambiente (MMA) em 2007, mas até o presente momento ndo ha estudo metddico
que defina dreas prioritarias para a conservagdo de anfibios no bioma Caatinga ou no Semidrido brasileiro.
Neste estudo, buscamos por “hot spots” de anfibios nestes dois poligonos e verificamos se as dreas prioritarias
do MMA coincidem com dreas adequadas para a conservagiio dos anfibios. Determinamos os hot spots de
anfibios por meio de trés estimadores: dreas de endemismo, dreas de alta riqueza de espécies e areas com
espécies ameagadas, raras e/ou com padrdes de distribui¢do restrita. Em seguida, acessamos o grau de
coincidéncia entre hot spots de anfibios e dreas prioritirias do MMA, ignalmente considerando as unidades
de conservagdo correntemente instaladas. A deteccio de dreas de endemismo foi realizada pela Anélise de
Parciménia de Endemicidade (PAE), usando quadrados. O bioma Caatinga e o Semidrido apresentaram,
respectivamente, quatro e seis dreas de endemismo, principalmente associadas a dreas montanhosas cobertas
por florestas isoladas, e estiveram positivamente correlacionadas a riqueza de espécies. Todas as dreas de
endemismo coincidiram com uma ou mais dreas prioritdrias definidas pelo MMA. Nés identificamos 15 dreas
prioritdrias para conservagio de anfibios no bioma Caatinga e Semidrido, além da cria¢do de novas unidades
de conservagio de protecio integral no Brasil.

Key words: Amphibians; Complementarity analysis; Parsimony analysis of endemicity; Priority areas;
Species richness; Threatened species

THE DETERMINATION of priority areas for the
conservation of biological diversity has received
much attention in recent years (Tabarelli and
Silva, 2004). The Convention on Biological
Diversity (CBD), signed during the UN Con-
ference on Environment and Development
(UNCED) in 1992, aimed to generate guide-
lines to reconcile the economic development of
nations with the conservation and sustainable
use of biological resources (Tabarelli and Silva,
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2004). To meet these obligations, the Brazilian
Ministry of the Environment (Ministério Do
Meio Ambiente, MMA) developed its first
“assessment and identification of priority areas
and actions for the conservation of biomes”
between 1998 and 2000, and updated it in 2007.
The definition of the priority areas was based on
the available information about biodiversity and
human pressures, in addition to the experience
of researchers, and the degrees of priority were
defined with the use of criteria for biolo-
gical richness, areas of endemism, and the distri-
butions of endangered species. Furthermore,
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the importance of these areas to traditional
communities and indigenous peoples and their
vulnerability were also taken into account (MMA,
2007).

An important element of subjectivity in the
listing of priority areas proposed by the MMA
(2007) is that a sizeable part of the information
used in the delineation of these areas came from
personal and single observations or from non-
methodical or poorly designed studies (M.F.
Napoli, member of the Caatinga Thematic
Group of MMA, personal communication,
2007). A second important aspect is that the
level of knowledge and interest in each Brazilian
biome and in the various biological groups that
make up the Brazilian biodiversity is uneven,
which led to an arbitrary and subjective
selection of priority areas for conservation.

Because of this history, it is necessary to
determine the degree of congruence between
the priority areas for Brazilian biodiversity
conservation as defined by the MMA (2007)
and important areas for conservation of the
various taxonomic groups defined by biolog-
ical studies conducted methodically for this
purpose, such as those aimed at identifying
areas of endemism. Areas of endemism
include unique biota that result from various
types of isolation and that, once identified, can
illuminate the natural processes that led to
their origins (Silva, 2008).

Another important question to be answered
is whether the Caatinga biome and the
Brazilian semiarid region are identical with
respect to biological diversity, as they largely
overlap geographically. Nevertheless, a biome,
as conceived by the Instituto Brasileiro de
Geografia e Estatistica (IBGE, 2004a), is a set
of vegetation types identifiable on a regional
scale, including its allied fauna and flora, with
similar geoclimatic conditions and a shared
history of changes that resulted in biological
diversity. On the other hand, the semiarid
region is defined based on Brazilian drylands
with similar climatic characteristics (Ministério
da Integracdo Nacional [MIN], 2005): average
annual rainfall, aridity index (the relationship
between rainfall and potential evapotranspira-
tion), and drought risk. Therefore, the Caatinga
biome and the Brazilian semiarid region are
conceptually different, and hence have differ-
ent areas and boundaries.

With respect to amphibians, there have
been no methodical studies that define
priority areas for their conservation in the
Caatinga biome or in the semiarid region of
Brazil, which points to the urgent need to test
whether the priority areas listed by the MMA
(2007) for biomes in the Brazilian territory
include the hot spots for amphibians in these
regions. If the congruence is not complete,
then it will be necessary to redefine the
priority areas for conservation or to propose
new areas to ensure the conservation of hot
spots for amphibians in these areas.

This study aims (1) to identify hot spots of
amphibians in the Caatinga biome and semiarid
region of Brazil by combining areas with high
levels of endemism and species richness with
areas that contain species that are threatened,
rare, or have very limited distributions; and (2)
to determine whether the priority areas defined
by the MMA (2007) coincide with areas
important to amphibian conservation.

MATERIALS AND METHODS
Study Area

The Caatinga is the only biome unique to
Brazil and has been recognized as a biogeo-
graphic province of the Chacoan subregion
(Morrone, 2006). This biome is distributed
throughout the northeast region of Brazil
(except for the State of Maranhdo) and the
northern part of the State of Minas Gerais
(Fig. 1), covers an area of 852,261 km?, and
represents 11% of the Brazilian territory
(MMA, 2007). The Caatinga biome is charac-
terized by semiarid to arid climates (Santos
and Tabarelli, 2003) with long dry seasons,
irregular rainfall (concentrated in the sum-
mer), average annual precipitation of 400 to
600 mm (Ab’Saber, 1977), high annual
temperatures (ca. 27°C), and a large temper-
ature range (MMA, 2007).

Although the most common landscape in
the Caatinga biome is the steppe savanna,
which is composed of thorny and deciduous
plants and rivers that are largely intermittent
and seasonal (MMA, 2007), the biome is not
physically homogeneous and can be divided
into smaller ecoregions (Velloso et al., 2002).
In this landscape, mountain massifs reach
elevations of over 2000 m above sea level
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Fic. 1.—(A) Topographic map with the anuran sampling locations included in the analysis: 1, Sdo Francisco River;
2, Jequitinhonha River. (B) Distribution map of the 48 quadrats (operational geographic units) considered for analysis
within the limits of the Caatinga biome and semiarid region of Brazil.

(masl), creating zones of geomorphologic and
climatic uniqueness (Ab’Saber, 1977) that
harbor rocky mountain fields called “Campos
Rupestres” (for a description of Campo
Rupestre, see Rizzini, 1979), riparian forests,
and seasonal deciduous and semideciduous
forests. Of high biological importance, these
mountainous environments and rough terrains
show high degrees of endemism (Giaretta and
Aguiar, 1998; Haddad and Abe, 1999; Nani-
wadekar and Vasudevan, 2007) and can
present barriers to the dispersal of various
phylogenetic groups, in addition to acting as
centers of speciation and refuge (Carnaval,
2002; Carnaval and Moritz, 2008).

The semiarid region comprises almost the
entire area of the Caatinga biome as well as
the transitional areas between this biome and
the Cerrado and Atlantic Forest biomes
(Fig. 1), which makes it slightly more hetero-
geneous than the Caatinga biome in terms of
physical features, although it is similar to the
Caatinga biome in terms of topography and
climate. The semiarid region represents
11.4% of the Brazilian territory, covers an
area of 969,589 km?, and has recently had its
area and number of municipalities increased
by MIN (2005) because of changes in its
boundaries.

Database Preparation

For this analysis, we considered only
species with clearly defined descriptions and
diagnoses (e.g., species suspected of consti-
tuting species complexes were discarded). We
considered only anuran amphibians, because
the fossorial habits of gymnophionans (Duell-
man and Trueb, 1986) invariably leads to the
undersampling, and because urodeles do not
occur in the study area (Frost, 2009).

The locations considered in this study were
those included in the coverage areas of the
Caatinga biome or the semiarid region (states
of the northeast region of Brazil, except for
Maranhéo, and part of the State of Minas
Gerais). First, we searched the literature
(articles, books, notes on natural history and
geographical distribution, and dissertations
and theses) for amphibian species that occur
in the studied areas. We critically reviewed
information about species and their locations
before entered them into the database. Next,
we investigated in loco the following Brazilian
herpetological collections: the Museu Nacio-
nal (Rio de Janeiro State), the Museu de
Zoologia da Universidade Estadual de Feira
de Santana (Bahia State), the Museu de
Zoologia da Universidade Federal da Bahia
(Bahia State), the Museu de Zoologia da the
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Universidade de S3o Paulo (Sdo Paulo State),
and the Laboratério e Cole¢io de Herpetolo-
gia da Universidade Federal da Paraiba
(Paraiba State). In the absence of accurate
information on the geographic coordinates for
the collection site of any particular specimen,
we used the geographic coordinates of the
respective municipality. We digitized and
mapped the locations of all samples, as
described below, to determine whether they
were contained within the boundaries of at
least one of the regions under study. We
excluded from the analysis samples that were

outside both polygons.

Mapping and Analysis of Georeferenced Data

We converted the geographical coordinates
of each location into decimal format, digitized
them in ARCVIEW software version 3.2a
(Environmental System Research Institute
[ESRI], 2000), and projected them over the
polygons of the Caatinga biome and the
semiarid region. We obtained the following area
boundaries (polygons): the Federal states of
Brazil, from the database Digital Chart of the
World (ESRI, 1997); the Brazilian biomes, from
the digital vector map “Biomas do Brasil,” scale
1:5,000,000 (IBGE, 2004b); the semiarid region,
from the digital vector map “Redelimita¢do do
Semi-arido Nordestino,” scale 1:298.250 (Se-
cretaria de Politicas de Desenvolvimento Re-
gional [SPDR], 2005); the bioclimatic suitability
of the Brazilian Northeast, from the digital map
“Aptiddo Bioclimatica no Bioma Caatinga,” scale
1:300,000 (Companhia Hidroelétrica do Sdo
Francisco [CHESF], 2001); the climatic suitabil-
ity of the State of Minas Gerais from digital
vector maps of “Agroclimatic zoning of the State
of Minas Gerais,” scale 1:3,000,000 (Geoproces-
samento em Minas Gerais [GEOMINAS], 2009);
and the priority areas for biodiversity conserva-
tion, from the digital vector map “Revisdo das
dreas prioritdrias para conservagdo da biodiversi-
dade (importancia biolégica)” (MMA, 2007). We
obtained the topographic base of South America
from the global digital elevation model (DEM)
GTOPO30 (US Geological Survey [USGS],
1996).

Determination of Areas of Endemism

Areas were considered endemic regions if
they had congruent distribution limits of two

or more taxa, in accordance with Platnick
(1991). In the search for areas of amphibian
endemism, we included all anuran species
occurring in the studied area, even if they also
occurred in other biomes, because we sought
to maximize the search for important areas of
amphibian diversity (areas of endemism, high
species richness, or distribution of relictual
species) to contribute to the effective mainte-
nance of this diversity in the regions studied.

We identified areas of endemism with the
use of the method of parsimony analysis of
endemicity (PAE; Rosen, 1988), with modifi-
cations by Morrone (1994). Parsimony analy-
sis of endemicity involves five basic steps: (1)
the selection of operational geographic units
(OGUs), (2) construction of a matrix of
species vs. OGUs, (3) parsimony analysis of
the data matrix, (4) the identification of the
OGUs or groups of OGUs with at least two
endemic species, and (5) mapping the loca-
tions where the endemic species were found
within each OGU or group of OGUs to
delineate the boundaries of each area of
endemism. We defined each OGU as a
quadrat (grid) of 1° of latitude by 1° of
longitude (Fig. 1) as proposed by Morrone
and Escalante (2002). We removed from the
analysis species present in all quadrats be-
cause they did not contribute to discrimina-
tion among areas. To avoid the use of
subsampled quadrats, we used only those
quadrats with one or more geographical
samples were represented by eight or more
species. This criterion represented the lowest
number of species obtained in both published
and unpublished inventories, with collection
efforts considered adequate (minimum 60
person-hr per locality in the rainy season in
the Caatinga biome or semiarid region).

We produced two binary data matrices
(absence = 0, presence = 1): a matrix of 73
anuran species (columns, analogous to traits in
a cladistic analysis) vs. 35 quadrats (rows,
analogous to taxa in a cladistic analysis) for the
Caatinga biome and a matrix of 107 anuran
species vs. 48 quadrats for the semiarid
region. A hypothetical quadrat containing
“0” in all columns was added as an outgroup
in both matrices. These matrices were con-
structed and edited in MESQUITE software
version 2.71 (Maddison and Maddison, 2009).
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A most-parsimonious geographical cladogram
was sought by heuristic search with the use of
the Willi Hennig Society edition of TNT
software version 1.1 (Goloboff et al., 2008),
with an estimated 100 replicas for 10,000
randomizations and saving 10 trees per
replication. A strict consensus tree was
estimated from all of the resulting trees,
conserving the most robust groupings of
quadrats because the influence of widely
distributed species was minimized (Morrone,
1994). In the strict consensus cladogram, we
considered quadrats or sets of quadrats
supported by two or more endemic species
(synapomorphies in the cladogram) to be
areas of endemism (Morrone, 1994). Next,
we mapped the areas of endemism of anurans
as described above with the use of ARCVIEW
software version 3.2a, having as limits the
quadrats in which the endemic species were
distributed. We then superimposed the areas
of endemism over the priority areas deter-
mined by the MMA (2007) to assess the
degree of coincidence between them. We
tested the null hypothesis of no association
between species richness and number of
endemic species in areas of endemism with
the use of Pearson’s correlation analysis (r) on
log-transformed data (Sokal and Rohlf, 1981).
We tested the assumptions of normality and
homoscedasticity with the Shapiro-Wilks test
and the Levene’s test, respectively, and found
that they were not violated. We set the o level
of significance to P = 0.05. We carried out the
computations with the software PAST (Pale-
ontological Analysis), version 2.12. Species
used in the analyses are listed in Appendix 1
and quadrats are mapped in Fig. 1.

Determination of Priority Areas

We determined priority areas for amphib-
ian conservation in the Caatinga biome and
semiarid region by searching for areas that
combined endemic species, high to very high
anuran species richness, threatened species,
and species with restricted geographical
distributions. We ranked areas from medium
to extremely high importance based on four
cumulative, equally weighted parameters: (1)
presence of endemic amphibians, (2) high
or very high species richness, (3) presence
of endangered species (sensu International

Union for Conservation of Nature [IUCN],
2001), and (4) presence of species known only
from a single locality. By summing parameters
we ranked areas in the following order of
importance (parameter counts in parenthe-
ses): high (1), very high (2-3), and extremely
high (4). To break ties within each category of
importance we conducted a Complementarity
Analysis (Humphries et al., 1991) considering
only the previously identified priority areas.
This method classifies areas in priority order,
considering the most possible biological di-
versity and assigning greater importance to
those of higher species richness. The comple-
mentarity principle is based on the identifica-
tion of a first priority area, which is the area
with the highest number of species. The
remaining areas are ordered according to
their contribution of additional species not
found in the areas of higher priority. The
residual complement was used to set the first
priority area, and was computed as the
difference between the total number of
species entered in the analysis and the
number of species present in an area, so that
the biological diversity of an area is inversely
proportional to its residual complement. The
cumulative percentage, determined by the
sum of the percentages of additional species to
each priority area, was used to set priorities
between areas (Mondragén and Morrone,
2004).

REsuLTs

For the semiarid region, we obtained 255
equally parsimonious trees of 383 steps.
We obtained six areas of endemism (Fig. 2;
Table 1), with quadrats indicated in parenthe-
ses: Maranguape (Q1), Jib6ia-Timbé (Q34,
Q37), Chapada Diamantina (Q36, Q39), Lower
Jequitinhonha (Q46), Middle Jequitinhonha
(Q47), and Upper Jequitinhonha (Q49). Elev-
en quadrats (23%) had high (21-30 species) to
very high (31-40 species) species richness
(Fig. 3A), from which five quadrats (10%)
were also considered to be areas of endemism
(high richness Q1, Q39; very high richness
034, 036-37).

For the Caatinga biome, we obtained a
single most-parsimonious tree of 249 steps
(Fig. 4). Four areas of endemism resulted from
this analysis (Fig. 4; Table 1): Maranguape
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Q49 Upper Jequitinhonha
Q47 Middle Jequitinhonha
Q46 Lower Jequitinhonha
Q20

Q2

Q1 Maranguape
Q35
Q42
Q3o
Q36
Q29
Q27

} Chapada Diamantina

Q14

Q41
Q38
Q33
Q30

Serra do Timbd

Q37

Jibdia-Timbo
Q34 }

Serra da Jibdia

Fic. 2—(A) Distribution map of the operational
geographic units (quadrats) identified as areas of endemism
for amphibians in the semiarid region (shaded area). The
darkened lines delimit the areas of endemism. (B)
Informative portion of the strict consensus cladogram
obtained from the parsimony analysis of endemicity
method with the use of 1° X 1° latitude vs. longitude grids
for amphibians of the semiarid region. Internal numbers
indicate the total number of endemic species supporting
areas of endemism (see Table 1 for species list).

(Q1), Chapada Diamantina (Q36, Q39), North-
ern Minas Gerais (Q43), and Caruaru (Q14).
Six quadrats (17%) had high to very high
species richness (Fig. 3B), of which four (11%)
were also considered to be areas of endemism
(high richness Q1, Q39; very high richness
Q14, Q36).

In the Caatinga biome and semiarid region,
the number of endemic species and species
richness were positively correlated (r = 0.86,
n =8, P < 0.006), with 60% of the areas of
endemism for amphibians having very high
(3140 species: Q14, Q34, Q36-37; 40%) or
high species richness (21-30 species: Q1, Q39,
20%), and 40% having medium species
richness (11-20 species: Q43, Q46-47, Q49).

All areas of endemism for amphibians in the
studied areas were located within one or more
of the priority areas for biodiversity conserva-
tion defined by the MMA (2007). However,
the degree of protection offered is not
homogeneous (Fig. 5; Table 2). Out of eight
areas of endemism, one (12%) has no
conservation unit of integral protection
(CUIP; see Sistema Nacional de Unidades
de Conservacio da Natureza [SNUC], 2000
for definition of the Brazilian categories of
conservation units), four have one CUIP
(50%), two have two CUIPs (25%), and one
(12%) has four CUIPs (Fig. 5).

The areas of endemism (AE) that presented
the highest number of CUIPs and planned
actions for the creation of protected areas
(MMA, 2007; Fig. 5) were (in descending
order) Northern Minas Gerais, Chapada
Diamantina, Middle Jequitinhonha, Maran-
guape, and Lower Jequitinhonha. The follow-
ing areas of endemism allocate threatened (T),
near-threatened (NT), or not evaluated (NE)
anuran species (sensu IUCN, 2001) restricted
to a specific locality (R) or endemic (E) to the
Caatinga biome (CAA) or semiarid region (SAR):
Lower Jequitinhonha—Aplastodiscus  cavicola
(NT) and Xenohyla eugenioi (E/CAA, E/SAR);
Maranguape—Adelophryne maranguapensis
(T, E/CAA, E/SAR); Middle Jequitinhonha—
Aplastodiscus weygoldti (NT), and Pseudis
fusca (E/SAR); and Chapada Diamantina—
Bokermannohyla juiju (R, E/CAA, E/SAR),
Bokermannohyla itapoty (E/CAA, E/SAR),
Rupirana cardosoi (NT, E/CAA, E/SAR), and
Strabomantis aramunha (E/CAA, E/SAR). The
Northern Minas Gerais AE did not contain
anuran species with very limited distributions
that were endemic to a biome or under some
degree of threat.

For the Caruaru and Upper Jequitinhonha
areas of endemism, there are no current
proposals for creating conservation units
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TaBLE 1.—Anuran species that support areas of endemism of amphibians in the semiarid region (Fig. 2) and Caatinga
biome (Fig. 4). OGU = operational geographic unit.

OGU Study area

Species

1 Semiarid region/Caatinga biome

14 Caatinga biome

34 Semiarid region

37 Semiarid region

(34, 37) Semiarid region
36 Caatinga biome
(36, 39)

Semiarid region/Caatinga biome

43 Caatinga biome

46 Semiarid region

47 Semiarid region

49 Semiarid region

Adelophryne maranguapensis
Leptodactylus pustulatus
Agalychnis granulosa
Ischnocnema vinhai
Lithobates palmipes
Phyllodytes luteolus
Allobates olfersioides
Aplastodiscus sibilatus
Gastrotheca flamma
Phyllodytes melanomystax
Phyllodytes wuchereri
Aplastodiscus ibirapitanga
Gastrotheca fissipes
Phasmahyla timbo

Scinax strigilatus
Adelophryne pachydactyla
Bokermannohyla capra
Frostius pernambucencis
Hypsiboas exastis
Bokermannohyla juiju
Vitreorana eurygnatha
Bokermannohyla itapoty
Rhinella rubescens
Elachistocleis ovalis
Pseudis bolbodactyla
Scinax camposseabrai
Aplastodiscus cavicola
Scinax argyreornatus
Aplastodiscus weygoldti
Crossodactylus cyclospinus
Pseudis fusca

Rhinella boulengeri
Sphaenorhynchus prasinus
Bokermannohyla saxicola
Chiasmocleis albopunctata
Hypsiboas lundii

(MMA, 2007), and each one contains only a
single CUIP. Moreover, they have no anuran
species that have very limited distributions,
are endemic to a biome, or are under some
degree of threat. The Jibéia-Timbé AE does
not have any existing CUIPs and only has a
proposal for the creation of a conservation
unit of undefined category of protection in the
Serra da Jibéia (MMA, 2007). The Jibdia—
Timbé AE houses a threatened species
(subcategory vulnerable, IUCN, 2001), Allo-
bates olfersioides (Verdade, 2008), and is the
type locality of Gastrotheca flamma, a tree
frog restricted to the Serra da Jibdia that is
endemic to the semiarid region and has not
yet been assessed by the IUCN (2001). The
nearby Serra do Timbd, not indicated for the

creation of any conservation unit by MMA
(2007), is the type locality of Bokermannohyla
capra, which has not been assessed by the
IUCN (2001), and Phasmahyla timbo, which
has been evaluated as data deficient. Phasma-
hyla timbo is endemic to the semiarid region
and limited to a forest remnant regionally
known as Mata de Santa Rita in the Serra do
Timbé6 (Cruz et al., 2008).

All areas of high or very high species
richness that were not identified as areas of
endemism for anurans in either the Caatinga
biome or semiarid region (Q12, Q30, Q38,
and Q41) overlap, at least in part, with current
protected areas. For areas located within
quadrats Q12, Q38, and Q41, the MMA
(2007) set the creation of conservation units
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Fic. 3.—Frequency histograms of anuran species
richness in the quadrats (operational geographic units):
(A) semiarid region and (B) Caatinga biome of Brazil.
Classes along the horizontal axis were arbitrarily catego-
rized as follows: low species richness, 8-10 species;
medium, 11-20; high, 21-30; very high, 31-40. See
Fig. 1 for the geographic distribution map of related
quadrats (Q).

of integral protection as a priority action. The
latter two quadrats contain three anuran
species categorized as “data deficient” by the
IUCN (2001) and which occur in transitional
areas between the Atlantic Forest and the
Caatinga biomes: Q41, Frostius erythro-
phthalmus (Angulo, 2008); Q38, Sphaenor-
hynchus  bromelicola and  Dendropsophus
novaisi, both endemic to the semiarid region,
and the former restricted to the Municipality
of Maracds, State of Bahia (Peixoto and
Pimenta, 2004; Silvano and Peixoto, 2004a).
Seven quadrats not identified here as areas of
endemism for amphibians and with low to
medium species richness contained some
anuran species categorized by the IUCN
(2001) as “threatened” (subcategory vulnera-
ble) or “data deficient”: vulnerable—Q2,
Adelophryne baturitensis, restricted to the
Serra de Baturité, State of Ceara (Silvano and

A

|42°W

QCutgroup

Q43 Nerthern Minas Gerais

Q14 Caruaru

Q1 Maranguape

Q39 | cpapada
QSG Diamantina

Fic. 4—(A) Distribution map of the quadrats (opera-
tional geographic units) identified as areas of endemism
for amphibians in the Caatinga biome (shaded area) of
Brazil. (B) Informative portion of the strict consensus
cladogram obtained from the parsimony analysis of
endemicity using 1° X 1° latitude vs. longitude grids for
amphibians of the Caatinga biome. Internal numbers
indicate the total number of endemic species supporting
areas of endemism (see Table 1 for species list).

Borges-Nojosa, 2004); data deficient—Q®6,
Q8-9, and Q24, Ceratophrys joazeirensis, en-
demic to the Caatinga biome (Skuk and Juncd,
2004); Q21, Dendropsophus dutrai, in transition-
al areas between the coastal Atlantic Forest and
the Caatinga in the states of Sergipe and Alagoas
(Silvano and Peixoto, 2004b); Q48, Dendropso-
phus novaisi, restricted to the semiarid region
within transitional areas between the coastal
Atlantic Forest and the Caatinga in the munic-
ipalities of Maracds (Bahia State) and Pedra Azul
(Minas Gerais State; Peixoto and Pimenta, 2004).
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Fic. 5.—Distribution of conservation units proposed by the Brazilian Ministry of the Environment (MMA, 2007) for
the semiarid region and Caatinga biome that have aheddv been installed. CU, conservation unit; CUIP, conservation
unit of integral protection; CUSU, conservation unit of sustainable use.

Out of the six species mentioned above, five
(C. joazeirensis, D. dutrai, D. novaisi, F.
erythrophthalmus, and S. bromelicola) occur in
quadrats with existing CUIPs, and one (A.
baturitensis) occurs in areas without CUIP, but
within areas in which the MMA (2007) has made
the creation of conservation units (a CUIP and an
undefined conservation unit) a priority.

The combination of areas of endemism,
areas of high to very high anuran species
richness, areas with threatened species, and
areas with species of a very limited geograph-
ical distribution led us to indicate the following
15 priority areas for the conservation of
amphibians in the Caatinga biome and semi-
arid region (Fig. 1): Serra de Maranguape
(Q1), Serra de Baturité (Q2), Serra do Araripe
(Q12), Serra or Brejo dos Cavalos (Q14),
Agreste Alagoano/Pernambucano (Q21), Jua-
zeiro (Q24), Morro do Chapéu (Q30), Chapada
Diamantina (Q36, Q39), Jibéia-Timbé (Serra
da Jibdia, Q34; Serra do Timb6, Q37), Maracias
(Q38), Serras do Sudoeste da Bahia (Q41),
Northern Minas Gerais (Q43), Lower Jequi-
tinhonha (Q46), Middle Jequitinhonha (Q47),
and Upper Jequitinhonha (Q49). Out of 15
priority areas, 2 did not match any of the four
parameters (Juazeiro [Q24] and Agreste Ala-
goano/Pernambucano [Q21]), but were main-
tained as priority areas for amphibian conser-
vation of medium importance because of the

presence of species with very limited geo-
graphical distributions.

All categories of importance presented at
least two priority areas (Table 3). As a tie-
breaking method, we conducted a comple-
mentarity analysis with the use of the cumu-
lative percentage of 103 species found within
the 15 priority areas. As seen in Table 3, the
highest priority area in the first category of
importance was Jib6ia—Timbé, because it
presented the lowest residual complement
(50 species). The overall stratification of
categories of importance was maintained by
the use of the complementarity principle
(Table 4). The changes were the positioning
of Maranguape (extremely high importance)
and Serra de Baturité (very high importance)
among areas of high importance, and North-
ern Minas Gerais (high importance) among
areas of very high importance.

DiscussioN

Miiller (1973), Kinzey (1982), and Costa
et al. (2000) investigated biogeographical
patterns of terrestrial vertebrates in the Neo-
tropics (birds, primates, and mammals, respec-
tively) and identified centers and subcenters of
faunal dispersal. The Bahia subcenter of faunal
dispersal comprises two areas of amphibian
endemism identified here as Chapada Dia-
mantina (in part of the SAR and CAA) and
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TasLE 2.—Continued.
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(6151 ha), and RVS Mata dos Muriquis (2722 ha).
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Upper
(Q49)

SAR CER

(ca. 500-1200 m)

* Indication to creation of conservation unit (MMA, 2007).

n of UCPI (MMA, 2007). Private reserves of natural heritage (RPPN) were not considered.

]ibéia—Timbé (SAR; Figs. 2, 4; Q36 + Q39,
Q34 +37, respectively); the Pernambuco center
of faunal dispersal (Miiller, 1973; Costa et al.,
2000) comprises the Caruaru area of endemism
(in the CAA; Q14 in Fig. 4).

Cracraft (1985) and Goldani et al. (2006)
proposed areas of endemism for the South
American avifauna and for the Neotropical
Platyrrhini (Primates), respectively, the former
by the method of species—distribution congru-
ence (Miiller, 1973), and the latter by the
Parsimony Analysis of Endemicity. Goldani
et al. (2006) used different operational geo-
graphic units (OGUs: quadrats, river divisions,
and areas determined previously by Cracraft,
1985). Cracraft (1985) and Goldani et al. (2006)
identified a single large area of endemism
encompassing the Caatinga biome and the
semiarid region. However, Cracraft (1985)
mentioned that, in the future, some of the
postulated areas would likely be divided into
two or more areas of endemism, which is in
agreement with our results (four areas of
amphibian endemism for the Caatinga biome
and six for the semiarid region). Goldani et al.
(2006) showed a strong relationship in the
composition of platyrrhine primates among
areas of endemism of the Caatinga and Atlantic
Forest biomes. These findings coincide with
our results because the areas of endemism of
amphibians for the Caatinga biome and
semiarid region contained 10 (66.7%) and 26
(76.5%) species in common with the Atlantic
Forest biome, respectively.

In a study of the distribution patterns of
amphibians in 12 natural regions of South
America, Duellman (1999) found a negative
association between species richness and the
number of endemic species, which, consider-
ing the different scales (continental vs. re-
gional), does not agree with our results. In the
Caatinga biome and semiarid region, the
number of endemic species and species
richness were positively correlated. Positive
associations between species richness and the
number of endemic species may indicate the
existence of centers of speciation (Gonsales,
2008), which in turn make these areas of
interest for studying the biogeography of the
Caatinga biome and the semiarid region.
Furthermore, the combination of high to very
high species richness and endemic species in
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TABLE 3.—Priority areas for amphibian conservation at the Caatinga biome and semiarid region. Categories of

importance were defined upon four parameters of same weight (0, absence; 1, presence): EH = extremely high (X = 4);

VH, very high (X = 3 or 2); H = high (£ = 1); M = medium (X = 0). Areas of high and very high species richness: 21—

40 species per quadrat (Fig. 3). Threatened species according to TIUCN (2001). The priority order within each category

of importance was based on cumulative percentage obtained from the complementarity analysis (Table 4), and the

residual complement is the difference between the total number of species entered in the analysis (n = 103) and the
number of species present in an area.

Higih or very

Priority Areas of  Restricted Threatened high species Degree of  Number  Residual
order Priority areas Quadrats  endemism species species richness Sum  importance of species complement
1 Jibéia-Timbo 34, 37 1 1 1 1 4 EH 53 50
2 Maranguape 1 1 1 1 1 4 EH 23 80
3 Chapada Diamantina 36, 39 1 1 0 1 3 VH 34 69
4 Caruaru 14 1 0 0 1 2 VH 29 74
5 Middle Jequitinhonha 47 1 0 1 0 2 VH 16 87
6  Maracas 38 0 1 0 1 2 VH 33 70
7 Serra de Baturité 2 0 1 1 0 2 VH 19 84
8 Northern Minas Gerais 43 1 0 0 0 1 H 20 83
9  Upper Jequitinhonha 49 1 0 0 0 1 H 17 86
10 Lower Jequitinhonha 46 1 0 0 0 1 H 16 87
11 Serras do Sudoeste baiano 41 0 0 0 1 1 H 25 78
12 Serra do Araripe 12 0 0 0 1 1 H 24 79
13 Morro do Chapéu 30 0 0 0 1 1 H 23 80
14 Juazeiro 24 0 0 0 0 0 M 14 89
15 Agreste Alagoano/ 21 0 0 0 0 0 M 13 90
Pernambucano

these areas points to the possible presence of
rare or endangered species not yet known to
science (Brown and Lomolino, 1998).

Silva et al. (2004) identified four areas of
endemism for Passeriformes (Aves) in the
Atlantic Forest, three of which include areas
of endemism for amphibians identified here
(the area of endemism for amphibians and its
respective quadrats [Q] in the CAA or SAR are
given in parentheses; Figs. 2 and 4): Costa da
Bahia (Jib6ia-Timb6, Q34, Q37, SAR), Per-
nambuco (Caruaru, Q14, CAA), and Bahia
Central (Chapada Diamantina, Q36, Q39,
CAA, SAR). Silva and Casteleti (2005) contrib-
uted more results to those of Silva et al. (2004)
by simultaneously considering butterflies, pri-
mates, and birds; they identified eight biogeo-
graphic subregions in the Atlantic Forest (five
areas of endemism and three of transition).
These areas of endemism contain six of the
areas of amphibian endemism identified here
(Figs. 2 and 4): Bahia (Jib6ia-Timbé6, Q34,
Q37, SAR), Brejos Nordestinos (Caruaru, Q14,
CAA, SAR; Maranguape, Q1l, CAA), and
Diamantina (Chapada Diamantina, Q36, Q39,
CAA, SAR; Lower Jequitinhonha, Q46, SAR;
Middle Jequitinhonha, Q47, SAR). The transi-
tion area, Sao Francisco, contains the Northern
Minas Gerais area of endemism (Q43, CAA).

In this study, the areas of endemism identi-
fied for amphibians in the Caatinga biome and
semiarid region are found in mountainous
regions that may exceed 2000 masl, have high
humidity, and are covered by isolated forests
(Table 2). These mountain massifs include
unique ecosystems, such as Campos Rupestres
(rocky fields) and seasonal forests. Such envi-
ronments provide barriers to the dispersal of
various phylogenetic groups and are recognized
as having high degrees of endemism (Giaretta
and Aguiar, 1998; Haddad and Abe, 1999;
Naniwadekar and Vasudevan, 2007), favoring
the occurrence of geographically restricted
amphibian species (Duellman, 1999; Juncd,
2005).

The areas of endemism of amphibians along
the Jequitinhonha River Valley are in a
transition region (a mosaic of vegetation types:
cerrado, campo cerrado, caatinga, high-altitude
rocky fields, and Atlantic Forest fragments)
between the banks of the Sdo Francisco and
Jequitinhonha rivers. Studies on the areas
covered by these rivers (Silva and Straube,
1996; Pellegrino et al., 2005) have suggested
that they may have acted as barriers to gene
flow in lizard and bird populations and could
also explain amphibian endemism in the
region. Moreover, Feio and Caramaschi
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TaBLE 4.—Priority areas for amphibian conservation at the Caatinga biome and semiarid region with the analysis of
complementarity of Humphries et al. (1991) used as the unique ordination criterion. Categories of importance are
defined in Table 3.

Priority Degree of Number of Accumulative
order Priority areas importance Quadrats complementary species percentage
1 Jib6ia—Timbé EH 34, 37 53 51.5
2 Chapada Diamantina VH 36, 39 16 67.0
3 Caruaru VH 14 7 73.8
4 Northern Minas Gerais H 43 6 79.6
5 Middle Jequitinhonha VH 47 6 85.4
6 Maracas VH 38 3 88.3
7 Upper Jequitinhonha H 49 3 91.3
8 Maranguape EH 1 2 93.2
9 Lower Jequitinhonha H 46 2 95.1
10 Serras do Sudoeste baiano H 41 1 96.1
11 Serra do Araripe H 12 1 97.1
12 Serra de Baturité VH 2 1 98.1
13 Juazeiro M 24 1 99.0
14 Agreste Alagoano/Pernambucano M 21 1 100
15 Morro do Chapéu H 30 0 100

(2002) pointed to the Jequitinhonha River as a
possible disperser of amphibians and reptiles
from the coast to the interior of Brazil. In fact,
the species that are unique to the area of
endemism in the Jequitinhonha River Valley
(Fig. 2; Q47) are typical of the coastal Atlantic
Forest.

The priority areas for biodiversity conser-
vation proposed by the MMA (2007) coincid-
ed fully with the areas of endemism detected
by the method used here, which is important
for amphibian conservation in the Caatinga
biome and semiarid region. However, there
are some aspects that deserve attention
because the degree of importance received
by each area was not equal.

A more worrying aspect is the presence of
anuran species restricted to areas not protect-
ed by CUIPs, such as the Serra da Jibdia
(Q34), Serra do Timb6 (Q37), and Serra de
Baturité (Q2). This fact indicates that there is
insufficient knowledge about species distribu-
tions in these regions or that the methods
previously used to select priority areas for
their conservation may have been ineffective.
The failure to include these areas of ende-
mism is serious, as species with restricted
distributions are more susceptible to extinc-
tion (Brown and Lomolino, 1998). We em-
phasize here the importance of the immediate
creation of at least three conservation units of
integral protection: two CUIPs in the AE
Jibéia-Timbé, one in the Serra da Jibéia and

another in the Serra do Timbd, the latter
comprising the Mata de Santa Rita remnant
(extremely high importance), and at least one
CUIP in the Serra do Baturité (very high
importance). In addition, we also encourage
the creation of Private Reserves of Natural
Heritage (Reserva Particular do Patriménio
Natural—RPPN) in these three priority areas.

The municipality of Maracds in the State of
Bahia deserves special attention because it
only has one conservation unit of integral
protection (Maracas Biological Reserve), and
it is very small (ca. 10 ha). This municipality is
the type locality for 11 species of frogs: D.
novaisi, D. oliveirai, Phyllodytes tuberculosus,
Phyllomedusa nordestina, Physalaemus cica-
da, Rhinella jimi, Scinax camposseabrai,
Scinax eurydice, S. bromelicola, Trachycepha-
lus atlas, and X. eugenioi. The creation of
more conservation units of integral protection
in Maracds and expansion of the area cur-
rently occupied by the Maracds Biological
Reserve are necessary and warrant further
study.

The Caatinga biome and the Brazilian
semiarid region are partially different with
respect to the priority areas for amphibian
conservation. The geographical boundaries of
these regions are not coincident, mainly in
their southern limits, where the boundaries of
the semiarid region include transitional areas
between the Atlantic Forest biome and the
Caatinga biome. These transitional areas
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differ from the Caatinga biome in species
composition and are possibly more influenced
by the Atlantic Forest biome. This hypothesis
is supported by the presence of four exclusive
areas of endemism composed of five unique
OGUs in the southern and southeastern limits
of the semiarid region: Jibéia-Timbé (Q34—
Q37), Lower Jequitinhonha (Q46), Middle
Jequitinhonha (Q47), and Upper Jequitin-
honha (Q49). Moreover, when transitional
areas in the southern limits of the semiarid
region are considered, two areas of endemism
identified for the Caatinga biome (Caruaru
[Q14] and Northern Minas Gerais [Q43]) are
no longer recognized, because five of their
seven exclusive species also occur in OGUs
unique to the semiarid region (Q32, Q34,
Q37, 038, Q46, and Q48).

These conflicting results have implications
for the conservation efforts for the Caatinga
biome and the Brazilian semiarid region.
Conservation initiatives for these areas reflect
distinct research and conservation policies
adopted by the Brazilian government. For
example, the Caatinga Thematic Group at the
Brazilian Ministry of Environment (MMA)
focuses on identifying priority areas for the
Caatinga biome. In contrast, the Biodiversity
Research Program, which is part of the
Brazilian Ministry of Science, Technology,
and Innovation (MCTI), conducts research
and searches for high-biodiversity areas in the
whole semiarid region. Our results show that
assessing priority areas within each region
alone is not adequate. Rather, combining
results into a single proposal of priority areas
is paramount to safeguard the biodiversity of
both the semiarid region and Caatinga biome
in Brazil.

Finally, it is imperative to make greater
investments in faunal inventories, studies of
community and population ecology, and long-
term monitoring of the Caatinga biome and
semiarid region to understand the distribution
patterns and areas of amphibian endemism
within these regions better. There are large
geographical gaps in the sampling of amphib-
ians. The presence of patches of relictual
forest, rocky fields, high-altitude fields, and
mountain massifs that have not yet been fully
surveyed, suggest that there are more geo-
graphically restricted amphibian species and,

consequently, areas of endemism than those
found in this study.
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APPENDIX [.
List of species included in the analysis.

[Vol. 68, No. 1

Aromobatidae
Allobates olfersioides
Brachycephalidae
Ischnocnema bilineata
Ischnocnema vinhai

Bufonidae

Frostius erythrophthalmus
Frostius pernambucensis
Rhinella boulengeri
Rhinella crucifer
Rhinella granulosa
Rhinella hoogmoedi
Rhinella jimi
Rhinella rubescens
Ceratophryidae
Ceratophrys aurita
Ceratophrys joazeirensis
Craugastoridae
Haddadus binotatus
Cycloramphidae
Odontophrynus carvalhoi
Proceratophrys cristiceps
Proceratophrys renalis
Proceratophrys schirchi

Rupirana cardosoi
Thoropa miliaris

Eleutherodactylidae
Adelophryne baturitensis

Adelophryne maranguapensis
Adelophryne pachydactyla
Hemiphractidae
Gastrotheca fissipes
Gastrotheca flamma
Hylidae
Agalychnis granulosa
Aplastodiscus cavicola
Aplastodiscus ibirapitanga
Aplastodiscus sibilatus
Aplastodiscus weygoldti
Bokermannohyla capra
Bokermannohyla diamantina
Bokermannohyla itapoty
Bokermannohyla juiju
Bokermannohyla oxente
Bokermannohyla saxicola
Corythomantis greeningi
Dendropsophus branneri
Dendropsophus dutrai
Dendropsophus elegans
Dendropsophus minutus
Dendropsophus nanus
Dendropsophus novaisi
Dendropsophus oliveirai
Dendropsophus soaresi
Hypsiboas albomarginatus
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ApPENDIX L. ApPENDIX 1.
Continued. Continued.
Hypsiboas albopunctatus Leiuperidae

Hypsiboas crepitans
Hypsiboas exastis
Hypsiboas faber
Hypsiboas lundii
Hypsiboas polytaenius
Hypsiboas pombali
Hypsiboas raniceps
Phasmahyla timbo
Phyllodytes luteolus
Phyllodytes melanomystax
Phyllodytes tuberculosus
Phyllodytes wuchereri
Phyllomedusa bahiana
Phyllomedusa nordestina
Pseudis bolbodactyla
Pseudis fusca

Scinax argyreornatus
Scinax auratus

Scinax camposseabrai
Scinax eurydice

Scinax fuscomarginatus
Scinax fuscovarius

Scinax nebulosus

Scinax pachycrus

Scinax strigilatus
Sphaenorhynchus bromelicola
Sphaenorhynchus prasinus
Trachycephalus atlas
Trachycephalus mesophaeus
Trachycephalus typhonius
Vitreorana eurygnatha
Xenohyla eugenioi

Hylodidae
Crossodactylus cyclospinus

Physalaemus albifrons
Physalaemus centralis
Physalaemus cicada
Physalaemus cuvieri
Physalaemus kroyeri
Pleurodema diplolister
Pseudopaludicola mystacalis
Leptodactylidae
Leptodactylus caatingae
Leptodactylus furnarius
Leptodactylus fuscus
Leptodactylus hylaedactylus
Leptodactylus mystaceus
Leptodactylus mystacinus
Leptodactylus natalensis
Leptodactylus latrans
Leptodactylus podicipinus
Leptodactylus pustulatus
Leptodactylus syphax
Leptodactylus troglodytes
Leptodactylus vastus

Microhylidae
Chiasmocleis albopunctata
Dermatonotus muelleri
Elachistocleis ovalis
Elachistocleis piauiensis

Pipidae
Pipa carvalhoi
Ranidae
Lithobates palmipes
Strabomantidae
Strabomantis aramunha




