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a Departamento de Genética e  Evoluç ão,  Universidade Federal de São Carlos, 13565-905 São Carlos, SP, Brazil
b Departamento de  Ciência da Natureza, Universidade Federal do Acre, 69917-400 Rio Branco, AC, Brazil
c Departamento de Biodiversidade, Universidade Estadual de São  Paulo, 13506-900 Rio Claro, SP, Brazil
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h  i g  h l  i  g  h  t  s

• Private  reserves  preserve  the  envi-
ronmental  heterogeneity  found  in
the  PEC.

• Mammals,  in general, are  the  least
studied vertebrate  groups in the  PEC.

• The western  region  of the  PEC
presents the highest sampling  rele-
vance of vertebrates.

• Sites with the highest  sampling
relevance  are most threatened by
fragmentation.

g r a  p  h  i c a l  a b s t  r a c  t

a  r t i  c l e  i n  f  o

Article history:

Received 30 November 2020
Accepted 21 May  2021
Available online 9 June 2021

Keywords:

Biodiversity survey
Private reserves
Fragmentation
Pernambuco Endemism Center

a  b  s t  r a  c t

The  knowledge  of the  diversity,  richness,  and  distribution  of tropical organisms are  poorly understood,
and a plethora  of new  species  are  still  being  described  even among  groups  considered well-known.
As  a result, this inadequate  knowledge  of the  biodiversity  has  hampered  the  species’  conservation.  Thus,
sampling  efforts  must  be  urgently  optimized  to survey important and  unique  areas and  to better  allocated
the  scarce conservation resources, especially in the  tropical and  developing  countries  that harbor much
of the  world  biodiversity.  We assessed the  most relevant regions  in  terms  of environmental  dissimilarity
for sampling  vertebrates (amphibians,  birds, and mammals)  in the  Pernambuco  Endemism Center  (PEC),
located in Atlantic  forest  and the  most  threatened  region in South America,  where  only  about  1% of
remaining  forests are  protected.  We found  that 8–41% of the  PEC  areas  showed  high  sampling  relevance
for  all  vertebrate groups,  with  the  non-coastal  areas of the  PEC  presenting  the  highest  sampling  relevance
in terms  of environmental dissimilarity.  For  all vertebrate groups,  the  sites  with the  highest  sampling
relevance  are  threatened  by fragmentation, and sampling efforts  must be  allocated  to these  areas  before
they are  totally converted  into human-modified  landscapes.

© 2021  Associaç ão Brasileira  de  Ciência  Ecológica e  Conservaç ão. Published by Elsevier Editora Ltda.
This  is an  open  access article under  the  CC  BY license  (http://creativecommons.org/licenses/by/4.0/).

∗ Corresponding author.
E-mail address: carolina.carvalho@ymail.com (C.S. Carvalho).

https://doi.org/10.1016/j.pecon.2021.05.001
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Introduction

The lack of studies on species distribution and the great amount
of undescribed taxa have hampered biodiversity conservation
worldwide (Hortal et al., 2015,  2008).  Paradoxically, investments
in biodiversity characterization have been higher in  temperate
habitats than in the tropical regions that concentrate the main
global biodiversity hotspots (Collen et al., 2008). Further, within
the tropics, available information can be highly geographically-
biased, being site accessibility, distance from research institutes,
and the proximity of the protected areas to  human settlements the
determinants of the best surveyed areas (Sastre and Lobo, 2009).
The negative consequences of uneven sampling include: (i) the
inefficiency of conservation unit designing, (ii) the lack of parame-
terization for distribution predictive models, and (iii) the reduced
probability of describing new taxa, many of which will become
extinct before being known to science (Bini et al., 2006; Brito, 2010;
Hortal et al., 2015,  2008; Pontes et al., 2016). Given the limited
funding for conservation and the growing rates of biodiversity loss,
optimizing sampling efforts is urgently needed, especially in  the
developing countries that retain much of the world biodiversity.

An efficient way to  mitigate spatial survey bias is  to  incorporate
regional habitat heterogeneity into sampling design (Funk et al.,
2005). This approach relies on  the assumption that environmen-
tally distinct areas may  harbor communities with different species
composition. Thus, areas that are environmentally distinct from
those already studied may  be more likely to have new species
(Schmidt et al., 2020). With this procedure, the inclusion of environ-
mental gradients is  also important because it permits to  investigate
the whole set of conditions in which target species can occur,
improving the performance of predictive models and of biodiver-
sity  mapping (Hortal et al., 2015,  2008). Landscape features and
bioclimatic variables have been recognized as biodiversity surro-
gates (Lindenmayer et al., 2008; Williams et al., 2002), and they
can be useful to represent the environmental heterogeneity neces-
sary to identify areas of high species survey relevance. In a  recent
example, Schmidt et al. (2020) identified poorly-sampled environ-
mentally distinct areas for Amazon forest ant communities with
the use of environmental maps of soil, temperature, and precipi-
tation. Although this approach has some limitations, such as the
availability of environmental data that could influence the species
communities, this approach can be particularly useful to delineate
species inventories in environmentally heterogeneous areas and
with a lack of studies.

The Atlantic forest is  a  biodiversity hotspot that has been
severely impacted by  habitat loss and fragmentation (Ribeiro et al.,
2009). It has been connected and disconnected from Amazon, the
main forest formation in  South America, in the past millions of
years, and presently is  isolated in Eastern South America by a diago-
nal of dry formations composed by the Cerrado, Caatinga and Chaco
(Silva and Casteleti, 2003).  Repeated connections and disconnec-
tions with other biomes, altitudinal and latitudinal gradients, and
isolation resulted in  a unique biota composed by more than 20,000
species of plants, 321 species of mammals, 861 species of birds, 300
species of reptiles, and 625 species of amphibians (Monteiro-Filho
and Conte, 2017; Silva and Casteleti, 2003). The great environmen-
tal heterogeneity of the Atlantic forest (i.e. variations in relief and
pluviometric regimes) also contributed to the high species diver-
sity and levels of endemism (Tabarelli et al., 2010). This biome
has been subdivided into five centers of endemism, based on the
distribution of butterflies, birds, and mammals: Brejos Nordesti-
nos, Diamantina, Pernambuco, Bahia, and Serra do  Mar  (Silva and
Casteleti, 2003).

The Pernambuco Endemism Center (PEC) is the portion of the
Atlantic forest located in northeastern Brazil northern from São
Francisco river, distributed in the states of Alagoas, Pernambuco,

Paraiba, and Rio Grande do  Norte. Of the five centers of  endemism,
PEC is the most fragmented, which together with the remarkably
high species richness led it to  be considered as a  hotspot within
a  hotspot (Pontes et al., 2016). In this region, less than 6% of the
original forest cover has remained and large continuous forest frag-
ments no longer exist, with only 23 fragments presenting more than
1000 ha (Pontes et al., 2016), and none is  larger than 10,000 ha
(Ribeiro et al., 2009).  Differently from other Atlantic forest regions,
PEC is characterized by a  low percentage of protected areas (only
about 1%; Ribeiro et al., 2009) and by a limited number of  pub-
lic conservation unities. It highlights the importance of  the private
conservation unities, denominated by Brazilian legislation as Pri-
vate Reserves of Natural Heritage (hereafter RPPNs). The RPPNs in
PEC are  characterized as small conservation unities, but more abun-
dant and homogeneously distributed in the landscapes than the
public conservation unities and, therefore, have a great potential
to maintain species in this fragmented landscape.

Despite the high rates of habitat fragmentation and local species
extinctions, new and endemic species are still being described in
PEC (Peixoto et al., 2003; Pontes et al., 2013; Silva et al., 2004),
and others have been considered extinct even before their scientific
description (Pontes et al., 2016). Thus, the indication of areas of high
species survey relevance is urgently needed. Here, we characterized
the environmental heterogeneity of the Pernambuco Endemism
Center in terms of vegetation, soil, drainage density, altitude, and
climatic variables. Then, we  assessed whether private reserves are
preserving the environmental heterogeneity of the PEC region and
how fragmented are the landscapes around these reserves. Finally,
we assessed the most relevant regions in PEC in  terms of  environ-
mental dissimilarity for sampling vertebrates. These results will
elucidate how to plan new species surveys to give support to con-
servation actions.

Material and methods

Environmental heterogeneity in PEC areas

To evaluate the environmental heterogeneity in  the PEC, we
used variables related to  climatic, soil type, altitude, drainage
density, land use, and vegetation type. Limits of PEC area were
taken from Ribeiro et al. (2009) (Fig. 1). For climatic variables,
we retrieved climatic data (annual mean temperature, maximum
annual temperature, minimum annual temperature, annual precip-
itation, precipitation of wettest quarter, and precipitation of driest
quarter) from WordClim (Fick and Hijmans, 2017). Data for soil
type, altitude, drainage density and vegetation types were taken
from AmbData repository (http://www.dpi.inpe.br/Ambdata/) and
land use maps from MapBiomas 2018 version 4.1 (Souza et al.,
2020). All these variables were transformed into raster layers with
spatial resolution of 30 s (  1 km2). The number of cell ( 1 km2) from
each environmental variable in  the PEC area was counted using the
function values from raster R  package (Hijmans and Etten, 2012).

Private reserves

To evaluate how much of the environmental heterogeneity has
been preserved in private reserves, we first searched for all fed-
eral and state private reserves of natural heritage (RPPNs) set
in PEC area (Fig. 1). The coordinates of private reserves were
taken from federal and state environmental agencies repositories
(Table S1 and S2). Then, we  extracted the environmental vari-
ables from private reserve coordinates using the function values

from raster R package (Hijmans and Etten, 2012). In addition, we
estimated the percentage of land use classes (forest formation, pas-
ture, agriculture, annual and perennial crop, mosaic of  agriculture
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Fig. 1. Private reserves and biodiversity surveys in the Pernambuco Endemism Center -  PEC (larger green polygon) in the Atlantic forest of Brazil (small green polygon inside
Brazil polygon in left-upper panel). In right-upper panel, black points indicate private reserves in the PEC. Orange points in lower panels indicate locations in which species
surveys were performed with amphibians, birds, bats,  small mammals, primates, and large-sized mammals and camera traps in the PEC.

and pasture) and isolation degree in  a  2 km buffer of each private
reserve coordinate. In this case, we  used the land use map  from
MapBiomas (see above) that originally has a  spatial resolution of
30 m.  Isolation degree was estimated as the mean of Euclidean
nearest-neighbor distance among forest land use class, using the
plugin LecoS (https://github.com/Martin-Jung/LecoS)  from QGIS
(www.qgis.org).

Maps of sampling relevance

We  estimated the sampling relevance in  the PEC that means how
relevant is each cell of 1km2 grid covering the PEC for further survey
studies. It was based on the environmental dissimilarity of each cell
of 1km2 in relation to sites already sampled in  the literature and the
result is a raster containing a  gradient of sampling relevance to  PEC.
To evaluate the sampling relevance in  the PEC, we first searched for
studies performed with terrestrial vertebrates in the region and
then estimated the sampling relevance of each cell of 1 km2 of
the PEC following Schmidt et al. (2020). We  used the data avail-
able in data papers for amphibians, birds, mammals, and camera
traps (Bovendorp et al., 2017; Culot et al., 2019; Hasui et al., 2018;
Lima et al., 2017; Muylaert et al., 2017; Souza et al., 2019; Vancine
et al., 2018) (Fig. 1). They are the most complete datasets published
so far and include published (peer-reviewed papers, books, chap-

ters, thesis, technical documentation, and scientific conferences)
and unpublished data. The authors of these datasets searched for
data in  the following sources: (i) online academic databases (e.g.,
ISI Web  of Knowledge, Google Scholar, Scielo, Scopus, JStore) (ii)
digital libraries of state and federal Brazilian universities, (iii) ref-
erences cited in literature, and (iv) email contacts with experts and
organizations that have conducted studies with vertebrate groups.
In  addition, these datasets were done by expertise of  each tax-
onomic group and all data were checked for correct taxonomy.
Considering the Atlantic forest distribution, data paper for amphib-
ian  accounts for 1163 sites, birds 4122 sites, bats 205 sites, primates
700 sites, small mammals 300 sites, medium and large-sized mam-
mals 244 sites and 144 sites for camera trap studies. Camera traps
comprise mainly records of medium and large mammals, and few
opportunistic records of birds, bats, primates, and small mammals.
Camera trap has become a major advance for monitoring terres-
trial mammals in biodiversity rich ecosystems because allowed
the record of species difficult to observe and detect otherwise
(Lima et al., 2017). Small mammals include marsupials and small
rodents (i.e. families Caviidae, Cricetidae, Ctenomyidae, Echimyi-
dae, Cricetidae and Sciuridae, Bovendorp et al., 2017). Medium
and large-sized mammals include non-volant terrestrial mammal
species over 1 kg (Souza et al., 2019). Unfortunately, there is  no
data paper published so far comprising reptile and fish communi-
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ties and PEC areas, thus these vertebrate groups were not included
in our analysis. We did not used data occurrence from GBIF because
of high rates of error in the coordinates and incomplete invento-
ries of species occupying a  survey location (Troia and McManamay,
2016).

Based on the coordinates provided by the studies performed
with terrestrial vertebrates (hereafter, survey sites), we assessed
the relevance of terrestrial vertebrates sampling for further studies
in PEC. The sampling relevance was estimated as the environmen-
tal dissimilarity between each cell of 1 km2 grid covering the PEC
and the survey sites, considering eight uncorrelated environmen-
tal variables at once: vegetation and soil type, altitude, drainage
density, maximum annual temperature, minimum annual temper-
ature, precipitation of wettest quarter and precipitation of driest
quarter. The selection of uncorrelated environmental variables was
done by calculating the variance inflation factor (VIF) consider-
ing all environmental variables and excluded the highly correlated
from the set through a  stepwise procedure. Continuous variables
were previously standardized by  z-score using the function scale

from R package. Then, for each cell of 1 km2, we calculated the
environmental dissimilarity between the cell and the survey sites
using Gower distance (Legendre and Legendre, 2012). Next, the
average among the values of environmental dissimilarity were cal-
culated to obtain a  single value of sampling relevance for each cell
of 1 km2. The environmental dissimilarity was estimated using the
function vegdist from vegan R package (Dixon, 2003) which cal-
culates a single environmental dissimilarity among sites based on
several environmental variables. We  chose Gower distance because
it is appropriate to measure dissimilarities of two sites with mixed
numeric and non-numeric data. Finally, we normalized all values
from 0 to 1, performing a  Min-Max normalization (Patro and Sahu,
2015), in such a  way that values close to 1 represent areas envi-
ronmentally different from areas where groups of vertebrates have
already been sampled.

Results

Environmental heterogeneity

Most of the PEC areas are characterized by  seasonal semide-
cidous forest, open ombrophilous forest and dense ombrophilous
forest (Fig. S1A). The other types of forest are transition zones
between steppe and savanna vegetation or zone of marine influ-
ence (Fig. S1A). The PEC areas present mainly yellow oxisol soil
and red-yellow argisol soil, that are characterized by low fertil-
ity (Fig. S1B). Pastures and croplands predominate, with less than
15% of the pixels consisting of forests, savanna and mangrove (Fig.
S1C). The region has high heterogeneity in drainage (Fig. S1D) and
most areas are up to  200 m in altitude (Fig. S1E). The annual mean
temperature varies from 21 to 27 ◦C  (Fig. S2A), being the maxi-
mum  temperature 32 ◦C  (Fig. S2B) and the minimum temperature
15 ◦C (Fig. S2C). Among sites, a  maximum of 7 ◦C  of temperature
variation was observed. Annual precipitation presents a great vari-
ation, from 500 mm  to 2145 mm (Fig. S2D). The precipitation in  the
wettest quarter varies from 300 mm  to 1000 mm  (Fig. S2E), and in
the driest quarter from 20 mm  to 200 mm (Fig. S2F).

In general, the private reserves preserve high environmen-
tal heterogeneity. There are private reserves in  all main forest
formations (semidecidous forest, open ombrophilous, and dense
ombrophilous forest), and also in  the transition zones between veg-
etation formations (Fig. S1A). The proportions of vegetation and soil
types, drainage density, altitude, and climatic variables in private
reserves followed the same proportions found for the whole PEC
area (Fig. S1 and S2).  However, many soil formations that occur
in low proportion throughout PEC regions are not present in the

Fig. 2. Map  of sampling relevance for different groups of vertebrates in the Pernam-
buco Endemism Center (PEC), Atlantic forest, Brazil.

private reserves (Fig. S1B). Most private reserves are in are highly
fragmented landscapes (% forest formation below 50% and at least
1000 m to  the nearest forest fragment) surrounded by pasture and
agriculture fields (Fig. S3).

Sampling relevance

Except for bats and birds that  were mainly surveyed in
ombrophilous forest, most of the vertebrate surveys were carried
out in seasonal semidecidous forests and in  low altitude areas (Fig
S4-S17). Notably, no surveys were conducted in the driest areas (Fig
S4-S17). For most vertebrate groups, the most western portion of
the PEC presents the highest sampling relevance in terms of envi-
ronmental dissimilarity (Fig. 2 and 3). This area is  mainly in  seasonal
semidecidous forest and in  transition zones between this type of
forest and steppe vegetation. In the case of large mammals, highest
sampling relevance sites extend to all portions of the PEC, except
for south-central portion (Fig. 2). Coastal and northwest region of
PEC present high sampling relevance (>0.75 sampling relevance)
for a maximum of two vertebrate groups, usually for terrestrial
mammals or  non-volant mammals (Fig. 3). Correlations among the
sampling relevance values showed that bats have similar patterns
to amphibians, birds and primates; and medium and large mam-
mals the most distinct pattern (Fig. 3A). Terrestrial mammals or
non-volant mammals are the vertebrate groups presenting more
areas of high sampling relevance, while primates, bats, amphibians,
and birds are the ones with more areas of low sampling relevance
(Fig. 2,  S18). Most of high sampling relevance sites (>0.75 sampling
relevance) are in  fragmented areas, with average forest cover of  8%
and isolation of 1500 m (Fig. 4). Sampling relevance of the private
reserves are presented in  Table S2.
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Fig. 3. A – Pearson’s correlation among sampling relevance values for different groups of vertebrates in the Pernambuco Endemism Center (PEC). B- Map  showing the  number
of  vertebrate groups that present high sampling relevance (>0.75 sampling relevance) in the PEC.

Discussion

The Pernambuco Endemism Center shows high environmental
heterogeneity, mainly in relation to forest and soil types, drainage
density and levels of precipitation, while temperature and alti-
tude vary only slightly in this region. In  general, private reserves
preserve the environmental heterogeneity found in  the PEC; how-
ever, they are in landscapes composed by  agriculture and pasture
matrix wherein natural vegetation is very fragmented and isolated.
Few sites have been surveyed in the PEC, being the mammals, in
general, the least studied vertebrate groups. Because of the high
environmental heterogeneity, we found many sites of high sam-
pling relevance for all vertebrate groups, but in  general, the western
region of the PEC presents the highest sampling relevance in  terms
of environmental dissimilarity. For all vertebrate groups, the sites
with the highest sampling relevance are threatened by fragmenta-
tion, and sampling efforts must be allocated in  these areas before
they get totally converted into agricultural fields and pasturelands.

PEC represents the narrowest Atlantic forest region in  term
of longitude and shares extensive borders in the west with the
most dried Brazilian biome, the Caatinga, and in the east with the
Atlantic ocean. This causes the PEC to  present a wide range of pre-
cipitation with low temperature variation. Precipitation is  one of
the most important selective pressures for species diversification
worldwide, because different physiological adaptations are need,
especially for those surviving in harsh dried environments (Dewar
and Richard, 2007; Irl et al., 2015). This hypothesis still needs to be
tested for the PEC and this can be done using landscape genomics
tools (Carvalho et al., 2020). Private reserves are in areas with dif-
ferent precipitation rates thus, if the above idea is applicable to  the
PEC, these areas can be  crucial to  preserve species and populations
adapted to different environmental conditions.

Private reserves are the main areas for the biodiversity protec-
tion in the PEC. Although we have shown that the private reserves
maintain areas with high environmental heterogeneity, they are
in isolated and fragmented landscapes. For example, we showed
that most private reserves are isolated at least 1 km from other
forest fragments, and they are placed in  landscapes with less than
30% of forest cover. Many studies have  shown that more than 30%

of forest cover is  needed to maintain species richness in  degraded
landscapes because species loss is more dramatic below this thresh-
old level (Banks-Leite et al., 2014; Muylaert et al., 2016). In addition,
the isolation of the remaining populations can increase inbreeding
rates leading to genetic erosion and compromising the health of the
populations in  the long term. Thus, probably the main protected
areas in the PEC might not be sufficient to protect all species in
this region and more conservation effort must be done to  encour-
age the creation of more private reserves. Moreover, population
genetic studies are urgently needed to assess the conservation sta-
tus of the remaining populations and, when necessary, promote
genetic management to increase their genetic diversity.

Amphibians, primates, and birds are the vertebrate groups with
more sampled sites in PEC and new species still have been recently
described for these groups (Peixoto et al., 2003; Silva et al., 2004).
This is indicative that, if more sites with known data deficiency are
sampled, more species are likely to be discovered in this region
(Bini et al., 2006; Brito, 2010). Small and large mammals, on the
other hand, were the least studied vertebrates, in terms of num-
ber of study sites, and it has been estimated that at least half of
them have been locally extinct in the PEC (Pontes et al., 2016). In
addition to mammals, several birds have already become extinct or
are threatened with extinction in this region (Pereira et al., 2014).
Thus, to prevent that more species become extinct, it is  needed to
know where these species still occur to preserve them. Few studies
were performed in  the driest regions (low precipitation), compris-
ing the most western region of the PEC. These uneven records, in
addition to preventing new species from being discovery, can lead
to errors in species distribution maps and impair their management
plans, mainly because most of these maps are based on  climatic data
(Hortal et al., 2015, 2008). Finally, most of the highest sampling
relevance sites are in  very isolated and fragmented areas, which
indicate the urgency to  study these areas to prevent species from
becoming extinct even before they are discovery.

In conclusion, PEC is one of the least studied regions in  the
Atlantic forest biome and the characterization of environmental
variations showed that  this region needs to be urgently studied.
Because the survey studies in  the PEC are  spatially biased, it is
necessary additional surveys to  improve the spatial and environ-
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Fig. 4. Histogram of isolation degree (meters) around 2 km of the highest sampling relevant sites (>0.75) in the Pernambuco Endemism Center (PEC), Atlantic forest, Brazil.

mental coverage of the region. These additional surveys can help
to  improve ecological niche modeling that can be used to propose
areas of potential relevance for conservation. Moreover, based on
these additional surveys, it will be possible to assess the importance
of the private reserves for conservation. The carrying out this type of
study is not yet possible in  the PEC due to the few species surveys in
this region. Surveying species and collecting data in the field, how-
ever, are expensive and time-consuming endeavors. Thus, efforts
must be made to use funds allocated to this task in the most efficient
manner. Here we found the regions and environments with high
sampling relevance based on the environmental dissimilarity with
sites already sampled. For  this task, we  used vertebrate groups that
are the most studied species worldwide. Despite that, many regions
in the PEC still need to be studied to generate a  database useful to
help conservation decisions and management planning. Our find-
ings highlight the importance of the existing private reserves in the
PEC, and are potentially helpful to improve the efficiency of new
conservation units designing, boost the performance of distribu-

tion predictive models, and increase the probability of describing
new taxa in an important endemism area within the Atlantic forest.
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Atlântica (IPMA).

Appendix A. Supplementary data

Supplementary material related to this arti-
cle can be found, in  the online version, at
doi:https://doi.org/10.1016/j.pecon.2021.05.001.

References

Banks-Leite, C., Pardini, R., Tambosi, L.R., Pearse, W.D., Bueno, A.A., Bruscagin, R.T.,
Condez, T.H., Dixo, M.,  Igari, A.T., Martensen, A.C., Metzger, J.P., 2014. Using
ecological thresholds to  evaluate the costs and benefits of set-asides in a
biodiversity hotspot. Science (80-. ) 345, 1041–1045,
http://dx.doi.org/10.1126/science.1255768.

Bini,  L.M., Diniz-Filho, J.A.F., Rangel, T.F.L.V.B., Bastos, R.P., Pinto, M.P., 2006.
Challenging Wallacean and Linnean shortfalls: knowledge gradients and
conservation planning in a  biodiversity hotspot. Divers. Distrib. 12, 475–482,
http://dx.doi.org/10.1111/j.1366-9516.2006.00286.x.

Bovendorp, R.S., Villar, N., de  Abreu-Junior, E.F., Bello, C., Regolin, A.L., Percequillo,
A.R., Galetti, M.,  2017. Atlantic small-mammal: a dataset of communities of
rodents and marsupials of the Atlantic forests of South America. Ecology 98,
2226,  http://dx.doi.org/10.1002/ecy.1893.

Brito,  D., 2010. Overcoming the Linnean shortfall: data deficiency and biological
survey priorities. Basic Appl. Ecol. 11, 709–713,
http://dx.doi.org/10.1016/j.baae.2010.09.007.

Carvalho, C.S., Forester, B.R., Mitre, S.K., Alves, R., Imperatriz-Fonseca, V.L., Ramos,
S.J., Resende-Moreira, L.C., Siqueira, J.O., Trevelin, L.C., Caldeira, C.F., Gastauer,
M.,  Jaffé, R., 2020. Combining genotype, phenotype, and environmental data to
delineate site-adjusted provenance strategies for ecological restoration. Mol.
Ecol. Resour., http://dx.doi.org/10.1111/1755-0998.13191, 1755–0998.13191.

Collen, B., Ram, M.,  Zamin, T., McRae, L., 2008. The tropical biodiversity data gap:
addressing disparity in global monitoring. Trop. Conserv. Sci. 1, 75–88,
http://dx.doi.org/10.1177/194008290800100202.

Culot, L., Pereira, L.A., Agostini, I., Almeida, M.A.B., Alves, R.S.C., Aximoff, I., Bager,
A.,  Baldovino, M.C., Bella, T.R.,  Bicca-Marques, J.C., Braga, C., Brocardo, C.R.,
Campelo, A.K.N., Canale, G.R., Cardoso, J. da C., Carrano, E., Casanova, D.C.,
Cassano, C.R., Castro, E., Cherem, J.J., Chiarello, A.G., Cosenza, B.A.P.,
Costa-Araújo, R., Silva, N.C. da, Di  Bitetti, M.S., Ferreira, A.S., Ferreira, P.C.R.,
Fialho, M.  de S., Fuzessy, L.F., Garbino, G.S.T., Garcia, F.  de O., Gatto, C.A.F.R.,
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Souza, Y., Gonç alves, F., Lautenschlager, L., Akkawi, P., Mendes, C., Carvalho, M.M.,
Bovendorp, R.S., Fernandes-Ferreira, H., Rosa, C., Graipel, M.E., Peroni, N.,
Cherem, J.J., Bogoni, J.A., Brocardo, C.R., Miranda, J., Zago da Silva, L., Melo, G.,
Cáceres, N., Sponchiado, J., Ribeiro, M.C., Galetti, M., 2019. <scp>ATLANTIC

317

https://doi.org/10.1016/j.pecon.2021.05.001
dx.doi.org/10.1126/science.1255768
dx.doi.org/10.1111/j.1366-9516.2006.00286.x
dx.doi.org/10.1002/ecy.1893
dx.doi.org/10.1016/j.baae.2010.09.007
dx.doi.org/10.1111/1755-0998.13191
dx.doi.org/10.1177/194008290800100202
dx.doi.org/10.1002/ecy.2525
dx.doi.org/10.1073/pnas.0704346104
dx.doi.org/10.1111/j.1654-1103.2003.tb02228.x
dx.doi.org/10.1002/joc.5086
dx.doi.org/10.1111/j.1095-8312.2005.00520.x
dx.doi.org/10.1002/ecy.2119
http://refhub.elsevier.com/S2530-0644(21)00049-3/sbref0065
http://refhub.elsevier.com/S2530-0644(21)00049-3/sbref0065
http://refhub.elsevier.com/S2530-0644(21)00049-3/sbref0065
http://refhub.elsevier.com/S2530-0644(21)00049-3/sbref0065
http://refhub.elsevier.com/S2530-0644(21)00049-3/sbref0065
http://refhub.elsevier.com/S2530-0644(21)00049-3/sbref0065
http://refhub.elsevier.com/S2530-0644(21)00049-3/sbref0065
http://refhub.elsevier.com/S2530-0644(21)00049-3/sbref0065
dx.doi.org/10.1111/j.0030-1299.2008.16434.x
dx.doi.org/10.1146/annurev-ecolsys-112414-054400
dx.doi.org/10.1111/1365-2745.12463
http://refhub.elsevier.com/S2530-0644(21)00049-3/sbref0085
http://refhub.elsevier.com/S2530-0644(21)00049-3/sbref0085
http://refhub.elsevier.com/S2530-0644(21)00049-3/sbref0085
dx.doi.org/10.1002/ecy.1998
dx.doi.org/10.1111/j.1461-0248.2007.01114.x
http://refhub.elsevier.com/S2530-0644(21)00049-3/sbref0100
http://refhub.elsevier.com/S2530-0644(21)00049-3/sbref0100
http://refhub.elsevier.com/S2530-0644(21)00049-3/sbref0100
http://refhub.elsevier.com/S2530-0644(21)00049-3/sbref0100
http://refhub.elsevier.com/S2530-0644(21)00049-3/sbref0100
http://refhub.elsevier.com/S2530-0644(21)00049-3/sbref0100
http://refhub.elsevier.com/S2530-0644(21)00049-3/sbref0100
http://refhub.elsevier.com/S2530-0644(21)00049-3/sbref0100
http://refhub.elsevier.com/S2530-0644(21)00049-3/sbref0100
dx.doi.org/10.1890/15-1757.1
dx.doi.org/10.1002/ecy.2007
http://refhub.elsevier.com/S2530-0644(21)00049-3/sbref0115
http://refhub.elsevier.com/S2530-0644(21)00049-3/sbref0115
http://refhub.elsevier.com/S2530-0644(21)00049-3/sbref0115
http://refhub.elsevier.com/S2530-0644(21)00049-3/sbref0115
dx.doi.org/10.1655/0018-0831(2003)059[0235:TNSOPA]2.0.CO;2
dx.doi.org/10.1590/0031-1049.2014.54.14
dx.doi.org/10.11646/zootaxa.3636.3.2
dx.doi.org/10.1371/journal.pone.0150887
dx.doi.org/10.1016/j.biocon.2009.02.021
dx.doi.org/10.1016/j.biocon.2008.11.002
dx.doi.org/10.46357/bcnaturais.v15i1.235
http://refhub.elsevier.com/S2530-0644(21)00049-3/sbref0155
http://refhub.elsevier.com/S2530-0644(21)00049-3/sbref0155
http://refhub.elsevier.com/S2530-0644(21)00049-3/sbref0155
http://refhub.elsevier.com/S2530-0644(21)00049-3/sbref0155
http://refhub.elsevier.com/S2530-0644(21)00049-3/sbref0155
http://refhub.elsevier.com/S2530-0644(21)00049-3/sbref0155
http://refhub.elsevier.com/S2530-0644(21)00049-3/sbref0155
http://refhub.elsevier.com/S2530-0644(21)00049-3/sbref0155
http://refhub.elsevier.com/S2530-0644(21)00049-3/sbref0155
http://refhub.elsevier.com/S2530-0644(21)00049-3/sbref0155
http://refhub.elsevier.com/S2530-0644(21)00049-3/sbref0155
http://refhub.elsevier.com/S2530-0644(21)00049-3/sbref0155
http://refhub.elsevier.com/S2530-0644(21)00049-3/sbref0155
http://refhub.elsevier.com/S2530-0644(21)00049-3/sbref0155
http://refhub.elsevier.com/S2530-0644(21)00049-3/sbref0155
http://refhub.elsevier.com/S2530-0644(21)00049-3/sbref0155
http://refhub.elsevier.com/S2530-0644(21)00049-3/sbref0155
http://refhub.elsevier.com/S2530-0644(21)00049-3/sbref0155
http://refhub.elsevier.com/S2530-0644(21)00049-3/sbref0155
http://refhub.elsevier.com/S2530-0644(21)00049-3/sbref0155
http://refhub.elsevier.com/S2530-0644(21)00049-3/sbref0155
http://refhub.elsevier.com/S2530-0644(21)00049-3/sbref0155
http://refhub.elsevier.com/S2530-0644(21)00049-3/sbref0155
http://refhub.elsevier.com/S2530-0644(21)00049-3/sbref0155
http://refhub.elsevier.com/S2530-0644(21)00049-3/sbref0155
http://refhub.elsevier.com/S2530-0644(21)00049-3/sbref0155
http://refhub.elsevier.com/S2530-0644(21)00049-3/sbref0155
http://refhub.elsevier.com/S2530-0644(21)00049-3/sbref0155
http://refhub.elsevier.com/S2530-0644(21)00049-3/sbref0155
http://refhub.elsevier.com/S2530-0644(21)00049-3/sbref0155
http://refhub.elsevier.com/S2530-0644(21)00049-3/sbref0155
http://refhub.elsevier.com/S2530-0644(21)00049-3/sbref0155
http://refhub.elsevier.com/S2530-0644(21)00049-3/sbref0155
http://refhub.elsevier.com/S2530-0644(21)00049-3/sbref0155
http://refhub.elsevier.com/S2530-0644(21)00049-3/sbref0155
http://refhub.elsevier.com/S2530-0644(21)00049-3/sbref0155
dx.doi.org/10.1111/j.1466-882X.2004.00077.x


C.S. Carvalho, F. Martello, M.  Galetti et al. Perspectives in Ecology and Conservation 19 (2021) 311–318

MAMMALS</scp> :  a data set of assemblages of medium- and large-sized
mammals of the Atlantic Forest of South America. Ecology 100,
http://dx.doi.org/10.1002/ecy.2785.

Souza, C.M., Shimbo, J.Z., Rosa, M.R., Parente, L.L., Alencar, A.A., Rudorff, B.F.T.,
Hasenack, H., Matsumoto, M.,  Ferreira, L.G., Souza-Filho, P.W.M., de Oliveira,
S.W.,  Rocha, W.F., Fonseca, A.V.,  Marques, C.B., Diniz, C.G., Costa, D.,  Monteiro,
D., Rosa, E.R., Vélez-Martin, E.,  Weber, E.J., Lenti, F.E.B., Paternost, F.F., Pareyn,
F.G.C.,  Siqueira, J.V., Viera, J.L., Neto, L.C.F., Saraiva, M.M., Sales, M.H., Salgado,
M.P.G., Vasconcelos, R., Galano, S., Mesquita, V.V., Azevedo, T., 2020.
Reconstructing three decades of land use and land cover changes in brazilian
biomes with landsat archive and earth engine. Remote Sens. 12, 2735,
http://dx.doi.org/10.3390/rs12172735.

Tabarelli, M., Aguiar, A.V., Ribeiro, M.C., Metzger, J.P., Peres, C.A., 2010. Prospects
for  biodiversity conservation in the Atlantic Forest: lessons from aging
human-modified landscapes. Biol. Conserv. 143, 2328–2340,
http://dx.doi.org/10.1016/j.biocon.2010.02.005.

Troia, M.J., McManamay, R.A., 2016. Filling in the GAPS: evaluating completeness
and coverage of open-access biodiversity databases in the United States. Ecol.
Evol. 6, 4654–4669, http://dx.doi.org/10.1002/ece3.2225.

Vancine, M.H., Duarte, K. da  S.,  de Souza, Y.S., Giovanelli, J.G.R., Martins-Sobrinho,
P.M.,  López, A., Bovo, R.P., Maffei, F., Lion, M.B., Ribeiro Júnior, J.W., Brassaloti,
R.,  da Costa, C.O.R., Sawakuchi, H.O.,  Forti, L.R., Cacciali, P.,  Bertoluci, J., Haddad,
C.F.B., Ribeiro, M.C., 2018. ATLANTIC AMPHIBIANS: a  data set of amphibian
communities from the Atlantic Forests of South America. Ecology 99, 1692,
http://dx.doi.org/10.1002/ecy.2392.

Williams, P.H., Margules, C.R., Hilbert, D.W., 2002. Data requirements and data
sources for biodiversity priority area selection. J. Biosci. 27, 327–338,
http://dx.doi.org/10.1007/BF02704963.

318

dx.doi.org/10.1002/ecy.2785
dx.doi.org/10.3390/rs12172735
dx.doi.org/10.1016/j.biocon.2010.02.005
dx.doi.org/10.1002/ece3.2225
dx.doi.org/10.1002/ecy.2392
dx.doi.org/10.1007/BF02704963

	Environmental heterogeneity and sampling relevance areas in an Atlantic forest endemism region
	Introduction
	Material and methods
	Environmental heterogeneity in PEC areas
	Private reserves
	Maps of sampling relevance

	Results
	Environmental heterogeneity
	Sampling relevance

	Discussion
	Conflict of interests
	Acknowledgments
	Appendix A Supplementary data
	References


