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RESUMO GERAL

Conduziu-se, este trabalho, com o objetivo de estindistribuicdo potencial
das florestas nebulares atlanticas na Serra daiddeirh, sudeste do Brasil, por
meio da modelagem da distribuicdo espacial dedsastas, atingindo o mais
préximo possivel de sua distribuicéo real. A distido espacial preditiva das
florestas nebulares foi estimada, pelo algoritmoxémd A modelagem foi
realizada com um grupo de diferentes variaveis anthis: variaveis
bioclimaticas, variaveis topograficas e a variamakvem. Apds a potencial
distribuicdo das florestas nebulares serem estisnéolam aplicadas técnicas de
sensoriamento remoto com o objetivo de aproximarea real de floresta
nebular e remover partes erroneamente modelada® c@ulares. Foram
mapeadas quatro classes de uso do solo: floresthatares, florestas plantadas,
complexos rupestres de altitude e outros. O may flas areas de florestas
nebulares foi comparado com 0 mapa das unidadesrdervacao, objetivando-
se analisar a porcentagem de protecéo dessas@sa@sultados indicaram uma
excelente predicdo da distribuicdo das florestasilages, em concordancia com
os dados bioclimaticos. Embora os ambientes seflaguados para a presenca
de florestas nebulares pelo método da modelageditipee a ocorréncia real
dessas florestas € diferente disso, de acordo cormpeamento de uso do solo,
sendo sua extensdo a metade da &rea modelada. oNarm@as unidades de
conservacao com presenca de florestas nebulaéeprestgida pela categoria de
uso sustentavel. Tendo em vista a alta taxa ddodesthmento da Mata
Atlantica, em poucos anos as florestas nebulare®rpodesaparecer, pela
combinacédo de agbes destrutivas humanas e mudamgaticas. Os resultados
obtidos reforcam a necessidade de se priorizar nseceacdo da Serra da
Mantiqueira, criando-se novas areas protegidasiegaria de protecao integral.

Palavras-chaveModelagem de distribuicdo de espécies. Florestasilaes
brasileiras. Classificacdo orientada a objetos.



GENERAL ABSTRACT

We aimed estimate the potential distribution ofaftlc cloud forests in the
Serra da Mantiqueira, southeastern Brazil, by miogdethe spatial distribution
of cloud forests getting this closer as possibléhtoactual area. The predictive
spatial distribution of cloud forests in the Sedia Mantiqueira was estimated
using the Maxent algorithm. The distribution mouhgllwas performed with a
set of different environmental variables: standabclimatic variables,
topographic variables and a cloud variable. After @stimated the potential
cloud forest distribution area we used remote sgndechniques aiming
approximate the actual cloud forest area and remustakenly parts that were
modeled as cloud forest. We mapped four land wssses: cloud forest, planted
forest, high altitude complex and others. The fimalpped cloud forest areas
were compared with a map of existing protected sar@ianing analysis the
protection cover of those areas. The results inelican excellent prediction of
cloud forest distribution showing close agreemeith whe bioclimatic data.
Although the environments are suitable for the dléarest presence using the
predictive modelling method, the actual occurredifers from this according
to the mapped land use, being cloud forest extalfitofi the predicted modeled
area. Most areas belong to the Protected Area Stitftainable Use of Natural
Resources category. Due the high rate forest lossept in the Atlantic forest
the cloud forests may disappear in a few years lmprabination of human
disturbance and climate change. The presently mdadaresults reinforce the
need to assign a high conservation priority toSleera da Mantiqueira creating
protected areas with full protection status.

Keywords: Species distribution modelling. Brazilian cloud det. Object-
oriented classification.
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1 INTRODUCAO

Quando as florestas de altitude se encontram, amdgrparte do ano,
cobertas por nuvem (também chamado nevoeiro quesslotoca o solo), estas
podem ser denominadas de florestas nebulares. Hesestas sdo de extrema
importancia, visto que abrigam espécies endémicaspresentam elevada
diversidade beta, causada pela heterogeneidaders@aibiem consequéncia do
gradiente de altitude. Além de sua importancia patanservacao de espécies,
essas florestas tém um papel vital no abastecintentigua doce, por meio da
condensacdo da agua da nuvem pelo contato comedagdg. Representam,
assim, um aporte adicional de agua nesses loca®mslo-se aquelas advindas
das chuvas e enriguecendo as nascentes. Nessalosengipresentam
ecossistemas cada vez mais demandados em estewlibfocis.

As florestas nebulares vém sendo estudadas, cadaais, pelo setor
de Ecologia do Departamento de Ciéncias Flore$B(id-), da Universidade
Federal de Lavras (UFLA). Historicamente, inicia\com o intuito de expandir
o conhecimento sobre a flora dos remanescentesstiis ainda existentes e
suas interacfes com varidveis do ambiente fisa@otno espaco como no
tempo, vém sendo desenvolvidos pela equipe do DCEuase 30 anos. Tais
iniciativas visam, em Ultima instancia, a subsigiemgramas e politicas para a
conservacdo e recuperacdo dos atuais e ameacadpsefitos florestais.
Estudos pioneiros foram iniciados no fim da décaka 1980, quando,
pesquisadores da UFLA, com apoio do Conselho Natie Desenvolvimento
Cientifico e Tecnologico (CNPq) e Instituto Braisdedo Meio Ambiente e dos
Recursos Naturais Renovaveis (IBAMA), realizaranpiieiros levantamentos
descritivos. Na década seguinte, um convénio daAJUEam a Companhia
Energética de Minas Gerais (Cemig) possibilitontarisificacdo dos trabalhos,

apoiando estudos semelhantes em mais oito fragmeataegido. Além disso,



11

bolsas de iniciacao cientifica e mestrado da Coagho de Aperfeicoamento de
Pessoal de Nivel Superior (CAPES) e CNPq apoiassantamentos de mais
trés fragmentos. A partir de 1998, mais nove leamentos foram realizados na
regido pelo subprojeto “Estratégias para conseovagianejo da biodiversidade
em fragmentos de florestas semideciduas”, execyeldcEmpresa Brasileira de
Pesquisa Agropecuéaria (Embrapa), UFLA e Universgddd Brasilia (UnB),
financiado pelo Projeto de Conservacgéo e Utilizegdstentavel da Diversidade
Biol4gica Brasileira (Probio), gerido pelo CNPg.n€o encerramento deste, 0s
estudos passaram a uma nova fase, com apoio do €NRqgFundacdo de
Amparo a Pesquisa do Estado de Minas Gerais (Fgpeoimpreendendo a
execucdo de inventarios continuos em uma rede @elga permanentes em
cerca de 60 fragmentos, com o propdésito de avalthnamica das comunidades
arboreas. Por outro lado, buscaram-se intensifisaramostras nas maiores
altitudes, pela importancia cientifica das florestebulares e, também, por
constituirem remanescentes mais conservados de AMatstica, em razdo da
dificuldade de acesso aos mesmos.

Com o avanc¢o dos estudos, ficou clara a necessittade aprofundar
no funcionamento e funcdo desses ecossistemasmeimr da pesquisa de
variaveis hidrometereoldgicas, partindo-se da @msalide que a presenca
frequente de nuvem e a alta umidade decorrentansess fatores chave que
determinam a ocorréncia dessas florestas. Assing0did aprovou-se o projeto
“A captacdo de agua de chuva oculta pelas floregtasticas altimontanas: um
estudo da correlacdo entre vegetacédo, fatores rokigicos e efeito nebular, ao
longo de um gradiente de altitude na Serra da Maeitia”, financiado pela
Fundacdo Grupo Boticario de Prote¢do a Naturezast@mu-se a importancia
das varidveis climaticas na determinacédo da flaressua heterogeneidade (e
diversificacdo) interna, que ndo é suficientememtplicada pelos dados de

solos, mesmo em escala espacial tdo localizadaarfavwel mais fortemente
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ligada a diversificacdo da vegetacao foi a tempesanédia, que diminui 1,2°C
a cada acréscimo de duzentos metros na altitudeflete em respostas
ecofisioldgicas das arvores, levando a especid@atessas a seus habitats
preferenciais. Cada variavel ambiental contriburapa diversificacdo da
vegetacdo, porém em sinergia, em um sistema compexificil de ser
desvendado. Constatou-se, também, a grande impiartdas florestas serranas
na captagdo de chuva oculta e abastecimento demsishidrico montano,
principalmente nas épocas secas de inverno. Esse ag 4gua no Brasil ainda
ndo é contabilizado nos estudos de balan¢co hiddeo microbacias,
principalmente de alta montanha. Porém, contribpana manter a perenidade
dos recursos hidricos.

Neste projeto, realizou-se a dissertacdo de mestladautora desta
Tese, intitulada “Composi¢édo e estrutura de umeedta ombréfila densa ao
longo de um gradiente altitudinal na Serra da Maeira, Minas Gerais”.
Constatou-se uma forte mudanca na composicao éeiesmrboreas, ao longo
do gradiente de altitude amostrado, de 1500 a 2hpQonfirmando-se a
hipotese inicial de existéncia de uma alta divexdid local. Os resultados
sugerem, quando comparados a literatura, que orastths montanas brasileiras
h& uma maior diversidadenos gradientes altitudinais localizados nas maiore
altitudes, ou seja, as variagdes ambientais canrdioh mudancgas na vegetacao
em espagos mais curtos nas maiores altitudes. Assiespecializacdo das
espécies a habitats preferenciais resulta em uamalgrdiversidade florestal. Os
resultados mostraram, também, que quanto maioreftiasles, mais os solos
tornam-se arenosos, pobres, acidos, toxicos ponimio, em ambientes mais
Uumidos, de ventos e radiagdo mais intensos, conopineds suscetiveis a erosdo
(se ausente a cobertura florestal) e de baixa&ptdropecuéria.

O projeto ainda incentivou a criacdo de uma Res®asicular do

Patriménio Natural no local, a RPPN Alto-Montanalaborando em projetos
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para a elaboracdo do plano de manejo de seus 6Zdrdw assim como
apresentou a area a outros pesquisadores (ndoteattacdFLA), dando inicio a
uma série de outros trabalhos, como levantamentandmiferos e aves,
microbiologia dos solos, anatomia ecolégica, eaafigia, dendrocronologia,
entre outros. Como consequéncia, a partir de disegscom a administracédo da
fazenda, surgiu a ideia da criacdo de um instidl@@esquisa de ecossistemas
montanos, de carater conservacionista. Criou-$&pga Instituto Alto-Montana
da Serra Fina, uma associacao civil de direitoapidy com fins ndo econémicos,
com objetivos de incentivar pesquisas e acdes endpr conservacdo desses
ecossistemas, ambicionando tornar-se um centrefei€ncia no tema.
Aprofundando-se nas metodologias para estudo dagéapde agua do
nevoeiro pela floresta, buscou-se a parceria cgnande cientista da hidrologia
das florestas nebulares, o pesquisador L.A. Breghzla Universidade Livre de
Amsterdam (VU). Essa parceria culminou no Doutorsatloduiche da estudante
autora desta Tese. Foram sete meses de estagiguesrforam realizadas as
disciplinas que integram o curso de mestrado emoloigia da universidade, de
analises e respostas de bacias hidrograficas, ® @osos de campo em
instrumentacdo e andlises hidroldgicas, na Holanden Portugal. Destaca-se,
aqui, o aprendizado das técnicas de quantificagd@gda captada por nevoeiro
com o pesquisador. Simultaneamente, em 2012, aps/o projeto “Estudo de
impactos de mudancas climaticas nos recursos dginor meio da andlise da
chuva oculta em florestas montanas: avaliacdo e itonamento quali-
guantitativo da relacdo entre vegetacao, fatoriesaticos e efeito nebular na
Serra da Mantiqueira”, com o objetivo de continoarestudos no gradiente
altitudinal da vegetacéo na outra vertente da mbatabem como as variaveis
hidroclimatoldgicas, instalando-se um laboratéréo hlddrologia de montanha,
quantificando e analisando as aguas ali geradamvAgo junto ao Fundo de

Recuperagéo, Prote¢do e Desenvolvimento Sustemtasé3acias Hidrograficas
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do Estado de Minas Gerais (FHIDRO), o projeto taevigdo de inicio neste
ano de 2015, com a liberacéo de verba por part@aaciador.

Se, por um lado, sentiu-se a necessidade em doan&f analisar as
aguas geradas pelo sistema orografico da Manta@juaipnstatou-se a grande
importancia em saber onde estédo situadas suastéleraebulares, visto serem
ainda pouco conhecidas e com dados muito locakzadosuficientes. Assim,
reconhecendo-se a importancia em se modelar aséxtedessas florestas,
objetivou-se, neste trabalho, estimar a area teabcorréncia das florestas
nebulares na Serra da Mantiqueira, aproximandoraai® proximo possivel de
sua extensao real, pela combinacdo entre modelpgaditiva de distribuicdo e

técnicas de sensoriamento remoto.

2 REFERENCIAL TEORICO

O valor das montanhas como fontes produtoras de gguera
reconhecido antes da colonizacéo europeia do BaaSitrra da Mantiqueira tem
seu nome originado dos indios nativos do Brasilingaa tupi-guarani, em que,
Mantiqueira significa “gota de chuva’ (NAVARRO, )0 A Serra da
Mantiqueira é parte integrante do dominio da Matarica, que integra varias
formacgBes florestais, compondo um dos ecossistemais biodiversos e
ameacados, com concentragbes excepcionais de esmggriémicas, restando
pouco de sua cobertura original, fazendo dele uotsfiot" de biodiversidade
(MITTERMEIER et al., 2004, MYERS et al., 2000). Asataxa de diversidade e
endemismo encontrados nas florestas atlanticasvéreféda pela elevada
heterogeneidade das condicbes ambientais explicgaas largas faixas
altitudinais, latitudinais e longitudinais. Alénsdb, a Mata Atlantica é apontada
como uma das &reas prioritarias para a conservdgfoflorestas nebulares
(BRUIJNZEEL et al., 2010).
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As florestas nebulares incluem todas as florestaisas dos trépicos,
gue séo frequentemente cobertas por nuvens ou inejoem decorréncia da
umidade recebida adicionalmente pelas chuvas, peio mda captura e/ou
condensacdo de goticulas de agua, a chamada fae&ipi horizontal
(BRUIINZEEL, 2001). Nessas condicBes de umidadquantidade de agua
diretamente interceptada pela vegetacao das #erestbulares pode ser de 15 a
20% da quantidade de chuva direta (BUBB et al.4R00

O nevoeiro é o principal fator determinante da douria de floresta
nebular (BRUIIJNZEEL et al., 2010). Sendo assimflagstas nebulares séo
duplamente ameacadas, pois, além das pressfegpieadgrécomuns a outras
florestas tropicais, as mudancas climaticas afetaemperatura, as chuvas e a
formacgéo das nuvens nas areas de montanha (BUBB 004). Em razéo da
estreita tolerdncia ambiental desses ecossisteamasacdes antropicas que
provocam as mudancas climéticas podem ser a pgingipeaca em um futuro
préximo para essas florestas (PONCE-REYES et@l2)R

Uma das sugestfes para o controle dos danos aeaidssas florestas
€ o inventario e mapeamento mundial delas, comserd®lvimento de um
banco de dados sobre as mesmas e seu monitorathXMILTON, 2001).
Scatena et al. (2010) citam que a inadequada iafgAm de sua distribuicéo
espacial, riqgueza biol6gica e variacdo ecolégica mscalas locais, de
montanhas, regionais e continentais, formam lacpaeso entendimento dessas
florestas. Além disso, os esforgos atuais de coas&o raramente consideram a
singularidade e descontinuidade desses ecossistamagthantes aos insulares,
ao estabelecer as areas protegidas, sendo de granpertancia o
estabelecimento de reservas a nivel regional, me@li e local, levando em
consideracdo o contexto de biogeografia de ilh@Z(WEZ-GARCIA, 1995).
Sendo assim, trabalhos em escala mais refinadaaader distribuicdo dessas

florestas séo prioritarios.
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O primeiro grande trabalho, a respeito da biogdizg@as florestas
nebulares em um nivel global, foi realizado a palti Simpésio Internacional
sobre as florestas nebulares, realizado em Pocm Bin 1993 (HAMILTON et
al.,, 1995). A partir desse Simpdsio foi publicaddista de 560 locais com
presenca de florestas nebulares montanas disabpelos tropicos do mundo,
UNEP- WCMC (ALDRICH et al., 1997). No Brasil, codin, as areas de
ocorréncia dessas florestas estdo subestimadasernv@is® nos dados
compilados um conhecimento de apenas duas gramdgSes para essas
florestas no pais, a regido dos Aparados da S#twada na regido sul, e a Serra
do Mar, ambos denominados como uma Unica regidm;as terras altas do
macico da Guiana, situadas na Amazbnia, sendo mpssas duas grandes
regides, foram indicados apenas 8 locais com autiaé&le florestas nebulares
(ALDRICH et al., 1997). No entanto, essas florestasestendem em toda a
cadeia montanhosa da Serra, como no Parque Elstizd8aerra do Papagaio, na
RPPN Alto-Montana, no Parque Estadual da Serrabitgpdca, no Parque
Municipal de Pocos de Caldas, no Parque Estadu@adgos de Jordao, além
do Parque Nacional do Itatiaia (PNI), apresentandma grande extensdo
territorial com diferencas latitudinais que afetamas condicOes
hidrometeoroldgicas e de diversidade biol6gicanAtisso, O PNI esta inserido
na Serra da Mantiqueira e ndo na Serra do Mar, apoatado por Aldrich et
al., (1997). Sendo assim, as florestas nebular&rakil estdo negligenciadas e
erroneamente apresentadas internacionalmente.

Jarvis e Mulligan (2011) compararam as florestasulages com as
demais florestas tropicais montanhosas e encontraraa clara distincdo de
caracteristicas climaticas especificas e topogmifientre essas florestas. De
acordo com os autores, as florestas nebularesnendecorrer em ambientes
costeiros, climas com valores mais baixos de maxienanédias temperaturas,

areas com maior pluviosidade e altitudes mais disya@m comparacdo com
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outras florestas de altitude. Sendo assim, assflsenebulares apresentam
caracteristicas climaticas e topograficas Unicasde essas variaveis boas
preditoras na modelagem potencial de espéciespass florestas.

Em associacdo as florestas nebulares, acima da las arvores,
ocorrem os chamados Complexos Rupestres de ABENITES et al., 2003).
Essa denominacdo foi dada as formacdes heterog@aeasnpos rupestres e 0s
campos de altitude e sdo caracterizadas por masdiedipos de vegetacdo
(BENITES et al., 2003). Esses mosaicos apresemé@medras combinagbes e
variagBes fisionbmicas que respondem as cara@agsbpograficas, tipos de
solo e principais rochas matrizes, além do contam diferentes biomas,
resultando em alta diversidade e complexo zoneameal# vegetacao
(RIBEIRO; FREITAS, 2010). Esses ecossistemas distinapresentam
caracteristicas peculiares do solo, sendo, geréémeasos, arenosos, com alta
saturacdo de aluminio e diferentes quantidadesadérian organica (BENITES
et al., 2007).

Visando a encontrar a extensao real das florestaslares na Serra da
Mantiqueira foram aplicadas técnicas de modelagsaneoriamento remoto. A
modelagem preditiva de distribuicdo de espéciesisanem um processamento
computacional que combina dados sobre a ocorréieciama ou mais espécies
com variaveis ambientais, construindo, assim, upeesentacao das condi¢cbes
requeridas pela espécie (ANDERSON et al., 2003)ud algoritmos tém sido
aplicados para criar modelos que representem essaicoes ambientais e
podem ser projetadas em um mapa que mostra aspiteasiais de ocorréncia
dessas espécies (GIANNINI et al., 2012) A modeladendistribuicdo potencial
de espécies tem se tornado um componente imporw@oge planos de
conservacdo e uma grande quantidade de técnicamodelagem tem sido
desenvolvida com essa finalidade (GUISAN; THUILLERQ5).

J4, 0 sensoriamento remoto € a tecnologia que feeafvier imagens e
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outros dados da superficie terreste, através d@g@ap e registro da energia
emitida ou refletida pela superficie (FLORENZANOQ12), provendo
excelentes bases para a realizacdo de mapas deucabe uso do solo
(COLGATON; GREEN, 1999). Utiliza-se o sensoriamemtonoto para a
realizacdo de mapas, porque €&, geralmente, maisobarapido do que coletar
os dados no solo; oferece uma perspectiva por gi@amitindo um melhor
entendimento das relagBes espaciais e permitectaate tipos de dados que os
humanos ndo podem sentir como a parte infravermalba espectro
electromagnético (COLGATON; GREEN, 1999).

A segmentacao de imagens é um procedimento conipuahaplicado
antes de um algoritmo de classificacdo automaBt®RENZANO, 2011). A
segmentacdo multirresolugdo permite produzir objedopartir de imagens
homogéneas (PILS; STROBL, 2007). Além disso, pernsiégmentar uma
imagem em niveis (escalas) que se relacionam eptf®rmando uma rede
hierarquica e a base do conhecimento para a dtagsib de objetos
(FLORENZANO, 2011).

As técnicas de classificacdo de imagens digitaisammi ao
reconhecimento automatico de objetos, de acordo determinado critério de
decisédo, agrupando, em classes, 0s objetos queeatam similaridade em suas
respostas espectrais (FLORENZANO, 2011). O resulthd uma classificagédo
digital de imagens € um mapa tematico, no qualupade pixels (quando a
imagem é segmentada) da imagem foi classificadaumia das varias classes
definidas (FLORENZANO, 2011).

O pos- processamento tem como objetivo corrigiemss resultantes
da classificacdo automética. (FLORENZANO, 2011). bapa teméatico deve
apresentar o seu grau de confiabilidade, sendoaakpara analisar e definir a
sua precisao estatistica (PINHEIRO; KUX, 2007). Atria de erro permite o

uso de andlise multivariada para determinar a leqde entre a pesquisa de
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campo e 0 mapa obtido pela classificagdo (PINHEIROX, 2007). A matriz
de erros pode ser usada para computar outras reedélacuracia, como a
acurdcia global e a estatistica de Kappa (COLGATGREEN, 1999).

3 CONCLUSAO

No presente estudo, demonstrou-se a importancisseermapear a
extensdo das florestas nebulares. Essas florestasibcem com aportes
adicionais de agua no sistema, por meio da captded@gua da nuvem
condensada nas florestas. Nesse contexto, o adeqpl@hejamento na
conservacdo dessas florestas ira garantir a produgétinua de agua nas
nascentes, garantindo, assim, a existéncia depigéeel e de qualidade para as
futuras geracdes, considerando-se que a faltawdejag uma realidade presente
de nosso cotidiano.

Futuros trabalhos ainda serdo necessarios paentifithcdo das areas
de maior biodiversidade e balancos hidricos fawasana Serra da Mantiqueira.
A pequena porcdo de area florestada em relacdmea @Eredita reforca a
prioridade na conservacao de importantes partesadaia de montanhas da
Mantiqueira, onde apenas 21% das florestas neBulestéio inseridas em
unidades de conservacdo de protecdo integral, ddelrdominio da Mata
Atlantica, ja tdo ameacado. Em particular, a coadé um grande bloco de area
protegida, representado pelo ja idealizado ParqgaeioNal dos Altos da
Mantiqueira, na porcéo central da Serra, bem comidagdo de alguma forma
efetiva de protecdo na regido da Serra de Carraressimem especial
importancia.

Estudos adicionais da biodiversidade, a partir iderehtes tipos de
florestas de nuvens brasileiras, continuam a sex netessidade para apoiar

ainda mais o desenvolvimento de uma politica pahtiara a protecdo dessas
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frageis florestas e seus ecossistemas associagspio o complexo rupestre
de altitude. Além disso, a taxa de desflorestamantdlata Atlantica é ainda
alta, aproximadamente de 490 km2 ao ano. Se fa@iderado que a maioria dos
remanescentes florestais esta localizada em masaabsa taxa pode significar
0 desaparecimento das florestas nebulares em pamms Tal situacdo é
agravada pelas alteragbes do codigo florestal Ibirasi intensificando acdes
destrutivas antrépicas, e pelo possivel deslocamedat producdo de café,
decorrente das mudancas climaticas, além desta dlasse possivel cenério de
destruicdo das florestas nebulares, a producaguke gerada pelas montanhas
estard comprometida, assim com o abastecimentgrdades cidades que delas

dependem.
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ABSTRACT

Aim To estimate the potential distribution of Atlantioud forests in the Serra
da Mantiqueira, southeastern Brazil, by modellihg spatial distribution of
cloud forests getting this closer as possible te #ttual area using the
combination between predictive species distributiondelling and remote
sensing techniques.

Location southeastern Brazil

Methods The predictive spatial distribution of cloud foresh the Serra da
Mantiqueira was estimated using the Maxent algorithThe distribution
modelling was performed with a set of different ieowmental variables:
standard bioclimatic variables (12 layers), toppbiavariables (two layers) and
cloud variable (one layer). After we estimated tbetential cloud forest
distribution area we used remote sensing technigimig to approximate the
actual cloud forest area and remove misclassifatispthat were modeled as
cloud forest. We mapped four land use classesddianest, planted forest, high
altitude complex and others. The final mapped clawest areas were compared
with a map of existing protected areas aiming tal\sis the protection cover of
those areas.

ResultsThe results indicated an excellent prediction ofudl forest distribution
showing close agreement with the bioclimatic deligher suitability occurrence
of these forests corresponding with the higherspairthe Serra da Mantiqueira.
Although the environments are suitable for the dléarest presence according
to the predictive modelling method, the actual omnce differs of cloud forest
on extent half of the predicted modeled area. Mdsthe cloud forest areas
mapped are already under some form of nominal gtiote with most areas
belonging to the Protected Area with Sustainable Ot Natural Resources

category.
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Main conclusions The combination between the predictive distribution
modelling and remote sensing techniques enabledntagrated approach
involving the mapping distribution of cloud foresttent. The presently obtained
results reinforce the need to assign a high coasiervpriority to the Serra da
Mantiqueira as a whole and to create a core aréafwl protection status.
Keywords

species distribution modelling, Brazilian cloud €st, object-oriented

classification

1 INTRODUCTION

Frequent fogi(e., ground-based cloud occurrence) and persistght hi
humidity are key factors determining cloud forestwrence (Mulligan, 2010;
Bruijnzeelet al, 2011; Jarvis and Mulligan, 2011). Due to theronrrange of
environmental conditions tolerated by many comptmenthese fragile forests
(e.g, bryophytes, vascular epiphytes, amphibians, &eadkarni and Solano,
2002; Williamset al, 2003; Poundst al, 2006; Zotz and Bader, 2009; Ponce-
Reyeset al, 2012), anthropogenic actions that promote clitmatirming and
drying, and therefore a rise in the lifting condstien level {.e., the cloud base;
Nair et al, 2003; Rayet al, 2006; Van der Moleet al, 2006) form the main
threat to the future of these forests along witbita& loss by conversion to other
land uses (Mulligan, 2010; Ponce-Rewsal, 2013). Although knowledge of
the global occurrence and extent of tropical momteoud forests has improved
vastly over the last two decades (Doumeapal, 1995; Aldridgeet al, 1997;
Mulligan, 2010), there is still much to be learradgbut their spatial distribution,
biological richness and ecological variation at tbeal to regional mountain
scale (Bruijnzeekt al, 2010). Therefore, fine-scale studies of monteloeid
forest distribution remain an important researdbriiy (cf. Lawton and Dryer,
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1980; Weaver, 1995; Homeiet al, 2008; Hemp, 2010; Meyer, 2010).

The cloud-affected parts of the Mata Atlantica iraBl represent a
case in point. Not only is the Atlantic Forest atge one of the world's most
important biodiversity hot spots (Myees al., 2000) but much of the remaining
forest is highly fragmented and restricted to higgwation areas in southern and
southeastern Brazil only (Bertoncebt al, 2011). Estimates of the overall loss
of Atlantic forestsensu latovary between 84% and 89%e( 11.4-16% remains;
Ribeiro et al, 2009). The Mata Atlantica s.l. comprises a numifesub-types,
including various rain forests and semi-deciduausdts as well as subtropical
Araucaria forest whose floristics in southeastern Brazilhé&een described in
some detail by Oliveira-Filho & Fontes (2000). Adi@ cloud forests are much
less researched in this respect (Falkenberg & \ioiltd995; Carvalhcet al,
2000; Pompetet al.,2014) but a recent regional study supports tha tbat the
Atlantic cloud forest constitutes a distinct fléiisand phytogeographical unit
(Bertoncelloet al, 2011). This opens up possibilities for mappingioeal and
local cloud forest extent based on a demonstratedireence of diagnostic
species (Webster, 1995; Vazquez-Garcia, 1995). S@¥eof Brazil's original
cloud-affected forest area is estimated to haven Hest, with the country
ranking second in terms of cloud forest loss atexico (Mulligan, 2010). The
remaining cloud forests of southeastern Brazil oqmimarily in two coastal
mountain ranges (the Serra do Mard theAparados da Serra; Aldricét al,
1997) as well as in the Serra da Mantiqueira, a églored mountain range
located somewhat more inland. According to Bertbacet al. (2011), the
typical elevation of the cloud base (and the bdgumf a distinct cloud forest
type) in the coastal range occurs around 1120 i, avkereas further inland the
cloud level condensation is rather found at ca.01%0a.s.l. (Veloso, 1991) in
line with the mass elevationqg coastal proximity effects (Van Steenis, 1972;

Bruijnzeel et al, 1993). Knowledge of the floristic composition and
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biogeography of these montane forests is stillteoh{Carvalhoet al, 2000;
Bertoncelloet al, 2011; Pompeat al.,2014).

The importance of the Serra da Mantiqueira as acsoof water was
recognized well before European colonization, dademced by the mountains
name in the indigenous Tupi-Guarani language, wirighslates as ‘Weeping
Mountains’' (Beckert al, 2013). This region has a pronounced dry season i
winter but severe drought effects on the vegetajgpear to be compensated by
the occurrence of frequent orographic fog (Segdasna & Dau, 1965;
Safford, 1999a). As also observed for the Matarfit@ at large (Ribeiret al,
2009; cf. Falkenberg & Voltolini, 1995; Safford, 9%n), the lack of a
comprehensive forest management plan coupled witteady increase in
agricultural forms of land use threaten the remmanitAtlantic Forest in the
Mantigueira Mountains and urgent action for theimservation is required
(Becker et al, 2013). Le-Saoukt al (2013), similarly called for effective
management and conservation of the area becausts ohique vertebrate
species assemblage.

Given the importance of fog and persistent high iditgn to cloud
forest occurrence (Jarvis & Mulligan, 2011), ane thigh spatial resolution
required for mapping cloud forest in the area, #tigly aimed to estimate the
cloud forest occurrence in the Serra da Mantiqubiramodelling the spatial
distribution of cloud forests getting this closer jpossible to the actual area
using the combination between predictive specistribution modelling and
remotely sensed techniques. For this, we estimtitedootential cloud forest
distribution area and then we split this modelegaathrough object-oriented
classification in cloud forest, planted forest, higltitude complex (Benitest
al., 2003) and other land-use.
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2 MATERIAL AND METHODS

2.1 Study area

The Serra da Mantiqueira is an inland mountain easdending over a
length of ca. 400 km across the States of Sdo P&dpirito Santo, Minas
Gerais and Rio de Janeiro in southeastern Braith, thve greatest extent located
in Minas Gerais (Figure 1). The ‘double escarpmegpresented by the (more
coastal) Serra do Mar and the (more inland) Searaidntiqueira forms the
most prominent orographic feature of the Atlantige of the South American
continent (Almeida & Carneiro, 1998). AccordinglBGE (2014), the total area
of the Serra da Mantiqueira is 60,225%amnd elevations range from 3-2,798
m.a.s.l. Despite this there are no exact admitiiggrar geographical boundaries
established for the mountain range and most auttlifier in their estimates
(Pelissari & Romaniuc Neto, 2013). For this reag@nbuilt our own Serra da
Mantiqueira delimitation area adapted from IBGE 120 and Pelissari &
Romaniuc Neto (2013).
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Figure 1 Major physiographic, hydrographic and vegetatioratfees of
southeastern Brazil. In dark the land above 1508.9W.(approximate cloud
level condensation boundary in Serra da Mantigheitaere the predominant
vegetation is cloud forest and above the treeilirig@gh altitude complex. Data
source: IBGE, 2014.

At latitudes 21-23S, the climate prevailing in most of the mountain
range is humid temperate (Képpen-type Cwb) withhanpunced dry season in
winter that increases with distance from the c¢@afford, 1999a; Sa Juniet
al., 2012). With long-term rainfall stations largelyxking in the higher parts of
the range, information on precipitation distribatican only be approximate.
The WorldClim database (Hijmarst al., 2005) for the study area suggests
annual rainfall to range from about 1130 (7 m.3.812430 mm (2650 m.a.s.l.),
with higher values found at higher elevations doeah orographic effect
(Safford, 1999b). The total precipitation for thettest three (southern summer)
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months ranges from 465-1160 mm and that for theetHriest (southern winter)
months from 40-170 mm (Hijmanst al., 2005). Depending on elevation,
average annual temperature ranges from°25(@t 78 m.a.s.l.) to 8°%C at 2650
m.a.s.l.; the minimum temperature of the coldesttmoanges from -1.4 at 2340
m.a.s.l. to 18.3 °C at 10 m.a.s.l., and the maxineimperature of the warmest
month from 16 at 2340 m.a.s.l. to 38Gat 100 m.a.s.l. (Hijmaret al., 2005).
Frost occurs frequently at higher elevations dutimg dry winter season but
snow is rare (Safford, 1999b) with the latest ommnres (at elevations > 2000
m.a.s.| in the Itatiaia National Park in the celnpart of the mountain range)
recorded in 1988 and 2012 (Brasil, 2014a).

The wide range in topographic and altitudinal ctinds prevailing in
the Serra da Mantiqueira is reflected by an equaligh environmental
variability and differentiation of its ecosystemdnsfituto Oikos de
Agroecologia, 2009). According to Oliveira-Filho Bontes (2000) there are
different sub-types of tropical rain forests cléisdi according to elevational
categories: Submontane Rain Forest (300-700 m).alsower Montane Rain
Forest (700-1100 m.a.s.l.), and Upper Montane Raiest (>1100 m.a.s.l.). On
the northern and western drier slopes seasonac#iofemi-deciduous Forest
occurs (Oliveira-Filho & Fontes, 2000). The Atlantloud forest occurs in
Serra da Mantiqueira together the cloud level cosdgon boundary ca. above
1500 m.a.s.l. (Veloso, 1991). Depending on soilratt@ristics (Benitest al,
2001) the tree-line occurs at elevations rangimgmfrl400-2300 m.a.s.l. (cf.
Safford, 1999a; Benitest al, 2007) above which the predominant vegetation is
high altitude complex (Benitest al, 2003) (locally calledcampos de altitude
Safford, 1999a) or less widespread rocky grass(aatled campos rupestres
Vasconcelos, 2011). Theampos de altitudeare typically associated with
igneous or metamorphic rocks while tt@mpos rupestresccur in association

with quartzites (Vasconcelos, 2011). The floristiemposition of the high
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altitude complex is highlighted for a high endemiswel (20% of total Atlantic
forest endemism occur in these formations plusioncky outcrops; Ribeiro &
Freitas, 2010) and many species of flora and fauweaendangered (Benites

al., 2001).

In Brazil there aren’t coniferous forests, butréhare forests with
coniferous (Backes, 2009), called mixed forestsh wipredominant presence of
the conifersAraucaria angustifoliaand in a few placeBodocarpus lambertii
(being a common associateArfaucarig Veblenet al.,2005). These forests are
found as scattered fragments within the Serra datilizeira at elevations above
1500 m.a.s.| (Backes, 2009).

According to Oliveira-Filho & Fontes (2000) thedrflora of the semi-
deciduous forest is a fraction of the much rickan rforest flora, and consists
mostly of a sub-set of species that are able t@ auith a longer dry season.
Conversely, the Atlantic cloud forests were shownbe floristically distinct
from the equally wet coastal Atlantic rain forestéth Drimys brasiliensis, llex
microdonta andWeinmannia paulliniifoliabeing key indicator species for the
cloud forest (Bertoncellet al, 2011). In the Serra da Mantiqueira, cloud forests
are also the preferred habitat of species (llabralea canjeranaLamanonia
ternata Myrcia splendensMyrsine umbellataandPrunus myrtifolia(Pompeu,
et al.,2014).

2.2 Predictive cloud forest distribution modelling

We treated cloud forest as a species following same method of
Carnaval & Moritz (2008), Ponce-Reye$ al. (2012; 2013). To model the
predictive distribution of cloud forest within ti&erra da Mantiqueira based on
habitat occurrence records, we used the Maxentitigo version 3.3 (Phillips
et al, 2006). This algorithm has the advantage of maugiionly presence data
(Phillips et al, 2006) whereas in addition it is designed in saigtay as to allow

robust predictions to be made in the case of landata (Phillips & Dudik,
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2008). The predictions were validated through 16-foross-validation and
evaluated using the TSS-method (True Skill StatstAloucheet al, 2006).
This provides a simple and intuitive measure of etquerformance ranging
from -1 to +1, where +1 indicates perfect agreenaet values of zero or less
indicate a performance no better than random (Aleet al, 2006). We created
6,500 background points (100 to each point preséat&), following Lobo &
Tognelli (2011). We used the minimum training prese logistic threshold
value to create a binary map of the presenceslasghaes of the model.

In order to obtain the points with the spatial miisttion of cloud forest
occurrence we created polygons on the Serra daiddama known cloud
forests areas and extracted random points fromethosas using the Hawth’s
Analysis tools in ArcGis 10.2, generating 65 ocence points in total. The
actual location of the cloud forest areas were rtakem literature (Safford,
1999a; Carvalheet al, 2000; Oliveira-Filhoet al, 2004; Franca & Stehman,
2004; Meireles et al., 2008; Costa et al., 2011eka et al, 2011; Pompeet
al., 2014) and based on the authors knowledge. MlictIforest areas were
ascertained during an extensive field campaign.

The spatial distribution modelling was performedhva set of different
environmental variables: standard bioclimatic valga (12 layers), topographic
variables (two layers) and cloud variable (one fay&he bioclimatic layers
were obtained from CliMond global climatologies fbioclimatic modelling
version 1.2 (www.climond.org), with 10’resolutionr cca. 20 km (more
information about these layers see Kritiaisal, 2012). We choose the follow
bioclimatic layers to model the environmental hatbiaf cloud forests: annual
mean temperature (°C), Isothermality, temperatwassnality, temperature
annual range, annual precipitation (mm), preciitabf the driest and wettest
quarter of the year (mm), annual mean radiationn{#, radiation seasonality,

annual mean moisture index, mean moisture indevettiest and driest quarter.
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We also created a digital elevation model (DEMP@tm resolution
from shuttle radar topography mission (SRTM) dowdled in Brasil (2014b) to
create slope gradient and downslope direction (@spsing the Spatial Analyst
tool in ArcGIS 10.2 (more 2 layers). However, wal diot use the elevation
variable as a layer in the modelling process bex#us a synthesis variable of
others climatic variable than a direct climate &hle (Ponce-Reyest al. 2012;
2013).

The cloud variable was created based on the blod falues (0.40 -
0.52 um) from four Landsat Surface Reflectance @i@rData Record (CDR)
images (one per season) with maximum cloud covguiesd in the 2010-2011
period. We obtained the images from the U.S. Gécddgurvey (2013), these
images already have sub-pixel geolocation accwaead land surface
reflectance corrected. These data product hasrae?ér pixel size and 16-day
temporal coverage. The blue band was selected #irece is a much stronger
tendency for short wavelengths to be scatteredwisigothe cloudy and fog
areas, than long wavelengths.

All variables were transformed to 1 km resolutian rhatch among
them and with the presence points. We also prajetite layers in the South
America Albers Equal Area Conic coordinate systamall the remote sensing
data used. Aiming to find which environmental vl offer more important
contribution to predict the cloud forest preseneedid the Principal Component
Analyis (PCA) using the software Statistica versl@n(StatSoft, 2013).

2.3 Remote sensing technigues

After we estimated the potential cloud forest disition area we used
remote sensing techniques aiming to approximateatiteal cloud forest area
and remove misclassified parts that were modeled@sl forest. For this we
used Landsat TM images (2010-2011 period) covealh§erra da Mantiqueira

area to start the land cover classification prac&be images available were
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obtained with free cloud and noise disturbance.

We adopted the object-oriented classification apgino using the
software eCognition Developer 8.0 (eCognition, 2008 this approach the
images need to be segmented before the classificatnd for that we used the
multiresolution segmentation algorithm (Pils & $tka2007). The segmentation
process allowed the use of spectral as well aar@b@nd contextual information
as attributes for land cover classification. (Zh&d/Aaxwell, 2006). Here we
utilized the Fuzzy Logic Classification algorithm tlassify the images. Fuzzy
classification is a probabilistic approach and wexdul classification technique
that uses expert system rules for classificaticawv(Nur, 2006).

We defined four land use classes to be mappedd dianest, planted
forest, High Altitude Complexcampos de altitudplus campos rupestrésand
others (e.g. agriculture; water bodies; bare solbanization). After the image
classification we performed the post-processingicivtaimed to correct the
mistakes resulting from automatic classificatioto(énzano, 2011). In this step
we used the expert knowledge and auxiliary dath sschigh-resolution images
to correct the objects that were misclassifiedeAfibtaining the classification
results, the validation was carried out by overlagpthe -classification
information with accurate samples, generating amuassessment as the Kappa
analysis and overall accuracy.

The respective classified cloud forest cover welattgd on maps
showing the boundaries of existing Protected Amasletermined from shape
files downloaded from the Brazilian Ministry of thEnvironment website
(Brasil, 2014c), with the purpose of estimating &énea of Atlantic cloud forest
in the region that is under some kind of formaltpction. Two categories were
considered, viz. Protected Areas with Sustainalsle &f Natural Resources and
Conservation Units with Full Protection under Laveo./9985/2000 (Brazilian

System of Conservation Sites-SNUC).
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3 RESULTS
3.1 Modelling cloud forest extent

The corresponding total area potentially covereith wioud forest was
estimated at 5,008 KmThe model showed a high TSS-value of 0.94 initigat
excellent prediction (Alouchet al, 2009). Higher suitability of occurrence of
these forests corresponding with the higher pdrtseoSerra da Mantiqueira (cf.
Figure 1 and 2).
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Figure 2 Predicted spatial distribution of cloud forest ihet Serra da
Mantiqueira using Maxent algorithm. Darker partgresent higher suitability of

cloud forest occurrence.

Looking at the relative importance of each of theables evaluated by
the PCA analysis (first axis) used in the predicteadelling of cloud forest
extent, these were in descending order: annuah mezisture index, annual
mean temperature, precipitation of driest quartexan moisture index of driest
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quarter, radiation seasonality, annual precipitatiannual mean radiation,

temperature seasonality, mean moisture index aegatetuarter, precipitation of

wettest quarter, isothermality, cloud variable, pslogradient, aspect and

temperature annual range. Assessing these resaltsaw conclude that the

climatic variables are more important to the cldodest presence than the

topographic variables. Although the contributiorttedse variables are very well

distributed in terms of total percentage importafi@ble 1).

Table 1 Percentage contribution of environmental layeosigh PCA statistic

that were used in the Maxent algorithm modellinghrod and their respective

units.

Variable

Percent
contribution

Annual mean moisture ind

Annual mean temperature (‘
Precipitation of driest quarter (m
Mean moisture index of driest qua
Radiation seasonality (C of
Annual precipitation (mn

Annual mearradiation (W n’)
Temperature seasonality (C of
Mean moisture index of wettest qua
Precipitation of wettest quarter (m
Isothermality

Cloud variabl

Slope

Aspec

Temperature annual range (

13.8¢
11.5¢
11.1]
10.8¢
9.91
9.7
8.8¢
7.8¢
7.5C
4.0¢
2.3¢
1.4¢
0.4:
0.3¢
0.0¢
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Aiming to approximate the actual cloud forest ekter classified the
predicted modeled area. Although the environmergssaitable for the cloud
forest presence according to the predictive matgllimethod the actual
occurrence can differ from it, because parts of ldr& cover have suffered
anthropogenic disturbance (agriculture, urbaniratpanted forest). Assessing
the classification land use map (Figure 3) we camclude that 52.52% (2,630
km2) is cover by cloud forest, 27.06% (1,355 km® athers land use, 17.28%
(865 km?) is high altitude complex and 3.15% (185®kis planted forest.

1200000 1400000 1600000 1800000 2000000
! ! ! !

1400000
L
T
1400000

1200000
T
1200000

1000000
!

T
1000000

- High Altitude Complex
- Cloud Forest
- Others

Planted Forest

0 30 60 120 180 240
-——

Figure 3 Land-use map of the Serra da Mantiqueira study. area modeled
cloud forest area was mapped and split in Hightédé Complex; Cloud Forest;

Others and Planted Forest. See text for explanation

So the cloud forest extent is half of the prediatestieled area. In this
work we can only approximate the high altitude cterprea because we did

not model this we just split from cloud forest miedke area. The accuracy
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assessment was evaluated from the confusion maffixus we obtained an
overall accuracy of 87.50% and a Kappa analysi®.87 showing excellent
classification veracity.
3.2 Cloud forest protection status

The presently inferred cloud forest areas in theaSde Mantiqueira
(2,630 km?; cloud forest after to be modeled antit $p the classification
process) have been plotted over the boundarieheotvto types of Protected
Areas considered in the Brazilian conservationesystviz. Conservation Units
with Full Protection (CUFP) and Protected Areashw8ustainable Use of
Natural Resources (SUPA) as shown in Figure 4.cAlgih a significant portion
of the modeled cloud forest area is under some fifrprotection (2,036 kfnor
77% of the total area), most of this (1,477°kan73%) is categorized as SUPAs
while CUFPs represent 559 krar 27% only. In addition, the vast majority of
the SUPAs fall in the category of EnvironmentaltBetion Areas (EPA, Table
2).
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Conservation System. The numbers are relating ¢otdible 2. See text for

explanation.
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Table 2 Final mapped cloud forest areas relative to BraazilProtected areas.

Where, ID: number related to Figure 4. Conservatimit Name: In bold the

Conservation Unit category and their respective @grnsroups of the Brazilian

System: SUPA (Protected Areas with Sustainable dfsdatural Resources),
CUFP (Conservation Unit of Full Protection); Ste® (Sao Paulo), MG (Minas
Gerais), RJ (Rio de Janeiro).

Groups of the Brazilian

ID Conservation Unit Name System State
State Park

1 Serra do Papagaio CUFP MG

2  Campos do Jord: CUFF SF

3 Mananciais de Campos do Jor CUFF SF

4 |bitipoce CUFF MG

5 Serra do Brigadeil CUFF MG
National Park

6 Capara CUFF ES-MG

7 ltatiaic CUFF R-MG
City Nature Park
Brejo Grand CUFF MG
Parque S&o Doming CUFF MG
Biological Reserv

10 Serra dos Toled CUFF MG
Environmental Protection Area
(EPA)

11 Fernéo Dia SUPA MG

12 Sapuce-Mirim SUPA SF

13 Serra da Mantiquei SUPA SP/MG/R.
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14 S&o Francisco Xavi SUPA SF
15 Piracicab-Juquel-Mirim SUPA SF
16 Serra do Pito Aces SUPA MG
17 Francé SUPA MG
18 Capara SUPA MG
19 Boqueirdo da Mir SUPA MG
20 Arvore Bonit: SuUPA MG
21 Arapong: SUPA MG
22 Bacia do Rio Paraiba do ! SUPA SF
National Forest
23 Passa Quat SUPA MG
Private Reserve of Natural
Heritage
24 Mitra do Bispc SUPA MG
Estacdo Biolégica Mata ¢
25 Sossego SUPA MG
26 Sitio Estrela da Set SUPA MG
27 Fazenda Serra Negra Are. SUPA MG
28 Fazenda Serra Negra Are SUPA MG
29 Alto-Montan SUPA MG

Several important and well-known Protected Areaswvshin Figure 4
and listed in Table 2 include the Itatiaia and CapaNational Park; the
Ibitipoca, Pico do Papagaio, Campos do Jordédo, Maas de Campos do
Jorddo, and Serra do Brigadeiro State Parks; thea Sga Mantiqueira
Environmental Protection Area, and the Alto-Montdhravate Natural Heritage
Reserve. In addition, other areas indicated asngasloud-affected vegetation in
Figure 4 include areas around the highest ridgek maks of the Serra da
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Mantiqueira, where the dominant vegetation is haititude complex with
fragmented cloud forests under the tree-line. Examinclude the Caparad
National Park (no. 6), Serrkina region around the Alto-Montana Private
Natural Heritage Reserve (no. 28)d the Itatiaia National Park (no.with the
third, fifth and sixth highest peaks in Brazil (tR&o do Caparad (2892 m.a.s.l.),
the Pedra da Mina (2798 m.a.s.l.) and the Pico Aldhas Negras (2792
m.a.s.l.), respectively. In addition to the mainumt@in range, other areas with a
high suitability of cloud forest occurrence (fragmted areas below high altitude
complex) include the currently non-protected SeleaCarrancas (cf. Lima et

al., 2011) in the central northern part (Figure 4).

4 DISCUSSION

Regarding the estimation of the distribution and teal extent of
tropical montane cloud forests, different methodgehbeen applied in the past.
Using pre-set altitudinal limits as a proxy for tlenatic and edaphic conditions
typically associated with cloud forests, Buleb al (2004) estimated their
potential area world-wide at 381,166 km? or 2.5%heftotal tropical forest area
in the year 2000. In a reiteration of the Budilal (2004) analysis using MODIS
satellite-based vegetation coverage for the ye@0 ZUCF 2000), Scateret al
(2010) estimated the distribution of montane clém@sts between 3N and
30°S for that year at about 215,000 km2, represeritiAgp of the global tropical
forest area and 6.6% of all tropical montane farést300 m.a.s.l.). Conversely,
a much higher estimate for ‘significantly cloudeaffed forest' area was
obtained by Mulligan (2010) using a hydro-climagipproach in combination
with MODIS_VCF 2000 vegetation data: 2,213,292 lan24.2% of the total
area estimated for all tropical forests. Mullig&010) considered his estimate to

be more realistic than the altitudinally based dldarest extent predicted by
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Scatenaet al (2010) because of the use of satellite imagedetive areas with
frequent or persistent fog (>70% of the time), amdhotely sensed continuous
field data to delineate vegetation coverage. Funtbee, his derived cloud forest
distribution was tested against an observed ddtafsenore than 560 cloud
forest locations, of which 71% were predicted otiiye (81% when taking
various error bands into account; Mulligan, 20H)wever, the hydro-climatic
approach yielded an estimated total area of 195kB%7as being under cloud
forest for Brazil as a whole (Table 2.5 in Mulligag010) which must be
considered unrealistically high given that the ltaieea of remaining Mata
Atlantica (all forest types) has been estimateti5a, 193 km by Ribeiroet al.
(2009) and in the Guyana Highlands there are ordgnall amount of Amazon
cloud forests extent (Aldrickt al 1997). Similarly, the hydro-climatic approach
derived a total area of 139,986 kmf forest to be cloud-affected in Mexico
(Table 2.5 in Mulligan, 2010) while Ponce-Resal. (2013) using the same
algorithm as that used in the present study ohbdaihe much smaller area of
17,345 kr. Part of the reason for such large discrepandessiimated cloud
forest extent lies with the fact that many forestag are highly fragmented. For
example, Ribeir@t al (2009) identified as many as 245,173 forest fragis in
their survey of Atlantic forests, more than 80%wbiich were smaller than 50 ha
each while nearly 50% of the forest occurred atstadce of less than 100 m
from its edges. Indeed, a much more restrictedadistribution was obtained
for cloud-affected forest in Brazil with the hydebmatic approach when only
more or less intact forest (with a canopy cover@¥) was used instead of the
10% cover threshold that was applied earlier (Malti, 2010), viz. ca. 30,000
km? (Mulligan, unpublished data). Further, the inatusin the hydro-climatic
approach of many small forest fragments may alad te over-estimation of the
total cloud forest area because such areas migleality no longer experience

the original climatic conditions due to the advahoature of forest disturbance
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and replacement in such areas which is likely i@haoduced warmer and drier
atmospheric conditions (R&y al, 2006; Van der Molert al, 2006).

According to Falkenberg & Voltolini (1995), thiéstinctive montane
cloud forest formation was largely ignored in pabtions dealing with Brazilian
vegetation until the 1970s. In the widely used diarest database compiled by
UNEP-WCMC (Aldrichet al 1997) only two major regions with cloud forest
are listed for the country (apart from some isalatable mountains in the
highlands of Guyana), viz. the Aparados da SermalGe the south-southeast
(in the states of Santa Catarina and Rio Grand8udpand the Serra do Mar
(Santa Catarina and Parana states). Despite thetHfat the present study
estimated their total area as being close to 2knd0) the Serra da Mantiqueira
cloud forests does not appear in this list.

The application of the Maxent algorithm to predidbud forest
distribution in the Serra da Mantiqueira showedselagreement with the
bioclimatic data (Figure 2). This good agreemeriikisly due to the fact that
these forests have well-defined climatic varialbhed typically differ from those
associated with other forest typeés, cloud forests tend to be wetter, cooler, and
more exposed to (moisture-bringing) winds (Jarvidviglligan, 2011). These
differences from others forest types showed byigagvyMulligan (2011) are
similar with our results although some of the Valéa evaluated are different.
Where the first three variables most importantredirt the cloud forest extent
here were annual mean moisture (this index is asureaof relative soll
moisture, see Kiriticos et al., (2012)), annual miganperature and precipitation
of driest quarter (Table 1). The Maxent algorithmsvalso used by Ponce-Reys
et al, (2012) to predict the vulnerability of Mexicafoed forests to climate
change and estimating that 68% of these forestshaag vanished by 2080 by
climatic warming and drying. Both modeled (Mulligamd Burke, 2005) and

measured (Holwerdet al, 2010) amounts of cloud water inputs in Mexicodten
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to be modest, mostly because of predominantly lomdwspeeds (Garcia-Garcia
& Zarraluqui, 2008). Also, water losses from thdéseests are comparatively
high (Mufioz-de Villerset al, 2012; Alvarado-Barrientost al, 2014) rendering
them vulnerable to the kind of climatic drying thiaas been demonstrated
already in some Mexican cloud forest areas (Bagatial, 2010). Last but not
least, the distribution of cloud-affected forestoss Mexico mostly takes the
form of an ‘archipelago’ of more or less isolat@@swithin a narrow altitudinal
band, thereby increasing vulnerability to distudmreven more (Vazquez-
Garcia, 1995). Ponce-Reyst al, (2013) subsequently used the Maxent
algorithm to evaluate the extinction risk of fosgecies (a bird, a frog and a
mouse) under different scenarios of climate ani#iod use change, with grave
results for those species that require a largefareheir survival.

The high altitude complex and cloud forest seemshtiain the same
climatic and topographic features for their occnoe using the Maxent
algorithm. However the tree-line seems to be cdiettdoy the relation with the
soil features which play an important vegetationton factor (Benitest al.,
2001) where the forest occur in deeper soils asd kandy (Benitest al,
2003). As stated previously, on the highest summiisve the tree-line the
predominant vegetation isampos de altitudefor which Safford (1999a)
estimated a maximum surface area of ca. 67 distributed mostly over three
plateau areas (cf. Figure 1). The present studyattd a much higher surface
area of 865 kmfor the high altitude complex. This could be exptal because
we did not splitampos de altitudandcampos rupestrefoth are high altitude
complex), but the&eampos rupestreare less widespread (Vasconcelos, 2011) so
this is not the reason for this higher value. Hosvethese ecosystems are more
threatened nowadays because of the recent changee ddrazilian Forestry
Code to a more permissible legislation which casultein potential losses for
the high altitude complex (Ribeiro & Freitas, 201The problem is that the
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supposed beneficiaries of this greater permisssgertbey do not think the
various contributions of biodiversity that are m@tditionally recognized as the
trivial clean water, erosion decrease, medicinanid and crop pollination
(Ribeiro & Freitas, 2010). In addition forecastsrising average temperatures
with the climate change can result in sharp in@dasextinction rates in the
high altitude complex vegetation due the fact oér¢h aren’t possibility
migration to higher altitudes (Ribeiro & Freita®1®). These effects may result
also in losses for the cloud forests often locatexnind these formations. Other
huge threat for the vegetation located in the maiost areas is the coffee
production displacement projection to higher eliewet (Assadet al, 2004;
Ribeiro & Freitas, 2010) where suitable temperatum this production still
may observed (Assaat al, 2004).

An important application of species distributiondabing is to use the
predicted areas for choosing priority areas fortgmtion (Franklin, 2013; cf.
Ponce-Reyest al, 2012). Although a representative part of the joted cloud
forest area in this work is at least nominally unsieme form of protection, the
majority falls under the EPA category which wagyédy designed to facilitate
land use planning for territories that have botlpantiant natural attributes and
experience some degree of human occupation (Itssf@ikos de Agroecologia,
2009; Rylands & Brandon, 2005). This is clearlyuiffisient to ensure the
protection of the last remaining cloud forests @bhthe cover area represents
only 1.67% of all Atlantic forest remaining; totatea according Ribeiret al,
(2009)) in the Serra da Mantigueira with its impoitwater sources (Instituto
Oikos de Agroecologia, 2009; Beclatral, 2013).

Only 21% (against 9.3% for the all remaining Atlaribrest, Ribeircet
al., 2009) of the mapped Mantiqueira cloud foresaanarrently falls under the
strict protection category (Conservation Area ofl Rrotection). This higher

value can be explained for the cloud forest loedilan being restricted to high-
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elevation areas where there are most of the Addotiests remaining in the
south and southeast regions (Bertonceli@l, 2011) resulted for the difficult
access to those mountains place (Fundacdo SOSAHatdicaet al, 1998). As

a result, important areas within the Serra da Maeira are not protected at all,
notably the stretch of about 100 km of ridges amsumbains (including the
unique high altitude complex) between the Itatéional Park and Campos do
Jorddo State Park containing the Serra Fina (wi¢hRedra da Mina, the fifth
highest peak in Brazil, and the Pico dos Trés Estadcs well as the Picos dos
Marins and ltaguaré, and the Plateau of Campo®difid. The realization of an
already proposed (Instituto Oikos de Agroecolog@)9) Conservation Area of
Full Protection (to be named Altos da Mantiqueiratibhal Park) covering
87,000 ha including this large and as yet unprettetrea would constitute an
important biodiversity corridorcf. Ribeiro et al, 2009; Beckeret al, 2013).
Other important areas with a predicted cloud fopssence that are currently
unprotected include the Serra de Carrancas regigure 4), for which it is
extremely urgent to create a full protection stdtugnsure conservation of its
vulnerable and unique biodiversity (Lingd al, 2011). Although there are just
small cloud forest fragments in the Carrancas retlfiey are surrounding for big
high altitude complex areas (Figure 3) being aditan area for savannah
biome deserving special conservation efforts. Unfaately, Brazil still faces
major obstacles in the implementation and managewieits protected areas
with many examples of conservation areas existingely on paper (Falkenberg
& Voltolini, 1995; Aldrich, et al, 1997; Safford, 1999a; Limat al, 2005).
Most of the Conservation Area of Full Protectiontire Minas Gerais state
demonstrates unsatisfying management effectivesbéssving problems as:
areas that aren't expropriated or indemnified, nmpleyee, lack of
infrastructure, receive no financial resources fheir management, no

protection program or fire control program, andréhésn't management plan
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(Lima et al, 2005). This reality can also be highlighted tfee Rio de Janeiro,
Sao Paulo and Mato Grosso states (Lietaal, 2005). Perhaps the biggest
challenge relates to the competition of governmamtitutions in an
environment of conflicting political interests (Rylds & Brandon, 2005). Thus,
the act of protected areas creation in Brazil becararketing of politicians and
not the result of planning and aspiration from agaaized society and research
institutions. (Limaet al, 2005). Given the highly fractured nature of &tkntic
Forest in general (Ribeiret al, 2009), the linking of the remaining larger
blocks of (cloud) forest in the Serra de Mantigaeihould receive priority.
Although the spatial variation in biodiversity dffdrent types of cloud
forest in south-eastern Brazil is still compardtvgoorly known at the smaller,
local scale (e.g., Carvallat al, 2000; Franca & Stehmann 2004; Oliveira-Filho
et al, 2004; Meireleset al, 2008; Costeet al., 2011; Valenteet al, 2011;
Pompeuet al, 2014); the present study has demonstrated thiilness of
mapping montane cloud forest extent. Further werkdcessary to identify the
areas with the highest overall biodiversity (aslveal the areas exhibiting the
most favourable water balance in the Serra da Maetia; cf. Mulligan &
Burke, 2005). The size of the area predicted tarmster cloud forest in the area
reinforces the conservation priority for importgarts of the mountain range,
where currently only 21% of the cloud forest faitgo a strictly protected
category within the Atlantic Forest biome that lieady so threatened (Ribeiro
et al, 2009;cf. Myers et al, 2000). In particular, the creation of a large and
continuous block of protected forest under the sagéd Altos da Mantiqueira
National Park in the high, central part of the 8&eas well as affording some
form of effective protection to the Serra de Caceen(Figure 4) assume special
importance. Additional studies of the biodiversiyom different types of
Brazilian cloud forests remain a necessity to frtnderpin the development

of a sound public policy for the protection of tadragile forests and associated
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montane ecosystems such as the high altitude canfple Martinelli, 2007).
Last, but not least, the rate of forest loss inaAtic Forest is still high,
approaching 490 km2 per year (Fundacdo SOS Maémidth and INPE, 2014)
whether we consider that the most existing forestaining are located in the
mountains, at this high rate forest loss the clfuwdsts may disappear in a few
years. Aggravated with the threat of the changthénforestry code and coffee
production in few years the cloud forests may nmér exist by a combination

of human disturbance and climate change.
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