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RESUMO

As a¢Oes humanas tém desencadeado diversas aradnagdwersidade como as mudancas
de uso do solo e do clima, sobre-exploracéo, piduggintroducao de espécies invasoras, que
afetas os organismos da escala local até a glalza@ncia da conservagao espacial para
conservagao emergiu como uma abordagem quantitpiezéem o objetivo de auxiliar
escolhas espaciais que lidem com essas ameacasenqunimizam conflitos
socioecondémicos e politicos. Aqui nds desenvolvesobs;does espaciais para conservacao de
mamiferos néo voadores do Cerrado considerandost@scsocioecondmicos e as
oportunidades vindas da governanca ambiental (poroéjetivo). Além disso, ndés geramos
solucdes espaciais que lidem com as mudancas diousuo e climaticas levando em
consideracéo as capacidades de dispersédo dasesspés incertezas associadas ao processo
de modelagem de distribuicdo de espécies (MDE(skgobjetivo). Em ambos objetivos
nos consideramos a atual rede de reservas do 6eNad modelamos a distribuicdo de 154
espécies combinando as projecdes dos modelos @opesia ajuste estatistico para produzir
0s mapas consenso de distribuicdo das espéciapaags em trés distintos tipos de modelos
(modelos de envelope, estatisticos e de inteligéatificial), para a atualidade e projetados
para o futuro (usado apenas no ultimo objetivoja Bgrimeiro objetivo, nés usamos as
predicdes da atual distribuicdo das espécies paliaar as analises de priorizagdo espacial,
indicando os melhores locais para investimentoidersndo a densidade humana, custo da
terra, uso do solo antropogénico, nivel de govermambiental e a distribuicdo das espécies
na perspectiva da analise de demandas conflitdPées.o segundo objetivo, nGs usamos a
distribuicdo atual e futura das espécies parazagad procedimento de otimizacdo e propor
locais para conservacéo que minimizem os efeitabspeersao induzida pelas mudancas
climaticas, incertezas associadas ao processo MipBstderando as futuras mudancas na
paisagem (através do nosso modelo de uso do soMRE indicou que locais ricos em
espécies convergem para locais com alta densidgudgeional, alto custo de terra, alta
proporcao de uso do solo voltado para atividadesahas e diversos niveis de governanca
ambiental. Houve significativas mudancas nas mhaalées espaciais quando as dimensodes
socioecondmicas e politicas foram incluidas nabsmsafazendo que os locais prioritarios
mudassem para o norte. Essa mudanca espacialuenn£8% de potenciais conflitos com
populacdo humana, em 72% de conflitos de custerda £m 68% de conflitos com o uso do
solo antropogénico e 51% de aumento dos possigrefioios da governanca ambiental.
Quando incluimos as mudancas de uso de solo erdana da modelagem no processo de

planejamento, os locais prioritarios mudaram sigaiivamente na regido. Enquanto a
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inclusdo das mudancas no uso do solo alterou bZac@o espacial dos locais prioritarios em
escala regional, os efeitos da mudanca climéatitdetam a ocorrem em escala local. Note

gue nossas solucgdes ja incluiram possiveis coesdiar dispersédo para ligacdo entre as atuais
areas prioritarias com aquelas importantes nodutéo bem quanto a analise de risco
baseado nas incertezas do planejamento. Nossdsdesupermitiram lidar tanto com a
complexa natureza dos conflitos entre dimensdasesmandémicas e politicas quanto com
problema dindmico imposto principalmente pelas mgda do uso do solo e climéaticas.

Assim, nossas analises auxiliam metodologicamed#s auporte no processo de tomada de
deciséo e a consequente traducéo dos resultagidarsgamentos de conservacdo em acoes

de conservagao.

Palavras-chave:Conflitos de conservacao, planejamento sistemédgcoonservacao,
priorizacao espacial para conservacgao, analiseptiiplos critérios, Zonation, Convencéo
da Diversidade Biologica, aquecimento global, moslele distribuicdo de espécies,

incertezas, Cerrado Brasileiro, mamiferos.



ABSTRACT

The human actions has triggered many threats thigsity like land-use and climate
changes, overexploitation, pollution, and introdlutiof invasive species, which can affect
organisms both at local and global scale. The sei@h spatial conservation prioritization
emerged as a quantitative approach to supporiptiteatdecisions in face of these threats,
while minimizing the socioeconomic and politicahdlacts. Here we developed spatial
solutions to the conservation of non-flying mamnfedsn Brazilian Cerrado considering the
socioeconomic costs and the opportunities of enmr@ntal governance (first objective).
Further, we generated solutions to face the lamdansl climate change taking into account
the dispersal abilities of species and uncertantighe species distribution modeling (SDM)
process (second objective). We considered the munetwork of reserves of the Cerrado in
both objectives. We built SDMs for 154 species ciommg model projections weighted by
their statistical fit to produce consensus mapspeties distribution grouped in three distinct
types of models (envelope, statistical and macteagiing models), for both current future
scenarios of climate (used only in the last ainoy. the first goal, we used the current
predicted distribution to run spatial prioritizatianalyses indicating the best sites for the
conservation investment considering human popuiatensity, land cost, anthropogenic land
use, level of environmental governance, and thieiloligion of species in trade-off analyses.
For the second goal, we used both current anddygredicted distribution to run
optimization procedures and propose priority ditesonservation, while minimizing species
climate-forced dispersal distance , the mean uaicgytassociated to the SDM process, and
taking into account the future changes in the laags (by our land use model). SDMs
indicated that species-rich sites converge to regwith high population density, high land
cost, high anthropogenic land use, and with divkrgels of environmental governance.
There was a significant change in spatial prigitiden socioeconomic and political
dimensions were included in analyses: top priaitys moved towards the north. This spatial
change reduced by 68% the potential conservatioflicts with human population, b§2%

the likely conflicts arising from land cost and %6 anthropogenic land use. It also
increased by 51% the beneficial effect of environtakgovernance. Including land-use
changes and the modeling uncertainty in the coasiervplanning process changed
significantly the spatial distribution of priorigites in the region. While the inclusion of land-
use models altered the spatial location of pricsitgs at the regional scale, the effects of
climate change tended to take place at the loedé shlote that, our solutions already include
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possible dispersal corridors linking current antife priority sites for mammal conservation,
as well as a formal risk analysis based on planamggrtainties. Our results allowed dealing
with both complex nature of conflicts among socareamic and political dimensions, and the
dynamic problem imposed mainly by land-use andalexchange. Thus, our analyses figure
as a methodological prospect supporting the detigiake process and the consequent
translation of conservation planning outcomes aanservations actions.

Key words: Conservation conflicts, systematic conservati@mping, multi-criteria analysis,
Zonation, Convention on Biological Diversity, gldlvgarming, species distribution models,

uncertainties, Brazilian Cerrado, mammals.
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INTRODUCAO GERAL



Areas prioritarias para conservagdo no tempo e nospaco: indo além da representacéo

biologica e do paradigma de lugar

As a¢lOes humanas tém desencadeado diversas aradnagdwersidade como as mudancas
de uso do solo e do clima, sobre-exploracao, pitugsintroducdo de espécies invasoras, que
afetas os organismos da escala local até a giSbhigper et al. 2008; Brook et al. 2008;
Hoffmann et al. 2010; Barnosky et al. 2011; Macl&awilson 2011; Mantyka-Pringle et al.
2011). Sendo as mudancas de uso do solo e clim&ticsideradas as piores ameacgas a
biodiversidade (Sala et al. 2000; Thomas et al42P@reira et al. 2010) e seus efeitos
sinérgicos (interacdo entre as duas ameacas)red raaiores (Brook et al. 2008; Asner et al.
2010; Mantyka-Pringle et al. 2011).

Tais ameacas tém impulsionado o desenvolvimenitegracao de diversos campos da
ciéncia a fim de entender e guiar acdes para sniamacdo (Dawson et al. 2011). Uma das
respostas cientificas a crise global de diversideaeiéncia da priorizacao espacial para
conservacgao que utiliza de métodos quantitatives gaxiliar escolhas espaciais que tenham
o melhor retorno de investimentos em conservac@wiéf & Wintle 2009). Esse ramo da
ciéncia apesar de relativamente novo, tém geraatalgrconhecimentos tedricos, conceituais
e metodologicos que auxiliam no processo de tordadiecisdo em situagdes reais de

conservacao (Moilanen et al. 2009).

No entanto mesmo com o forte desenvolvimento dieatiraramente os planejamentos sao
traduzidos em reais acdes de conservacao, crianddacuna de entre a ciéncia e a
implementacgéo (Knight et al. 2009). Tal lacuna tdo justificada pela falta de interacao de
critérios puramente biolégicos com fatores soceEsnémicos, politicos e institucionais
durante o processo de planejamento (O’Connor 08B; Sarkar et al. 2006; Naidoo et al.
2006; McBride et al. 2007; Knight et al. 2008, 2p@m parte a falta de integracéo de
critérios bioldgicos (espécie, fisionomias vegetpiscessos ecossistémicos) com critérios
nao biolégicos tem as raizes na incapacidade dbtmgbis em lidar com assuntos fora de suas
tradicdes de pesquisa, dificuldade de obtencéedeksgios e falta e/ou incapacidade de lidar

com métodos de outros campos cientificos (econ@u@glogia, etc), além da relutancia em



deixar que outros fatores nao bioldgicos ditem anteg os resultados dos planejamentos
(Naidoo et al. 2006; Ban & Klein 2009).

Tal situacdo é agravada por evidéncias de queaogjplmentos de conservacao sdo mais
sensiveis a critérios nao bioldgicos do que a gadanos grupos taxondémicos (Bode et al.
2008). Assim a desconsideracdo desses critérias guodentar a representacao de aspectos
biolégicos, mas por outro lado aumenta também pfitws de conservagcdo com outras
atividades humanas, como areas de interessedariagricolas, influéncia de cidades, altos
custos de terra (Balmford et al. 2001; Moffett &K2a 2006; Rangel et al. 2007; Carwardine
et al. 2008). E como consequéncia ha uma menoceldasses planejamentos serem
transformados em acgdes reais de conservacao (Katight2008) ou um aumento do risco de
extingdo, caso tais planejamentos sejam converéinpacdes, como no estabelecimento de
reservas ou de &reas para restauracéo ecologiadiliCet al. 2004; Gaston 2005).

Apesar dessas dificuldades em se incorporar fasm@eeconémicos, politicos e

institucionais nos planejamento de conservacaanalgvancos tém sido feito em busca de
superar o foco aos aspectos puramente bioldgicsu§os econémicos podem ser
integrados de varias formas, mas duas delas memesiaque: analise de custos e beneficios
(do inglés “cost—benefit analysis”) e analise deimiacédo dos custos (do inglés “cost-
effectiveness analyses”) (Naidoo et al. 2006; Ergel. 2008).

A andlise de custos e beneficios necessita daificagdio dos bens (alimentos, fitoterapicos,
fibras, alimentos, etc) e servicos (purificacd@de da agua, regulacéo climatica, polinizacao
de plantacdes, decomposicéo, etc) ecossistémicasaeleterminada area em termos
monetérios para sua aplicacdo (de Groot 2002; Eigal 2008). Em seguida se faz uma
comparacao entre o valor que a area geraria podeteaninada atividade econdmica e seu
valor ecossistémico, assim € possivel escolhes @estinadas para atividades econémicas e
para preservacao ambiental (Naidoo et al. 2006p Bsordagem tem a vantagem de
quantificar ambos os fatores em uma mesma unidadeedida (valor monetario), mas tem a
desvantagem de ser limitada a medir valores soheel@gica antropocéntrica, sendo menos
tangiveis valores de existéncia das espécies omoealores ainda ndo descobertos, como o

fornecimento de compostos quimicos para fabricdedmedicamentos (Naidoo et al. 2006).



Devido a tais limitagbes, os planejamentos de cuagéo de maneira geral tem utilizado a
andlise de minimizag&o dos custos, que busca nzairdiferentes custos econémicos que
competem com o valor biolégico de uma determinada @Moffett & Sarkar 2006; Naidoo et
al. 2006). Assim a maior necessidade dessa abardagedisponibilidade de dados e/ou de
métodos que quantifiguem o valor econdmico de uea ém termos monetarios ligados, por
exemplo, a aquisi¢éo de terra, manejo, prejuiait/@lades econémicas nas proximidades
(predacéo do gado, destruicdo de plantacdespetcystos de oportunidades ou nao
monetarios que envolvem qualquer atividades quernmd ser desenvolvidas na area,
podendo ser medidas em nimero de sacas de sojasacndencabecas de gado, toneladas de
peixe, etc (Moffett & Sarkar 2006; Naidoo et al08pBan & Klein 2009).

Os aspectos sociais também tem recebido énfaggaregamentos e sdo muitas vezes
intimamente relacionados aos fatores econdmicog;ipalmente aqueles ligados com os
custos de oportunidades, como o0 numero de pesfatadas pela reducdo de areas agricolas,
cidades, extrativismo, etc. Porém alguns aspecdsmp ser medidos sem uma ligacao tao
forte com fatores econdémicos. O tamanho ou densidagopulagdo humana tem sido o foco
de grande parte dos trabalhos, tanto pela fac#idieddados, quanto por ser um fator
importante na determinacéo do risco de extinca@spacies e representar de maneira
simples o conflito social, medido em namero de passfetadas pelo plano de conservacao
(Cardillo et al. 2004; Gaston 2005). O tamanho jpapanal tem a vantagem de ser predita
com certa precisao em tempos futuros, sendo poastlg-la como uma medida de futuros
conflitos (Loyola et al. 2009). Além desses ex#sfessibilidade de incluir conflitos com
fatores culturais, como a presenca de areas sagoadadeterminadas comunidades
(Cameron et al. 2008).

Os aspectos politicos tem sido foco de recentegd@sem escala global, considerando o

nivel de corrupcao dos paises como uma medidawdgrgmca (O’Connor et al. 2003;

Garnett et al. 2011; Eklund et al. 2011). Tais @s$ypartem da premissa que 0s investimentos
econdmicos podem ser melhor aproveitados por padsesnenor corrupgao, ja que os
recursos seriam melhor geridos para se alcangasjeBvos de conservacao (Garnett et al.
2011; Eklund et al. 2011). Assim em escala glokgllanejamentos que consideram apenas
critérios bioldgicos e econémicos (pre¢o da taeajlem a destacar a importancia de paises

em desenvolvimento, no entanto quando o fatoripolé incluido, as prioridades mudam
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para paises desenvolvidos, onde o preco da tefta,® valor biologico é baixo, mas a
governanca é alta (Eklund et al. 2011). No entastoientistas vém debatendo essa possivel
ligacdo entre corrupcao e conservacao (Ferraro; 2@8h & Walpole 2005; Katzner 2005;
Walpole & Smith 2005) e analises ndo tem encontsaghorte para tal pressuposto (Barrett et
al. 2006). Assim mais do que modelar ou obter dgdespossam ser usados como conflitos,

€ preciso testa-los e discuti-los para garantis saidades.

Neste contexto a andlise por multiplos critéridsIC) € uma forma de se tratar problemas
em que se tenha diversas dimensdes envolvidageranileacdo da solucao final (Moffett &
Sarkar 2006). Existindo basicamente dois protocgl@spodem ser combinados para gerar
planos de conservacao: o protocolo iterativo eniteal (Moffett & Sarkar 2006). O
interativo ou analise de demandas conflitantesndiés “trade-off analises”) considera todos
0s critérios ao mesmo tempo, fazendo um balange eatla critério para selecionar ou
ranquear as area (Moffett & Sarkar 2006; Moilaneal.€2011). Ja o protocolo terminal
primeiramente busca alcancar os alvos de consenea€i seguida as areas sao ordenadas
do menor “custo” para o maior “custo”, sendo eraiigspara a valorizacao dos aspectos
biolégicos das areas (Moffett & Sarkar 2006). Aizeicdo de poucos critérios tem a
vantagem de serem facilmente analisadas e intaga®tno entanto a utilizacdo de poucos
fatores pode ndo captar os verdadeiros conflitasdservacéo envolvidos (Moffett & Sarkar
2006; Rangel et al. 2007). Alguns métodos se Imigautilizacdo de apenas uma medida de
“custo”, sendo possivel agregar diferentes medidas considerar diferentes dimensdes dos
conflitos, mas por outro lado possuem limitac6eglaatificacdo da influenciam de cada
fator nos resultados, sendo mais transparente®twglos que nao necessitam dessa

agregacéo (Sarkar et al. 2006; Moilanen et al. 011

Apesar dos contextos socioecondmico e politicortesido pouco explorados, a variagdo
temporal das dimensdes envolvidas nos planejamartosido ainda menos estudada
(Possingham et al. 2009; Hannah 2010). Até o mommanplanejamentos tém lidado com
problemas estaticos no tempo, desconsideram muslgem@orais tanto dos alvos de
conservacao, quanto dos aspectos socioecondmpmigieos envolvidos (Naidoo et al.
2006; Possingham et al. 2009; Hannah 2010). Esseafplanejamentos estaticos no tempo
tem suas raizes no paradigma de lugar, em qudarzalderia sua prépria diversidade de

espécies, ecossistémica e genéticas que nao aofreridancas ao longo do tempo (Hannah

5



2010). Porém as mudancas climéticas e de uso danspbe um novo paradigma ao
estabelecimento de prioridades de conservacdogj&sges fatores induzem fortes mudancas
na distribuicdo espacial das espécies (Parmesd#).286m disso, mudancas
socioecondmicas e politicas sdo ainda mais din&meicacertas temporalmente que as
encontradas nos sistemas naturais, sendo tambtadafgelas mudancgas climéticas (Naidoo
et al. 2006; Hannah 2010). As espécies tém resgortdi diferentes formas as mudancas
climaticas, no entanto o deslocamento para aconapanéeu nicho tem destaque em
mudancas rapidas, como as ocasionadas pelas maddingaicas decorrente das acées
antrépicas (Parmesan 2006; Dawson et al. 2011gntinto tais deslocamentos podem ser
impedidos pelas mudancas de uso do solo, resul@ssim em efeitos ainda maiores sobre o
risco de extingdo das espécies (Brooks et al. 2888er et al. 2010; Hof et al. 2011,
Mantyka-Pringle et al. 2011). Esses efeitos ténuisipnado o desenvolvimento de métodos
gue lidem com priorizagdes espaciais dinamicaslighik et al. 2005; Lawler 2009;

Mawdsley et al. 2009; Hannah 2010; Dawson et dl12Mawdsley 2011). As principais
ideias consistem na elaboracéo de planos de cagsergue liguem ou reduzam a distancia
entre as areas adequadas climaticamente na atleatiden areas adequadas em periodos
futuros para cada espécie (Williams et al. 2005td& et al. 2007; Carroll et al. 2010).
Propondo ainda programas de migracao assistideeppézies com dificuldades em dispersar
para areas futuras devido a baixa capacidade tlecde®ento natural ou modulada por
mudancas na paisagem (Dawson et al. 2011). Taasitkam o suporte metodolégico dos
modelos de distribuicdo de espécies (MDE) que sagrahde importancia tanto para
determinar o atual padrédo de distribuicdo das éspéoanto para prever suas distribuicdes
no futuro (Hannah et al. 2007; Franklin 2009; Gkt al. 2010). Além disso, € possivel
modelar a perda de habitat no futuro com o intéaninimizar futuros conflitos de
conservacao (Jetz et al. 2007; Asner et al. 20E0utros fatores socioecondmicos e politicos
sdo ainda mais dificeis de serem modelados devidaiar dinAmica temporal desses fatores,
porém o desenvolvimento de métodos nessas aréasneiate necessario no processo de
negociacao e tomada de decisdo, pois ambos sae feitcontexto socioeconémico e

politico.

Assim futuros trabalhos podem direcionar esfor@ra panto entender a ligacao desses

fatores com os aspectos biologicos, como a relegée politica e biodiversidade a fim de



dar suporte em andlises de priorizacdo espacialquerservacdo e aumente assim suas
aplicabilidades em ac¢des concretas de conservacao.

A fim de contribuir para superacao dos problemassgmtados, buscamos nessa dissertacéo
testar a influéncia de critérios socioeconémicpsléicos na determinacéao de areas
prioritarias para conservacdo de mamiferos ndooreadlo Cerrado, bem como em medir 0s
ganhos e perdas inerentes a analise de demandbisites (primeiro capitulo).

Encontramos que as regides com maior riqueza aeiespestao principalmente em regides
com alta densidade populacional, alto custo ecor@raito nivel de uso do solo
antropogénico e com diversos niveis de governamgegeatal. Assim houve um
deslocamento das prioridades para o norte do biquamdo esses fatores foram incluidos na
analise. Permitindo reducdes em 68% de potenaaiflitos com populacdo humana, em
72% de conflitos de custo da terra, em 68% de itosiitom o uso do solo antropogénico e
51% de aumento dos possiveis beneficios da gowgraanbiental.

Ja no segundo capitulo buscamos estabelecer @aasonservacdo de mamiferos nao
voadores do Cerrado buscando encontrar solu¢casiaispque minimizem os efeitos das
mudancas climaticas e mudancas no uso do solodevam consideracao a capacidade de
dispersao das espécies e as incertezas do pratessadelagem de distribuicdo de espécies.
A inclusdo de mudancas na paisagem mudou nossaglpdes em escala regional, em
direcéo ao norte do bioma, enquanto a inclusdodateza dos modelos teve mudancas na
escala local. Além disso nossas analises encomtrswhicoes que minimizaram a distancia
entre areas climaticamente adequadas no presantéuguro.

Dessa forma nossos planejamentos podem ser utiizadto como um protocolo

metodoldgico em outras regides quanto no auxilipracesso de tomada de deciséo.
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ABSTRACT

Aim. To developed spatial trade-off analyses to the@wmasion of mammals considering the
benefits of biodiversity conservation and the secamomic costs of it — taking into account
the current level of environmental governance aglanning region.

Location. The Cerrado Biodiversity Hotspot, Brazil

Methods. We built species distribution models (SDMs) for ¥Bdmmals inhabiting the
Cerrado. We combined model projections weightethbyr statistical fit to produce
consensus maps of species distribution groupeutrée tdistinct types of models (envelope,
statistical and machine-learning models). We ubedd models to run spatial prioritization
analyses indicating the best sites for the conservanvestment. We compared six different
conservation scenarios considering human populatémsity, land cost, anthropogenic land
use, level of environmental governance, and thigiloligion of species using trade-off
analyses. We considered the current level of bargity protection in all scenarios.
Results.SDMs indicated that species-rich sites convergegmns with high population
density, high land cost, high anthropogenic larel asd with diverse levels of environmental
governance. There was a significant change inagaibrities when socioeconomic and
political dimensions were included in analyses:paprity sites moved towards the north.
This spatial change reduced by 68% the potenti@ewation conflicts with human
population, by72% the likely conflicts arising from land cost adml68% anthropogenic land
use. It also increased by 51% the beneficial efféeinvironmental governance.

Main conclusions.Our results reinforce that using only the biol@gicriterion for the
proposition of spatial conservation priorities cartermine conservation plans given the
complex nature of conflicts among socioeconomic @oldical dimensions of the

conservation problem. Our trade-off analyses figg@ methodological prospect supporting
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the decision-make process and the consequentdtiamsbf conservation planning outcomes

into conservations actions.

Key words: Conservation conflicts, conservation planning, maisymulti-criteria analysis,

spatial prioritization, Zonation.
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INTRODUCTION

The science of spatial conservation prioritizagomerged as a quantitative approach to
support the spatial choices that provide bestmsttor conservation investment to alleviate
the current biodiversity crisis (Ferrier & Wint2009). Spatial conservation planning should
consider many criteria to ensure the balance betwamliversity conservation and other
types of land use, catalyzing the implementatioarethe-ground conservation actions
(Ferrier & Wintle, 2009). Here we provide a semé¢srade-off analyses as a decision-support
tool that reduce socioeconomic constraints and daakantage of political opportunities for

mammal conservation in the Cerrado Biodiversitydpot.

Spatial prioritization analysis is only one stefhe conservation planning process (Knight
al., 2006), and its applicability to effective consaten actions is higher when social and
human dimensions are taken into consideration (r@gal.,2008, 2009; Naidoet al.,
2006). Yet, many studies have indicated spatiatensation priorities based only on the
biological value of candidate areas (McBrateal.,2007; Moffett & Sarkar, 2006; Naidaai
al., 2006). Such an approach usually provides optimlakions in terms of biodiversity
representation, but its implementation is limitézeg the pervasive conflicts between
conservation and others competing land uses itatiiscape (Balmfordt al.,2001; Naidoo
et al.,2006; Rangeét al.,2007). This results in a lack of conservation appaty (Knightet

al., 2008).

The combined use of biological, economic, socialitigal and institutional dimensions of
biodiversity conservation has received attentiorecent studies, and their importance has

been highlighted in conservation planning (Ekletél, 2011; McBrideet al, 2007; Sarkar
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et al, 2006). Further, the outcome of spatial consepngbians appears to be more sensitive
to these dimension than to the variation amondakenomic group analyzed (see Badal,
2008). However, political factors such as govereaand its interaction with other variables
still have received little focus. Furthermore te&ationship between political factors and
conservation of biodiversity has been discuss (Wealg Smith, 2005; Ferraro, 2005;
Katzner, 2005; Smith & Walpole, 2005; Laurance,£2nd tested by some empirical
analyzes (Burmt al, 2011; Smitket al, 2003; Barretet al, 2006; Agnewet al, 2009)
however the incorporation of political factors hdogen underexplored in conservation
planning. The measures of governance has beempmeted in conservation planning as the
probability of success in the conservation invesing@/ilsonet al, 2011; McBrideet al,
2007), as a cost (bad governance) or opportundgdgyovernance) in the choice of priority
areas (Eklunet al, 2011; O’Connoet al, 2003), and as a factor that reduce the total &udg
invested and result the real budget spent in theawation target (Garnetdt al, 2011). In

fact, political governance has been debated imbajicontext given the necessity of a good
translation of investment into conservations adifffklundet al, 2011), although this has

not been explored at scales below national level.

The development of spatial conservation plans wixglboth biodiversity and socioeconomic
constraints have been discussed under the mukrerianalysis (MCA) approach (Moffett &
Sarkar, 2006). One way to solve MCA is througheraéf analysis (Moffett & Sarkar, 2006).
Trade-off analysis explores the cost of relaxing goal in order to achieve an increase in
another goal. This means that hard choices witidrrled to translate the planning in actions
(McShaneet al.,2011), although it provides the opportunity to lexg the trade-offs we are

interested in.
17



Here we applied spatial trade-off analyses to treservation of non-flying mammals,
considering the benefits of biodiversity conseiwai@nd the socio-economic costs of it,and
taking into account the current level of environta¢governance in the planning region.
Further, we reduced uncertainty in the speciesiligion using the ensemble of forecasting
approach (Araujo & New, 2007) and considering talspecificity of each species (Lenats

al., 2011).

We used the Cerrado Biodiversity Hotspot (Brazlpacase study for our approach, and
mammals as our model group. The Cerrado is aalritggion to test for the influence of
socioeconomic and political actions in conservasimte it has key features that are common
to others regions of the world. These featureshagi rates of land conversion, positive
socioeconomic impact from agriculture, low level@dal protection (i.e. reserves), and a
high prominence in global conservation schemesdBset al.,2006; Klink & Machado,
2005; Loyolaet al.,2009). Thus our approach can indicate some guigeland a protocol to
biodiversity conservation within the Cerrado, adlas in others regions of the globe. As for
the mammals are facing many threats from localdbaj scale, having an extinction rate
higher than the background rate (Barnoskgl, 2011), and conservation actions are
extremely needed (Schippetral, 2008). Moreover, mammals is a relatively welleista

group for which data such as geographic distribbytigpe of preferred habitat and taxonomy

exist and is well established.
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MATERIAL AND METHODS

Data sources and processing

We updated previous lists of the Cerrado’s nomflymammals ( Marinho-filho & Juarez,
2002; Marinho-Filheet al.,2007;) and obtained their 154 species range niaps f

International Union for Conservation of Nature (IN@ersion 2011ywww.iucnredlist.org.

We gridded the extent of occurrence maps to agjriid1° x 0.1° of latitude/longitude that
covered the full extent of Cerrado. We used curcéntatic variables (annual mean
temperature, mean diurnal range in temperaturgyeesture seasonality, annual precipitation,
precipitation seasonality and precipitation of estdquarter) from the WorldClim repository

(www.worldclim.org/current These variables were generated by interpoldiethte data

from 1950-2000 periods (Hijmams al.,2005).

We reclassified land-use classes in 2008 (our &rlandscape”;
http://siscom.ibama.gov.br/monitorabiomas/index)himforest, savanna, grassland and
anthropic (e.g. agriculture, pasture, urban infagrand quantified the proportion of each
class in each grid cell. Then, we compiled halptaterences (forest, savanna and grassland)
for each species from the literature (papers, baokistheses) to obtain the species’

preferential habitat.

We obtained socioeconomic and politic data fronfed#int sources. We used the human

population size at 2010 from last Brazil natioreise (delivered by The Brazilian Institute of
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Geography and Statistics, and availablettd://www.ibge.gov.brto calculate the population

density per municipality (thousands of people paf)kas a proxy to social conflict. We
measured social conflict as the number of peoféetd by the establishment of protected

areas (Ferrier & Wintle, 2009; Moffett & Sarkar,d8). We used the Gross Domestic Product

(GDP) per municipality at 2009tp://www.ibge.gov.bras a proxy to land cost (see
Balmfordet al, 2003); and used municipality’s finances (provitigd\ational Treasury in

http://www.stn.fazenda.gov.oto obtain the percentage of GDP invested in emvirental

programs by each municipality (available from 269©2010). Then, we calculated its average
to this period and used this value as a proxy taianpality environmental governance.

Finally, we used the percentage of anthropogenid tese (described below) to avoid
selecting regions with others priorities such dsanization and agriculture areas. Regions
with high anthropogenic use provide fewer oppotiasifor the establishment of protected
areas than native ones and offer more threatslly-ina re-scaled the variables for

municipality calculating the average of each vdealio each cell grid.

Species distribution models

We used the presence and absence derived fronespaage maps and the climatic variables
to model species distributions. The use of presandeabsence data is still incipient in the
SDM literature (but see Lawlet al.,2009; Diniz-Filhoet al.,2009 for recent examples).
Although in regions with poor knowledge about spedistribution and under high threat
such as the Cerrado such approach may providstafisessment to identify general

priorities that can be revised after data improveinfeemeset al.,2011). Actually, this
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hierarchical approach is one of the proposals ngeovation biogeography (Whittaketral.,

2005).

We used nine species distribution modeling methatig;h differs both conceptually and
statistically (Franklin, 2009), grouped them inethiseparate sets (distance, statistical and
machine-learning methods), and applied the ensefotgeasting approach within each set.
Distance methods (henceforth, DIST) were BIOCLIMigBY, 1991), Euclidian and Gower
distances (Carpentet al, 1993). Statistical methods (STAT) were Generdliz@ear
Models (GLM; Guisaret al.,2002), Generalized Additive Models (GAM; Hastie &
Tibshirani, 1986) and Multivariate Adaptive RegieasSplines (MARS; Friedman, 1991)
that were represented by the inherent statistiedhads of modern regressions (Franklin,
2009). Finally, machine-learning methods (ML) wktaximum Entropy (MaxEnt; Phillipst
al., 2006; Phillips & Dudik, 2008), Random Forest (Brah, 2001), and Genetic Algorithm

for Rule Set Production (GARP; Stockwell & Nobl©®9P).

We partitioned randomly the data of presence asdraie of each species in 75% to
calibration (or train) and 25% to validation (ostleand repeated this process 10 times (i.e. a
cross-validation) maintaining the observed prevedesft species. We converted the
continuous predictions in presence and absenceg tie ROC curve and calculated the True
Skill Statistics (TSS) to evaluate model performankhe TSS range from -1 to +1, where
values equal +1 is a perfect prediction and vadepsl or less of zero is a prediction no better

than random (Allouchet al, 2006).
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We did the ensembles of forecasts to produce nodmest predictions and reduce the
uncertainties owing to the modeling process (Ara&ajdew, 2007; Marmioret al.,2009).

We generate 30 projections per species (3 modeigttpods x 10 randomly partitioned data)
and generated the frequency of projections for spelsies in each cell grid. We considered
the presence of a species only in cells with 50%arre of frequency of projections, but we
hold a continuous value when this occurred. Finaky filtered/corrected” each frequency-
of-projection map based on the presence of thaegigueferential habitat (i.e type of
vegetation cover) in the cell. Thus, we let theueah frequency of projection only in cells in
which the species’ habitat was present, baseckiculrent landscape (following the
suggestions of Lemex al.2011; Rondininet al.2011) and calculate the average frequency

of projection within each set of ensemble projetdio

Trade-off analyses

We used the Zonation framework and software (Meiteat al.,2005) to select the best sites
for the conservation of non-flying mammals from @errado minimizing socioeconomic
conflict and maximizing environmental governances W trade-offs analyses using the
Zonation reverse heuristic algorithm, which caltedathe marginal loss following the
removal of a cell (i.e. the relative contributiointloat cell to achieve the conservation goal)
using the original core-area cell removal rule (ldieenet al.,2009 for details). The Zonation
algorithm generates a nested hierarchical rankinigeolandscape maximizing the highest
occurrence level (in our case, the frequency gfgetmns of each species and environmental
governance) weighted by the importance of the feadivided by the cost of the cell and

accounting for complementarity (Moilanenal.,2009).
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Further, Zonation offers the possibility of penadg areas according to many factors
weighted by their relevance, allowing for a balaao®ng the beneficial (positive weight)
and constraints factors (negative weight) to theseovation actions (Moilanest al.,2011).
This method has more transparency in understanbdangffect of each factor in the final
spatial solutions than aggregating the costs ig onk measure (Sarkar al.,2006; Moilanen
et al.,2011). Here we weighted each species equally $4)}/and the environmental
governance with +0.2, whereas human populationityetend cost and percentage of
anthropogenic land cover were weighted -0.4 eaeh Dhus we assigned an equal weight to
each set of factors (i.e +1.2 and -1.2), therefmtebiasing the balance among them (see

Moilanenet al, 2011, for a similar approach).

We modulated the importance of protected areasaia@o
(http://mapas.mma.gov.br/i3geo/datadownload.htnmgia mask layer that forced the
inclusion of the current established protectedsanedhe analyses, so that our final solution

indicates sites that complement the current netwbgkotected areas in the Cerrado.

Finally, we sought for priority sites in which bdtiological and environmental governance
dimensions are higher than socioeconomic cons#raiie created one scenario to each
dimension separately, in which we sought for pfiesi that maximize (positive weight) or
minimize (negative weight) them, complementing¢beent network of protected areas. Our

scenarios were: (1) a “human population densitghseio (in which site with high human
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population density were avoided to minimize conagon conflicts with human settlements),
(2) a “land cost” scenario (in which sites with tignd cost were avoided to minimize the
cost-inefficiency of conservation actions), (3)“anthropogenic land use” scenario (in which
sites with other types of land use other than adttegetation cover were avoided to
minimize conflicts with other land-use forms, sw@shagriculture or urbanization), (4) an
“environmental governance” scenario (in which sfegswvhich a high amount of monetary
investments in environmental programs exist, mazimgi opportunities for on-the-ground
conservation actions), (5) a “biodiversity” scendin which only the modeled distribution of
non-flying mammals were considered, without any@monomic or political constraint);
and, lastly, (6) an “all-dimensions scenario” (ihieh all biological, socioeconomic and

political dimensions were considered simultanegusly

We also quantified the spatial overlap at the (6% kites of the landscape between each
scenario and the all-dimensions scenario to tegh®influence of each factor in the final
optimal solution. We used the solution comparismi in Zonation to measure the level of
overlap between two solutions. The values of operdanging from 0%, when has not overlap,
to 100%, when has complete overlap between thedaleally, we compared the
performance of each scenario in minimizing the tram#ts and enhancing the benefits to
mammal conservation. For practical purposes, hereshew only the top 17% sites of
landscape in all scenarios according to the tatgfmed for terrestrial environment from
Aichi Biodiversity Targets to 2020 (CBD, 2010). $harget is a concrete political target
assign by the Brazilian government to the bioditgsrotection and our planning can help in

the decision support.
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RESULTS

Species distribution models had good predictiveianzes with TSS being always higher
than 0.5 - most species (65% on average) with gahigher than 0.7. In general, the average
frequency of projection increases from north totspwith highest values found in the
southeast part of the Cerrado (Fig. 1). Howevertinere differences among sets of SDM,
being DIST the most divergent one (Fig. 1B-D). émgral, sites with the highest frequency
of projections converge to regions with high popatadensity, high land cost and high
anthropogenic land use (Fig. 2A-C) and with divdesels of environmental governance
(Fig. 2D). These patterns result in positive catieh between frequency of projections and
population density, high land cost and high antbggmic land use, and next to zero for

environmental governance (Table 1).

Table 1.Pearson's r Correlation Matrix of the biodiversggcioeconomic and political
variables used in the trade-offs analyses.of SDMs were the distance set (DIST), the statistic

set (STAT) and machine-learning set (ML).

Land Environmental Population Anthropogenic DIST STAT ML

Cost Governance density Land Use
Land Cost 1.00
Environmental Governance  0.18 1.00
Population density 0.47 0.00 1.00
Anthropogenic Land Use 0.34 0.03 0.38 1.00
DIST 0.24 0.05 -0.04 0.20 1.00
STAT 0.24 0.07 0.11 0.29 0.63 1.00
ML 0.23 0.07 0.11 0.30 0.65 0.98 1.00
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Figure 1. (a) The location of the Cerrado Biodiversity Hats@and the average frequency of
projections of non-flying mammals delivered by cemsus projections of species distribution
model ensembles within three model-type sets:digtance set (DIST, b), the statistical set

(STAT, c), and the machine learning set (ML, d).
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Figure 2. Spatial pattern of socioeconomic and political @nsions used in trade-offs
analyses. Population density (a), land cost (dhrapogenic land use (c), and environmental
governance (d). We transformed each variablegubmformula: LogLo(VariabIe+1).
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The planning scenario considering only the biodiitgivalue of the region (i.e. the
biodiversity scenario) indicated priorities maimythe central and southern portions of the
biome (Fig. 3E; see also Fig.S1 to differences aptba sets of SDMs). However, when
socioeconomic and political dimensions were inctlishethe analysis (i.e. the all-dimensions
scenario) spatial priorities shifted to the nofg( 3F; see also Fig.S2 for differences among
the sets of SDMSs). Other scenarios provided somesitmalar solutions (Fig. 3A-D). This
spatial change from the biodiversity scenario sdh-dimensions scenario at the top 17% of
landscape to the ML set retained ca. 40% lesstti@average frequency of projections.
However, at the same time, reduced by 68% the pat@onservation conflicts with human
population, by 72% the likely conflicts arising findand cost and by 68% anthropogenic land
use (Table 2). It also increased by 81% the beiaéféfect of environmental governance
(Table 2; compare Fig. 3E and F). The principalst@int in trade-off analyses was the
anthropogenic land use that decreased slowlytigntien in the Cerrado (i.e. proportion of
distribution remaining) whereas the population dgremd land cost had a fast decrease,
mainly at 20% of landscape lost (Fig. 3F). At tl38@8of landscape loss (i.e. top 17%) the
anthropogenic land use was bellow of human popmratensity and land cost whereas the
species frequency of projection and environmerdakghance had higher representations

(Fig. 3F).
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Table 2.Comparison of the level of representation of eaaiable between the biodiversity
scenario and all-dimension scenatrio for the top bY%e landscape. The values represent
the percentage of reduction (negative sign) orease (positive sign) in the representation of
each variable in the all-dimension scenario. SE&Ms were the distance set (DIST), the

statistic set (STAT) and machine-learning set (ML).

Variables DIST STAT ML
Biodiversity -37% -40% -40%
Population density -69% -66% -68%
Land Cost -72% -72% -72%
Anthropogenic Land Use -69% -69% -68%
Environmental Governance 51% 63% 81%
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Figure 3. Spatial distribution of priority sites for the a@rvation of non-flying mammals
(black) and the currently established network oftg@cted areas (gray) according to data
delivered by the machine learning set of specissidution models (ML), and its respective
performance graph. The full line stands for therage frequency of projection to non-flying
mammals (i.e. species richness); dashed line = hyropulation density, dotted line = land
cost, dot-dash line = anthropogenic land-use, and tlashed line = environmental
governance. Spatial conservation planning scenamos (a) human population density
scenario, (b) land cost scenario, (c) anthropoganid use scenario, (d) environmental
governance scenario, (e) biodiversity scenario,(§rall-dimensions scenario (all

biodiversity, socioeconomic and political dimensoncluded).
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Figure S1.Spatial distribution of priority sites for non-fhg mammal conservation (black)
and the currently established network of proteet@és (gray) according to spatial data
delivered by each set of species distribution no@@DMs), and its respective performance
graph for the biodiversity scenario. The full listands for the average frequency of
projection to non-flying mammals (i.e. species niess); dashed line = human population
density, dotted line = land cost, dot-dash linentheopogenic land-use, and long dashed line
= environmental governance. Sets of SDMs were tadilistance set (DIST), (c-d) the
statistic set (STAT), (e-f) the machine-learnint(84L).
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Figure S2.Spatial distribution of priority sites for non-fhg mammal conservation (black)
and the currently established network of proteei@ss (gray) according to spatial data
delivered by each set of species distribution mo@@DMs), and its respective performance
graph for the all-dimensions scenario. The fuklstands for the average frequency of
projection to non-flying mammals (i.e. species niess); dashed line = human population

density, dotted line = land cost, dot-dash linentheopogenic land-use, and long dashed line
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= environmental governance. Sets of SDMs were tadilistance set (DIST), (c-d) the
statistic set (STAT), (e-f) the machine-learning(84L).

The percentage of overlap between each individteiaio with the all-dimensions scenario
for the top 17% of the landscape was the higheahtoropogenic land use, followed by
human population density, land cost, environmegakernance, and biodiversity scenario
respectively (Table 3). Individual scenarios alwesse less effective in balancing the
constraints and opportunities of conservation (Big-D), but they help us to understand the

influence of each dimension in the final spatiduson given by the all-dimensions scenatrio.

Table 3.The percentage of spatial overlap between eachithgil scenario with the all-
dimensions scenario for the top 17% of the landsc&pts of SDMs were the distance set
(DIST), the statistic set (STAT) and machine-leagnset (ML).

Scenario All-dimensions All-dimensions All-dimensions
scenario (DIST) scenario (STAT) scenario (ML)
Anthropogenic Land Use 83.28% 82.66% 82.59%
Population density 56.35% 56.39% 58.28%
Land Cost 54.05% 53.81% 53.67%
Environmental Governance 50.62% 50.62% 50.65%
Biodiversity 45.64% 47.66% 48.01%
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DISCUSSION

Our results reinforce that using only the biologmaerion for the proposition of spatial
conservation priorities can undermine conservatians given the complex nature of
conflicts among socioeconomic and political dimensiof the conservation problem.
Further, although the use of environmental govereaupled with others criteria has been
poorly explored in previous studies, it helpeddentify sites where conservation investment
can provide greatest return given (1) the curreilitipal priorities for environmental
conservation applied by decision makers, and (2abee they impose, at the same time,
fewer socioeconomic conflicts. Our trade-off anal/figure as a methodological prospect
supporting the decision-make process and the caesétranslation of conservation planning
outcomes into conservations actions — especialtfggions where the identification of the

stakeholders is puzzling.

Spatial conservation priorities changed from sitghk high to low average frequency of
species projections (a proxy to the niche of thexigs), but entailing fewer socioeconomic
and political conflicts when these factors weresidered in the analysis. On the one hand,
this imposes hard choices from the biological pointiew mainly when we do not know
exactly what are the consequences of these chioitks long term viability to a wide range
of species (Sarkaat al.,2006). On the other hand, the development of geatien plans that
do not consider the likely high conflicts betweemtans and biodiversity may increase
species extinction risk when (and if) applied (6as005; Gibsoet al.,2011; Phalaet al.,
2011). Actually, conservation plans not framed with human context are not of much help

for the implementation of on-the-ground conservatictions (Knightet al.,2008).
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Land-use change is one of the greatest threatedovbrsity (Salaet al.,2000; Pereirat al.,
2010;). We found that anthropogenic land use wasrthjor constraint for the selection of
priority sites; and the conversion of native anaafe Cerrado probably will intensify
(Dobrovolskiet al.,2011). Interestingly, the spatial distributionspecies had the lowest
influence in our trade-off analyses possibly beeaafghe flexibility in species representation
at different sites. A similar pattern was foundheg global scale, in which the outcomes of
different conservation planning scenarios were rserssitive to socioeconomic constraints

than to biological taxonomy (Bod al.,2008).

The political dimension of biodiversity conservatioas been a recurrent theme of debate in
the literature (Ferraro, 2005; Katzner, 2005; Sr&itWalpole, 2005; Walpole & Smith,

2005) and several analyses have been undertakeai@pat the national level. These
analyses usually consider the level of politicaraption or fraudulent conduct as a constraint
to conservation (Eklundt al.,2011; Garnetét al.,2011), although empirical tests failed to
find support to this assumption (Barrettal.,2006). Here we used a simple environmental
governance measure that still need a better urasherstnd whose behavior should be tested in

future analyses.

We showed that the socioeconomic and political dsrans of the conservation problem had
more importance in determining spatial conservapioorities than the spatial distribution of

species in the Cerrado Biodiversity Hotspot. Moexothe inclusion of these criteria
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increased the performance of conservation plarts swine loss in the biodiversity value but
with great changes in the spatial pattern of theriy areas given socioeconomic and
political constraints. We hope our results couldaeca first step in a complex conservation
planning process needed to safeguard non-flyingmamfrom the Cerrado, adding also to
burgeoning initiatives to protected biodiversitydasolve other conservation problems in

other regions of world.
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CAPITULO I

Submetemos este capitulo para a revista “Biologicaiservation”
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HIGHLIGHTS

1. Land-use and climate changes challenge the way spatial conservation planning is

done.

2. Species distribution models are useful for such plans, but carry uncertainty.

3. We included species range shifts and land-use changes in mammal conservation
planning.

4. Our spatial plans where improved by the inclusion of dynamics threats and
uncertainty.

5. We offer a methodological way to consider these threats in spatial planning.

44



ABSTRACT
Creating and managing protected areas is criticahsure the persistence of species but

dynamic threats like land-use and climate changgjewpardize the effectiveness of reserves
planned under a static approach. Here we definatib$priorities for the conservation of
non-flying mammals inhabiting the Cerrado Biodivigrsiotspot, Brazil, that overcome the
likely impacts of land-use and climate change ts itlperiled fauna. We used cutting-edge
methods of species distribution models combinirmgifands of model projections to generate
a complete and comprehensive ensemble of forettedtshows the likely impacts of climate
change in mammal distribution. We also generatéwad land-use model that indicates how
the region would fragmented in the future. We thsed our models to run optimization
procedures and propose priority sites for mammiaservation minimizing species climate-
forced dispersal distance as well as the mean tanerassociated to species distribution
models and climate models. At the same time, copgsal maximizes complementary
species representation across the existing netefqrkotected areas. Including land-use
changes and model uncertainties in the planninggsochanged significantly the spatial
distribution of priority sites in the region. Whitlkee inclusion of land-use models altered the
spatial location of priority sites at the regiosaéle, the effects of climate change tended to
take place at the local scale. Given that, ourtewia already include possible dispersal
corridors linking current and future priority sites mammal conservation, as well as a
formal risk analysis based on planning uncertasnt®e built spatial conservation plans at a
spatial resolution that provides decision makgosrdfolio of spatial solutions that could be
negotiated at the decision level.

Keywords: Brazilian savanna; Convention on Biological Diversglobal warming,
systematiconservation planning; species distribution modateertainty analisys.
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INTRODUCTION

Humans have triggered many threats to biodiveh&igyland-use and climate changes,
overexploitation, pollution, and introduction olasive species (Brook et al., 2008; Schipper
et al., 2008; Hoffmann et al., 2010; Maclean ands@i, 2011; Mantyka-Pringle et al., 2011).
Among these threats, land-use change and climategehare considered the worst (Sala et
al., 2000; Thomas et al., 2004; Pereira et al.pR@hd they have a great synergistic action
(Brook et al., 2008; Asner et al., 2010; Mantykagle et al., 2011). Therefore, assessments
of future global changes predict that biodiversitl} continue to decline (Sala et al., 2000;

Pereira et al., 2010).

Climate change causes selective micro-evolutiopeggsures in species, favoring individuals
capable of dispersing either locally or regionatiyfrack more suitable habitats (Holt, 1990;
Parmesan and Yohe, 2003; Parmesan, 2006; Dawsbn2@11). Given the proper
timeframe, the dispersal process can result ine@hgts that have been of great importance
for species dealing with past and current climagnge and it likely will have great
importance in the future (Graham and Grimm, 199@ris, 2003; Parmesan and Yohe,
2003). However, human modification of the landscauag block the dispersal from current
to the future suitable habitat and increase spe&oigsction risk by its synergistic effect with
changing climates (Brook et al., 2008; Asner et2810; Hof et al., 2011; Mantyka-Pringle et

al., 2011).

The main issue here is that climate change, asasalther dynamic threats, poses a new

challenge to the static way conservation planngngsually done forcing it to become
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dynamic (Hannah, 2010). Conservation biology hap@sed creative solutions to deal with
these threats, most focusing on the establishnfgrbtected areas (Williams et al., 2005;
Lawler, 2009; Mawdsley et al., 2009; Hannah, 2@a&ywson et al., 2011; Mawdsley, 2011).
Creating and managing protected areas is criticahsure the persistence of species but these
dynamic threats may jeopardize the effectivenegsaiected areas planned under a static
approach (Araujo et al. 2004; Hannah 2010; Dobikiadt al. 2011a, b). Therefore it is
necessary to incorporate species’ range shiftpatiad conservation planning to ensure its
effectiveness in the future (Araujo et al., 200énHah et al., 2007; Hannah, 2010). Some
recent studies did have included the effects ofuh&e climate change aiming to deliver
more effective conservation plans, but they usuglpre land-use changes (e.g. Hannah et
al. 2007; Carroll et al. 2010) and considered stibje values or unrealistic species’ dispersal

capacity (e.g. Carroll et al. 2010).

Species distribution models (SDMs) have been us@dedict the present and future species’
distributions (Lawler et al. 2012). However, difat methods for modeling species
distribution and different climate models (i.e. twipled Atmosphere-Ocean General
Circulation Models, AOGCMs) may produce very distiresults increasing the uncertainties
among the predictions and their applicability toservation (Aradjo and New, 2007; Diniz-
Filho et al., 2009). Consequently, a clear redmctibuncertainties in conservation planning
is also necessary to increase the quality of dpsilations (Regan et al., 2009; Wilson,

2010).
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Here we developed spatial conservation plans tt@iramodate species’ range shifts induced
by climate change as well as landscape changecpeddiy a land-use model. Further, we
guantified and reduced uncertainties associated 83MDs, and modeled the dispersal
capacity of each species aiming at minimizing tistatice between their current and future
distributions along priority areas for conservatidde used mammals and the Brazilian
Cerrado (a tropical woodland savanna) as our dasly for several reasons. First, the
Cerrado has an enormous vegetation complexityirichtdes grassland, savanna and forest,
harboring a highly threatened biodiversity (Myetrale 2000; Klink and Machado, 2005;
Ribeiro and Walter, 2008). Second, high rates dl leonversion have already transformed
more than half of its two million km2 in anthropage land use (Klink and Machado, 2005).
Although this region has been included in previooisservation schemes (see Brooks et al.
2006 for a review), currently only 2.2% of its aisainder strictly protection (IUCN I-1V
categories, see Klink & Machado 2005). Third, marsnaae under many threats from local
to global scale, which is resulting in a fasteiirgtion rate than those recorded by
background extinction (Schipper et al., 2008; Bakyaet al., 2011). It is also a well-known
group both in terms of their natural history andlation, making the access to biological
traits easier than in other groups. Finally, plagrfior the conservation in the Neotropics in
the face of climate and land-use changes are athengost cutting-edge and important

topics in the science of spatial conservation firaation (Moilanen et al., 2009a).

METHODS
2.1. Land use model

We modeled land use changes with variables froferéifit sources. We compared the
Cerrado land use between 2002 and 2008 (data bleada

http://siscom.ibama.gov.br/monitorabiomas/index)ittngenerate a matrix of transition
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probability between native areas to anthropic ardssmodeled the land use with the module
Land Change Modeler - LCM, available in Idrisi Taigersion (Eastman, 2009), using the
following explanatory variables: digital elevatiorodel and annual accumulated precipitation

(data available atwww.worldclim.org), proximity to roads, proximity to recent defombt

areas and proximity to cities (data available at

http://mapas.mma.gov.br/i3geo/datadownload)hin€M is a machine learning procedure that

uses Markov Chains to project future land-use dod. In order to evaluate model
precision, we inverted the maps from 2002 and 20@Bthe expected land-use was projected
back into 1990. Then we generated a total of 458robpoints to cover the entire Cerrado by
doing a visual inspection of MrSID images from 19688ta available at

https://zulu.ssc.nasa.gov/mrki&inally, we predicted the land use in 2050 vaitbpatial

resolution close to 500x500 m.

1.2. Speciesdistribution models

We updated previous lists of the Cerrado’s nomfiymammals (Marinho-Filho and Juarez,
2002; Marinho-Filho et al., 2007) and obtained $pdcies range maps (Table S1) from
International Union for Conservation of Nature &tetural Resources (IUCN version 2010;

www.iucnredlist.ory. We mapped the extent of occurrence of each epatithe resolution of

0.1° x 0.1° of latitude/longitude in an equal-agewl that covered the full extent of the
Cerrado. Therefore we obtained the species presameckeabsences considering that all grid

cells inside the limits of range maps are preseandghose outside are absences.
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We used the current climatic variables (annual memperature, mean diurnal range in
temperature, temperature seasonality, annual praogm, precipitation seasonality and
precipitation of coldest quarter) from WorldClinaefd available at

www.worldclim.org/curren), which were generated by interpolated climate diam 1950-

2000 periods (Hijmans et al., 2005). We used tharéuclimate variables (year 2050) from
three Atmosphere-Ocean General Circulation ModeBGCMs) of the B2a emission
scenario (CCCMA_CGCM2, CSIRO-MK2.0 and UKMO_HADCMBpt were generated by
application of delta downscaling method on theiogbdata from Intergovernmental Panel
on Climate Change (IPCC) Fourth Assessment Repmvided by International Centre for
Tropical Agriculture at http://ccafs-climate.orghhis method assumes changes in climates
only over large distances and the relationshipwéen variables are maintained from current
towards the future (see http://ccafs-climate.oog/infiore details). We re-scaled both current

and future climate variables to our grid resolution

We used the presence and absence derived fronespaoige maps and the climatic variables
to model species distributions (see Fig. 1). Theeafghese presence and absence data is still
incipient in the SDM literature (but see Lawleaét2009; Diniz-Filho et al. 2009 for recent
examples). Although in regions with poor knowle@ddput the species distribution and under
high threat such as the Cerrado such approach mayfilbst assessment to identify general
priorities that can be revised after data improveinfeemes et al., 2011). Actually, this
hierarchical approach is one of the proposals ngeovation biogeography (Whittaker et al.,

2005).
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Figure 1. A schematic representation of the methusésl to generate the spatial conservation
planning scenarios for non-flying mammals in theefaf land-use and climate changes
expected for the Cerrado. We ensemble speciesodistm models (SDMs) of three different
types (distance models, DIST; statistical model$A B and machine learning models, ML),
projected these models into the future (2050) baseithree climate global circulation models
(AOGCMs), and produced a consensus map among ¢fEcpons within each set. We then
clipped the predicted distribution of each spebieshe habitat in which species occur to
obtain the current and future distribution mapsadh species. We quantified the uncertainty
associated to SDMs and AOGCMs for each site anceiteddhe maximum species dispersal
distance as proportional to the diet and body weafjlspecies. We also modeled future land-
use changes in the Cerrado. Finally, we used #staliitions maps, the dispersal distance,
model uncertainty, future landscape and the cumretwork of protected areas to generate

spatial prioritization scenarios. See text fortertexplanations.
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We fitted nine modeling methods, which differ betinceptually and statistically (Franklin,
2009), grouped them into three separate sets jdistatatistical and machine-learning
methods), and applied the ensemble forecastingpapprwithin each set (see Fig. 1 and text
below). Distance methods (henceforth, DIST) wer@@LIM (Busby, 1991), Euclidian and
Gower distances (Carpenter et al., 1993). Statistiethods (STAT) were Generalized
Linear Models (GLM; Guisan et al. 2002), Generali2elditive Models (GAM; Hastie &
Tibshirani 1986) and Multivariate Adaptive Regresstplines (MARS; Friedman 1991) that
were represented by the inherent statistical metlobdnodern regressions (Franklin, 2009).
Finally, machine-learning methods (ML) were Maxim&mtropy (MaxEnt; Phillips et al.
2006; Phillips & Dudik 2008), Random Forest (Breim2001), and Genetic Algorithm for

Rule Set Production (GARP; Stockwell & Noble 1992).

We partitioned randomly the data of presence asdraie of each species in 75% to
calibration (or train) and 25% to validation (ostleand repeated this process 10 times (i.e. a
cross-validation) maintaining the observed prevedenft species. We converted the
continuous predictions in presence and absencé®djrthe threshold with maximum
sensitivity and specificity values (actually minimdnspecificity value) in the ROC curve

and after we calculated the True Skill StatistitS$) to evaluate model performance
(Allouche et al., 2006). The TSS range from -1 19 where values equal +1 is a perfect
prediction and values equal or less of zero isdiption no better than random (Allouche et

al., 2006).
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We did the ensembles of forecasts to produce nodmest predictions and reduce the
uncertainties owing to the modeling process (Araijd New, 2007; Marmion et al., 2009).
We projected distributions to future climate andaiied 90 projections per species within
each set of methods (3 modeling methods x 3 AOGEM3 randomly partitioned data) and
30 projections per species for the current timm¢@leling methods x 10 randomly partitioned
data) — this allowed us to generate a frequengyaéctions in the ensemble. We then
generated the frequency of projections weightethbyl SS statistics for each species and
timeframe within each set of methods (Fig. 1). Wesidered the presence of a species only
in cells with 50% or more of frequency of projeaisp but we hold a continuous value when

this occurred.

We also reclassified land-use classes in 2008“taurent landscape”) to forest, savanna,
grassland and anthropic (e.g. agriculture, pastubgn influence) and quantified the
proportion of each class in each grid cell. We cibedphabitat (forest, savanna and
grassland), body weight and food habits (carniveyberbivorous and omnivorous) for each

species from the literature (papers, books anc#)es

Finally, we clipped each frequency of projectionpnb@sed on the presence of the species’
preferential habitat (i.e type of vegetation coverihe cell — a process we called habitat
filtering (Fig. 1). Thus, we let the value in fregncy of projection only in cells in which the
species’ habitat was present, based in the cuardscape. We used this procedure to reduce
the commission errors (false positive) inherertheoextent of occurrence data (following the

suggestions of Lemes et al. 2011; Rondinini e2@L.1). Note that we could have used the
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habitat as a predictor in the SDM if we had loga@es’ occurrence and land use map at the
same resolution. However in lack of these data seslithe SDM in a first step and the habitat
filter in a second step to obtain the final speaikstributions that have frequency of
projection for each cell (Fig. 1). The habitatdiihg works like a second “security system”
adding the ensembles of model projection, which edsluces commission and omission

errors.

Quantifying and mapping uncertainties

We calculated species turnover between currenfutnce species distributions in each cell as
(G+L)/ (SR + G), where “G” was the number of gps gained, “L” the number of species
lost and “SR” is the current species richness faartte cell (Fig. 1). Then we used the total
sum of squares from a two-way Analysis of Varia@EBROVA) without replication (Sokal

and Rohlf, 1995) to calculate the uncertaintiesatfh cell following the protocol recently
proposed by Diniz-Filho et al. (2009) (Fig. 1). \performed the ANOVA using species
turnover as the response variable, and modelingadstand AOGCMs as factors. Finally we
calculated the percent of variation found in eaghrelative to the total uncertainty found in

all cells.

1.3. Spatial conservation planning

We used the Zonation framework and software (Maifaet al., 2005) to rank and select the
best sites for conservation investment in the @ereaming at safeguarding all species of

non-flying mammals. We also minimized SDM uncettias and the geographic distance
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between the centroids of the current and futureispalistribution induced by climate change

and land-use change.

We set spatial priorities using the Zonation regdrsuristic algorithm and calculated the
marginal loss of a cell (i.e. the relative conttibn of the cell to achieve the conservation
goal) using the original core-area cell removag riiMoilanen et al. 2009b for details). The
Zonation algorithm generates a nested hierarchaceiing of the landscape maximizing the
highest occurrence level (in our case, the frequehcurrent and future projections of each
species) divided by the cost of the cell (here utheertainty value associated to the modeling
methods and AOGCMs sing to produce the ensemblEgeaxfasts) and accounting for

complementarity (see Moilanen et al. 2009b).

Additionally the algorithm can minimize the distanoetween current and future species
distributions according to its dispersal distariRayffield et al., 2009; Carroll et al., 2010).
Here we estimated the home range of each spechesirasproportional to its diet and body
weight according to the model proposed by Kelt &Wauren (2001). Then we assumed that
the maximum dispersal distance of a species wasopronal to its home range according to
Bowman et al. (2002) (Fig. 1). We modulated theongnce of some sites using a mask layer
that forced the inclusion of the current establisheotected areas in the analyses, thus
indicating areas that complement the current ndtwbprotected areas in the Cerrado. We
also forced the exclusion of sites with little viegsn cover in 2050 (i.e. first quartile of the

frequency of vegetation cover distribution) to megagshe influence of land-use change in the
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definition of spatial priorities. This also avoidsgions with little conservation value to be

selected, threatening the persistence of specasi@; 2001).

We sought for priority sites to reduce the impddand-use and climate change in the species
distribution considering the species dispersabhdist and the uncertainty arising from SDMs.
In addition, we created three different conservaptanning scenarios by varying some
components of the above full scenario (Fig. 1e&i the influence of SDM uncertainty and

the land-use change in the spatial plans. The sosnaere: 1) a conservation plan
considering only SDM uncertainty costs; 2) a sceneosnsidering only land-use change
(using the vegetation mask layer), and 3) a lamtago taking into consideration both SDM
uncertainty and land-use change (the full scendfia) practical purposes, here we show only
the top 17% sites of landscape in all scenariosrdany to the target defined for terrestrial
environment from Aichi Biodiversity Targets to 20@Donvention on Biological Diversity,

2010).

RESULTS
The land-use model classified correctly 83.1% aiviezor anthropic areas predicted in 1990

and projected loss manly in central and southagions of the Cerrado in 2050 (Fig. 2).
Species distribution models had good predictiveiaazes with TSS values being always
higher than 0.495 - most species (65% on averaieMvalues higher than 0.7. Our models
predicted that some species would be extinct if0Z651% in STAT and 8.4% in DIST and

ML). In general, the current patterns of averageguiency of projection and species richness
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increased from north to south, with highest vainate southeast (Fig. 3 A-C). Species range
shifts induced by climate change intensified thestgerns (Fig. 3 D-F). Yet, there were

differences among sets of SDM, being DIST the rdogtrgent one (Fig. 3 A-F).

Figure 2. Maps showing the proportion of nativeetatjon currently found in the Cerrado
(A) and that predicted for 2050 (B), according tw @and-use model.

Habitat filtering reduced on average 7.7% and 7tB8t«urrent and future occurrences of
species respectively with variation among SDM set species IUCN status (Table S2).
Places with little uncertainty (Fig. 3 G-I) conceaté in regions with high frequency of
projections in the future (Fig. 3 D-F) althoughwiittle or no vegetation cover in current

time; which probably will lose more vegetation Imetfuture (Fig. 2).
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Figure 3. Average frequency of projections of marndigtribution in the Cerrado, both for

current time (A-C) and for 2050 (D-F). Uncertaistassociated to different modeling
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methods — the distance set (DIST), statistica(S€AT) and machine learning set (ML) — are
also shown in G-I.

These patterns were reflected in our spatial pl@he.scenario that considered only SDM
uncertainties indicates priorities mainly in the@tal and southern regions of the Cerrado
(Fig. 4 A-C), where there are high average propartif species range projections (Fig. 5 A-
C) and little uncertainty (Fig. 5 D-F). On the atland, scenarios considering land-use
change indicated priorities mainly in the centradl @orthern regions (Fig. 4 D-1). Based on
current human pressures, these regions would latidenvegetation in the future, as well as
little average proportion of range projections (FH@-C), and high uncertainty (Fig. 5 D-F).
Differences in uncertainty and species projectiogisveen scenarios with or without the

vegetation cover increased from DIST to ML (Fig. 5)

Note that performance curves measuring the effecéss of spatial plans and that did not
consider the land-use changes decreased propdigiarale those solutions accounting for
land-use changes had some deviations (Fig. 5).elthegations were caused by the forced
exclusion of sites with high frequency of projeatigut little vegetation cover in the future)
and by the inclusion of sites with low frequencydadtribution (some current established
reserves) in the top 17% fraction sites of landscaperefore at the same proportion of
landscape and with the same amount of uncertahmyscenarios that did not consider land-
use changes had higher average proportion of spdsibution than when land-use changes

were taken into account (Fig. 5).
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Figure 4. Spatial distribution of priority siteddbk) and the currently established protected
areas (gray) to reduce the impacts of land-useclméte change on non-flying mammals of
the Cerrado. A-C shows the uncertainty scenari&;the land-use change scenario; and the
uncertainty plus land-use change scenario. Sgsatiations are separated according to the
distance set (DIST), statistical set (STAT) and nmae learning set (ML) of modeling
methods.
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Figure 5. Proportion of landscape and their comadpnt average proportion of species
distribution remaining (frequency of projection8)C). Uncertainty (used as a cost) and its
correspondent average proportion of distributionaming are shown in D-F. The full line
stands for the uncertainty scenario; dot-dashdiaads for land-use change scenario; and the
dotted line represents the uncertainty plus larelelinge scenario. Results are shown for
distance set (DIST), statistical set (STAT) and Inmae learning set (ML) of modeling

methods.
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Scenarios without land-use projections highligtgies that are important both in current

time and in the future. However, they did not fottee inclusion of protected areas in top
priority sites, or the exclusion of sites withlgthative vegetation in the future (Fig A-C).
Therefore, we tested the importance of currentgatetl areas and which are the best sites for
conservation investment if current landscape remanthanged or the implementation of
new reserves occurs before land-use changes lartiscape. Moreover the last view
neglects the minimization of future conflicts. lontrast, the other scenarios are
complementary to the current protected areas atha@waid future conflicts between

anthropic and conservation land-usssnsuBalmford et al., 2001) (Fig. 4 D-I). Despite oéth
differences among the SDM sets there were 71.22 &eayage spatial overlap among the full

scenarios with only local scale differences (Fig-4).

DISCUSSION

Our analyses suggest methodological and possibleéspolutions to face the interaction
between land-use change and climate change acoguatithe dispersal distance of species
and uncertainty in SDMs that can be applied torsthegions and taxa. So far, few studies
offered solutions to lead with the synergistic efeof these global changes in conservation

planning (but see Araudjo 2009; Possingham et &1920

In general, the spatial priorities in the Cerralargyed at the regional scale (toward the

northern part of the biome) when land-use changesaluded in conservation planning
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scenarios, whereas uncertainty in SDM produced edbadiferences only at the local scale.
Further, land-use change scenarios had less avpragertion of species distribution than in
scenarios considering with only SMD uncertaintigss finding indicate a difficult choice
between minimizing the future conflict between éimthropic and conservation land uses or
maximizing the proportion of distribution measuesithe frequency of projections as a proxy

to the niche of the species.

Our finds agree with Pearson et al. (2006) thandosimilar accuracy among SDM, however
the spatial pattern in the predictions was differéhe DIST is a set of simple methods that
does not consider complex relationship betweenispeccurrence and predictors, presence-
only methods and tend underestimate the distributimmovel conditions like in climate
change (Pearson et al., 2006; Franklin, 2009).rAdtively, the STAT and ML sets are very
complex, assume different relationships, and pesabsence of presence pseudo-absence
methods and can underestimate or overestimatadtrdodtion in novel conditions (Pearson
et al., 2006; Franklin, 2009). These features emjlee strong difference of the DIST set

when compared with other sets and this patternshaldonservation planning scenarios.

The establishment of protected areas still figaiethe best conservation action to protect
biodiversity. Mammals are a highly threatened gr@®ghipper et al., 2008; Barnosky et al.,
2011; Hoffmann et al., 2011) and the consequenicemmmal extinctions can spread
through networks of interaction causing extinctoascades and consequent disrupted
ecological functions in ecosystems (Cardinale .e28l06; Nichols et al., 2009). The Cerrado

have been pinpointed as priority by world conseoveschemes that meet different criteria
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(Brooks et al., 2006; Loyola et al. 2009) and covestton planning at the biome scale has
been formulated with different scenarios and féiedent taxonomic groups (see Diniz-Filho
et al., 2008 for an example). Our approach hasdvantage of incorporating future threats in

the choice of priorities.

The impossibility of validate the future predictgoaf the species distribution (Aradjo and
Guisan, 2006) leads us to accounting for SDM uagdst in spatial conservation plans.
Model uncertainty is an important issue in the chaf priorities areas and can be minimized
by quantification of the uncertainties in the mopdcess and by application of the ensemble
of forecasting approach (Wilson et al., 2005; Aoaaind New, 2007; Diniz-Filho et al., 2009;
Marmion et al., 2009). Moreover working on a corssendistribution model is an important
step to avoid problems with false positive and tiggan the species distribution, range shift
and range expansion or contraction that can atffiectonservation priorities (Aradjo and
New, 2007). Here we included the uncertainty insgsmation planning with little impact in

the proportion of distribution remaining represenitethe solutions, but with a considerable

local scale changes in spatial location of thergires areas.

The SDM literature usually does not consider tlepelisal capacity of species or make simple
assumptions about dispersion (unlimited or no dggewithout relevance to species (see
Garcia et al., 2012, for a recent example). Howévedispersal distance is a species-specific
trait that has great variation across species helaged to home range, diet and body weight
in mammals (Kelt and Van Vuren, 2001; Bowman et2102). This is an important trait

determining if a given species can overcome laredamsl climate changes by dispersing to
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future available suitable areas (Parmesan, 20abjt & possible to take advantage of this
species-specific trait during the conservation piag, as shown here (see also Dawson et al.
2011). Hence, proper conservation plans can fatlitange shift considering the dispersal
abilities of each species (Williams et al., 2005billps et al., 2008; Dawson et al., 2011). The
pattern of priority sites showed in our scenaresfed the expansion, formation of corridors
and stepping-stones between protected areas degendiheir spatial location and
surrounding matrix. All this will be ultimately ansequence of the tradeoffs among the
variables used to build the spatial plan (i.e. ggedistribution, uncertainty, dispersal

distance, land-use change and SDM set).

Our study contributes to advances in dynamic greation approach principally in cope
future threats to biodiversity (Hannah, 2010). @sults highlight the importance of
anticipating these human impacts to implement effstctive and proactive management with
low-intensity intervention (e.gn-situ conservation) instead of waiting for the consegeen

to make an expensive reactive solution that neth&ive intervention (e.@x-situ
conservation) (Dawson et al., 2011). These spplidals have the important function to avoid
current and future extinctions by human impacts,dbiiers actions like landscape
management, assisted migration, population managests® should be considered to

achieve effective conservation (Dawson et al., 2Redford et al., 2011).

Although our approach copes with the interactiotwieen land use and climate changes in
spatial conservation, our findings have some cavé&atstly, we used extent of occurrence

maps to model the species’ distribution and thta d&erestimate the distribution of species
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and increase the false positive rate (Rondiniai.e2006) and likely the same error will be in
the predictions of the SDM. Most of these erromslddoe reduced by producing ensembles of
species distribution (Aradjo and New, 2007; Lavdeal. 2012), like we did. Further, we also
applied a habitat filtering approach that removesduitable sites from distribution of species
and have likely reduced even more the number séfpbsitive (see also Rondinini et al.,
2011). We could have used points of occurrence frameums, but the sampling bias (e.g.
collected along roads, proximity of cities), purpmessample (sampling based in expert
knowledge) and little sample size of these datlyreaderestimate the real species
occurrences and have serious consequences to thed aocuracy and interpretation
(Rondinini et al., 2006; Loiselle et al., 2008; ikhn, 2009). Moreover, the lack of
occurrence data for many species (like in our base) or very little sample size for most

species prevents the use of SDMs.

Secondly, we predicted the future land use chaaggsming that the vegetation types and the
biome Cerrado will remain in the same regions efdtrrent distribution, but these changes
can occur (Salazar et al., 2007). This assumptoraéfect our habitat filtering and SDM
predictions. The species’ range shift outside efdtrrent limitation of Cerrado or the
preferential habitat cannot be measure by our nasthvet, we believe that this assumption
will have little effect in our predictions becaubese changes would be a real problem only
for narrow ranged species that are habitat spetsalihat is not the case of mammals of

Cerrado (Marinho-Filho and Juarez, 2002).
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In conclusion, we highlight the possibilities ofngreasoned spatial conservation plans to
reduce the impacts of land-use and climate chamges non-flying mammals inhabiting the
Cerrado. The future land-use had great decregsmpbrtion of distribution and in the spatial
location of reserves while the uncertainty cost inl@dnsiderable effect in the proportion of
distribution and little spatial effect. Our scewarare a scientific support to the planning and
decision-making process, nevertheless it is oblyouscessary to account for other
socioeconomic and cultural forces and the procesegpotiation with all stakeholders to
implement on-the-ground conservation actions (Megand Pressey, 2000; Ferrier and
Wintle, 2009). Equally the coordination of globé#ioets is necessary considering that the
changes in environmental are global, although bstikitions would be found across the

national borders.
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APPENDIX A

Table Al. The list of non-flying mammals of the Brazilian Cerrado considered in our
spatial conservation plans. The table contains taxonomic classification and threat
status found in the IUCN Red List. Codes as follow: Data Deficient (DD), Least
Concern (LC), Near Threatened (NT), Vulnerable (VU) and Endangered (EN).

Order Family Species Red List Status (IUCN)
CARNIVORA CANIDAE Cerdocyon thous LC
CARNIVORA CANIDAE Chrysocyon brachyurus NT
CARNIVORA CANIDAE Pseudalopex vetulus LC
CARNIVORA CANIDAE Speothos venaticus NT
CARNIVORA FELIDAE Leopardus colocolo NT
CARNIVORA FELIDAE Leopardus pardalis LC
CARNIVORA FELIDAE Leopardus tigrinus VU
CARNIVORA FELIDAE Leopardus wiedii NT
CARNIVORA FELIDAE Panthera onca NT
CARNIVORA FELIDAE Puma concolor LC
CARNIVORA FELIDAE Puma yagouaroundi LC
CARNIVORA MEPHITIDAE Conepatus semistriatus LC
CARNIVORA MUSTELIDAE Eira barbara LC
CARNIVORA MUSTELIDAE Galictis cuja LC
CARNIVORA MUSTELIDAE Galictis vittata LC
CARNIVORA MUSTELIDAE Lontra longicaudis DD
CARNIVORA MUSTELIDAE Pteronura brasiliensis EN
CARNIVORA PROCYONIDAE Nasua nasua LC
CARNIVORA PROCYONIDAE Potos flavus LC
CARNIVORA PROCYONIDAE Procyon cancrivorus LC
CETARTIODACTYLA CERVIDAE Blastocerus dichotomus VU
CETARTIODACTYLA  CERVIDAE Mazama americana DD
CETARTIODACTYLA CERVIDAE Mazama gouazoubira LC
CETARTIODACTYLA  CERVIDAE Ozotoceros bezoarticus NT
CETARTIODACTYLA TAYASSUIDAE Pecari tajacu LC
CETARTIODACTYLA TAYASSUIDAE Tayassu pecari NT
CINGULATA DASYPODIDAE Cabassous tatouay LC
CINGULATA DASYPODIDAE Cabassous unicinctus LC
CINGULATA DASYPODIDAE Dasypus novemcinctus LC
CINGULATA DASYPODIDAE Dasypus septemcinctus LC
CINGULATA DASYPODIDAE Euphractus sexcinctus LC
CINGULATA DASYPODIDAE Priodontes maximus VU
CINGULATA DASYPODIDAE Tolypeutes matacus NT
CINGULATA DASYPODIDAE Tolypeutes tricinctus VU
DIDELPHIMORPHIA DIDELPHIDAE Caluromys lanatus LC
DIDELPHIMORPHIA DIDELPHIDAE Caluromys philander LC
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DIDELPHIMORPHIA
DIDELPHIMORPHIA
DIDELPHIMORPHIA
DIDELPHIMORPHIA
DIDELPHIMORPHIA
DIDELPHIMORPHIA
DIDELPHIMORPHIA
DIDELPHIMORPHIA
DIDELPHIMORPHIA
DIDELPHIMORPHIA
DIDELPHIMORPHIA
DIDELPHIMORPHIA
DIDELPHIMORPHIA
DIDELPHIMORPHIA
DIDELPHIMORPHIA
DIDELPHIMORPHIA
DIDELPHIMORPHIA
DIDELPHIMORPHIA
DIDELPHIMORPHIA
DIDELPHIMORPHIA
DIDELPHIMORPHIA
DIDELPHIMORPHIA
DIDELPHIMORPHIA
LAGOMORPHA
PERISSODACTYLA
PILOSA

PILOSA

PILOSA

PRIMATES
PRIMATES
PRIMATES
PRIMATES
PRIMATES
PRIMATES
PRIMATES
PRIMATES
PRIMATES
PRIMATES
PRIMATES
PRIMATES
PRIMATES
RODENTIA
RODENTIA
RODENTIA

DIDELPHIDAE
DIDELPHIDAE
DIDELPHIDAE
DIDELPHIDAE
DIDELPHIDAE
DIDELPHIDAE
DIDELPHIDAE
DIDELPHIDAE
DIDELPHIDAE
DIDELPHIDAE
DIDELPHIDAE
DIDELPHIDAE
DIDELPHIDAE
DIDELPHIDAE
DIDELPHIDAE
DIDELPHIDAE
DIDELPHIDAE
DIDELPHIDAE
DIDELPHIDAE
DIDELPHIDAE
DIDELPHIDAE
DIDELPHIDAE
DIDELPHIDAE
LEPORIDAE
TAPIRIDAE
BRADYPODIDAE
MYRMECOPHAGIDAE
MYRMECOPHAGIDAE
AOTIDAE
ATELIDAE
ATELIDAE
CALLITRICHIDAE
CALLITRICHIDAE
CALLITRICHIDAE
CALLITRICHIDAE
CEBIDAE
CEBIDAE
CEBIDAE
CEBIDAE
PITHECIIDAE
PITHECIIDAE
CAVIIDAE
CAVIIDAE
CAVIIDAE

Chironectes minimus
Cryptonanus agricolai
Didelphis albiventris
Didelphis aurita
Didelphis marsupialis
Gracilinanus agilis
Gracilinanus microtarsus
Lutreolina crassicaudata
Marmosa murina
Marmosops incanus
Metachirus nudicaudatus
Micoureus constantiae
Micoureus demerarae
Monodelphis americana
Monodelphis domestica
Monodelphis kunsi
Monodelphis rubida
Monodelphis umbristriata
Philander frenatus
Philander opossum
Thylamys karimii
Thylamys macrurus
Thylamys velutinus
Sylvilagus brasiliensis
Tapirus terrestris
Bradypus variegatus
Myrmecophaga tridactyla
Tamandua tetradactyla
Aotus azarae

Alouatta caraya
Alouatta ululata
Callithrix geoffroyi
Callithrix jacchus
Callithrix penicillata
Mico melanurus

Cebus apella

Cebus cay

Cebus libidinosus

Cebus robustus
Callicebus nigrifrons
Callicebus personatus
Cavia aperea

Galea flavidens

Galea spixii

LC
DD
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
DD

LC
LC
VU
NT
LC
LC
VU
LC
VU
LC
LC
LC
EN
LC
LC
LC
LC
LC
LC
LC
EN
NT
VU
LC
LC
LC
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RODENTIA
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RODENTIA
RODENTIA
RODENTIA
RODENTIA
RODENTIA
RODENTIA
RODENTIA
RODENTIA

CAVIIDAE

CAVIIDAE

CAVIIDAE

CRICETIDAE
CRICETIDAE
CRICETIDAE
CRICETIDAE
CRICETIDAE
CRICETIDAE
CRICETIDAE
CRICETIDAE
CRICETIDAE
CRICETIDAE
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CRICETIDAE
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CRICETIDAE
CRICETIDAE
CRICETIDAE
CRICETIDAE
CRICETIDAE
CRICETIDAE
CRICETIDAE
CRICETIDAE
CRICETIDAE
CRICETIDAE
CRICETIDAE
CRICETIDAE
CRICETIDAE
CRICETIDAE
CRICETIDAE
CRICETIDAE
CRICETIDAE
CRICETIDAE
CRICETIDAE
CRICETIDAE
CRICETIDAE
CRICETIDAE
CRICETIDAE
CRICETIDAE

Hydrochoerus hydrochaeris
Kerodon acrobata
Kerodon rupestris
Akodon cursor

Akodon lindberghi
Akodon montensis
Bibimys labiosus
Calomys callosus
Calomys expulsus
Calomys tener

Calomys tocantinsi
Cerradomys maracajuensis
Cerradomys marinhus
Cerradomys scotti
Cerradomys subflavus
Euryoryzomys lamia
Euryoryzomys russatus
Holochilus brasiliensis
Holochilus sciureus
Hylaeamys megacephalus
Kunsia fronto

Kunsia tomentosus
Microakodontomys transitorius
Neacomys spinosus
Necromys lasiurus
Nectomys rattus
Nectomys squamipes
Oecomys bicolor
Oecomys catherinae
Oecomys cleberi
Oecomys concolor
Oecomys mamorae
Oecomys paricola
Oecomys trinitatis
Oligoryzomys chacoensis
Oligoryzomys eliurus
Oligoryzomys flavescens
Oligoryzomys fornesi
Oligoryzomys microtis
Oligoryzomys moojeni
Oligoryzomys nigripes
Oligoryzomys rupestris
Oligoryzomys stramineus
Oxymycterus delator

LC
DD
LC
LC
DD
LC
LC
LC
LC
LC
LC
LC
DD
LC
LC
EN
LC
LC
LC
LC
EN
LC
EN
LC
LC
LC
LC
LC
LC
DD
LC
LC
DD
LC
LC
LC
LC
LC
LC
DD
LC
DD
LC
LC
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RODENTIA
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RODENTIA
RODENTIA
RODENTIA
RODENTIA
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RODENTIA
RODENTIA
RODENTIA
RODENTIA
RODENTIA
RODENTIA
RODENTIA
RODENTIA
RODENTIA
RODENTIA
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RODENTIA
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RODENTIA
RODENTIA
RODENTIA
RODENTIA
RODENTIA
RODENTIA

CRICETIDAE
CRICETIDAE
CRICETIDAE
CRICETIDAE
CRICETIDAE
CRICETIDAE
CRICETIDAE
CRICETIDAE
CRICETIDAE
CRICETIDAE

CTENOMYIDAE

CUNICULIDAE

DASYPROCTIDAE

ECHIMYIDAE
ECHIMYIDAE
ECHIMYIDAE
ECHIMYIDAE
ECHIMYIDAE
ECHIMYIDAE
ECHIMYIDAE
ECHIMYIDAE
ECHIMYIDAE
ECHIMYIDAE
ECHIMYIDAE
ECHIMYIDAE
ECHIMYIDAE
ECHIMYIDAE

ERETHIZONTIDAE
ERETHIZONTIDAE

SCIURIDAE

Oxymycterus roberti
Pseudoryzomys simplex
Rhipidomys emiliae
Rhipidomys macrurus
Rhipidomys mastacalis
Sooretamys angouya
Thalpomys cerradensis
Thalpomys lasiotis
Wiedomys cerradensis
Wiedomys pyrrhorhinos
Ctenomys boliviensis
Cuniculus paca
Dasyprocta azarae
Carterodon sulcidens
Clyomys bishopi
Clyomys laticeps
Dactylomys dactylinus
Euryzygomatomys spinosus
Isothrix bistriata
Phyllomys brasiliensis
Proechimys longicaudatus
Proechimys roberti
Thrichomys apereoides
Thrichomys inermis
Thrichomys pachyurus
Trinomys moojeni
Trinomys setosus
Coendou prehensilis
Sphiggurus spinosus
Sciurus aestuans

LC
LC
LC
LC
LC
LC
LC
LC
DD
LC
LC
LC
DD
DD
DD
LC
LC
LC
LC
EN
LC
LC
LC
LC
LC
EN
LC
LC
LC
LC
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Table A2. Range size (measured in number of cells) before (SDM set) and after
(SDM set filtered) the use of habitat filtering approach for the non-flying mammals of
the Brazilian Cerrado, followed by the average proportion of reduction using of
habitat filtering. Codes as follow: Data Deficient (DD), Least Concern (LC), Near
Threatened (NT), Vulnerable (VU) and Endangered (EN). The analyses are
separated according to the distance set (DIST), statistical set (STAT) and machine
learning set (ML) of methods and the time period (present, future and both periods).

Time SDM set DD LC NT VU EN All species
Frame
DIST 4854.0 7223.3 6789.2 6543.4 6756.9 6900.4
DIST filtered 4546.3 6554.7 6667.2 63169 6395.1 6344.2
% Reduced 6.3% 9.3% 1.8% 3.5% 5.4% 8.1%
STAT 4707.0 7393.2 63204 6306.1 7170.6 6986.8
'E STAT filtered 4513.5 6725.2 6192.0 6101.6 6900.6 6447.8
Q % Reduced 4.1% 9.0% 2.0% 3.2% 3.8% 7.7%
8 ML 4895.4 7476.7 6221.5 6276.1 7281.0 7063.4
E ML filtered 4693.3 6822.0 6092.6 6108.3 7008.4 6535.2
% Reduced 4.1% 8.8% 2.1% 2.7% 3.7% 7.5%
All SDM 4818.8 7364.4 6443.7 6375.2 7069.5 6983.5
All SDM filtered 4584.4 6559.0 6317.3 6175.6 6768.0 6442.4
% Reduced 49% 10.9% 2.0% 3.1% 4.3% 7.7%
DIST 2651.9 5043.7 4981.1 5796.6 4295.6 4811.8
DIST filtered 2502.1 4642.5 4888.0 5682.9 4088.5 4482.0
% Reduced 5.6% 8.0% 1.9% 2.0% 4.8% 6.9%
STAT 4573.2 70749 6365.3 6132.6 7961.3 6776.1
e STAT filtered 4366.3 6452.5 6238.6 5865.3 7549.1 6258.0
3 % Reduced 4.5% 8.8% 2.0% 4.4% 5.2% 7.6%
= ML 43315 6953.2 5815.7 6199.9 7448.1 6605.7
- ML filtered 4151.3 6367.8 5699.3 5973.6 7111.3 6124.1
% Reduced 4.2% 8.4% 2.0% 3.7% 4.5% 7.3%
All SDM 3852.2 6357.3 5720.7 6043.0 6568.3 6064.5
All SDM filtered 3673.2 5820.9 5608.6 5840.6 6249.6 5621.4
% Reduced 4.6% 8.4% 2.0% 3.3% 4.9% 7.3%
< “ All SDMs 43355 6900.3 6082.2 6209.1 6818.9 6524.0
° -g All SDMs filtered 4128.8 6302.4 5963.0 6008.1 6508.8 6031.9
@ a %Reduced 4.8% 8.7% 2.0% 3.2% 4.5% 7.5%
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