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CUSTOS DE OPORTUNIDADE E PERMUTAS (“TRADEOFFS”) NO 

PLANEJAMENTO ESPACIAL MARINHO  

 
RESUMO 

Os países signatários da Convenção da Diversidade Biológica da Organização das Nações 

Unidas (CDB/ONU) reconheceram o cenário precário de proteção da biodiversidade marinha 

global e assumiram o compromisso de proteger 10% das suas Zonas Econômicas Exclusivas 

(ZEE). O Brasil é o primeiro signatário da CDB e está comprometido com o acordo. 

Entretanto, o atual estado da conservação marinha brasileira, aliado à política de 

desenvolvimento acelerado, gera um cenário desafiador para o atingimento efetivo dessa 

meta. O Planejamento Sistemático para Conservação (PSC) é a abordagem conceitual e 

matemática que busca otimizar de processos criação de áreas protegidas atingindo metas de 

proteção da biodiversidade e possibilitando a redução dos custos envolvidos de forma 

eficiente, replicável e justa. Os impactos socioeconômicos causados por restrições de acesso 

aos recursos naturais representam custos de oportunidade fundamentais para o 

desenvolvimento de um PSC. No entanto, considerar tais custos em regiões com pobreza de 

dados representa um desafio contemporâneo para a ciência devido à carência de dados 

socioeconômicos históricos, abrangentes e espacialmente explícitos. No Atlântico Sul, a 

região do Banco dos Abrolhos, sul da Bahia e norte do Espírito Santo, é uma área prioritária 

para conservação devido à sua relevância biológica e socioeconômica. Recentemente, uma 

importante iniciativa de PSC foi paralisada na região devido à intervenção do setor pesqueiro 

que alegou falta de representatividade e alto impacto das áreas marinhas protegidas propostas. 

Diante do exposto, o presente trabalho fornece uma revisão sobre a problemática da 

representatividade e abrangência dos custos de oportunidades para a pesca (Capitulo I), 

apresenta um novo método para estimar camadas heterogêneas de custos de oportunidade, 

baseado na distribuição dos habitats dos recursos pesqueiros (Capítulo II) e um modelo de 

PSC para o Banco dos Abrolhos que permite analisar permutas (tradeoffs) entre a proteção da 

biodiversidade e a exploração de recursos naturais (Capítulo III). Os resultados apresentados, 

assim como os dados e modelos produzidos, trazem novas perspectivas para o avanço do 

conhecimento sobre a incorporação de custos socioeconômicos em PSC e para a solução de 

um problema prático de conservação da biodiversidade marinha brasileira. 

Palavras-chave: Banco dos Abrolhos, planejamento sistemático para conservação, custo de 

conservação, habitats, biodiversidade, pesca. 



	

OPPORTUNITY COST AND TRADEOFF IN MARINE SPATIAL PLANNING 

 

ABSTRACT 
The signatory countries of the United Nations Convention on Biological Diversity (CDB) 

recognized the poor scenario of the global biodiversity protection assuming a commitment to 

protect 10% of the Economic Exclusive Zones. Brazil is the first signatory, however, the 

actual condition of the Brazilian marine conservation, combined with the accelerated 

development police, generates a big challenge scenario to achieve the CDB targets. The 

Systematic Conservation Planning (PSC) is a mathematic approach that allows optimizing the 

selection process to design protected areas achieving biodiversity targets while minimizing 

the costs in an efficient, replicable and fair way. The socioeconomic impact of the access 

restriction of natural resources represents the opportunity cost necessary to be incorporated in 

the PSC process. However, considering that cost in a data poor condition is a 

contemporaneous challenge because it demands a historically, comprehensively and spatially 

explicit database. The Abrolhos Bank, in the south of Bahia and north of Espírito Santo 

(South Atlantic), is a priority area for conservation because its biologic and socioeconomic 

relevance. Recently, an important PSC initiative in this region was stoped by the fishing 

sector that claimed for representativeness and pointed the high opportunity cost for fishing in 

the proposal marine protected areas. This thesis provides a review about opportunity costs’ 

representativeness and comprehensiveness for fishing (Chapter I), a novel approach to 

estimate heterogeneous layers of opportunity cost for fisheries (Chapter II) and a PSC model 

to Abrolhos Bank that allow to analyse the tradeoffs between the achievement of targets to 

biodiversity protection and the exploration of natural resources (Chapter III). The presented 

results, database and models bring a new perspective to move forward with the knowledge 

about integrating socioeconomic costs in the PSC process and to solve a practical problem of 

the Brazilian marine biodiversity conservation. 

 

Keywords: Abrolhos Bank, systematic conservation planning, cost of conservation, 

biodiversity, habitats, fishing. 
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INTRODUÇÃO GERAL 

1. ÁREAS MARINHAS PROTEGIDAS (AMPS): UMA NECESSIDADE GLOBAL 

Em 2050 a população mundial alcançará 9,7 bilhões de habitantes (United Nations, 

2015). A concentração humana próximo ao litoral implica em necessidades de expansão da 

infraestrutura portuária, pesqueira, industrial e habitacional, transformado rápida e 

drasticamente as paisagens costeiras.. A política econômica desenvolvimentista, que busca 

maximizar o retorno de investimentos em curto prazo, precisa estar aliada a conservação dos 

ecossistemas para assegurar, em longo prazo, o provimento dos bens e serviços 

proporcionados pela biodiversidade, a resiliência dos ecossistemas frente a estressores 

antropogênicos e climáticos, e a qualidade de vida das populações costeiras (Balmford et al., 

2002).  

A intensa exploração do Oceano nos últimos 50 anos tem causado alterações 

significativas nos ecossistemas marinhos (Pauly et al., 1998). Em sistemas comunais de 

extrativismo, envolvendo os recursos naturais não privatizados das áreas costeiras e marinhas, 

a necessidade de implementação de medidas de conservação é premente, em função da 

concorrência pela máxima extração (Hardin, 1968). Com muitos ecossistemas e estoques 

pesqueiros à beira do colapso, os gestores têm planejado investimentos crescentes em Áreas 

Marinhas Protegidas (AMPs), visto que podem representar ferramentas efetivas para 

restauração de ambientes degradados, ordenamento territorial, e até mesmo aumento na 

produtividade pesqueira (Palumbi, 1999; Boersma & Parrish, 1999; Lindeman et al., 2000; 

Sanchirico et al., 2002). 

Em escala global, os países signatários da Convenção da Diversidade Biológica 

(CDB) da Organização das Nações Unidas (ONU) comprometeram-se com a proteção de pelo 

menos 10% dos oceanos mundiais até 2020, as denominadas Metas de Aichi (CDB, 2010). 

Entretanto, em 2010, as cerca de 6 mil AMPs existentes cobriam apenas 1,7% da superfície 

oceânica (Toropova et al., 2010). Além disso, parte significativa destas AMPs foi estabelecida 

de maneira oportunista ou com base na opinião de especialistas (planejamento ad hoc; 

Stewart et al., 2003). A inefetividade na alocação de recursos para decretação de AMPs que 

pouco contribuem para a conservação da biodiversidade, ou cujas características e processo 

de delineamento são considerados injustos pelos afetados e/ou beneficiários, resulta em 

“parques de papel” (paper-parks; Rife et al., 2013).  
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O planejamento de novas AMPs deve considerar, conjuntamente, os usos existentes ou 

futuros (custos da conservação) e o alcance de metas que representem a conservação da 

biodiversidade (benefícios da conservação) de uma dada região. Portanto, a representação das 

informações deve ser equitativa, tanto para biodiversidade quanto para os atores sociais que 

podem perder oportunidades econômicas. A sistematização das informações existentes e o 

planejamento adequado qualifica as discussões junto à sociedade, um dos passos 

fundamentais para aumentar a aceitação e aderência a novos regimes de uso do espaço 

costeiro e marinho.  

 

2. PLANEJAMENTO SISTEMÁTICO PARA CONSERVAÇÃO (PSC) 

O PSC é uma abordagem que pode ser aplicada pelos gestores responsáveis por 

conduzir os processos decisórios que envolvem AMPs. Trata-se de um ciclo que vai desde a 

pesquisa até a tomada de decisão sobre as ações de conservação, incluindo consultas 

suficientes para envolvimento dos diversos atores e setores envolvidos (stakeholders). O 

arcabouço conceitual do PSC obedece aos seguintes princípios, postulados por Pressey et al. 

(1993):  

I. Insubstituibilidade - representação de alvos insubstituíveis para biodiversidade;  

II. Complementaridade - complementar áreas protegidas existentes;  

III. Flexibilidade - possibilitar combinações variadas entre elementos de 

biodiversidade e metas de conservação; 

IV. Vulnerabilidade - considerar ameaças futuras à biodiversidade; 

V. Representatividade - representar os níveis hierárquicos da biodiversidade desde 

a variabilidade genética até a diversidade funcional; e 

VI. Persistência - manter a integridade dos alvos em longo prazo. 

 

Além desses princípios, o PSC deve ser participativo e representar os stakeholders do 

princípio ao fim. Em função dessa complexidade, o PSC demanda a utilização de ferramentas 

de suporte à decisão para priorizar a seleção dos locais mais adequados para o atingimento de 

metas de conservação, considerando os custos envolvidos. Tais ferramentas podem se basear 

em duas abordagens distintas: 1) minimum set, que visa o alcance de metas de conservação da 

biodiversidade ao menor custo possível; e 2) maximum coverage, que maximiza a cobertura 

de proteção da biodiversidade a um determinado custo fixo. Dentre os softwares de suporte à 

tomada de decisão mais amplamente utilizados, tanto em estudos conceituais e simulações 
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quanto em situações reais de PSC, destacam-se: ResNet (Kelley et al., 2002); Marxan (Ball & 

Possingham, 2000); Zonation (Moilanen et al., 2005); C-Plan (Pressey et al., 2009); e Marxan 

with Zones (Watts et al., 2009). A aplicação desses algoritmos, que são computacionalmente 

intensivos, possibilita a análise conjunta das informações sobre metas, benefícios e custos da 

conservação, auxiliando os tomadores de decisão na busca por soluções espacialmente 

explícitas capazes de maximizar os objetivos de conservação frente as limitações existentes.  

As limitações existentes são proporcionais à complexidade dos problemas de 

priorização, principalmente quando envolvem múltiplas formas de uso dos recursos e diversos 

tipos de AMPs (Klein et al., 2010). O software Marxan with Zones foi desenvolvido para 

suprir a demanda de priorização por zonas com alvos, metas e custos específicos (Watts et al., 

2009). Trata-se do algoritmo com maiores possibilidades de utilização em problemas reais de 

conservação em ambientes costeiros e marinhos, pois permite encontrar soluções para zonas 

de uso múltiplo e para diversas categorias de AMPs, simultaneamente. 

Outra limitação do planejamento espacial marinho diz respeito à qualidade das 

informações espaciais para representação dos valores sociais, que mudam ao longo do tempo 

e do espaço e diferem entre os diferentes atores (Ives & Kendal, 2014). Para serem 

comparados diretamente, os valores precisam ser reduzidos a uma escala simples que utilize 

um padrão comum (e.g. dinheiro). A análise de permutas (tradeoffs) entre os valores 

ambientais e socioeconômicos podem contribuir nesse sentido (Klein et al. 2010), ainda que 

bens e serviços culturais ou ecossistêmicos sejam difíceis de monetizar, por serem intangíveis 

(Chan et al. 2012; Ives & Kendal 2014). Quando múltiplos custos são importantes para a 

tomada de decisão, a combinação de diversos dados socioeconômicos em uma só camada de 

custos, homogênea, afeta a robustez das soluções. Além disso, dados de diferentes naturezas 

não podem ser combinados matematicamente (e.g. recursos pesqueiros e valores culturais), 

tornando necessária a composição e análise individual de cada uma das múltiplas camadas de 

custo (Ban & Klein, 2009; Klein et al., 2008b; Mace et al., 2007; Possingham et al., 2002). 

 

3. PROBLEMÁTICA DE CONSERVAÇÃO NO BANCO DOS ABROLHOS 

A porção centro-oeste da Zona Econômica Exclusiva (ZEE) brasileira possui 

características singulares em termos de biodiversidade marinha, destacando-se como feições 

mais proeminentes o Banco dos Abrolhos e a Cadeia de Montes Submarinos Vitória-Trindade 

(CVT). A plataforma continental na região dos Abrolhos abriga os maiores e mais ricos 

recifes coralíneos do Atlântico Sul, bem como um mosaico de ambientes complexos e 
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interligados (Dutra et al., 2005; Moura et al., 2013). Abrolhos é também a região mais piscosa 

do Nordeste (Costa et al., 2005), possuindo enorme importância socioeconômica (Freitas et 

al., 2011). Além dos atributos de biodiversidade e do fornecimento de bens e serviços 

ecossistêmicos (e.g. Amado Filho et al., 2012), a região está sob usos conflitantes (e.g. pesca 

artesanal, pesca industrial, exploração mineral). Apesar da relevância biológica, social e 

econômica, a cobertura de AMPs em Abrolhos ainda é incipiente, havendo também poucas 

medidas para embasar o uso sustentável dos recursos naturais, a despeito dos subsídios para 

implementação de medidas simples de gestão da pesca (e.g. Moura et al., 2009, 2013; Freitas 

et al. 2011, 2014; Previero et al. 2011). A ocupação desordenada da zona costeira e a 

degradação das drenagens fluviais pela expansão urbana, agrícola e industrial agravam o 

quadro regional (Dutra et al., 2006) tornando premente a realização de estudos que possam 

embasar o planejamento espacial marinho. 

Como país signatário da Convenção da Diversidade Biológica das Nações Unidas 

(CDB), o Brasil se comprometeu a expandir sua rede de AMPs que, no momento, cobre 

apenas 1,52% das águas sob jurisdição nacional (ICMBio, 2011). O histórico de criação de 

AMPs no Brasil demonstra a completa ausência de um esforço coordenado e sistematizado no 

sentido do estabelecimento de uma rede nacional representativa, funcional, e socialmente 

justa. Em uma tentativa improvisada de atender as metas da CDB, a região do Banco dos 

Abrolhos, foi alvo de um processo de criação de AMPs sem observância dos princípios do 

PSC, em 2011. O processo foi considerado injusto por diversos atores e foi interrompido no 

momento das consultas públicas, quando boa parte do setor da pesca revelou não ter 

participado do planejamento. 

 

4. JUSTIFICATIVAS DO TRABALHO  

A necessidade de expansão da cobertura global de AMPs e o compromisso brasileiro 

com a CDB, juntamente com a necessidade de aprimoramentos metodológicos e conceituais 

nos métodos de representação e incorporação de custos socioeconômicos em processos de 

PSC marinho, foram as principais justificativas para o desenvolvimento do trabalho aqui 

apresentado. 

 

5. OBJETIVOS 

O objetivo geral foi subsidiar o PSC marinho em cenários com escassez de dados 

espacialmente explícitos sobre custos socioeconômicos. Os objetivos específicos foram: 1) 
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revisar a literatura científica sobre custos de conservação, com foco no custo de oportunidade 

para o setor pesqueiro (Capítulo I); desenvolver e avaliar uma metodologia para quantificar 

custos de oportunidade que representem diferentes grupos de pescadores (Capítulo II); 3) 

realizar um exercício de zoneamento múltiplo para Abrolhos, disponibilizando um modelo 

para análise de permutas (tradeoffs) entre a conservação da biodiversidade e a exploração de 

recursos naturais (Capítulo III). 

 

6. CONTRIBUIÇÕES CIENTÍFICAS 

O presente trabalho apresenta uma abordagem inovadora para estimar o custo de 

oportunidade para pesca e minimizar a dependência de dados espaciais. A metodologia 

desenvolvida é baseada na distribuição dos habitats bênticos das espécies-alvo da pesca 

(recursos pesqueiros), combinando a disponibilidade, a importância e a acessibilidade dos 

mesmos. Essa nova abordagem representa uma mudança de perspectiva para estimativas de 

custo, que é endereçada através dos recursos, ao invés de ser baseada em retratos atuais das 

pescarias, inevitavelmente difíceis de alcançar. A disponibilização dos modelos gerados 

amplia as possibilidades de negociação com o setor pesqueiro no PSC marinho em Abrolhos, 

podendo contribuir para a retomada do processo de ampliação das AMPs brasileiras. O 

trabalho também consolida uma extensa base de dados produzida por pesquisadores que se 

dedicaram a expandir o conhecimento sobre o Banco dos Abrolhos nos últimos anos 

(www.abrolhos.org). Em especial, a publicação desse trabalho interessa aos cientistas que 

compartilharam dados e “insights” sobre a temática, às agências públicas e privadas que 

aportaram recursos financeiros para sua execução, e às comunidades locais que vêm sofrendo 

com a paralisia do processo de ordenamento espacial marinho da região. 
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CAPÍTULO I 

CUSTO DE OPORTUNIDADE PARA PESCA NA CONSERVAÇÃO MARINHA: O 

CASO DO BANCO DOS ABROLHOS 

Resumo 
 

A crescente pressão antrópica sobre os ambientes marinhos tem gerado uma demanda 

paralela de ações de planejamento, recuperação de ecossistemas e conservação da 

biodiversidade. No entanto, como os recursos alocados à conservação são limitados e 

frequentemente competem com outras demandas sociais e econômicas, a priorização das 

ações de conservação deve ser feita de maneira eficiente, levando-se em conta o compromisso 

entre ganhos biológicos e os custos de oportunidade envolvidos. O Planejamento Sistemático 

em Conservação (PSC) é a abordagem que traz este arcabouço para a conservação, prevendo 

uma priorização de ações de maneira eficiente, i.e. alocando recursos a partir de um processo 

transparente que objetiva maximizar benefícios e minimizar custos. A transparência no 

processo de planejamento, o uso de ferramentas específicas, a abrangência adequada de 

participação de atores e a inclusão dos custos envolvidos ajudam, portanto, a minimizar 

conflitos existentes entre os diferentes atores. Uma das limitações neste processo, porém, tem 

sido a obtenção de informações acerca dos custos associados à atividade de pesca. Pela 

natureza da atividade envolvida estes custos são dinâmicos e podem sofrer flutuações espaço-

temporais de acordo com as condições de acessibilidade, disponibilidade e demanda de 

recursos. Geralmente os custos de oportunidade para o setor pesqueiro são estimados a partir 

de dados espacializados de captura e esforço de pesca. Entretanto, principalmente em larga 

escala, as limitações em abrangência e representatividade destes dados pode comprometer a 

qualidade das estimativas, devido ao potencial impacto em grupos que não foram 

considerados no processo. Este capítulo traz os principais conceitos e exemplos relacionados 

à consideração dos custos da conservação de ambientes marinhos, ressaltando o problema de 

representação dos diferentes grupos de pesca que atuam no banco dos abrolhos.  

 

Palavras-Chave: Planejamento espacial marinho; áreas marinhas protegidas; pescadores; 

participação social.  
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1. CUSTOS DA CONSERVAÇÃO 

A incorporação de considerações sociais e ecológicas no processo decisório é um 

critério fundamental para efetividade do Planejamento Sistemático para Conservação (PSC) 

(Ban et al., 2013). Com essa premissa atendida, é possível realizar um balanço efetivo entre a 

conservação da biodiversidade e a viabilidade prática para implementação das ações 

pretendidas (Klein et al., 2008a; Richardson et al., 2006; Stewart & Possingham, 2005; Sala et 

al., 2002). Esta análise se faz necessária uma vez que as ações de conservação competem com 

outros interesses legítimos da sociedade. Além disso, embora cada ação pretendida tenha 

benefícios associados à conservação, a implementação destas ações não ocorre de maneira 

gratuita. O foco exclusivo em benefícios biológicos da conservação, sem a incorporação 

explícita dos custos associados, leva a planejamentos com pouca viabilidade prática na sua 

implementação. Embora exista ainda uma tendência generalizada em atribuir maior 

importância ao uso de variáveis ligadas aos benefícios de conservação em si (i.e. informações 

acerca das espécies-alvo, hábitats ou outras métricas de biodiversidade), qualquer espaço 

alocado para conservação implica em uma restrição de uso, e portanto em um custo com 

consequências econômicas para a sociedade. 

Em uma acepção geral, custos representam aquilo que é “dado, requerido ou pedido 

para viabilizar a obtenção de algo em particular”. Especificamente em conservação existem 

uma série de diferentes custos envolvidos, sendo os principais definidos por Naidoo et al. 

(2006) como: 

• Custo de aquisição – refere-se aos valores para adquirir total ou parcialmente o 

direito de propriedade, o que geralmente não se aplica ao ambiente marinho; 

• Custo de transação – aquele relacionado aos processos de negociação, desde a 

procura por proprietários até a transferência dos títulos, envolvendo tempo e 

pessoal nos trâmites burocráticos. No ambiente marinho ocorre quando existe 

sistema de cotas de pesca; 

• Custo de gestão – aquele associado aos gastos com infraestrutura, materiais e 

pessoal no estabelecimento e manutenção de áreas protegidas; 

• Custo de danos – representa as perdas econômicas de atividades existentes nas 

vizinhanças das áreas protegidas, como o caso de animais silvestres invadirem 

e causarem prejuízos às propriedades privadas ou ataques diretos aos seres 

humanos.  
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• Custo de oportunidade – aquele relacionado às perdas de oportunidades 

econômicas em função da impossibilidade direta de exploração de recursos 

naturais ou aos prejuízos para atividades tradicionalmente realizadas ou 

pretendidas por stakeholders. No caso dos ambientes marinhos, está 

relacionado principalmente com atividades de pesca, exploração de óleo e gás, 

mineração, navegação e/ou infraestrutura portuária.  

 

Em estudos focados especificamente na proposição de Áreas Marinhas Protegidas 

(AMPs), as ações planejadas envolvem explicitamente a imposição de limites ao acesso aos 

recursos pesqueiros ou ao desenvolvimento deste setor produtivo e, ainda que tal exclusão 

seja temporária, este custo de oportunidade se torna fundamental no planejamento (James et 

al., 2001). Dada a importância dos recursos pesqueiros, tanto sob o ponto de vista econômico 

quanto o social, os custos relacionados ao setor pesqueiro geralmente são considerados como 

informações mais relevantes para o delineamento eficiente de estratégias de conservação 

marinha (Ban & Klein, 2009).  

 

2. CUSTO DE OPORTUNIDADE PARA PESCA 

Em todo o mundo, as pessoas diretamente envolvidas no setor pesqueiro temem a 

criação de AMPs quando estas áreas restringem o acesso aos recursos que muitas vezes 

sustentam populações tradicionais. Há, portanto, um receio de que a atividade pesqueira sofra 

com os custos associados ao possível fechamento das áreas de pesca (Sanchirico et al., 2002). 

De fato, a tentativa de convencer os pescadores de que as perdas dos rendimentos de curto 

prazo poderão ser compensadas pela implementação das AMPs é muitas vezes dificultada 

pelas expectativas de ganhos imediatos e pela falta de compreensão dos mecanismos 

biológicos que geram esta expectativa de melhora futura.  

Da maneira similar, as expectativas biológicas de aumento de biomassa de pescados 

pelo efeito da transferência de peixes adultos ou juvenis de dentro para fora das AMPs (efeito 

de “spillover”) são limitadas espacialmente (Gell & Roberts, 2003; Francini-Filho & Moura, 

2008) e em função do tempo de resposta (Bohnsack, 1998). Mesmo quando a implantação das 

AMPs gera possibilidades de geração alternativa de renda, como no caso do turismo, é 

frequente que esta mudança da base econômica tradicional seja percebida de forma negativa, 

representando muitas vezes a inversão de valores tradicionais da comunidade. Em 

contrapartida, as implicações da redução das áreas de pesca são mais perceptíveis aos 
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pescadores. Estas perdas incluem a redução de rendimento, o adensamento do esforço de 

pesca nas áreas remanescentes, o aumento dos custos em combustível e equipamentos, assim 

como os conflitos entre diferentes tipos de pescarias (Sanchirico et al., 2002). Portanto, 

enquanto os defensores das AMPs procuram mostrar que elas ajudarão na sustentabilidade das 

capturas futuras, os pescadores argumentam o declínio perceptível dos rendimentos em curto-

prazo. Tal percepção pode variar, todavia, em função das abordagens acerca dos custos de 

oportunidade, do estado atual dos estoques e do plano de manejo futuro (Smith et al., 2010; 

White et al., 2010).  

No contexto das considerações socioeconômicas, é preciso incorporar dados 

espacialmente explícitos em escalas apropriadas nas ferramentas de suporte à decisão (Ban & 

Klein, 2009). Entretanto, tanto os alvos de conservação (elementos que representam a 

biodiversidade) quanto a distribuição dos custos geralmente não estão dispersos de maneira 

homogênea na região de planejamento. Tal carência de informações espacialmente explicitas, 

assim como discrepâncias na correlação espacial entre custos e benefícios, implica em 

ineficiência no planejamento para conservação (Ferraro et al. 2003; Stewart & Possingham 

2005; Naidoo et al. 2006; Adams et al. 2011). Estudos mostram que planos de conservação 

que incorporam a variação espacial de custos podem ser até 10 vezes mais eficientes (Polasky 

& Solow 2001; Naidoo et al. 2006). Apesar da significativa contribuição dessas informações 

para maior eficiência e viabilidade de planos de conservação, ainda persiste uma grande 

carência de entendimento sobre a variabilidade espacial dos custos (Klein et al. 2008b; Adams 

et al. 2010, 2011). 

Neste sentido são empregadas diferentes metodologias para estimar de maneira mais 

acurada os custos de oportunidade. A seguir, estão apresentadas as principais informações 

encontradas na literatura que sustentam os cálculos de custos de oportunidade para pesca no 

PSC, acompanhadas das respectivas vantagens e limitações: 

Captura e esforço de pesca: dados de captura e esforço, obtidos de monitoramentos de 

desembarques ou registros a bordo, são as fontes mais comuns usadas em cálculos do custo de 

pesca. A principal vantagem desses dados é a possibilidade de representar diretamente os 

rendimentos financeiros das áreas de pesca combinando-os com valores monetários (Klein et 

al., 2010; Wood & Dragicevic, 2007). Entretanto, as raras iniciativas de monitoramentos de 

capturas e/ou esforço, principalmente para pesca artesanal, enfrentam problemas de 

padronização, espacialização e representação das diferentes pescarias. As ferramentas de 

suporte à decisão podem gerar resultados equivocados a partir destes dados devido às falsas 
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áreas “não pescadas” (Stewart & Possingham, 2005; Game et al., 2008) ou à variabilidade não 

computada destes custos no tempo e no espaço (Manson & Die, 2001). Modelos estocásticos 

de rendimento bioeconômico e esforço são de particular importância para gestores por 

estimarem informações de longo prazo (Grafton et al., 2004). Em contrapartida, demandam 

dados históricos de qualidade, além de apresentarem complexidade de obtenção e 

representação de pescarias proporcionais a escala do planejamento. 

Número de pescadores ou de barcos: são bastante utilizados em função da falta de 

dados de captura e esforço (e.g. Green et al., 2004). Em outros dois estudos, realizados por 

Sala et al. (2002) e Weeks et al. (2010), a densidade de barcos por unidade de área foi 

relevante para a parametrização de modelos de priorização em escala regional. Os estudos 

ressaltam que a redistribuição das frotas após a criação das AMPs e a complexidade em se 

representar espacialmente o número de pescadores podem comprometer a qualidade dessas 

informações.  

Conhecimento tradicional local: os custos socioeconômicos também podem ser 

representados utilizando abordagens empíricas (Ban & Klein, 2009). Caso haja um consenso 

entre os atores sobre áreas a serem incluídas ou excluídas em sistemas de AMPs, estas 

preferências podem ser usadas diretamente nas ferramentas de suporte à decisão (Klein et al., 

2008b). Estes tipos de modelos empíricos podem tanto representar os custos de pesca, em 

curto prazo, quanto projetá-los em longo prazo, mas o consenso deve respeitar a 

heterogeneidade dos atores, já que quem tem mais a perder ou a ganhar tende a dominar os 

resultados (Smith et al., 2010). A possibilidade de solucionar conflitos durante a fase de 

planejamento, devido ao conhecimento dos valores relevantes para os atores, é a principal 

vantagem dessa abordagem (Ives & Kendal, 2014). 

Distância da costa ou de portos: a acessibilidade para as áreas de planejamento pode 

refletir bem os custos para os pescadores, afinal, quanto mais longa for a jornada em busca 

dos recursos, mais insumos e combustível serão gastos. Contudo, é possível que uma área 

mais distante seja mais importante no que se refere a extração do recurso pesqueiro e 

represente maior custo de conservação, tendo em vista sua produtividade. Dessa forma, essas 

distâncias só se tornam úteis quando combinadas com outra informação que represente a 

importância relativa das áreas, como os dados de captura, esforço ou habitats dos recursos. 

Diante do exposto, fica claro que as estimativas dos impactos de AMPs para 

pescadores são extremamente dependentes da avaliação do tipo, da qualidade e do método de 

coleta dos dados. Uma estimativa mais acurada pode aumentar a palatabilidade dos planos de 
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conservação e, portanto, seu sucesso de implementação no mundo real (Klein et al., 2008b; 

Stelzenmüller et al., 2013). A abrangência espacial dos dados que gerarão os custos da 

atividade de pesca deve ser compatível com a região de planejamento. Modelos multivariados 

podem predizer capturas em áreas com dados indisponíveis (Ban et al., 2009), entretanto, a 

representatividade dos diferentes sistemas de pesca ainda será fundamental para efetividade 

das negociações no processo de planejamento. É preciso, portanto, desenvolver estimativas de 

custos que compatibilizem tanto a variabilidade espacial do tipo de recurso capturado e as 

diferentes técnicas de pesca. 

 

3. O CASO DO BANCO DOS ABROLHOS  

O Banco dos Abrolhos é um alargamento da plataforma continental de 

aproximadamente 200 km, entre os Estados da Bahia e do Espírito Santo, que abriga os 

maiores e mais ricos recifes coralíneos do Atlântico Sul. Até o momento menos de 1% de sua 

área está protegida integralmente (IUCN I e II) e cerca de 10% em reservas de uso múltiplo 

(IUCN III e IV). Os riscos e pressões impostos aos recifes nessa região tanto pela pressão de 

pesca quanto pela atividade de exploração de petróleo são sérios o suficiente para justificar a 

ampliação dos esforços de conservação (Leão & Kikuchi, 2005).  

A ação de Organizações Não Governamentais e da Academia tem provocado o 

governo a tomar medidas de conservação adequadas à importância de Abrolhos. Assim, um 

processo de PSC foi conduzido pelo órgão governamental responsável pela criação e gestão 

de áreas protegidas (ICMBio – Instituto Chico Mendes de Biodiversidade) e interrompido por 

setores que utilizam a região de forma pouco planejada para exploração de recursos naturais. 

Neste processo, produziu-se um relatório contendo as áreas de elevada insubstituibilidade e 

importantes sugestões para os próximos passos antes das audiências públicas para criação 

oficial de novas AMPs no Banco dos Abrolhos. Um olhar crítico a este relatório aponta como 

fragilidade a necessidade de uma avaliação da influência do fechamento das áreas tradicionais 

de pesca para as frotas atuantes na região, principalmente aquelas provenientes do Estado do 

Espírito Santo, que não foram consideradas nas análises (ICMBio, 2011). Destaca-se que o 

Banco dos Abrolhos possui cerca de 20.000 profissionais da pesca, que juntos representam 

cerca de 10% do valor gerado pela pesca marinha do Brasil (ICMBio, 2011). Trata-se da 

região pesqueira mais produtiva do nordeste brasileiro (Costa et al., 2005) que vem 

sustentando diversas pescarias de média escala, inclusive de frotas sediadas em estados 

vizinhos (Isaac et al., 2006). 
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Além dos vieses relacionados à consideração de custos pouco abrangentes e a limitada 

representação dos grupos de pescadores, a baixa participação do setor acadêmico no final do 

processo enfraqueceu o respaldo técnico das propostas. Mesmo assim, o governo brasileiro 

decidiu prosseguir com a decretação de novas unidades de conservação no Banco dos 

Abrolhos. O setor pesqueiro, liderado por representantes do Estado do Espírito Santo, 

declarou desconhecer previamente as propostas do ICMBio e, usando este argumento, 

conseguiu impedir a continuação das audiências públicas e interromper todo processo. 

 

4. DESAFIOS CORRENTES 

Embora o efeito desse fracasso tenha aumentado a dificuldade de ações 

conservacionistas na região, a demanda de proteção da biodiversidade devido às crescentes 

ameaças ao Banco dos Abrolhos persiste. Segundo (Grantham et al., 2010), o planejamento 

para conservação precisa ser adaptativo e considerar, além dos resultados obtidos, o 

aprendizado adquirido ao longo do processo a fim de tornar tais iniciativas cada vez mais 

eficazes. As novas propostas de priorização deverão considerar ainda mais cuidadosamente os 

custos da pesca de forma abrangente e representativa. As instituições pesqueiras deverão ser 

envolvidas em todos os estágios do desenvolvimento das novas AMPs (Manson & Die, 2001). 

Além disso, os novos planos devem considerar o problema do uso múltiplo desde o princípio 

e utilizar a ferramenta mais apropriada para dar suporte ao processo de decisão.  

Neste contexto, ainda é preciso considerar que o Brasil, apesar da sua grande área 

costeira, tem um histórico muito pobre na gestão de pescarias (Moura et al., 2009). O déficit 

de recursos humanos e materiais, a descontinuidade dos programas de pesquisa e a frágil 

estatística pesqueira restringem o avanço do conhecimento sobre a realidade da pesca 

brasileira (Isaac et al., 2006). Caso as perdas econômicas de grupos ou setores da sociedade 

sejam consideradas injustas nas propostas de AMPs, o processo pode se estender 

demasiadamente em discussões desprovidas de dados. Quando múltiplos custos são 

importantes para a tomada de decisão, a combinação de diversos dados socioeconômicos em 

uma só camada de custos corretamente especializados representa um desafio para a eficiência 

do plano de conservação, sendo que análises individualizadas de cada uma das camadas de 

custo tornam-se mais adequadas (Possingham et al., 2002; Ban & Klein, 2009; Klein et al., 

2008b; Mace et al., 2007). Desta forma, a deficiência de dados de pesca, disponíveis de forma 

espacializada e representativa para os diferentes grupos de pescadores, é um dos principais 

riscos para o PSC de Abrolhos em particular, e para a conservação marinha e geral. 
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A NOVEL HABITAT-BASED APPROACH TO PREDICT IMPACTS OF MARINE 

PROTECTED AREAS ON FISHERS 

 

Abstract 
A growing human population and expanding coastal development is resulting in dramatic 

worldwide increase for marine resources and ocean degradation. The rate at which marine 

protected areas (MPAs) are being declared is steadily increasing with a global commitment to 

protect 10% of the world’s ocean by 2020. While MPAs can simultaneously contribute to 

biodiversity conservation and fisheries management, the global network is heavily biased 

towards particular ecosystem types and is often poorly managed. These two problems are a 

consequence of MPAs being established in an ad hoc fashion, often with low public 

participation and support. Therefore, MPAs are failing to deliver their expected biological and 

socioeconomic benefits. One essential component for efficient MPA design lies in the 

integration of socioeconomic and ecological factors, including the optimization of trade-offs 

between biodiversity benefits and socio-economic values. In this regard, it is critical to 

account for lost opportunities by people whose activities will be shifted or restricted by 

MPAs. One reason this is often neglected is the lack of spatial socioeconomic data for entire 

planning regions. Existing approaches for collecting such data are costly as they are based on 

socioeconomic surveys, and thus prohibitive for many planning processes. Here we present a 

novel habitat-based approach to estimate the opportunity cost to fishers in data poor regions, 

assuming that the most accessible areas have higher values to fishers, and their designation as 

MPAs represents increased loss of fishing opportunities. We apply our approach to the 

Abrolhos Bank, Brazil, which is recognized by the global Convention on Biological Diversity 

(CDB) as an “Ecologically or Biologically Significant Area”. The resulting opportunity cost 

approach improve our understanding of the tradeoffs among different stakeholder groups and 

can be directly used to support conservation planning, or as a standalone tool, to facilitate 

community consultation.  

 

 

 

Keywords: Opportunity cost; Abrolhos Bank; Small-scale fisheries, Conservation planning  
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INTRODUCTION 

 

Given the overall degraded state of marine biodiversity and associated fisheries (Pauly & 

Zeller, 2016), marine spatial planning (MSP) is an important tool for marine conservation and 

management (Sala et al. 2002; Wood et al. 2008). MSP consists of a public process of 

analyzing and allocating human activities, including marine protected areas (MPAs), in order 

to achieve ecological, economic and social objectives specified through a social and political 

process (Douvere, 2008; Douvere et al. 2007; Stelzenmüller et al. 2013).  

 

The global targets from the Convention of Biological Diversity (CBD) known as the Aichi 

targets are fuelling declarations of new MPAs globally (Toropova et al. 2010). By 2020, CBD 

signatories aim to increase MPA coverage from the current ~2% up to 10% of the ocean 

(Aichi Biodiversity Targets, CBD 2010). While MPAs can contribute simultaneously to 

biodiversity conservation and fisheries management (Alcala & Russ 2006; Fox et al. 2012), 

the existing global MPA network is biased towards particular geographies and ecosystems 

(Klein et al. 2015) and was established with low stakeholder participation (Devillers et al. 

2014; Mills et al. 2015). As a result, MPAs often fail to deliver on their biological and 

socioeconomic objectives (Edgar et al. 2014).  

 

The process of locating and configuring MPA networks is increasingly being supported by 

decision support software designed to identify priority areas for different types of 

management (Watts et al. 2009). This systematic approach for designing MPAs uses data 

representing both the features of interest and the opportunities and limitations for 

implementation (Teh et al. 2012). A key component of spatial prioritization is minimizing 

economic impacts to stakeholders. Therefore, assessing spatial variation in the relative cost of 

management is a critical component of MSP, not only for optimizing always scarce 

conservation funds, but also because it reduces social conflict by minimizing overlaps 

between competing activities (Ban & Klein 2009; Deas et al. 2014; Weeks et al. 2010b). 

Socioeconomic costs typically included in MSP are management (e.g. implementation, 

ongoing enforcement costs) and opportunity (forgone economic opportunities) costs (Ban & 

Klein 2009). Although long-term non-extractive values may exceed lost opportunities of 

extractive uses (Sanchirico et al. 2002), loss of fishing grounds is an important opportunity 

cost to be considered when planning for MPAs (Ban & Klein 2009). The inclusion of data 
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obtained from stakeholders is particularly important in the context of developing countries, 

where data are limited and social acceptance critical (Adams et al. 2010; Ban et al. 2009; 

Johannes 1998). The balance between minimizing opportunity costs to fishers while creating 

no-take and other restrictive zoning types can increase their support and compliance (Weeks 

et al. 2010b). 

 

Estimates of opportunity costs to fishermen can be derived from different data types and 

sources. Catch-and-effort data can represent fisheries revenues (Klein et al. 2010; Wood & 

Dragicevic 2007), but spatial gaps in such data are frequent and can result in unexploited 

areas being wrongly mapped as fished and vice-versa (Adams et al. 2011; Stewart & 

Possingham 2005). Multivariate stochastic bioeconomic models may overcome such gaps 

(Ban et al. 2009; Grafton et al. 2004), but demand high-resolution catch-and-effort historical 

data that are rarely available, especially for small-scale fisheries (Richardson et al. 2006). 

Density of boats or fishers’ numbers can be used as regional surrogates (Ban et al. 2009; 

Green et al. 2009; Sala et al. 2002), but distribution of fleet data within fishing grounds is 

elusive. In addition, fleet mobility beyond seasonal and diel patterns may severely constrain 

its accuracy (Sala et al. 2002; Weeks et al. 2010b). Finally, fishers may directly provide 

relevant cost information (Scholz et al. 2004; Ban & Klein 2009; Teixeira et al. 2013; Yates et 

al. 2013), but consultation processes often fail to represent the heterogeneous social 

landscape. Biases are stronger when fishing activity is gender and age structured, or when 

small-scale fisheries coexist with recreational and industrial fisheries, escalating urbanization, 

and industrial activities. In such situations, outspoken groups with the largest rewards or 

losses tend to be disproportionally influential (Smith et al. 2010).  

 

While methods to estimate opportunity costs in terrestrial environments are well developed 

(e.g. probability of land conversion and agricultural rents) (Naidoo & Adamowicz 2006; 

Naidoo & Iwamura 2007), similar methods for the marine environment are limited (but see 

Adams et al. 2011). Here, we present an easily reproducible approach developed in order to 

estimate the opportunity cost to fishers. Our method for calculating opportunity costs is based 

on simple catch data, which is often available, and is developed as an R software script. We 

demonstrate its application in a data-poor region under a MSP initiative (Abrolhos Bank, 

Brazil), where data is limited to a coarse-scale benthic habitat map (Moura et al. 2013) and a 

snapshot of fishery landings (1 year).  



	 31	

 

METHODS 

 

Study area and datasets 
The Abrolhos Bank is a 200 km wide portion of the tropical Brazilian continental shelf, with 

about 50,000 km2, located between the States of Bahia and Espírito Santo. It represents the 

most biodiverse marine area in the South Atlantic (Dutra et al. 2005; Moura et al. 2013) and is 

recognized as a global “Ecologically or Biologically Significant Area” 

(https://www.cbd.int/ebsa/). Nearly 300 species of fish and 20 species of reef-building corals 

are recorded in its benthic mosaic of rhodolith beds, reefs, soft bottom, mangroves and 

vegetated sandbanks (Amado-Filho et al. 2012; Moura et al. 2013). Despite limited spatial 

coverage, MPAs are the main fisheries management tool in this region: 1.7% of the shelf is 

covered by one no-take MPA (Abrolhos National Park, 880 km2) and 3.7% are covered by 

two MPAs that allow extractive uses (Corumbau Extractive Reserve, 895 km2 and Cassurubá 

Extractive Reserve, 1,000 km2). A largest (3,400 km2) multiple-use MPA under Bahia State 

jurisdiction has had no enforcement or management since its declaration in 1993 (Fig. 1a-d). 

For the analyses presented herein, the entire planning region was divided into a 1 km2 grid, 

from the estuaries to the shelf edge (200 m isobath), resulting in 50,762 Planning Units 

(PUs).  

 

Abrolhos’ small-scale fisheries account for more than half of Northeastern Brazil’s landings 

(Freitas et al. 2011). We obtained catch (total landings: kg∗year-1) and first commercialization 

price (in Brazilian Reais - R$) from three projects funded by the Ministério da Pesca e 

Aquicultura in 2011 (since then fisheries monitoring were halted countrywide; see Pinheiro et 

al. 2015). The first dataset (ES) was obtained by the Universidade Federal do Espírito Santo 

and covers the main ports in Espírito Santo State (Silva & Soares 2013). The second dataset 

(BA) was obtained by the Non-Governmental Organization (NGO) ECOMAR and covers the 

ports of Prado, Alcobaça, Caravelas, Nova Viçosa and Mucuri, in the southern coast of Bahia 

State (unpublished). The third dataset (ER) was obtained by NGO Conservation International 

and covers the ports within the Extractive Reserves of Corumbau and Cassurubá, also in 

Southern Bahia State (unpublished). The three datasets were treated as different Groups of 

Ports, in which different Vessel Types operate (gear/target species and boat size obtained from 

<http://sinpesq.mpa.gov.br/rgp>).  
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Opportunity costs 

In order to estimate opportunity costs of fishers’ displacement by no-take reserves we 

introduce a simple approach, the “FishCake” model (Fig. 2), herein provided as an R 3.1.0 

script (R Core Team 2014) (Supporting Information). The model is based on fishers’ 

accessibility (distance between Ports and planning units, see below) and the relative 

importance of each Area (resource’s fishing ground) to each Group of Ports and their 

respective Vessel Types (estimated from habitat and/or catch data). This approach is based on 

three main assumptions. First, Areas with greater co-occurrences of Resources (target species 

our species’ groups) have higher opportunity costs, as fishers can target multiple species (e.g. 

Aswani 1998). Second, we assume that the habitat of the most important Resources (i.e. those 

with higher yields or price) are associated with higher opportunity costs. Finally, Areas nearer 

to ports are cheaper to fish and therefore have higher opportunity costs (e.g. Adams et al. 

2011). The core components used in FishCake (habitat maps, resources’ importance, 

accessibility) are detailed below.  

 

The three datasets included 142 fish taxa (Supporting Information), four species of lobsters 

(Panulirus argus, P. echinatus, P. laevicauda and Scyllarides brasiliensis), two octopus genera 

(Octopus and Eledone), two species and one genus of crabs (Goniopsis cruentata, Ucides 

cordatus and Callinectes spp.), and five species of shrimps (Litopenaeus schimitti, 

Farfantepenaeus brasiliensis, F. paulensis, F. subtilis, Xiphopenaeus kroyeri). Some taxa were 

lumped as resources, according to the records in the database (e.g. parrotfishes – 6 spp., 

groupers – 4 spp., shrimps – 5 spp.). Resources’ distributions were mapped based on habitat- 

and depth-associations (estuary, unconsolidated bottom, reefs, and rhodolith beds) obtained 

from field guides (e.g. Lessa & Nóbrega 2000) and Fishbase (Froese & Pauly 2013).  

 

Catch data (kg∗year-1) and first commercialization prices were used to inform the importance 

of each Resource among the three Groups of Ports (BA, ES and ER). Total catch was divided 

by the catch of each resource and multiplied by its price, in order to estimate an individual 

importance factor (Imp). In the few absences of catch and/or price data, Imp was obtained 

through stakeholder consultation, through a ranking process. 

 



	 33	

Opportunity costs in fishing grounds nearer to ports are higher, and the size and shape of the 

planning region also implies a nonlinear cost decrease as distance from ports increases. 

Therefore, we calculated an Accessibility Factor based on a function that uses two 

parameters: the rate of cost decline (α) and a minimum cost multiplier (β). The Accessibility 

Factor, Af (d), is given by the function: 

 

𝐴𝑓 𝑑 =  (𝑒(! × !)  + 𝛽) − (𝑒 ! × !   𝛽)    eq. (1) 

 

Where d is the distance from a port to the PU; α is the rate of cost decline with distance; β is 

the minimum cost multiplier. Af(d) takes values in {β-1}. The purpose of is β to ensure that 

all areas, even those far from ports are accounted some importance to fishers.  

The opportunity cost for fisheries in planning unit i, Ci, is given by: 

 

𝐶! =
!!,!
!!

!
!  𝐼𝑚𝑝!  𝐴𝑓 𝑑 !    eq. (2) 

 

Where: ai,j is the area of resource j in planning unit i;Aj is the total area (habitat) of the 

resource j and Impj is the Importance Factor for resource j.  

 

We made separate calculations of opportunity costs for each Group of Ports (ES, BA and ER), 

conservatively setting α at - 0.000009 and β at 0.1. Vessel type (shrimp trawling and vessels 

using passive gears) was used to further refine opportunity cost layers. Colinearity among cost 

layers was assessed using a pairs plot, with relationships illustrated as LOESS smoothers and 

corresponding Pearson’s correlation coefficients. For each Group of Ports we evaluated the 

correlation of cost layers with: catch (kg); catch∗distance function (kg∗f(d)); catch∗price 

(kg∗$); and catch∗price∗distance function (kg∗$∗f(d)). Highly uncorrelated costs (<90%) 

were grouped, resulting in a general ‘Full Cost’ layer. Conversely, cost layers for 

ER∗trawling and BA∗trawling were identical, resulting in a total of six cost layers retained for 

the development of conservation scenarios. 

 

Conservation scenarios 

We used Marxan (Ball et al. 2009) to explore tradeoffs in six conservation scenarios based on 

the different cost layers. Each scenario targeted full protection against fisheries in 30% of 

each benthic habitat (estuary, unconsolidated bottom, shallow reefs, mesophotic reefs, 
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rhodolith beds, and continental slope) (Fig. 1b). We set Marxan to find 100 good solutions for 

each scenario. The Boundary Length Modifier (BLM), a parameter that controls fragmentation 

of selected areas, was set to 0 in order to isolate the effect of costs on solutions to the 

problem. The Species Penalty Factor (SPF) was calibrated for each scenario following 

Ardron et al. (2010), in order to keep shortfalls consistent and to make results comparable.  

 

Relationships among Marxan solutions were evaluated with hierarchical clusters and nMDS 

biplots based on a Jaccard resemblance matrix, following Harris et al. (2014). Analyses were 

performed with R (R Development Core Team 2014) using the hclust, metaMDS and vegdist 

functions of the Vegan package (Oksanen et al. 2013). In addition, an envfit analysis was 

performed to determine which explanatory variables are best correlated across the nMDS 

ordinations. Explanatory variables included the following parameters (continuous vectors) of 

each Marxan solution: number of selected PUs; score; cost; minimum proportion of target 

met (MPM); penalty; and missing value. Significantly correlated variables (a= 0.05) were 

plotted as axes on the main bidimensional nMDS diagram. We also evaluated how much each 

Best Solution (smallest objective function score over 100 runs) costs for each scenario, in total 

and for each group of stakeholders (Adams et al. 2011). Databases, shapefiles and R codes are 

available from https://www.dropbox.com/s/0yktpajy7znu2bo/ 

FishCake_Cost_Estimator.zip?dl=0 (Supporting Information). 

 

RESULTS   

 

The FishCake model revealed a heterogeneous mosaic of opportunity costs within the 

planning region, as the opportunity costs of fishers’ displacement by reserves differ among 

Groups of Ports (ES, BA, ER). The three Groups of Ports encompass distinct vessel sizes and 

gears (Fig. 3a, b), target distinct resources, and present highly different catches (ES ~6,590 

ton, BA ~850 ton and ER ~120 ton) (Fig. 3c). 

 

The registered regional fishing fleet by port includes; 961 gillnet vessels (55% ES, 21% BA, 

24% ER), 884 trawling vessels (37% ES, 46% BA, 18% ER), 739 longline vessels (80% ES, 

10% BA, 10% ER), 675 line vessels (27% ES, 35% BA, 38% ER), and 146 diving vessels 

(27% ES, 48% BA, 25% ER). Despite such complexity, scenarios using all vessel types and 

resources result in high correlation between ES and ER opportunity cost layers (ES vs ER= 
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0.76; BA vs ER= 0.68; p<0.0001). The cost correlation between ES and BA ports was also 

significant but weaker (ES vs BA= 0.37; p<0.0001), regardless of the variables used to 

calculate the resources importance factor and distance function [kg∗$∗f(d)].  

 

Our habitat-based approach also highlights the effects of each opportunity cost for different 

types of fisheries on Marxan solutions, when used to find areas of high conservation priority 

(Fig. 4). Despite the overall high correlation between cost layers (Fig. 5a), the multivariate 

analysis of Marxan outputs showed significant differences among conservation solutions for 

the six scenarios (Fig 5b, c). Shrimp is the main Resource from ES and ER groups. Due to 

regional bias towards shrimp trawling, we contrasted conservation scenarios with and without 

shrimp yields, producing the biggest differences between solutions. The BA and ER Trawling 

scenarios were identical due to shared fishing grounds, and therefore S5 represents both 

groups. Scenarios considering coastal trawling vessel types tended to select offshore PUs for 

conservation. For instance, the S5 solution (BA/ER Trawling) had a higher concentration of 

selected PUs in the south of the planning region, contrasting with other solutions (e.g. S4 

using ES Trawling cost). The Full Cost scenario (S6) reflects a selection pattern primarily 

driven by higher value fisheries (e.g. shrimp trawling) and resulted in the smallest global 

opportunity costs (S6) (Fig. 5d).  

 

DISCUSSION 

 

The diversity of stakeholders that use coastal and marine ecosystems should all have a say in 

MSP, in order to improve the robustness and resilience of conservation decisions and deliver 

reasonably equitable outcomes (Klein et al. 2008). Fishers, due to their wide presence, 

dependency and role in contemporary marine ecosystems (Jackson et al. 2001), represent a 

crucial stakeholder group to be considered in MSP. This is particularly true in the coastal 

zones of developing countries where alternative livelihoods are not an option in the 

foreseeable future. Opportunity cost models, using catch and effort data, provide accurate 

estimates of potential fishing losses from no-take zoning of MPAs (Adams et al. 2011), but 

they depend on high resolution data, that is often unavailable (Deas et al. 2014; Richardson et 

al. 2006). Here, we present an alternative habitat-based approach to predict impacts to 

different groups of fishers under the data-limited contexts typical of developing countries. 
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Data on catch distribution of small-scale fisheries is generally scarce and its collection can be 

costly and time-consuming (Adams et al. 2011; Deas et al. 2014; Leopold et al. 2014; Weeks 

et al. 2010b). Under such circumstances, socio-economic data may represent alternative 

surrogates to represent opportunity costs (Ban & Klein 2009; Deas et al. 2014; Weeks et al. 

2010b). However, crude generalizations based on surrogates that are arbitrarily exchanged 

among sites may lead to inefficient solutions, and the improvement of surrogates is a major 

need of MSP ( Christensen et al. 2009; Deas et al. 2014). When substituting coarse-resolution 

data (e.g. population census, number of fishers or boats) to fine resolution and empirical 

fishing effort distribution, the variation in spatial precision is reduced (Adams et al. 2011; 

Deas et al. 2014; Richardson et al. 2006; Weeks et al. 2010b). However, the use of this kind 

of data is still associated to spatial-temporal biases and high costs associated to data 

collection. Our approach offers an alternative and more precise method for data poor regions. 

Habitat maps may be costly and time-consuming to produce, however can be readily and 

accurately acquired from local knowledge, as demonstrated (Teixeira et al. 2013). The 

FishCake algorithm is an R script to assist MSP within data poor contexts, and is easily 

adaptable during consultation processes, allowing for fine-tuning the importance of species 

for different stakeholder groups as additional information is gradually updated. The maps 

produced can also be validated by local stakeholders when opportunities arise during 

planning. 

 

Thus, rather than focusing on assessing the current extractive effort, the FishCake algorithm 

considers the variation in the spatial distribution of important resources, similar to Adams et 

al. (2011), relying only on habitat maps and landing data to distinguish the relative 

importance of PUs for different stakeholder groups. The resulting opportunity cost layers thus 

do not necessarily identify the most fished areas, but provide a useful starting point for 

guiding reserve design to avoid the most accessible areas with high availability of important 

resources in multi-species fisheries.  

 

Assumptions and caveats  

Given limited data availability, some assumptions on fish distribution were inevitable. Our 

model assumes that fishing yield within a given habitat is homogeneous. While habitats are 

homogeneously related to particular species, density of target species may vary within 

habitats (Manson & Die 2001). In addition, only species that can be related to a particular 
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benthic habitat were considered. While demersal and reef-associated species strongly respond 

to depth (distance offshore), relief and benthic community structure (Beger et al. 2003), the 

distribution of several pelagic and migratory species may be harder to infer from benthic 

habitat and depth. Our model relies only on depth and benthic habitat associations and its 

comprehensiveness in terms of biodiversity representation is therefore limited.  

 

Additionally, we assumed stability in the importance factor, a parameter that distinguishes 

stakeholder groups. Accordingly, we acknowledge that there are limitations from snapshot 

assessment of landings and prices, as these parameters can fluctuate due to environmental 

forcing (e.g. climate anomalies), markets, and fishing techniques/technology (Adams et al. 

2011; van de Geer et al. 2013). Historical catch data, when available, can be used to provide 

more reliable importance ranks for the resources exploited by each stakeholder group. Despite 

such limitations, our model serves as a starting point for stakeholder consultation aiming to 

identify important resources with low spatial-temporal variability (Weeks et al. 2010b), a 

critical step for building trust among local communities that will be impacted by MSP (e.g. 

Moura et al. 2009). Finally, we remark that artisanal fisheries in developing countries are 

driven by resource availability, risk aversion, travelling distances, update of fishing 

gears/boats and cultural identity (Béné & Tewfik 2001; Daw 2008; Deas et al. 2014; Pet-

Soede et al. 2001; Salas & Gaertner 2004; van de Geer et al. 2013, Maire et al. 2016), and 

such factors remain to be explicitly considered in spatial planning algorithms. 

 

FishCake in a real world application 

Recently, the Brazilian Protected Areas Agency (ICMBio) and environmental NGOs 

proposed a mosaic of new MPAs to expand marine protection in the Abrolhos Bank, 

considering a single homogeneous cost layer for fishers (ICMBio, 2011). Local fishers 

broadly rejected this proposal, as the planning process was not transparent and did not address 

opportunity costs for fisheries. Here, we revisited the Abrolhos’ MPA planning challenge, 

demonstrating that the process may be considerably improved if opportunity costs represent 

the different groups of ports (ES, BA and ER) and fisheries (Trawling and Passive Gears). 

Despite being the main fishing area for ES and ER fishers (shrimp trawling grounds), the 

nearshore southern part of the study region was assigned to a high selection frequency to 

receive a no-take MPA, based on information on both costs and benefits, in the rejected MPA 

proposal (ICMBio, 2011). Cost layers are a prerequisite for robust spatial planning, such as 
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Marxan, in which the goal is to minimize the combination costs of the reserve network, whilst 

meeting a set of biodiversity targets (Ball et al. 2009). However, when homogeneous 

opportunity cost layers are used as a shortcut in the planning process, they fail to represent all 

stakeholders, ultimately leading to inequitable distribution of costs, and lack of support by 

local communities (Deas et al. 2014).  

 

FishCake allows for the much-needed assignment of importance ranks for each PU and 

stakeholder group, allowing for a more explicit assessment of tradeoffs. If such a 

multidimensional and heterogeneous opportunity cost landscape is not considered, the 

resulting solutions can be very cheap for one group and extremely expensive to another. 

Contrasts between the FullCost scenario (minimum global opportunity cost) and solutions that 

consider each stakeholder group individually are a potential starting point for receiving inputs 

from stakeholders, allowing for datasets fine-tuning and consequently more equitable 

solutions. Opportunity cost layers obtained from FishCake can be used to assist data input in 

decision support systems such as Marxan and Marxan with Zones (Ball et al. 2009; Watts et 

al. 2009). Moreover, it can be simply employed as a tool to facilitate community consultation 

(Adams et al. 2011), adding an alternative approach to methods based on opportunity costs in 

data poor regions.  

 

SUPPORTING INFORMATION 

Maps resulting from distance function explorations (Appendix S1), R scripts and Marxan 

datasets  (Appendix S2) are available online. The authors are solely responsible for the 

content and functionality of these materials. Queries (other than absence of the material) 

should be directed to the corresponding author. 
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Figure 1. The Abrolhos Bank shelf, Brazil (inset): (a) detailed bathymetric profile; (b) benthic 

megahabitats; (c) potential distribution of penaeid shrimp fishing grounds (from bathymetric 

and benthic habitat data); (d) Fishing ports, existing MPAs and catch data for Espírito Santo 

State fleets (ES). 
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Figure 2. Conceptual model used to estimate the opportunity cost for fisheries in the Abrolhos 

Bank shelf (FishCake). *Not used. 
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Figure	3.	Characteristics	of	the	fishing	fleets	that	operate	in	the	Abrolhos	Bank	and	

relative	importance	of	the	main	fisheries	resources	landed	in	each	Group	of	Ports:	(a)	

gear	types;	(b)	boat	size;	(c)	landings.	ES=	Espírito	Santo	State;	BA=	Bahia	State;	ER=	

Extractive	Reserves.	Species	represented	as	Resources	are	listed	in	the	Supplementary	

Material. 
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Figure 4. Spatial distribution of opportunity costs and respective Marxan selection frequencies 

(100 replicated runs, targets comprising 30% of each habitat) for the six planning scenarios, 

S1-S6 (one for each of the five ports/vessel groups, and a Full Cost scenario).	  
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Figure 5. Multivariate analyses of opportunity cost layers (C1-C6) and Marxan selection 

frequencies for planning scenarios (S1-S6): (a) correlations among cost layers plotted as 

scatterplots with LOESS smoother (below diagonal) and corresponding Pearson´s coefficients 

(above diagonal). (b) Multidimensional scaling plots (NMDS) of Marxan solutions with 

vectors representing significant model output parameters. (c) Dendrogram showing the 

similarity among Marxan solutions (each bar contains 100 solutions). (d) Opportunity costs of 

Marxan’s best solution for each of the five port/vessel groups and for the full-cost scenario. 
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Supporting Information: 

 

 
Appendix S1: The distance function (f(d)) applied to fishing cost estimates. The left graph 

and map shows the result of distances from Espírito Santo (ES) ports. The same function was 

applied to Bahia ports (right graph and map), including the Southern Bahia (BA) and 

Extractive Reserves (ER) groups. 
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CONSERVATION PLANNING IN A SEA OF SMALL BOATS: TRADEOFFS 

BETWEEN BIODIVERSITY CONSERVATION AND RESOURCE EXPLOITATION 

IN EASTERN BRAZIL 

Abstract 
The rapid urbanization and expansion of fishing, port and industrial infrastructure 

negatively affects the goods and services provided by marine biodiversity. Establishment of 

Marine Protected Areas (MPAs) can complement fisheries management by mitigating impacts 

from fishing and destructive use of gears, maximizing the benefits from biodiversity 

conservation. However, MPA establishment often involves conflicts with fishers and other 

stakeholders that either depend or benefit from open access regimes (e.g. mining, shipping 

and tourism sectors). Conflicts are likely when planning focuses on biodiversity objectives 

only, ignoring the social and economic dimensions of the planning regions. A first attempt of 

expanding the Abrolhos Bank MPAs failed implementation as fishers considered the potential 

impacts of the proposal inequitable. Besides being South Atlantic’s most biodiverse area, 

Abrolhos yields the highest fishing landings in the entire Northeastern Brazil. MPA 

establishment invariably implies in displacements and restrictions to fisheries; therefore 

planners must consider the tradeoffs between biodiversity protection and losses of economic 

activities. Here, we explore trade-offs between economic activities and biodiversity 

conservation in Abrolhos, and how the impact of different MPA scenarios varies across 

stakeholder groups. We present an MPA proposal that aims to achieve conservation 

objectives while minimizing socieoeconomic impacts in the Abrolhos region. Our results are 

expected to help catalyze the re-establishment of the Abrolhos’ spatial planning initiative 

under more equitable conceptual foundations and praxis.  

 

Keywords: conservation systematic planning, trade off, habitat, biodiversity, fishing. 
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1. INTRODUCTION 

 

Globally, population growth is concentrated near the coast and is accompanied by 

rapid expansion of fishing, port, industrial, and urban infrastructure. The search for 

hydrocarbons and minerals is also escalating, resulting in deep transformations at all 

seascapes and negative effects in the goods and services provided by marine biodiversity [1]. 

Economic development is focused on the rapid maximization of financial return, resulting in 

the degradation of ecosystems and life quality of the most vulnerable coastal communities 

[2,3]. 

 

Currently, Marine Protected Areas (MPAs) are the cornerstones of marine biodiversity 

conservation [4,5]. Also, they can complement fisheries management measures such as size-

season-gear-catch limits, as fisheries resources and their larvae may spill over from no-take 

reserves (NTRs) into adjacent fishing grounds [6]. Due to such immense potential, the 

signatory countries of the Convention on Biological Diversity (CBD) have committed to 

protect 10% of the oceans until 2020 [7]. However, accomplishing this target requires an 

additional 10 million km2 of MPAs, or a 360% increase in the MPA area established in the 

last decade [8], enclosing wide expanses of ocean that are used by fishers and other 

stakeholder groups that depend upon natural resources’ extraction for survival.  

 

A representative and functional global MPA network depends on planning 

frameworks that are able to integrate the social and ecological dimensions of the targeted 

regions, avoiding further allocation of resources in low-cost residual MPAs, “paper parks”, 

and negative social impacts [9–11].  Recent increases in the global MPA area are related to 

the protection of large areas around remote islands [17]. Besides being geopolitically biased 

[e.g. UK Overseas Territory, Pacific Remote Islands and Papahãnaumokuãkea (US), Motu 

Motria Hiva (Chile)], such initiatives involve limited displacement of stakeholders and take 

advantage of military facilities and long-standing restrictions to civil usage [18]. Therefore, 

the marine conservation challenge for most countries remains: the establishment of MPAs, 

including no-take reserves (NTRs), in densely populated regions and areas under dispute by 

domestic stakeholder groups [8,19]. Unfair or unequal impacts enhance local-level conflicts 

and hinder management, especially when resources for implementation are limited [20]. 
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Indeed, MPAs in developing countries have limited prospects without local support, and such 

cooperation must be established during the planning process [3]. 

 

Marine Spatial Planning (MSP) is a conceptual and operational framework to help 

guide management decisions to be as efficient as possible at meeting stated goals. The success 

of interventions depends on effective implementation and compliance with the rules. The 

degree to which the rules are considered to be fair will influence whether those impacted by 

the rules abide to them (Ostrom, 1990). However social equity, in terms of social class, 

gender, ethnicity, generational, educational and occupation, is rarely explicitly assessed in the 

context of conservation planning. Conservation would benefit from a better use of exiting  as 

well development of novel equity metrics for planning (e.g. input equity: degree of 

participation by stakeholder group) and evaluation of conservation interventions (e.g. 

outcome equity: resources’ state, financial return to individuals or groups) [22].  

 

Tradeoff analyses help managers determine how much of a given economic activity 

will be lost to achieve biodiversity conservation goals, which can be more important than 

reducing the global cost of MPAs [23,24,21,25,26]. Tradeoffs occur when the provision of an 

ecosystem service (e.g. resource’s availability to fisheries) is reduced due to increased use of 

another (e.g. biodiversity conservation), allowing policy makers to understand the long-term 

effects of their choices [27]. When services overlap and are mutually exclusive (e.g. 

petroleum platforms vs. commercial fishing) losses can be extreme, but less severe tradeoffs 

are more frequent (e.g. fishing and recreational activities) and can be independently managed 

(e.g. fisheries in non-overlapping habitats) [28]. The simultaneous maximization of all 

interacting services is not achievable, and managers are required to make informed choices, 

improved by explicit consideration of tradeoffs [29].  
 

In this study, we address the issue of equity in MPA planning by exploring the 

contentious conservation scenario of the Abrolhos Bank, Brazil [30]. The region is a 

biodiversity hotspot and encompasses South Atlantic’s largest coral reefs and other relevant 

biodiversity attributes, besides producing the highest fisheries yields within Northeastern 

Brazil – largely from small scale fisheries [31–33]. Specifically, we addressed the tradeoffs 

between the area available for fishers and the protection of 30% of the region’s biodiversity, 

and how distinct stakeholder groups are impacted by the conservation of different biodiversity 
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targets. We also present and contrast different multiple zoning scenarios aiming to promote 

fisheries while simultaneously accomplishing biodiversity conservation goals. Our ultimate 

goal is to catalyze a second Abrolhos’ MPA planning process, considering what has been 

learned from the previous attempt [34], which is briefly described and discussed. 

 

2. MATERIALS AND METHODS 

 

2.1 Study region 
 

The Abrolhos Bank stretches across ~200 km of the Eastern Brazilian shelf between 

Bahia and Espírito Santo States (17-19.7°S), covering ~57,000 km2 [30,35]. The region is a 

major breeding ground of Humpback Whales [36], has several reef fish spawning aggregation 

sites [32], and encompasses the largest coralline reefs and rhodolith beds of the South Atlantic 

[37,38]. Benthic habitats comprise a mosaic of soft sediments, shallow and mesophotic reefs, 

rhodolith beds, paleochannels and a complex of large sinkholes that trap organic matter and 

aggregate fish biomass in the mid and outer shelves [30,33,39]. Abrolhos is also the region 

with the highest fisheries yields in the entire Northeastern Brazil [40], encompassing 

nearshore fisheries over soft bottom and reef fisheries, both with limited regulations and 

enforcement [32,41,42]. Fisheries are carried out by small (<10m) and rudimentary fishing 

vessels, legally categorized as artisanal and largely operated under family ownership or 

partnerships among fishermen [43]. An artisanal-industrial transition has been taking place in 

last decade, with the establishment of small fleets with centralized command and ownership, 

and incorporation of new technologies that enhance captures (e.g. GPS, Echo Sounder). The 

region is also targeted by oil and gas exploitation [44] and mining [30], and is also affected by 

dredging of navigation channels for larger vessels that transport agricultural commodities 

[43]. So far, 1.7% of the region is covered by one NTR (Abrolhos National Marine, 880 km²) 

and 3.7% are covered by two Marine Extractive Reserves (co-managed areas reserved for 

local fishers) (Corumbau, 895 km² and Cassurubá, 1,000 km²). The largest multiple-use MPA 

is a 3,400 km2 “paper-park” under Bahia State jurisdiction, which has not been implemented 

since its declaration in 1993. 

 

2.2. MPA planning in Abrolhos 
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In the last decade, Brazil made little progress towards establishing a functional and 

representative MPA network, in spite of being CBD’s first signatory. MPAs cover 1.5% of 

the country’s Exclusive Economic Zone (EEZ),	with <0.5% of NTRs [45]. Even regions with 

broadly recognized global relevance, such as the Abrolhos Bank [44,46,47], remain poorly 

protected and with major implementation gaps [30,33,48].  

 

Since 2010, non-governmental organizations (NGOs) and the Ministry of 

Environment triggered an accelerated process of MPA creation in Abrolhos [45]. Catalysed 

by the UN Conference on Sustainable Development in 2012 (Rio+20), four new MPAs 

(15,736 km2 as NTR and 95,826 km2 as multiple use MPAs, Fig. 1) were put to public 

approval a few weeks before the conference. The proposed MPAs were based on outputs from 

a conservation planning software with limited stakeholder consultation [45]. The public 

consultation for this unprecedented en masse MPA declaration consisted of two meetings 

aiming to validate the proposal in a single discussion round. Most stakeholders, and even 

local MPA managers, were unaware of the process until a few days before the hearings, and 

the proposal was broadly rejected due to the overall lack of transparency, inequitable impacts 

over stakeholders and disregard of previously negotiated priorities. For instance, a long-

standing fishers’ demand for the creation of a third Extractive Reserve (Rio Doce) had not 

been integrated into the proposal [45]. As a result, resistance to MPAs increased, the process 

was halted and has not yet been resumed by the Ministry of Environment. This proposal will 

be hereafter referred to as the 2012 proposal. 

 

2.3. Datasets 
 

Biodiversity features: Given the lack of fine scale biodiversity data, we used broad 

scale benthic habitat maps and biophysical information to represent biodiversity features, 

including: unconsolidated bottom, estuaries, rhodolith beds, shallow reefs, mesophotic reefs, 

continental slope [30] and sinkholes [39] (Fig. 2a). We also used the areas with the highest 

whale concentrations [36], spawning aggregations sites [32], and the habitats of important 

fishing resources (Fig. 2b): Rhomboplites aurorubens; Mycteroperca bonaci; M. venenosa; 

Lutjanus analis; L. jocu; L. synagris; Cephalopholis fulva; Dermatolepis inermis; Ocyurus 

chrysurus; Epinephelus morio. We targeted the protection of 30% of all biodiversity features.  
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Fisheries resources: Groups of commercially important benthic and demersal species 

with a same common name (Fig. 3) were included as conservation targets. Catch data 

(kg.year-1) was obtained from three projects funded by the Ministry of Fisheries in 2011 

(since then, monitoring was halted countrywide; see Pinheiro et al. [49]). The first dataset 

(ES) was obtained by the Federal University of Espírito Santo and covers the main ports in 

Espírito Santo state [50]. The second dataset (BA) was obtained by NGO ECOMAR and 

covers the ports of Prado, Alcobaça, Caravelas, Nova Viçosa and Mucuri, in the southern 

coast of Bahia state (unpublished). The third dataset (ER) was obtained by NGO Conservation 

International and covers ports within the Extractive Reserves of Corumbau and Cassurubá, 

also in Southern Bahia (unpublished). The three datasets represent different Groups of Ports, 

in which different vessel types (gear/target species and boat size) operate. 

 

Opportunity costs: Opportunity costs of fishers’ displacement by NTRs was 

estimated with the FishCake algorithm (habitat-based approach to estimate opportunity cost 

for fishing) [51], which is based on fishermen accessibility (distance between Ports and PUs) 

and on the relative importance of each PU to each Group of Ports (REFER TO YOUR 

OTHER PAPER). Opportunity cost of oil/gas exploitation and mining were based on areas 

already licensed or under licensing [52]. Cost layers are illustrated on Fig. 2d. 

 

2.4. Multiple zoning  

 
We used software Marxan with Zones [53] to identify zoning arrangements that 

achieve conservation objectives simultaneously minimizing impacts on fisheries, at a 

minimum cost. This tool uses a simulated annealing algorithm to find near-optimal solutions 

in a flexible, efficient and replicable way [54], and can segregate multiple and potentially 

conflicting activities (e.g. conservation and socioeconomic), optimizing multiple zoning by 

considering differential contributions of zones to objectives and costs [53].  

 

The planning region (Figure 1) was divided into a 1 km² grid, from the estuaries to the 

shelf edge (200 m isobath), resulting in 50,762 PUs that were further allocated into one of the 

following four zones: No-Take Zone, where no extractive activities are allowed (associated 

to opportunity cost for fisheries, oil and gas, and mining); Fishing Zone, where no mining is 

allowed (associated to opportunity costs for oil and gas, and mining); Oil and Mining Zone, 
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exclusive to mining (associated to opportunity costs for fisheries). Additionally an Available 

Zone was included in order to improve the prioritization’s performance. This zone does not 

contribute to any of the above objectives and is not associated to any cost. A target of 30% 

was used for each megahabitat and other biodiversity features, three times larger than those of 

CDB but similar to the targets used in the 2012 proposal.  

 

2.5. Tradeoffs 

 
We ran seven scenarios to assess tradeoffs between the conservation of biodiversity 

features and the use of natural resources. Similarly to Weeks et al. [26], we incrementally 

increased the fishery targets until it was not possible to simultaneously achieve all 

biodiversity, fisheries, oil and gas, and mining targets.	The scenarios focused on different 

stakeholders groups. The first one, S1 (ES passive gears), focused on evaluating tradeoffs 

involving Espírito Santo fishers who use passive techniques. The same strategy has been 

applied for scenarios S2 (BA passive gears) and S3 (ER passive gears), which involve fishers 

from Southern Bahia and Extractive Reserves, respectively. Scenarios S4 (ES trawling) and 

S5 (BA/ER trawling) focused on the tradeoffs involving shrimp trawling. Licensed area for 

oil exploration and the mining interest area were grouped in the scenario S6 – oil and mining. 

In scenario S7 (all stakeholders), we considered all stakeholders simultaneously. A maximum 

exploitable area was defined as the portion of the resource's habitats or mining areas that will 

remain exploitable with the achievement of conservation targets.  

	

The Feature Penalties Factor (FPF) was calibrated for each scenario following Ardron 

et al. [55], in order to keep shortfalls consistent and to make results comparable. Small FPF 

values (relative to the other parameters) generate the lowest cost solutions, but miss some 

targets due to penalties. Conversely, high FPF values tend to produce few higher-cost 

solutions. The FPF was equally calibrated and established for all targets and scenarios. 

Parameter Boundary Length Modifier (BLM), which controls the fragmentation of selected 

areas, influences the tradeoff curves and was set to 0 for tradeoff analyses. Marxan with 

Zones was set to run 100 solutions for each scenario. Datasets, including all GIS files, are 

supplied as Supplementary Materials. 
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The maximum exploitable percentages for S7 were included as goals for the Fishing 

Zone and Oil and Mining Zone to produce a “best scenario” that aims to promote resources 

availability to stakeholders given constraints related to equity and biodiversity objectives. In 

order to make the final scenario more applicable, parameters BLM and ZONEBOUNDCOST, 

which controls the zone boundary relationship) were calibrated following Ardron et al. [55] 

and Watts et al. [56]. 

 

3. RESULTS 

 

3.1. Tradeoffs between biodiversity and resources’ uses 

 
In the Abrolhos Bank, the ambitious biodiversity targets of our exercise (30% of the 

area of each target) may be achieved even if 60-73% of the resources’ area remain 

exploitable, as indicated by the overall small tradeoffs in S7 (Fig. 4). However, tradeoffs vary 

across stakeholder groups. Tradeoffs between biodiversity conservation and fishing were 

mainly driven by passive gear fishermen (S1, S2 and S3). Tradeoff between biodiversity 

conservation, trawling (S4 and S5), and oil and mining (S6) were minimum due to restricted 

spatial overlap with biodiversity features, nearshore (shrimp trawling habitat) and in the south 

region (where oil and mining areas are concentrated). In these cases, allocation of NTRs for 

achieving conservation targets may be flexible, since there is a huge offshore extension with 

no trawling and mining. 

 

3.2. Conservation impacts on stakeholders 

 
Soft bottom, rhodolith beds, mesophotic reefs and areas with higher whale 

concentrations were the conservation targets with higher impacts over fishermen using 

passive gears, from both ES and BA (Fig. 5a-b). In contrast, protection of soft bottoms and 

rhodolith beds impacted ER fishermen that use passive gears (Fig. 5c). Shrimp trawling, oil 

and mining had the lowest impact in the allocation of No-Take Zones (Fig. 5d-g).  

 

3.3. Maximum exploitable area 
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When all stakeholders are simultaneously considered in MPA zoning (S7), 60-90% of 

the current resource use can still be undertaken while achieving all biodiversity conservation 

objectives (Fig. 6). Stingray, catfish, shark, weakfish, yellowtail snapper, lane snapper, and 

croaker fishing grounds were the most impacted by the accomplishment of the conservation 

objectives (Fig. 6).	A solution that accomplishes the ambitious conservation targets (30% of 

each biodiversity feature) and minimizes impact over fisheries and oil and mining is presented 

in Fig. 7a, along with PUs selection frequency for each zone (Fig. 7b-d). This proposal can be 

used as a starting point to resume the Abrolhos’ MPA planning initiative. 

 

4. DISCUSSION 

 

Equity is an emerging issue in conservation planning research, and has been assessed 

through metrics associated to the access level to natural resources and stakeholder 

participation in decision-making [21,57]. Because the division of fishing areas may relate 

linearly with conservation success (e.g. Territorial User Rights in Fisheries – TRUFs) [22], 

we have choosen to explore spatial access equity tradeoff analyses to evaluate MPA impacts 

on different stakeholder groups in the Abrolhos Bank, a region where small-scale artisanal 

fisheries are ubiquitous. Our results show that it is possible to achieve substantial protection 

goals without extensive impact on resource users. Tradeoffs between the protection of 30% of 

the targeted biodiversity features and the remaining exploitable areas is overall weak (Fig. 4), 

as indicated by the concave tradeoff curves [28,57]. On average, all biodiversity protection 

goals are accomplished when 44% of the areas exploitable by stakeholders are lost to NTR 

zones, possibly opportunity costs will decrease with less ambitious targets and can decrease 

further through the incorporation of stakeholders’ inputs [57]. The achievement of 

conservation targets for unconsolidated bottom, rhodolith beds, mesophotic reefs and areas 

with higher whale concentration have the greatest impact on resources use.  

 

Our study complements previous scientific literature showing that the explicit 

incorporation of targets and costs for different stakeholder groups improves the trade-off 

between the protection of biodiversity and the exploitation of natural resources. For example, 

Klein et al. [19] found a weak tradeoff while evaluating fishing economic losses (9%) to 

achieve the 30% biodiversity target in the context of California’s Marine Life Protection Act. 

Also, Gurney et al. [57], in a study aiming to design a system of NTRs in Kubulau District, 
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Fiji,	 found that it is possible to achieve low to mid-range biodiversity objectives with 

relatively small losses to fisheries. Brown and Mumby [58], in a modelling study, showed that 

trade-offs between the protection of functional communities and fisheries profits depend on 

the approach to management, whith mixed management (reducing fishing effort and MPAs) 

resulting in ~30% of reefs with functional communities.  

 

We propose our “best scenario” as a a starting point for future MPA planning with 

representative stakeholder input and novel data that may become available, combining 

quantitative methods with idiosyncrasies of planners and stakeholders [62]. Indeed, the 

generic and ambitious targets that we used need to be discussed and adjusted. Large areas in 

the south of the Abrolhos Bank, which comprise soft bottom, mesophotic reefs and rhodolith 

beds, are promising for the expansion of NTRs. Mangrove areas and the Doce River Mouth 

(estuaries that are not part of the existing MPAs), as well as the offshore areas near the shelf 

break, also presented high selection frequency for NTR zoning.  

 

Our model still has some caveats to be considered in forthcoming MSP. Benthic 

habitat maps are powerful surrogates to support the modeling of marine ecosystems [63], but 

habitat-based distribution models fail to represent the actual distributions of biomass and 

ecological processes [8,58]. For example, the lumping of mud (shrimp habitat) and sand in a 

single benthic megahabitat [30,35] contributed equally to the achievement of some targets, 

but it is expected that higher resolution sediment data will decrease the size and change the 

boundary of shrimp trawling grounds, impacting the tradeoff curves for this important fishery. 

In some cases, higher resolution habitat maps of unconsolidated bottom can be readily and 

reliably developed from stakeholder consultation [64]. Accordingly, the definition of fishing 

targets based on area proxies is also limited, these can be improved with population modeling 

pointing towards areas containing catches needed to keep fisheries profitable [19].  

 

Targets based only on MPAs area have a limited ability to optimize marine 

biodiversity protection, giving governments, NGOs and the public a false sense of 

conservation achievement [11]. For instance, Edgar et al. [4] studied the conservation benefits 

of 87 MPAs across the globe considering five key features: no take, well enforced, old (> 10 

years), large (> 100 km2) and isolation (deep water or sand). While isolation depends on the 

geographic settlement of the planning region, the other key features are dependent on design 
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(size and configuration) and management (NTR zoning, long term enforcement), and should 

be seriously considered in MPA design. In the South Atlantic, there are few remote oceanic 

islands that can host large MPAs, therefore, advances in the Brazilian spatial planning over 

marine and coastal areas are fundamental for the protection of the South Atlantic biodiversity.  

 

The effectiveness of NTRs is well known to depend on fisheries management in the 

adjacent open and multiple-use zones [65], and these two dimensions need to be 

simultaneously addressed to regain stakeholders’ attention and trust [66]. Spillover of biomass 

from NTRs does not guarantee inexhaustible sources of resources, and has limited spatial 

reach [67]. In addition, the effects of fishing effort redistribution after reservation is still 

poorly understood and may compromise the effectiveness of MPA networks [19]. The 

economic gains of Oil & Gas exploration and mining frequently alter spatial priorities and the 

opportunity cost of conservation, because the future of these politically powerful extractive 

industries that rely on non-renewable resources depends on new discoveries in increasingly 

larger marine areas [23]. The current dismantling of Brazilian fisheries management [49], 

including the extinction of the Fisheries Ministry, challenges MPA planning and 

implementation, and needs to be resumed under a collaborative basis among agencies, 

academia and stakeholders, instead of being centralized by a single ministry (Ministry of 

Environment) and a few environmental NGOs.  
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Fig. 1. The Abrolhos Bank shelf, Brazil (study region). Marine Protected Areas coverage and 
the rejected proposals. 
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Fig. 2. Megahabitats (a), biodiversity features (b), habitats of fishing resources (c) and 
opportunity costs of conservation (d) in the Abrolhos Bank. Cost representation: normalized 
from 0 to 1; light	gray	=	minimun	cost;	black	=	maximum cost. 
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Fig. 3. Three groups of ports with the respective landings in 2011 of the main resources with 
mapped habitats in the Abrolhos Bank. 
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Fig. 4. Trade off curve between the average of percentage of biodiversity target met in the no-
take zone and the average of percentage of exploitable resource areas in the stakeholder’s 
zones (Fishing, Oil and Gas, and Mining zones), accounting for different scenarios with 
specific resources’ target. 
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Fig. 5. Tradeoff between the accomplishment of the 30% biodiversity target goal and the 
average percentage of each stakeholder exploitable area (a-f) Scenarios with specific targets 
and costs for each of the six stakeholders groups (g) Scenario including every biodiversity 
target. 
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Fig. 6. Tradeoff between the accomplishment of the 30% biodiversity target goal and the 
exploitable percentage of each resource considering the scenario with every stakeholder group 
(a-m) Maximum percentage of exploitable habitat in the fishing zone (n-o) Maximum 
percentage of exploitable areas in the Oil and Gas and Mining zone. 
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Fig. 7. Irreplaceability map that considered the maximum exploitable area as input targets for 
fishing and oil and mining zone. (a) Selection frequency of planning units for the No-Take 
Zone. (b) Selection frequency for the fishing zone. (c) Selection frequency for Oil & Gas and 
Mining zone. 
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Table 1. Scenario settings of target, cost and locked areas.  
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CONCLUSÕES GERAIS 

A revisão da literatura sobre custos de conservação para a pesca evidenciou que a 

dependência de dados representativos e abrangentes para múltiplas pescarias e múltiplos 

recursos é um problema recorrente que compromete as iniciativas de planejamento espacial 

marinho, especialmente a criação de Áreas Marinhas Protegidas (AMPs). A deficiência de 

dados representativos para os diferentes grupos de pescadores é típica dos países em 

desenvolvimento, e representa uma lacuna importante para o (re)estabelecimento das 

iniciativas de planejamento espacial na região do Banco dos Abrolhos, onde a pesca artesanal 

de pequena escala representa uma importante atividade. Esse problema foi endereçado através 

do desenvolvimento de uma nova abordagem para estimar camadas heterogêneas de custos de 

oportunidade, baseada na distribuição dos habitats dos recursos pesqueiros. 

Para avaliar as permutas (tradeoffs) entre a conservação da biodiversidade e a 

exploração de recursos naturais, além dos setores minerário e de óleo e gás, foram 

evidenciados cinco grupos de pescadores que necessitam de representação específica: 

pescadores com artes passivas do Espírito Santo; pescadores com artes passivas do Sul da 

Bahia; pescadores com artes passivas das reservas extrativistas; pescadores com rede de 

arrasto do Espírito Santo; e pescadores com rede de arrasto do Sul da Bahia e das Reservas 

Extrativistas. A combinação entre os custos destes grupos gerou uma camada de custo 

representativa para o setor pesqueiro como um todo. Nesse contexto, a análise de permutas 

revelou que metas ambiciosas de proteção de 30% dos alvos de biodiversidade, incluindo 

todos os megahabitats bênticos, implicou em redução média de 44% da área disponível para 

exploração dos principais recursos. Essa perda pode ser reduzida a partir do refinamento das 

metas de conservação e da inclusão de zonas de uso múltiplo que forneçam contribuição 

parcial para seu atingimento. 

O modelo disponibilizado permite a elaboração de cenários custo-efetivos de uso 

múltiplo para o Banco dos Abrolhos, atendendo a metas globais de conservação. Além disso, 

permite avaliar as permutas (tradeoffs) entre a conservação da biodiversidade e a exploração 

de recursos naturais sob diferentes configurações, podendo subsidiar a retomada das 

discussões com os atores envolvidos com a criação de AMPs. 


