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INTRODUCAO GERAL

Com pouco mais de 2 milhdes de km?, aproximadamente 20% da superficie do pais e 12% da cobertura
continental, o Cerrado é o segundo maior dominio fitogeogréafico brasileiro (Eiten, 1972; Ab’Saber, 1977; Ratter
etal., 1997; Oliveira-Filho & Ratter, 2002; Silva & Bates, 2002). Dominado por uma vegetagdo aberta e
savanica, possui solos empobrecidos, além de uma proeminente estratificagdo horizontal de suas fitofisionomias
(Oliveira-Filho & Ratter, 2002). Em duas décadas 340 novas espécies de vertebrados foram descritas para a
regido (Machado et al., 2009), eno ultimo grande inventario de Squamata no Cerrado foi identificada a segunda
maior propor¢do de endemismo entre os Tetrapoda, com um total 267 espécies, sendo 103 destas (39%)

endémicas (Nogueira et al., 2011).

No cenario global contemporaneo de elevadas ameacas a espécies e investimentos relativamente baixos
em conservacdo (Pimm et al., 1995) o Cerrado figura entre as 34 areas apontadas como hotspots globais (Myers
et al., 2000; Myers, 2003; Mittermeier et al., 2004), i.e. areas que apresentam concentracGes excepcionais de
espécies endémicas, sofrendo com perdas expressivasde héabitat (Myers et al., 2000). Unico hotspot savanico do
planeta, o Cerrado é apontado como uma das areas prioritarias para investimentos em conservacgéo global
(Myers et al., 2000). Ainda assim a regido encontra-se cada vez mais ameacada pela perda de sua cobertura
original (Machado et al., 2004; Klink & Machado, 2005), onde grupos com distribui¢cfes regionalizadas e
elevados niveis de endemismo, e.g. Squamata (Nogueira et al., 2011), podem sofrer ainda mais com as perdas

ndo homogéneas dentro do dominio (Klink & Moreira, 2002; Silva & Bates, 2002; Machado et al., 2004).

Como indicado em Colli et al. (2002), a maior parte dos estudos iniciais sobre diversidade da
herpetofauna do Cerrado descreveu assembleias pobres (Vanzolini, 1948, 1976, 1988; Vitt, 1991; Vitt &
Caldwell, 1993), dominadas por espécies generalistas, compartilhadas com a Caatinga semiarida e com o Chaco
(Vanzolini, 1963, 1976, 1988). Todavia, novos dados e interpreta¢des descrevem um dominio com uma
diversidade horizontal de habitats que abriga uma herpetofauna Unica, diversa e com espécies restritas a distintas
porcoes e formagdes fitofisiondmicas (Colli et al., 2002; Nogueira et al., 2009, 2011; Valdujo et al., 2012). Em
trabalhos recentes, padrdes biogeogréficos temporais e espaciais comecaram a ser destacados (Werneck & Colli,
2006; Costa et al., 2007), abrindo possibilidades para analises mais profundas da histéria das faunas de

Squamata do Cerrado (Nogueira et al., 2011).

Contrastando com este aumento no nimero de espécies identificadas para Squamata no Cerrado, na

Gltima década houve a diminuigéo da cobertura total de vegetacdo natural do Cerrado (Klink & Machado, 2005).
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Mais de 50% de sua area original ja foi desmatada (MMA, 2011),devido principalmente a expansao do
agronegocio(Alho & Martins, 1995; Ratter et al., 1997; Klink & Moreira, 2002).Concomitantemente, unidades
de conservacéo de protecdo integral, no Cerrado sdo pequenas e concentradas em poucas regides, cobrindo

menos de 2% do dominio até o ano de 2004 (Klink & Machado, 2005).

Da mesma forma que no Cerrado, elevadas taxas de perda de areas naturais vém acontecendo em todo
o0 globo, associados a um aumento do risco de extingdo de espécies (Wilcox & Murphy, 1985; Tilman et al.,
1994; Sala et al., 2000; Brooks et al., 2002). Lamentavelmente, nosso conhecimento sobre a biodiversidade do
planeta ainda € inadequado, com estimativas globais variando em ordens de magnitude, e muito da diversidade
que conhecemos ainda a ser formalmente catalogada, i.e. Impedimento Linneano (Brown & Lomolino, 1998;
Whittaker et al., 2005). Ademais, dentre as espécies que conhecemos, também temos, para varios taxa, um
conhecimento inadequado de suas distribuigcdes globais, regionais e até mesmo locais, um problema denominado
por Lomolino (2004) como Impedimento Wallaceano . Neste cenario, Whittaker et al. (2005) evidenciaram a
“Biogeografia da Conservagdo”, uma vertente dos estudos biogeograficos que busca aplicar principios, teorias e
analises biogeograficas - relativos as dinamicas distribucionais de taxons individual e coletivamente —a

problemas referentes a conservacao da biodiversidade.

Deste modo, em face ao elevado ritmo de perda de habitat e a falta de tempo habil para um
levantamento e acompanhamento para diagnose de todas as espécies nos seus respectivos ambientes, a utilizagdo
de dados de colecBes e modelos de distribui¢do potencial apresenta-se como op¢do pouco dispendiosa e também
eficiente em iniciativas para estudos de padrdes gerais biogeograficos e de conservagdo (Ferrier, 2002; Loiselle
et al., 2003; Raxworthy et al., 2003; Kadmon et al., 2004; Soberdn & Peterson, 2004; Guisan & Thuiller, 2005;
Drew, 2011). O desenvolvimento de modelos de distribuicdo de espécies é acompanhado por uma producéo
constante de artigos abordando novas metodologias, vieses e solugdes para seus problemas (Peterson & Cohoon,
1999; Graham et al., 2004; Phillips et al., 2004; Hernandez et al., 2006; Peterson, 2006), além de revisdes
comparativas quanto a eficicia de uma ou outra abordagem (e.g. Guisan & Zimmermann, 2000; Elith et al.,

2006).

Embasado na biogeografia da conservacdo, que tem como uma das suas principais ferramentas a
utilizacdo de dados computadorizados e ferramentas analiticas para auxiliar na solugéo de problemas ligados a
conservacao da biodiversidade (Whittaker et al., 2005), busquei neste estudo avaliar os impactos atuais e

futuros da perda de habitat sobre a diversidade e distribuicdo dos répteis Squamata endémicos do Cerrado. Meu
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objetivo central é avaliar como estes cendrios de perda interferirdo no grau de risco de extingdo de cada espécie,
classificando cada espécie de acordo com as categorias de ameaga da Unido Internacional Para Conservagao da

Natureza - [IUCN (IUCN, 2010; Bird et al., 2011).

Para tal, elaborei mapas atualizados de distribuicdo para todas 105 espécies de Squamata endémicos do
Cerrado por meio de modelos de distribuicdo espacial (Species distribution models - SDM) (ver Guisan &
Zimmermann, 2000; Elith et al., 2006) ou mapas de micro bacias quando para representar a distribuicdo das
espécies raras e com poucos registros de ocorréncia (ver Nogueira et al., 2010). Os mapeamentos partiram de
uma base de registros previamente revisada contendo dados de colecéo e fontes bibliograficas seguras (ver
Nogueira et al., 2011). Os mapas de distribuicdo produzidos foram cruzados com proje¢6es futuras para
remanescentes de areas nativas do Cerrado em dois cenarios distintos, um no qual as taxas atuais sdo mantidas
sem intervencédo ou controle governamental (cenario BAU — Business as Usual), e outro construido a partir da
acdo governamental para reducdo das taxas de desmatamento (cenario GOV — Governance). Cada cenario foi
ainda estudado em dois intervalos de tempo: de 2010 a 2020 e de 2010 a 2030. Como demandado pela ITUCN,
além dos diferentes cenarios para inser¢do de margem de incerteza na analise, revisei todas as espécies

utilizando os critérios A e B, dependentes de dados de distribuicdo espacial (IUCN, 2010).

Frente aos resultados, fiz a diagnose da distribuicao das espécies ameacadas revisadas neste trabalho
frente aos padrdes de ameaga impostos pelo desmatamento. A partir desta identifiquei trés tipos areas
prioritarias & conservacgao: areas de crise (pontos de alta diversidade que provavelmente seréo perdidos nos
préximos dez anos), areas de refugio (pontos de alta diversidade, mas que deverdo ser mantidos nos préximos

dez anos) e areas altamente insubstituiveis (cf. Bird et al., 2011).

O segundo objetivo do trabalho é calcado em uma das constatagdes centrais da biogeografia da
conservagao: tanto espécies quanto ameacas nao estao distribuidas ao acaso no espago (Whittaker et al., 2005;
Ladle & Whitakker, 2011). Para grupos de Squamata endémicos do Cerrado, analises recentes detectaram niveis
significativos de regionalizacdo, formando sete conjuntos de espécies co-distribuidas e regionalizadas (Nogueira
etal., 2011). Desta forma testei se a perda de héabitat se d& de maneira aleatdria no Cerrado através destes
conjuntos regionais de espécies endémicas. Com este objetivo comparei as perdas de hébitat das espécies de
Squamata endémicos do Cerrado entre e dentro de cada um dos elementos bidticos (EB) (Guedes et al., 2014).
Esta analise foi construida a partir da interseccdo das areas de distribuicdo de cada uma das espécies

pertencentes a cada EB com as perdas de superficie do dominio ocorridas até 2010. Por fim, as perdas sofridas



88  dentro e entre cada EB foram comparadas via teste de Kruskall-Wallis, utilizando cada espécie como uma
89 amostra distinta das perdas para cada EB. No trabalho assumi que diferengas significativas para o teste entre
90  quaisquer dois EBs representam perdas diferenciadas entre regides dentro do Cerrado. Verifiquei também a
91 representatividade das unidades de conservacdo de protecdo integral frente aos padrbes de regionalizagdo de
92 Squamata do Cerrado, testando se a protecdo se da de modo aleatério nos diferentes EBs (cf. Guedes et al.,

93 2014).

94 Escolhi utilizar a analise de EB como metodologia de agrupamento de espécies devido a sua

95  estruturacdo metodoldgica. A analise de EB é um método relativamente recente de deteccdo de padrdes

96 biogeograficos que testa duas predicOes centrais do modelo de diversificacdo vicariante (Hausdorf, 2002;

97 Hausdorf & Hennig, 2003), um dos processos tidos como principais na distribuicdo da diversidade bioldgica do

98 planeta (Croizat et al., 1974; Crisci, 2001; Hausdorf & Hennig, 2004). Segundo a analise, se processos

99  vicariantes foram importantes no passado, devemos observar duas caracteristicas principais no conjunto de
100  distribuicdes presentes numa dada regido ou area: (1) grupos de espécies significativamente co-distribuidas
101 (EB), cujas distribuicGes sdo mais proximas entre si do que com outros grupos de espécies, devem existir e ser
102 detectaveis, como assinaturas de processos historicos de segregacao de biotas; e (2) espécies filogeneticamente
103 préximas deverdo compor EB distintos, como resultado da segregacéo histérica (Hausdorf, 2002; Hausdorf &

104 Hennig, 2003).

105 Deste modo, EB podem ser interpretados ndo apenas como um mero padrdo espacial de regionalizagéo,
106 mas também como o resultado de processos historicos de segregagdo vicariante, causada pelo surgimento de
107 barreiras biogeograficas histéricas (Hausdorf, 2002). Portanto, ao analisarmos as perdas de habitat e a

108  distribuicdo de unidades de conservacdo de protecéo integral sobre EB estamos ndo apenas considerando a

109 protecdo de padrdes regionais, mas principalmente, a prote¢do de processos historicos geradores de

110 biodiversidade que se manifestam através dos conjuntos de espécies significativamente regionalizados (e.g.

111 Guedes et al., 2014).

112 Como ultimo passo do trabalho, para identificar eventuais diferencas na distribuicdo da cobertura de
113 &reas de conservacdo permanente através do dominio do Cerrado, realizei outras duas analises: (a) verifiquei a
114  cobertura das unidades de conservacao de protecdo integral frente a cada uma das &reas prioritarias a

115  conservagdo; (b) comparei a cobertura das mesmas entre cada um dos diferentes EB distribuidos pelo dominio.
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Esta dissertagdo tem seu Unico capitulo estruturado em formato de artigo a ser submetido para o
periddico Diversity and Distributions em co-autoria com meu orientador, Cristiano de C. Nogueira e e o
Prof.Dr.Ricardo B. Machado, pesquisador e docente da Universidade de Brasilia. Todas suas citagfes, tabelas,
figuras e lista de referéncias bibliograficas seguem o formato exigido pelo periédico. O Apéndice “Appendix

S1” foi separado em trés partes para facilitar sua visualizagao.
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ABSTRACT

Aim To assess extinction risk of Cerrado endemic Squamates based on spatially explicit scenarios of future
habitat loss; test if habitat losses pose significant, non-random threats to Cerrado biogeographical patterns; test
if biogeographical patterns and priority protection areas detected for Cerrado endemic Squamates are adequately

represented by the existing protected areas network.

Location Brazilian Cerrado.

Methods For all 105 Cerrado endemic Squamates we revised extinction risk estimates through inferred
population declines combining updated species distribution maps with spatially explicit future habitat loss
scenarios. We overlapped remaining species ranges in order to detect three major regions of conservation
concern indicating short and long term spatial priorities for conservation. Finally, we examined the overlap

between biogeographical units and spatial patterns of habitat loss and protected area coverage.

Results The number of threatened species rose from three (2.85% of total, current redlist) to at least 78 (74%).
Habitat loss and protected area coverage are significantly different between biotic elements; crisis and refugia
areas are located in the south-central region, while irreplaceable areas are scattered through Cerrado remaining
areas; all three priority regions are currently poorly protected, and the southern biotic element is less protected
than its northern counterparts.

Main conclusions The application of the IUCN Red List criteria here presented substantially raised the number
of accessed and threatened species, being recommended for other taxonomic groups in highly threatened and
still poorly studied regions. Important areas are not secured and biogeographical process and patterns may be
lost in the near future if proper action is not taken. There is an urgent need for expanding protected area cover

and to reduce the pace of deforestation in the Cerrado.

Keywords: Biodiversity, Conservation biogeography, Deforestation, Distribution patterns, IUCN status,

Species distribution models.

INTRODUCTION

Biodiversity and its threats are not randomly distributed throughout the world (Myers et al., 2000;
Whittaker et al., 2005; Ladle & Whittaker, 2011) and diverse approaches to planning global protection areas for

biodiversity have been developed (Whittaker et al., 2005). The incorporation in the early 2000’s of habitat loss
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along with species diversity (Myers et al., 2000), due to the recent alarming rates of the former (Brooks et al.,
2002; Fahrig, 2003), is one of them . As a response to such elevated habitat loss and its direct negative effects
on biodiversity (Wilcox & Murphy, 1985; Sala et al., 2000; Brooks et al., 2006; Collen et al., 2009; Bohm et
al., 2013), a new branch of biodiversity science has gained strength: Conservation Biogeography (Whittaker et

al., 2005, Ladle & Whittaker, 2011).

This new area merges the traditional biogeographical concern with species distribution through space
and time (Brown & Lomolino, 1998) with the application of biogeographical principles, theories and analyses to
present alternatives and solutions to the urgent problems related to the conservation of biodiversity (Whittaker et
al., 2005). Biogeographical units provide highly valuable information on what spatial portions of biodiversity
should be conserved (Crisci, 2001; Whittaker et al., 2005), and among the criteria for detecting areas of high
conservation value, endemism patterns stand out as both highly relevant and corresponding to biogeographic

questions (Pullin, 2002).

Noteworthy in this worldwide scenario of the biodiversity crisis (McKinney & Lockwood, 1999; Pimm
& Raven, 2000; Davies et al., 2006) is the Brazilian Cerrado and its endemic Squamate. As happens globally
biodiversity and its threats are not randomly distributed in the region (Myers et al., 2000; Whittaker et al., 2005;
Ladle & Whittaker, 2011), with deforestation following a south-north trend (Klink & Moreira, 2002; Silva &
Bates, 2002; Machado et al., 2004) and most of this conversion occurring in open, interfluvial savanna habitats
(Klink & Machado, 2005). Due to its high levels of vascular plant endemism (e.g. Ratter et al., 1997), and such
high percentages of habitat loss (Machado et al., 2004) the Cerrado region is the only savanna included among

the 34 hotspots of biodiversity (Myers et al., 2000; Myers, 2003; Mittermeier et al., 2004).

Recent studies have shown that the Cerrado harbours a rich (over 260 species) and highly endemic
Squamate fauna, with 103 endemic species, about 40% of total richness (Nogueira et al., 2011). This fauna is
now known to be dominated by species tightly associated to specific microhabitats (Gainsbury & Colli, 2003;
Mesquita et al., 2006), and unevenly distributed in habitat mosaics (Colli et al., 2002; Nogueira et al., 2005).
Observed regionalized, significant patterns of species co-ocurrence in the group agree with the prediction of the
vicariant model of diversification, indicating that current diversity and distributional patterns are a possible

result of a long history of allopatric diversification and in situ speciation (Nogueira et al., 2011).

However, despite advances in detecting biogeographical patterns in the Cerrado, we still know little

about the threat levels and future impacts of habitat loss on this previously poorly studied fauna. Even with
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recent efforts to expand the coverage of threat assessments in Reptilia (Bohm et al., 2013) only twelve of the
103 Cerrado endemic Squamate species (Nogueira et al., 2011) had been assessed until January 2014 in the Red
List of Threatened Species - IUCN (IUCN, 2014). Three of them (Bachia bresslaui, Philodryas livida and
Tantilla boipiranga) were classified in threatened categories. Furthermore habitat loss, which is the single most
important threat to Reptiles worldwide (Gibbons et al., 2000, Vié et al., 2008; Collen et al., 2009; Bohm et al.,
2013), tends to increase in Brazil due to the approval of the new National Forest Code (Brasil, 2012). The
coincidence of the group’s local richness, endemism and habitat loss in open interfluvial plateaus threatens to

erase ancient and highly complex evolutionary patterns and processes (Nogueira et al., 2011).

In this study, we aim to: reassess extinction risk of the Cerrado endemic Squamates (Nogueira et al.,
2011) by inferring the population decline based on herein built projected deforestation estimates under
governance (GOV) and business as usual (BAU) scenarios, for two future time frames; evaluate the
conservation of biogeographical patterns and processes by contrasting regionalized species distributions with
satellite based habitat loss and protected area cover, searching for non-random patterns; test the hypothesis that
protected areas are randomly distributed across the Cerrado in order to verify if current protection areas
throughout the region representatively covers regions of Squamate biogeographical patterns and processes; and
based on revised distribution maps and future habitat loss patterns we map three types of spatial priorities in the
Cerrado (cf. Bird et al., 2011), namely: (2) crisis areas (b) refugia areas and (c) highly irreplaceable areas. These
three types of spatial priorities will enable us to: (1) evaluate the capacity of future remaining areas to buffer
against future loss; and (2) to detect priority sites for future expansion and management of the protected area

network in the face of rapid projected land coverage modifications.

METHODS

Study area

The Cerrado is the second largest South American domine of phytophisiognomies (Ab’Saber, 1977;
Ratter et al., 1997; Silva & Bates, 2002) covering 2.03 million km?, around 23% of the Brazilian territory. It is a
seasonally dry tropical savanna (Nimer, 1979), with two major geomorphological units (Silva, 1997; Silva et al.,
2006): gently rolling or level headwater plateaus, dominated by open grassy savannas and grasslands; and
peripheral depressions that harbors a more complex matrix of savannas and semi decidous forests crossed by
widespread tracts of gallery forests along major drainage systems (Eiten, 1972; Cole, 1986; Oliveira-Filho &

Ratter, 2002). Detailed data on Cerrado ecology and natural history can be found in Oliveira & Marquis (2002).
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Data sources

Prior to building each species’ potential distribution we used the Brazilian Biomes Map (IBGE, 2004)
to define approximate limits of the Brazilian Cerrado, and restricted all projections of land coverage
modifications and species distributions to these boundaries.Endemic species, or distributions in marginal and
peripheral Cerrado areas were not considered. Past land coverage modifications for the Cerrado (2002 and 2010)
were obtained from the Project of Satellite Deforestation Monitoring of Brazilian Biomes (PMDBBS, 2013).
Cerrado protected areas were defined as those in categories I-111 in Dudley (2008) of the current Brazilian

protected area system (Brasil, 2000) to define strictly protection areas.

We downloaded all 19 climatic variables and altitude from the WorldClim project (Hijmans et
al,2005). To define which variables should be included in the model we built a correlation matrix (see Costa et
al., 2010), and retained only the following non correlated (r>0.9) layers: altitude (ALT), mean diurnal
temperature range (B102), isothermality (BIO3), temperature seasonality (BIO4), maximum temperature of
warmest month (BIO5), minimum temperature of the coldest month (BIO6), temperature annual range (BIO7),
mean temperature of wettest quarter (B1O8), mean temperature of the warmest quarter (BIO10), annual
precipitation (BIO12), precipitation of the driest month (BIO14), precipitation seasonality (BIO15),
precipitation of the wettest month (BIO16), precipitation of the warmest quarter (BIO18), and precipitation of
the coldest quarter (BIO19). To maintain consistency we represented all variables at 5 x 5 km spatial resolution,

and processed species distribution data and habitat loss in a geographical information system.

Endemic Squamate species detected in Nogueira et al.(2011) were mapped based on a revised database
of vouchered point locality records in zoological collections, and complemented by standardized fieldwork to
fill former sampling gaps (see Nogueira et al., 2009, 2011). This list was further updated with a compilation of
more recent literature records, from 2010 onwards (Appendix S1). Species names follow Bérnils & Costa
(2012). Current data on assessed species and their respective risk categories were obtained from through an

individual conference for each species on the online IUCNs RedList, in January 2014 (IUCN, 2014).

Model construction of land coverage modification

Our land coverage modification model projected the natural coverage for the entire Cerrado from 2010
to 2020 and to 2030. We used the Land Change Modeler (LCM) available in Idrisi selva software (Eastman,

2011) to build two different scenarios: Business as usual (BAU) and Governance (GOV) on an yearly basis. We
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created both scenarios using the euristic algoritm and a transition probability matrix based on the comparison of
the deforestation observed between 2002 and 2008 years. As explanatory variables, we used digital elevation
model and annual accumulated precipitations (Hijmans et al., 2005), proximity to roads, proximity to recent

deforested areas and proximity to cities (Brasil, 2013).

The BAU scenario represents a future situation for the natural coverage of the Cerrado when the
Government takes no intervention action. It means that Brazil will maintain the current deforestation rate,
estimated in 14,200 km?/year (Brasil, 2009), and no further protected area will be created on the Cerrado. On the
other hand, the GOV scenario assumes a total reduction on the deforestation rate on the priority areas for
biodiversity conservation as defined by Brasil (2006) and maintenance of all strict protection areas as they are
nowadays. The GOV scenario was built based on the UN’s Aichi biodiversity target 5 that expects that the rate
of loss of all natural habitats is at least halved by 2020 (CBD, 2013). Thus, in GOV scenario we assumed that
the probability of habitat loss was halved between 2008-2020 and 2020-2030, not allowing habitat loss in
permanent protection areas. Details about the assessment of models precision can be viewed in Faleiro et al.

(2013).

Estimating species ranges

We estimated species’ distribution through two different methods. For species with at least 11 locality
records, we produced species distribution models via Maxent (Phillips et al., 2004, 2006; Phillips & Dudik,
2008). Maxent is a presence-only, new generation distribution model (SDM) algorithm that has been shown to
outperform other modeling techniques (Phillips et al., 2004; Elith et al., 2006; Costa et al.,2010). To use all the
information available in our dataset, beyond using Maxent v.3.3.3k default program parameters (see Phillips &
Dudik, 2008), each species had ten different jackknifed replicates built under “randomseed” bootstrapping. By
selecting “randomseed” in Maxent we ordered the program to select a different random test/train partition and a
different random subset of the background each time the analysis ran. Model performance was verified through
AUC (Fielding & Bell, 1997; Manel et al., 2011, but see Luoto et al., 2005 and Peterson et al., 2008 for critics)

(see Data S1 for further details and threshold).

Although Maxent has been shown to have good performance with small samples (Elith et al., 2006;
Garcia, 2006; Phillips & Dudik, 2008; Costa et al., 2010) we obtained inconsistent model outputs for some of
our data. Consequently for species with ten or less locality records we mapped ranges according to the

intersection of presence records and small scale watershed limits (see Data S1). In this approach we used the
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group of all adjacent watersheds that were in contact with a 50km radius buffer centered in each georeferenced
collection point. Since watersheds are commonly divided in smaller components, their chosen order of
magnitude must be related to the research purposes: in this paper we use the 5™ order Ottobasins. Ottobasins are
watersheds defined as part of the Brazilian National Hydrographic Division (Brasil, 2003), following the
Pfafstetter (1987) method. According to this classification, 1% order Ottobasins correspond to the ten largest
South American watersheds, the following order Ottobasin is always a subdivision of the preceding based on its
major tributaries from its mouth to its headwaters. We chose watersheds due to its awareness to regional

topographic characteristics (Nogueira et al., 2010).

ldentifying threatened species

To assess extinction risk we used as a baseline each species’ distribution in 2010, based on PMDBBS
Cerrado reminiscent areas (PMDBBS, 2013). Projected changes in the area of natural vegetation cover were
converted into percentage declines, and equivalent population declines. We based projected population declines
on the Cerrado according to BAU and GOV scenarios and adjusted decline estimates incorporating uncertainty
in generation lengths and habitat type (see Data S1). Due to lack of information about generation length, which
is generally inferred or approximated for higher taxa in Squamate (Greene, 1997; Pianka & Vitt, 2003),
uncertainty was implemented by using two time frames: (1) 2010-2020, chosen as our default period, since most
endemic Squamate are small bodied , and species with such characteristics may show generation lenghts up to
ca. 3 years (Greene, 1997; Pianka & Vitt, 2003), fulfilling the the “ten years or three generations”
reccommendation, under criterion Adc (IUCN, 2010); and (2) 2010-2030, chosen with a more exploratory

purpose, aiming to show a possible risk trend to larger and longer living Squamate.

Habitat type uncertainty was implemented to account for the fact that species from open, interfluvial
areas are more impacted by habitat loss than forest species, as open interfluves are the main targets for
mechanized agriculture and cattle farming (Brasil, 1965, 2012; Klink & Machado, 2005). Moreover, Squamate
Reptiles are dominated by species with relatively low dispersal ability, small ranges (Gaston, 1996) and with
high habitat and microhabitat fidelity (Greene, 1997; Pianka & Vitt, 2003). Open area species or species with
lack of proper information had a 1:1 estimated habitat/population loss. For forest, generalist and riparian species
a 1:0.8 estimated habitat/population loss was implemented (Appendix S1). The 0.2 difference between forest
and riparian species is based in our assumption that all possible available open areas would eventually be

converted to agriculture (Klink & Machado, 2005), and therefore species typical of open habitat would suffer a
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bigger impact than forest and riparian ones. Habitat preferences for each species were obtained in Nogueira et

al. (2011).

The same analysis was implemented between the years 2000-2010 in order to compare if such threats
were already menacing the Cerrado endemic Squamate fauna in the recent past. Species were majorly
reassigned to criterion A4c, based on an inferred population decline through projected habitat loss (IUCN, 2010;
Bird et al., 2011) in a time period including both the past and the future and Blab(i,iii) for expected remaning
area coverage (IUCN,2001) (see Data S1 for further details). Revised categories were assigned where the

registered rate of decline warranted species uplisting in relation to previous classifications in different scenarios.

Biogeographical patterns

We analyzed the conservation of biogeographical patterns by comparing habitat loss among species
ranges within and among biotic elements (BE) (Hausdorf, 2002). The BE analysis was implemented in Nogueira
et al.(2011) to the endemic Squamate location dataset. Biotic element analysis is a method for detecting
biogeographical patterns that tests two central predictions of the vicariant model (Hausdorf, 2002; Hausdorf &
Hennig, 2003). According to the analysis, if vicariant processes were important in the past: (a) we should
observe species groups significantly co-distributed (Biotic elements, BE) with distributions, which must exist
and be detectable, closer to one another than to other species groups; and (b) philogenetically close species must
compose diferent BE, as a result of historical segregation (Hausdorf, 2002; Hausdorf & Hennig, 2003). The

seven proposed BE (Nogueira et al., 2011) are widespread throughout the Cerrado.

Percentages of habitat loss for each species in the BE were obtained by clipping projected original
distributions (totally conserved) with the remaining areas obtained in PMDBBS’s 2010 maps (PMDBBS, 2013),
and with 2020 spatially explicit projections. As most species forming BE are narrow ranged and known from
limited records we estimated distribution areas for each of the 49 species forming BE (Nogueira et al.,2011)
using the watershed approach. We opted not to use the Maxent approach in this analysis because it could over-
predict a potential distribution in regions disconnected from point localities (Loiselle et al., 2003; Eken et al.,
2004), an undesired result in our biogeographical analysis. All spatial analysis was performed using ArcGis

9.3.1 (ESRI, 2009) and Xtools Pro10.

Biogeographical patterns and habitat loss
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To calculate differences within BE rates of expected and observed habitat loss for each species within
each BE were compared by Kolmogorov-Smirnoff tests (see Crawley, 2007). Each species’ expected habitat
loss was calculated as: (each species estimated range) x (the averaged percentage of habitat loss of all species
within its BE) (Guedes et al., 2014). Observed and expected habitat loss values in all analysis were logit
transformed (see Warton & Hui, 2011) in R’s package car (R Core Team, 2013). Observed habitat loss and
protected area coverage was compared among BE by Kruskal-Wallis (Hollander & Wolf, 1973) and multiple
comparison tests (see Siegel & Castellan, 1988) via package pgirmess in R (R Core Team, 2012). To test if the
mapping technique had an effect on the result of habitat loss estimates we built Maxent and Watershed
estimated species distribution areas for all species with 11 or more locality points and compared their results in
habitat losses through Kruskal-Wallis test (Hollander & Wolf, 1973). We considered a significance level of 0.05

for all statistical analyses.

Priority areas for conservation

Priority areas for conservation were identified sensu Bird et al. (2011): (1) Crisis areas — all species
remaining areas in 2010 were overlaid and we selected the top 10% pixels with highest diversity expected to be
lost in the next 10 years; (2) Refugia — as in Crisis areas, but with the top 10% pixels with highest diversity not
expected to be lost within the next 10 years; (3) Highly irreplaceable areas — the value of each 5km? pixel to
each species was calculated as 1/[total extent of suitable habitat in 2010], and these values were summed for all
species occurring in each pixel to assess aggregate pixel irreplaceability. We compared the distribution of crisis

areas, refugia and highly irreplaceable areas with the distribution of current permanent protected areas (PAS).

RESULTS

Updated range maps, projected area losses and extinction risk reassessment

Based on our projections, remaining areas are expected to have been reduced respectively 55 and 62%
in 2020 under BAU and GOV scenarios in comparison to its original coverage (Fig. 1). We expect a minimum
loss of 0.94% per year through GOV 2030 scenario and a maximum of 1.78% to our BAU 2020 scenario (Table
1). There is no significant difference for species’ habitat loss between Maxent and watershed approaches when

both are built for the same species (Kruskall-Wallis = 1.6396, df=1, P = 0,2004).

In our reassessment between 2010 and 2020 under both IUCN criteria “A” and “B”, and incorporating

variation in population responses to fragmentation depending upon habitat type, 88 species (83.80%) were
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classified in threatened categories under GOV scenario and 90 (85.71%) under BAU scenario. Reassessed
categories for both scenarios accounting for different uncertainties are available in Fig. 2. Among the seven
species assessed as Critically Endangered (CR) in BAU 2020 scenario (Amphisbaena sanctaeritae, Bothrops
itapetiningae, Liotyphlops schubartii, Phalotris multipunctatus, P.lativittatus, Philodryas livida and Trilepida
koppesi), four of them (Amphishaena sanctaeritae, Phalotris multipunctatus, Philodryas livida and Trilepida
koppesi) are part of the southern located Parana-Paraguay BE (Fig. 3), and the other three are not part of any BE
(Nogueira et al., 2011). Losses per species between its original coverage and 2010 ranged from 3% to 99% in
the same taxa throughout the region (Appendix S1). For Maxent modelled species all AUC values were above

0.75, considered as good model performance (Elith, 2002).

Biogeographical patterns, habitat loss and protected area coverage

No significant differences between observed and expected habitat loss among species within each BE
were detected (Appendix S2). Habitat loss, however, was significantly different among BE (Kruskall-Wallis =
25.9405, df = 6,P <0.005) (Table 2), with percentage of losses in BE 3 (Parana-Paraguay) being significantly
different than those in BE 1 (Tocantins-Serra Geral, obs. df. = 31.48, critical dif. = 19.76) and BE 2 (Paraguay-
Guaporé, obs. dif = 24.35, critical dif = 22.97) (Fig 3.a), a pattern expected to continue in our projected BAU
2020 scenario (Kruskall-Wallis = 31.7341, df = 6,P < 0.0005; Tocantins-Serra Geral, obs.dif = 32.59, critical dif
= 20.79; Paraguay-Guaporé, obs.dif = 31.83, critical dif = 24.17) (Fig. 3b). In general, species in BE were
poorly covered by protected areas, with an average of 2% PA coverage (Appendix S3). Additionally, PA
distribution was significantly different between BE 1 (Tocantins-Serra Geral) and 3 (Parana-Paraguay)
(Kruskall-Wallis = 15.0397, df = 6, P < 0.05; obs.dif = 22.47, critical dif = 19.76), where the first has the most

coverage and the second one has the least coverage (Fig. 3c).

Priority areas for conservation

Endemic Squamates have higher richness in the central part of the Cerrado, with secondary peaks in the
southern and western parts (Fig. 5a). Crisis areas (Fig. 5b) occur solely as an extense narrow line from central
Cerrado (from the surroundings of Brasilia) to Northern Sdo Paulo state and are close to Refugia areas in an area
west of the Espinhacgo range, another area close to Chapada dos Guimarées plateau, and inthe surroundings of
the Emas National Park, near the frontier among Goiés, Mato Grosso and Mato Grosso do Sul states. Refugia
areas are also foundaround the Chapada dos Veadeiros region (North of Brasilia). Highly irreplaceable areas are

scattered (Fig. 5c¢) throughout the region. Irreplaceability areas have the largest continuous area in the Northern
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Maranhdo state, with secondary regions in Northeastern (Bahia and Piaui) Cerrado and a highly irreplaceable
spot in the Western-most part of the region (Western Mato Grosso). Currently, protected areas cover only 1% of

Crisis areas, 11% of Refugia areas and 5% of highly irreplaceable areas.

DISCUSSION

A heterogeneously threatened region

High richness of Cerrado endemic Squamate in the South-Central portion of the region is shared with
multiple groups: small mammals (Faleiro et al., 2013), amphibians (Bini et al., 2006),and birds (Diniz-Filho et
al., 2009). This pattern and other high richness areas at the westernmost portion of the region in Mato Grosso,
close to the Pantanal and the Amazon Forest, and around the Emas National Park, one of the key conservation
areas in the Cerrado (Redford, 1985), are also shared among our data and Costa et al. (2007) results for both
endemic and non-endemic Squamate species. However a herein high endemic richness area (Fig. 5) overlaping

with the Espinhaco range was not among Costa et al. (2007) highest richness values.

The Espinhaco range is a region that also holds high endemism for birds (Silva, 1997), and amphibians
(Valdujo et al., 2012), and is an elevated metamorphic ridge that acts as a geographical barrier between the
Atlantic Forest and the Brazilian open formations (Ab’Saber, 1977), coupled with a massive environmental
heterogeneity. Since Squamate endemism has been suggested to be influenced by historical factors (Vitt et al.,
2003; Mesquita et al., 2006; Nogueira et al., 2011) it is no surprise to find a high diversity of endemism in such

topographically and ecologically complex regions.

When we incorporated future projected population declines to our distribution models, we revealed that
Cerrado endemic Squamate are highly threatened, with an alarming raise in species numbers for threatened
categories and species uplisting (Appendix S4). Our data point in the same way of a connection between habitat
and species losses (Wilcox & Murphy, 1985; Brooks et al., 2002), the number of endangered species raised
from 2 (2.86%) to 78 (74.29% of total) (Fig. 6) in our most conservative approach, where IUCN’s B category is
not considered and we account for uncertainty in population responses to fragmentation depending upon habitat
type. Such relation was already expected, because Squamate Reptiles are highly sensible to area loss (Gibbons
et al., 2000; Collen et al., 2009; Bohm et al., 2013), Reptiles have been pointed out as more vulnerable to

habitat losses than mammals and birds (Gibbons et al., 2000).,
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In our reassessment we classified some species in higher risk categories in GOV than in BAU scenarios
(Appendix S1). This is a consequence of the different metrics and assumptions when building GOV and BAU
scenarios. The BAU scenario estimates a maintainance in previous patterns of habitat loss (2002-2008), while in
the GOV scenario registered habitat loss is projected to be halved, irrespectively of what is happening nearby
the region. For example, an area isolated from roads and cities with 10000 ha may be expected to lose 1200 ha
in the next ten years in the BAU scenario, however if the region held a previous loss of 3000 ha, a future loss of
1500 ha will be predicted under the GOV scenario (50% of reduction), therefore surpassing the loss expected

under BAU.

Sadly, the raise in species uplisting to threatened categories when extending deforesting to a wider time
frame (20 years), indicates that the longer is a species generation length, theoretically the higher its extinction
risk in the Cerrado (Fig. 2). Ten years ago the Cerrado has been projected disappear in 2030 if no proper actions
are taken (Machado et al., 2004), and our data still point in the same catastrophic direction (Table 1). As this
relation between species projected distributions and habitat losses was evident under both Watershed or Maxent
mapping procedures, with no significant difference between total area lost, we conclude that as proposed by
Nogueira et al. (2011), this uplisting is not a consequence of the chosen model or mapping technique, but rather
the result of spatial coincidence of local richness, endemism and high levels of habitat loss.Such coincidence is
clearly perceptible when we take in account that most reaclassified threatened species, including all CR, are
concentrated in the southern part of the Cerrado. A consequence of the high richness in endemics with narrow
modeled distributions in the Parana-Paraguay headwaters (Fig. 3), coupled with a high regional habitat loss,

projected to continue in the future(Fig. 1).

Differences in future habitat loss within higher taxa depending on where each species’ distribution was
located, and the significantly diverging registered habitat losses among Tocantins-Serra Geral and Paraguay-
Guaporé BEs from the Parana-Paraguay BE (Fig. 4, Table 2) indicates that: the latter BE, located in the
Southern region of the Cerrado, was and possibily will continue to be more heavily affected by deforestation
(only 34% of BE 3 original coverage remains);and the Northern and North-Western parts of the ecoregion suffer

less with this particular menace (81% of BE 1 original area still remains).

We chose species within BE for verifying loss patterns in the Cerrado so we could observe the effects
of deforestation in biogeographical patterns (Carvalho et al., 2011). The most emperilled detected BE has also

the least protection by conservation units, while the least emperilled BE has the highest protection among all
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(Appendix S3, Fig. 4c). Since historical factors are important to the formation of Squamate faunas (Vitt et al.,
2003; Mesquita et al., 2006; Nogueira et al., 2011), and assuming that these significantly similar range groups
defined by BE are likely to share a common biogeographic history (Hausdorf, 2002), our data shows that we
may be losing historical information in regions of the Cerrado in an accelerated pace along with its diversity,
due to a non-random pattern of habitat loss and an unrepresentative distribution of conservation units throughout

biogeographical patterns, a situation that we can’t afford (Whittaker et al., 2005).

As seems to happen worldwide (Pimm et al., 1995) a gradual rise in the number of threatened species
related to the expansion of anthropic occupation occurs in the Cerrado: the South region overlaps with
Southeastern Brazil, the Country most populated region that harbours its three largest metropolitan regions
(IBGE, 2010), and with our most imperiled BE; the Central region of the Cerrado co-occurs with a more
recently occupied region of Brazil (Klink & Moreira, 2002), and we did not find significant difference between
the BE located in this part of the Cerrado either when comparing with the most conserved BE 1 and 2, or the
most endangered BE 3 (Fig. 4); finally the North, North-Western and Far Western regions are farther away from

Brazilian economical centers than their Southern counterparts (IBGE, 2011) and are least emperilled.

Priority conservation areas

Crisis and Refugia areas detected herein are centered in the southernmost part of the Cerrado, close to
each other (Fig. 5b), resembling a possible future gradient of habitat loss. However, Refugia areas have wider
protection coverage than Crisis areas. The higher protection in Refugia appears to be a consequence of its
coincidence with rocky parts of the region that overlap with rocky outposts, such as the Espinhaco range and the
Chapada dos Guimaraes (Scott et al., 2001). While Crisis areas have most of their points overlapping with the
poorly protected Parana-Paraguay BE . Irreplaceable areas on the other hand are scattered (Fig. 5¢). This
distribution may be a consequence of the Cerrado endemic Squamate’s tight association to specific
microhabitats (Gainsbury & Colli, 2003; Mesquita et al., 2006), and uneven distribution in habitat mosaics
(Colli et al., 2002; Nogueira et al., 2005), with unique species spread throughout its area. Even though highly
irreplaceable areas in North and Northeastern parts of the region partly overlap withthe single best protected BE,
such irreplaceable areas are not properly covered by PAs, and therefore a future expansion of the protection

areas in these regions is still needed (Cavalcanti, 1999; Bini et al., 2006).

We conclude that previous decisions regarding the conservation of the Cerrado were probably based on

scenic appealing landscapes or on regions (Espinhaco Range, Chapada dos Veadeiros and Chapada dos
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Guimaraes) that were not interesting at the moment for agriculture purposes (Cavalcanti et al., 1999), a scenario
found globally (Margules & Pressey, 2000; Scott et al., 2001, Brooks et al., 2006). However, only recently a
considerable continuous area of the Cerrado has been delimited as a protection area based on scientific

reasoning: Parque Nacional da Chapada das Mesas (Brasil, 2005).

We point out the remaining areas in the central region of the Cerrado, the Espinhago range, the triple
frontier between Goias, Mato Grosso do Sul and Mato Grosso and the region of Mato Grosso just above the
Pantanal (all converging in terms of high species diversity, considerable irreplaceability) as immediate priority
conservation areas, while highly irreplaceable areas should be used as guidance to future conservation
initiatives. Species here classified or uplisted in IUCN’s risk categories (Appendix S1) highlight critically
endangered species as priorities, and their reassessment by experts must begin immediately, and include future
habitat loss scenarios. Since high habitat losses and numbers of threatened species are expected to raise even

following conservative scenarios, deforestation must immediately be reduced in all of Cerrado.
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582  Table 1 Cerrado habitat loss patterns in different time frames and scenarios (Business as usual, (BAU) and
583  Governance, (GOV)); OR: original area of Cerrado vegetation (according to the limits in IBGE (2004)): Total
584  area: Cerrado’s total original area; LPY 2002: Loss per year starting in 2002; OR (%): Percentage of original

585  arealoss; LPY(%).: Percentage loss per year.

OR? 20021 2008! 2010t GOV202 GOV203 BAU202 BAU203

0 0 0 0
Total area 2.039,38 1.136,52 1.051,18 1.037,07 922,056 836,627 772,269 597,016
6 1 2 6
LPY2002 - - 14,223 12,430 11,914 10,710 20,236 19,268
OR% 0% 44% 48% 49% 55% 59% 62% 71%
LPY2002 - - 1.25% 1.09% 1.04% 0.94% 1.78% 1.69%

%
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Table 2 Habitat loss until 2010 and potential threatened species, considering the timeframe between

2010 and 2020 in BAU scenario for both A4c and B1 ab(i,iii) categories, in each Biotic element for

Cerrado Squamate Reptiles. OR: Original area; R2010 Remaining area in 2010; Loss 2010 (%):

Percetual loss until 2010; Critically, Endangered, Vulnerable and total threatened species for each

one.
BE Denomination OR R2010 Loss 2010 (%) CR EN VU Total
1 Tocantins-Serra Geral 248,102 163,541.74 34% - 5 5%
2 Paraguay-Guaporé 84,539  35,072.96 59% 2 3
3 Parana-Paraguay 266,988 51,662.8 81% 5 9
4  Guimardes-Roncador 310,142 124,735.84 60% 1 6 7
5 Espinhaco 100,530 50,827.73 49% - 7 7
6 Araguaia 299,891 134,191 55% 2 3 5
7 Central Plateau 234,991 105,113.28 55% - 3 3

34
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Figure 1. Projected Cerrado remaining areas in: (&) BAU scenario for 2020; (b) BAU scenario for 2030; (c)

GOV scenario for 2020; (d) GOV scenario for 2030;
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of all reassessed Critically Endangered species, warmer colors indicates a higher number of species predicted to

CO-occur.
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SUPPORTING INFORMATION

Additional Suporting Information may be found in the online version of this article:

Data S1 Background to Materials and Methods

Appendix S1 Species’ areas, percentages of habitat loss and [UCN categories

Appendix S2 Biotic Element’s species’ areas, protection areas and habitat losses

Appendix S3 Area loss comparison within biotic elements
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Data S1 Supporting Information; Background to Materials and Methods.

The International Union for the Conservation of Nature (IUCN) Red List

The TUCN’s Red List is a worldwide accepted compilation of endangered and not-endangered species
obtained through standardized methods (Rodrigues et al., 2006; Mace et al., 2008; IUCN, 2001, 2010), that not
only rank species risks through categories, but also highlights what threatens them and in what proportion
(TUCN, 2001; Mace et al., 2008). Therefore the IUCN RedList helps decision makers in where to prioritize
conservation actions by indicating where help seems to be most urgently needed (Rodrigues et al., 2006). Not
coincidently a recent essay in the conservation status of the world’s reptiles (Bohm et al., 2013) uses [IUCN’s

extinction risk criteria to assess the global group panorama.

However not until recently a new “breach” in the IUCN’s criteria was formally published in the
guidelines to using IUCN Categories and Criteria (IUCN, 2010). And in Criteria A4 in IUCN’s point 5.7
“Relationship between loss of habitat and population reduction” the organization states that a reduction in
population size may be based on a projected decline in area of occupancy, extent of occurrence and/or quality of
habitat (IUCN, 2010). To our knowledge no studies have used this approach for Squamate endemic species in
the Cerrado to date. We used the criteria A4 to interpret modeled prediction of Cerrado area losses within
species ranges and assign appropriate categories of extinction to individual species under different scenarios and

assumptions (see Bird et al., 2011) (see Methods).

Dealing with uncertainty

As pointed out by Bird et al. (2011) in their appendix Data S1, there are several sources of uncertainty
in our estimates of population declines: (a) inaccurate generation length estimates; (b) omission and commission
errors in the species range maps and the extent of suitable habitat we identified; (c) non-linear/non-directly-
proportional population responses to deforestation, particularly where deforestation renders species susceptible
to additional factors e.g. hunting and edge effects; etc. However, we hereby provide more background to, and
justification for our assumptions and adjustments which we think my render reductions in possible errors and

account for uncertainty.

Omission and commission errors in species’ range maps and model evaluation
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Threshold choice to transform continuous to presence/absence outputs is crucial in SDM and must be
done according to the research objectives (Fielding & Bell. 1997; Liu et al., 2013). We aim that our expected
presences contain only the highest values in the continuous probability outputs, while reducing omission rates as
much as possible. To do so we chose to apply a 10 percentile training presence threshold, i.e. the threshold value
corresponds to the model probability where 90% of the occurrence records with the highest model probabilities
are presences (see Carvalho et al., 2011).

Still, threshold delimitations were not enough with species that held few locality points. We obtained
inconsistent model outputs with the Maxent approach to these species. It is normal for Maxent outputs not to
take in account physical barriers or distances when indicating potential distribution areas (Phillps et al., 2004,
2006). But in our data species with few points tended to be distributed through wide portions of the Cerrado,
frequently occupying all of its extension. Therefore, to avoid over-prediction we estimated distribution areas for
species with 10 or less points through our Species’ watershed based potential distribution method, because it is
centered in its registered point localities and still points out as a refined option in species area distribution

(Nogueira et al., 2010).

When evaluating model results we used the Area Underneath the Receiver-Operating Characteristic
(ROC) Curve (AUC) (Hanley & McNeil, 1982; Fielding & Bell, 1997; Manel et al., 2011). AUC measures the
ability of a model to discriminate between sites where species are present, versus were they are absent (Elith et
al.,2006). It is an indicated measure for presence-only algorithms due to its ability to discriminate between
proper environmental conditions and random background pixels (Pearson et al., 2006; but see Luoto et al., 2005
and Peterson et al., 2008 for critics).
Biotic element analysis

Biotic element analysis is based on the central assumption that, if vicariant processes fragmented
ancestral ranges, groups of significantly clustered and non-random species ranges should emerge and be
detectable (Hausdorf, 2002; Hausdorf & Hennig, 2003). It consists of a series of tests in which non-random
congruence in species ranges is verified through tests to determine significant spatial clustering (Hausdorf &
Hennig, 2004). If there is a significant non-random congruence in species ranges, BEs are than determined

through a distance matrix (see Hausdorf & Hennig, 2003 for mathematical details).

SUPPORTING REFERENCES
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Appendix S1 Species areas, percentage of loss and IUCN categories. Group: amp - amphisbaenians; liz - lizards ; ser - serpents. Species. Pts.: Number of locality points for
each species. BE: Biotic Element ; Habitat type as defined by Nogueira et al. (2011): O - Open ; F - Florest ; R - Riparian; ? - Unknown. G.U.: Geomorphological Unit as
defined by Nogueira et al. (2011); P - Plateaus (above 500m) ; D - Depressions (under 500m) ; G - Generalists (species found at both units). PA: Number of Protection Areas
in which each species is found. PAC: Protected Area Coverage calculated by the sum of the areas included in PA. OR: Species estimated ranges in original intact Cerrado (in
km?). 2000: Species estimated ranges for the Cerrado in 2000 (in km?). 2002 Species estimated ranges for the Cerrado in 2002 (in km?2). 2010: Expected species distribution in
the Cerrado in the year 2010 (in km?). 2020: Expected species distribution in the Cerrado in the year 2010 (in km?2). BAU2020: Expected species distribution in the Cerrado in
the year 2020 according to the BAU scenario (in km2). BAU2030: Expected species distribution in the Cerrado in the year 2030 according to the BAU scenario (in km2).
GOV2020: Expected species distribution in the Cerrado in the year 2020 according to the GOV scenario (in km2). GOV2030: Expected species distribution in the Cerrado in

the year 2030 according to the GOV scenario (in km?2). Species with an "*" had their losses multiplied by 0.8 (see Methods).

Grou Species Ps oo Habita GU P PA oR 2000 2002 2010 BAU202 BAU203 GOV202  GOV203
p . t A Area 0 0 0 0
liz Ameiva parecis (Colli et al., 2003) 1 2 o) P 2 1438 9179 9055 9024 8902 8610 8443 7536 6270
liz Ameivula jalapensis (Colli et al., 2009) 2 1 o) P 0 0 21330 20675 20492 19757 18592 17785 19004 18800
liz Ameivula mumbuca (Colli et al., 2003) 2 x o) P 7 1267 31991 30142 29852 28694 25895 23781 25366 23776

amp Amphisbaena absaberzio(ggussma”” & Carvalho, 12 0 D 0 0 8944 5400 5243 4618 2566 1649 3111 3046

amp Amphisbaena acrobeles (Ribeiro et al., 2009) 11 0 D 9 4738 15800 15791 15692 15296 14531 14343 15000 14995

amp Amphishbaena anaemariae Vanzolini, 1997 9 X 6} P 13 14286 159552 52588 51305 46175 15110 8707 10506 6183

amp Amphisbaena bedai (Vanzolini, 1991) 3 3 ? D 1 258 46720 15903 15303 12904 3176 1635 6196 6106

amp Amphisbaena brevis Strussmann & Mott, 2009 1 4 ? D 1 258 21790 14123 13732 12169 6124 3448 7987 7292

amp Amphisbaena carli Pinna et al., 2010 2 x ? P 2 5528 18163 13201 12525 9820 6952 5545 6519 5615

amp Amphisbaena crisae Vanzolini, 1997 4 x o) G 14 26406 86439 43343 42681 40033 25300 23916 28724 27868

amp Amphisbaena C“iabanzaogslt)r ussmann & Carvalho, 3 4 0 D 10 19391 43277 27430 26763 24097 15823 12310 16278 12490

amp Amphisbaena ibijara Rodrigues et al., 2003 1 2 ? D 15 32262 18322 17950 17414 15271 9629 8201 10467 10467

amp Amphisbaena kraoh (Vanzolini, 1971) 4 1 ? G 2 6728 55355 45647 44416 39493 31350 26998 33740 32724
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Amphisbaena leeseri Gans, 1964
Amphisbaena mensae Castro-Mello, 2000
Amphisbaena miringoera Vanzolini, 1971
Amphisbaena neglecta Dunn & Piatt, 1936
Amphisbaena sanctaeritae Vanzolini, 1974
Amphisbaena saxosa (Castro-Mello, 2003)

Amphisbaena silvestrii Boulenger, 1902
Amphisbaena steindachneri Strauch, 1881
Amphisbaena talisiae Vanzolini, 1995
Apostolepis albicolaris Lema, 2002
Apostolepis ammodites Ferrarezzi et al., 2005
Apostolepis assimilis (Reinhradt, 1861)
Apostolepis cerradoensis Lema, 2003
Apostolepis christineae Lema, 2002
Apostolepis dimidiata (Jan, 1862)
Apostolepis flavotorquata* (Duméril et al., 1854)
Apostolepis goiasensis Prado, 1942
Apostolepis intermedia Koslowsky, 1898
Apostolepis lineata Cope, 1887
Apostolepis longicaudata Amaral, 1921
Apostolepis nelsonjorgei Lema & Renner, 2004
Apostolepis polylepis Amaral, 1921
Apostolepis serrana Lema & Renner, 2006
Apostolepis striata Lema, 2004
Apostolepis vittata (Cope, 1887)
Atractus albuquerquei Cunha & Nascimento, 1983

Atractus edioi Silva Jr et al., 2005
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Bachia bresslaui (Amaral, 1935)
Bachia cacerensis* Castrillon & Strussmann, 1998
Bachia didactyla Freitas et al., 2011
Bachia geralista Teixeira et al., 2013
Bachia micromela Rodrigues et al., 2007
Bachia oxyrhina Rodrigues et al., 2008
Bachia psamophila Rodrigues et al., 2007
Bothrops itapetiningae (Boulenger, 1907)
Bothrops marmoratus Silva & Rodrigues, 2008
Bothrops moojeni* Hoge, 1966
Bothrops neuwiedi Wagler, 1824
Bothrops pauloensis Amaral, 1925
Cercosaura schreibersii albostrigata* (Griffin, 1917)
Chironius flavolineatus™ (Jan, 1863)
Chironius quadricarinatus (Boie, 1827)
Coleodactylus brachystoma* (Amaral, 1935)
Drymoluber brazili (Gomes, 1918)
Epicrates crassus Cope, 1862
Epictia clinorostris Arredondo & Zaher, 2010
Erythrolamprus frenatus* (Werner, 1909)
Erythrolamprus maryellenae (Dixon, 1985)
Eurolophosaurus nanuzae (Rodrigues, 1981)
Gymnodactylus amarali Barbour, 1925

Gymnodactylus guttulatus Vanzolini, 1982
Heterodactylus lundii Reinhardt & Luetken, 1862

Hoplocercus spinosus* Fitzinger, 1843
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Hydrodynastes melanogigas* Franco et al., 2007
Kentropyx paulensis Boettger, 1893
Kentropyx vanzoi Gallagher & Dixon, 1980
Leposternon cerradensis Ribeiro et al., 2008
Leposternon maximus Ribeiro et al., 2011
Liotyphlops schubarti Vanzolini, 1948
Lygophis paucidens (Hoge, 1953)
Manciola guaporicola (Dunn, 1935)
Micrablepharus atticolus Rodrigues, 1996
Micrurus brasiliensis Roze, 1967
Micrurus tricolor Hoge, 1956
Mussurana quimi (Franco et al., 1998)
Norops meridionalis (Boettger, 1885)
Phalotris concolor Ferrarezzi, 1994
Phalotris labiomaculatus Lema, 2002
Phalotris lativittatus Ferrarezzi, 1994
Phalotris matogrossensis* Lema et al., 2005
Phalotris multipunctatus Puorto & Ferrarezi, 1994
Phalotris nasutus (Gomes, 1915)
Philodryas livida (Amaral, 1923)
Placosoma cipoense Cunha, 1966
Rhachidelus brazili Boulenger, 1908
Rhachisaurus brachylepis (Dixon, 1974)
Salvator duseni (Lonnberg, 1910)
Siagonodon acutirostris Pinto & Curcio, 2011

Simophis rhinostoma (Schlegel, 1837)

Stenocercus quinarius Nogueira & Rodrigues, 2006
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Stenocercus sinesaccus™ Torres-Carjaval, 2005
Tantilla boipiranga Sawaya & Sazima, 2003
Trilepida brasiliensis (Laurent, 1949)
Trilepida fuliginosa (Passos et al., 2006)
Trilepida koppesi (Amaral, 1955)
Tropidurus insulanus Rodrigues, 1987
Tropidurus itambere Rodrigues, 1987
Tropidurus montanus Rodrigues, 1987
Tupinambis quadrilineatus* Manzani & Abe, 1997
Xenodon matogrossensis* (Scrocchi & Cruz, 1993)

Xenodon nattereri (Steindachner, 1867)

Xenopholis undulatus* (Jensen, 1900)
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Appendix S1 Species areas, percentage of loss and IUCN categories. Group: amp - amphisbaenians; liz - lizards ; ser - serpents. Species. Loss OR-2000 (%): Species'

percentage expected original distribution cover lost until the year 2000. Loss 2000-2010 (%): Species' expected area loss between the years 2000 and 2010. Loss OR-2000

(%): Species' percentage expected original distribution cover lost until the year 2010. Loss OR-2020 (%): Species' percentage expected original distribution cover lost until

the year 2020 according to BAU scenario. Loss 2010-2020 (%): Species' expected area loss between the years 2010 and 2020 according to the BAU scenario. Loss 2010-

2030 (%): Species' expected area loss between the years 2010 and 2030 according to the BAU scenario. GOV loss 2010-2020 (%): Species' expected area loss between the

years 2010 and 2020 according to the GOV scenario. GOV loss 2010-2030 (%): Species' expected area loss between the years 2010 and 2030 according to the GOV scenario.

Species with an "*" had their losses multiplied by 0.8 (see Methods).

Grou Species Loss OR- Loss 2000- LossOR-2010 LossOR-2020  Loss2010-2020  Loss 2010-2030 GOV Loss 2010- GOV Loss 2010-
P P 2000 (%) 2010 (%) (%) (%) (%) (%) 2020 (%) 2030 (%)

liz Ameiva parecis (Colli et al., 2003) 1,35% 1,68% 3,02% 6,20% 3,28% 5,16% 15,35% 29,57%

liz Ameivula jalapensis (Colli et al., 2009) 3,07% 4,44% 7,37% 12,84% 5,90% 9,98% 3,81% 4,85%

liz Ameivula mumbuca (Colli et al., 2003) 5,78% 4,80% 10,31% 19,06% 9,76% 17,12% 11,60% 17,14%
amp  Amphisbaena absaberz'o(ggussma”” &Carvalho, 59 639y 14,47% 48,37% 71,31% 44,44% 64,29% 32,64% 34,05%
amp Amphisbaena acrobeles (Ribeiro et al., 2009) 0,06% 3,14% 3,19% 8,03% 5,01% 6,23% 1,94% 1,97%
amp Amphisbaena anaemariae Vanzolini, 1997 67,04% 12,19% 71,06% 90,53% 67,28% 81,14% 77,25% 86,61%
amp Amphisbaena bedai (Vanzolini, 1991) 65,96% 18,86% 72,38% 93,20% 75,39% 87,33% 51,98% 52,68%
amp Amphisbaena brevis Strussmann & Mott, 2009 35,19% 13,83% 44,15% 71,90% 49,68% 71,67% 34,37% 40,08%
amp Amphisbaena carli Pinna et al., 2010 27,32% 25,61% 45,93% 61,72% 29,21% 43,53% 33,62% 42,83%
amp Amphisbaena crisae Vanzolini, 1997 49,86% 7,64% 53,69% 70,72% 36,78% 40,26% 28,25% 30,39%
amp  Amphisbaena C“'aba”;()%slt)russmann &Carvalho, 46 6794 12,15% 44.32% 63,44% 34,34% 48,91% 32,45% 48,17%
amp Amphisbaena ibijara Rodrigues et al., 2003 2,03% 14,93% 16,65% 47,45% 36,94% 46,29% 31,46% 31,46%
amp Amphisbaena kraoh (Vanzolini, 1971) 17,54% 13,48% 28,66% 43,35% 20,60% 31,64% 14,57% 17,14%
amp Amphisbaena leeseri Gans, 1964 66,22% 18,70% 72,53% 93,21% 75,29% 87,39% 52,69% 53,39%
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Amphisbaena mensae Castro-Mello, 2000
Amphisbaena miringoera Vanzolini, 1971
Amphisbaena neglecta Dunn & Piatt, 1936
Amphisbaena sanctaeritae Vanzolini, 1974
Amphisbaena saxosa (Castro-Mello, 2003)
Amphisbaena silvestrii Boulenger, 1902
Amphisbaena steindachneri Strauch, 1881
Amphisbaena talisiae Vanzolini, 1995
Apostolepis albicolaris Lema, 2002
Apostolepis ammodites Ferrarezzi et al., 2005
Apostolepis assimilis (Reinhradt, 1861)
Apostolepis cerradoensis Lema, 2003
Apostolepis christineae Lema, 2002
Apostolepis dimidiata (Jan, 1862)
Apostolepis flavotorquata* (Duméril et al., 1854)
Apostolepis goiasensis Prado, 1942
Apostolepis intermedia Koslowsky, 1898
Apostolepis lineata Cope, 1887
Apostolepis longicaudata Amaral, 1921
Apostolepis nelsonjorgei Lema & Renner, 2004
Apostolepis polylepis Amaral, 1921
Apostolepis serrana Lema & Renner, 2006
Apostolepis striata Lema, 2004

Apostolepis vittata (Cope, 1887)

Atractus albuquerquei Cunha & Nascimento,
1983

Atractus edioi Silva Jr et al., 2005

Bachia bresslaui (Amaral, 1935)

Bachia cacerensis* Castrillon & Strussmann,
1998

Bachia didactyla Freitas et al., 2011

51,33%
19,72%
41,16%
85,09%
33,19%
37,48%
26,23%
54,56%
56,11%
38,83%
71,59%
25,38%
33,74%
39,41%
35,17%
65,03%
61,31%
36,54%
8,29%
21,06%
5,56%
59,71%
36,54%
37,02%
28,00%
64,18%
77,51%

15,06%

11,45%
0,89%
13,15%
13,26%
17,66%
12,62%
10,63%
20,87%
10,66%
12,91%
65,60%
6,91%
12,27%
10,82%
10,77%
13,55%
18,30%
14,57%
10,52%
11,59%
10,74%
11,01%
14,57%
12,62%
7,59%
14,38%
2,50%

1,13%

56,91%
20,44%
48,90%
87,07%
44,99%
45,37%
34,08%
64,05%
60,79%
46,73%
74,59%
30,54%
41,87%
45,97%
51,51%
69,77%
68,39%
45,78%
17,94%
30,21%
15,71%
64,15%
45,78%
44.97%
33,46%
69,33%
96,98%

16,03%

74,61%
22,19%
75,09%
99,62%
66,36%
62,87%
54,98%
89,31%
78,21%
64,44%
90,23%
4751%
67,08%
70,35%
69,24%
87,17%
90,22%
73,26%
28,44%
46,37%
22,99%
88,68%
73,26%
62,97%
49,75%
90,25%
96,98%

16,03%

41,08%
2,21%
51,25%
97,10%
38,84%
32,02%
31,72%
70,26%
44,42%
33,26%
36,01%
24,52%
4337%
45,12%
29,25%
57,57%
69,05%
50,68%
12,80%
23,15%

8,64%
68,43%
50,68%
32,72%
24,47%
68,21%

0,00%

0,00%

58,77%
2,21%
72,03%
99,57%
60,32%
43,10%
46,81%
85,92%
58,30%
45,98%
48,16%
44,85%
66,67%
66,02%
39,36%
71,19%
80,40%
72,82%
20,30%
37,70%
13,70%
87,85%
72,82%
44,52%
40,92%
83,82%

0,00%

0,00%

70,64%
0,00%
35,94%
85,56%
30,25%
28,87%
46,77%
55,01%
77,76%
37,68%
69,46%
53,87%
31,18%
78,64%
30,47%
74,60%
46,69%
35,03%
8,53%
25,71%
6,12%
54,45%
35,03%
30,78%
45,17%
70,72%
5,28%

9,73%

81,17%
0,00%

40,67%
90,99%
39,75%
33,54%
56,68%
60,33%
88,27%
44,83%
88,26%
68,25%
34,26%
87,83%
36,05%
83,37%
47,65%
41,13%
10,10%
33,13%
7,28%

68,00%
41,13%
37,03%
56,19%
78,16%
11,03%

27,20%
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Bachia geralista Teixeira et al., 2013
Bachia micromela Rodrigues et al., 2007
Bachia oxyrhina Rodrigues et al., 2008
Bachia psamophila Rodrigues et al., 2007
Bothrops itapetiningae (Boulenger, 1907)
Bothrops marmoratus Silva & Rodrigues, 2008
Bothrops moojeni* Hoge, 1966
Bothrops neuwiedi Wagler, 1824

Bothrops pauloensis Amaral, 1925

Cercosaura schreibersii albostrigata* (Griffin,
1917)

Chironius flavolineatus* (Jan, 1863)
Chironius quadricarinatus (Boie, 1827)
Coleodactylus brachystoma* (Amaral, 1935)
Drymoluber brazili (Gomes, 1918)
Epicrates crassus Cope, 1862
Epictia clinorostris Arredondo & Zaher, 2010
Erythrolamprus frenatus* (Werner, 1909)
Erythrolamprus maryellenae (Dixon, 1985)
Eurolophosaurus nanuzae (Rodrigues, 1981)
Gymnodactylus amarali Barbour, 1925

Gymnodactylus guttulatus Vanzolini, 1982

Heterodactylus lundii Reinhardt & Luetken,
1862

Hoplocercus spinosus* Fitzinger, 1843

Hydrodynastes melanogigas* Franco et al., 2007

Kentropyx paulensis Boettger, 1893
Kentropyx vanzoi Gallagher & Dixon, 1980
Leposternon cerradensis Ribeiro et al., 2008

Leposternon maximus Ribeiro et al., 2011

Liotyphlops schubarti VVanzolini, 1948

25,50%
22,52%
6,.52%
36,07%
85,50%
44,79%
50,32%
68,86%
73,03%
45,45%
45,82%
66,20%
29,99%
63,22%
63,82%
53,10%
65,50%
42,10%
34,77%
34,37%
21,43%
54,17%
39,89%
26,99%
64,55%
32,84%
72,74%
25,36%
99,97%

14,63%
16,51%
9,97%
15,73%
12,75%
13,74%
10,96%
9,60%
14,69%
9,08%
11,00%
13,75%
10,09%
12,66%
14,92%
12,51%
14,54%
12,66%
10,06%
13,09%
5,83%
12,07%
10,96%
12,92%
13,35%
12,09%
14,01%
13,21%
0,00%

36,40%
35,31%
15,84%
46,13%
87,35%
52,38%
67,99%
71,85%
77,00%
61,71%
63,16%
70,85%
45,37%
67,87%
69,22%
58,97%
85,17%
49,43%
41,33%
42,96%
26,01%
59,71%
56,73%
44,44%
69,28%
40,96%
76,56%
35,22%
99,97%

51,09%
60,02%
24,98%
69,66%
98,24%
70,44%
85,33%
86,39%
92,95%
79,80%
80,88%
87,75%
62,87%
84,91%
86,26%
80,23%
97,94%
66,85%
61,50%
59,57%
45,07%
78,16%
74,64%
67,22%
86,71%
62,76%
94,65%
52,01%
99,97%

23,11%
38,20%
10,86%
43,68%
86,09%
37,93%
43,33%
51,65%
69,37%
37,80%
38,49%
57,97%
25,62%
53,04%
55,36%
51,81%
68,88%
34,45%
34,38%
29,12%
25,76%
45,80%
33,12%
32,80%
56,75%
36,92%
77,19%
25,91%
0,00%

36,22%
56,00%
18,85%
62,38%
94,06%
52,61%
53,84%
66,44%
81,57%
48,58%
50,30%
72,19%
34,48%
67,20%
68,05%
68,06%
74,86%
46,94%
52,41%
40,27%
41,00%
66,89%
42,72%
47,31%
72,52%
48,92%
83,12%
39,97%
0,00%

20,33%
26,19%
10,83%
31,58%
81,68%
47,53%
46,13%
83,64%
71,72%
51,99%
40,93%
63,45%
23,19%
62,06%
50,86%
37,03%
53,28%
38,58%
67,44%
26,98%
66,17%
68,78%
30,52%
23,76%
66,45%
31,15%
64,54%
28,99%
0,00%

25,77%
27,95%
15,44%
39,57%
85,84%
56,87%
51,05%
88,77%
77,65%
59,77%
48,94%
70,39%
26,83%
72,51%
58,67%
44,25%
54,43%
46,79%
77,43%
30,54%
74,20%
75,71%
35,83%
29,18%
76,83%
39,37%
71,52%
37,18%
0,00%
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Lygophis paucidens (Hoge, 1953)
Manciola guaporicola (Dunn, 1935)
Micrablepharus atticolus Rodrigues, 1996
Micrurus brasiliensis Roze, 1967
Micrurus tricolor Hoge, 1956
Mussurana quimi (Franco et al., 1998)
Norops meridionalis (Boettger, 1885)
Phalotris concolor Ferrarezzi, 1994
Phalotris labiomaculatus Lema, 2002
Phalotris lativittatus Ferrarezzi, 1994

Phalotris matogrossensis* Lema et al., 2005

Phalotris multipunctatus Puorto & Ferrarezi,
1994

Phalotris nasutus (Gomes, 1915)
Philodryas livida (Amaral, 1923)
Placosoma cipoense Cunha, 1966
Rhachidelus brazili Boulenger, 1908
Rhachisaurus brachylepis (Dixon, 1974)
Salvator duseni (Lonnberg, 1910)
Siagonodon acutirostris Pinto & Curcio, 2011

Simophis rhinostoma (Schlegel, 1837)

Stenocercus quinarius Nogueira & Rodrigues,
2006

Stenocercus sinesaccus™ Torres-Carjaval, 2005
Tantilla boipiranga Sawaya & Sazima, 2003
Trilepida brasiliensis (Laurent, 1949)
Trilepida fuliginosa (Passos et al., 2006)
Trilepida koppesi (Amaral, 1955)
Tropidurus insulanus Rodrigues, 1987
Tropidurus itambere Rodrigues, 1987

Tropidurus montanus Rodrigues, 1987

37,51%
58,14%
48,67%
38,77%
60,14%
71,54%
53,91%
75,61%
20,38%
85,78%
59,30%
82,21%
55,64%
85,81%
36,88%
78,47%
46,07%
48,59%
6,69%
68,39%
39,85%
38,82%
35,72%
11,02%
34,93%
76,52%
47,75%
66,08%
36,50%

12,71%
11,91%
12,99%
15,63%
16,58%
12,63%
12,90%
10,42%
13,54%
11,39%
12,93%
20,64%
12,95%
12,75%
11,19%
13,51%
18,29%
11,39%
9,57%
12,94%
12,57%
8,47%
11,28%
11,35%
12,35%
15,89%
37,47%
13,14%
6,77%

45,45%
63,13%
55,34%
48,34%
66,75%
75,13%
59,86%
78,15%
31,17%
87,40%
78,30%
85,88%
61,39%
87,62%
43,95%
81,38%
55,94%
54,44%
15,62%
72,48%
47,41%
53,97%
42,97%
21,12%
42,96%
80,25%
67,34%
70,54%
40,80%

62,55%
81,20%
73,89%
66,22%
87,43%
93,69%
77,64%
84,62%
47,00%
98,89%
94,64%
99,64%
80,43%
98,10%
67,26%
95,13%
78,42%
70,75%
24,73%
88,93%
65,51%
75,27%
66,53%
31,18%
62,44%
97,18%
87,00%
87,56%
59,53%

31,34%
49,00%
41,54%
34,61%
62,20%
74,61%
44,31%
29,59%
23,00%
91,21%
60,24%
97,44%
49,31%
84,68%
41,60%
73,83%
51,01%
35,79%
10,80%
59,77%
34,43%
37,02%
41,31%
12,76%
34,15%
85,72%
60,20%
57,77%
31,63%

43,40%
60,21%
55,07%
53,08%
73,07%
85,82%
56,67%
50,74%
33,77%
95,78%
67,33%
99,77%
64,45%
92,42%
63,44%
85,75%
71,27%
45,58%
18,93%
73,39%
47,67%
47,38%
63,17%
23,49%
51,96%
93,45%
68,57%
72,50%
47,00%

34,31%
53,48%
44,32%
37,26%
43,30%
72,69%
45,11%
34,96%
16,52%
88,75%
45,30%
78,38%
56,27%
70,98%
76,73%
78,28%
69,12%
42,72%
10,36%
74,88%
35,80%
31,42%
76,52%
12,51%
39,93%
68,63%
47,91%
63,55%
77,68%

40,59%
59,08%
53,87%
48,77%
44,06%
78,96%
52,21%
50,31%
19,72%
91,34%
47,07%
80,21%
67,62%
76,29%
86,60%
84,30%
80,01%
49,06%
14,73%
85,23%
43,80%
37,33%
86,48%
17,86%
49,22%
72,96%
47,91%
71,66%
83,19%
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Tupinambis quadrilineatus* Manzani & Abe,
1997

Xenodon matogrossensis* (Scrocchi & Cruz,
1993)

Xenodon nattereri (Steindachner, 1867)

Xenopholis undulatus* (Jensen, 1900)

29,16%
44,94%

70,57%
50,16%

10,03%
11,96%

13,18%
10,88%

44,42%
62,72%

74,45%
67,77%

61,92%
84,72%

90,36%
85,61%

25,20%
47,20%

62,25%
44,28%

34,65%
54,53%

73,77%
56,46%

23,18%
31,70%

61,84%
52,25%

28,08%
31,70%

67,95%
61,65%
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Appendix S1 Species areas, percentage of loss and IUCN categories. Group: amp - amphisbaenians; liz - lizards ; ser - serpents. Species. IUCN 2000-2010:

Species categorization in IUCN's redlist criteria according to its' expected population losses from 2000 until 2010. IUCN 2010-2020: Species categorization in

IUCN's redlist criteria according to its' expected population losses from 2010 until 2020 according to the BAU scenario. IUCN 2010-2030: Species

categorization in IUCN's redlist criteria according to its' expected population losses from 2010 until 2030 according to the BAU scenario. IUCN GOV 2010-

2020: Species categorization in IUCN's redlist criteria according to its' expected population losses from 2010 until 2020 according to the BAU scenario

according to the GOV scenario. IUCN GOV 2010-2030: Species categorization in [IUCN's redlist criteria according to its' expected population losses from

2010 until 2030 according to the BAU scenario according to the GOV scenario. Species with an "*" had their losses multiplied by 0.8 (see Methods).

Group Species IUCN 2000-2010  IUCN 2010-2020  IUCN 2010-2030 IUCN 2010 IUCN GOV 2010-2020 IUCN GOV 2010-2030

liz Ameiva parecis (Colli et al., 2003) VU B1 ab(i,iii)

liz Ameivula jalapensis (Colli et al., 2009) VU B1 ab(i,iii)

liz Ameivula mumbuca (Colli et al., 2003)
amp Amphisbaena absaberi (Strussmann & Carvalho, 2001) VU Adc EN A4c EN B1 ab(i,iii) VU Adc VU Adc
amp Amphisbaena acrobeles (Ribeiro et al., 2009) VU B1 ab(i,iii)
amp Amphisbaena anaemariae Vanzolini, 1997 EN Adc CR A4c EN Adc CR Adc
amp Amphisbaena bedai (Vanzolini, 1991) EN A4c CR A4c VU B1 ab(i,iii) EN Adc EN Adc
amp Amphisbaena brevis Strussmann & Mott, 2009 VU Adc EN Adc VU B1 ab(i,iii) VU Adc VU Adc
amp Amphisbaena carli Pinna et al., 2010 VU Adc VU B1 ab(i,iii) VU Adc VU Adc
amp Amphisbaena crisae Vanzolini, 1997 VU A4c VU Adc VU Adc
amp Amphisbaena cuiabana (Strussmann & Carvalho, 2001) VU Adc VU Adc VU Adc VU Adc
amp Amphisbaena ibijara Rodrigues et al., 2003 VU Adc VU Adc VU B1 ab(i,iii) VU Adc VU Adc
amp Amphisbaena kraoh (Vanzolini, 1971) VU Adc
amp Amphisbaena leeseri Gans, 1964 EN Adc CR Adc VU B1 ab(i,iii) EN Adc EN Adc
amp Amphisbaena mensae Castro-Mello, 2000 VU Adc EN A4c EN Adc CR Adc
amp Amphisbaena miringoera Vanzolini, 1971 VU B1 ab(i,iii)
amp Amphisbaena neglecta Dunn & Piatt, 1936 VU Adc EN Adc VU B1 ab(i,iii) VU Adc VU Adc
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Amphisbaena sanctaeritae Vanzolini, 1974
Amphisbaena saxosa (Castro-Mello, 2003)
Amphisbaena silvestrii Boulenger, 1902
Amphisbaena steindachneri Strauch, 1881
Amphisbaena talisiae Vanzolini, 1995
Apostolepis albicolaris Lema, 2002
Apostolepis ammodites Ferrarezzi et al., 2005
Apostolepis assimilis (Reinhradt, 1861)
Apostolepis cerradoensis Lema, 2003
Apostolepis christineae Lema, 2002
Apostolepis dimidiata (Jan, 1862)
Apostolepis flavotorquata* (Duméril et al., 1854)
Apostolepis goiasensis Prado, 1942
Apostolepis intermedia Koslowsky, 1898
Apostolepis lineata Cope, 1887
Apostolepis longicaudata Amaral, 1921
Apostolepis nelsonjorgei Lema & Renner, 2004
Apostolepis polylepis Amaral, 1921
Apostolepis serrana Lema & Renner, 2006
Apostolepis striata Lema, 2004
Apostolepis vittata (Cope, 1887)
Atractus albuquerquei Cunha & Nascimento, 1983
Atractus edioi Silva Jr et al., 2005
Bachia bresslaui (Amaral, 1935)

Bachia cacerensis* Castrillon & Strussmann, 1998
Bachia didactyla Freitas et al., 2011
Bachia geralista Teixeira et al., 2013
Bachia micromela Rodrigues et al., 2007

Bachia oxyrhina Rodrigues et al., 2008

EN Adc

CR Adc
VU Adc
VU Adc
VU Adc
EN Adc
VU Adc
VU Adc
VU Adc

VU Adc
VU Adc

VU Adc

EN Adc
VU Adc

EN Adc

VU Adc
VU Adc

EN Adc

VU Adc

CR Adc
EN Adc
VU Adc
VU Adc
CR Adc
EN Adc
VU Adc
VU Adc
VU Adc
EN Adc
EN Adc
VU Adc
EN Adc
CR A4c
EN Adc

VU Adc

CR A4c

EN Adc

VU Adc

VU Adc
CR Adc

VU Adc
EN Adc

EN B1 ah(i,iii)
VU B1 ab(i,iii)
VU B1 ab(i,iii)
EN B1 ah(i,iii)
VU B1 ab(i,iii)
VU B1 ab(i,iii)
VU B1 ab(i,iii)
VU B1 ab(i,iii)
VU B1 ab(i,iii)
VU B1 ab(i,iii)
VU B1 ab(i,iii)
VU B1 ab(i,iii)
EN B1 ah(i,iii)
EN B1 ah(i,iii)
VU B1 ab(i,iii)

CR A4c
VU Adc

VU Adc
EN Adc
EN Adc
VU Adc
EN Adc
EN A4c
VU Adc
EN A4c
VU Adc
EN A4c
VU Adc
VU Adc

EN A4c

VU Adc
VU Adc
VU Adc
EN A4c

CR Adc
VU Adc
VU Adc
EN Adc
EN A4c
CR Adc
VU Adc
CR Adc
EN A4c
VU Adc
CR A4c
VU Adc
CR Adc
VU Adc
VU Adc

VU Adc

EN A4c

VU Adc

VU Adc

EN A4c
EN A4dc
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Bachia psamophila Rodrigues et al., 2007
Bothrops itapetiningae (Boulenger, 1907)
Bothrops marmoratus Silva & Rodrigues, 2008
Bothrops moojeni* Hoge, 1966
Bothrops neuwiedi Wagler, 1824
Bothrops pauloensis Amaral, 1925
Cercosaura schreibersii albostrigata* (Griffin, 1917)
Chironius flavolineatus* (Jan, 1863)
Chironius quadricarinatus (Boie, 1827)
Coleodactylus brachystoma* (Amaral, 1935)
Drymoluber brazili (Gomes, 1918)
Epicrates crassus Cope, 1862
Epictia clinorostris Arredondo & Zaher, 2010
Erythrolamprus frenatus* (Werner, 1909)
Erythrolamprus maryellenae (Dixon, 1985)
Eurolophosaurus nanuzae (Rodrigues, 1981)
Gymnodactylus amarali Barbour, 1925
Gymnodactylus guttulatus Vanzolini, 1982
Heterodactylus lundii Reinhardt & Luetken, 1862
Hoplocercus spinosus* Fitzinger, 1843
Hydrodynastes melanogigas* Franco et al., 2007
Kentropyx paulensis Boettger, 1893
Kentropyx vanzoi Gallagher & Dixon, 1980
Leposternon cerradensis Ribeiro et al., 2008
Leposternon maximus Ribeiro et al., 2011
Liotyphlops schubarti VVanzolini, 1948
Lygophis paucidens (Hoge, 1953)
Manciola guaporicola (Dunn, 1935)

Micrablepharus atticolus Rodrigues, 1996

VU Adc
CR Adc
VU Adc
VU Adc
VU Adc
EN Adc
VU Adc
VU Adc
VU Adc

VU Adc
VU Adc
VU Adc
EN Adc
VU Adc
VU Adc

VU Adc
VU Adc
VU Adc
VU Adc
VU Adc
EN Adc

VU Adc
VU Adc
VU Adc

EN Adc
CR A4c
EN Adc
EN Adc
EN Adc
CR A4c
VU Adc
EN Adc
EN Adc
VU Adc
EN Adc
EN Adc
EN Adc
EN Adc
VU Adc
EN Adc
VU Adc
VU Adc
EN Adc
VU Adc
VU Adc
EN Adc
VU Adc
CR Adc
VU Adc

VU Adc
EN Adc
EN Adc

VU B1 ab(i,iii)
VU B1 ab(i,iii)
VU B1 ab(i,iii)
VU B1 ab(i,iii)
VU B1 ab(i,iii)
VU B1 ab(i,iii)
VU B1 ab(i,iii)
CR B1 ab(i,iii)

VU Adc
CR A4c
VU Adc
VU Adc
CR Adc
EN Adc
EN Adc
VU Adc
EN A4c

EN A4c
EN A4c
VU Adc
EN A4c
VU Adc
EN A4c

EN A4c
EN A4c
VU Adc

EN A4c
VU Adc
EN A4c

VU Adc
EN A4c
VU Adc

VU Adc
CR Adc
EN Adc
EN Adc
CR Adc
EN A4c
EN A4c
VU Adc
EN A4c

EN Adc
EN Adc
VU Adc
EN A4c
VU Adc
EN A4c
VU Adc
EN A4c
EN A4c
VU Adc

EN A4c
VU Adc
EN A4dc
VU Adc

VU Adc
EN A4c
EN A4c
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Micrurus brasiliensis Roze, 1967
Micrurus tricolor Hoge, 1956
Mussurana quimi (Franco et al., 1998)
Norops meridionalis (Boettger, 1885)
Phalotris concolor Ferrarezzi, 1994
Phalotris labiomaculatus Lema, 2002
Phalotris lativittatus Ferrarezzi, 1994
Phalotris matogrossensis* Lema et al., 2005
Phalotris multipunctatus Puorto & Ferrarezi, 1994
Phalotris nasutus (Gomes, 1915)
Philodryas livida (Amaral, 1923)
Placosoma cipoense Cunha, 1966
Rhachidelus brazili Boulenger, 1908
Rhachisaurus brachylepis (Dixon, 1974)
Salvator duseni (Lonnberg, 1910)
Siagonodon acutirostris Pinto & Curcio, 2011
Simophis rhinostoma (Schlegel, 1837)
Stenocercus quinarius Nogueira & Rodrigues, 2006
Stenocercus sinesaccus* Torres-Carjaval, 2005
Tantilla boipiranga Sawaya & Sazima, 2003
Trilepida brasiliensis (Laurent, 1949)
Trilepida fuliginosa (Passos et al., 2006)
Trilepida koppesi (Amaral, 1955)
Tropidurus insulanus Rodrigues, 1987
Tropidurus itambere Rodrigues, 1987
Tropidurus montanus Rodrigues, 1987
Tupinambis quadrilineatus* Manzani & Abe, 1997
Xenodon matogrossensis* (Scrocchi & Cruz, 1993)

Xenodon nattereri (Steindachner, 1867)

VU Adc

VU Adc
EN Adc
EN Adc
VU Adc
VU Adc

CR Adc
EN Adc
CR A4c
VU Adc
CR A4c
VU Adc
EN Adc
VU Adc
VU Adc

EN Adc
VU Adc
VU Adc
VU Adc

VU Adc
CR A4c
EN Adc
VU Adc
VU Adc

VU Adc
EN Adc

EN Adc
EN Adc
CR Adc
EN Adc
EN Adc
VU Adc
CR Adc
EN Adc
CR A4c
EN Adc
CR A4c
EN Adc
CR A4c
EN Adc
VU Adc

EN Adc
VU Adc
VU Adc
EN Adc

EN Adc
CR A4c
EN Adc
EN Adc
VU Adc
VU Adc
EN Adc
EN Adc

VU B1 ab(i,iii)
VU B1 ab(i,iii)
VU B1 ab(i,iii)
VU B1 ab(i,iii)
VU B1 ab(i,iii)
VU B1 ab(i,iii)
VU B1 ab(i,iii)
VU B1 ab(i,iii)
EN B1 ah(i,iii)
VU B1 ab(i,iii)

VU Adc
VU Adc
EN Adc
VU Adc
VU Adc

CR Adc
VU Adc
EN A4c
EN A4c
EN A4c
EN A4c
EN A4c
EN A4c
VU Adc

EN A4c
VU Adc
VU Adc
EN A4c

VU Adc
EN A4c
VU Adc
EN A4c
EN A4c

VU Adc
EN A4c

VU Adc
VU Adc
EN Adc
EN Adc
EN Adc

CR Adc
VU Adc
CR A4c
EN A4c
EN A4c
CR A4c
CR Adc
CR Adc
VU Adc

CR Adc
VU Adc
VU Adc
CR Adc

VU Adc
EN A4c
VU Adc
EN A4dc
CR Adc

VU Adc
EN A4c
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ser

Xenopholis undulatus* (Jensen, 1900)

VU Adc

EN Adc

EN A4c

EN Adc
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761  Appendix S2 Area losses comparison within biotic elements. BE: Biotic Element numeration as in Nogueira et
762 al. (2011). Denomination: Biotic element's denomination as in Nogueira et al. (2011). D: Kolmogorov-Smirnov

763  testresult. P-value: For the statistical analyses we considered a significance level of 0.05.

BE BE name D p-value
1 Tocatins-Serra Geral 0,2727 0,8326
2 Paraguay-Guaporé 0,3333 0,9307
3 Parana-Paraguay 0,25 0,9801
4 Guimaraes-Roncador 0,4286 0,5412
5 Espinhaco 0,2857 0,9627
6 Araguaia 0,2 1
7 Central Plateau 0,5 0,7714
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Appendix S3 Biotic Elements' species areas, Protection Areas and Habitat losses. Group: amp - amphisbaenians; liz - lizards ; ser - serpents. Species. PA: Number of
Permanent Protection Areas in which each species is found. abb.: Abbreviation of the Conservation Unit's names; EESA - Estacdo Ecoldgica (Esec) da Serra das
Avraras; EEIQ - Esec de Iqué ; EEPI - Esec de Pirapitinga; EEUU - Esec de Urugui-Una; EETO - Esec Serra Geral do Tocantins; EECP - Parque Nacional (Parna)
Cavernas do Peruacu; EECM - Parna Chapada das Mesas; EECG - Parna da Chapada dos Guimardes; EECV - Parna da Chapada dos Veadeiros; EESB - Parna da
Serra da Bodoquena; EESCA - Parna da Serra da Canastra; EESCO - Parna da Serra das Confusdes ; EESCI - Parna da Serra do Cip6; EEPE - Parna das Emas;
EENP - Parna das Nascentes do Rio Parnaiba; EESV - Parna das Sempre-Vivas; EEPB - Parna de Brasilia; EEPA - Parna do Araguaia; EELM - Parna dos Lencois
Maranhenses; EEGV - Parna Grande Sertdo Veredas; EERC - Reserva Biologica (Rebio) da Contagem; EEVO - Reflgio de Vida Silvestre (Revis) das Veredas do
Oeste Baiano. PA: The species' PA total areas. PA Area: Protected Area Coverage calculated by the sum of the species' original distribution covered by the PAs . BE:
Biotic Element number as in Nogueira et al. (2011). BE Name: The Biotic Element's given name as in Nogueira et al. (2011). OR: Expected species' distribution in
an original Cerrado coverage (in km?). 2010: Expected species distribution in the Cerrado in the year 2010 (in km2). BE2010: Expected species distribution in the
Cerrado in the year 2010 if losses were homogeneous throughout the BE (in km2). OR in PPA (%): Percentage of the area from the species' expected original

coverage which is held in PPA.

Group Species n.PA abb. PPA PAC BE BE Name OR 2010 BE2010 ORareainPA (%)
liz Ameivula jalapensis Colli et al., 2009 2 PNP ; ET 14314 3219 1 Tocantins-Serra Geral 21330 19757 14078 15%
amp Amphisbaena acrobeles Ribeiro et al., 2009 2 PNP ; ET 14314 6214 1 Tocantins-Serra Geral 15800 15296 10428 39%
amp Amphisbaena kraoh Vanzolini, 1971 2 PNP ; ET 14314 8877 1 Tocantins-Serra Geral 55355 39493 36534 16%
amp Amphisbaena saxosa Castro-Mello, 2003 0 1 Tocantins-Serra Geral 19298 10065 12737 0%
ser Apostolepis longicaudata Amaral, 1921 3 PNP; ET ; EU 15665 10338 1 Tocantins-Serra Geral 52520 43100 34663 20%
ser Apostolepis polylepis Amaral, 1921 3 PNP; ET ; EU 15665 11681 1 Tocantins-Serra Geral 55705 46955 36765 21%
liz Bachia oxyrhina Rodrigues et al., 2008 2 PNP ; ET 14314 7064 1 Tocantins-Serra Geral 36186 30455 23883 20%
ser Hydrodynastes melanogigas* Franco et al., 2007 0 1 Tocantins-Serra Geral 29319 16290 19351 0%
ser Micrurus brasiliensis Roze, 1967 3 PCP;PCV;ET 7962 533 1 Tocantins-Serra Geral 98330 50796 64898 1%
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ser

liz
amp
amp
ser
ser
liz
liz
amp
amp
amp
ser
ser
ser
ser
ser
amp
amp
amp
ser
ser
liz
liz
ser
liz
liz
liz
liz

ser

Phalotris labiomaculatus Lema, 2002
Trilepida brasiliensis Laurent, 1949
Ameiva parecis Colli et al., 2003
Amphisbaena absaberi Strussmann & Carvalho, 2001
Amphisbaena steindachneri Strauch, 1881
Apostolepis christineae Lema, 2002
Apostolepis striata Lema, 2004
Bachia cacerensis* Castrillon & Strussmann, 1998
Bachia didactyla Freitas et al., 2011
Amphisbaena bedai Vanzolini, 1991
Amphisbaena leeseri Gans, 1964
Amphisbaena sanctaeritae Vanzolini, 1974
Apostolepis intermedia Koslowsky, 1898
Erythrolamprus frenatus* Werner, 1909
Phalotris multipunctatus Puorto & Ferrarezi, 1994
Philodryas livida Amaral, 1923
Trilepida koppesi Amaral, 1955
Amphisbaena brevis Strussmann & Mott, 2009
Amphisbaena cuiabana Strussmann & Carvalho, 2001
Amphisbaena neglecta Dunn & Piatt, 1936
Apostolepis lineata Cope, 1887
Apostolepis vittata Cope, 1887
Manciola guaporicola Dunn & Piatt, 1935
Stenocercus sinesaccus™ Torres-Carjaval, 2005
Apostolepis dimidiata Jan, 1862
Eurolophosaurus nanuzae Rodrigues, 1981
Gymnodactylus guttulatus Vanzolini, 1982
Placosoma cipoense Cunha, 1966
Rhachisaurus brachylepis Dixon, 1974

Tantilla boipiranga Sawaya & Sazima, 2003

N N N =

P P P, NN P WO R R R R R RPN O R R O Rk Rk kN

PNP ; ET

PCM ; PNP; ET

El
EA
EA
EA

PE; EA
El
PSB
PSB

PSB

PSB; PE; Pca

PSB; PE
PE
PG
PG
PG
PG
PG

RC; PA;PE;PCa;PG;EA

PG ; PE; El
Pci
PSV ; Pci
PSV ; Pci
Pci
Pci
Pci

14314
15914
2160
272
272
272

1598
2160
770
770

770
4075

2097
1326
326
326
326
326
326
9492
3813
316
1558
1558
316
316
316

4437
7803
398
272
272
272

1330
398
441
441

441
1913

1774
1326
326
326
326
326
326
6733
2004
316
316
1555
1450
316
316

o o o o o o B B b D B B D W W W W WWWWN DN DNDDNDDNDDNDDND R

Tocantins-Serra Geral
Tocantins-Serra Geral
Paraguay-Guaporé
Paraguay-Guaporé
Paraguay-Guaporé
Paraguay-Guaporé
Paraguay-Guaporé
Paraguay-Guaporé
Paraguay-Guaporé
Parana-Paraguay
Parana-Paraguay
Parana-Paraguay
Parana-Paraguay
Parana-Paraguay
Parana-Paraguay
Parana-Paraguay
Parana-Paraguay
Guimarées-Roncador
Guimarées-Roncador
Guimarées-Roncador
Guimarées-Roncador
Guimarées-Roncador
Guimarées-Roncador
Guimarées-Roncador
Espinhaco
Espinhaco
Espinhaco
Espinhaco
Espinhaco
Espinhaco

44999
72807
9179
8944
10840
12729
57873
4829
46720
47231
19145
20205
149364
49916
141796
131248
21790
43277
14220
18860
18860
245735
95387
14250
16705
31644
17026
14631
30468

30974

57430
8902
4618
7146
7394

1746
4055
12904
12972
2475
6387
45254
7047
32590
25920
12169
24097
7266
10225
10225
89901
43903
8127
9026
18566
12598
8201
13425

29699

48053
3763
3667
4444
5219

23728
1980
8877
8974
3638
3839
28379
9484
26941
24937
8716
17311
5688
7544
7544
98294
38155
7268
8520
16138
8683
7462
15539

10%
11%
4%
3%
3%
2%

2%
8%
1%
1%
0%
2%
1%
0%
1%
1%
1%
1%
2%
2%
2%
3%
2%
2%
2%
5%
9%
2%
1%
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liz
amp
amp
ser
ser
liz
amp
ser
ser

ser

Tropidurus montanus Rodrigues, 1987
Amphisbaena miringoera Vanzolini, 1971
Amphisbaena silvestrii Boulenger, 1902
Apostolepis serrana Lema & Renner, 2006
Atractus albuquerquei Cunha & Nascimento, 1983
Tropidurus insulanus Rodrigues, 1987
Amphisbaena mensae Castro-Mello, 2000
Apostolepis albicollaris Lema, 2002
Apostolepis cerradoensis Lema, 2003

Apostolepis nelsonjorgei Lema & Renner, 2004

W P W W O W o w Pk W

PCi ; PSV ; PGV
PA
PA; PG ; PE
PE;PCV; EA
RC; PB; PCV
RC; PB ; PCV
PCV
PNP ; ET ; PCV

3867
5555
2301

2301

2352
2352
648
14962

1726
1736
3409

2246

1106
812
389

7046

~N N NN o o o o o O

Espinhaco
Araguaia
Araguaia
Araguaia
Araguaia
Araguaia
Central Plateau
Central Plateau
Central Plateau

Central Plateau

87476
12482
213693
20709
129798
2330
95267
132584
18439
85067

46906
9931
92112
7425
54385
761
41055
42478
12808
59372

44613
5617
96162
9319
58409
1049
59066
82202
11432
52742

2%
14%
2%
0%
2%
0%
1%
1%
2%
8%
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Appendix S4 Number of Cerrado endemic species that qualify for different International Union for the conservation of Nature (IUCN) categories: (1)

on the IUCN Red List in 2013, under a business as usual (BAU) scenario, and under a governance (GOV) scenario, under category A4c; (2) when

uncertainty in species' generation length is incorporated (2010-2030 years) with maximum generation length (MGL), under category A4c and (3)

when uncertainty in species' responses to fragmentation is corrected for habitat (CFH), under category A4c, (4) Considering both A and B IUCN

categories and correcting for species' responses to fragmentation according to habitat (CFH).

(1)IUCN Red List

(2) Incorporating uncertainty in

generation length

(3)Incorporating
uncertainty in

(4) Aand B IUCN

categories coupled with

population responses CFH
to fragmentation
depending upon

habitat type
2014 Red List Revised Revised Revised Revised Revised Revised Revised Revised
Category category category category category category  category Category  Category
(BAU) (GOV) (MGL, BAU) (MGL, GOV) (CFH, (CFH, (CFH, (CFH,
BAU) GOV) BAU) GOV)
NA 93 1 1 1 1 1 1 1 1
DD 5 0 0 0 0 0 0
LC 3 23 24 13 16 26 25 15 16
NT 1 0 0 0 0 0 0 0 0
VU 3 41 35 26 37 55 37 63 43
EN 0 33 40 46 34 17 38 20 40
CR 0 7 5 19 17 6 4 7 5
Thr. 3 81 80 91 88 78 79 90 88
% thr. 2.85% 77.14% 76.19% 86.67% 83.81% 74.29% 75.24% 85.71% 83.80%
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