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SUMMARY

The selection of strategic conservation areas is a complex undertaking that requires the integration of
various elements, including planning, indicators, and mapping. An extensive evaluation of vertebrate
distribution patterns in Espirito Santo state, southern Brazil, revealed the existence of four consensus
areas defined by two endemicity methods that can be designated as priority regions for multitaxa
conservation. A brief remark is made regarding the importance of endemic areas and biogeographic units
in the definition of priority areas for conservation.



INTRODUCTION

Biogeography studies the relationship between
the distribution patterns of organisms and the
events that shaped the biota. A fundamental
concept in biogeography is the existence of areas
of endemism, basic biogeographic units
characterized by the presence of species of
restricted distribution that share a congruent
biogeographical, evolutionary and ecological
background, thus corresponding to
biogeographic homologies (Platnick 1991,
Morrone 1994, 2014, Escalante 2015). Areas of
endemism play a pivotal role in conservation
biology (Fattorini 2017). The delineation of
these areas is of paramount importance for the
formulation of public conservation policies, for
the allocation of resources and the optimization
of efforts (Martinez-Hernandes et al. 2015,
Avila-Torres et al. 2023).

The state of Espirito Santo encompasses
more than 120 conservation units under federal,
state, municipal, and private administration.
These units are classified as integral protection
and sustainable use (INMA 2021). The largest of
these is the federally administered Reserva
Biologica de Sooretama (278 km?) (Rosa et al.
2019), which, together with the private Reserva
Natural Vale and other contiguous protected
areas, covers an area of approximately 500 km?.
Also significant is the Parque Nacional do
Caparad, located on the border between the
states of Espirito Santo and Minas Gerais, with
an area of approximately 257 km?. The protected
areas in Espirito Santo collectively encompass
approximately 10.5% of the remaining Atlantic
Forest fragments and only 4.5% of the state
(Rosa et al. 2019, INMA 2021). This represents
a relatively modest level of protection in
comparison to the significant number of 1,874
threatened taxa, the majority of which are not
under the protection of a conservation unit
(Fraga et al. 2019).

The objective of this study is to identify
priority areas for the conservation of vertebrate
species in the state of Espirito Santo,
southeastern Brazil, based on multiple analyses
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of endemism, the presence of threatened taxa
and the current availability of protected areas.
This study was conducted as part of research
activities within the Conservation Biogeography
course, with the post-graduate team.

MATERIALS AND METHODS
Study area

The state of Espirito Santo is situated in the
southeastern region of Brazil, with a territorial
extension of approximately 46,074 km?, (IBGE
2023). The natural vegetation in the study area is
composed of the Atlantic Forest and adjacent
pioneer formations such as the coastal sand
formations, mangroves and coastal flooded
grasslands. There are some differences in the
Atlantic Forest formations along the area. In the
northern region, the dense ombrophilous forest
is the predominant vegetation, while the
southern region is dominated by a mixed
ombrophilous forest (Rizzini 1979, Coimbra
Filho and Camara 1996, de Paula 2006).

The northern domain corresponds to the
coastal tablelands of the Barreiras group, which
exhibit mild and undulating low-altitude relief
(Braun and Ramalho 1980, Garay and Rizzini
2004, Sarmento-Soares and Martins-Pinheiro
2012, 2014). The central-southern region of the
state is characterized by the presence of
highlands and mountains, which are extensions
of the Serra da Mantiqueira mountain range.
These include the Serra do Capara6 and Serra do
Castelo. The topography of the area
encompasses the highest elevations within the
Atlantic Forest biome, including the Pico da
Bandeira at 2,891 m, situated on the slopes of the
Caparad Mountains (Novo et al. 2011). The
hydrographic network is comprised of 13 basins
and microbasins of different sizes. Of these, the
drainages of the Rio Doce, Rio Itatnas, Rio Sao
Mateus, and Rio Itapemirim are of particular
significance (Sarmento-Soares and Martins-
Pinheiro 2012, 2013). The contrasting relief
along the study area is reflected in its
biodiversity, with different sets of endemic
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species in distinct regions of the state (Vieira-
Guimaraes et al. 2023).

Data compilation

The occurrence and distribution of vertebrate
species in the state of Espirito Santo were
evaluated based on published lists for freshwater
fish (Sarmento-Soares and Martins-Pinheiro
2010, 2012, 2013, 2014, Sarmento-Soares et al.
2012, Vieira-Guimaraes et al. 2023), amphibians
(Almeida et al. 2011, Ferreira et al. 2019, Silva-
Soares and Norbertino 2023), reptiles (Costa and
Bérnils 2018, Costa et al. 2021, Silva-Soares and
Santiago 2023), birds (Simon 2009) and
mammals (Moreira et al. 2008, Mendes et al.
2010, Vela-Ulian et al. 2021). We compiled
60,455 georeferenced records for 1,225 species
of vertebrates deposited in museums, direct
observations, and audiovisual recordings from
the Species Link (https://splink.cria.org.br),
GBIF (https://www.gbif.org), SiBBr
(https://sibbr.gov.br) and data repositories.
These include 3,108 records of 123 freshwater
fish species (Fig. 1A-B), 1,763 records of 143
amphibians (Fig. 2A-B), 1,230 records of 114
reptiles (Fig. 3A-B), 52,401 records of 652 birds
(Fig. 4A-B), 1,075 records of 116 non-flying
mammals (excluding Cetacea) (Fig. 5A-B), and
878 records of 77 Dbats (Fig. 6A-B).
Complementary information on the occurrence
of species was obtained from specific databases
such as the Cornell Lab of Ornithology — eBird
(https://ebird.org), WikiAves
(https://wikiaves.com.br), AmphibiaWeb
(https://amphibiaweb.org), Herpeto Capixaba
(https://www.herpetocapixaba.com.br), The
Reptile Database (http://www.reptile-
database.org), Fishbase (Froese and Pauly 2024)
and Catalog of Fishes (Fricke et al. 2024). The
threat levels of the species follow Fraga et al.
(2019). All datasets and additional information
on the areas of endemism defined here are
available at
https://www.researchgate.net/publication/38024
5899 Vertebrate database ES southeastern B
razil.
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Areas of endemism and priority areas

The identification of endemism areas in Espirito
Santo was carried out using the NDM/VNDM v.
3.1 software (Szumik et al. 2002, Szumik &
Goloboff 2004). This analysis highlights areas
with congruent species distributions (Szumik et
al. 2002, Goloboff 2012, Aagesen et al. 2013,
Szumik and Goloboff 2015), using geographic
coordinates that are transformed into presence or
absence in the grid cells. The NDM software
calculates endemicity indices for each species,
which are summed to give an endemicity score
for each area/cell on the map presented in the
VNDM software. The endemicity index results
from the evaluation of the total distribution of
the taxon and the fit of the distribution to the
area. The areas of endemism are further
consolidated into consensus areas, where the
resulting grids delineate endemism hotspots. The
following parameters were used: cell size =
0.20°x0.20°, minimum number of endemic
species = 2; minimum score for species = 0.5;
minimum value of saved sets = 2.0; minimum
percentage of unique species retained = 50%;
flexible consensus of 25% species similarity;
search repeated 100 times. The remaining
settings follow the program defaults.

We also conducted a Geographic
Interpolation of Endemism (GIE) in the
BioDinamica library (Oliveira et al. 2019) of the
Dinamica-EGO software (Soares-Filho et al.
2002). This analysis delineates concentrations of
restricted range species through kernel
interpolations of the distributions of several taxa
(Oliveira et al. 2015). The following parameters
were used: six size classes = 0-25km, 25-50km,
50-75km, 75-100km, 100-150km, 150-200km,
raster grid size = 0.03, using a delimitation mask
of the state of Espirito Santo. The remaining
settings follow the program defaults. For both
analyses we considered endemic areas
delineated not only by species exclusive to the
state but also by any taxa exhibiting restricted
distribution within the study area, regardless of
their occurrence in other regions.
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We overlaid the results of the maps
generated by NDM/VNDM (simple overlay) and
GIE (overlay through algorithm in the
Biodinamica software) and compared them with
the availability of conservation units, priority
areas according to MMA (2018), and the
presence of threatened species in all taxonomic
groups. This was done to generate a consensus
map that aims to (a) identify potential areas that
lack conservation measures and (b) reinforce the
necessity of continuous conservation efforts in
areas that already present conservation units.
The output maps were produced using the QGIS
software (Qgis Development Team 2022).

RESULTS AND DISCUSSION
Freshwater fishes

The results of the GIE analysis (Fig. 1) revealed
clusters of endemic species distributed
throughout the state, with the greatest
concentration observed in the central-southern
portion, spanning from the highlands in the
central region to the Caparad mountains (Fig.
1C). The NDM/VNDM analysis delineated
seven areas of endemism, which were
consolidated into four consensus areas (Fig. 1D).
Two of these consensus areas exhibit partial
overlap, forming a possible diffuse transition
zone where there is a gradual replacement of the
biotic components of each area (Ferro and
Morrone 2014, Noguera-Urbano and Escalante
2015). This biogeographic outcome is similar for
other vertebrate groups presented here. A
previous analysis of endemism conducted by
Vieira-Guimaraes et al. (2023) for freshwater
fishes in the study area is expanded upon in this
paper, as two additional areas of endemism were
identified through the NDM/VNDM method.
The overlay of the results from both methods of
endemism indicates congruence in the delimited
areas, with one or other area differing between
these findings (Fig. 1E).

Out of the 123 freshwater fish species
listed here for the state of Espirito Santo, 18 are
threatened (14.6%) while only seven (5.7%)
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have populations safeguarded within protected
areas (Hostim-Silva et al. 2019, Fraga et al.
2019). Also, a considerable number of
populations of these threatened species are
situated outside both the areas of endemism and
the priority areas defined by the MMA (2018).
The situation for fish and other freshwater
organisms 1is even more dramatic, as
conservation  units  frequently  prioritize
terrestrial  fauna, thereby neglecting the
protection of crucial areas for aquatic fauna,
such as headwater streams (Sarmento-Soares
and Martins-Pinheiro 2017, Azevedo-Santos et
al. 2019). These streams are home to numerous
endemic and sensitive species that are vulnerable
to anthropogenic impacts, including species
introductions, habitat alterations, aquatic
pollution, hydropower dam construction, and the
removal of riparian vegetation (Castro 1999,
Dudgeon et al. 2006, Menezes et al. 2007,
Azevedo-Santos et al. 2019).

Amphibians

The GIE output (Fig. 2) shows an area of higher
concentration of species with restricted
distribution in the central mountainous region
and three areas of less intensity in the north and
south of the state (Fig. 2C). The NDM/VNDM
analysis pointed to seven areas of endemism
united in four consensus areas (Fig. 2D), two of
which are partially overlapping, presenting
distinct sets of species. The results of the two
analyses, when superimposed, indicate partial
congruence (Fig. 2E).

The state of Espirito Santo is home to 166
species of amphibians (Silva-Soares and
Norbertino 2023). Our list includes 143 species,
of which 17 (11.9%) are threatened (Ferreira et
al. 2019, Fraga et al. 2019). Most of the records
of endangered species are concentrated in the
mountainous region of the center of the state,
which is also the most sampled area in Espirito
Santo for several groups of organisms. The
municipality of Santa Teresa, one of the main
research centers for the biodiversity of the

Vieira-Guimaraes et al., 2024



Freshwater Fishes

Figure 1. Areas of endemism for freshwater fishes in the state of Espirito Santo. (A) Records considered in this study (blue
dots); (B) Records of threatened species (red dots), location of protected areas (green) and priority areas for conservation of
fauna according to MMA (2018) (light blue); (C) GIE output; (D) NDM output; (E) Overlay of the GIE + NDM outputs.
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Amphibians

(B)

(D) (E)

Figure 2. Areas of endemism for amphibians in the state of Espirito Santo. (A) Records considered in this study (blue dots);
(B) Records of threatened species (red dots), location of protected areas (green) and priority areas for conservation of fauna
according to MMA (2018) (light blue); (C) GIE output; (D) NDM output; (E) Overlay of the GIE + NDM outputs.
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o (A) Reptiles

(B)

(D)

Figure 3. Areas of endemism for reptiles in the state of Espirito Santo. (A) Records considered in this study (blue dots); (B)
Records of threatened species (red dots), location of protected areas (green) and priority areas for conservation of fauna
according to MMA (2018) (light blue); (C) GIE output; (D) NDM output; (E) Overlay of the GIE + NDM outputs.
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Atlantic Forest, is characterized by high
taxonomic, functional, and phylogenetic
diversity of amphibians (Almeida et al. 2011,
Campos et al. 2017, Ferreira et al. 2019,
Lourengo-de-Moraes et al. 2019), a factor that
significantly influenced the presence of areas of
endemism identified in this area. Recent
syntheses, as a result of data collected over more
than a decade, include a list of 108 amphibian
species for this municipality alone (Ferreira et al.
2019). In a slightly optimistic scenario, the
conservation units of Espirito Santo are home to
populations of 75% of the threatened amphibian
species in the state (Ferreira et al. 2019), and
almost all the records of endangered amphibians
considered here are found in the priority areas
already delimited by the MMA (2018) or in the
areas of endemism pointed out in this study. This
suggests that efforts for the implementation or
continued maintenance of protected areas in
these regions have already been indicated and
are reinforced here. These efforts are necessary,
since the most deleterious factors for amphibian
fauna, such as habitat loss and fragmentation due
to agricultural purposes (Luedtke et al. 2023),
occur on a large scale in Espirito Santo territory.

Reptiles

The GIE analysis (Fig. 3) identified a large area
with a higher concentration of restricted species
in central Espirito Santo, with clusters of lower
intensity to the north in the Linhares-Sooretama
complex, and to the south of this focal area (Fig.
3C). Similarly, the NDM/VNDM  analysis
delineated seven areas of endemism that
converged into one consensus area, also situated
in the mountainous central region of the state
(Fig. 3D). Both methods yield congruent results
(Fig. 3E), suggesting that this region can be
considered a cohesive biogeographic unit for
reptiles in Espirito Santo, based on traditionally
defined parameters (Platnick 1991, Morrone
1994).

Espirito Santo is home to 134 reptile
species (Silva-Soares and Santiago 2023). In this
study, we consider records of 114 species, of
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which 23 are considered threatened, particularly
snakes and sea turtles (Costa and Bérnils 2018,
Bérnils et al. 2019, Fraga et al. 2019). Most of
the records of these threatened species are
concentrated in the central and metropolitan
regions of the state, notably within areas
prioritized by the MMA (2018). However, very
few populations of these species are adequately
protected. According to Bérnils et al. (2019),
only 19% of the endangered reptile records in
Espirito Santo are within conservation units, a
concerning statistic given the various threats
facing these animals in the state, including
wildlife trafficking, hunting, deforestation of
native forest remnants, and the Ilimited
availability of high-quality water sources.

Birds

The GIE analysis (Fig. 4) reveals two significant
concentrations of species with restricted
distribution in Espirito Santo: one situated in the
central ~ mountainous  region  extending
southwestward, a pattern observed in other
vertebrate taxa, and another in the north of the
Rio Doce basin, within the Linhares-Sooretama
complex (Fig. 4C). Two additional, albeit less
intense, concentrations occur in the Caparad
mountains region, in southern Espirito Santo,
and in the Itatnas area in the north. This finding
aligns with the results of the NDM/VNDM
method, which identified 28 highly overlapping
areas of endemism consolidated into eight
consensus areas (Fig. 4D) in the same regions
highlighted by the GIE, indicating congruence
between these findings (Fig. 4E).

The study of bird diversity and
conservation in Espirito Santo began relatively
recently, with the first comprehensive survey
conducted by naturalist Augusto Ruschi in 1953
(Ruschi 1953), documenting the occurrence of
636  species. Subsequent  assessments
categorized 81 species as endangered in the state
(IEMA 2005), and a later compilation estimated
the presence of 654 species (Simon 2009). In our
study, we considered 652 species, with 124
(19%) classified as threatened according to
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recent assessments (Chaves et al. 2019, Fraga et
al. 2019). The majority of these endangered
species are located within priority areas
designated by the MMA (2018). However, it is
worth noting that only 30% of the recorded
endangered bird species in Espirito Santo are
currently protected within conservation units, as
highlighted by Chaves et al. (2019). Birds play a
crucial ecological role, although their value is
challenging to quantify in economic terms
(Whelan et al. 2010). Nevertheless, recent
studies indicate a concerning trend of declining
bird populations, attributed to habitat
fragmentation and climate change, with
significant ~ implications  for  ecosystem
functioning (Souza et al. 2011, Chaves et al.
2019, Rosenberg et al. 2019).

Non-flying mammals

The GIE result (Fig. 5) reveals two significant
and adjacent areas hosting endemic species
within the central mountainous region of the
state, alongside a third area of lesser extent and
intensity ~ within the Linhares-Sooretama
complex (Fig. 5C). On the other hand, the
NDM/VNDM analysis delineated five endemic
areas for non-flying mammals, consolidating
into three consensus regions. These findings
corroborate the central region identified by the
GIE and identify an additional area within the
Caparad mountains (Figs 5D, 5E).

The Atlantic Forest vegetation, which previously
covered 90% of the territory of the state of
Espirito Santo, has been reduced to small
fragments in conservation units or private
properties. Despite this decline, the state remains
a haven for diverse mammal species and other
groups, hosting roughly 50% of the vertebrate
biodiversity of the biome (Moreira et al. 2008,
Pinto et al. 2009, Ferreguetti et al. 2014).
Relevant areas in Espirito Santo include the
mountains of the Capara6 massif and the central
highlands of the state and the Linhares-
Sooretama complex. The latter is especially vital
for fostering connectivity and facilitating the
recovery of forest fragments between adjacent
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conservation parcels (Carbone and Gittleman
2002, Gatti et al. 2006, Saura et al. 2014, Gatti et
al. 2017, de la Torre et al. 2017, Costa et al.
2019). However, out of the 116 non-volant
mammal species considered in this study, 28
(24.1%) are threatened (Fraga et al. 2019), with
approximately 48% of the records of these
vulnerable mammals (including bats) outside
protected areas (Costa et al. 2019). This renders
these species more susceptible to the primary
risk faced by the world's richest mammalian
fauna: habitat loss, fragmentation, and
alterations in natural landscapes, prevalent in the
heavily human-altered environments of Espirito
Santo (Mittermeier et al. 1997, Costa et al. 2005,
Paglia et al. 2012, ICMBio 2018, Quintela et al.
2020).

Bats

The outcome of the GIE analysis (Fig. 6) reveals
a significant concentration of species with
restricted distribution in two distinct areas of the
state: one spanning from the Linhares-
Sooretama complex to the Rio Doce, and the
other situated in the uplands of the central region
(Fig. 6C). This aligns with numerous studies
highlighting these two regions, particularly the
Linhares-Sooretama area, as highly significant
for bat diversity in the state (Mendes et al. 2010,
Peracchi et al. 2011, Pimenta 2013, Hoppe et al.
2014, Gnocchi et al. 2019, Vela-Ulian et al.
2021). The results of the NDM/VNDM analysis
for this group corroborate those of the GIE, as
evidenced by the overlap of their outputs (Figs
6D, 6E).

The order Chiroptera ranks as the second
largest group of mammals, presenting
approximately 1400 species (Kruskop, 2021). In
Brazil, bats exhibit remarkable diversity, with
182 species documented (Garbino et al. 2022),
122 of which inhabit the Atlantic Forest biome
(Figueiredo et al. 2021). Within Espirito Santo,
88 bat species have been recorded (Vela-Ulian et
al. 2023), representing 48.6% of Brazil's total
and 72.1% of those found in the Atlantic Forest
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_ (A) Birds

(D) (E)

Figure 4. Areas of endemism for birds in the state of Espirito Santo. (A) Records considered in this study (blue dots); (B)
Records of threatened species (red dots), location of protected areas (green) and priority areas for conservation of fauna
according to MMA (2018) (light blue); (C) GIE output; (D) NDM output; (E) Overlay of the GIE + NDM outputs.
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5 (A) Non-flying Mammals

(B)

(D) (E)

Figure 5. Areas of endemism for non-flying mammals in the state of Espirito Santo. (A) Records considered in this study
(blue dots); (B) Records of threatened species (red dots), location of protected areas (green) and priority areas for conservation
of fauna according to MMA (2018) (light blue); (C) GIE output; (D) NDM output; (E) Overlay of the GIE + NDM outputs.
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(A) Bats

(B)

417 407 397

(D)

Figure 6. Areas of endemism for bats in the state of Espirito Santo. (A) Records considered in this study (blue dots); (B)
Records of threatened species (red dots), location of protected areas (green) and priority areas for conservation of fauna
according to MMA (2018) (light blue); (C) GIE output; (D) NDM output; (E) Overlay of the GIE + NDM outputs.

(Figueiredo et al. 2021, Garbino et al. 2022). The species in this biome (Vela-Ulian et al. 2021,
state also harbors four of the nine endemic bat 2023). Our compilation lists 77 bat species for
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the state, with five (6.5%) classified as
threatened (Costa et al. 2019, Fraga et al. 2019).
Primary threats to bat populations include
climate change, deforestation, roadkill incidents,
and forest conversion to agriculture, all posing
significant risks to regions with high endemism
(Frick et al. 2020, Damasio et al. 2021).
Therefore, it's crucial to recognize that bats, due
to their adaptability in utilizing food resources—
such as fruits, insects, nectar, and small
vertebrates (Kalko 1998, Altringham 2011)—
play vital ecological roles within their habitats,
including pollination, seed dispersal, pest
control, and nutrient transportation (Altringham
2011, Kunz 2011, Vale et al. 2023).
Understanding these functions underscores the
importance of promptly addressing key threats to
bat  biodiversity to develop effective
conservation strategies (Marchese 2015).

Consensus and
conservation

priority areas for

The overlap of results from all analyses, coupled
with the presence of endangered species records
and the existence of protected areas, delineates a
virtually uninterrupted stretch of regions
spanning from the north to the south of the state
(Fig. 7). This outcome closely mirrors the
priority conservation areas identified by the
MMA (2018). Consequently, we propose
focusing or strengthening conservation efforts in
four regions of the state: Northeastern Coast,
Linhares-Sooretama-Lower Rio Doce Complex,
Central-Southern  Highlands and  Vitdria
surroundings, and Caparaé Highlands.

I. Northeastern Coast: A coastal area in
the north of the state, which is home to small
forest fragments and conservation units, such as
the Parque Estadual de Itatinas and the Area de
Protecao Ambiental de Conceicdo da Barra, as
well as the Reserva Biologica de Corrego
Grande. These areas, situated predominantly in
the municipality of Conceicdo da Barra, harbor a
significant concentration of species with
restricted ranges or endangered statuses. Often,
these species share habitats with areas in the
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southern region of Bahia. Within this priority
area lie various forest fragments where
endangered species of freshwater fish, such as
Acentronichthys  leptos  Eigenmann &
Eigenmann 1889, Mimagoniates sylvicola
Menezes & Weitzman 1990, Rachoviscus
graciliceps  Weitzman & Cruz 1981,
Xenurolebias myersi (Carvalho 1971); the
amphibian Proceratophrys moehringi Weygoldt
& Peixoto 1985; the reptiles Ameivula nativo
(Rocha, Bergallo & Peccinini-Seale 1997) and
Caiman latirostris (Daudin 1801); the birds
Amazona rhodocorytha (Salvadori 1890),
Circus buffoni (Gmelin 1788), Crypturellus
noctivagus (Wied-Neuwied 1820), Mimus gilvus
(Vieillot 1808), among others; and the mammals
Leopardus pardalis (Linnaeus 1758) and
Sapajus robustus (Kuhl 1820) (Simon 2009,
Costa and Bérnils 2018, Bérnils et al. 2019,
Chaves et al. 2019, Costa et al. 2019, Ferreira et
al. 2019, Fraga et al. 2019, Hostim-Silva et al.
2019, Sarmento-Soares and Martins-Pinheiro
2013, 2017). The main threats to organisms in
this endemicity area include aggressive
agricultural land use, eucalyptus plantation,
deforestation, and low water availability
(Sarmento-Soares and Martins-Pinheiro 2017,
Rosa et al. 2019).

II. Linhares-Sooretama-Lower Rio
Doce Complex: This region is home to a
significant diversity of species, including
endemic and endangered, for various groups of
organisms, especially birds and mammals. The
priority area extends from the largest forest
remnant in lowlands of Espirito Santo, the
Reserva Biologica de Sooretama to the
neighborhood of the Floresta Nacional de
Goytacazes, covering several forest fragments in
the municipalities of Jaguaré, Sooretama and
Linhares. Threatened species for this region
include the freshwater fish Brycon dulcis Lima
& Vieira 2017, Rachoviscus graciliceps,
Scleromystax virgulatus (Nijssen & Isbriicker
1980), Xenurolebias izecksohni (Da Cruz 1983),
among others; the reptiles Ameivula nativo,
Apostolepis  longicaudata  Gomes 1921,
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Figure 7. Overlay of areas of endemism for all vertebrate groups in the state of Espirito Santo. (A) Records considered in this
study (blue dots); (B) Records of threatened species (red dots), location of protected areas (green) and priority areas for
conservation of fauna according to MMA (2018) (light blue); (C) Overlay of GIE outputs; (D) Overlay of NDM outputs; (E)
Overlay of the GIE + NDM outputs and suggested priority areas for conservation I (Northeastern Coast), II (Linhares-
Sooretama-Lower Doce Complex), III (Central-Southern Highlands and Vitoria surroundings) and I'V (Caparadé Highlands).
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Clelia  plumbea (Wied-Neuwied 1820),
Lygophis meridionalis (Schenkel 1901); dozens
of birds including the parrots Amazona farinosa
(Boddaert 1783) and Amazona rhodocorytha,
the Mutum-do-Sudeste Crax blumenbachii Spix
1825, and the hawk Harpagus bidentatus
(Latham 1790); the non-flying mammals
Alouatta guariba (Humboldt 1812), Chaetomys
subspinosus  (Olfers  1818), Monodelphis
iheringi (Thomas 1888), Panthera onca
(Linnaeus 1758), Sapajus robustus and the bats
Choeroniscus minor (Peters 1868), Diaemus
voungii (Jentink 1893), and Lonchorhina aurita
Tomes 1863 (Moreira et al. 2008, Simon 2009,
Mendes et al. 2010, Sarmento-Soares and
Martins-Pinheiro 2014, Bérnils et al. 2014, 2019,
Chaves et al. 2019, Costa et al. 2019, Ferreira et
al. 2019, Fraga et al. 2019, Hostim-Silva et al.
2019, Vela-Ulian et al. 2021, 2024). The primary
threat to terrestrial vertebrates in this region
stems from the BR-101 highway, which
traverses the Reserva Bioldgica de Sooretama
and the Reserva Natural Vale over a 25 km
segment.  Numerous  species, including
threatened ones such as the tapir Tapirus
terrestris (Linnaeus 1758), the jaguar Panthera
onca, the puma Puma concolor (Linnaeus 1771),
and the harpy eagle Harpia harpyja (Linnaeus
1758), have been documented as roadkill victims
(Klippel et al. 2015; Srbek-Araujo et al. 2015;
Pagotto 2018; Damasio et al. 2021; Banhos et al.
2021).

ITI. Central-Southern Highlands and
Vitéria surroundings: This extensive priority
area south of the Rio Doce basin can be divided
into two distinct regions: the mountainous region
(IITA), covering the municipalities of Santa
Teresa, Santa Maria de Jetibd, Domingos
Martins, Santa Leopoldina, Marechal Floriano,
Vargem Alta, Castelo, and Alfredo Chaves; and
the metropolitan region (I1IB), including Vitoria,
Vila Velha, Cariacica, Viana, Serra, Fundao, and
Aracruz. The primary center of endemism is in
Santa Teresa, known as a biodiversity hotspot
(Thomaz and Monteiro 1997, Brown and Freitas
2000, Passamani et al. 2000, Simon 2000,
Ferreira et al. 2019, Hoppe et al. 2020).
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However, the high species richness here may be
somewhat skewed due to intensive sampling,
being close to the main biodiversity research
center of Espirito Santo (Mendes et al. 2010).
Protected areas in the region include Reserva
Biologica Augusto Ruschi, Reserva Bioldgica de
Duas Bocas, Parque Estadual de Forno Grande,
Parque Estadual da Fonte Grande, among others.
This area, which includes the region with the
highest urban concentration, is heavily impacted
by human activities and hosts a considerable
number of endangered species records: the
freshwater fish Brycon dulcis, Prochilodus
vimboides Kner 1859, and Trichogenes claviger
de Pinna, Helmer, Britski & Nunes 2010; the
amphibians Arcovomer passarellii Carvalho
1954, Brachycephalus alipioi Pombal &
Gasparini 2006, Crossodactylodes izecksohni
Peixoto 1983, Dendrophryniscus carvalhoi
Izecksohn 1994, Ischnocnema colibri Taucce,
Canedo, Parreiras, Drummond, Nogueira-Costa
& Haddad 2018, Ischnocnema epipeda (Heyer
1984), Phrynomedusa marginata (Izecksohn &
Cruz 1976), Proceratophrys phyllostomus
Izecksohn, Cruz & Peixoto 1999, and
Pseudopaludicola restinga Cardozo, Baldo,
Pupin, Gasparini & Haddad 2018; the reptiles
Ameivula nativo, Amphisbaena nigricauda Gans
1966, Anolis pseudotigrinus Amaral 1933,
Bothrops bilineatus (Wied-Neuwied 1821),
Coronelaps lepidus (Reinhardt 1861), Dipsas
sazimai Fernandes, Marques & Argdlo 2010,
Hydromedusa maximiliani (Mikan 1825), and
Tropidophis pauscisquamis Miiller 1901; the
birds Carpornis cucullata (Swainson 1821),
Chamaeza campanisona (Lichtenstein 1823),
Geotrygon  violacea  (Temminck  1809),
Ramphodon naevius (Dumont 1818), Saltator
similis d'Orbigny & Lafresnaye 1837, Tangara
cyanoventris (Vieillot 1819), Turdus fumigatus
Lichtenstein 1823 and dozens of other species;
the flightless mammals Abrawayaomys ruschii
Cunha & Cruz 1979, Alouatta guariba,
Bradypus torquatus llliger 1811, Callicebus
personatus (E. Geoffroy 1812), Chaetomys
subspinosus, Marmosops paulensis (Tate 1931),
Monodelphis scalops (Thomas 1888), Rhagomys
rufescens (Thomas 1886), among others; and the
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bat Lonchorhina aurita (Moreira et al. 2008,
Simon 2000, 2009, Mendes et al. 2010, Almeida
et al. 2011, Sarmento-Soares et al. 2018, Bérnils
etal. 2019, Chaves et al. 2019, Costa et al. 2019,
Ferreira et al. 2019, Fraga et al. 2019, Hostim-
Silva et al. 2019).

IV. Caparaé Highlands: This small area
in the southwest of the state comprises the
Parque Nacional do Caparad6 and its
surroundings, in the municipalities of Dores do
Rio Preto, Ibitirama, Divino S3o Lourengo,
Guagui and Itna. The region of this protected
area is considered extremely important for the
conservation of several animal groups, such as
mammals, several endemic amphibians and
reptiles, and hundreds of bird species (ICMBio
2015). Endangered species in this region include
the freshwater fish Brycon opalinus (Cuvier
1819), the  amphibians  Cycloramphus
bandeirensis Heyer 1983 and Pseudopaludicola
restinga, the reptile Caparaonia itaiquara
Rodrigues, Cassimiro, Pavan, Curcio, Kruth
Verdade & Machado-Pellegrino 2009, the birds
Buteo nitidus (Latham 1790), Drymophila genei
(Filippi  1847),  Microspingus  lateralis
(Nordmann 1835), Saltator similis, Scytalopus
speluncae (Ménétries 1835), Stephanophorus
diadematus  (Temminck 1823), Tangara
cyanoventris and many others; and the non-
flying mammals Delomys  altimontanus
Gongalves & Oliveira 2014, Monodelphis
iheringi, Monodelphis pinocchio Pavan 2015,
Monodelphis scalops, Oxymycterus caparaoe
Hershkovitz 1998, and Tapirus terrestris
(Bérmnils et al. 2019, Chaves et al. 2019, Costa et
al. 2019, Fraga et al. 2019).

In a previous evaluation, 28 priority
conservation areas were identified in Espirito
Santo (IPEMA 2005). Since then, only one
protected area has been established (Rosa et al.
2019). Therefore, we emphasize the urgent need
for new conservation units and measures to
mitigate losses of biodiversity and habitat in
Espirito Santo. Additionally, attention should be
given to the western and northwestern regions,
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including the Far North, Northwest, and Polo
Colatina micro-regions, primarily in the
headwaters of Rio Itaunas and Rio Sdo Mateus
basins. This area is poorly sampled (Fig. 7A-B),
particularly for mammals (Moreira et al. 2008,
Mendes et al. 2010). There is only one
significant conservation unit (Monumento
Natural dos Pontdes Capixabas), with no priority
areas designated by the MMA (2018) and only
two identified by IPEMA (2005). Endangered
vertebrate species in the region, including
amphibians, reptiles, and birds, are largely
unprotected.

In this context, National Action Plans
(PANs) and Territorial Action Plans (PATSs)
have been developed to assist in the formulation
of conservation policies for threatened species
and natural environments, coordinating research
and priority actions across different regional
scales (Vieira-Guimaraes et al. 2024). In Espirito
Santo, ongoing action plans include PAN Peixes
e Eglas da Mata Atlantica (MMA/ICMBio
2019), focused on freshwater fish and
crustaceans in Atlantic Forest rivers; PAN
Rivulideos (MMA/ICMBio 2022a), conserving
fish species in the Rivulidae family; PAN
Pequenos Mamiferos de Areas Florestais
(MMA/ICMBio 2022b), targeting small
mammals in forested areas; PAN Aves da Mata
Atlantica (MMA/ICMBio 2023), focusing on
endangered birds in the biome; and PAT
Capixaba-Gerais (IEF 2021, IEMA 2021),
aiming to conserve threatened flora and fauna
species in Espirito Santo and Minas Gerais.

In this study, we identified general
patterns of richness and diversity across
vertebrate endemism areas, outlining four
primary regions while noting a gap in
northwestern Espirito Santo. Caution is advised,
as recognized biodiversity patterns may be
influenced by sampling biases, indicating more
effective sampling efforts in certain areas.
Additionally, factors driving biodiversity
fluctuations, such as land use changes, climate
variability, and natural resource exploitation,
should be considered alongside study findings.
Our dataset provides insights into vertebrate
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distribution patterns, highlights areas in need of
attention, and identifies regions for future
surveys. In a multidisciplinary approach,
understanding species distribution, habits, and
evolutionary histories is crucial for developing
conservation policies and guiding future
research, particularly in less protected areas of
Espirito Santo.

ACKNOWLEDGEMENTS

This study was taken as part of the discipline
Conservation Biogeography, offered by LMSS
and FVG at Programa de Pos-graduagcdo em
Ciéncias  Biologicas (Biologia  Animal),
Universidade Federal do Espirito Santo, and all
students involved in the classroom research
contributed as authors.

REFERENCES

Aagesen, L., Szumik, C. & Goloboff, P. (2013)
Consensus in the search for areas of endemism.
Journal of Biogeography, 40, 2011-2016. DOI:
10.1111/jbi.12172

Almeida, A.P., Gasparini, J.L. & Peloso, P.L.V.
(2011) Frogs of the state of Espirito Santo,
southeastern Brazil — The need for looking at the
coldspots. Check List, 7, 542-560. DOI:
10.15560/7.4.542

Altringham, J.D. (2011) Bats: From Evolution to
Conservation (2nd edn). Oxford University Press,
Oxford.

Avila-Torres, R.I.,, D’Elia, G., Vogt, C., Garcete-
Barrett, B., Escobar, S. & Maldonado, G. (2023)
Areas of endemism conservation hot spots of
Paraguay: A study using a multiscale and diverse
taxa approach. Biogeographia, 38, a030. DOI:
10.21426/B638259055

Azevedo-Santos, V.M., Frederico, R.G., Fagundes,
C.K., et al. (2019) Protected areas: A focus on
Brazilian freshwater biodiversity. Diversity and
Distributions, 25, 442-448. DOI:
10.1111/ddi.12871

Banhos, A., Gatti, A., Santos, M.R.D., Mer¢on, L.,
Westermeyer, 1., Ardente, N.C., Gonzaga,
L.F.O.P., Barreto, L.M., Damasio, L., Rocha,

Vieira-Guimardes et al., 2024

T.L., Schettino, V.R., Valls, R., Bergallo, H.G.,
Silva, M.V F., Bittencourt, A.S., Moreira, D.O. &
Srbek-Araujo, A.C. (2021) Roadkills of Lowland
Tapir Tapirus terrestris (Mammalia:
Perissodactyla: Tapiridae) in one of its last
refuges in the Atlantic Forest. Journal of
Threatened Taxa, 13, 19921-19929. DOI:
10.11609/j0tt.6901.13.13.19921-19929

Bérnils, R.S., Castro, T.M., Almeida, A.P., Argélo,
A.J.S., Costa, H.C., Oliveira, J.C.F., Silva-Soares,
T., Nobrega, Y.C. & Cunha, C.J. (2019) Répteis
ameagados de extingdo no estado do Espirito
Santo. In: Fauna e flora ameagadas de extingao no
estado do Espirito Santo (ed. by C.N. Fraga, M.H.
Formigoni & F.G. Chaves), pp. 270-293. Instituto
Nacional da Mata Atlantica, Santa Teresa, ES,
Brazil.

Braun, O.P.G. & Ramalho, R. (1980) Geomorfologia
da Bahia. Revista Brasileira de Geografia, 42,
822-860.

Brown, K.S. & Freitas, A.V.L. (2000) Atlantic Forest
butterflies: indicators for landscape conservation.
Biotropica, 32, 934-956. DOI: 10.1111/j.1744-
7429.2000.tb00631.x

Campos, F.S., Lourengo-de-Moraes, R., Llorente,
G.A. & Solé, M. (2017) Cost-effective
conservation of amphibian ecology and evolution.
Science  Advances, 3, ¢€1602929. DOI:
10.1126/sciadv.1602929

Carbone, C. & Gittleman, J.L. (2002) A common rule
for the scaling of carnivore density. Science, 295,
2273-2276. DOI:10.1126/science.1067994

Castro, RM.C. (1999) Evolugdo da ictiofauna de
riachos sul-americanos: padrdes gerais e possiveis
processos causais. In: Ecologia de Peixes de
Riacho. Série Oecologia Brasiliensis, vol. VI. (ed.
by E.P. Caramaschi, R. Mazzoni and P. Peres-
Neto) PPGE-UFRJ, Rio de Janeiro.

Chaves, F.G., Duca, C., Pinto, G.O., et al. (2019)
Aves ameagadas de extingdo no estado do Espirito
Santo. In: Fauna e flora ameagadas de extingao no
estado do Espirito Santo (ed. by C.N. Fraga, M.H.
Formigoni & F.G. Chaves), pp. 294-313. Instituto
Nacional da Mata Atlantica, Santa Teresa, ES,
Brazil.

Coimbra-Filho, A.F. & Camara, 1.G. (1996) Os
limites originais do Bioma Mata Atlantica na
regidao Nordeste do Brasil. FBCN, Rio de Janeiro.

Biogeographia 39 (2): a039 17



Costa, H.C. & Bérnils, R.S. (2018) Répteis do Brasil
e suas Unidades Federativas: Lista de espécies.
Herpetologia Brasileira, 8, 11-57.

Costa, H.C., Guedes, T.B. & Bérmils, R.S. (2021)
Lista de répteis do Brasil: padrdes e tendéncias.
Herpetologia Brasileira, 10, 110-279. DOI:
10.5281/zenodo.5838950

Costa, L.P., Bergallo, H.G., Caldara Junior, V. et al.
(2019) Mamiferos ameagados de extingdo no
estado no Espirito Santo. In: Fauna e flora
ameacgadas de extingdo no estado do Espirito
Santo (ed. by C.N. Fraga, M.H. Formigoni & F.G.
Chaves), pp. 314-341. Instituto Nacional da Mata
Atlantica, Santa Teresa, ES, Brazil.

Costa, L.P.,, Leite, Y.L.R., Mendes, S.L. &
Ditchfield, A.D. (2005) Mammal conservation in
Brazil. Conservation Biology, 19, 672—-679.

Damasio, L., Ferreira, L.A., Pimenta, V.T., Paneto,
G.G., dos Santos, A.R., Ditchfield, A.D.,
Bergallo, H.G. & Banhos, A. (2023) Diversity and
Abundance of Roadkilled Bats in the Brazilian
Atlantic Forest. Diversity, 13, 335. DOL
10.3390/d13070335

De la Torre, J.A., Nufiez, J.M. & Medellin, R.A.
(2017) Spatial requirements of jaguars and pumas
in Southern Mexico. Mammalian Biology, 84,
52-60. DOI: 10.1016/j.mambio.2017.01.006

De Paula, A. (2006) Espirito Santo. In: Mata
Atlantica: uma rede pela floresta (ed. by M.
Campanili and M. Prochnow), pp. 114-128. Rede
de ONGs da Mata Atlantica — RMA, Brasilia,
Brazil.

Dudgeon, D., Arthington, A.H., Gessner, M.O., et al.
(2006) Freshwater biodiversity: importance,
threats, status and conservation challenges.
Biological Reviews, 81, 163-182. DOI:
10.1017/S1464793105006950

Escalante, T. (2015) Parsimony analysis of
endemicity and analysis of endemicity: A fair
comparison. Systematics and Biodiversity, 15,
391-398. DOI: 10.1080/14772000.2015.1046966

Fattorini, S. (2017) Endemism in historical
biogeography and conservation biology: concepts
and implications. Biogeographia, 32, 47-75. DOI:
10.21426/B632136433

Ferreguetti, A.C., Rocha, M.F. & Martins R.L.
(2014) Non-volant mammals from Domingos

18 Biogeographia 39 (2): a039

Martins municipality, state of Espirito Santo,
southeastern Brazil. Check List, 10, 829-834.
DOI: 10.15560/10.4.829

Ferreira, R.B., Monico, A.T., Cruz, C.A.G., et al.
(2019) Anfibios ameagados de exting@o no estado
do Espirito Santo. In: Fauna e flora ameacadas de
extingdo no estado do Espirito Santo (ed. by C.N.
Fraga, M.H. Formigoni & F.G. Chaves), pp. 256—
269. Instituto Nacional da Mata Atlantica, Santa
Teresa, ES, Brazil.

Ferreira, R.B., Moénico, A.T., da Silva, E.T., Lirio,
F.C.F., Zocca, C., Mageski, M.M., Tonini, J.F.R.,
Beard, K.H., Duca, C. & Silva-Soares, T. (2019)
Amphibians of Santa Teresa, Brazil: the hotspot
further evaluated. ZooKeys, 857, 139-162. DOL:
10.3897/zookeys.857.30302

Ferro, 1. & Morrone, J. (2014) Biogeographical
transition zones: a search for conceptual
synthesis. Biological Journal of the Linnean
Society 113, 1-12. DOI: 10.1111/bij.12333

Figueiredo, M. S. L., Weber, M.M., Brasileiro, C.A.,
Cerqueira, R., Grelle, C.E.V., Jenkins, C.N.,
Solidade, C.V., Thomé, M.T.C., Vale, MM, &
Lorini, M.L. (2021) Tetrapod diversity in the
Atlantic Forest: maps and gaps. In: The Atlantic
Forest, History, Biodiversity, Threats and
Opportunities of the Mega-diverse Forest (ed. by
M.C.M. Marques and C.E.V. Grelle), pp. 185-
204. Springer Nature, Switzerland.

Fraga, C.N., Peixoto, A.L., Leite, Y.L.R., et al.
(2019) Lista da fauna e flora ameacadas de
exting@o no estado do Espirito Santo. In: Fauna e
flora ameagadas de extingao no estado do Espirito
Santo (ed. by C.N. Fraga, M.H. Formigoni & F.G.
Chaves), pp. 342—419. Instituto Nacional da Mata
Atlantica, Santa Teresa, ES, Brazil.

Frick, W.F., Kingston, T. & Flanders, J. (2020) A
review of the major threats and challenges to
global bat conservation. Annals of the New York
Academy of Sciences, 1469, 5-25. DOL:
10.1111/nyas.14045

Fricke, R., Eschmeyer, W.N. & Van der Laan, R.
(2024) Eschmeyer's Catalog of Fishes: Genera,
Species, References. Digital resource available at
http://researcharchive.calacademy.org/research/i
chthyology/catalog/fishcatmain.asp

Vieira-Guimaraes et al., 2024



Froese, R. & Pauly, D. (2024) — FishBase. Digital
resource available at
https://www.fishbase.se/search.php

Garay, . & Rizzini, C.M. (2004) A floresta atlantica
de tabuleiros: Diversidade funcional da cobertura
arborea. Ed. Vozes, Rio de Janeiro.

Garbino G.S.T., Gregorin R., Lima I.P., Loureiro L.,
Moras L., Moratelli R., Nogueira M.R., Pavan
A.C., Tavares V.C., Nascimento M.C., Novaes,
R.L.M. & Peracchi A.L. (2022) Updated checklist
of Brazilian bats: versdo 2020. In: Comité da Lista
de Morcegos do Brasil — CLMB, Sociedade
Brasileira para o Estudo de Quirdpteros (Sbeq).
Digital resource available at
https://www.sbeq.net/lista-de-especies.

Gatti, A., Bianchi, R., Rosa, C.R.X. & Mendes, S.L.
(2006) Diet of two sympatric carnivores,
Cerdocyon thous and Procyon cancrivorus, in a
restinga area of Espirito Santo State, Brazil.
Journal of Tropical Ecology, 22, 227-230. DOI:
10.1017/50266467405002956

Gatti, A., Ferreira, P.M., da Cunha, C.J., Seibert, J.B.
& Moreira, D.O. (2017) Medium and large-
bodied mammals of the Private Reserve of
Natural Heritage Recanto das Antas, in Espirito
Santo, Brazil. Oecologia Australis, 21, 171-181.
DOI: 10.4257/0ec0.2017.2102.07

Gnocchi, A.P., Huber, S. & Srbek-Araujo, A.C.
(2019) Diet in a bat assemblage in Atlantic Forest
in southeastern Brazil. Tropical Ecology, 60,
389—404. DOLI: 10.1007/s42965-019-00042-z

Goloboff, P.A. (2012) NDM/VNDM. Programs For
Identification Of Areas Of Endemism. Program
And Documentation. Digital resource available at
http://www.zmuc.dk/public/phylogeny/endemis
m

Hoppe, J.P.M., Ventorin, M.L., Dell” Antonio, B.M.,
da Silva, C.T.M. & Ditchfield, A. D. (2020) Bat
assemblage at a high diversity locality in the
Atlantic Forest. Neotropical Biology and
Conservation, 15, 487-501. DOI:
10.3897/neotropical.15.55986.

Hoppe, J.P.M., Pimenta, V.T. & Ditchfield, A.D.
(2014) First occurrence of the recently described
Patricia’s Disk-winged bat Thyroptera wynneae
(Chiroptera: Thyropteridae) in Espirito Santo,
southeastern Brazil. Check List, 10, 645-647.
DOI: 10.15560/10.3.645

Vieira-Guimardes et al., 2024

Hostim-Silva, M., Duboc, L.F., Pimentel, C.R., et al.
(2019) Peixes ameagados de extingdo no estado
do Espirito Santo. In: Fauna e flora ameacadas de
extingdo no estado do Espirito Santo (ed. by C.N.
Fraga, M.H. Formigoni & F.G. Chaves), pp. 230—
255. Instituto Nacional da Mata Atlantica, Santa
Teresa, ES, Brazil.

IBGE - Instituto Brasileiro de Geografia e
Estatistica. (2023) Espirito Santo. Digital
resource available at
https://www.ibge.gov.br/cidades-e-
estados/es.html

ICMBIio — Instituto Chico Mendes de Conservagao
da Biodiversidade. (2015). Plano de Manejo do

Parque Nacional do Caparad. ICMBio, Brasilia.

ICMBIio — Instituto Chico Mendes de Conservagao
da Biodiversidade /MMA — Ministério do Meio
Ambiente. (2018) Livro vermelho da fauna
brasileira ameagada de extingdo. Volume VI:
Peixes. ICMBIo, Brasilia.

IEF — Instituto Estadual de Florestas de Minas
Gerais. (2021) Portaria IEF N° 75 de 18 de
novembro de 2021. Aprova o Plano de Acao
Territorial para Conservacdo de Espécies
Ameacadas de Extingdo do Territorio Capixaba-
Gerais. IEF, Belo Horizonte.

IEMA - Instituto Estadual de Meio Ambiente e
Recursos Hidricos. (2005) Decreto N° 1499-R/05,
de 13 de junho de 2005. Declara as espécies da
fauna e flora silvestres ameagadas de extingdo no
estado do Espirito Santo.

IEMA - Instituto Estadual de Meio Ambiente e
Recursos Hidricos. (2021) Instrugcdo Normativa
N° 07-N de 08 de novembro de 2021. Aprova o
Plano de Acgédo Territorial para a Conservagao de
Espécies Ameacadas PAT Capixaba Gerais.
IEMA, Vitoria.

INMA — Instituto Nacional da Mata Atlantica. (2021)
Sintese da Biodiversidade em Unidades de
Conservacao no Estado do Espirito Santo. INMA,
Santa Teresa, ES, Brazil.

IPEMA - Instituto de Pesquisas da Mata Atlantica.
(2005) Conservacao da Mata Atlantica no Estado
do Espirito Santo: Cobertura florestal e unidades
de conservagdo. IPEMA, Vitoria, ES, Brazil.

Kalko, E.K.V, Schnitzler, HU., Kaipf, . & Grinnell,
A.D. (1998) Echolocation and foraging behavior
of the lesser bulldog bat, Noctilio albiventris:

Biogeographia 39 (2): a039 19



preadaptations for piscivory? Behavioral Ecology
and Sociobiology, 42, 305-319. DOL:
10.1007/5002650050443

Klippel, A.H., Oliveira, P.V., Britto, K.B., Freire,
B.F., Moreno, M.R., Santos, A.R., Banhos, A. &
Paneto, G.G. (2015) Using DNA Barcodes to
Identify Road-Killed Animals in Two Atlantic
Forest Nature Reserves, Brazil. PLOS ONE, 10,
e0134877. DOI: 10.1371/journal.pone.0134877

Kruskop, S.V. (2021) Diversity Aspects in Bats:
Genetics, Morphology, Community Structure.
Diversity, 13, 424. DOI: 10.3390/d13090424

Kunz, T.H., Braun de Torrez, E., Bauer, D., Lobova,
T. & Fleming, T.H. (2011) Ecosystem services
provided by bats. Annals of the New York
Academy of Sciences, 1223, 1-38. DOL:
10.1111/j.1749-6632.2011.06004.x

Lourengo-de-Moraes, R, Campos, F.S., Ferreira,
R.B., Sol¢, M., Beard, K., & Bastos, R.P. (2019)
Back to the future: conserving functional and
phylogenetic diversity in amphibian-climate
refuges. Biodiversity and Conservation, 28,
1049-1073. DOI: 10.1007/s10531-019-01706-x

Luedtke, J.A., Chanson, J., Neam, K., et al. (2023)
Ongoing declines for the world’s amphibians in
the face of emerging threats. Nature, 622, 308—
314. DOI: 10.1038/s41586-023-06578-4

Marchese, C. (2015) Biodiversity hotspots: A
shortcut for a more complicated concept. Global
Ecology and Conservation, 3, 297-309. DOI:
10.1016/j.gecco.2014.12.008

Martinez-Hernandez, F., Mendoza-Fernandez, A.J.,
Pérez-Garcia, F.J., Martinez-Nieto, M.I., Garrido-
Becerra, J.A., Salmeron-Sanchez, E., Merlo,
M.E., Gil, C. & Mota, J.F. (2015) Areas of
endemism as a conservation criterion for Iberian
gypsophilous flora: a multi-scale test using the
NDM/VNDM program. Plant Biosystems, 149,
483-493. DOI: 10.1080/11263504.2015.1040481

Mendes, P, Vieira, T.B., Oprea, M., Lopes, S.R.,
Ditchfield, A.D. & Zortéa, M. (2010) O
conhecimento sobre morcegos (Chiroptera:
Mammalia) do Estado do Espirito Santo, Sudeste
do Brasil. Papéis Avulsos de Zoologia, 50, 363-
373. DOI: 10.1590/S0031-10492010002200001

Menezes, N.A., Weitzman, S.E., Oyakawa, O.T.,
Lima, F.C., Castro, R M.C. and Weitzman, M.J.

20 Biogeographia 39 (2): a039

(2007) Peixes de agua doce da Mata Atlantica.
Neotropica, Sdo Paulo.

Mittermeier, R.A., Mittermeier, C.G., Gil, PR. &
Wilson, E.O. (1997) Megadiversity: Earth’s
biologically wealthiest nations. CEMEX, Mexico
City.

MMA - Ministério do Meio Ambiente. (2018)
Portaria MMA N° 463 de 18 de dezembro de
2018. Reconhece Areas Prioritirias para a
Conservacao, Utilizagdo Sustentavel e Reparti¢ao
de Beneficios da Biodiversidade Brasileira ou
Areas Prioritarias para a Biodiversidade. MMA,
Brasilia.

MMA — Ministério do Meio Ambiente/ICMBio —
Instituto Chico Mendes de Conservacdo da
Biodiversidade. (2019) Portaria N° 370, de 1 de
agosto de 2019. Aprovagdo do Plano de Acao
Nacional para a Conservacdo de Espécies de
Peixes ¢ Eglas Ameacados de Extingdo da Mata
Atlantica - PAN Peixes e Eglas da Mata Atlantica.
MMA, Brasilia.

MMA — Ministério do Meio Ambiente/ICMBio —
Instituto Chico Mendes de Conservacdo da
Biodiversidade. (2022a) Portaria ICMBio N° 553,
de 4 de julho de 2022. Aprova o 2° ciclo do Plano
de Acdo Nacional para a Conservacdo dos Peixes
Rivulideos Ameacados de Extingdo - PAN
Rivulideos. MMA, Brasilia.

MMA — Ministério do Meio Ambiente/ICMBio —
Instituto Chico Mendes de Conservacdo da
Biodiversidade. (2022b) Portaria ICMBio N° 561,
de 4 de julho de 2022. Aprova o Plano de Ac¢ao
Nacional para a Conservacdo dos Pequenos
Mamiferos de Areas Florestais - PAN Pequenos
Mamiferos - Areas Florestais. MMA, Brasilia.

MMA — Ministério do Meio Ambiente/ICMBio —
Instituto Chico Mendes de Conservacdo da
Biodiversidade. (2023) Portaria ICMBio N° 3369,
de 4 de outubro de 2023. Aprova o 2° ciclo do
Plano de Ag¢do Nacional para a Conservacao das
Aves da Mata Atlantica - PAN Aves da Mata
Atlantica. MMA, Brasilia.

Moreira, D.O., Coutinho, B.R. & Mendes, S.L.
(2008) O status do conhecimento sobre a fauna de
mamiferos do Espirito Santo baseado em registros
de museus e literatura cientifica. Biota
Neotropica, 8, 163—-173. DOIL: 10.1590/S1676-
06032008000200017

Vieira-Guimaraes et al., 2024



Morrone, J.J. (1994) On the identification of areas of
endemism. Systematic Biology, 43, 438—441.
DOI: 10.1093/sysbio/43.3.438

Morrone, J.J. (2014) Parsimony analysis of
endemicity (PAE) revisited. Journal of
Biogeography, 41, 842-854. DOI:
10.1111/jb1.12251

Noguera-Urbano, E.A. & Escalante, T. (2015) Areas
de endemismo de dos mamiferos (Mammalia)
neotropicales. Acta Biologica Colombiana 20,
47-65. DOI: 10.15446/abc.v20n3.46179

Novo, T.A., Noce, C.M., Pedrosa-Soares, A.C. &
Batista, G.A.P. (2011) Rochas granuliticas da
Suite Caparaé na regido do Pico da Bandeira:
embasamento oriental do Orogeno Araguai.
Geonomos, 19, 70-77. DOI:
10.18285/geonomos.v19i2.42

Oliveira, U., Brescovit, A.D. & Santos, A.J. (2015).
Delimiting areas of endemism through kernel
interpolation. PLoS ONE, 10, e0116673. DOI:
10.1371/journal.pone.0116673

Oliveira, U., Soares-Filho, B., Leitdo, RF.M. &
Rodrigues, H.O. (2019) BioDinamica: a toolkit
for analyses of biodiversity and biogeography on
the Dinamica-EGO modelling platform. Peer J., 7,
€7213. DOI: 10.7717/peerj.7213

Paglia, A.P., da Fonseca, G.A.B., Rylands, A.B., et
al. (2012) Annotated Checklist of Brazilian
Mammals, 2nd edition. Occasional Papers in
Conservation Biology, 6, 1-68.

Pagotto, R.V. (2018) A comunidade de mamiferos de
médio e grande porte da Reserva Biologica
Sooretama, ES: a influéncia da BR-101 e outros
fatores fisicos e biodticos. Unpublished Master
Dissertation, Universidade Federal do Espirito
Santo, Vitoria, Brazil.

Passamani, M. (2000) Analise da comunidade de
marsupiais em Mata Atlantica de Santa Teresa,
Espirito Santo. Boletim do Museu de Biologia
Mello Leitdo, 11/12: 215-228.

Peracchi, A.L., Nogueira, M.R. & de Lima, LP.
(2011) Novos achegos a lista dos quirdpteros do
municipio de Linhares, estado do Espirito Santo,
sudeste do Brasil (Mammalia, Chiroptera).
Chiroptera Neotropical, 17, 842-852.

Pimenta, V.T. (2013) Segregacdao de Recursos por
Diferentes Espécies de Morcegos (Mammalia:

Vieira-Guimardes et al., 2024

Chiroptera) na Reserva Bioldgica de Sooretama.
Unpublished Master Dissertation, Universidade
Federal do Espirito Santo, Vitoria, Brazil.

Pinto, 1.S., Loss, A.C.C., Falqueto, A. & Leite,
Y.L.R. (2009) Pequenos mamiferos ndo voadores
em fragmentos de Mata Atlantica e areas
agricolas em Viana, Espirito Santo, Brasil. Biota
Neotropica, 9, 355-360. DOI: 10.1590/S1676-
06032009000300030

Platnick, N.I. (1991) On areas of endemism.
Australian Systematic Botany, 4, 11-12.

QGIS Development Team. (2022) QGIS Geographic
Information System. Open Source Geospatial
Foundation Project. Digital resource available at
http://qgis.osgeo.org

Quintela F.M., da Rosa, C.A. & Feijo, A. (2020)
Updated and annotated checklist of recent
mammals from Brazil. Anais da Academia
Brasileira de Ciéncias, 92, ¢20191004. DOI:
10.1590/0001-3765202020191004

Rizzini, C.T. (1979) Tratado de Fitogeografia do
Brasil: aspectos sociologicos e floristicos. Vol. 2.
Hucitec, Sao Paulo.

Rosa, G.A.B., Farro, A.P.C., Guerra, F., Trarbach, J.,
Crepaldi, M.O.S., Nunes, S.F., Costalonga, S.,
Luber, U.J. & Formigoni, M.H. (2019) As areas
protegidas e os impactos ambientais sobre as
espécies ameacadas no estado do Espirito Santo.
In: Fauna e flora ameagadas de extingdo no estado
do Espirito Santo (ed. by C.N. Fraga, M.H.
Formigoni & F.G. Chaves), pp. 42-81. Instituto
Nacional da Mata Atlantica, Santa Teresa, ES,
Brazil.

Rosenberg, K.V., Dokter, A.M., Blancher, P.J., et al.
(2019) Decline of North American avifauna.
Science, 366, 120-124. DOI:
10.1126/science.aaw1313

Ruschi, A. (1953) Lista de Aves do Estado do
Espirito Santo. Boletim do Museu de Biologia
Professor Mello Leitdo, 1, 1-109.

Sarmento-Soares, L.M. & Martins-Pinheiro, R.F.
(2010) A fauna de peixes da bacia dos Reis Magos
e microbacias de Serra, Espirito Santo, Brasil.
Boletim do Museu de Biologia Mello Leitdo, 28,
105-141.

Sarmento-Soares, L.M. & Martins-Pinheiro, R.F.
(2012) A fauna de peixes nas bacias do norte do

Biogeographia 39 (2): a039 21



Espirito Santo, Brasil. Sitientibus série Ciéncias
Biolégicas, 12, 27-52. DOI: 10.13102/scb118

Sarmento-Soares, L.M. & Martins-Pinheiro, R.F.
(2013) A fauna de peixes nas bacias do sul do
Espirito Santo, Brasil. Sitientibus série Ciéncias
Biologicas. 13, 1-37. DOI: 10.13102/scb218

Sarmento-Soares, L.M. & Martins-Pinheiro, R.F.
(2014) A fauna de peixes na bacia do rio Barra
Seca e na REBIO de Sooretama, Espirito Santo,
Brasil. Boletim do Museu de Biologia Mello
Leitdo, 35, 49-104.

Sarmento-Soares, L.M. & Martins-Pinheiro, R.F.
(2017) Unidades de Conservagdo ¢ a agua: a
situagdo das areas protegidas de Mata Atlantica
do norte do Espirito Santo — sudeste do Brasil.
Biodiversidade Brasileira, 7, 69-87. DOI:
10.37002/biodiversidadebrasileira.v7i1.595

Sarmento-Soares, L.M., Martins-Pinheiro, R.F. &
Martinelli, M.M. (2012) A fauna de peixes nas
bacias do sudeste do Espirito Santo, Brasil.
Sitientibus série Ciéncias Biologicas, 12, 1-25.
DOI: 10.13102/scb116

Sarmento-Soares, L.M., Martins-Pinheiro, R.F.,
Martins, L.S.F., Nunes, S. & Helmer, J.L. (2018)
Trichogenes claviger, um peixinho capixaba
criticamente ameagado de extingdo: “Caetés”,
uma Unidade de Conservacdao que pode protegé-
lo. Boletim Sociedade Brasileira de Ictiologia,
127, 13-19.

Saura, S., Bodin, O. & Fortin, M.J. (2014) Stepping
stones are crucial for species’ long-distance
dispersal and range expansion through habitat
networks. Journal of Applied Ecology, 214, 171-
182. DOI: 10.1111/1365-2664.12179

Silva-Soares, T. & Norbertino, K.N. (2023) Anfibios
do Espirito Santo: Lista das espécies de anfibios
ocorrentes no Estado do Espirito Santo, Sudeste
do Brasil (v. 1.4). In: Herpeto Capixaba, Vitoria,
Brazil.  Digital  resource  available at
https://www.herpetocapixaba.com.br/herpetofau
na-capixaba.

Silva-Soares, T. & Santiago, D.H (2023). Répteis do
Espirito Santo: Lista das espécies de répteis
ocorrentes no Estado do Espirito Santo, Sudeste
do Brasil (v. 1.3). In: Herpeto Capixaba, Vitoria,
Brazil.  Digital  resource  available at
https://www.herpetocapixaba.com.br/herpetofau
na-capixaba.

22 Biogeographia 39 (2): a039

Simon, J.E. (2000) Composicdo da avifauna da
Estacdo Biologica de Santa Lucia, Santa Teresa
ES. Boletim do Museu de Biologia Mello Leitdo,
11/12, 149-170.

Simon, J.E. (2009) A lista das aves do Espirito Santo.
In: Livro de Resumos do XVII Congresso
Brasileiro de Ornitologia (ed. by J.E. Simon,
M.A. Raposo, R. Stopiglia and J. Peres), pp. 55—
88. TecArt, Aracruz, ES, Brazil.

Soares-Filho, B.S., Cerqueira, G.C. & Pennachin,
C.L. (2002) DINAMICA—A stochastic cellular
automata model designed to simulate the
landscape  dynamics in an Amazonian
colonization frontier. Ecological Modelling, 154,
217-235. DOI: 10.1016/S0304-3800(02)00059-5

Souza, T.V., Lorini, M.L., Alves, M.A.S., Cordeiro,
P. & Vale, M.M. (2011) Redistribution of
Threatened and Endemic Atlantic Forest Birds
Under Climate Change. Natureza and
Conservagao, 9, 214-218. DOI:
10.4322/natcon.2011.028

Srbek-Araujo, A., Mendes, S. & Chiarello, A.
(2015). Jaguar (Panthera onca Linnaeus, 1758)
roadkill in Brazilian Atlantic Forest and
implications for species conservation. Brazilian
Journal of Biology, 75, 581-586. DOI:
10.1590/1519-6984.17613

Szumik, C.A. & Goloboff, P.A. (2004) Areas of
endemism: an improved optimality criterion.
Systematic  Biology, 53, 968-977. DOL:
10.1080/10635150490888859

Szumik, C.A. & Goloboff, P.A. (2015) Higher taxa
and the identification of areas of endemism.
Cladistics, 31, 568-572. DOI: 10.1111/cla.12112

Szumik, C.A., Cuezzo, F., Goloboff, P.A & Chalup,
A.E. (2002) An optimality criterion to determine
areas of endemism. Systematic Biology, 51, 806—
816. DOI: 10.1080/10635150290102483

Thomaz, L.D. & Monteiro, R. (1997) Composicao
floris tica da Mata Atlantica de encosta da Estagao
Bioldgica de Santa Licia, municipio de Santa
Teresa, Espirito Santo. Boletim Museu Biologia
Mello Leitao, 7, 3-48.

Vale, M.M., Vieira, M.V., Grelle, CE.V., et al
(2023) Ecosystem services delivered by Brazilian
mammals: spatial and taxonomic patterns and
comprehensive list of species. Perspectives in

Vieira-Guimaraes et al., 2024



Ecology and Conservation, 21, 302-310. DOI:
10.1016/j.pecon.2023.10.003

Vela-Ulian, C.M., Hoppe, J.P.M. & Ditchfield, A.D.
(2021) New records of bats (Chiroptera) in the
Atlantic Forest of Espirito Santo, southeastern
Brazil. @ Mammalia, 85, 52-63. DOI:
10.1515/mammalia-2019-0109

Vela-Ulian, C.M., Hoppe, J.P.M. & Ditchfield, A.D.
(2024) Bat fauna from the Sooretama Biological
Reserve, southeastern Brazil. Acta Scientiarum.
Biological Sciences, 45, e64721. DOIL:
10.4025/actascibiolsci.v45i1.64721

Vela-Ulian, C.M., Ditchfield, A.D. & Srbek-Araujo,
A.C. (2023) New bat records for altitudinal
Atlantic Forest in Espirito Santo, southeastern
Brazil. Mammalia, 87, 250-254. DOI:
10.1515/mammalia-2022-0094

Vieira-Guimardes, F., Sarmento-Soares, L.M.,
Nobre, D.M., Neiva, D.C., Silva, J.P. & Martins-
Pinheiro, R.F. (2023) Biogeographic patterns of
the freshwater fishes from the state of Espirito
Santo, eastern Brazil. Studies on Neotropical

Vieira-Guimardes et al., 2024

Fauna and Environment, 2023, 1-20. DOI:
10.1080/01650521.2023.2258798

Vieira-Guimardes, F., Martins-Pinheiro, R.F. &
Sarmento-Soares, L.M. (2024) Freshwater fishes
of the Northeastern Mata Atlantica ecoregion,
Brazil: an updated checklist with distributional
patterns of a highly endemic ichthyofauna.
Zootaxa, 5475, 1-72. DOI:
10.11646/zootaxa.5475.1.1

Whelan, C.J., Wenny, D.G. & Marquis, R.J. (2010)
Policy implications of ecosystem services
provided by birds. Synesis, 1, 11-20.

Submitted: 9 May 2024

First decision: 28 August 2024
Accepted: 29 August 2024
Edited by Luigi Maiorano

Biogeographia 39 (2): a039 23



