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RESUMO GERAL

O conceito de servigos ecossistémicos (SE) traduz a interdependéncia
entre a integridade e salude dos ecossistemas com o0 bem estar humano. A
crescente procura a esses servicos levou a uma degradacédo séria e impensada
dos ecossistemas, resultando em uma nova paisagem representada por
fragmentos florestais imersos na agricultura, pastagem, plantacdo madeireira e
areas urbanas. Essa nova configuracdo gera uma limitacdo na provisdo de
inimeros servicos como a regulacdo do microclima, a fixacdo de carbono, o
controle da erosdo e a ciclagem de nutrientes. O presente estudo focou nos
ecossistemas associados as Florestas Tropicais e teve por objetivo identificar,
mapear e verificar possiveis relagdes entre os SE, buscando interpreta-los em
diferentes contextos, visando subsidiar politicas publicas e tomadas de
decisdo. O primeiro capitulo avaliou a eficacia relativa dos diferentes métodos
de restauragdo no aumento da provisdo de SE e biodiversidade na Floresta
Tropical. Através de uma meta-anélise de 66 estudos e 816 indicadores de SE
em areas restauradas, degradadas e ecossistemas de referéncia, demonstrou-
se que as acdes de restauracdo na Floresta Tropical estdo contribuindo com a
recuperacdo de 74% dos SE (estoque de carbono e atributos do solo) e
biodiversidade, em relagcdo a area degradada. A regeneracdo natural foi a
estratégia que mais se destacou devendo ser priorizada em projetos de
restauracao, principalmente, se o nivel de degradacédo da area for pequena. O
segundo capitulo analisou a distribuicdo espacial, interacdo e formacéo de
agrupamentos “bundles” de SE e de biodiversidade dentro e fora de areas
protegidas na Floresta Atlantica. Mudancas no uso do solo e caracteristicas
biofisicas do bioma geraram agrupamentos (“bundles”) de SE e biodiversidade
de composicao variada. A localizacdo e a composicao desses “bundles” de
servicos indicam areas importantes que necessitam de acbes de restauracéo
ou planos de conservacédo. O terceiro capitulo avaliou o potencial econdmico
de SE em unidades de conservagdo na regido do Mosaico Lagamar. As areas
protegidas no Mosaico Lagamar geraram um rendimento de cerca de US$ 104
milhdes.ano™ em servicos de provisdo e US$147 milhdes.ano™ em servicos de
regulacédo (sequestro de carbono), reforcando a ideia de que areas protegidas

podem contribuir com o desenvolvimento econdémico e socioambiental. Os

Xiii



resultados dos trés capitulos destacam a importancia dos SE nas trés escalas
abordadas e poderéo servir de base para o planejamento da conservacéo e a
gestdo dos ecossistemas, além de embasar politicas publicas e tomadas de

decisdo em diferentes esferas.
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ABSTRACT

The concept of ecosystems services (ES) reflects the interdependence between
integrity and health of ecosystems to human well-being. The growing demand
for these services has led to a serious and thoughtless degradation
ecosystems, as well as configuring a new landscape represented by forest
fragments immersed in agriculture, pasture, timber plantations and urban areas.
This new configuration can limit the provision of many ecosystem services such
as microclimate regulation, carbon sequestration, erosion control and nutrient
cycling provided by these forests in some regions. In this context, the overal
goal of my dissertation was to indentify, map and assess possible links between
ecosystem services, seeking to interpret them in different contexts, in order to
support public policies and decision-making. The first chapter evaluated the
effects of restoration in increasing provision of ecosystem services (ES) and
biodiversity in tropical forests. A meta-analysis was conducted with 66 studies
on ES in restored, degraded and reference ecosystems. Results show that
restoration actions in tropical forest contributed to increase 74% of the ES and
biodiversity in disturbed areas. Among restoration strategies, natural
regeneration contributed the most and should be prioritized in restoration
projects, especially in regions with low degradation level. The second chapter
analyzed the spatial distribution, interaction of ES and biodiversity bundles in
protected and unprotected areas and the Atlantic Forest. Ecosystem
management and environmental characteristics in the Atlantic Forest creates
bundles of ES and biodiversity that varied in composition. The location and
composition of these ecosystem service bundles indicate important areas in the
biome that need restoration actions and conservation planning. The third
chapter evaluated the economic potential of ES in protected areas in the
Mosaico Lagamar. ES in, protected areas generated an income about US$ 104
million. year™ of provisioning services and US$147 million. year™ of regulating
services (carbon sequestration), reinforcing the idea that protected areas can
contribute to economic development and socio-environmental. In general, these
results are important for conservation planning and ecosystem management,
and support public policy charging and payments to ecosystem services, thus
ensuring the conservation and sustainability of tropical forests.
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1 INTRODUCAO GERAL

O ecossistema € uma unidade funcional complexa e dinamica pelo qual
interagem os componentes bidticos (plantas, animais e microrganismos) e
abidticos (quimicos e fisicos) (MEA, 2003). A estrutura e 0S processos
ecologicos do ecossistema geram funcdes ecossistémicas que, além de
estarem relacionadas a manutencdo dos fluxos de energia e reciclagem de
nutrientes, provém ao ser humano servigos ecossistémicos. A relacdo entre as
funcdes do ecossistema e 0s servicos ecossistémicos nem sempre é direta, ou
seja, um unico servico ecossistémico pode ser o produto de duas ou mais
funcBes, ou uma Unica funcado pode gerar mais que um servigco ecossistémico
(Costanza et al. 1997; De Groot et al. 2002). Termo cunhado por Ehrlich e
Ehrlich (1981) os servicos ecossistémicos podem ser definidos como os
beneficios diretos ou indiretos obtidos pelo homem a partir dos ecossistemas
(De Groot et al. 2002). Outras definicbes de servigcos ecossistémicos Ssao
também encontradas na literatura (Daily, 1997; Costanza et al. 1997; MEA,
2005; Fisher et al. 2009), mas, no geral, representam uma Visdo
antropocéntrica, pela qual se evidencia a interdependéncia entre 0 homem e o

ecossistema.

De acordo com o Millennium Ecosystem Assessment (2005) séo
definidos um total de 24 servigos ecossistémicos, os quais foram agrupados em
quatro categorias principais: servicos de producdo como alimentos e agua;
servigcos de regulacdo como regulacdo de enchentes, de secas, da degradacgao
dos solos, de doencas, polinizacdo; servigcos de suporte como a formacao dos
solos, producéo de oxigénio (fotossintese) e os ciclos de nutrientes; e servigos
culturais como o ecoturismo e recreacao, valor espiritual, valor religioso e
outros beneficios n&o-materiais. Visto que esses indmeros servicos sao
essenciais ao bem estar humano, antigas civilizagbes jA& buscavam esses
recursos, que mais tarde, com a intensificacdo da pecuaria e agricultura,
comecgaram a modificar intensamente 0s ecossistemas frente as fortes
demandas por alguns servicos como alimentos, 4gua potavel, madeira e
combustivel (MEA, 2005; Fisher et al. 2009). Em decorréncia disso a crescente

procura a esses servicos levou uma degradacéo inesperada ou indesejada da



capacidade dos ecossistemas de prestar, também, outros servicos como

controle de enchentes, recursos genéticos e polinizacdo (Bennett et al. 2009).

As consequéncias do manejo dos ecossistemas em favor a alguns tipos
de servigcos sao retratadas pelos “trade-offs”, que ocorrem quando um tipo de
servico afeta negativamente um outro servico podendo esta interacdo ser
unidirecional (um servico afeta o outro, mas ndo vice-versa) ou bidirecional
(ambos os servigos se afetam). Entretanto, também podem ocorrer interacdes
positivas (sinergias) entre 0s servigos ecossistémicos, pelas quais ambos séo
reforcados simultaneamente (Rodriguez et al. 2006; Bennett et al. 2009;
Raudsepp-Hearne et al. 2010; Bastian et al. 2012). Além disso, 0S servicos
ecossistémicos também podem aparecer juntos e repetidamente na paisagem
formando “pacotes” de servigos ou “ecosystem services bundles” e a analise
destes multiplos servicos pode identificar areas em que a gestdo dos
ecossistemas produziu quadros vantajosos ou ndao em relacdo a formacao
destes grupos (Chan et al. 2006; Nelson et al. 2009; Raudsepp-Hearne et al.
2010). Com isso, consequentemente, tem aumentado os estudos sobre a
interacdo entre os servigos e a formacado desses “bundles” em diferentes
escalas espaciais e tipos de uso e cobertura do solo (Lee e Lautenbach, 2015;
Queiroz et al. 2015; Turner et al. 2014; Yang et al. 2015).

A quantificacdo e 0 mapeamento dos servicos ecossistémicos junto a
analise dos “bundles” podem identificar areas criticas na prestacéo de servicos
ecossistémicos. Além disso, podem contribuir na implementacdo do conceito
de servicos em instituicbes ambientais e no processo de elaboracdo de
politicas publicas e de tomada de decisdo sobre a gestdo dos ecossistemas
(Daily e Matson, 2008; Martinez-Harms et al. 2015). O uso desse conceito
neste cenario institucional pode também representar mudangas significativas
em iniciativas de conservacao e de restauracdo ecoldgica (Bullock et al. 2011;
Palomo et al. 2014). No caso da conservacdo, areas sao priorizadas com o
intuito principalmente de proteger a biodiversidade e seu respectivo
endemismo, raridade e riqueza, porém frente as crescentes pressoes
populacionais e a austeridade econémica esta se tornando cada vez mais dificil
manter as areas protegidas em prol somente da biodiversidade (Ingram et al.

2012). Um exemplo é o que esta ocorrendo com as unidades de conservacao



no Brasil que estdo sofrendo processos de degradacéo, reducdo, extincdo e
reclassificacdo (Bernard et al. 2014). Neste sentido uma mudanca nas
estratégias de conservacao integrando também o0s servigcos ecossistémicos
pode contribuir na geracdo e manutencdo de um amplo apoio a criacdo e a
persisténcia de areas protegidas (Haslett et al. 2010; Ingram et al. 2012). A
relagdo entre a biodiversidade e o0s servicos ecossistémicos ainda é
controversa na literatura, porém estudos tém demonstrado uma covariacao
entre essas variaveis legitimando esse novo viés da conservacao (Ricketts et
al. 2004; Chan et al. 2006; Naidoo et al. 2008; Reyers et al. 2012).

A restauracdo ecoldgica é uma ferramenta utilizada por gestores em
conservagao e que tem por objetivo auxiliar na recuperacéo de um ecossistema
degradado no que diz respeito a sua saude, integridade e sustentabilidade
(SER, 2004). Na literatura é reportado que as acdes de restauracdo em nivel
global contribuem para o aumento da biodiversidade e de servicos
ecossistémicos em 44 e 25%, respectivamente (Benayas et al. 2009). Segundo
este autor a biodiversidade e 0s servicos ecossistémicos apresentam maiores
valores em ecossistemas restaurados quando comparados a ecossistemas
degradados. Diferencas nos niveis de degradacdo e nas estratégias de
restauracdo devem afetar a recuperacdo dos servicos e biodiversidade,
influenciando, portanto, no sucesso e futuro dos ecossistemas restaurados
(Chazdon, 2012; Montoya et al. 2012). O conceito de servigos ecossistémicos
ainda nado foi explicitamente incorporado em projetos de restauracao,
entretanto essa nova perspectiva, assim como nas ac¢des de conservacao,
pode contribuir com o aumento no numero de projetos, de incentivos
financeiros, além de facilitar o entendimento pela sociedade dos objetivos da

restauracdo com seu bem estar (Rands et al. 2010; Jones, 2013).

Dado o papel crucial dos servicos ecossistémicos em desempenhar
suporte a vida h4 um consenso generalizado de que 0s ecossistemas sao
valiosos e que, desde individuos até governantes, devem-se considerar o valor
gque esses servicos do ecossistema prestam a sociedade (Daily, 1997). Com
isso, aléem dos esfor¢cos em identificar, quantificar e mapear é preciso também
valorar esses servicos (Gascoigne et al. 2011). A atribuicdo do conceito de

valor ecoldgico aos servicos ecossistémicos prioriza também a sustentabilidade



ecologica dos ecossistemas assegurando os seus padrdes de resiliéncia,
integridade e resisténcia. Desse modo, assume que a capacidade de provisao
de bens e servicos ndo é infinita e que estes devem ser usados de modo
sustentavel (De Groot et al. 2002). Sendo assim, identificar o valor econémico
desses servicos é essencial para revelar seu valor social, pois fornece uma
métrica comum que facilita as comparacdes entre atributos e diferentes
cenarios ecolégicos nas avaliagdes politicas (NRC, 2005). Em outras palavras,
possibilita a comparacdo dos custos gerados pela protecdo ambiental e de
seus beneficios ou pela perda ambiental com o custo da ndo protecéo
ambiental (Hanley e Barbier, 2009). Um exemplo de aplicagcdo dessas
informacgdes foi realizado por Jenkins et al. (2010) que estimou o valor da
recuperacdo de florestas umidas nos Estados Unidos e chegou a um valor
estimado a essas areas recuperadas que superou 0s custos com a restauracao

em apenas 1 ano indicando um grande retorno ao investimento publico.

7

Contudo, é importante também ressaltar as controversas em relacéo a
atribuicdo de valor econdmico para O0S Servicos ecossistémicos.
Tradicionalmente a natureza era vista pelos economistas classicos como fonte
de valor de uso e o valor de troca como parte de um processo de
mercantilizacdo dos produtos da natureza (Silvertown, 2015). A partir disso
com o uso do conceito de servigos ecossistémicos que prentendia demonstrar
de uma forma pedagdgica como o desaparecimento da biodiversidade afeta as
funcdes do ecossistema que sustem servicos criticos para o bem-estar humano
este termo também foi utilizado como uma metafora para o valor de uso da
natureza (Gémez-Baggethun et al. 2010). Com iSs0 0s servi¢cos ecossistémicos
foram transformados em valor de troca e posteriormente inseridos no processo
de mercantilizacdo (Silvertown, 2015). O intuito por detras deste processo € de
barrar a destruicdo dos ecossistemas e contribuir com a sua protecao ao
destacar os custos externos causados com o seu dano (Silvertown, 2015).
Entretanto, esse viés econdmico pode acabar desvalorizando a natureza,
devido a existéncia do valor de ndo uso que é dado pela sua existéncia e que
nao possui valor de mercado. Além disso, a sobrevivéncia da biodiversidade e
dos servicos pode acabar dependente do seu preco e se esse valor ndo for o

suficiente para compensar a conservacao pode acabar produzindo um efeito



contrario ao esperado (Gomez-Baggethun et al. 2010). Contudo, a valoracéo
econdmica dos servicos aliado a programas de pagamentos por Servigos
ambientais contribui na obtencdo de apoio politico a conservagdo, mas €
preciso cuidado, além de mais estudos sobre a eficacia de se inserir a l6gica do
mercado para resolver problemas ambientais (Adams, 2014; Silvertown 2015;
Naeem et al 2015).

O conceito de servigos ecossistémicos pode contribuir significativamente
com a conservagdo ao ganhar espaco no cendrio politico com metas de
sustentabilidade (Martinez-Harms et al. 2015). Esta abordagem € muito
importante, especialmente em ecossistemas criticos, como a Floresta Tropical,
que estdo enfrentando crescentes niveis de desmatamento (FAO, 2012;
Brandon, 2014). A Floresta Tropical € um bioma complexo rico em
biodiversidade e também de outros servi¢cos ecossistémicos como a fixacédo de
CO,, captacao de agua e manutencéo de solos (Whitmore, 1997). Apesar da
importancia dessas florestas elas ainda sofrem com o desmatamento que
segundo a FAO (2012), em 14 anos foram aproximadamente 100 milhdes de
hectares. Essa perda é resultante, principalmente, da conversdo de areas
florestais em campos agricolas ou de pastagem (MEA, 2005). A consequéncia
disso € a extincdo de aproximadamente trés quartos da biodiversidade nessas
florestas, onde 1 a cada 10 espécies ainda ndo foi nem mesmo descrita (Dirzo
e Raven, 2003). Com isso diminui também o fornecimento de servigos
ecossistémicos, tais como biomassa acumulada, agua potavel, destino de
ecoturismo, regulacédo de inundacfes e controle de secas (MEA, 2005). Essa
perda fica ainda mais evidente em valores monetarios, pois servicos
ecossistémicos fornecidos pelas florestas tropicais chegam a US$ 2000 ha’
! ano™ enquanto que em areas cultivadas esses valores somam apenas US$
92 hat.ano™ (Costanza et al. 1997).

Entre os ecossistemas tropicais, a Floresta Atlantica € um dos mais ricos
em biodiversidade e servicos ecossistémicos, tais como a regulacdo do
microclima, a fixacdo de carbono, o controle da erosdo, a ciclagem de
nutrientes, o tratamento de residuos e o turismo ecoldgico (Tonhasca Juanior,
2004). Situada entre os 35 hotspots do mundo, a Floresta Atlantica concentra

mais de 20.000 espécies de plantas vasculares com 40% destas endémicas,



representando 2,7% do total do planeta e 1361 espécies de vertebrados cerca
de 2,1 % do total (Myers et al. 2000; Williams et al. 2011). Apesar de a Floresta
Atlantica fazer parte dos patrimdnios historicos e culturais do Brasil (Tonhasca
Janior, 2004) ainda sofre com o desmatamento e o0 que originalmente cobria
cerca de 150 milhdes de hectares (Camara, 2005), atualmente restam apenas
11,7% do seu total original distribuidos em aproximadamente 246 fragmentos
(Ribeiro et al. 2009). O maior destes fragmentos é representado pela Serra do
Mar com 1.109.546 ha de florestas continuas, abrangendo os estados de Sao
Paulo, Rio de Janeiro e Parana (Ribeiro et al. 2009). Na parte sul desta regido
encontram-se 52 unidades de conservagdo que ajudam a proteger esses
remanescentes florestais (Ribeiro et al. 2009; SOSMA, 2015). Com o objetivo
de realizar uma gestdo integrada destas unidades foi criado na regido o
Mosaico Lagamar de Unidades de Conservacédo, entidade associativa que
permite a participagdo conjunta entre a populacao local, governo local e os
orgdos gestores para, assim, promoverem acdes mais eficientes de protecdo
dessas areas naturais. Por se tratar de uma regido ainda pouco explorada em
termos financeiros, o Mosaico Lagamar vem sofrendo pressdées que colocam
em risco a conservacao da biodiversidade e dos servicos ecossistémicos.
Diante disso, faz necesséario destacar a gama de valores e beneficios que o
ecossistema aporta diariamente a sociedade, que inclui beneficios ecologicos,
socioculturais e econdmicos e, com isso, desenvolver melhores politicas de

gestao da regido.

O presente estudo avalia os servi¢os ecossistémicos e biodiversidade da
Floresta Tropical em escalas global (todas as Florestas Tropicais), regional
(Floresta Atlantica brasileira) e local (regido do Mosaico Lagamar no litoral sul-
sudeste brasileiro). O objetivo do trabalho é identificar, mapear e verificar
possiveis relagBes entre 0s servicos ecossistémicos, buscando interpreta-los
em diferentes contextos, visando subsidiar politicas publicas e tomadas de

decisao.

A tese esta estruturada em trés capitulos preparados em formato de
artigo, de acordo com as normas das revistas previstas para a submissdo. O
primeiro capitulo, formatado para submissdo segundo a revista "Restoration

Ecology"”, avalia a eficacia dos diferentes métodos de restauracdo de areas



degradadas no aumento da prestacdo de servicos ecossistémicos e
biodiversidade na Floresta Tropical. O segundo capitulo, formatado para a
submissdo na revista "Journal of Applied Ecology"”, analisa espacialmente as
interacbes e a formacdo de “bundles” de servicos ecossistémicos e
biodiversidade em areas protegidas na Floresta Atlantica brasileira. O terceiro
capitulo, formatado segundo a revista "Natureza & Conservagdo”, avalia o
potencial econdmico de servigos ecossistémicos em unidades de conservacao

na regido do Mosaico Lagamar.
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Abstract

Restoration of degraded areas to recover their function and structure has become one of
the most important tools for conservation and management of tropical forests. In the
present study, we evaluated the effect of restoration in increasing provision of
ecosystem services (ES) and biodiversity in tropical forests. We performed a global
meta-analysis of quantitative measures of ES and biodiversity provided in restored
areas, degraded areas and reference ecosystems of tropical forests. We tested for the
effects of different restoration strategies, types of degradation and for the effects of
restoration along time. Overall, restoration actions contributed to increase 74% of the
ES (carbon pool and soil attributes) and biodiversity in disturbed areas. Among the
restoration strategies, the natural regeneration was the most efficient, recovering up to
136% of ES and biodiversity in disturbed areas. All other restoration strategies
recovered substantially lower, reaching up to ~ 70%. It was noticeable that reforestation
with exotic species did not differ from degraded areas considering either ES or
biodiversity. The recovery of ES and biodiversity depended only on the types of
restoration and not on the types of degradation. Carbon pools recovered better (up to
163%) than soil attributes (up to 99%), and biodiversity was the attribute most difficult
to recover (up to 49%). We found positive, but weak, relationships between restoration
age and recovery indicators, suggesting a slow and continued recovery of ES and
biodiversity after intervention. Our findings highlight that the choice of a particular
restoration strategy is paramount for ES and biodiversity, although different strategies
can be used to significantly recover both of them. Even so, the lower efficacy in restoring
biodiversity indicates biodiversity conservation should be always preferred in management. Our
results are central to support management and intervention practices in tropical forest,

Improving ecosystem recovery in restoration practices.

Keywords: restoration strategies, natural regeneration, biodiversity, degradation,

reference ecosystems
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Implications for Practice

e Natural regeneration was the strategy that most contributed to increase ES and
biodiversity and should be primarily considered in restoration projects

e Agroforestry allowed a good recovery of ecosystem services and biodiversity,
which emphasizes its use as an alternative to land management. This strategy
can balance productivity with habitat protection, and improve the incomes of
rural smallholder farmers.

e Reforestation with exotic species was the worst strategy in this study. It showed
poor results of ES and biodiversity recovery and did not differ from degraded
areas.

e Although ES and biodiversity were both significantly recovered, biodiversity is
much more difficult to recover, highlighting the importance of biodiversity

conservation.

Introduction

Tropical forests house about two thirds of the planet's terrestrial biodiversity
(Gardner et al. 2009). Moreover, they provide many essential ES to human well-being,
such as CO, fixation, water supply, flood control, maintenance of soil and ecotourism
(MEA 2005; Gardner et al. 2009; Ferraz et al. 2014). Tropical forests also have a key
role in the global carbon cycle by storing large carbon stocks (Pan et al. 2011,
Shimamoto et al. 2014). As a consequence, changes in functioning of tropical forests
cause direct effects on biodiversity and greenhouse gases emissions (Saugier et al. 2001;
Fearnside 2004; Fearnside & Laurance 2004).

Even so, tropical forests are experiencing high levels of deforestation.
Approximately 100 million hectares have been lost in the last years (FAO 2012). The
main reason for forest reduction is the human population growth, and consequent
conversion of forest areas into agricultural lands and pastures (MEA 2005; McLauchlan
2006). In these regions millions of people depend on ecosystem goods and services,
thus, resulting in progressive pressure and increasing losses of tropical forest areas
(Geist & Lambin 2001; Dirzo & Raven 2003; Bawa et al. 2004). Moreover, some public

policies have also contributed to tropical forest deforestation. Subsidies and incentives
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for agriculture are the most remarkable examples in which the benefits of forests and the
external costs associated with forest clearing are not recognized (Geist & Lambin 2002;
Folmer & van Kooten 2007; FAO 2012).

In this context, restoration initiatives have become extremely necessary (Schmitt
et al. 2009; FAO 2012). Indeed, restoration of degraded ecosystems is one of the most
important tools for conservation management (Kareiva et al. 2007). It aims the recovery
of the structure, function and biodiversity of degraded ecosystems (Parrota et al. 1997;
SER 2004; Lamb et al. 2005). Given the rapid development of science and practice of
ecological restoration, ecosystem services have been increasingly the focus for
restoration (Bullock et al. 2011; Alexander et al. 2016). Many projects have not
specifically incorporated ecosystems services as the restoration goal yet, since their
importance was only recently highlighted (Jones 2013). Even so, restoring ecosystem
services bring audience for restoration projects and consequent financial support (Rands
et al. 2010; TEEB 2010). Therefore, restoring ecosystem services do better represent the
goals for biodiversity conservation and maintenance of services necessary for human
welfare (Bullock et al. 2011; Jones 2013).

Restoration can be performed in different strategies and the choice is based on a
set of local features, including ecological (resilience, land use, landscape descriptors),
social (possibility of providing income for local communities) and economic (costs for
management) (Lamb et al. 2005; Holl & Aide 2011; Chazdon 2012; Mesquita et al.
2010; Brancalion et al. 2014). However, little is known on how the choice of the
restoration strategy can potentially affect the efficacy in recovering biodiversity and
ecosystem services (Montoya et al. 2012). Ecological restoration can also be affected by
the type of disturbance in the target area: its success will depend on the intensity, extent,
severity and duration of land use (Aide et al. 2000; Chazdon 2003, 2012). In a similar
vein, different types of disturbance such as human degradation (logging, agriculture,
pasture) and natural degradation (tree-falls, hurricanes, landslides) affect many site-
specific factors that influence the recovery rate of ecosystem services and biodiversity
(Holl 2007; Holl & Aide 2011). For example, seed availability is a limiting factor in
forest recovery in pastures of Costa Rica dominated by grasses and herbs, because the
density of the seed bank in restoration areas is much lower than in secondary forests
(Wijdeven & Kuzee 2000). Taken together, restoration efficacy depends on the
restoration strategy and on the type and level of degradation in the target area, and

studies generalizing how restoration is best are central.
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102 In this study, we evaluated the effects of restoration in increasing provision of
103  ES and biodiversity in tropical forests. We performed a meta-analysis of quantitative
104  measures of ecosystem services and biodiversity provided in restored, degraded areas
105  and reference ecosystems of tropical forests across the globe. Specifically, we tested
106  whether (1) the restoration strategy affects the amount of ES and the biodiversity of the
107  restored area compared to degraded and preserved areas; (2) the type of degradation
108  prior restoration affects the amount of ES and biodiversity recovered; (3) ecosystem
109  services recover differently from biodiversity ; and (4) ES and biodiversity increase

110  linearly over time after the restoration has been implanted.

111

112 Methods

113

114  Obtaining data

115 We searched for scientific literature to identify quantitative measures of

116  variables related to the provision of one or more ecosystem services and biodiversity in
117  tropical forest ecosystems. The selection was restricted to studies that presented both
118  quantitative measures of ES and biodiversity comparatively in two or three sites: (i)

119  degraded; (ii) restored,; (iii) reference ecosystem. We defined degraded area as the

120  starting point of restoration, restored area as subjected to restoration actions and

121  reference ecosystem as undisturbed area.

122 We conducted the search in scientific databases IS Web of Knowledge and

123 Science Direct using the following terms and combinations, without restriction to year
124 (until December 2014): tropical forest, restoration, regeneration, recuperation,

125  rehabilitation, restore, recovery, reforestation native, succession, disturbance, and

126  perturbation. With these terms, we obtained 8,617 articles including studies in tropical
127  and subtropical forests. In a prior analysis of title and summary of each study, we

128  selected 2,786 articles. However, only 66 articles (Supporting information Table S1;
129  Figure S1) from 24 countries distributed in five continents had all necessary information
130  (mean, standard deviation, sample size and age) related to quantitative measures of ES
131  and biodiversity in degraded areas, restored areas and reference ecosystems.

132 For each study, we compiled ecosystem services according to MEA (2005) and
133 respective indicators according to Benayas et al. (2009): carbon pool (aboveground

134  biomass, belowground biomass, soil, dead organic matter and soil organic carbon), soil
135  attributes (C, Ca, Mg, N, Nitrate, P, pH, cation exchange capacity (CEC), water holding
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capacity and soil organic matter). Moreover, we compiled species richness, density and
abundance data as a proxy for evaluating the effect of restoration practices in recovering
biodiversity (Table 1).

From these 66 studies, we extracted a total of 816 quantitative measures of ES
and biodiversity: 333 independent effect sizes could be calculated considering
comparisons between restoration and degraded area; and 483 independent effect sizes
could be calculated between restoration area and reference ecosystem. To explain
heterogeneity in effect sizes, we compared them among five restoration strategies
(natural regeneration, nucleation, reforestation with native species, reforestation with
exotic species, and agroforestry) and three types of land use (i.e. degradation) prior to

restoration (pasture, logging, agriculture) (Table 1).

Data analysis

We reviewed the mean, standard deviation and sample size for each quantitative
measure of biodiversity and ES in articles. Using such information, we calculated
Hedges’ g effect size, variance and bootstrap confidence interval (Cl) . Hedges’ g is a
variation of Cohen’s d that includes a correction of deviations, which are derived from
small sample (Borenstein et al. 2009). According to our criteria for estimating effect
sizes, a positive value means that the amount of ES and biodiversity in restored areas is
higher than in degraded areas or reference ecosystem; a negative value means the
opposite.

Before summarizing effect sizes to obtain an overall effect of restoration, we
tested for the hypothesis of real heterogeneity among studies using Q-statistics (Hedges
& Olkin 1985). Our data were considered heterogeneous (P (Q) < 0.05) and, therefore
random effects models were used to calculate the average effect size (g +). We also
tested if heterogeneity among studies could be explained by the type of restoration and
the type of degradation using subgroup analyses (Borenstein et al. 2009). In a similar
vein, we performed a meta-regression (Borenstein et al. 2009) between effect sizes and
restoration time to analyze whether efficacy of ES and biodiversity recover depend on
the time since restoration has been implanted. If significant, we calculated how much
among-studies heterogeneity could be explained by the restoration strategy, the type of

degradation, of the time since restoration has been implemented.
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Results

Considering an overall effect, ecological restoration promotes an increase in ES
and biodiversity in relation to degraded areas (g+ = 0.74; Cl: 0.57, 0.92), but is still
lower when compared to the reference ecosystem (g+ =-1.03; Cl: -1.21, -0.86). The
restoration strategy significantly affected the efficacy of ES and biodiversity recovery in
relation to degraded areas (Q = 16.18; DF = 4; P <0.01; Figure 1). The “natural
regeneration” strategy increased c. 136% the ES and biodiversity compared to degraded
area, followed by “agroforestry” (91%), “nucleation” (79%), and “reforestation with
native species” (40%). ES and biodiversity using the strategy “reforestation with
exotics” did not differ from the degraded areas. The recovery of ES and biodiversity
was independent on the types of degradation before the restoration (Q = 2.24; DF=2; P
> 0.05). Recovery of ES was significantly different from recovery of biodiversity (Q =
14.26; DF = 2; P < 0.004; Figure 2), with carbon pools recovering c. 163% followed by
soil attributes (99%) and biodiversity (49%).

Finally, the recovery of ES and biodiversity was positively related to time since
restoration has been implemented (r = 0.05; DF = 1; P <0.001; Figure 3a), and the
recovery of ES separately was positively related to restoration age (r =0.3; DF=1; P
<0.001; Figure 3b).

Discussion

A major result in our study is that we found that restoration actions in tropical
forests contributed to increase a mean of 74% of the ecosystem services (carbon pool
and soil attributes) and biodiversity from disturbed areas. Although we did find that
preserved areas have still higher values of indicators of ecosystem services, we also
emphasized that forest restoration is an important tool for recovering both biodiversity
and functions of degraded tropical forests. Restoration of tropical forests promoted an
increase of ES and biodiversity in relation to degraded areas, but to only a small
proportion of the total ES and biodiversity provided by reference ecosystems.
Generally, restoration actions are developed in areas where the ecosystem was
extremely degraded (Chazdon 2008), and studies suggest that if rarely recover all the ES
and biodiversity of the reference ecosystem (Benayas et al. 2009). However, it is indeed
shown that restoration actions have a great potential to reverse land degradation,
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increase resilience of biodiversity, and provide important ecosystem services (Wortley
et al. 2013). Examples of these are studies conducted in tropical areas, such as, Brazilian
Amazon, Puerto Rico, Bolivia and Central Brazil, which showed positive effects on
biodiversity recovery from different restoration actions (natural regeneration,
reforestation with native species, seeding, soil plowing) (Aide et al. 2000; Parrota &
Knowles 2001; Kennard 2002; Sampaio et al. 2007). These highlights restoration
actions as an important tool to reverse degradation, despite in a short-term does not
achieve similar values to those of reference ecosystem, especially for biodiversity
(endemic species) values that needs hundreds years (Liebsch et al. 2008).

The five restoration strategies showed differences in recovery of ecosystem
services and biodiversity. Natural regeneration strategy recovered (136%), agroforestry
(91%), nucleation (79%) and reforestation with native species (40%). These differences
can be explained by characteristics inherent to each strategies and type of ES analyzed
in our study. For example, natural regeneration that recovery ES and biodiversity ~ 63%
more than all other strategies is usually applied in situations where degradation is low
and there is still a seed bank in the soil, source of propagules from adjacent fragments
and had faster recovery in structure and capacity to accumulate more nutrients due to
high root densities and biomass in the soil that rapidly recaptures nutrients available by
mineralization (Lugo 1992; Aide et al. 2000; Ferreti & Britez 2006; Chazdon 2003,
2008; Vieira & Proctor 2007; Dosch et al. 2007). Agroforestry that comprises
integration of native trees and agricultural crops or livestock (Jose 2009; Smith et al.
2012) recovered 91% of ES and biodiversity. Considered a more sustainable
agricultural system, due to diversity of production systems with tree plantations, this
strategy contributes to the increase of ecosystem services such as carbon sequestration
(Verchot et al. 2007; Soto-Pinto et al. 2010), erosion control, water quality (Albrecht &
Kandji 2003; Anderson et al. 2009; Dougherty et al. 2009; Jose 2009; De Beenhouwer
et al. 2013) and soil fertility (Yobterik et al. 1994; Neupane & Thapa 2001; Alfaia et al.
2004).

The nucleation strategy increased 79% of ES and biodiversity in disturbed areas
and applied in places where other restoration strategies have failed due to very harsh
environmental conditions or intense herbivory (Padilla & Pugnaire 2006; Castro et al.
2004; Gomez-Aparicio et al. 2004). Nuclei of pioneer and remanent trees (nurse plants)
can directly facilitate the establishment of other plants by promoting seed arrival and

improving microclimate conditions, and indirectly by outcompeting exoctic invasive
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grasses (Callaway et al. 2002; Padilla & Pugnaire 2006, Zwiener et al. 2014). Another
type of restoration estrategy that usually applied in highly impacted areas is
reforestation with native species (Chazdon 2008), which recovered 40% of ES and
biodiversity. Forest recovery in highly degraded areas are influenced by reduced forest
cover and fragmentation, that can limit the potential for autogenic restoration and severe
soil degradation (Aide & Cavelier, 1994; Rodrigues et al 2011; Crouzeilles & Curran
2015). Another aspect is that the vegetation structure and tree species diversity from
active restoration with native species is limited due to the choice of the tree species to
be planted (Firn et al. 2007). In some cases, the choice of particular species may favor a
slow ecosystem recovery, for example, in the Andes, the tree species, Alnus acuminata,
used for forest recovery, showed low biodiversity in comparison with secondary forests
even after 30 years of regeneration (Murcia 1997). On the other hand, in a tropical dry
forest in Brazil, mechanically planted trees negatively influenced ecosystem recovery,
due to their impact on seedlings that caused damage to naturally regenerating species
(Sampaio et al. 2007). These aspects can explain the lower ES and biodiversity in
restoration with native species than other strategies.

Many restoration projects use exotic species to initiate natural regeneration and
improve soil conditions (Chazdon 2012). In this study, ES and biodiversity promoted by
this strategy did not differ from degraded areas, probably because this type of strategy is
known to promote low levels of carbon stocks, water regulation, nutrient cycling, and is
generally unable to support biodiversity of native flora (Lamb & Gilmour 2003; Hall et
al. 2012). This occurs because exotic species have faster growth rates and lower
accumulation of total biomass (Ehrenfeld 2003) and most detritus under those species is
in form of litter that translate into a slower soil C storage through decomposition (Scott
et al. 1999; Guo & Gifford 2002). In addition, the roots of exotic species cause a
disruption of the soil that reduces soil organic matter and contribute to the loss of water
retention (Farley et al. 2004). Another aspect to be considered in restoration projects is
that exotic species can become invasive, potentially affecting the integrity of
ecosystems along time (Mack et al. 2000; Lamb & Gilmour 2003).

Differences in recovery of ES and biodiversity among five restoration strategies
found in this study, highlight how much they can revert land degradation. Although our
results did not showed significant differences between types of degradation, that can be
explain by the level of degradation was probably similar among studies analyzed, each
restoration strategy has characteristics inherent and your choice is influenced by the
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level of degradation prior to restoration (Chazdon 2003, 2012). In this context, our
results was according to restoration staircase that shows types of restoration actions
relate to the level of degradation, recovery of ES and biodiversity and financial
investments and demonstrated natural regeneration with highest level of ecosystem
services and biodiversity (Chazdon 2008).

Moreover ecological features influence the choice of restoration actions social
and economic variables are also important to the future of restored areas, as shown by
restoration staircase and mainly in a sustainability context (Ciccarese et al. 2012). From
this, types of restoration actions vary from social and economic variables, for example,
natural regeneration that recovery more ES and biodiversity than others strategies, in
this study, is the less expensive method to recover disturbed areas because it does not
require propagating, raising and planting (Chazdon 2008; Ciccarese et al. 2012;
Blackham et al. 2014) and agroforestry which can balance productivity with habitat
protection by integrating planted trees and agriculture improve incomes to rural
smallholder farmers (Garrity 2004; Smith et al. 2012). Characteristics and type of ES
recovery from each restoration action has socioeconomic implications that influence a
livelihood benefits and a short-term improvements in biodiversity and ecosystem health
(Alexander et al. 2016). Forest restoration planning require an engagement of
landowners, general public and local people to achieve success (Ciccarese et al. 2012).
Furthermore also need new policies, institutions and cooperation among legislators and
scientists to improve the legal frameworks for the execution of restoration projects
(Lamb 2014; Chaves et al. 2015).

Many restoration actions are focused on biodiversity (Lamb & Gilmour 2003)
and the positive relation of biodiversity and ecosystem services are controversial
(Reyers et al. 2012). However, our results highlight that both are able to recover and
this contributes to increase restoration projects and their financial incentives, since they
can reconnect people with nature and support the need for restoration (Rands et al.
2010; Jones 2013). We found significant differences among recovery of ES and
biodiversity; and ES (carbon pools and soil attributes) had more percentage of recovery
than biodiversity. Similar patterns were found in a global meta-analysis in restored
agroecosystems, that increased in 62% the carbon sequestration, in 42% the supporting
services (soil physical quality and soil chemical quality), and in 68% the biodiversity
(Barral et al. 2015). Carbon pools are important to minimize the effects of global
warming (Fearnside 2004; Fearnside & Laurance, 2004) and for this reason fast-



306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338

24

growing tree species are usually prioritized in restoration projects aiming rapid land
recovery and carbon sequestration, that co-benefits biodiversity and other ecosystem
services (Melo & Durigan 2006; Ferretti & Britez 2006; Angelsen et al. 2009;
Shimamoto et al. 2014).

Older restored ecosystems provided more biodiversity and ES that were lost
through degradation, when compared to younger areas. Nevertheless, we found positive
but weak relations between ES and biodiversity and restoration age. These results
suggest a slow and continued recovery of ecosystem attributes. In addiction, is
important also to note the time of different restoration actions need to recovery ES
(carbon pool and soil attributes), for example, here restoration with native species
showed more ES and biodiversity in older than younger areas. Different forms of
restoration provide particular services depending of the time (Chazdon 2008; Ciccarese
et al. 2012) at the same time some ES can recovery quickly following restoration, but
others need more time or larger landscape scale with connectivity and reduced
fragmentation (Alexander et al 2016; Lamb 2014). Thus, there is a potential resilience
of ecosystem services in restored tropical forests, which is an important finding for the
management of these forests.

In general we found that different ecological restoration actions promote an
increase in ES and biodiversity in relation to degraded areas, but it is still far from
reference systems. Restoration actions are a good response to forest degradation,
because they try to recover the structure and function of these areas, but the importance
of conserving intact forests, which provide ecosystem services and biodiversity that
restored areas could take thousands of years to provide again, should be emphasized
(Lamb et al. 2005; Liebsch et al. 2008). Our results also demonstrate the effect of
different restoration strategies in the recovery of ES and biodiversity. These strategies
showed varied levels in the time of recovery of ES, which can influenced by the level
of degradation. Thus, the acknowledgement of how much the restoration actions
promote the recovery of ES and biodiversity are important for guiding management and
intervention practices in these forests. Understanding these processes can guide which

type of restoration action generate particular ecosystem services and biodiversity.
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Table 1. Definition and number of quantitative measures of ecosystem services and

biodiversity of parameters considered in the meta-analysis.

Parameter Definition n

Restoration strategy

Natural regeneration Passive or assisted restoration 30
Nucleation Active restoration using individual trees to improve 23
facilitation
Reforestation Active restoration by planting native species 114
Reforestation with exotic Active restoration by planting exotic species 20
Active restoration by planting economically important 107
Agroforestry species (Pinus spp, Eucalyptus spp, Acacia spp and
Tectona spp) or native species and agricultural crops
Total 294
Degradation type
Pasture Pasture from 10 to 25 years 84
Logging Tree removal 6
Agriculture Plantation of food crops such as coffee, mustard and 203
vegetables for 5 to 40 years
Total 293

Ecosystem service

Aboveground biomass, belowground biomass, soil, dead
Carbon pool ) ] 16
and soil organic carbon

] ] Nutrients (C, Ca, Mg, N, Nitrate, P), pH, CEC*, soil
Soil attributes ) ] ) 133
organic matter and water holding capacity

o Species richness, density and abundance of plants, birds,
Biodiversity ; dant 145
rogs and ants

Total 294

*CEC: cation exchange capacity.
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Figure 1. Size effect (average and bootstrap CI) of ecosystem services and
biodiversity recovered in restoration areas, according to restoration
strategies. The vertical line represents the null hypothesis. Positive effect size means

that the amount of ES and biodiversity in restored areas is higher than in degraded area.

Figure 2. Size effect (average and bootstrap CI) of ecosystem services and

biodiversity recovered in restoration areas, according to different types of services
(carbon pool and support) and biodiversity. The vertical line represents the null
hypothesis. Positive effect size means that the amount of ES and biodiversity in restored

areas is higher than in degraded area.

Figure 3. Meta-regression of restored ecosystem time and the size effect of
ecosystem services and biodiversity, n= 291 (a) and ecosystem service; n= 156 (b).
Positive effect size means that the amount of ES and biodiversity in restored areas is

higher than in degraded/reference area.
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Summary

1. The assessment of spatial patterns of ecosystem services helps to understand how
they are distributed across biologically relevant areas and to identify unique ecosystem
services bundles. These efforts can detect critical areas for the provision of services and

are crucial to the planning and management of ecosystems.

2. We identified and mapped the spatial distribution of ecosystem service bundles
occurring across the entire megadiverse and threatened Brazilian Atlantic Forest. Our
goal was to assess the role of protected areas on spatial distribution and the interaction

of ecosystem services and biodiversity bundles.

3. We quantified and mapped 8 ecosystem services and proxies of biodiveristy in 3039
municipalities occurring in more than 148 million hectares of public access datasets. We
identified ecosystem services interactions (trade-off or synergies) with pairwise

Pearson’s correlation and ecosystem services bundles with K-means cluster analysis.

4. We found significant trade-offs between provisioning and regulating services and
identified three ecosystem services bundles that varied in composition and were
spatially clustered in the biome. The protected and unprotected areas in Atlantic Forest
showed unique ecosystem services and biodiversity bundles that evidence a covariance
among ecosystem services and biodiversity.

5. Synthesis and applications. Spatial patterns of ecosystem services associations reflect
socio-ecological gradients in the Atlantic Forest. The composition and distribution of
ecosystem services and biodiversity bundles evidence how land management and
biophysical characteristics act in the landscape. These results are essential to support
conservation planning and ecosystem management to mitigate potential trade-offs and

make more synergies among ecosystem services and biodiversity.

Key-words: biodiversity, ecosystem services interactions, landscape management,

spatial pattern, synergy.
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Introduction

Quantifying and mapping ecosystem services (ES) has shown to be an important
step to decision-makings guarantee conservation (MEA 2005). These efforts can
identify critical areas in the provision of environmental services and are also considered
main requirements for the implementation of the concept of ecosystem services in
institutions and decision-making (Daily & Matson 2008). Analyzing the spatial patterns
of ecosystem services helps to understand how they are distributed across the landscape
and to identify trade-offs and synergies (Raudsepp-Hearne, Peterson & Bennett 2010).
Hence, quantifying and mapping ecosystem services are key ingredients for the
ecosystem services paradigm to gain traction in science and policy arenas, since it is
necessary to have clearly articulated objectives, seek to evaluate the consequences of
alternative management actions, and facilitate closer engagement between scientists and
stakeholders (Martinez-Harms et al. 2015).

Trade-offs among ecosystem services derive from management decisions and occur in
situations where the use of one service promotes the decrease of other services
(Rodriguez et al. 2006; Bennett, Peterson & Gordon 2009; Bastian, Haase & Grunewald
2012). For example, agricultural areas increase food production and provision services,
but decrease water quality by fertilizer contamination and habitat loss (Tilman et al.
2002; Carpenter et al. 2009). On the other hand, synergies occur in situations where
both services either increase or decrease, due to simultaneous response to the same
driver (Rodriguez et al. 2006; Bennett, Peterson & Gordon 2009; Raudsepp-Hearne,
Peterson & Bennett 2010). For example, maintaining forest patches close to agricultural
landscapes increases pollination by bees and other animals from those forests, positively
affecting the size and quality of crops (Ricketts et al. 2008).

Ecosystem services may also appear repeatedly and together across space or
time, defining ecosystem services bundles (Bennett, Peterson & Gordon 2009;
Raudsepp-Hearne, Peterson & Bennett 2010). Spatial bundles could be explained by
regional, social and ecological gradients, which correspond to land-use types e.g.
agriculture, urban areas, forest recreation, and multifunctional land uses (Dick et al.
2010; Turner et al. 2014). For example, in a drainage basin in Sweden five ecosystem
services bundles corresponded to land-use types. Areas of the basin with planted forests
and small towns had many regulating services; areas characterized by planted
coniferous forests had relatively high production of provision of forest products and

water quality; urban areas had high multifunctionality and provisioned cultural services
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(Queiroz et al. 2015). These examples highlight how spatial interactions (trade-off and
synergies) of ecosystem services appear together across the landscape.

The relationships between ecosystem services and biodiversity are a
controversial discussion in the scientific community. Particularly in relation to
conservation strategies, the use of the ecosystem-services approach could distort the
mission of biodiversity conservation (Reyers et al. 2012). Biodiversity conservation
approaches are based on the creation and maintainance of protected areas for the
preservation of all life forms (Rands et al. 2010) The ecosystem-services approach in
turn, searches for connections between people and ecosystems and is focused on
human-dominated landscapes (Reyers et al. 2012). In spite of controversies, there is a
lot of common ground between the two conservation strategies (services and
biodiversity), and this problem is eventually overcome (Reyers et al. 2012).
Management actions to conserve ecosystems and their processes (e.g., habitat
conservation or restoration), can also help to conserve biodiversity (Bullock et al. 2011;
Jones 2013) and the ecosystem services reliant on those processes (Diaz et al. 2006). In
addition, ecosystem services can be helpful in gaining traction in policy arenas, in
sustainability goals, including poverty alleviation and the improvement of human well-
being through biodiversity conservation (Martinez-Harms et al. 2015). This approach is
very important especially when facing the role of critical ecosystems, such as tropical
forests, which are experiencing increasing levels of deforestation (FAO 2012; Brandon
2014)

The Atlantic Forest is one of the 35 hotspots for conservation in the world due to
its large biodiversity and the vast history of deforestation and degradation (Myers et al.
2000; Williams et al. 2011). It is distributed along a large geographical area, including a
latitudinal range around 29°, but it currently comprises only 11.7% of original area
distributed around 246 fragments (Ribeiro et al. 2009). The Atlantic Forest potentially
provides many ecosystem services, such as, water purification, pollination, carbon
sequestration, flood protection, nutrient cycling and tourism (Guedes & Seehusen 2011).
However considering the impacts of forest fragmentation and disturbance, a limitation
of ecosystem services in some regions is expected. Assessing the spatial distribution and
type of interactions among ecosystem services in these systems can be relevant for
conservation of their high levels of diversity and endemism and contribute to land use

and landscape planning.
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Our overall goal is to identify spatial distribution, interactions and types of
ecosystem services and biodiversity bundles that occur across the Brazilian Atlantic
Forest. Specifically, we asked the following questions: (i) What is the proportion of
spatial trade-offs relative to synergies among ecosystem services across Atlantic Forest?
(if) Which types of ecosystem services bundles are found across municipalities in the
Brazilian Atlantic Forest? (iii) How ecosystem services and biodiversity interact within

bundles in municipalities with or without protected areas?

Materials and methods

Study site

The study area comprises the original Atlantic Forest biome (Federal Decree
750/1993 and Atlantic Forest law 11428/2006) with 148,194,638 ha consisting of 3,429
municipalities in 17 Brazilian states (Fig. 1). It extends for 5°N to 33°S in latitude and
35°W to 52°W in longitude (IBGE 1992) that determines a large climatic and
topographic gradient, resulting in a large variation in forest structure and diversity
(Oliveira-Filho & Contes 2000, Marques, Swaine & Liebsch 2011). In this region,
altitude ranges from 0 to 2,200 m (IBGE 1992), annual rainfall from 800 mm to 4,000
mm and temperature averages between 15 °C and 25 °C (IBGE 1992; Camara 2003).
The Atlantic Forest biome is a complex of different typologies, including Dense
Ombrophilous Forest, Mixed Ombrophilous Forest, Semideciduous and Deciduous
Seasonal Forest, among others (IBGE 2004).

This biome suffered an intense background of devastation, which begins with
the timber exploitation and cultivation of exotic species, especially sugarcane (Dean
1996). The deeper destruction of these forests occurred because of the exploitation of
gold and diamonds in inner portions, and proceeded with coffee plantations in mountain
regions that were unsuitable for sugarcane cultivation. This scenario accelerated in the
early twentieth century due to urban and agriculture expansion and livestock (Dean
1996). Nowadays, the limits of Atlantic Forest is represented only by small fragments of
original vegetation (11.7%) immersed in a large portion of agriculture (pasture, timber
plantations) and urban areas (Camara 2003; IBGE 2010).

In this study we considered each of the 3,429 municipalities as the study units,

since it is the smallest unit of governance in Brazil and where ecological data is
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available. The municipality scale is also relevant for governance and decision making
(SOS Mata Atlantica 2015), and potentially represents a good scale for mapping
ecosystem services and biodiversity in the Atlantic Forest biome. From the total
municipalities, 390 were discarded, because they were too small for data resolution or
because less of 50% of their area was included in the limits of Atlantic Forest. We used
land use and land cover maps of Atlantic Forest from IBGE (2010). In order to
represent more consistent land uses and reduce errors in the analysis, the originally
presented 32 composite classes were reclassified into 14 classes (see Figure S1 in

Supporting Information).

Data collection and sampling method

We defined 8 ecosystem services (5 provisioning and 3 regulating services)
according to MEA (2005) and proxies of biodiveristy (mammals, birds and
amphibians), and collected them from national and international databases at
municipality level (Table 1).

The provisioning services were defined as the annual production of crops
(coffee, sugarcane, soybean, corn) and cattle. We considered the total crop production
and the number of cattle of 2013. All data were provided by the Brazilian Agriculture
Monitoring System (SOMABRASIL) database
(http://mapas.cnpm.embrapa.br/somabrasil/webgis.html; Batistella et al. 2012).

The regulating services were defined by water balance (Wbalance), carbon stock
and soil productive capacity (soil_capacity). Water balance data was calculated by the
sum of monthly precipitation minus monthly real evapotranspiration of each
municipality. The monthly precipitation data was provided from WorldClim database
(Hijmans et al. 2005) and monthly real evapotranspiration from Consortion for Spatial
Information (CGIAR, Trabucco & Zomer 2010), both for the period from 1950 to 2000.
Carbon stock data (for 2000) was obtained from global map provided by Ruesch &
Gibbs (2008). For soil productive capacity (soil_capacity), we calculated the average of
three soil variables (soil water content, soil organic carbon and cation exchange
capacity). The mean estimate of soil water content (2000) was obtained from global
map by CGIAR (Trabucco & Zomer 2010). The mean estimates of soil organic carbon
(%) and cation exchange capacity (cmolc/kg) were collected from a global map by
Hengl et al. (2014).
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Proxy of biodiversity conservation

We used a global map of family richness of mammals, birds and amphibians that
take into account the number of species at family level of 2005-2007 from the Center
for International Earth Science Information Network - CIESIN (2008).

We obtained data of all protected areas (federal, state and municipality) of each
municipality from Brazilian Ministry of Environment (MMA 2015). The protected areas
in Brazil are classified as strictly protected areas when are destined only for
conservation of biodiversity purposes and with restrictions to several economic
activities, and as sustainable use protected areas when they are destined for both
biodiversity conservation and sustainable extraction of some natural resources (SNUC
2002).

Data preparation

Each quantified service at municipality level was square-root transformed
improve uniform distribution. Also, the ecosystem service data were normalized by area
to take into account the size of the municipality (Mouchet et al. 2014). This
normalization was performed by dividing the total of service by the total area of
municipality, except for services related to soil properties. The services coffee,
sugarcane, soybean, corn and cattle production were also weighted by the land use area
of municipality (Fig. S1.). All data were standardized to be comparable among
services, by attributing value 1 for the municipality with the higher value and for the
other values were calculated relative to this maximum (Raudsepp-Hearne, Peterson &
Bennett 2010). Each ecosystem service and proxies of biodiversity conservation data
was mapped and processed in ArcGIS 10.1 (Esri, 2010). Data were then exported to a
matrix where lines represent the municipalities and columns the ES, to be preceded to
analysis.

The municipalities used in the analysis were also considered according to the
presence (or not) of protected areas. For this, municipalities with less than 10% of their
total area legally protected were considered as “without protected areas” (2661
municipalities) and the ones with more than 10% of their area protected (378

municipalities) were considered as “with protected areas”.
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Data analysis

The spatial patterns of each ecosystem service was tested for spatial
autocorrelation using Moran’s I in Spatial Analysis in Macroecology (SAM) 4.0
(Rangel, Diniz-Filho & Bini 2010). The interactions between pairs of ecosystem
services of 3039 municipalities were tested by pairwise Pearson’s correlation and the
significance levels were corrected by adjusting the degrees of freedom using Clifford’s
method for spatially autocorrelated data (Clifford, Richardson & Hemon 1989) in
software SAM (Rangel, Diniz-Filho & Bini 2010). From the correlations, positive
relations were defined as synergies and negative as trade-offs.

To indentify ecosystem services bundles, we analyzed the services across the
municipalities using a K-means cluster analysis to identify similar sets of ecosystem
service bundles using SAM software (Rangel, Diniz-Filho & Bini 2010). The K-means
cluster analysis assigning one cell for each of the clusters, and then searching for the
most similar cell to add to each cluster, and then for maximally decrease the total error
sum of squares (TESS) it is moving the cells between clusters by running 1000
iterations (Raudsepp-Hearne, Peterson & Bennett 2010; Turner et al. 2014). From this,
each municipality corresponded to a cluster number. The appropriate numbers of
clusters was determined by analyzing a plot of within groups sum of squares vs. number
clusters and examining the composition of services within each cluster (Hothorn &
Everitt 2014). Each cluster was mapped to visualize the spatial pattern in ArcGIS 10.1
(Esri, 2010) and starplots were constructed in R statistical software (R Core Team
2013). This same procedure was also used to identify the unique ecosystem services and
proxies of biodiversity bundles across the municipalities with and without protected

areas.

Results

Spatial patterns of ecosystem services in Atlantic Forest

The distribution of ecosystem services varied across the Atlantic Forest (Fig. 2)

and was spatially clustered (Moran's 1 > 0.008, P<0.01; Table S1 - Supporting

Information), with significant positive spatial autocorrelation up to approximately
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500 km of distance (Fig. 3). The Moran's index was higher in regulating services (Fig.
3b) (ranging from 0.3-0.8 and lower in provisioning services (Fig. 3a) (0.008-0.15).
These demonstrate that regulating services were more spatially clustered than
provisioning services. The spatial pattern (Fig. 2) found across Atlantic Forest was
partially consistent with geographical distribution of land uses (Fig. S1). For example,
higher occurrence of some regulating services (water balance, carbon stock) was found
in areas with forest remnants in southern coastal region (Santa Catarina, Parand, and
Sdo Paulo states), whereas the service of soil productive capacity was coincident with
areas occupied by agriculture and livestock in southern inland regions (Rio Grande do
Sul, Santa Catarina, and Parana states). The provision services related with crop
(sugarcane, soybean and corn) and cattle productions were distributed mainly in inland
areas of southern (Sao Paulo and Parana states) and western (Mato Grosso do Sul state)
of the Atlantic Forest, were these agricultural cultures are present. The services of
coffee production were higher in eastern region (Espirito Santo and Minas Gerais states)
(Fig. 2 and Fig. S1).

Trade-offs and synergies among ecosystem services

Of the 28 possible pairs of ecosystem services, 13 pairs were significantly and
positively correlated (synergies), 7 pairs were significantly and negatively correlated
(trade-offs) and 8 uncorrelated (Table 2). In general, synergies were predominant
among services in the same category (provisioning and regulating) and trade-offs
between regulating services and provisioning services. For example, the regulating
services of carbon stock and soil capacity (r=0.5) and the provision services of
sugarcane and soybean production (r=0.4) were highly and positively correlated,
indicating synergies among them. On the other hand, the carbon stock (regulating) and
coffee (provisioning) production services were the most negatively correlated (r=-0.2).
However, synergies were also found between provision and regulating services (for
example, cattle vs. water balance and cattle and vs. soil_capacity). Trade-offs were

predominant between carbon stock and all provisioning services.

Ecosystem services bundles
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From the cluster analysis of ecosystem services, we found three main groups of
bundles based on the provision of ecosystem services in each of 3,039 municipalities
of the Atlantic Forest (Fig. 4). Considering a plot of within groups sum of squares by
number of clusters that showed a low reduction after the three clusters types (Fig. S2,
Supplementary Information) and that clusters were consistent by visual inspection, this
number of bundles was considered appropriated. The bundle 1 comprised 1,042
municipalities and was mainly characterized by high levels of regulating services and
reduced levels of provisioning services (soybean and cattle). This bundle type was
spatially clustered, occurring mostly in southern and the coast of Atlantic Forest. The
bundle 2, with 1,227 municipalities, had high levels of provisioning services (coffee,
sugarcane and corn) and low levels of regulating services. The bundle 3, with 770
municipalities, had high values for many services, except for coffee and sugarcane. This
bundle was spatially clustered, occurring mostly in southern and northeast coast (Bahia

state) of Atlantic Forest that corresponded to the region with more forest remnants.

Ecosystem services and proxies of biodiversity bundles in protected areas

Through the cluster analysis of the ecosystem services and proxies of
biodiversity, 378 municipalities with protected areas were grouped into three bundles
based on the provision of ES and biodiversity in each municipality across the Atlantic
Forest (Fig. 5a). The definition of the three bundles was confirmed by analyzed a plot of
within groups sum of squares with number of clusters (Fig. S3, Supplementary
Information).

The bundle 1 comprised 112 municipalities distributed in northeastern region
(Bahia and Alagoas States) and in some regions of southwest (Mato Grosso do Sul
State), was mainly characterized by proxies of biodiversity (mammals and birds),
regulating services and two provisioning services (soybean and corn). The bundle 2,
with 95 municipalities, was distributed mainly in southeastern coasts of Brazil (Parana,
S&o Paulo and Rio de Janeiro States) and had high levels of all services. The bundle 3
comprised 171 municipalities and occurring mostly in northeastern region (Bahia State)
and southern region. This bundle with more municipalities had more proxies of
biodiversity, regulating services and two provisioning services (coffee and corn).

The cluster analysis of the ecosystem services and proxies of biodiversity in
municipalities without protected areas grouped 2661 municipalities into three bundles
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based on the provision of ES and proxies of biodiversity in each municipality across the
Atlantic Forest (Fig. 5b). These three distinct bundles resulted from the qualitative
analysis of the composition within the ES in each cluster and from a plot of within
groups sum of squares with number of clusters, which showed a low reduction of
variation after the two bundle types (Fig. S4, Supplementary Information).

Bundle 1 comprised 1079 municipalities, was distributed in northern and
southern region and mainly characterized by high levels of proxies of biodiversity,
regulating services and a slight low levels of provisioning services. The bundle 2 with
829 municipalities distributed in the eastern and sothern region, had high levels of all
services, except for sugarcane. The bundle 3 comprised 756 municipalities was
clustered in the westhern region, had high levels of proxies of biodiversity,

soil_capacity and low levels of provisioning services, except sugarcane.

Discussion

Spatial patterns of ecosystem services in Atlantic Forest

Ecosystem services (ES) showed different spatial patterns in the Atlantic Forest
and spatial autocorrelation at distances of ~500 km. This suggests that socio-economic
or ecological patterns are possible drivers for ES in this region. The provisioning
services (sugarcane, soybean, corn and cattle) were more prominent in the western
region of the Atlantic Forest. Represented by So Paulo and Parana states, these regions
show appropriated edapho-climatic and logistical conditions to the development of crop
production (Buainain et al. 2014).

The regulation service soil productive capacity was prominent in the southern
region, as opposed to crop production that was overestimated in western region
characterized by poorer soils. It may be explained by agricultural modernization, which
made use of mechanization and chemical fertilizers to expand production areas and
increase fertility in regions with poorer soils (Buainain et al. 2014). Another aspect is
that the predominance of the agriculture in these regions is a reflection of a plan
topography and similar patterns of agriculture in the west was found by Raudsepp-
Hearne, Peterson & Bennett (2010) and Turner et al. (2014). For regulating services, the
most representative areas were the coastal in southern region covering the state of

Parand, Sdo Paulo and Rio de Janeiro and some regions in northeast, especially on the
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coast of Bahia. These regions coincide with the largest Atlantic Forest remnants and

correspond to the Serra do Mar mountain chain with 1,109,546 ha and 36.5% of original
vegetation preserved, followed by Bahia with 17.7% (Ribeiro et al. 2009). The presence
of these large forest remnants can explain the high values of carbon stock, soil_capacity

and Whalance.

Trade-offs and synergies among ecosystem services

The different positive and negative interactions among eight ecosystem services
analyzed in the Atlantic Forest showed the complexity of these associations. Overall,
positive correlations were evident between the same category of services and negative
correlations between provisioning and regulating services. Several studies have found
the same pattern of association (Ricketts et al. 2004; Raudsepp-Hearne, Peterson &
Bennett 2010; Maes et al. 2012; Turner et al. 2014; Lee & Lautenbach 2015; Yang et
al. 2015; Queiroz et al. 2015), which possibly reflects the effect of changes in land use,
especially for agriculture that may limit the supply of other ecosystem services (Foley et
al. 2005; Bennett, Peterson & Gordon 2009; Nelson et al. 2009).

We found more pairs of synergies than trade-offs among ecosystem services
across Atlantic Forest and these were more evident between the same category of
services. Regulating services increase with other regulating services from land
management and in the same way provisioning services. These types of synergies are
common in literature (Lee & Lautenbach 2015). Identifying services that can be able to
form synergies is important for land management, because it indicates which services
can be expected to interact based on where we found services repeatedly occurring
together (Raudsepp-Hearne, Peterson & Bennett 2010).

The number of trade-offs was lower than the synergies and, in this analysis,
negative interactions among carbon stock and provisioning services (coffee, sugarcane,
soybean and corn) were more common. These regulating services showed higher values
in the coastal region, which corresponded to the largest Atlantic Forest remnants and
also higher number of protected areas. Soil_capacity also showed negative interactions
with provisioning services (sugarcane and coffee), which agrees with their spatial
distribution in the southern region, in opposition to crop production in western region.
Trade-offs between provisioning and regulating services are common in the literature

(Lee & Lautenbach 2015) and are expected in densely populated areas with high
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farming intensity (Turner et al. 2014). In such areas, where the competition for land use
represents a threat to biodiversity conservation, the establishment of protected areas can
help to preserve fragments and avoid agricultural expansion (Galindo-Leal & Camara
2003; Medeiros & Araujo 2011). On the other hand, the possible conflict between
conservation and developmental activists requires political strategies that deal with
these problems by allowing sustainable land use and consequently reducing trade-offs
and creating synergies among ecosystem services.

The conversion of forest areas into agriculture promotes trade-offs by affecting
the global carbon cycle with impacts on carbon sequestration, rates of greenhouse gas
emissions, as well as on biodiversity and other ecosystem services such as, air and water
quality (Fearnside 2004; MEA 2005; Foley et al. 2005; Houghton et al. 2012).

Ecosystem services bundles

Spatial trade-offs and synergies among ecosystem services also formed spatial
bundles in 3, 039 municipalities in Atlantic Forest. Ecosystem services bundles were
found in many other studies and exhibited similar geographic patterns (Kareiva et al.
2007; Raudsepp-Hearne, Peterson & Bennett 2010; Maes et al. 2012; Turner et al.
2014; Yang et al. 2015; Queiroz et al. 2015). For example, 137 municipalities in
Canada showed six bundles types, some characterized by high levels of provisioning
services and others by high regulation or cultural services (Raudsepp-Hearne, Peterson
& Bennett 2010). The same feature was found among four bundles in 22 urban—rural
complex in China (Yang et al. 2015), six bundles in 41,965 km? in Denmark (Turner et
al. 2014) and five bundles in 62 municipalities on a drainage basin (22,650 km?)
situated in south-central Sweden (Queiroz et al. 2015). Despite differences in the size of
areas or number of municipalities studied across studies, these patterns among bundles
can be explained by social and ecological gradients in the landscape (Maes et al. 2012;
Yang et al. 2015). In this study, the Bundle 2, characterized by higher levels of
provisioning services, indicates regions in the Atlantic Forest where there is a greater
pressure for agricultural activities. Bundles with high levels of provisioning services
have also been found in studies conducted in Canada, China, Denmark and Sweden
(Raudsepp-Hearne, Peterson & Bennett 2010; Turner et al. 2014; Yang et al. 2015;
Queiroz et al. 2015), which also suffer from changes in land use in favor to agriculture.
Another common bundle from these studies and also presented here, was Bundle 1,
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characterized by higher levels of regulating services and lower levels of provisioning
services (Raudsepp-Hearne, Peterson & Bennett 2010; Turner et al. 2014; Yang et al.
2015). Bundle 3 showed the highest values for the majority of the ecosystem services.
This type of bundle, with greater diversity of services, was also found by Tuner et al.
(2014) and reflected a high diversity of land uses in these regions. These common
features between the ecosystem services bundles found in other study areas emphasize
the similar problems and environmental issues shared in ecosystem management (Yang
et al. 2015).

Ecosystem services and proxies of biodiversity bundles in protected areas

Protected areas in the Atlantic Forest showed three ecosystem services and
biodiversity bundles. One bundle was characterized by high levels of all services and
proxies of biodiversity (multifunctionality) whereas the others bundles had more
regulating services and proxies of biodiversity. This shows that, even in protected areas,
there are distinct interactions between ecosystem services in certain regions of the
Atlantic forest. There are regions concentrated on the coast of Rio de Janeiro, Sdo Paulo
and Parané states with the highest number of protected areas and characterized by
multifunctional ecosystem services and proxies of biodiversity bundles. In the other
hand, without protection areas show multifunctional bundle and others bundles with
more provisioning services than protected areas. This type of negative impact of
protection on provisioning services is expected (Willemen et al. 2013). However a
multifunctionality of services and proxies of biodiversity found in protected areas and
without protection highlight a diversity land uses in these regions. The lack impact of
protection on provisioning services was also found by Willemen et al. (2013)
comparing nine case studies in the UK. A diversity of land uses and a consequently
multifunctional bundle even in protected areas can be explained by sustainable use
protection category in these areas, because is a kind of protected area that allows link
conservation and sustainable activities and it deals better with social conflicts such as
excluding local communities from access to forest resources (Ferraro et al. 2013;
Nelson & Chomitz 2011; Eastwood et al. 2016).

Areas without protection show other bundles that highlight that the regions need
land-management strategies to preserve regulating services and proxies of biodiversity.

For example, the Bundle 3 shows high levels of biodiversity and low levels of
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provisioning services and regulating services. The Bundle 1 had high levels of
regulating services and biodiversity and low levels of provisioning services. These
bundles show regions that need restoration actions and conservation planning to
increase ecosystem services and continue maintaining biodiversity. Moreover, regions
where Bundle 1 and Bundle 3 are found match with the map produced by the Atlantic
Forest Restoration Pact (http://www.pactomataatlantica.org.br ) that shows potential
areas to restore in Atlantic Forest. According to Atlantic Forest Restoration Pact, these
are potentially good areas, because they promote landscape connectivity, allow
conditions for Payments for Ecosystem Services (PES), have resilience potential as well
as resources and infrastructure.

In general, despite of some differences between the bundles in protected and
unprotected areas, our findings highlight that both these areas help to protect ecosystem
services and biodiversity jointly. Studies have demonstrated that biodiversity covaries
with ecosystem services (Ricketts et al. 2004; Chan et al. 2006; Naidoo et al. 2008).
Tropical forests in Costa Rica supply pollination services to agriculture and due to high
diversity of forest-based pollinators had an increased coffee yields and coffee quality
(Ricketts et al. 2004). In England, small protected areas and protected landscapes
deliver high carbon stocks and biodiversity (Eigenbrod et al. 2009) and in a semi-arid
region in Spain, protected lands destined for biodiversity conservation also supply
carbon stocks and groundwater recharge (Castro et al. 2015). These studies and the type
of bundles found in our study reinforce that conservation planning based on biodiversity
and ecosystem services jointly can better contribute to safeguarding them.

Traditionally, the main purpose of protected areas is to preserve biodiversity
(Watson et al. 2014; Castro et al. 2015), but with the rising of the ecosystem services
approach and their importance for human well-being, that central vision of conservation
is changing (Palomo et al. 2014). An example of this are the global conservation
policies such as International Union for Conservation of Nature (IUCN), World
Commission on Protected Areas (WCPA) and the Aichi Biodiversity Targets of the
Convention on Biological Diversity for 2011 to 2020, that have expressed the
importance of integrating ecosystem services in the planning of protected areas (Haslett
et al. 2010). These challenges in conservation planning help to gain traction in policy
arenas and raise funds for conservation, in addition to increasing conservation
opportunities within human-dominated landscapes (Eigenbrod et al 2009; Reyers et al.
2012).
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Conclusion

Ecosystem services of the Atlantic Forest showed spatial patterns in the
landscape and indicated places where there is greater provision of certain services. In
addition, there was a significant trade-off between provisioning and regulating services
and a synergy between services in the same category. We identified three ecosystem
services bundles in the Atlantic forest with varied composition and spatially clustered in
the biome. These spatial patterns of ecosystem services associations reflect socio-
ecological gradients in the biome, for example, higher levels of regulating services on
the coast and provisioning services in the western region. These socio-ecological
gradients come from the diversity of land uses in the Atlantic Forest resulting from its
intense history of degradation that caused forest fragmentation and transformation in
other uses, such as, agriculture, forestry, pasture and urban areas. Furthermore, we
found three ecosystem services and proxies of biodiversity bundles in protected areas
and three in areas without protection in Atlantic Forest that reinforce the importance of
conservation planning based on biodiversity and ecosystem services jointly. Moreover,
bundles found in areas without protection emphasize the need of restoration actions and
conservation planning to increase ecosystem services and continue maintaining
biodiversity. Thus, quantify and mapping ecosystem services of the Atlantic Forest
helps to identify important areas in the provision of these services as well as to
understand how these services interact among them to help a better management of
these ecosystems.
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Table 1. Data collection of ecosystem services, biodiversity and protected areas in the Brazilian Atlantic Forest.
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Variables Unit Year Resolution Data source
Provisioning services
Coffee tons 2013 Shapel:250000 Batistella et al. (2012)
Sugarcane tons 2013 Shapel:250000 Batistella et al. (2012)
Corn tons 2013 Shapel:250000 Batistella et al. (2012)
Soybean tons 2013 Shapel:250000 Batistella et al. (2012)
Cattle n 2013 Shapel:250000 Batistella et al. (2012)
Regulating services
Water balance | Precipitation annual mm 1950-2000 Raster 1km Hijmans et al. (2005)
Evapotranspiration annual real mm 1950-2000 Raster 1km Trabucco & Zomer (2010)
Carbon stock Mg/ha 2000 Raster 1km Ruesch & Gibbs (2008)
Soil water content % 2013 Raster 1km Trabucco & Zomer (2010)
Soil organic carbon % 2013 Raster 1km Hengl et al. (2014)
Cation exchange capacity cmolc/kg 2013 Raster 1km Hengl et al. (2014)
Biodiversity
Family richness of mammals n 2005-2007 Raster 1km CIESIN (2008)
Family richness of birds n 2005-2007 Raster 1km CIESIN (2008)
Family richness of amphibians n 2005-2007 Raster 1km CIESIN (2008)
Protected areas ha 2015 Shapel:250000 MMA (2015)




Table 2. Pairwise Pearson's correlations (r) between ecosystem services, categorized in positive, negative and

no correlations patterns. Correlation: 0.2-0.5 (dark gray), 0.0-0.1 (light gray) and no correlation 0.000-0.01
(white).

Positive correlations Negative correlations Uncorrelated
__Wbalance vs. Comn 0.001

'Suigarcane vs. Soybean |04 Sugarcane s: Soil capacity | S0 Sugacane vs. Cattle 0.03

Soybean vs. Soil_capacity 0.03
Carbon vs. Cattle 0.03
Coffeevs:Corn T [0:21] (Carbon\vs: Soybeant I FOA Soybean vs. Cattle 0.002
Whbalance vs. Sugarcane -0.01
-0.06 Whalance vs. Soybean -0.02
Coffee vs. Cattle -0.03

Corn vs. Soil_capacity 0.04
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Fig. 1. Limits of the Brazilian Atlantic Forest biome, with 3039 municipalities, state
limits, protected areas and forest remnants (source: MMA 2015 and SOS Mata Atléantica
2013). States abbreviations: Alagoas (AL), Bahia (BA), Ceara (CE), Distrito Federal
(DF), Espirito Santo (ES), Goias (GO), Maranhdo (MA), Mato Grosso do Sul (MS),
Minas Gerais (MG), Paraiba (PB), Parana (PR), Pernambuco (PE), Piaui (PI), Rio de
Janeiro (RJ), Rio Grande do Norte (RN), Rio Grande do Sul (RS), Séo Paulo (SP),
Santa Catarina (SC), Sergipe (SE) and Tocantins (TO).

Fig. 2. Spatial distribution of eight ecosystem services across the Brazilian Atlantic
Forest.

Fig. 3. Moran's | Index correlogram for eight ecosystem services according to the
distance in the Brazilian Atlantic Forest. Positive values indicate spatial clustering of

variables. (a) provisioning services and (b) regulating services.

Fig. 4. The three ecosystem services bundles distributed across the Brazilian Atlantic
Forest. Starplots represent the average values normalized (0-1) of ecosystem services in

each bundle.

Fig. 5. The three ecosystem services and biodiversity bundles distributed across
protected areas (a) and out of protected areas (b) in the Brazilian Atlantic Forest.
Starplots represent the average values normalized (0-1) of ecosystem services in each
bundle.
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Supporting Information

Table S1. Moran's | for ecosystem services according to distance in the Brazilian Atlantic Forest.
Significance level: P < 0.001 (dark gray); P < 0.05 (light gray); P = ns (white).

Carbon . .
Distance (Km) WBalance stock Coffee Sugarcane Soybean Corn  Cattle Soil_capacity

78
198
278
352
425
497
571
647
724
802
883
969

1065 -0.001
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Resumo

A regido do Mosaico Lagamar é o maior remanescente da Floresta Atlantica brasileira e
abriga varias unidades de conservacao importantes. Essa regido € responsavel pelo
provimento de inUmeros servigos ecossistémicos, com destaque para a manutencao da
biodiversidade. A valoragdo ambiental destas areas é um instrumento que facilita o
entendimento da sociedade sobre a ligacdo que hé entre a integridade dos ecossistemas e
seu proprio bem-estar. Neste contexto, objetivo deste estudo foi quantificar e valorar
economicamente 0s servigos ecossistémicos comerciaveis de regulacdo (estoque e
sequestro de carbono) e de provisao (agropecuério, silvicultura e aquicultura) no Mosaico
Lagamar. O estudo compara os servigos dentro e fora de unidades de conservacgéo, a fim de
subsidiar politicas de conservacéo e de financiamento destas unidades. A partir do mapa de
uso do solo e das informaces disponiveis em bases nacionais e literatura cientifica, foi
realizada a valoragcdo monetéria (em délares americanos) dos servigos ecossistémicos em
niveis de unidade de conservacdo e municipal. No Mosaico sdo fornecidos anualmente US$
104 milhdes em servigos de provisao, com predominio de culturas permanentes (US$ 85
milhdes), e US$ 147 milhdes de servigo de regulacdo na forma de sequestro de carbono. No
total sdo evitados pelo Mosaico emissdes de 227 milhdes de toneladas de carbono. Deste
total areas com Floresta Ombroéfila Densa apresentaram maiores estoques e valor
econdmico de carbono (283,60 MgC.ha*, equivalendo a US$ 6.140 ha™) comparado a
outros usos como agricultura (81,79 MgC.ha*, US$1.771 ha™) e pastagem (34,14 MgC ha’
1 US$740 ha™). Estes valores revelam que a converséo de areas florestais em agricultura e
pastagem pode causar uma perda de US$3.629 ha™*C apenas considerando o servico de
estoque de carbono. Tanto em unidades de conservacdo quanto fora delas o valor do
sequestro de carbono foi muito maior (US$ 3 bilhdes em UC; US$ 529 milhdes fora de
UC) que os servicos de provisao (US$ 2 milhdes em UC; US$ 1 milhdo fora). Estes
resultados reforcam a ideia de que areas protegidas podem contribuir com o
desenvolvimento econdmico e socioambiental. Portanto, a busca de mecanismos politicos e
financeiros que visem o pagamento de servigos ambientais, além de instrumentos
internacionais como o REDD+ podem ajudar a garantir a conservacao e sustentabilidade do

Mosaico Lagamar.
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Palavras-chave: unidades de conservacao, estoque de carbono, servico de provisao,

pagamentos por servigcos ambientais, Floresta Atlantica.

Introducéo

O conceito de servigos ecossistémicos evidencia a importancia dos ecossistemas
para o bem-estar humano (de Groot et al., 2010), pois sabe-se que a estrutura e processos
ecologicos sdo essenciais para a manutencao da vida (Daily, 1997; de Groot et al., 2002;
MEA, 2005). Dado esse papel que servigos ecossistémicos apresentam, é importante
reconhecer que esses beneficios tém um grande valor para sociedade e que, por isso, devem
ser considerados na tomada de deciséo (Daily, 1997; TEEB, 2010). Esta viséo
antropocéntrica tem levado a um aumento nos esforcos em identificar, quantificar e valorar
esses servigos (Liu et al., 2010; Gascoigne et al., 2011) tornando, assim, mais explicita a
ligacdo entre os servicos e a sociedade (Fisher et al., 2009).

A valoragdo econdmica dos servigos ecossistémicos proporciona uma unidade de
medida comum que possibilita a comparacao dos custos gerados pela prote¢do ambiental e
de seus beneficios (Hanley e Barbier, 2009), ou pela perda ambiental, representado pelo
custo da nédo protecdo ambiental. Esta abordagem incentiva agdes ambientais mais
sustentaveis, além de tornar a conservagao economicamente mais atraente na rotina de
tomadores de decisdo que incluem desde individuos até empresas e governos (Daily e
Matson, 2008; Tallis et al., 2008).

Neste contexto, servi¢os ecossistémicos como os de provisdo (alimentos e gua),
regulacdo (regulacdo climatica e polinizacéo), suporte (ciclos de nutrientes) e culturais
(ecoturismo e recreacdo) (MEA, 2005) foram valorados economicamente em diferentes
escalas espaciais, tanto globais (Costanza et al., 1997; Patterson, 2002) quanto regionais
(Xie et al., 2010; Ghaley et al., 2014; Felardo e Lippitt, 2016) e mesmo na escala local
(Clarke et al., 2015; Boithias et al., 2016). Estudos como o de Costanza et al. (1997)
mostraram que o valor total dos servicos ecossistémicos da biosfera somava cerca de US$
33 trilhdes no ano de 1994. Deste total, s6 as florestas tropicais contribuiam com US$
2.000 ha.ano™, enquanto que areas cultivadas apenas US$ 92 ha.ano™, evidenciando as

possiveis perdas econémicas em se converter areas florestais em zonas agricolas.
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No Brasil, alguns servigos ecossistémicos e a biodiversidade também ja foram
valorados nos diferentes biomas (May et al., 2000; Camphora e May, 2006; Van der Ploeg
e de Groot, 2010). Por exemplo, para a Floresta Atlantica, os servigos ecossistémicos de
regulacao (regulacédo climatica e ciclagem de nutrientes) prestados por areas florestais na
Estacdo Ecolégica de Jatai em S&o Paulo, geram um valor estimado de US$ 708 ha™*.ano™
(Santos et al., 2001) e servicos de regulacdo no Parque Estadual do Rio Doce em Minas
Gerais cerca de US$ 261 mil.ano™ (Milkhailova e Barbosa, 2002). Estes dados revelam que
as unidades de conservacdo da Floresta Atlantica podem ser economicamente viaveis se
diferentes servicos ecossistémicos forem considerados.

Do exercicio da valoracdo também se obtém subsidios para politicas de pagamentos
por servigos ambientais (Wunder, 2015), que traz diversos beneficios sociais e econémicos,
além de incentivar a criagdo e o fortalecimento de areas protegidas (Guedes e Seehusen,
2011). No bioma Floresta Atlantica existem 78 iniciativas de pagamentos por servi¢cos
ecossistémicos tais como, o sequestro de carbono, protecdo de mananciais e biodiversidade,
que contribuem para a conservacao, recuperagdo e uso sustentavel dos ecossistemas
naturais (Guedes e Seehusen, 2011). Contudo, este niUmero poderia ser ainda maior com o
conhecimento do potencial que outras regides da Floresta Atlantica tém em fornecer outros
Servigos essenciais.

As areas protegidas ou unidades de conservagdo, como sao denominadas no Brasil,
podem contribuir para a conservacdo da biodiversidade e o provimento de importantes
servicos ecossistémicos (Silva, 2005; Gaston et al., 2008). O Brasil conta com 1.940
unidades de conservacao federais, estaduais e municipais sendo destes, 586 de protecédo
integral e 1.354 de uso sustentavel (MMA, 2015). A Floresta Atlantica concentra 1.071
unidades de conservacao que ajudam a proteger importantes remanescentes florestais
(Ribeiro, 2009; SOSMA, 2015). Destes remanescentes, 0s maiores se encontram entre 0s
estados do Parana e Sao Paulo e sdo protegidos por 52 unidades de conservacdo. Com o
objetivo de realizar uma gestdo integrada destas unidades foi criado na regido o Mosaico
Lagamar de Unidades de Conservagao que permite a participagdo conjunta entre a
populacéo local, governo local e os 6rgdos gestores para, assim, promoverem agdes mais

eficientes de protecdo dessas areas naturais.
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A criacdo de unidades de conservacdo no Brasil apresentou uma grande expanséao
entre os anos 1990 e 2000, porém houve uma estagnacao a partir dos anos 2009 e
atualmente vem ocorrendo processos de degradacéo, reducéo, extingéo e reclassificacéo
devido a pressoes politicas, do agronegdcio e do turismo (Bernard et al., 2014). Diante
desse problema é necessario destacar a gama de valores ou beneficios que o ecossistema
aporta diariamente a sociedade, que inclui os beneficios ecoldgicos, socioculturais e
econdmicos e, com isso, desenvolver melhores politicas de gestdo destes ecossistemas.
Neste contexto, o objetivo deste estudo foi quantificar e valorar economicamente servicos
ecossistémicos comerciaveis de provisdo e de regulacdo no Mosaico Lagamar, a fim de
contribuir nas politicas de conservacao e de financiamento de unidades de conservacao.
Especificamente, buscamos responder as seguintes questdes: (1) Quanto que o Mosaico
gera em servicos de provisdo e de regulacdo? (2) Qual a contribuicdo relativa de cada tipo
de uso do solo no estoque de carbono? (3) No Mosaico, as areas localizadas em unidades de
conservacao e fora delas diferem nas quantidades e valor dos servigos de provisao e de
regulacdo? (4) Os municipios do Mosaico diferem no valor econdmico de servigos de

provisdo e de regulacdo dentro e fora das unidades de conservagao?

Métodos

Area de estudo

O Mosaico Lagamar esta localizado na regido litoranea do Parana e sul de Séo
Paulo (aproximadamente entre 24°18°/27°10 S ¢ 46°50°/49°10° W) (Fig. 1), era
inicialmente formado por 43 unidades de conservacao, e foi instituido pela Portaria do
Ministério do Ambiente (Portaria 150 de 2006, MMA\). Atualmente compreende 52
unidades de conservacdo em uma &rea de 1.622.168 hectares, dos quais 677.659 ha (42%)
correspondem a porcéo marinha e 944.509 ha (58%) representam a porcao terrestre (Fig.
S1; SPVS, 2011).

Nos limites do Mosaico fazem parte 12 municipios do Estado do Parana (Antonina,
Campina Grande do Sul, Guaraquecaba, Guaratuba, Matinhos, Morretes, Paranagua,

Piraquara, Pontal do Parand, Quatro Barras, S&o José dos Pinhais, Tijucas do Sul) e 10 do



124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153

85

Estado de S&o Paulo (Barra do Turvo, Cananéia, Iguape, Ilha Comprida, Itariri,
Jacupiranga, Miracatu, Pariquera-Acu, Pedro de Toledo, Peruibe) (Fig. S2; SPVS, 2011).
Desse total de 22 municipios, 14 deles (Antonina, Campina Grande do Sul, Guaraquecaba,
Guaratuba, Matinhos, Morretes, Paranagua, Pontal do Parand, Quatro Barras, Cananéia,
Iguape, Ilha Comprida, Itariri, Peruibe) apresentam no minimo 30% de sua area inserida
nos limites do Mosaico. Dentre esses 14 municipios, somente nove municipios estao
inseridos integralmente (Antonina, Guaratuba, Guaraquecaba, Matinhos, Morretes,
Paranagud, Pontal do Parana, Cananéia, Ilha Comprida).

A figura de mosaico foi instituida pelo Sistema Nacional de Unidades de
Conservagao (SNUC), com a funcéo de realizar uma gestéo integrada destas unidades de
conservacao. As unidades de conservacdo que fazem parte do Mosaico Lagamar séo
administradas por trés instancias, Governos Federal e Estadual e particular. As categorias
de unidades de conservacéo representadas no Mosaico Lagamar s&o Areas de Especial
Interesse Turistico (AEIT), Areas de Protecdo Ambiental (APA), Areas de Relevante
Interesse Ecoldgico (ARIE), EstacBes Ecoldgicas (EE), Florestas Estaduais (FE), Parques
Nacionais, (PN), Parques Estaduais (PE), Reservas Bioldgicas (REBIO), Reservas de
Desenvolvimento Sustentavel (RDS), Reservas Extrativistas (RESEX) e Reservas
Particulares do Patriménio Natural (RPPN) (Fig. S1).

A regido do Mosaico Lagamar esta inserida nos limites do bioma Floresta Atlantica
sob as formacGes vegetacionais Floresta Ombrofila Densa, Floresta Ombrofila Mista nas
suas sub-formacdes Alto-Montana, Montana, Submontana, de Terras Baixas e Aluvial.
Compreendem também Areas de Formacdes Pioneiras com influéncia fluvial,
flaviomarinha e marinha e Reflgios vegetacionais (Veloso et al., 1991). Nesta regido
também se encontram os dois maiores fragmentos de Floresta Atlantica, o primeiro
representado pela Serra do Mar com 1.109.546 ha de florestas continuas que abrange 0s
estados de S&o Paulo e Rio de Janeiro e 0 segundo maior no Parand com 508.571 ha (Fig.
S2; Ribeiro et al., 2009; SOSMA, 2015).

Servigos ecossistémicos
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Foram selecionados servigos ecossistémicos comerciaveis, ou seja, que
apresentassem preco de mercado, segundo a classificacdo do MEA (2005): servigos de
provisdo (producdo agricola temporaria® e permanente?, aquicultura, produco de origem
animal (leite, ovos, mel), nimero de cabecas de gado abatidos, extracao vegetal e producéo
silvicola) e de regulacéo (estoque e sequestro de carbono). Para 0s servigos de provisao
foram considerados dados de produgéo e de seu respectivo valor econémico dos 14
municipios com, no minimo, 30% de area dentro dos limites do Mosaico Lagamar
disponiveis no Instituto Brasileiro de Geografia e Estatistica (IBGE 2015). Estes dados
foram obtidos para 2012 por ser 0 ano mais recente da série de dados encerrados do IBGE,
porém para os servicos de aquicultura e nimero de cabecas de gado abatidos, devido a
disponibilidade de dados, foram utilizados os de 2013 e 2006 respectivamente. Os dados de
producdo e valor econdmico dos servigos de provisao obtidos ao nivel municipal pelo
IBGE foram ponderados de acordo com o percentual de area dos 14 municipios contido no
Mosaico. Para 0s nove municipios inseridos integralmente no Mosaico e que foram
avaliados os servigos dentro e fora de unidades de conservacéo os dados de producéo e
valor econdmico foram ponderados de acordo com a area de uso do solo dentro e fora das
unidades de conservacdo referente ao mapa do PROBIO (2004; Fig. S2).

Em relacdo ao servico de regulacdo, estoque e sequestro de carbono, primeiramente
foi realizada uma busca na literatura cientifica sobre dados de estoque de carbono nos
quatro “repositorios” (acima do solo, abaixo do solo, carbono organico do solo e matéria
organica morta; Tabela S1 e S2) de acordo com os diferentes tipos de uso do solo
representados no mapa do Mosaico Lagamar (PROBIO, 2004). Sendo assim, para cada tipo
de uso (Floresta Ombroéfila Densa, Floresta Ombréfila Mista, Restinga, Reflorestamento,
Agricultura, Agropasto, Pastagem, Urbano) foram levantados dados de estoque de carbono
provenientes de 42 estudos (Tabela S1le S2) realizados na regido do Mosaico e no Brasil
com a mesma fitofisionomia ou tipo de uso de solo. Em seguida, com os valores médios de
estoque de carbono para cada tipo de uso do solo, nos quatro “repositorios”, € o mapa de

uso e cobertura do solo foi calculado o valor do estoque de carbono total e médio com

! Culturas temporaérias s&o as que apresentam curta ou média duracéo com ciclo vegetativo inferior a um ano,
que ap0s a colheita necessita de novo plantio para produzir (IBGE 2015).

2 Culturas permanentes s&o as de ciclo vegetativo longo, que permitem colheitas sucessivas, sem necessidade
de novo plantio (IBGE 2015).
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auxilio do Carbon Model, da Plataforma de Valoracdo INVEST (Integrated Valuation of
Environmental Services and Tradeoffs; Sharp et al., 2015). O Carbon Model agrega as
quantidades de carbono estocado nestes quatro “repositorios” (acima do solo, abaixo do
solo, carbono organico do solo e matéria organica morta) de acordo com o tipo de uso e
cobertura do solo em um Unico mapa que representa esse montante total. Para o sequestro
de carbono, foi atribuida uma taxa liquida média anual de captura e armazenamento de
carbono de 3%, 0 que representa uma média para espécies da regido (Shimamoto et al.
2014).

Valoragdo econdmica dos servigos ecossistémicos

O método de valoragdo econdmica utilizado para estimar os valores de ambos 0s
servicos ecossistémicos foi o de precos de mercado (de Groot et al., 2002; TEEB 2010).
Para os servicos de provisdo (producdo agricola temporéria e permanente, aquicultura,
producdo de origem animal, nimero de cabecas de gado abatidas, extracdo vegetal e
producdo silvicola) a valoracao foi realizada com base nos valores de mercado dos dados de
producdo (IBGE 2015) dos 14 municipios que apresentaram no minimo 30% de area no
Mosaico Lagamar. Posteriormente, os valores fornecidos em reais (R$) pelo IBGE foram
convertidos para délar americano com base na taxa de cAmbio comercial média para
compra Real (R$)/ Dolar Americano (US$) de 2006 (2,17), 2012 (1,95) e 2013 (2,15)
(IpeaData, 2015).

Para o estoque e sequestro de carbono, primeiramente foi realizada a conversao do
teor de carbono estimado no Mosaico Lagamar para toneladas de CO, equivalente, pois é a
unidade utilizada nas negocia¢fes no mercado de créditos de carbono. Cada crédito de
carbono corresponde a uma tonelada de CO, equivalente (CO2e) (Ecosystem Marketplace,
2013) e cada tonelada por hectare de carbono corresponde a 3,67 toneladas de CO,
equivalente (IPCC, 2006). O preco médio de CO, equivalente no mercado de crédito de
carbono foi baseado no mercado voluntario de 2012 (Ecosystem Marketplace, 2013) que
corresponde a US$5.9/tCO2e.

Resultados
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O valor estimado total para ano de 2012 da producdo dos servicos de provisédo no
Mosaico Lagamar alcangou US$ 104 milhGes, com predominio das culturas permanentes
(US$ 85 milhdes) e temporérias (US$ 11 milhdes). Silvicultura e extragdo vegetal somaram
US$ 3 milhdes, producdo animal US$ 1 milh&o, gado abatido US$ 131 mil e aquicultura
US$ 1 milh&o. Analisando o valor de producéo total por municipio, os maiores valores
foram os de Guaratuba (US$ 28 milhdes), Guaraquecaba e Iguape (ambas com US$ 19
milhdes) e 0s menores os de Pontal do Parana (US$ 328 mil) e Matinhos (US$ 161 mil).

Em relacdo ao estoque de carbono total, 0 Mosaico Lagamar concentra 227 milhdes
de toneladas de carbono que correspondem a 835 milhGes de toneladas de CO, equivalente
e um valor estimado de US$ 5 bilhdes. A taxa liquida média anual de captura e
armazenamento de carbono (sequestro) foi estimada em 7 milhGes de toneladas por ano,
totalizando 25 milhGes de CO; equivalente e US$147 milhGes. Considerando 0s
municipios, os maiores valores de estoque de carbono foram estimados para Guaraquegaba
(US$ 46 milhdes), Iguape (US$ 39 milhdes), Guaratuba (US$ 33 milhdes) e os menores
para Matinhos, Pontal e Quatro Barras (US$ 1 milh&o cada). O estoque médio de carbono
do Mosaico foi de 263 MgC.ha™, que representa 965 tCO2e.ha™, correspondendo a
US$5.698 ha™.ano™. O estoque médio de carbono também variou de acordo com o tipo de
uso e cobertura do solo no Mosaico e dentre eles os maiores valores foram representados
pelas Florestas Ombrofilas Densa e Mista, Restinga e os Reflorestamentos (Tabela 1). A
Floresta Ombréfila Densa foi a que apresentou maiores médias (283,60 MgC.ha™) e,
consequentemente, maiores valores econémicos (US$ 6.140.ha™) ao contrario de outros
usos como agricultura (81,79 MgC.ha™, US$1.771.ha™.ano™) e pastagem (34,14 MgC.ha™,
US$740.ha™.ano™).

As areas no Mosaico localizadas em unidades de conservacéo e fora delas
apresentaram diferencas nas quantidades e no valor dos servicos de provisao e de regulacéo
(Fig. 2). Servicos de provisdo em unidades de conservacdo somaram um valor total de US$
2 milhdes (Fig. 2a). Dentre eles, os maiores valores foram estimados para aquicultura (que
produziu 464 mil kg, gerando um rendimento de US$ 1 milh&o), seguidos pela agricultura
permanente (3 mil toneladas, US$ 879 mil) e a agricultura temporaria (861 toneladas, US$

161 mil). O estoque de carbono total em unidades de conservagéo foi maior em relacéo aos
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servigos de provisao e somou 148 milhdes de toneladas de carbono, que corresponderam a
US$ 3 bilhdes (Fig. 2b). Em relacdo as areas do Mosaico fora de unidades de conservacéo,
0s servigos de provisdo somaram cerca de US$ 1 milhdo (Fig. 2a) e destes pode-se destacar
a agricultura permanente (2.093 toneladas, US$ 1 milh&o), a aquicultura (133 mil kg, US$
456 mil) e a agricultura temporaria (1.293 toneladas, US$ 267 mil). O estoque de carbono
total fora de unidades de conservagdo também foi maior em relagdo aos servigos de
provisdo e somou 24 milhdes de toneladas que corresponderam a US$ 529 milhdes (Fig.
2b).

Considerando os municipios com area total dentro dos limites do Mosaico, o valor
econdmico dos servicos de proviséo e de regulacdo variou dentro e fora das unidades de
conservacao (Fig. 3). Em relacdo aos servicos de provisao, quatro municipios (Antonina,
Cananéia, Guaraguecaba e Guaratuba) apresentaram maiores valores dentro de unidades de
conservacao de uso sustentavel e outros trés (Morretes, Paranagua e Pontal) fora de
unidades de conservacao (Fig. 3a). Considerando o servico de regulacdo (estoque de
carbono), a taxa de captura anual foi maior dentro de unidades de uso sustentavel para trés
municipios (Antonina, Guaraquecaba, Guaratuba e Morretes) e somente para Cananéia
dentro de unidades de protecdo integral (Fig. 3b). A maioria dos municipios apresentou
valores menores fora de unidades, exceto Matinhos e Morretes.

Em relacéo a todo o Mosaico, 0 estoque de carbono em unidades de conservacao de
uso sustentavel (641.248 ha) apresentou os maiores estoques totais (103.650.566 de
toneladas) que as de protecdo integral (211.584 ha; 44.551.442 toneladas; Tabelas S2 e S3).
No entanto, ao considerar o valor médio (média + DP) do estoque de carbono por hectare,
as de protecdo integral apresentaram médias (272 + 26) levemente superiores que as de uso
sustentavel (233 £ 49).

Discussao

O Mosaico Lagamar e as unidades de conservacgdo que o compde, além de proteger
importantes remanescentes florestais da Floresta Atlantica, que fornecem diversos servi¢os
ecossistémicos e biodiversidade, podem gerar também oportunidades econémicas, pois em

um ano pode fornecer cerca de US$ 104 milhdes em servicos de provisdo e US$ 147
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milhGes em servico de regulacédo (sequestro de carbono). Estes resultados reforcam a ideia
de que areas protegidas podem contribuir com o desenvolvimento econdmico e
socioambiental de um pais e que conflitos gerados entre esses dois lados ocorrem quando
h& um pseudodesenvolvimento baseado na exaustdo dos recursos naturais (Gurgel et al.,
2009). A gestdo integrada do Mosaico, considerando seu potencial para gerar renda para a
populacéo local, podera ser uma estratégia eficiente para garantir a conservagdo do maior
remanescente de Floresta Atlantica do Brasil.

Os servicos de provisdo no Mosaico Lagamar (944.509 hectares) somaram US$
104 milhdes, com predominio das culturas permanentes (US$ 85 milhdes). Um estudo
realizado em bacias hidrogréficas (603.600 ha) dominados por agricultura no Parana
mostrou valores maiores (US$ 224,42 milhdes, convertido para dolar a R$1,99 em 20009;
Ipeadata, 2015; Garcia, 2012). Outro estudo realizado em Pontal do Parana também
mostrou valores maiores US$ 425 mil (convertido para dolar a R$2,15 em 2013; Ipeadata,
2015; Garcia et al., 2015) do encontrado por este estudo para 0 mesmo municipio (US$ 328
mil). Isso demonstra que mesmo com maior numero de unidades de conservacéo, a regido
do Mosaico fornece servicos de provisdo com a mesma magnitude de rendimento que
outras areas, que apesar de menores sdo dominadas por agricultura limitando o provimento
de outros servigos também essenciais ao bem-estar humano.

O estoque total de carbono armazenado pelo Mosaico Lagamar em uma area de
944.509 hectares foi de 227 milhGes de toneladas de carbono o que corresponde a US$ 5
bilhGes. Outras regides da Floresta Atlantica também foram quantificadas e valoradas e
apresentaram valores menores, porém de acordo com a sua extensao, tipo de uso e
cobertura do solo (May et al., 2000; Santos et al., 2001; Milkhailova e Barbosa, 2002).
Como o valor dos servicos depende do ano considerado na cotacéo e da localizacao,
diferencas ecoldgicas, socio-ecoldgicas e metodoldgicas podem explicar a variacdo nos
valores encontrados na literatura em comparacao a este estudo (Camphora e May, 2006; de
Groot et al., 2012). Por exemplo, em Florestas Ombrofila Densa, reflorestamentos e
restingas na regido de Pontal do Parana estimativas apontaram um estoque total de carbono
de 4 milhGes de toneladas, correspondendo a US$ 23 milhGes numa area de 20.216 ha
(Garcia et al., 2015). Bacias hidrograficas (603.600 ha) no Parana dominadas por Florestas

Ombrofilas Densa, Mista e reflorestamentos representaram 43,2 milhdes de toneladas de
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carbono correspondendo a US$ 280,8 milhdes (Garcia 2012). Em relagdo aos tipos de uso e
cobertura do Mosaico Lagamar, a Floresta Ombrofila Densa apresentou maiores médias de
carbono (283,60 MgC.ha™) e valores econdmicos (US$6.140 ha™) comparado a outros usos
como agricultura (81,79 MgC.ha*, US$1.771.ha™) e pastagem (34,14 MgC.ha,
US$740.hat). Isso demonstra uma perda de cerca US$3.629.ha™ s6 para o servico de
estoque de carbono ao se converter areas florestais em agricultura e pastagem. Ja
comparando florestas estacionais e pastagens em Sao Paulo, essa diferenca entre os usos foi
ainda maior, pois o estoque de carbono nessas florestas renderam US$6.569.ha™*.ano™ e
reflorestamentos US$1.453.ha™*.ano™ enquanto que as pastagens apresentaram valor zero no
estoque de carbono (Ditt, 2008). Outras estimativas de perdas em relacdo ao estoque de
carbono pela converséo de areas tambem foram encontradas em florestas tropicais no
Camardes, e mostraram que a manutencao dessas florestas contribui com US$2.225.ha™*
contra US$664. ha™* da agricultura (Yaron 2001).

No geral, as areas no Mosaico localizadas em unidades de conservacéo e fora delas
apresentaram diferencas nas quantidades e no valor dos servicos de proviséao e de
regulacdo. O estoque e 0 sequestro de carbono foram maiores que o servigo de provisao
dentro e fora das unidades e esse padrdo se manteve ao se analisar também o nivel
municipal. Anualmente, o sequestro de carbono apresenta um rendimento de mais de mil
vezes maiores que 0s servicos de provisdo. Estes resultados demonstram o potencial dessa
regido em fornecer e também receber por esse tipo de servico de regulacdo, contribuindo,
assim, com a economia local. Importante destacar que os municipios do Parana e Séo Paulo
recebem ICMS ecoldgico®, que foi o primeiro instrumento econdmico a pagar pelos
servigos ambientais no Brasil e que provem do repasse de recursos financeiros gerados da
arrecadacao tributaria aos municipios que abrigam unidades de conservacdo em seus
territorios (http://www.icmsecologico.org.br). Portanto, além do ICMS ecoldgico que ja
existe, a regido poderia se beneficiar com projetos de pagamentos por servigos ambientais
(PSA). Como o estoque e 0 sequestro de carbono sao servicos indispensaveis as sociedades

locais e globais, pois estdo diretamente relacionadas as mudancas climaticas (IPCC, 2006),

* Os municipios recebem 25% da arrecadaco estadual decorrente do Imposto sobre operacées
relativas & Circulacdo de Mercadorias e Servigos (ICMS) e os critérios de repasse desses recursos
sdo definidos pelo Estado. Um desses critérios é o ICMS-Ecoldgico que é a denominacéo de
qualquer critério ambiental (ou conjunto de critérios) utilizado para calcular o percentual do ICMS
que seré destinado aos municipios de um estado em funcgéo da questdo ambiental (Loureiro, 2002).
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politicas que priorizem a adoc¢do de programas de pagamentos por este tipo de servi¢o via
mercado de créditos de carbono sdo essenciais (Pfaff et al., 2000; Kirby e Potvin, 2007;
May, 2011). Na Floresta Atlantica existem somente 33 projetos de pagamentos por servicgos
ambientais (PSA) de carbono, por meio da conservacao e restauracao florestal. Um
exemplo dessas iniciativas na regido de estudo € o que esta sendo realizado pela
organizacdo ndo governamental Sociedade de Pesquisa em Vida Selvagem (SPVS), em
uma area de 19.000 ha, na APA de Guaraquecaba (Guedes e Seehusen, 2011). Este nimero
de projetos de PSA de carbono poderia ser intensificado, visto o potencial da regido como
sumidouro de carbono. Esses resutados também podem contribuir para o apoio financeiro
as unidades de conservacao por instrumentos econdmicos internacionais como o REDD+
que tem por objetivo reduzir as emissdes de gases do efeito estufa provenientes do
desmatamento e da degradacao florestal por meio da conservacao e do aumento dos
estoques de carbono florestal e do manejo sustentavel de florestas (MMA, 2016). Em
dezembro de 2015 o Brasil estabeleceu uma estrategia nacional para 0o REDD+ (Portaria
MMA n° 370, de 2 de dezembro de 2015) com metas na reducdo das emissdes de gases do
efeito estufa até 2020. Sendo assim, a criacdo e o fortalecimento de unidades de
conservacdao como 0 Mosaico Lagamar que armazena 227 milhGes de toneladas de carbono
pode ajudar o Brasil a cumprir essas metas visto que séo instrumentos essenciais para
reduzir desmatamentos e a degradacao florestal.

O estoque de carbono com 103.650.566 de toneladas foi maior em unidades de
conservacao de uso sustentavel do que em unidades de protecdo integral com cerca de
44.551.442. Resultados semelhantes foram encontrados por Medeiros e Young (2011), ao
analisar todas as unidades de conservacdo (uso sustentavel e de protecéo integral) da
Floresta Atlantica. Eles demonstraram que o estoque de carbono em unidades de
conservacao de uso sustentavel era de 238.582.400 toneladas contra 136.258.560 toneladas
em unidades de protecdo integral. Essas diferengas podem ser explicadas pelo tamanho
médio destas diferentes categorias, onde as areas de conservacao de uso sustentavel séo
maiores que as de protecéo integral, estocando, portanto, mais carbono. Apesar das
diferencas entre os tipos de unidades de conservacao, juntas elas impediram a emisséo de
cerca de 148 milhdes de toneladas de carbono e um rendimento potencial de US$ 3 bilhdes

na regido do Lagamar. Resultados como esse demonstram como as areas protegidas


http://pesquisa.in.gov.br/imprensa/jsp/visualiza/index.jsp?jornal=1&pagina=90&data=03/12/2015
http://pesquisa.in.gov.br/imprensa/jsp/visualiza/index.jsp?jornal=1&pagina=90&data=03/12/2015
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contribuem para a economia nacional e que servi¢os ecossistémicos como um todo geram
contribui¢Ges econdmicas que superam significativamente o montante que tem sido
destinado pelas administra¢fes publicas a manutencdo do Sistema Nacional de Unidades de
Conservacao da Natureza (SNUC) (Medeiros e Young 2011).

Os resultados desse estudo destacam a importancia do Mosaico Lagamar e de suas
unidades de conservacao para a sociedade em geral, pois demonstra que mesmo em
unidades de conservagdo ha uma geragdo de US$ 104 milhdes em servigos de proviséo,
porém muito menores em magnitude ao rendimento de outro servico, como o de estoque de
carbono (US$ 5 bilhdes). Isso ressalta o prejuizo decorrente da conversdo de uma area
florestal em uma zona agricola podendo causar perdas econémicas de servigos
ecossistémicos em US$ 4.3-20.2 trilhdes ao ano ao nivel global (Costanza et al., 2014). No
caso da Floresta Atlantica em que a conversao de areas naturais em areas urbanas, agricolas
e de pecuéria pode causar a perda de diversos servicos ecossistémicos, inclusive outros nao
avaliados aqui (p. ex. purificacdo da agua, controle de erosédo, biodiversidade, polinizacao
e servicos culturais), a criacdo e manutencdo de unidades de conservagao tém um papel
importante em barrar este processo. Os resultados desse estudo podem contribuir com o
fortalecimento do Mosaico Lagamar como unidade de gestdo ambiental, direcionando
decisdes sobre 0 uso e protecdo dos ecossistemas e a formulacao de politicas ambientais e
de pagamentos por servigos ambientais. A¢des como esta devem minimizar a presséo que
as unidades de conservacdo vém sofrendo com processos de degradacéo, reducao, extingédo

e reclassificacdo das mesmas (Bernard et al., 2014).
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Tabela 1. Estoque de carbono (acima do solo, abaixo do solo, carbono organico do solo e matéria
organica morta) médio e valor econdmico, por classe de uso e cobertura do solo, no Mosaico Lagamar.
'Reflorestamento (Vegetacdo secundaéria inicial); 2Agropasto (Integracio Lavoura-Pecuéria).

Area (ha) Estoque de carbono
médio (Mg.ha™)  COueq(Mg.ha®)  Valor (US$. ha)

Classe

Floresta Ombrdfila Densa  916.813 283,60 1.040,81 6.140,79
Floresta Ombrdfila Mista 780 177,78 652,44 3.849,42
Restinga 32.756 111,11 407,78 2.405,89
Reflorestamento’ 1.981 100 367 2.165,30
Agricultura 26.012 81,79 300,17 1.771,00
Agropasto® 6.141 57,98 212,77 1.255,33
Pastagem 1.540 34,18 125,44 740,10

Urbano 7.516 0 0 0
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Fig. 1. Localizacdo do Mosaico Lagamar, no litoral sul do Estado de S&o Paulo e litoral do
Estado do Parand, e os remanescentes florestais da Floresta Atlantica. (Fonte: SOSMA,
2015 e SPVS, 2011).

Fig. 2. Valor econémico dos servicos de provisdo (a) e de regulacao (estoque de carbono)

(b) dentro e fora de unidades de conservacdo no Mosaico Lagamar.

Fig. 3. Valor econdmico, por municipio, dos servicos de proviséo (a) e de regulacao

estoque de carbono (b) dentro e fora de unidades de conservacdo no Mosaico Lagamar.
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Tabela S1: Valores médios de estoque de carbono (Mg.ha™), em cada nivel, nas diferentes classes de uso e cobertura do solo, no
Mosaico Lagamar. (n) nimero de citacdes utilizadas para o calculo médio; (ref) referéncias bibliograficas utilizadas nas estimativas,
de acordo com a Tabela S2. Floresta Ombrofila Densa (FOD), Floresta Ombroéfila Mista (FOM).

Classe de uso e

cobertura C_acima n ref C_abaixo n ref C solo n ref C_morta n ref

FOD 1336 8 2,7,8,14,20,22,36,37 9433 4 7,1436,37 4828 3 13,19 739 4 7,14,36,37
FOM 87.76 8 3,5,23,3538,39,40,41 1983 3 9,39,40 657 2 6,21 338 6 10,17,31,35,39,40
Reflorestamento 447 3 14,32,36 8.2 4 14,26,36,32 43.45 11 4,1419,32 208 5 14,11,36
Agricultura 18.08 4 28,33 3.88 3 33 57.08 5 21,34 246 3 6,12
Pastagem 1.34 7 12,30,36,42 1.47 2 12 30.19 8 4,13,14,19 118 5 12,17,25,42
Restinga 8449 3 18,2,36 1282 2 36,26 9.67 5 1 2.4 4 15,24,29,36
Agropasto* 9.71 - - 2675 - - 43.635 - - 182 - -
Urbano 0 0 0 0

*Para agropasto foram utilizados valores médios de carbono na agricultura e pastagem



Tabela S2. Lista de referéncias bibliograficas utilizadas para a estimativa do estoque médio
de carbono citadas na Tabela S1.

NUmero

Referéncia

1

Almeida, D.Q.A., (Dissertacdo de Mestrado) 2012. Ciclagem de carbono e
nitrogenio no solo sob restinga do estado de sao paulo.. Escola Superior de
Agricultura "Luiz de Queiroz"

Alves, L.F., et al., 2010. Forest structure and live aboveground biomass
variation along an elevational gradient of tropical Atlantic moist forest
(Brazil). Forest Ecol. Manage. 260, 679-691.

Amaral, L.P., et al., 2010. Andlise da distribuicéo espacial de biomassa e
carbono arboreo acima do solo em Floresta Ombréfila Mista. Ambiéncia, 6,
103-114.

Balieiro, F.C., et al., 2008. Soil carbon and nitrogen in pasture soil reforested
with Eucalyptus and Guachapele. R. Bras. Ci. Solo, 32, 1253-1260.

Barreto, T.G., et al., 2014. Dindmica da biomassa e do carbono em fragmento
urbano de floresta ombrofila mista. Enciclopédia Biosfera, 10 (18), 1300-
1315.

Bini, D., et al., 2013. Effects of land use on soil organic carbon and microbial
processes associated with soil health in southern Brazil. Eur. J. Soil Biol. 55,
117-123.

Borgo, M., (Tese de Doutorado) 2010. A Floresta Atlantica do litoral norte do
Parand, Brasil: aspectos floristicos, estruturais e estoque de biomassa ao longo
do processo sucessional. Universidade Federal do Parana.

Britez, R.M., et al., 2006. Estoque e incremento de carbono em florestas e
povoamento de espécies arboreas com énfase na Floresta Atlantica do sul do
Brasil. Colombo, Embrapa Florestas.

Caldeira, M.V.W., (Tese de Doutorado) 2003. Determinacao de biomassa e
nutrientes em uma Floresta Ombrofila Mista Montana em General Carneiro,
Parana. Universidade Federal do Parana.

10

Caldeira, M.V.W., et al., 2007. Quantificacdo de serapilheira e de nutrientes —
Floresta Ombrdfila Mista Montana — Parand. Rev. Acad. 5(2), 101-116.

11

Caldeira, M.V.W., et al., 2008. Quantificacdo de serapilheira e de nutrientes
em uma Floresta Ombrdéfila Densa. Semina, 29(1), 53-68.

12

Costa, L.G.S,, et al., 2012. Biomass in different types of land use in the
Brazil’s ‘arc of deforestation’. Forest Ecol. Manage. 278, 101-109.

13

Costa, O.V., et al., 2009. Estoque de carbono do solo sob pastagem em area
de tabuleiro costeiro no Sul da Bahia. R. Bras. Ci. Solo, 33:1137-1145.

14

Damasceno de Azevedo, A., (Dissertacdo de Mestrado) 2012. Estoque de
carbono em areas de recuperacdo da Mata Atlantica com diferentes idades na
Bacia do Rio Guapiacu, Cachoeiras de Macacu, Rio de Janeiro. Universidade
Federal Rural do Rio de Janeiro.

15

Dias, A.T.C.,, et al., 2006. Aboveground biomass stock of native woodland on
a Brazilian sandy coastal plain: Estimates based on the dominant tree species.
Forest Ecol. Manage, 226, 364—-367.
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16

Figueiredo Filho, A., et al., 2003. Avaliacao estacional da deposicédo de
serapilheira em uma Floresta Ombrofila Mista localizada no Sul do Estado do
Parana. Ciéncia Florestal, 13(1), 11-18

17

Goulart, A. C.O., Monteiro, J. M. G. 2012. Estoque carbono na biomassa
acima do solo de pastagens e serapilheira em Sao José de Uba, estado do Rio
de Janeiro. In: Anais do Congresso Florestal Paranaense.

18

Hawes, J.E., et al., 2012. Landscape-scale variation in structure and biomass
of Amazonian seasonally flooded and unflooded forests. Forest Ecol. Manage.

281, 163-176.

19

Lima, A.M.N., et al.,2011. Modeling changes in organic carbon stocks for
distinct soils in Southeastern Brazil after four eucalyptus rotations using the
century model. R. Bras. Ci. Solo, 35, 833-847.

20

Lindner, A. 2010. Biomass storage and stand structure in a conservation unit
in the Atlantic Rainforest—The role of big trees. Ecol Eng. 36 (12), 1769-
1773.

21

Machado, P.L.O.A., Silva, C.A., 2001. Soil management under no-tillage
systems in the tropics with special reference to Brazil. Nutr. Cycl. Agroecosys
61, 119-130.

22

Medeiros, M.C.M.P., Aidar, M.P.M., 2011. Structural variation and content
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Séo Paulo, Brazil. Hoehnea 38(3), 413-428.

23

Mognon, F., et al., 2013. Uma década de dindmica da fixacéo de carbono na
biomassa arb6rea em Floresta Ombrofila Mista no sul do Parana. Floresta, 43,
153-164.

24

Moraes, R.M., Delitti, W.B.C., Struffaldi-Vuono, Y., 1999. Litterfall and
litter nutrient content in two Brazilian Tropical Forests. Braz. J. Bot. 22, 9—
16.

25

Miller, M.D., et al., 2007. Estimativa do acimulo de biomassa e carbono por
sistema silvipastoril implantado em area montanhosa na Zona da Mata
Mineira — Juiz de Fora. Embrapa Gado de Leite, Boletim de Pesquisa, 23,
23p.

26

Nogueira, E.M., et al., 2015. Carbon stock loss from deforestation through
2013 in Brazilian Amazonia. Glob. Change Biol. 21, 1271-1292.

27

Nogueira, M.O.G., (Dissertacao de Mestrado) 2013. Estoque de carbono na
biomassa radicular e no solo em ecossistema florestal em processo de
recuperacdo. Universidade Federal de Lavras.

28

Intergovernmental Panel on Climate Change — IPCC. Agriculture, Forestry
and Other Land Use. Guidelines for National Greenhouse Gas Inventories,
Vol. 4, 2006. Disponivel em: http:// www.ipcc.ch/meetings/session25. Acesso
em: 23/05/2015

29

Pires, L.A., et al., 2006. Producédo, acimulo e decomposic¢éo da serapilheira
em uma restinga da llha do Mel, Paranagua, PR, Brasil. Acta Bot. Bras., 20,
173-184.

30

Ribeiro, S.C., (Dissertagéo de Mestrado) 2007. Quantificagcdo do estoque de
biomassa e analise econdmica da implementacdo de projetos visando a
geracdo de créditos de carbono em pastagem, capoeira e floresta priméria.
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Universidade Federal de Vigosa.

31

Sanquetta, C.R. et al., 2014. Biomass and carbon in non-woody vegetation,
dead wood and litter in Iguacu National Park. Floresta, 44(2), 185-194.

32

Sattler, D., et al., 2014. Influence of soil and topography on aboveground
biomass accumulation and carbon stocks of afforested pastures in South
East Brazil. Ecol. Eng. 73, 126-131.

33

Silva-Olaya, A.M., (Tese de doutorado) 2014. Soil organic carbon dynamics
in sugarcane in south-central Brazil. Escola Superior de Agricultura "Luiz de
Queiroz".

34

Sisti, C.P.J., 2004. Change in carbon and nitrogen stocks in soil under 13
years of conventional or zero tillage in southern Brazil. Soil Till Res. 76, 39—
58.

35

Socher, L.G., Roderjan, C.V., Galvao, F., 2008. Biomassa aérea de uma
Floresta Ombréfila Mista Aluvial no municipio de Araucéria (PR). Floresta
38(2), 245-252.

36

Tiepolo, G.M., Calmon, M., Ferretti, A.R., 2002. Measuring and monitoring
carbon stocks at the Guaraquecaba climate action project, Parana, Brazil. In:
International Symposium on Forest Carbon Sequestration and Monitoring,
2002, Taipei, Taiwan. Anais, Taipei, Taiwan Forestry Research Institute,
Taipei, pp. 98-115.

37

Vieira, S.M., et al., 2011. Stocks of carbon and nitrogen and partitioning
between above- and belowground pools in the Brazilian coastal Atlantic
Forest elevation range. Ecol Evol. 1(3), 421-434.

38

Watzlawick, L.F., 2004. Teores de carbono em espécies da Floresta
Ombrofila Mista. In: Sanquetta, C.R., Balbinot, R., Ziliotto, M.A.B., Fixagdo
de carbono: atualidades, projetos e pesquisas. Curitiba: AM Impressos, p.95 -
1009.

39

Watzlawick, L.F., et al., 2002. Fixacdo de carbono em floresta ombrofila
mista em diferentes estagios de regeneracdo. In: Sanquetta, C.R., Watzlawick,
L.F., Balbinot, R., Ziliotto, M.A.B., Gomes, F.S., As florestas e o carbono.
Curitiba, p.153-173.

40
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41
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Tabela S3. Estoque de carbono médio (x DP) e total, por unidade de conservacgéo

(UC) de uso sustentavel no Mosaico Lagamar.

uc Carbono (MgC. ha™) Total

AEIT do Marumbi 272 + 46,16 14.719.012
APA de Cananéia-lguape-Peruibe 273,37 + 42,48 42.436.731
APA de Guaraquegaba 266,92 + 51,96 42.091.071
APA Estadual de Guaratuba 265,33 £ 56,11 42.523.528
APA llha Comprida 219,87 + 93,55 3.926.819
ARIE Guara 108,73 £ 5,81 15.729
ARIE Ilha Ameixal 109 £ 85,79 9.777
FE do Palmito 267,42 + 50,98 141.361
RDS da Barra do Una 140 * 66,5 53.914
RDS do Despraiado 281,37 £ 18 1.114.732
RDS Itapanhapima 212,41 + 85,27 199.608
RESEX Ilha do Tumba 194,79 + 86,78 189.881
RESEX Mandira 154,25 + 76,15 122.470
RESEX Taquari 152,64 + 75,07 202.440
RPPN Aguas Belas 277,22 + 33,62 162.191
RPPN Cachoeira 245,23 + 78,63 1.046.077
RPPN Itaqui 261,22 + 60,44 1.187.748
RPPN Morro da Mina 282,63 = 8,27 378.889
RPPN Salto do Morato 283 251.269
RPPN Santa Maria 253,92 + 70,80 108.748
RPPN Sebui 275,48 + 35,34 126.722
RPPN Serra do Itatins 283 21.270
RPPN Vo Borges 283 3.686
Total 233+49 151.033.684
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Tabela S4. Estoque de carbono médio e total (£ DP) por unidade de conservagédo (UC) de

protecdo integral no Mosaico Lagamar.

uc Carbono (MgC. ha') Total
EE Chaués 281,88 + 14,96 747.296
EE de Guaraquecaba 156,75 = 77,74 475.287
EE do Guaraguagu 273 + 40,42 315.384
EE Ilha do Mel 283 590.455
EE Juréia-Itatins 275,95 + 35,07 6.652.950
PE Campina do Encantado 282,90 + 4,36 885.966
PE da Graciosa 280,81 £ 20,53 323.891
PE da Ilha do Mel 279,08 + 25,83 85.006
PE da Serra da Baitaca 275,75 £ 37,92 833.954
PE do Boguagu 247,99 £ 72,44 1.444.179
PE do Itingucu 282,97 + 2,26 1.369.749
PE do Pau Oco 283 250.418
PE do Prelado 283 517.286
PE Florestal do Rio da Onca 280,84 + 24,58 33.181
PE Ilha do Cardoso 271,62 + 43,60 3.004.575
PE Lagamar Cananéia 281,44 + 16,48 11.439.722
PE Pico do Marumbi 283 707.298
PE Pico Parana 266,88 + 55,78 1.152.677
PE Ribas Lange 283 790.393
PN do Superaqui 259,90 £ 59,42 7.993.326
PN Saint Hilaire-Lang 282,25 + 12,74 6.921.285
REBIO Bom Jesus 281,14 + 18,68 9.704.548
Total 271,64 + 25,58 56.238.837
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Figura S1: Unidades de conservacdo analisadas no Mosaico Lagamar. Siglas: Estacao
Ecoldgica (EE), Area de Protecio Ambiental (APA), Parque Estadual (PE), Area de
Relevante Interesse Ecoldgico (ARIE), Reserva Extrativista (RESEX), Reserva Bioldgica
(REBIO), Parque Nacional (PN), Reserva de Desenvolvimento Sustentavel (RDS), Reserva

Particular do Patriménio Natural (RPPN), Floresta Estadual (FE), Area de Especial
Interesse Turistico (AEIT). Fonte: MMA (http://www.mma.gov.br) e SPVS, 2011.
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CONCLUSOES

A Floresta Atlantica, assim como as demais florestas tropicais, € um
ecossistema rico em biodiversidade e servicos ecossistémicos. Apesar das
constantes ameacas devido as expansdes agricola e pecuéaria, acdes de
restauracdo estdo contribuindo com o aumento na provisdo de servicos e
biodiversidade em relacdo as éareas degradadas. A recuperacdo dos SE é
influenciada pela escolha das estratégias de restauracdo, onde estratégias
simples e baratas como a regeneracao natural apresentam, em geral, os melhores
resultados, enquanto reflorestamentos com espécies exoticas, os piores. A
estratégia de restauracdo utilizando sistemas agroflorestais apresenta bons
resultados na recuperacdo dos servicos ecossistémicos e da biodiversidade,
podendo ser esta uma alternativa na gestdo dos ecossistemas, onde € possivel
equilibrar a produtividade agricola com a protecdo ambiental e melhorar os meios
de subsisténcia a pequenos agricultores rurais. Portanto, enquanto politicas de
reducéo de desmatamento da Floresta Tropical ainda ndo alcancem resultados
significativos, a restauracdo ecologica € uma opcao eficiente para retomada dos

servicos ecossistémicos e biodiversidade nestes importantes ecossistemas.

A andlise dos padrdes de distribuicdo e interacdo espacial entre 0s servigos
ecossistémicos e biodiversidade da Floresta Atlantica mostraram que 0os mesmos
sdo decorrentes dos gradientes soécio-ecoldgicos resultantes da diversidade de
usos e do historico de degradacéao. “Tradeoffs” foram mais comuns entre servigos
de provisdo e de regulacdo enquanto que as sinergias ocorreram entre servicos de
mesma categoria. Os “bundles” apresentaram diferentes composi¢des de servigos
ecossistémicos e biodiversidade, indicando uma covariacdo entre essas variaveis
e também regides no bioma onde ha uma maior provisdo de determinados tipos
de servico. Estes padrbes na distribuicdo dos servicos indicam areas importantes
para acdes de conservacao e de restauracdo ao apresentarem regides onde ha
"bundles" com maiores niveis de biodiversidade e baixos niveis de servicos de
provisao e de regulacdo. Assim, identificar padroes de distribuicdo e a interagcéo

entre servicos e a biodiversidade pode guiar melhor a gestdo dos ecossistemas,
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além de acdes de conservacao e de restauracdo, afim de mitigar potenciais trade-

offs e aumentar sinergias entre os servigos dos ecossistemas e da biodiversidade.

A avaliagdo dos SE no Mosaico Lagamar mostrou que a regido tem um
potencial econémico no valor de US$ 104 milh6es em servi¢os de provisdo e US$
147 milhdes em servico de regulacdo ao ano. O servico de regulacdo apresentou
maiores valores (US$ 3 bilhdes em UC; US$ 529 milhdes fora de UC) em relacéo
aos servigos de provisao (US$ 2 milhdes em UC; US$ 1 milhdo fora) dentro e fora
de unidades de conservacdo. Além disso, ao se comparar 0 estoque médio de
carbono por tipo de cobertura no Mosaico, fragmentos de Floresta Ombréfila
Densa s&o responsaveis pelo estoque de carbono (283,60 MgC.ha™, equivalendo
a US$ 6.140 ha™) trés vezes maior que a agricultura (81,79 MgC.ha™, US$1.771
ha') e oito vezes maior que pastagens (34,14 MgC ha™, US$740 ha™). Sendo
assim, a conversdo de areas florestais em agricultura e pastagem pode causar
uma perda de US$3.629 ha' apenas considerando o servico de estoque de
carbono. Isso ressalta que existiiam perdas econdmicas de servigos
ecossistémicos, além da emissdo de gases de efeito estufa decorrente da
conversdo de uma area florestal em uma zona agricola. A criacdo e a manutencao
de unidades de conservacédo, além de barrar esse processo de conversdo de
areas naturais, poderiam gerar também oportunidades econémicas reforcando a
ideia de que areas protegidas podem contribuir com o desenvolvimento econémico
e socioambiental. Os resultados desse estudo podem contribuir com o
fortalecimento do Mosaico Lagamar como unidade de gestdao ambiental,
direcionando decisbes sobre o uso e protecdo dos ecossistemas, na formulacao
de politicas ambientais de pagamentos por servicos ambientais e de instrumentos

internacionais como o REDD+.



