

http://www.scielo.br/aabc
http://www.fb.com/aabcjournal

MARIA BETIANA ANGULO, GISELA VIA DO PICO & MASSIMILIANO DEMATTEIS

Protected areas (PAs) are established to
protect biodiversityand safeguard partofspecies
geographical distribution from disturbances
(Thomas & Gillingham 2015), and threatened
species may have a part of their distribution
within in PAs. On the other hand, the remaining
unprotected distribution of these species
may suffer loss of natural cover and climate
change (Swift & Hannon 2010). Therefore, the
vulnerability of a species is related to its degree
of representativeness inside and outside the
PAs. According to Velazco et al. (2019), the dark
scenario occurs when a species loses territory
within PAs due to climate change, while they also
lose range outside PAs due anthropogenic land
use (crops, urban areas, managed pastures and
rangelands). The Cerrado is an example of an
ecoregion that, despite being one of the world’s
biodiversity hotspots, faces intense habitat
loss, resulting in anthropized and fragmented
ecosystems (Klink & Machado 2005, Strassburg
et al. 2017). Many of the threatened Brazilian
species belong to this floristically rich savanna
(>7,000 species), located in the central region
of Brazil (Klink & Machado 2005, Strassburg et
al. 2017). Despite its importance, the Brazilian
Cerrado is poorly protected, with only 7.7% of its
surface area being under protection (Oliveira et
al.2017). Proper managementand conservation of
biodiversity should take into account the impact
of climate change, which is considered one of
the most serious threats to the conservation
and sustainable use of biodiversity. Therefore,
there is a real need to look into the future for the
establishment of more effective conservation
actions. One of the possible ways to define and
evaluate regions for the long-term conservation
of biodiversity in a biome is to predict the
responses of this biome to global change.
Several studies have extensively used ecological
niche models (ENMs) to understand the impact
of future climate change on biodiversity (Aradjo
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et al. 2004, Bitencourt et al. 2016, Velazco et al.
2019). This tool provides climate scenarios, and
therefore simulations of future conditions on a
global and regional scale, which are provided
by the General Circulation Models (GCMs).
These simulations can help us to understand
the current species distribution and estimate
biological responses to improve conservation
strategies in a changing world.

The Asteraceae family comprises almost
10% of the flowering plants of the Cerrado
biome, with 1074 taxa being listed (Sano et al.
2008). It is probably the richest family in the
Cerrado; it is also by far the largest plant family
in the herbaceous layer, especially in open
Cerrado physiognomies (Filgueiras 2002). Within
the family, the Vernonieae tribe is one of the
best represented groups in this biome, with
approximately 317 species (Flora do Brasil 2020).
The Vernonieae is a very diverse and complex
group in biological and taxonomic terms
(Funk et al. 2009), which has received much
attention from diverse disciplines and different
approaches (Angulo & Dematteis 2010, 2012,
Angulo et al. 2015, Via do Pico et al. 2019). One of
the largest genus of this tribe is Lessingianthus
H.Rob., an exclusively South American group that
comprises about 133 species distributed from
Venezuela to Argentina (Angulo & Dematteis
2010). It includes widely distributed species,
as well as endemic and rare species, many of
which are under threat. Of the 114 species that
occur in Brazil, 97 are present in the Brazilian
Cerrado (Flora do Brasil 2020). Although it is a
widely studied group, the contributions to the
geographical distribution and conservation of
the species are very scarce. The very important
phytogeographic study of Lopes Rivera (2010)
was the first contribution to the conservation of
species of the genus Vernonia s.l. in the Brazilian
Cerrado. However, the works conducted so far
have not included ecological niche modeling.
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In this study, we assessed the impact
of climate change on the distribution of 10
Lessingianthus species at extinction risk that
occur in the Brazilian Cerrado. According to
the IUCN (2016), these species are considered
vulnerable (VU) or endangered (EN); some
are endemic to and/or “rare” in this biome.
Therefore, the present study compares the
consequences of climate change on species with
different degrees of distribution and categories
of threat, and assesses their conservation status
in the future. Target 7 of the Global Strategy for
Plant Conservation (GSPC) for 2020 indicates
that at least 75% of known threatened plant
species should be conserved in situ from
2011 to 2020. However, the data available for
endangered Lessingianthus species indicate
that only part of their geographical distribution
is within protected areas (Martinelli & Moraes
2013, Martinelli et al. 2014). Therefore, it is
probable that current protection measures do
not adequately support their conservation, and
additional conservation efforts are urgently
required.

In this context, we modeled the current
and future suitable habitat distribution of
Lessingianthus species from the Brazilian
Cerrado. Our main objectives were to (1)
understand the effect of climatic change on the
potential distribution of Lessingianthus species
and (2) assess the effectiveness of current
protected areas. The generated knowledge could
be potentially useful to plan monitoring and
conservation strategies in Brazilian Cerrado.

MATERIALS AND METHODS

Study area and its ecological significance

The Brazilian Cerrado isthe second largest biome
in South America after the Amazon (Bitencourt
et al. 2016). The biome has a great diversity of
climates and habitats due to its vast latitudinal
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and altitudinal extent (Oliveira & Marquis 2002).
The Cerrado is considered a biodiversity hotspot,
i.e., an area of priority at the global scale due
to its species richness and endemism, and to
the high degree of threat those species are
subjected (Myers et al. 2000, Ceballos & Ortega-
Baes 2011). The biome includes much of central
Brazil and parts of north-eastern Paraguay and
eastern Bolivia, and borders the Amazon and
Atlantic Forest and the arid regions of Caatinga,
Pantanal and Chaco. In this study we considered
the official boundaries of the Brazilian Cerrado
(Brasil2004), which covers an area of 2.03 million
km? and includes the state of Goias, the Federal
District, most of Mato Grosso, Mato Grosso do
Sul, the state of Tocantins, the western part of
Minas Gerais and Bahia, the southern part of
Maranhao and Piaui, and small areas of Sao
Paulo and Parana. The area is located between
24°58 and 2°47S, and 42°1 and 59°55'W, with an
altitude ranging from sea level to 2000 m.

The prevailing climate in the Cerrado
Domain is seasonal tropical, with a dry winter.
The average annual temperature is about 22-
239C, with monthly averages exhibiting little
seasonality. The absolute monthly maximums
do not vary considerably throughout the year,
and can exceed 40°C. On the other hand, the
monthly absolute lows vary greatly, reaching
values close to or even below zero in winter.
Frost usually occurs in the southern region. In
general, the average annual rainfall is between
1200 and 1800 mm. The average monthly rainfall
is highly seasonal, concentrated in the rainy
season (spring and summer months). In the
middle of this season there may be short periods
of drought, called summers. Between May and
September, monthly rainfall is considerably
reduced and there can be months with no
rainfall (Bustamante et al. 2012).
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br/), from Centro de Referéncia em Informacao
Ambiental (CRIA 2005). The data used are in the
public domain. We considered only species with
at least five records, therefore, only 10 species
were analyzed (Table 1). Species distribution
data were rigorously checked to verify the
existence of duplicate geographic coordinates
or those falling outside the study area. A total
of 136 georeferenced points were used for the
study (Table SI - Supplementary Material).

For the current and future modeling of the
species, the 19 bioclimatic variables were used
at a resolution of 2.5 minutes. To model the
current potential distribution, the environmental
variables were extracted from the WorldClim
database (http://www.worldclim.org/) (Hijmans
et al. 2005). To avoid overestimation of climatic
data that can lead to misleading results (Phillips
et al. 2006, Peterson & Nakazawa 2008), we
calculated Pearson’s correlation coefficients
(r=0.80)in QGis3.4.2-Madeira (QGIS Development
Team 2018). We identified highly correlated
variables and selected six that we considered
more biclogically meaningful and directly
relevant. These were: Annual mean temperature
(Bio1), Mean Diurnal Range (Mean of monthly
(max temp-min temp)) (Bio2), Isothermality
(Bio2/Bio7) (*100) (Bio3), Max Temperature
of Warmest Month (Bio5), Precipitation of
Driest Month (Biol4) and Precipitation of
Wettest Quarter (Bio16). Temperature variables
in °Celsius and precipitation variables in
millimeters. For the assessment of future
distributional potential in years 2050 and 2070,
we downloaded the same set of six bioclimatic
variables at 2.5 min resolution from the CCAFS
(Climate Change, Agriculture and Food Security)
downscaled general circulation model (GCM)
data portal (http://www.ccafs-climate.org/), in
the form of data for two emissions scenarios
(RCP 4.5 and RCP 8.5) and two GCMs (MIROC-ESM
and CSIRO-Mk3.6.0). These RCPs were assumed
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as optimistic (RCP 4.5) and pessimistic (RCP
8.5) scenarios. A buffer zone was created to
cover the transition zone between the Cerrado
and the Atlantic Forest. The bioclimatic layers
were trimmed to the surrounding areas of the
geographic distribution of Brazilian Cerrado and
then projected over a wider region (200 km) from
latitude 1°47'S to 27°24'S and from longitude
61°58W to 39°45W, covering an area of 4.22 km?
million. Outputs from the future models were
averaged to give a single consensus model for
each species in each time period (2050-2070)
and each scenario (RCP 4.5 and RCP 8.5). We
used the Multivariate Environmental Similarity
Surface (MESS) analysis in Maxent to determine
areas that contained novel environmental
conditions for all species. The MESS index was
estimated following the procedure described by
Elith et al. (2010).

As the final result of the analysis, five
potential distribution maps for each of the 10
species and five consensus maps of all species
were obtained: one for the present, two for each
time (2050 and 2070), and two RCPs: 4.5 and 8.5.

Maxent was run using the following settings
forcurrent and future models: ten replicates with
linear, quadratic and hinge features, response
curves, jackknife tests, logistic output format,
random seed, random test percentage=0% (due
to the few locations per species), replicate run
type=cross-validate, regularization multiplier=1,
maximum iterations=500, convergence
threshold=0.00001, maximum number of
background points=10,000, Extrapolate, and
Do Clamping. For the consensus modeling, the
same parameters were used, but the "Auto
features” option was chosen due to the greater
number of locations. To determine the threshold
value for each prediction, web used the value
of the 10 percentile training presence. Variable
importance was determined comparing percent
contribution values and jackknife plots.
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Temperature of Warmest Month) and Biol4
(Precipitation of Driest Month). The curves of all
species for Bio5 had a sigmoid shape, except
the L. eftenii curve, which showed a Gaussian-
like shape. The species prefer habitats with
temperatures ranging between 18 and 30°C
in the warmest months (PS > 0.55). For most
species, the Biol4 showed a Gaussian shape.
Favorable conditions reached a maximum of 0.7
of PS in a very narrow range of precipitation in
the driest month (between 0-40 mm), except for
L. zuccarinianus, which extends up to 90 mm.
The curves of four species (L. arachniolepis, L.
asteriflorus, L. exiguus, and L. pumillus) for Bio14
had a sigmoid shape. For these species, the
favorable conditions (PS> 0.60) occur between
50-160 mm. The variables that least contributed
to the modeling, in decreasing order, were Biol
(Annual mean temperature), Bio16 (Precipitation
of Wettest Quarter), Bio2 (Mean Diurnal Range),
and the Bio3 (isothermality) (Fig. S1). The
contribution of each of these variables to the
modeling of each species also varied. The shape
of the response curves varied considerably
among species. Overall, Bio2 and Bio3 were the
least contributing variables. An overall negative
nonlinear response was detected for all
temperature-related climatic predictors (Bio5,
Biol, Bio2, and Bio3).

Habitat stability and loss in protected areas

In the current scenario, the consensus map
shows three areas with a high probability of
occurrence (>0.6): center, south and southeast
of the Cerrado (Fig. 4a). The protection degree
shows that species are poorly represented
within the PAs. While some of the occurrence
data of the species fall within PAs and modeling
under current conditions shows potential areas
of habitability within PAs, this model also
estimates large potential regions of habitability
outside these areas. This is mainly observed in
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the south of Cerrado, where there are few and
small PAs.

The potential habitat areas predicted
for the central region of the Cerrado include
federal and state PAs (Table SII): in terms
of their surface area (about 700-8700 km?)
the most important are the following: The
Environmental Protection Areas do Planalto
Central (EPAPC), Joao Leite (EPAJL), Pouso
Alto (EPAPA), Bacia do Rio Sao Bartolomeu
(EPABRSB), and the National Parks Brasilia
(BNP), and Chapada do Veadeiros (CYNP). In the
southeast, the predicted potential habitat falls
within federal, state and municipal protected
areas; some of the areas are in the transition
zone and belong to the Atlantic Forest. Those
with the largest surface area (about 800 - 1760
km?): Environmental Protection Area Morro da
Pedreira (EPAMP), Sul-RMBH (EPAS-R), Aguas
Vertentes (EPAAV), the Sempre Vivas National
Park (SVNP). In the south, the most important
PA is the Serra da Canastra National Park (SCNP)
(2122 km?). There are also some smaller areas,
mainly privately-owned national patrimonial
reserves and ecological stations.

Underfuture conditions (both optimisticand
pessimistic scenarios), most of the PAs where
these species grow will become unsuitable
and will be lost as a result of climate warming
(Fig. 4b-c). In the future scenario, the PAs of the
central region show a total absence of suitable
climatic conditions for Lessingianthus species.
The PAs located in the south and southeast are
also vulnerable, but maintain some areas with
probability of occurrence in the transition zone
with the Atlantic Forest. As the models for each
species, the consensus model also showed a
reduction of the favorable area and habitat
suitability concerning to the current model, and
a tendency for the favorable areas to be located
in the transition zone between the Cerrado and
the Atlantic Forest.
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the distribution of potential habitats for the
study taxa than temperature, in our current
model, some species (L. asteriflorus, L. exiguus
and L pumillus) that also occur in the Atlantic
Forest show favorable conditions when rainfall
increases in the driest month. These species
may be better adapted to conditions of regular
and well-distributed rainfall throughout the
year, as occurs in the Atlantic Forest. Therefore,
the increase in temperature combined with the
increase in the frequency of extreme rainfall
events and the longer dry seasons will pose the
greatest risk for those endangered species in
the future.

Several studies using ENMs demonstrated
the negative effects of climate change on
numerous flora and fauna species of the
Brazilian Cerrado (Siqueira & Peterson 2003,
de Oliveira et al. 2015, Aguiar et al. 2016). The
mechanisms underlying climate change are
very complex and affect species in several
physiological processes (Cahill et al. 2012).
Vilela et al. (2017) suggested that climate
change may influence the synchronization of
phenoclogical events that affect the interactions
and reproductive success of some Cerrado
plants. However, natural resilience and adaptive
capacity of biodiversity in response to the
several natural climatic fluctuations over time
were observed in numerous cases and the
few documented species extinctions can be
attributed solely to climatic change (Dawson et
al. 2011). In the last decades, human activities
boosted the rate of climate change, contributing
to the loss of biodiversity (Dawson et al. 2011),
with anthropogenic land use being one of the
main threats in the current and future scenarios
of the Brazilian Cerrado. Accordingly, Velazco et
al. (2019) suggested that land use and climate
change will cause great damage to Cerrado flora
by 2050 and 2080. Many of the species here
analyzed are partially distributed outside PAs
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and occur in zones under the anthropogenic
pressure for deforestation, burning, monoculture
plantations, subsistence agriculture, and even
tourism (Loyola et al. 2014), which further
increases their vulnerability.

According to several studies, species
endemic to small areas are expected to be more
sensitive to climate change, and therefore likely
to be the first ones to become extinct, than
species with broad distribution (Bitencourt et al.
2016). Our results partly support this assumption
because all the species here studied would
undergo reductions in their current distributions
in the future, but the loss of habitat will be
more drastic for endemic species than for non-
endemic taxa.

Habitat stability and loss in protected areas

Niche modeling is the best-adapted method
to address uncertain scenarios such as
future climate change in the prioritization of
conservation and the reserve selection process
(Tulloch et al. 2016). For example, in the Cerrado,
ENMs were used successfully to identify critical
habitats and understand the effect of climate
change on the distribution of threatened
species of bats (Mendes & Marco 2018) and other
endangered mammal species (Hidasi-Neto et al.
2019) in future climate warming scenarios. On
the other hand, a recent study on the degree
of protection of the biodiversity of Brazilian PAs
carried out in groups of vertebrates, arthropods
and angiosperms showed that, although Brazil
is a megadiverse country with conservation
priorities, the degree of protection of these
areas is deficient. Brazilian PAs are apparently
not protecting most endemic species and
lineages. Moreover, only 7.7% of the Brazilian
PAs are in the Cerrado cover, which is one of the
Brazilian biomes with the lowest percentage of
species and lineages, along with the Pantanal
and the Pampa (Oliveira et al. 2017). All
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these studies have shed light on the need to
preserve the areas that are most suitable for
the persistence of these threatened species in
future scenarios. The present study predicts
that the PAs located to the southeast of the
Cerrado and in the transition zone between the
Cerrado and the Atlantic Forest are likely to have
some stable areas in different climate change
scenarios; however, the other PAs will undergo
severe habitat loss in the future. Our results
show a tendency for favorable habitat areas
to be located in the transition zone between
the Cerrado and the Atlantic Forest, and are in
agreement with several studies also suggesting
that the south and southeast regions of the
Brazilian Cerrado will be the most climatically
stable areas or the areas where the species
will tend to move (Siqueira & Paterson 2003, de
Oliveira et al. 2015, Aguiar et al. 2016). However,
these regions, besides having a low number of
PAs, have already been subjected to serious
levels of degradation, being highly fragmented
and impacted by pastures and croplands (Klink
& Machado 2005, Sano et al. 2008). Therefore, the
need to conserve these areas with greater biotic
stability becomes even more evident, since they
could act as important refuges that ensure the
long-term persistence of biodiversity.
Knowledge of the biodiversity of the
Cerrado and its degree of conservation is still
scarce, despite some contributions (Oliveira et
al. 2017, Velazco et al. 2019). Since the genus
Lessingianthus is a key and representative group
oftheBrazilian Cerrado, thecurrentand predicted
maps of habitat suitability and identification of
suitable bioclimatic variables obtained in this
study may serve as a guide for the management
and conservation of threatened plants of the
Cerrado. Our analysis shows that in the future
the risks for the species will increase with the
loss of the current climatically adequate zones
for the species and their resulting movement to
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transitional areas between the Cerrado and the
Atlantic Forest, which are even more threatened
by habitat destruction. Therefore, we strongly
suggest that the most irreplaceable areas on the
edges of the south and southeastern Cerrado
region should be given priority for conservation
actions (e.g., the implementation of PAs,
sustainable management, and restoration) to
ensure the long-term persistence of these
species.
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