MINUTA DE DECRETO FEDERAL

RESERVAS PARTICULARES DO PATRIMONIO NATURAL (RPPN)

Regulamenta no &mbito das unidades de conservacgdo (UCs) federais o art. 21 da Lei no 9.985,
de 18 de julho de 2000, que dispbe sobre o Sistema Nacional de Unidades de Conservacao da
Natureza (SNUC).

O PRESIDENTE DA REPUBLICA, no uso da atribuicio que Ihe confere o art. 84, inciso IV,
da Constituicao, e tendo em vista o disposto no art. 21 da Lei no 9.985, de 18 de julho de 2000.

CAPITULO |
Secdo |
DAS DISPOSICOES PRELIMINARES

Art. 1° A Reserva Particular do Patrimdnio Natural (RPPN) é uma unidade de conservacdo de
dominio privado, criada pelo poder pablico com o objetivo de conservar a diversidade bioldgica,
gravada com perpetuidade, a ser gerida e especialmente protegida por iniciativa voluntaria do
proprietario do imével urbano ou rural, na forma da lei e seus regulamentos.

Paragrafo tnico. A RPPN somente sera criada em areas de posse e dominio privados.

Secdo Il
DOS OBJETIVOS E USO

Art. 2° A RPPN tem como objetivo a protecdo dos recursos ambientais representativos da regiéo.

Art. 3° A RPPN podera ser utilizada para o desenvolvimento de atividades de cunho cientifico,

cultural, educacional, recreativo e de lazer, observado o objetivo estabelecido no artigo anterior.

Secéo Il
DA INSTITUICAO



Art. 4° O Governo Federal, por meio do Instituto Chico Mendes de Conservacdo da
Biodiversidade (ICMBIo0), prestara orientacdes necessarias visando avaliar o interesse publico
na criacdo da RPPN, dando prioridade aos requerimentos que correspondam a imoveis inseridos
em areas prioritarias para a conservacao de ecossistemas e espécies, mosaicos de areas

protegidas, zonas de amortecimento de unidades de conservacao e em corredores ecoldgicos.

Paragrafo tnico. O Governo Federal, no processo de criacdo da RPPN e ap6s a criacdo da RPPN,
ndo cobrara do proprietario taxas ou qualquer tipo de exacdo referente aos custos de suas

atividades especificas.

Art. 5° Podera ser criada a RPPN em propriedade hipotecada desde que o proprietario apresente

anuéncia do credor da hipoteca.

Paragrafo unico. Podera ser criada a RPPN em propriedade penhorada, desde que o proprietario

apresente autorizacao judicial, para a criacdo da unidade de conservacéo.

Art. 6° As propriedades tituladas pelo INCRA ou outro 6rgdo publico competente que contiver
clausulas resolutivas de alienacdo do imdvel, podem ser instituidas como RPPN desde que

apresente anuéncia do 6rgéo responsavel pela emisséo do titulo.

Art. 7° A area de RPPN ndo sera computada como parte do imovel para célculo do Grau de
Eficiéncia da Exploracdo (GEE) e do Grau de Utilizacdo da Terra (GUT).

Art. 8° A RPPN poderéa ser criada em parte de territério quilombola titulado desde que haja

consulta e anuéncia da comunidade quilombola.

Art. 9° A criacdo de RPPN em propriedade situada em terreno de marinha pressupde a anuéncia

da Secretaria do Patrimonio da Uniéo.

Art. 10 A RPPN podera ser criada em areas parcialmente degradadas, observado o parecer

técnico de vistoria mediante 0 compromisso do proprietario de recuperar a area.

Art. 11 A éarea de imovel rural criada como RPPN podera sobrepor, total ou parcialmente, a

Reserva Legal ou as Areas de Preservacdo Permanente previstas em normas legais.



Art. 12 A RPPN podera ser criada dentro dos limites de Area de Protecdo Ambiental (APA)

sem necessidade de redefinicdo dos limites da APA.

Art. 13 Depois de averbada, a RPPN s podera ser extinta ou ter seus limites alterados na forma
prevista no art. 22 da Lei no 9.985, de 18 de julho de 2000.

Art. 14 Poderdo criar RPPN as empresas e fundag6es publicas que possuam propriedades com

atributos que justifiquem sua conservacao.

Secéo IV
DOCUMENTAGCAO NECESSARIA PARA A CRIACAO

Art. 15 O proprietario interessado em ter seu imdvel, rural ou urbano, integral ou parcialmente,
reconhecido como RPPN devera encaminhar requerimento ao 6rgdo competente, solicitando a
criacdo da RPPN, acompanhado dos seguintes documentos:

| — certiddo atualizada de inscrigdo da propriedade no Cartério de Registro de Imoveis;

Il - certiddo de dnus reais e acdes reais e pessoais reipersecutdrias sobre o imovel;

Il — documento de identificacdo pessoal do proprietario; do cénjuge ou convivente; do
procurador, se for o caso, e dos membros ou representantes quando pessoa juridica;

IV — memorial descritivo dos limites do imével e da area proposta como RPPN, quando parcial,
georreferenciado, indicando a base cartografica utilizada e as coordenadas dos vértices
definidores dos limites, assinado por profissional habilitado, com a devida Anotacdo de

Responsabilidade Técnica e seu comprovante de pagamento.

8 1° O requerimento relativo a propriedade de pessoa fisica deverd conter a assinatura do
proprietario, do conjuge ou convivente, se houver, e no caso de pessoa juridica devera ser
assinado pelos seus membros ou representantes com poder de disposicdo de imoveis, conforme

seu ato constitutivo e alteracdes posteriores.

8 2° Cabe ao proprietario do imovel apresentar, quando solicitado, a complementacdo do

contetdo documental visando a anélise de situacdes especiais.



Secéo V
PROCEDIMENTO PARA A CRIAC}AO DA RPPN

Art. 16 O Orgdo responsavel pela criacdo da RPPN, quando requisitado, adotara o seguinte
procedimento:

| - verificar a legitimidade e a adequagdo juridica e técnica do requerimento frente a
documentacao apresentada;

Il - realizar vistoria técnica na area proposta como RPPN, emitindo parecer conclusivo quanto
a existéncia ou ndo de interesse publico na instituicdo da RPPN;

I11 - realizar consulta publica sobre a proposta de criacdo da RPPN;

IV - emitir o termo de compromisso de criacdo da RPPN para o interessado averbar a margem
da inscri¢do do imovel no Registro de Imdveis, apos a realizacdo e aprovacdo dos itens I, Il e
II;

V - publicar a portaria de criacdo da RPPN, ap0s a averbacdo do termo de compromisso.

Art. 17 A partir da publicacdo da consulta pablica, a area ndo podera ser afetada para outros
fins, até a conclusdo da analise e definicdo de sua destinacgdo, respeitado o prazo méaximo de 90

(noventa dias) dias, prevalecendo o que ocorrer primeiro.

Secdo VI
COMPETE AO PROPRIETARIO DA RPPN

Art. 18 Cabera ao proprietario da RPPN:

| —averbar o Termo de Compromisso, emitido pelo ICMBIo, a margem da inscri¢cdo do imdvel
no Registro de Imoveis;

Il - assegurar a manutengdo dos atributos ambientais da RPPN e sinalizar os seus limites,
advertindo terceiros quanto a existéncia da area protegida e suas restri¢cdes legais;

Il —em até cinco anos, elaborar e submeter a aprovagdo o Plano de Manejo da unidade de
conservagao, em consonancia com o previsto no art. 27 da Lei Federal n® 9.985, de 2000;

IV — implementar as acdes do Plano de Manegjo;

V —encaminhar, sempre que solicitado pelo 6rgdo ambiental responsavel por sua criacéo,

relatdrio da situacdo da RPPN e das atividades desenvolvidas.



Secédo VII
COMPETE AO ICMBIO

Art. 19 Cabera, ao ICMBIo:

| - realizar avaliacdo técnica e juridica da proposta de criacdo da RPPN e solicitar as
complementacfes quando necessarias;

Il - justificar a criacdo ou ndo da RPPN;

I11 - criar a RPPN, reconhecendo a iniciativa voluntaria do proprietario;

IV - definir critérios para elaboracdo de Plano de Manejo de RPPN;

V - aprovar o Plano de Manejo da unidade de conservacéo;

VI - manter atualizado o Cadastro Nacional de Unidades de Conservacdo (CNUC), conforme
previsto no art. 50 da Lei no 9.985, de 2000;

VII - realizar vistorias na RPPN;

VIII - apoiar o proprietario de RPPN nas acdes de fiscalizacdo, protecédo e repressdo aos crimes
ambientais;

IX - prestar ao proprietario, sempre que possivel e oportuno, orientagédo técnica para elaboragéo
do Plano de Manejo;

X - realizar monitoria do Plano de Manejo da RPPN;

XI - manifestar oficialmente, perante outras Institui¢cbes Publicas, os fatos ocorridos nas RPPNS,

guando necessario, visando a protecdo e manutencdo da area.

Paragrafo tnico. O ICMBIo podera credenciar terceiros com a finalidade de monitorar as

atividades realizadas na RPPN.

Secdo VIII
DO PLANO DE MANEJO E GESTAO DA RPPN

Art. 20 O Plano de Manejo da RPPN sera analisado e aprovado pelo 6rgdo ambiental

responsavel pela sua criagéo.

8 1° Até que seja aprovado o Plano de Manejo, as atividades realizadas na RPPN devem se
limitar aquelas destinadas a garantir sua prote¢éo e a pesquisa cientifica, resguardado o direito
do proprietario de continuar exercendo as atividades que ja exercia antes da criacdo da RPPN

desde que as atividades sejam compativeis com os objetivos da categoria.



8§ 2° Até que seja aprovado o Plano de Manejo, novas obras a serem realizadas na RPPN devem

se limitar aquelas destinadas a garantir sua protecao e a pesquisa cientifica.

8§ 3° A aprovacdo do Plano de Manejo da RPPN ndo exime o proprietario da obtencdo de atos
autorizativos dos demais 6rgdos competentes para a realizacdo de obras e atividades.

Art. 21 As construcdes e infraestrutura existentes antes da criacdo da RPPN bem como aquelas
necessarias a sua gestao, poderdo ser mantidas ou instaladas, conforme dispuser o seu Plano de

Manejo.

Paragrafo Unico. O estabelecimento de infraestruturas, apds a criacdo da RPPN, devera ser

autorizada pelo ICMBiIo.

Art. 22 A pesquisa cientificaem RPPN devera ser estimulada e dependera de autorizacao prévia

do proprietéario.

8§ 1° A realizacdo de pesquisa cientifica independe da existéncia de Plano de Manejo.

8 2° 0O Plano de Manejo deverd indicar as prioridades de pesquisa e, se envolver coleta, 0s

pesquisadores deverdo adotar os procedimentos exigidos na legislacéo pertinente.

Art. 23 A soltura ou reintroducdo de espécies silvestres em RPPN somente serd permitida
mediante aprovacao prévia do proprietario, estudos técnicos e projetos especificos aprovados

pelo 6rgao ambiental competente.

Art. 24 O orgao ambiental competente organizara e mantera cadastro das RPPNs interessadas
em soltura de animais silvestres, orientando os proprietarios, gestores e funcionarios de RPPN

sobre os procedimentos e critérios a serem adotados.

Art. 25. Sera permitida a instalacé@o de viveiros de mudas de espécies nativas dos ecossistemas
onde estd inserida a RPPN quando vinculadas a projetos de educacdo ambiental ou de

recuperacéo de areas alteradas dentro do mesmo bioma da unidade de conservagao.



Paragrafo Unico. Serd permitida a coleta de sementes e outros propagulos no interior da RPPN
para a atividade prevista no caput deste artigo.

CAPITULO Il
Secdo |
DO PROGRAMA NACIONAL DAS
RESERVAS PARTICULARES DE PATRIMONIO NATURAL

Art. 26 Fica instituido o Programa Nacional das Reservas Particulares do Patriménio Natural

sobre a coordenacdo do ICMBIo.

Paragrafo inico. Compete ao ICMBIo estruturar e organizar o Programa, garantindo orgamento,
pessoal e equipamento especifico para a consecucgdo das atividades e agdes do Programa.

Art. 27 O programa tem por objetivo o fortalecimento das RPPNs, independentemente de sua
esfera de criacdo por meio das seguintes agoes:

| — criagdo do Comité Consultivo das RPPNs para apoiar as a¢fes de implementacédo do
Programa com participacdo da sociedade civil e entidades representativas das RPPNs;

Il — fortalecimento das organizacgdes associativas dos proprietarios de RPPNs;

Il — criacdo do Selo Boas Praticas Ambientais que poderd ser creditado as RPPNs que
demonstrarem boas praticas de manejo e conservacdo dos recursos naturais, agregando valor
aos produtos e servicos originarios destas unidades;

IV — capacitacdo dos proprietarios e gestores das RPPNSs;

V — apoio técnico aos érgdos estaduais e municipais de meio ambiente no que se refere as
RPPNs;

VI — alimentacdo e manutencdo do Sistema Informatizado de Monitoramento de RPPN
(SIMRPPN);

VIl — estabelecimento de parcerias com entidades publicas e privadas;

VIII — captacédo de recursos visando o fortalecimento do Programa e a sustentabilidade, gestéo,
manejo, criacdo e protecdo das RPPNs;

IX - divulgacdo nacional das RPPNs, seus objetivos e importancia, por meio de campanhas
sistematicas e permanentes, que tenham o publico alvo a sociedade e os 6rgdos publicos e

privados;



X —realizacdo de visitas e vistorias nas RPPNs, articulando agdo conjunta com os demais 6rgaos
publicos fiscalizadores do meio ambiente com vistas a otimizagdo de resultados;

XI — integracdo de acdes de apoio a protecao e fiscalizacdo nas RPPNSs, pelo IBAMA, Policia
Federal, Unidades de Conservacdo, Policia Militar e 6rgdos estaduais e municipais de meio
ambiente;

XII — intermediacéo junto as Prefeituras Municipais para a¢des de apoio as RPPNs, tais como,
educacdo ambiental, ecoturismo, manutencdo das estradas de acesso, aceiros na RPPN,
destinacao de recursos do ICMS Ecoldgico, entre outras;

XII - comunicacdo oficial aos 6érgdos competentes com vistas a implantacdo de sinalizagdo
informativa sobre a existéncia da RPPN, nas estradas e rodovias, quando solicitado pelo
proprietario;

XIV —atuacdo junto as instituicGes de concessdo de créditos para priorizar as propriedades com
RPPNs;

XV — atuacdo junto as instituicdes publicas e privadas para isencdo de taxas ambientais em
relacdo a propriedade onde estiver contida a RPPN;

XVI — promocéo e incentivo ao desenvolvimento de atividades de ecoturismo e educacao
ambiental;

XVII — promogdo de estudos e propor ajustes nas politicas publicas, em especial naquelas
voltadas a conservacdo ambiental, educacdo ambiental, corredor de biodiversidade, recursos
hidricos, servidao florestal e fixacéo de carbono, pagamento por servigos ecossistémicos, dentre
outras, visando fortalecer a implementacdo das RPPNs;

XVIII —adequacdo de normas federais ou a edicdo de norma especifica que estabeleca as bases
de apoio a conservacdo da natureza em RPPN, respeitada a legislacéo vigente;

XIX — atuacdo junto as instituicdes publicas e privadas para criacdo de programas, projetos e
atividades de apoio a conservacao da natureza em areas particulares;

XX — prestacdo de assisténcia técnica e orientacdo aos proprietarios e gestores de RPPN.

Secéo Il
DO APOIO E INCENTIVOS

Art. 28 A area criada como RPPN, em area rural, sera excluida da area tributavel do imovel
para fins de célculo do Imposto sobre a Propriedade Territorial Rural (ITR), de acordo com a
norma do art. 10 8 1° inciso Il da Lei no 9.393, de 19 de dezembro de 1996.



Art. 29 A RPPN pode ser beneficiaria de recursos da Lei n° 8.313, de 23 de dezembro de 1991,
nos projetos de implementacdo, gestdo e comunicacao, afetos as finalidades da referida lei.

Art. 30 No caso de empreendimento com significativo impacto ambiental que afete
diretamente a RPPN, o licenciamento ambiental fica condicionado a prévia autorizacdo do
ICMBIo, informando previamente ao proprietario da RPPN.

Art. 31 Os recursos provenientes de compensacdo ambiental deverdo ser empregados, conforme

o disposto nos incisos I a IV, do paragrafo Unico, do Decreto n® 4.340, de 22 de agosto de 2002.

Paragrafo Unico. E vedada a destinacio de recursos da compensacdo ambiental para RPPN

criada apds o inicio do processo de licenciamento do empreendimento.

Art. 32 A éarea de vegetacdo nativa excedente da reserva legal presente na RPPN poderé ser
objeto da compensacdo de reserva legal, serviddo ambiental ou cota de reserva ambiental de

outro imovel, conforme disposto na Lei n® 12.651, de 25 de maio de 2012.

Art. 33 Os projetos referentes a implantacdo e gestdo de RPPN terdo andlise prioritéria para
concessao de recursos oriundos do Fundo Nacional do Meio Ambiente (FNMA) e de outros

programas oficiais.

Art. 34 Os programas de crédito rural regulados pela administracdo publica, priorizardo os
projetos que beneficiem propriedade que contiver RPPN no seu perimetro, desde que o seu
tamanho seja superior a cinquenta por cento da area de reserva legal exigida por lei para a regido

onde se localiza, e com Plano de Manejo da RPPN aprovado.

Art. 35 No caso da RPPN estar inserida em mosaico de unidades de conservacdo, 0 seu
representante legal tem o direito de integrar o conselho de mosaico, conforme previsto no art.
9° do Decreto n° 4.340, de 2002.

Art. 36 Ao proprietario de RPPN criada pelo 6rgdo ambiental federal é facultado o uso da
logomarca do Governo Federal e do ICMBI0 nas placas indicativas e no material de divulgagédo

sobre a unidade de conservagéo.



Paragrafo unico. O proprietario poderé utilizar o manual de sinalizagdo instituido pelo ICMBIo
para realizar a sinalizagéo de sua RPPN.

Art. 37 A RPPN seréa beneficiaria do Programa de Conversdo de Multas Ambientais, prevista
no Decreto n®9.179, de 23 de outubro de 2017.

Paragrafo Unico. As multas decorrentes de infragdes ambientais, impostas pelo poder publico,

poderdo ser convertidas em bens, servicos e benfeitorias em RPPN.

Art. 38 A RPPN responsavel pela protecdo de recursos hidricos que contribuam ou beneficiem
sistemas de geracao e distribuicdo de energia ou mananciais de abastecimento publico, poderao
ser beneficiarias da contribuicdo financeira dos 6rgdos ou empresas, publicas ou privadas,
geradoras ou distribuidoras de energia ou responsavel pelo abastecimento hidrico, nos termos
dos artigos 47 e 48 da lei 9.985 de 18 de julho de 2000.

Art. 39 A RPPN devera ter prioridade na concessao de recursos financeiros e/ou apoio técnico
nos projetos ou programas oficiais voltados a conservagdo da natureza, biodiversidade, estoque
e remocao de carbono e dos recursos hidricos, em especial nos programas de pagamento por

servigcos ambientais.

Paragrafo Gnico. A RPPN deve ter maior peso nos critérios de pontuacdo para fins de
recebimento dos beneficios dos projetos ou programas referidos no caput.

Art. 40 O municipio beneficiario do Programa Estadual do ICMS Ecologico podera priorizar a
manutencdo da qualidade ambiental das RPPN e dos respectivos acessos que estdo dentro de

sua jurisdig&o.

Paragrafo tnico. O municipio devera ouvir os proprietarios de RPPNs com relagdo ao uso dos

recursos do ICMS Ecoldgico destinado as unidades de conservagdo do municipio.

Art. 41 Os fundos e instituicdes publicas que tenham objetivos voltados & manutencéo e

protecdo da biodiversidade poderdo criar linha especificas destinadas & RPPN.
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CAPITULO IV
DAS DISPOSICOES FINAIS

Art. 42 Ndo sera criada RPPN em érea ja integralmente concedida para lavra mineral, ou onde

jaincida decreto de utilidade publica, ou de interesse social incompativel com os seus objetivos.
8 1° Caso a existéncia de concessdo de lavra se sobreponha parcialmente ao pedido de
reconhecimento da RPPN, os limites da RPPN proposta deverdo ser retificados para que a area
concedida para lavra mineral seja excluida do perimetro proposto para a RPPN.

8 2° A RPPN podera ser criada nas demais fases que antecedem a concesséo de lavra mineral.

Art. 43 Revoga-se o Decreto 5.746, de 05 de abril de 2006.

Art. 44 Esta Lei entra em vigor na data de sua publicacéo.
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INTRODUCAO

O Pantanal constitui como uma depressdo geologica da bacia do Alto Paraguai
com cerca de 180.000 km? e é considerada a maior &rea umida tropical continental
contigua do mundo, localizada na porcao central da América do Sul, com seu territorio
distribuido 80% no Brasil, 15% na Bolivia e 5% no Paraguai. (Swarts 2000). A
vegetacdo do Pantanal é um mosaico influenciado pelos biomas Cerrado, Amazonia e
Chaco, e € moldada de acordo com os pulsos de inundacéo anuais e plurianuais (Junk et
al. 2006). O Pantanal é reconhecido mundialmente pela abundancia de sua fauna
(Mittermeier et al. 1990; Harris et al. 2005), sendo assim reconhecido como importante
destino para o ecoturismo (Chardonnet et al. 2002). Deste modo, e por sua relevancia
para conservacdo da biodiversidade Neotropical, o Pantanal foi declarado Patriménio
Nacional pela Constituicdo Federal de 1988, Reserva da Biosfera Mundial e Patrimonio
Natural da Humanidade pela UNESCO. Algumas éareas situadas dentro do Pantanal,
incluindo o Parque Nacional do Pantanal Matogrossense, foram declaradas como “sitios
do patrimonio mundial” e areas imidas de importancia global no dmbito da Convencao

Ramsar de Zonas Umidas.

Em relagdo a diversidade bioldgica catalogada, a flora pantaneira possui
aproximadamente 2.000 plantas identificadas (Pott et al. 2011). J& em relagdo a fauna,
as aves se destacam, tendo sido catalogadas 582 espécies (Nunes 2011), incluindo
espécies ameacadas de extingdo a nivel nacional como a arara-azul-grande
(Anodorhynchus hyacinthinus), jacu-de-barriga-castanha (Penelope ochrogaster) e a
aguia pescadora (Pandion haliaetus). O Pantanal possui 132 espécies de mamiferos
(MMA 2018) e também pode ser considerado um importante reflgio para espécies
ameacadas de extin¢cdo a nivel nacional como a onca-pintada (Panthera onca),
jaguatirica (Leopardus pardalis), lobo-guara (Chrysocyon brachyurus), cachorro-
vinagre (Speothos venaticus) ariranha (Pteronura brasiliensis), cervo-do-pantanal
(Blastocerus dichotomus), veado-campeiro (Ozotoceros bezoarticus) e o tatu-canastra
(Priodontes maximus). A regido possui um nimero consideravel de espécies de peixes
(265) (Britski et al. 2007), aproximadamente 113 espécies de répteis e 41 de anfibios
(MMA 2018).

No Pantanal brasileiro, a principal atividade econdmica é a pecudria extensiva

que coexiste com a paisagem natural ha aproximadamente 200 anos (Wilcox 1992). Sob



praticas de gestdo tradicionais, esta atividade é considerada de baixo impacto sobre a
biodiversidade, quando comparada a outras formas de uso da terra nos tropicos (Seidl et
al. 2001). Apesar deste uso sustentavel nos altimos dois séculos, o desmatamento para a
introducdo de pastagens exdticas nas areas mais altas e o subseqliente aumento na
intensidade de uso do solo constitui-se como ameacas recentes ao Pantanal (Seidl et al.
2001; Harris et al. 2005; Junk et al. 2006). O desmatamento ja comprometeu grande
parte dos planaltos de entorno do Pantanal (Roque et al. 2016) e, se ndo houver medidas
de precaucdo para controlar a conversdo de ambientes naturais, a vegetacdo nativa da
planicie do Pantanal estara ameacada (Silva et al. 2011), j& tendo sido convertidos na
planicie 17% e nos planaltos 65%. Aproximadamente 95% do Pantanal sdo constituidos
de propriedades privadas e apenas 4,6% encontram-se protegidos por unidades de
conservacdo (UC), dos quais 2,9% correspondem a unidades de conservacdo de
protecdo integral e 1,7% a UCs de uso sustentavel, como Reservas Particulares do
Patrimdnio Natural (Harris et al. 2005; BRASIL, 2018). Diante deste cenario, a criacdo
de novas unidades de conservacdo e ampliacdo das UCs ja existentes, e a melhoria na
representatividade dos habitats locais constituem em medidas efetivas para garantir a

conservacao da fauna e flora do Pantanal.

O objetivo deste relatorio executivo é providenciar informacdes técnicas que
embasem a criacdo de duas novas unidades de conservacdo no Pantanal e também a
ampliacdo de outras duas unidades de conservacgdo ja existentes. O relatdrio ird prover
argumentos técnicos que envolvem aspectos sociais e ambientais, enfatizando a
importancia da criacdo destas UCs. Para fins deste relatorio executivo, sera utilizado o
termo “Mosaico de unidades de conservagdo do Pantanal Norte”, pois as areas propostas
neste estudo sdo limitrofes, formando um grande corredor ecolégico entre as unidades
de conservagdo localizadas no norte do Pantanal, assim como contribuem para sua

dindmica hidroldgica.



HISTORICO DE UNIDADES DE CONSERVACAO NO PANTANAL NORTE

Ha 40 anos ja se discutia a criacdo de uma unidade de conservacdo na regido
norte do Pantanal. Naquela época o cineasta/ambientalista Sueco Arne Sucksdorff e o
pesquisador George Schaller j& subsidiavam o entdo Instituto Brasileiro de
Desenvolvimento Florestal — IBDF com informacdes técnicas acerca da criacdo de um
Parque Nacional. Em 1981 foram criados o Parque Nacional do Pantanal Matogrossense
(PNPM) e a Estacdo Ecoldgica de Taiamd@ (EET). Contudo a criacdo do PNPM na
confluéncia do rio Paraguai com o Rio Cuiaba néo foi bem recebida por Sucksdorff, que
alegou falhas na escolha da localizagcdo do parque, situado em uma area muito baixa e
permanentemente alagada, ndo incorporando a diversidade de habitats caracteristica do
Pantanal. Porém, incluir toda diversidade de habitats do Pantanal em uma unica unidade
de conservacao implicaria na criacdo de uma area muito grande e de dificil gestdo. Parte
desta demanda por incluir habitats mais diversos foi parcialmente solucionada na
década de 90 através da organizacdo ndo governamental (ONG) Ecotropica, em parceria
com a ONG The Nature and Conservancy. Assim, a Ecotrdpica adquiriu trés fazendas
vizinhas a0 PNPM (Acurizal, Penha e Doroché) e as transformou em Reservas
Particulares do Patrimoénio Natural, garantindo assim a protecdo de areas mais altas e
com diferentes habitats. Na década seguinte, por iniciativa do estado de Mato Grosso,
foram criadas o Parque Estadual Guira (PEG) criado em 2002 e o Parque Estadual

Encontro das Aguas (PEEA) criado em 2004, formando um mosaico, todavia disjunto.
MOSAICO DE UNIDADES DE CONSERVACAO DO PANTANAL NORTE

Estas quatro unidades de conservagdo, PNPM, EET, PEG e PEEA possuem em
comum a conectividade fluvial. A Estacdo Ecoldgica Taiama é uma ilha do Rio
Paraguai, estando aproximadamente 120 quilémetros a montante do limite do Parque
Nacional do Pantanal Matogrossente. O Parque Estadual Guira é limitrofe na sua porcao
sul ao PNPM. O PNPM localiza-se exatamente na confluéncia do rio S&o Lourenco com
o rio Paraguai (Fig.1b), formando estes rios, os limites naturais, de boa parte desta
unidade de conservacdo. Partindo do PNPM e percorrendo aproximadamente 140
quilémetros a montante pelo rio Sdo Lourencgo, chega-se aos limites do Parque Estadual
Encontro das Aguas. Em terra firme estas unidades de conservagdo sdo conectadas por

grandes propriedades privadas, onde ainda persiste a pecuaria extensiva em um mosaico



de grandes areas de campos nativos e areas florestadas, formando uma paisagem

heterogénea caracteristica desta regido do Pantanal.

Nesta regido é proposta a criacdo de duas novas unidades de conservacdo em
esfera federal: uma Reserva de Fauna e um Reflgio de Vida Silvestre. Além destas
novas areas, é proposto a ampliacdo da Estacdo Ecoldgica de Taiaméa e Parque Nacional
do Pantanal Matogrossense, em area hoje, ja restrita quanto ao seu uso para a pesca. A
criacdo e ampliagdo destas unidades de conservagdo formam assim um “Mosaico de
unidades de conservacdo do Pantanal Norte” (Fig. 1) conectado tanto por agua, pelos
rios Paraguai e Sdo Lourenco, como por terra englobando propriedades privadas. A
criacdo da Reserva de Fauna e do Reflgio de Vida Silvestre e ampliacdo do PNPM e
EET conectaria todas as unidades de conservacdo da regido, criando um importante
corredor ecoldgico, e reforgando este “hub-hidrologico”. Corredores ecoldgicos podem
desempenhar funcBes importantes para manutencao da biodiversidade, dentre elas: 1. Se
uma populacdo animal ou vegetal declina para um nivel baixo em uma area, individuos
de outra area podem imigrar e resgatar essa populacdo da extincdo local; 2. Uma
populacdo isolada tende a perder variabilidade genética. O corredor permite o fluxo
génico entre as populacGes interconectadas; 3. Um corredor permite a protecdo de
diversos tipos de habitats, resultando em uma maior biodiversidade e 4. Caso um habitat
se tornar inadequado por razdes diversas como um grande incéndio ou até mesmo,
mudancas na estrutura da paisagem decorrentes das mudancas climaticas, as populacdes
silvestres podem se mover pelo corredor em busca de um ambiente mais adequado para
sua sobrevivéncia (Crooks & Sanjayan, 2006, Caro et al. 2009). A proposta de criacdo
do Mosaico de unidades de conservacdo do Pantanal Norte é uma garantia da

conectividade essencial para eficacia de um corredor ecoldgico.
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Figura 1. A — Mapa do Brasil indicando a localizagédo do Bioma Pantanal em branco e
seta preta indicando a regido do Mosaico de unidades de conservacdo do Pantanal
Norte; B — Mapa com os poligonos propostos pelo ICMBIio para Ampliacdo da Estacédo
Ecoldgica de Taiamd em verde escuro; Reserva de Fauna do Pantanal em verde;
Reflgio de Vida Silvestre da Onga-pintada em amarelo; Ampliagdo do Parque Nacional
do Pantanal Matogrossense em verde claro. Em amarelo claro sdo as unidades de

conservacao estadual.

Abaixo sdo descritos de acordo com o Sistema Nacional de Unidades de
Conservacao (MMA 2011) as quatro classes de unidades de conservacao propostas para

compor o Mosaico de unidades de conservacao do Pantanal Norte:
RESERVA DE FAUNA DO PANTANAL

De acordo com o artigo 19 do Sistema Nacional de Unidades de Conservagédo
(SNUC) a Reserva de Fauna “... € uma area natural com populacdes animais de

especies nativas, terrestres ou aquaticas, residentes ou migratorias, adequadas para



estudos técnico-cientificos sobre o manejo econdémico sustentavel de recursos

faunisticos.” Os Incisos abaixo caracterizam este tipo de unidade de conservacéo:

8 10 A Reserva de Fauna é de posse e dominio publicos, sendo que as &reas
particulares incluidas em seus limites devem ser desapropriadas de acordo com o que

dispde a lei.

8 20 A visitagdo publica pode ser permitida, desde que compativel com o
manejo da unidade e de acordo com as normas estabelecidas pelo 6rgdo responsavel

por sua administracao.
§ 30 E proibido o exercicio da caga amadoristica ou profissional.

8§ 40 A comercializagdo dos produtos e subprodutos resultantes das pesquisas

obedecera ao disposto nas leis sobre fauna e regulamentos.

A proposta de Reserva de Fauna do Pantanal abrange 165.000 hectares entre a
Estacdo Ecoldgica Taiama e o Parque Nacional do Pantanal Matogrossense, incluindo
terras devolutas e propriedades privadas localizadas ao longo das margens esquerda e

direita do rio Paraguai.

REFUGIO DE VIDA SILVESTRE DA ONCA-PINTADA

De acordo com o artigo 13 do Sistema Nacional de Unidades de Conservagao o
Refugio de Vida Silvestre “... tem como objetivo proteger ambientes naturais onde se
asseguram condicdes para a existéncia ou reproducao de espécies ou comunidades da
flora local e da fauna residente ou migratéria.” OS INCisSOS abaixo caracterizam este

tipo de unidade de conservagéo:

8§ 1o O Refugio de Vida Silvestre pode ser constituido por areas particulares, desde que
seja possivel compatibilizar os objetivos da unidade com a utilizacdo da terra e dos

recursos naturais do local pelos proprietarios.

8 20 Havendo incompatibilidade entre os objetivos da &rea e as atividades privadas ou
ndo havendo aquiescéncia do proprietario as condi¢Ges propostas pelo o6rgao

responsavel pela administracdo da unidade para a coexisténcia do Refugio de Vida



Silvestre com o uso da propriedade, a area deve ser desapropriada, de acordo com o

que dispde a lei.

8 30 A visitagdo publica esta sujeita as normas e restri¢fes estabelecidas no Plano de
Manejo da unidade, as normas estabelecidas pelo 6rgdo responsavel por sua

administracao, e aquelas previstas em regulamento.

8 40 A pesquisa cientifica depende de autorizag@o prévia do 6rgéo responsavel pela
administracdo da unidade e estd sujeita as condicbes e restricbes por este

estabelecidas, bem como aquelas previstas em regulamento.

A proposta de Reflgio de Vida Silvestre da Onga-pintada abrange 270.000
hectares entre o Parque Nacional do Pantanal Matogrossense e Parque Estadual
Encontro das Aguas, incluindo a Reserva Particular do Patriménio Natural Doroché e

propriedades privadas.
AMPLIACAO DO PARQUE NACIONAL DO PANTANAL MATOGROSSENSE

De acordo com o artigo 11 do Sistema Nacional de Unidades de Conservagao o
Parque Nacional “...tem como objetivo basico a preservacdo de ecossistemas naturais
de grande relevancia ecologica e beleza cénica, possibilitando a realizacdo de
pesquisas cientificas e o desenvolvimento de atividades de educacéo e interpretacao
ambiental, de recreacdo em contato com a natureza e de turismo ecoldgico”. Os incisos

abaixo caracterizam este tipo de unidade de conservacao:

8 1o O Parque Nacional é de posse e dominio publicos, sendo que as areas particulares

incluidas em seus limites serdo desapropriadas, de acordo com o que dispde a lei.

8 20 A visitagdo publica esta sujeita as normas e restri¢fes estabelecidas no Plano de
Manejo da unidade, as normas estabelecidas pelo 6érgdo responsavel por sua

administracao, e aquelas previstas em regulamento.

8§ 30 A pesquisa cientifica depende de autorizacdo prévia do érgdo responsavel pela
administracdo da unidade e estd sujeita as condicbes e restricbes por este

estabelecidas, bem como aquelas previstas em regulamento.

8 40 As unidades dessa categoria, quando criadas pelo Estado ou Municipio, serdo

denominadas, respectivamente, Parque Estadual e Parque Natural Municipal.



A proposta de ampliagdo do Parque Nacional do Pantanal Matogrossense
abrange 33.000 hectares envolvendo trés areas distintas que englobam propriedades
privadas limitrofes a esta unidade de conservagéo.

AMPLIACAO DA ESTACAO ECOLOGICA DE TAIAMA

De acordo com o artigo 11 do Sistema Nacional de Unidades de Conservagéo a
Estacdo Ecologica ... tem como objetivo a preservacdo da natureza e a realizacéo de
pesquisas cientificas”. Os incisos abaixo caracterizam este tipo de unidade de

conservacao:

8 1o A Estacdo Ecoldgica é de posse e dominio puablicos, sendo que as areas
particulares incluidas em seus limites serdo desapropriadas, de acordo com o que

dispde a lei.

§ 20 E proibida a visitagdo publica, exceto quando com objetivo educacional, de
acordo com o que dispuser o Plano de Manejo da unidade ou regulamento especifico.

8§ 30 A pesquisa cientifica depende de autorizacdo prévia do érgdo responsavel pela
administracdo da unidade e estd sujeita as condicbes e restricbes por este

estabelecidas, bem como aquelas previstas em regulamento.

8 40 Na Estacdo Ecologica s6 podem ser permitidas alteracfes dos ecossistemas no

caso de:

| - medidas que visem a restauracao de ecossistemas modificados;

I - manejo de espécies com o fim de preservar a diversidade bioldgica;
I11 - coleta de componentes dos ecossistemas com finalidades cientificas;

IV - pesquisas cientificas cujo impacto sobre o ambiente seja maior do que aquele
causado pela simples observacdo ou pela coleta controlada de componentes dos
ecossistemas, em uma area correspondente a no maximo trés por cento da extensao

total da unidade e até o limite de um mil e quinhentos hectares.
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A proposta de ampliacdo da Estacdo Ecoldgica de Taiamd abrange 51.000
hectares englobando propriedades privadas limitrofes a esta unidade de conservacao na

porcao sul.

FATORES SOCIOECONOMICOS
Pecuaria.

A porcdo norte do Pantanal teve como principal atividade econdmica por
aproximadamente 200 anos a pecudria extensiva (Wilcox 1992). Um exemplo do
apogeu deste ciclo econébmico é a Fazenda Jofre, que no inicio do século 20 possuia
maquinario importado da Europa para producdo de carne salgada para exportacdo (Fig.
2). Na década de 1960 o Pantanal Norte possuia um rebanho bovino superior ao nimero
atual na mesma regido. Um ciclo de grandes cheias, iniciado no ano de 1974
transformou vastas areas outrora de pastagem em campos permanentemente inundados e
formacdes arbustivo-arbéreas (Ex: Pomberais- Combretum sp. e Cambarazais- Vochysia
divergens) inviabilizando a atividade de pecuaria (Nunes da Cunha & Junk 2004) e
provocando a sua desaceleracdo econdmica nesta regido do Pantanal (McManus et al.
2016). Atualmente a maioria das fazendas de pecuéria da regido que abrange o Mosaico
de unidades de conservacdo do Pantanal Norte é utilizada somente no periodo de seca e
inicio do periodo chuvoso do Pantanal, entre julho e dezembro. A taxa de lotacdo destas
propriedades, mesmo no periodo de seca, raramente ultrapassa 0.3 cabegas por hectare
(Tortato et al. Dados ndo publicados). Na area proposta para a Reserva de Fauna e area
proposta para ampliacdo da EET a atividade de pecuéria é inviavel, devido limitacbes
logisticas e o terreno permanecer boa parte do ano inundado. Na area proposta para
ampliacdo do PNPM ha também as mesmas limitagdes logisticas, com maior parte da
area com uso limitado devido as intensas inundag6es e o uso para fins de pecuéria pode
ser considerado ocasional. Na area proposta para criacdo do Refugio de Vida Silvestre
hd fazendas de pecuaria, contudo estdo subutilizadas em relacdo ao seu potencial
econémico, inclusive com algumas propriedades a venda (e.g. Fazenda Jofre, Fazenda

Campina Grande).
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Figura 2. A - Ruinas da antiga fabrica de carne salgada (saladeiro) na Fazenda Jofre,
localizada as margens do Rio S&o Lourenco. B - Detalhe do maquinario produzido na

Suica em 1924 e ainda existente nas ruinas.
Pesca.

A atividade de pesca representa uma importante atividade econdmica na regido
do Mosaico de unidades de conservagdo do Pantanal Norte. Nesta regido, pescadores
profissionais dos municipios de Caceres, Poconé e Bardo de Melgaco no estado de Mato
Grosso e também Corumba no Mato Grosso do Sul exploram os rios Paraguai, Cuiabd,
Piquiri e Sdo Lourenco (Fig. 3). Um exemplo que dimensiona a pesca profissional é a
Colbnia Z11 do municipio de Poconé que conta com aproximadamente 600 pescadores

profissionais cadastrados (http://www.mt.gov.br/-/9198883-representantes-do-setor-de-

pesca-participam-de-dialogo-na-sema). Diversas pousadas, pesqueiros e barcos-hotel

exploram a pesca amadora nesta regido do Pantanal. H& caréncia de dados acerca da
quantidade de turistas de pesca que visitam o Pantanal de Mato Grosso, mas a titulo de
comparacdo, no ano de 2009, mais de 15.000 turistas de pesca visitaram o Pantanal de
Mato Grosso do Sul (Albuquerque et al. 2011). Esta atividade econdmica fornece
emprego e renda para comunidade ribeirinha, que atua tanto como empregados de
hotéis, como na coleta de iscas vivas para venda aos pescadores. A area utilizada para
pesca profissional e amadora s6 é restringida em unidades de conservacdo como 0
Parque Estadual Encontro das Aguas, Parque Nacional do Pantanal Matogrossense e
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Estacdo Ecoldgica de Taiama. A intensidade de uso destas atividades é limitada por
questBes logisticas, sendo mais concentrada nos arredores do Porto Jofre, proximo ao
PEEA para pescadores oriundos de Pocone e Bardo de Melgaco, na area permitida
proxima a confluéncia entre os rios Sdo Lourenco e Paraguai proxima ao PNPM para
pescadores oriundos de Poconé e Corumbd, no rio Paraguai a montante dos limites do
PNPM por pescadores oriundos de Corumbé e na por¢do do rio Paraguai entre a EET e
0 municipio de Céceres para pescadores oriundos deste mesmo municipio.
Comunidades tradicionais como a tribo indigena Guatds, nas proximidades do PNPM
exploram a atividade de pesca de subsisténcia e comercial de forma sustentavel, ndo

sendo prejudicados pela criagdo e implementacdo destas unidades de conservagéo.

Figura 3. Barco de pesca profissional navegando no Rio S&o Lourengo, proximo a

comunidade de Porto Jofre (Créditos: Daniela Tonon).

Ecoturismo.

O ecoturismo é uma atividade mais recente, se comparada ao turismo de pesca,
mas que vem crescendo significativamente em algumas regides do Pantanal, incluindo a
regido do Mosaico de unidades de conservacdo do Pantanal Norte. No municipio de
Poconé, a construcdo da Rodovia Transpantaneira no fim da década de 1970
impulsionou o desenvolvimento do ecoturismo pantaneiro. Os primeiros guias de
ecoturismo iniciaram suas atividades na década de 1980 trazendo pequenos grupos em
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busca, principalmente, de aves e contemplacdo da paisagem. Esses guias utilizavam a
infraestrutura ja existente para o turismo de pesca amadora para acomodacdo dos
visitantes. As primeiras pousadas nesta rodovia foram construidas em meados da década
de 1980. Atualmente, a Transpantaneira possui perto de 20 opcdes de hospedagem
voltadas ao turismo de observacdo de fauna e contemplacdo da natureza. Esta regido é
considerada um hotspot de visitagdo mundial em areas selvagens (Levins et al. 2016,
Tortato & 1zzo 2016) recebendo milhares de turistas todos os anos (Tortato & lzzo
2017).

Nas margens do rio Cuiaba, porcdo final da Transpantaneira, na localidade de
Porto Jofre, até inicio dos anos 2000 havia principalmente hotéis voltados ao turismo de
pesca amadora. Contudo, nos ultimos 15 anos iniciou-se um turismo para a observagao
de oncas-pintadas. Essa atividade é sazonal, ocorrendo somente nos meses de seca do
Pantanal, entre junho e novembro. Os turistas se deslocam em barcos de aluminio com
motor de popa pelos rios e corixos da regido observando a fauna nas barrancas e praias
(Tortato e 1zzo 2017). Uma informacgdo que quantifica a intensidade desta atividade é
que durante os meses de agosto e setembro de 2012 houve um fluxo de 10 turistas por
hora durante o dia (06:00AM-06:00PM) na foz do rio Piquiri com o rio Cuiaba
(Fernando Tortato, Dados ndo publicados). Durante o periodo de seca, os turistas
estrangeiros representam mais de 80% dos hdspedes das principais pousadas e hotéis
desta localidade. No Hotel Pantanal Norte, que oferece 0 maior nimero de leitos no
Porto Jofre, hd uma mudanca no perfil dos turistas de acordo com o periodo do ano: de
marc¢o a junho predominantemente turistas de pesca, e de julho a novembro, turistas que
buscam observar a fauna, principalmente a onca-pintada (Fig. 4) (Tortato e Hoogesteijn
2014, Hoogesteijn et al. 2016, Tortato e lzzo 2017). A atividade de observagéo de
ongas-pintadas na regido do Porto Jofre representou uma receita de 6.8 milhdes de
dblares em sete pousadas de ecoturismo no ano de 2015, sendo uma atividade

considerada em expansdo na regido (Tortato et al. 2017, Tortato & 1zzo, 2017).
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Figura 4. Grupo de turistas estrangeiros fotografando uma oncga-pintada as

margens do Rio Séo Lourenco, Pantanal.

As propostas de ampliacdo da Estacdo Ecoldgica de Taiama e o Parque Nacional
do Pantanal Matogrossense incorporam somente regides remotas, com baixo uso
humano e grande valor biolégico, ndo comprometendo a as atividades econémicas
desenvolvidas na regido norte do Pantanal. Os resultados destas ampliagbes podem ser
considerados positivos, principalmente para pesca amadora e profissional, por proteger
sitios reprodutivos de peixes de interesse econdémico do Pantanal, como pacus
(Piaractus mesopotamicus) e pintados (Pseudoplatystoma corruscan), garantindo assim
a viabilidade do estoque pesqueiro da regido, pelo fendBmeno conhecido como efeito de
spillover ou extravasamento. O ecoturismo também pode ser diretamente beneficiado,
principalmente com a ampliacdo do Parque Nacional do Pantanal Matogrossense,
aumentando as potenciais areas de visitacdo desta unidade de conservacdo. A proposta
de criacdo da Reserva de Fauna entre a Estacdo Ecolégica Taiama e o Parque Nacional
do Pantanal Matogrossense ndo restringe o uso sustentavel da pesca, fortalecendo a
protecdo do estoque pesqueiro do Pantanal Norte. A criagdo desta unidade de
conservacdo ndao compromete a atividade de pecuéria da regido, pois esta delimitada
principalmente em areas permanentemente alagadas do Pantanal. A area proposta para o
Refugio de Vida Silvestre inclui em seus limites a atividade de pecuéria extensiva, que é

permitida por esta categoria de UC. Considerando a intensidade de uso humano na
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regido, o poligono proposto para esta unidade de conservacdo provocara pouca ou
nenhuma limitagdo econdmica para pecudria extensiva e pesca amadora e profissional.
Para 0 ecoturismo, a sua criacdo é positiva, pois aumentara a divulgacdo da regido a
nivel nacional e internacional. Por estar sob jurisdicdo federal, o governo podera
destinar recursos para o controle do fogo, mantendo permanentemente brigadistas de
incéndio nesta unidade de conservacdo nos periodos mais criticos da estacdo seca. A
criacdo deste Refugio de Vida Silvestre garante também a conservagdo em longo prazo
de espécies carismaticas, como por exemplo, a onga-pintada, arara-azul e ariranha,
reforcando o potencial do ecoturismo para regido norte do Pantanal. A porc¢éo final da
rodovia Transpantaneira ira cortar esta unidade de conservacdo e servira de entrada para

milhares de turistas todos 0s anos desfrutarem desta area protegida.
FATORES AMBIENTAIS

A criacdo de unidades de conservacdo constitui atualmente uma das agcdes mais
efetivas para a conservacdo de habitats e espécies ameacadas de extin¢do (Margules e
Pressey, 2000, Carranza et al. 2014). A proposta de criagdo do Mosaico de unidades de
conservacdo do Pantanal Norte abrange totalmente ou parcialmente areas reconhecidas
como prioritarias para a conservacgao da biodiversidade em diversas avaliagfes técnicas,
como os documentos “Cerrado ¢ Pantanal - Areas e A¢Bes Prioritarias para Conservagao
da Biodiversidade” (MMA 2007), “Areas prioritarias para conservacio da
biodiversidade no Cerrado ¢ Pantanal” (WWF 2015), incluindo também avaliagdes
especificas para grupos taxondmicos como as aves no documento “Areas importantes

para Conservacao das aves - América - Brasil” (Develey & Goerck 2009).

A vegetacdo do Pantanal € moldada principalmente pelas suas inundacdes
sazonais que produzem variabilidade espacial marcante em abundéancia e diversidade de
espécies (Hamilton 1999). Influenciado por rios que drenam a bacia do Alto Paraguai, o
Pantanal sofre a influéncia direta dos biomas da Amazonia, Cerrado e Mata Atlantica,
além do Chaco. Devido a esta dindmica natural de seca e cheia do Pantanal, a vegetacdo
do Pantanal estd em constante sucessdo ecoldgica. Com isso, propostas de Unidades de
conservacao para o Pantanal devem considerar cenarios futuros, onde as fitofisionomias
podem ser diferentes do contexto atual (Lourival et al. 2011). A regido proposta para o

Mosaico de unidades de conservacao do Pantanal Norte inclui um gradiente altimétrico,
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considerando diferentes fitofisionomias que permitem a manutencao da heterogeneidade

de habitats caracteristica do Pantanal.

A complexa rede de rios, corixos e baias inseridas dentro do Mosaico de
unidades de conservacdo do Pantanal Norte constituem um verdadeiro bercéario para
fauna de peixes do Pantanal (Lima 1987). O Parque Nacional do Pantanal, por exemplo,
possui 182 espécies de peixes (Polaz et al. 2014), representando 70% de toda ictiofauna
existente no Pantanal (Britski et al. 2007). Para a Estacdo Ecoldgica de Taiamd sdo
listadas 143 espécies de peixes (ICMBio, 2017). Baginski et al. (2007) avaliou a
dimensdo espacial e temporal da diversidade de peixes em lagoas marginais ao rio
Cuiaba. Estes autores concluem que a criacdo de unidades de conservacdo que
abrangem um grande nimero de lagoas com diferentes formas e tamanhos conservaria
um maior contingente da diversidade regional de peixes, pois a maioria das espécies de
pequeno porte apresenta distribuicdo restrita a poucas lagoas (Baginski et al. 2007). As
ampliacGes da EET, PNPM e criacdo da Reserva de Fauna e o Reflgio de Vida Silvestre
englobam todos os diferentes habitats aquaticos existentes no Pantanal Norte,

garantindo assim a conservagéo da ictiofauna regional.

Em relagdo a avifauna, a Estacdo Ecoldgica de Taiamd@ possui 237 espécies
registradas (ICMBio, 2017) e o Parque Nacional do Pantanal Matogrossense / areas de
entorno possui 251 espécies registradas (Ibama, 2003). Estas duas areas protegidas
protegem assim aproximadamente metade das espécies de aves ja registradas para o
Pantanal (Nunes 2011). Maior parte destas unidades de conservagdo localiza-se em
areas baixas, susceptiveis a inundacgdes, com isso, estas UCs garantem a conservagdo da
avifauna migratérias associadas a ambientes aquaticos (Nunes & Tomas, 2004).
Contudo, espécies associadas a ambientes secos do Pantanal sdo raras nestas duas UCs.
A ampliacéo da EET e PNPM além da criacéo da Reserva de Fauna e o Refugio de Vida
Silvestre inserem novas fitofisionomias do Pantanal, aumentando a heterogeneidade de
habitats, e por consequéncia agregando novas espécies ao Mosaico de unidades de
conservacdo do Pantanal Norte. Considerando a avifauna da &rea proposta para o
Reflgio de Vida Silvestre, em geral as aves utilizam diferentes fitofisionomias
disponiveis na paisagem, sendo que ambientes florestados apresentam maior riqueza e
maior estabilidade de habitat, seguidos por ambientes mais abertos de Cerrado e
apresentando menor riqueza e menor estabilidade os campos inundaveis e ambientes

aquaticos (Figueira et al. 2006). Com isso, a insercdo de ambientes florestados é uma
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acdo necessaria para manutencdo da riqueza de aves do Mosaico de unidades de

conservacao do Pantanal Norte.
ESTUDOS DE CASO:

Apresentamos aqui dois estudos de caso avaliando a importdncia do Mosaico de
Unidades de Conservacdo para duas espécies da fauna ameacadas de exting¢do, o Jacu-

de-Barriga-Castanha (Penelope ochrogaster) e a Oncga-pintada (Panthera onca):

JACU-DE-BARRIGA-CASTANHA (Penelope ochrogaster)

~

R ,A\'» ‘J “ -

Figura 5. Foto de um individuo adulto de jacu-de-barriga-castanha (Penelope

ochrogaster). Foto de Fabio OlImos.

Cracideos sdo endémicos dos Neotropicos, e sdo representados por 56 espeécies,
dos quais 22 estdo ameacadas de extincdo devido a perda de habitat e a caca intensiva
(del Hoyo et al. 2016). O jacu-de-barriga-castanha (Penelope ochrogaster) (Fig. 5) é
uma das espécies ameacada de extinc¢do (Silveira et al. 2008) e endémica do Brasil. Essa
espécie ocorre em trés populacdes disjuntas, uma as margens do Rio Sdo Francisco em
Minas Gerais, uma na llha do Bananal em Tocantins e uma outra na regido norte do
Pantanal (Olmos 1998, Olmos, 2003, Silveira et al. 2008).
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No Pantanal, P.ochrogaster foi considerada rara (Cintra & Yamashita, 1990),
contudo, em estudos mais recentes, foi constatado um aumento da populacdo na
Reserva Particular do Patrimonio Natural (RPPN) SESC Pantanal na por¢do norte do
Pantanal, onde florestas de cambard (Vochysia divergens — Vochysiaceae) tem se
expandido (Antas, 2002). Além da RPPN SESC Pantanal, ha registros de P.ochorgaster
ao longo de toda Estrada Parque Transpantaneira, Parque Estadual Encontro das Aguas
e RPPN Poleiro Grande (Olmos 1998, Kaestner 2003, Nunes et al. 2006). Estudos
realizados durante o Plano de Manejo do Parque Nacional do Pantanal Matogrossense
relataram a auséncia de P.ochrogaster para regido (Ibama 2003). Entre o Porto Jofre e a
sede do PNPM foi avaliado a ocorréncia de cracideos nos quintais das casas de
ribeirinhos. Constatou-se que a presenca de P.ochorgaster fica menos freqiente a
jusante do rio, sendo considerado raro nas proximidades do PNPM (Bonanomi et al.
Dados ndo publicados). Entre os anos de 2009 e 2016 foram percorridas diferentes
trilhas na regido proposta para o Refugio de Vida Silvestre, onde a taxa de encontro do
Jacu-de-barriga-castanha era de um individuo a cada 8,7 km percorrido. Se
considerarmos somente as trilhas em ambientes abertos, ndo houve nenhum registro
desta espécie (Fernando Tortato, Dados ndo publicados). O Plano de Acdo Nacional
para a Conservagdo dos Galliformes Ameagados de Extingdo considera como medida
importante para populacdo de P. ochrogaster do Pantanal a protecdo de areas altas de
floresta decidual, pois sdo estas areas que vem sendo desmatadas para substituicdo por
pastagens (Silveira et al. 2008). Considerando as informacGes discutidas, a ampliacao
do PNPM e criacdo do Refugio de Vida Silvestre podem ser consideradas acdes efetivas
para manutencdo e conservacdao de populacdes viaveis de P. ochrogaster na porgdo

norte do Pantanal.
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ONCA-PINTADA (Panthera onca)

Figura 6. Macho adulto de ong¢a-pintada (Panthera onca). Foto de Fernando Tortato.

Estudos cientificos acerca da biologia, ecologia e conservacdo da onc¢a-pintada
(Panthera onca) (Fig. 6) tem no Pantanal o seu principal laboratério. No Pantanal que
se iniciou a pesquisa com essa especie, envolvendo diversos aspectos, desde a relagédo
da onga-pintada com uma de suas principais presas, a capivara (Hydrochoerus
hydrochaeris) (Schaller & Vasconcelos 1978), as primeiras informagdes sobre a sua
area de vida (Schaller & Crawshaw 1980) e uso de habitat (Crawshaw & Quigley 1991).
No ano de 1992 um plano para conservagdo para onca-pintada no Pantanal prop0s a
criacdo de areas protegidas nas por¢des norte e sul deste bioma, onde se encontravam as
maiores populacGes. Também foi proposto corredores ao longo dos principais rios para
manter o fluxo génico entre estas populagdes (Quigley & Crawshaw 1992). Em uma
avaliacdo mais recente sobre o status de conservacgdo desta espécie, foi considerado que
as oncgas-pintadas ocorrem em aproximadamente 60% do Pantanal e novamente
reforcou a importancia da criacdo de corredores bioldgicos garantindo a conectividade

entre as populag@es (Cavalcanti et al. 2012).

A regido do Parque Nacional do Pantanal Matogrossense, Estacdo Ecolégica de
Taiamd e areas inseridas na proposta de criacdo do Reflgio de Vida Silvestre contam
com uma alta densidade populacional de oncgas-pintadas (Kantek & Onuma 2013;
Devlin et al. Dados ndo publicados). Estimativas para regido do PNPM estimam 8
individuos a cada 100km?2 (Devlin et al. Dados ndo publicados). Kantek & Onuma
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(2013) concluem que apesar da alta densidade populacional encontrada na EET, a area
desta unidade de conservacao é insuficiente para garantir a manutengdo de populagdes
viaveis de ongas-pintadas. Amostras de DNA de individuos capturados para fins
cientificos na Estacdo Ecoldgica de Taiamd, Parque Nacional do Pantanal
Matogrossense e propriedades privadas proximas ao Porto Jofre concluiram que as
oncas-pintadas destas trés areas distintas podem ser consideradas uma mesma populagéo
genética (Kantek et al. 2016). A criacdo do Mosaico de Unidades de Conservacdo no
Pantanal Norte cria um cenario muito favoravel a manutencéo desta populacéo de onca-
pintada em longo prazo no Pantanal e atinge as metas estabelecidas em planos de
conservacao desta espécie ja propostos em estudos anteriores (Quigley & Crawshaw
1992; Cavalcanti et al. 2012; Paula et al. 2013).

A onca-pintada é considerada vulneravel de extin¢do no Pantanal (Morato et al.
2013). E a principal ameaca é a caca retaliatoria provocada por eventuais ataques de
oncas no rebanho doméstico (Crawshaw 2002, Quigley & Crawshaw 1992). A presenca
da onga-pintada na propriedade é vista por maioria dos pecuaristas como uma ameaca
ao rebanho (Zimmermann et al. 2005, Boulhosa & Azevedo 2014). Fatores
socioeconémicos estdo envolvidos neste conflito entre a protecdo da oncga-pintada e o
prejuizo provocado por seus ataques no rebanho (Zimmermann et al. 2005, Marchini &
MacDonald 2012). Contudo até mesmo a comunidade ribeirinha, que ndo possui
rebanhos significativos tem uma percepcao negativa em relacéo a onga-pintada (Porfirio
et al. 2016). Uma das alternativas para minimizar esta ameaca é a exploracdo do
ecoturismo, tendo a onca-pintada como atrativo, fazendo com que esta espécie gere
mais receitas do que prejuizos (Tortato et al. 2017). Com isso, a ampliacdo do PNPM e
criacdo do Reflgio de Vida Silvestre auxiliam no desenvolvimento do ecoturismo na
regido, criando oportunidades para as propriedades vizinhas e no caso do Reflgio de

Vida Silvestre, propriedades inseridas nesta UC.
CONCLUSOES

Este documento traz informacGes técnicas, da literatura e outras, baseadas
principalmente na experiéncia pratica do autor na regido abordada. Estas informacGes
justificam a criacdo do Mosaico de unidades de conservacdo do Pantanal Norte. Através
das ampliacdes de unidades de conservacdo existentes bem como da criacdo de novas

unidades de conservacdo, as propostas levam em consideracdo o uso do territorio,
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tornando assim compativel a conservacdo da biodiversidade e manutencdo das
atividades econdmicas sustentaveis desenvolvidas na regido. Esta proposta pode ser
considerada parte de um planejamento maior, que pode considerar no futuro a incluséo
de novas unidades de conservacdo para o Pantanal, como uma Reserva de
Desenvolvimento Sustentavel para comunidade ribeirinha do rio Paraguai, um
Monumento Natural abrangendo toda Serra do Amolar e sua impressionante beleza
cénica e a protecdo de &reas ainda pouco conhecidas, como as &reas florestadas

limitrofes a Bolivia ao fundo da Serra do Amolar.

Ha varias razdes para se proteger o Pantanal. E um bioma considerado refugio
para diversas espécies ameacadas da fauna brasileira. Sua complexidade hidrica bem
preservada é essencial para manutencao de estoques pesqueiros. E considerado um dos
principais destinos turisticos do Brasil. A criagdo de unidades de conservagdo, como
discutido neste documento, constitui uma das ferramentas mais importantes para

garantir que gerac@es futuras possam usufruir deste patrimonio brasileiro.
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NOTICIAS Y NOTAS
NOTICIAS E NOTAS
NEWS AND NOTES

ARKIVE SOLICITA FOTOGRAFIAS DE CRACIDOS

ARKive es una iniciativa sin fines de lucro que busca crear la primera biblioteca digital del mundo
de imagenes de especies en peligro de extincion (www.arkive.org.uk). Esta biblioteca estara
accesible a todos via Internet para propésitos educativos y cientificos. Nosotros somos
responsables de compilar todo el material fotografico para el Capitulo de especies Globalmente
Amenazadas. Nosotros también estamos preparando una lista preliminar y nos gustaria recibir
ayuda del Grupo de Especialistas en Cracidos. Los patrocinadores actuales incluyen la BBC,
ABC Australia, National Geographic y Oxford Scientific Films. ARKive sélo actuara como
custodio de cualquier material digitalmente copiado. Los derechos de autor permaneceran en
todo momento con el donador. Cualquier imagen mostrada en Internet incluira los
correspondientes crédidos de los donadores para su contacto y estara protegida con una visible
marca de agua (watermarks) con el fin de evitar su uso comercial. Las imagenes se mostraran a
una baja resolucion, conveniente para propoésitos educativos pero no para uso comercial. Una
vez que las fotografias sean digitalmente copiadas, todo el material original sera devuelto al
donador.

En la actualidad, nos estamos enfocando en tres especies; de acuerdo a las sugerencias del Dr.
Daniel Brooks y del Plan de Accién del Grupo de Especialistas en Cracidos. Estas especies son:

- Pauji de Alagoas (Mitu mitu) Extinto en la naturaleza (EW)
- Pava de Trinidad (Pipile pipile) Criticamente en peligro (CR)
- Pavoén (Oreophasis derbianus) En peligro de extincion (EN)

Otras especies que nosotros estaremos considerando son:

- Pava Aliblanca (Penelope albipennis) Criticamente en peligro (CR)
- Pava del Cauca (Penelope perspicax) En peligro de extincion (EN)
- Pavén Piquiazul (Crax alberti) Criticamente en peligro (CR)

- Pavon Piquirojo (Crax blumenbachii) En peligro (EN)

El éxito de ARKive dependera de los donadores de los medios de comunicacion y su co-
participacion permitira que sus fotografias sean digitalmente registradas. Si usted tiene que
cualquier calidad calma o la pelicula de especies de Cracidos que usted piensa seria de interés
para ARKive por favor contactenos: Cameron Milne, ARKive Media Researcher, The Wildscreen
Trust, Anchor Road, Bristol BS1 5TT, REINO UNIDO - cameron.milne@wildscreen.org

PEDIDOS DO ARKIVE A TODOS OS FOTOGRAFOS DE CRACIDEOS

ARKive é uma organizagao sem fins lucrativos cujo objetivo é criar a primeira biblioteca digital de
imagens de espécies ameacgadas (www.arkive.org.uk). Este arquivo sera acessivel, via internet,
para fins educacionais e cientificos. Nés somos responsaveis por compilar o material fotografico
para o capitulo sobre espécies globalmente ameagadas. N6s também estamos preparando a
lista preliminar e eu gostaria de receber a ajuda do Grupo de Especialistas em Cracideos. Dentre
os patrocinadores estdo a BBC, ABC Australia, National Geographic e a Oxford Scientific Films.
ARKive apenas tera a custddia sobre o material copiado digitalmente. Os direitos autorais



http://www.arkive.org.uk/

sempre permanecerdo com o autor. Qualquer imagem mostrada na internet sera creditada ao
doador, que podera ser contatado. Estas imagens serdo protegidas com uma visivel marca
d’agua, prevenindo o seu uso comercial. Elas terdo também baixa resolugao, disponivel para uso
educacional, mas nao para uso comercial. Apos digitalizado, todo o material sera devolvido para
o doador.
No momento nés estamos procurando trés espécies, com o aconselhamento do Dr. Daniel
Brooks, e de acordo com o plano de agao do Grupo de Especialistas em Cracideos. As espécies
séo:

- Mutum de Alagoas (Mitu mitu) Extinto na natureza (EW)

- Pipile pipile Criticamente ameagada (CR)

- Oreophasis derbianus Ameagado (EN)

Outras espécies que serao consideradas sao:
- Penelope albipennis Criticamente ameacgado (CR)
- Penelope perspicax Ameagado (EN)
- Crax alberti Criticamente ameagado (CR)
- Mutum-do-Sudeste (Crax blumenbachii) Ameacado (EN)

O sucesso do ARKive sera baseado nos doadores de material e na sua cooperagdo em permitir
que o seu material seja digitalmente gravado. Se vocé tem filmes ou fotografias de qualidade
sobre espécies de cracideos que vocé julga serem de interesse do ARKive, por favor entre em
contato com Cameron Milne, ARKive Media Researcher, The Wildscreen Trust, Anchor Road,
Bristol BS1 5TT, UK - cameron.milne@wildscreen.org

REQUEST TO ALL CRACID PHOTOGRAPHERS FROM ARKIVE

ARKive is a non-profit initiative that aims to create the world’s first digital library of images of
endangered species (www.arkive.org.uk). It will be accessible to all via the Internet for
educational and scientific purposes. We are responsible for compiling the footage and stills
material for the Globally Endangered Chapter. We are currently drawing up this preliminary list
and | would welcome the input of the SSC Cracid Specialist Group. Current media supporters
include the BBC, ABC Australia, National Geographic and Oxford Scientific Films. ARKive will
only act as a custodian of any material digitally copied. The copyright remains with the donor at
all times. Any images shown on the Internet are credited with the donors contact details and are
protected with robust visible watermarks to prevent commercial use. They are also shown at a
low resolution, suitable for educational purposes but not for commercial use. Once digitally
copied all original material will be returned to the media donor.

At the present time, we are focusing on three species; from the advice of Dr. Daniel Brooks, as
per the Cracid Specialist Group Action Plan, these are:

- Alagoas Curassow (Mitu mitu) EW

- Trinidad Piping Guan (Pipile pipile) CR

- Horned Guan (Oreophasis derbianus) EN

Other species that we will be considering are:
- White-winged Guan (Penelope albipennis) CR
- Cauca Guan (Penelope perspicax) EN
- Blue-billed Curassow (Crax alberti) CR
- Red-billed Curassow (Crax blumenbachii) EN

ARKive’s success will rely on media donors and their co-operation to allow their property to be
digitally recorded. If you have any quality stills or film of Cracid species that you think would be of
interest to ARKive then please contact: Cameron Milne, ARKive Media Researcher, The
Wildscreen Trust, Anchor Road, Bristol BS1 5TT, UK - cameron.milne@wildscreen.org
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NOTAS SOBRE Penelope ochrogaster NA RESERVA RESERVA PARTICULAR DO
PATRIMONIO NATURAL DO SESC-PANTANAL, BRASIL

Paulo de Tarso Zuquim Antas
SQN 408, bloco A, apt. 112; Brasilia, DF 70.856-010; Brasil - ptzantas@abordo.com.br.

Penelope ochrogaster € uma espécie brasileira endémica ocupando grande area do Brasil
Central (Delacour e Amador 1973, Sick 1985). Listada como Ameagada pela legislagao
brasileira (IBAMA 1989), é uma espécie citada como de alta prioridade de conservagdo em
Brooks e Strahl (2000), e como ameacada pela Birdlife (2000). A populagao do rio Sdo
Francisco apresenta poucos registros, e esta listada como uma espécie ameacada no estado de
Minas Gerais (Azeredo, 1998). Caca e perda de habitat sdo os principais fatores que afetam
negativamente esta espécie.

Dentro de sua distribuicdo geografica, esta espécie apresenta trés populagdes distintas: a do
vale do rio Sao Francisco (Minas Gerais), a do vale do rio Araguaia, incluindo seus afluentes no
rio das Mortes (Goias e Mato Grosso), e as populagdes do Pantanal (Mato Grosso).

A populagao do Sao Francisco apresenta poucos registros, velhas peles de museus e uns
poucos exemplares que foram cagados ilegalmente. H& notas esparsas e peles da populagédo do
rio Araguaia. Recentemente, observagdes de campo detectaram a espécie no interior do Parque
Nacional do Araguaia (Yamashita 2001). Neste local, algumas notas sobre este jacu pouco
conhecido existem para a populagao do Pantanal.

A RPPN (Reserva Particular do Patriménio Natural) SESC — PANTANAL

Localizado entre os rios Cuiaba e Sdo Louren¢o no municipio de Bardo do Melgago, Mato
Grosso, € uma unidade de conservagao privada reconhecida pelo Instituto Brasileiro do Meio
Ambiente e dos Recursos Naturais Renovaveis (IBAMA). O SESC-Pantanal (Servigo Social do
Comércio) foi estabelecido em 1997 (regulamento IBAMA 071/97 - N e 151/98 - N). Com cerca
de 100.000 Ha, a reserva contém habitats sazonalmente alagados e habitats secos dentro da
planicie do Pantanal. Habitats de florestas incluem o cerraddo, mata de galeria e floresta
decidua, incluindo parte da maior floresta decidua do Pantanal, a floresta Bebe. A RPPN é uma
zona nuclear da Reserva da Biosfera Pantanal e tem sido considerada para se tornar um local de
protecdo de aves aquatica sobre regulamentagao da Convengédo Ramsar.

PENELOPE OCHROGASTER NO PANTANAL

Este jacu tem sido registrado frequentemente no Pantanal no municipio de Poconé, Mato
Grosso, desde que a rodovia Transpantaneira foi construida em meados dos anos 70 (Olmos
1996, pers. obs.). A rodovia Transpantaneira liga a cidade de Poconé a area de Campo Jéfre,
chegando a borda do rio Cuiaba. Peles da regido de Cuiaba foram usadas para descrever a
espécie em 1870 (Naumburg 1930). Este jacu é considerado um residente raro de matas de
galeria e floresta decidua do municipio de Poconé (Cintra e Yamashita 1990), mas foi registrada
como sendo comuns em pelo menos algumas areas (Olmos 1996). A espécie também foi
coletada em areas proximas ao rio Paraguay (Naumburg 1930).



Em julho e outubro de 1998, a avifauna da RPPN SESC-Pantanal foi inventoriada. Apds 30 dias
de trabalho de campo cobrindo toda a reserva, apenas dois exemplares da espécie foi
registrado. Encontrados em um cambarazal, eles desapareceram rapida e silenciosamente
assim que foram detectados pelo observador. O cambarazal € um habitat de foresta inundavel
sazonalmente, dominado pelo cambara Vochysia divergens. Todo o restante da reserva nédo
apresenta jacus, e estes sdo os Unicos encontrados nesta floresta.

Desde julho de 2001, um projeto com araras tem sido executado na regido. Desde seu inicio,
muitos jacus também foram observados. Por exemplo, em 30 de julho de 2001, das 6:00 as 6:30
hr, 30 jacus foram encontrados ao longo de um transecto de 12 km analisado com um veiculo na
floresta decidua Bebe. Pares e grupos contando até quatro jacus foram facilmente observados
ao longo da rodovia. Além do cambarazal e da floresta decidua, Penelope ochrogaster tem sido
encontrada em outros habitats florestais e semelhantes, incluindo matas de galeria, cerradao,
capéo e cordilheira de cerrado (uma area longa, estreita e seca).

Os jacus tém se alimentado no ch&do com invertebrados ou com folhas novas de liana. Em
outubro e novembro, voos territoriais foram observados, quando barulhos foram produzidos
durante ataques. Este também é o periodo de reprodugao para dois outros cracideos, o mutum
Crax fasciolata e o aracua Ortalis canicollis. Em janeiro de 2002, pares de aracuas foram vistos
com filhotes, algo ndo observado com os jacus. Os jacus, quando assustados, produzem um
chamado asoeri e alto semelhante ao som de um trompete, similar ao canto de outro jacu, P.
jacucaca (pers. obs.). Seu canto de alerta € mais aspero do que P. superciliaris, um possivel
vizinho em algumas partes de sua distribuicdo.

A caga € estritamente proibida e a reserva apresenta excelente sistema de vigilancia. A vigilancia
¢ feita por barco e a cavalo, ao redor e dentro de toda a reserva. Além disso, campanhas
educacionais motivam a populagdo humana ao redor a proteger a reserva, assim como também
cria um atmosfera geral muito positiva. O controle de fogo também é excelente, evitando grandes
incéndios desde de 1999.

Contudo, a caga ainda ocorre, sendo praticada esporadicamente por pescadores amadores
acampados ao redor da reserva, por alguns habitantes e indios da Reserva Indigena Perigara,
ao sudoeste da RPPN. O jacu esta entre as aves favoritas de caga, embora muitos cagadores
prefiram grandes mamiferos. Sinais mais forte de que a caga é rara é dado pelo comportamento
menos desconfiado exibidos pelos jacus.

A populacao de jacus apresentou um aumento em 2001 comparado a 1998. O aumento
populacional ndo pode ser atribuido totalmente a fundagéo da reserva. Direta e indiretamente,a
reserva tem ajudado para este aumento. Tornando-se uma area protegida contra fogo e caga,
ela se torna atrativa para outros jacus residentes na regido. No mais, o tamanho da reserva e a
falta virtual de caga mudou o comportamento dos jacus, tornando-os menos desconfiados da
presenca humana. Eles podem ser vistos facilmente agora em diferentes partes da reserva e
mesmo ao redor dela. Os jacus perderam a maior parte de seu medo da presenga humana e se
movem livremente nestas areas.

Pesquisa sobre a biologia e ecologia de Penelope ochrogaster podem ser facilmente realizados
na RPPN. A alta densidade populacional atual e o comportamento ndo desconfiado, assim como
as instalagdes da reserva e controle contra a caga, séo fatores positivos para o estabelecimentos
de estudos na area. No mais, esta informagao mal é necessaria para 0 manejamento correto
desta espécie ameacgada, tanto na reserva como em outro lugar. Também, a RPPN SESC-
Pantanal contém a maior populagéo natural desta espécie. Um programa de reintroducao
poderia ser realizado num futuro préximo. Grupos pequenos capturados na RPPN poderiam ser
translocados para outras areas pequenas, permitingo a recuperacéo populacional em larga
escala.



Em abril e agosto de 2001, uma avaliagédo ecolodgica rapida do Parque Nacional do Pantanal e
RPPNs proximas foi realizada. A area estudada, localizada na foz do rio Cuiabd junto ao rio
Paraguay, tem habitats de florestas similares aos da RPPN SESC, ou areas onde este jacu foi
coletado. De fato, tal lugar, como Descalvados (Naumburg 1930), esta apenas a cerca 100 km
ao norte do Parque Nacional. Trabalho de campo de 40 dias, cobrindo os habitats principais na
por¢cdo oeste do parque e na regido da Serra do Amolar foi realizado. Nenhum jacu foi
encontrado (Antas et al. 2002), apesar da presenca deles na fazenda Santa Isabel localizada
bem préxima a area (Olmos 1996, pers. obs.). A fazenda Santa Isabel tem limita-se com o norte
do Parque Nacional. Contudo, habitats usados pelos jacis podem ser encontrados ao nordeste e
leste no Parque Nacional, assim como também em uma RPPN préxima. No futuro, se buscas de
campo mostrarem que estas regidées ndo apresentam jacus. Um programa de reintroducgao de
Penelope ochrogaster deveria ser realizado com jacus da RPPN SESC-Pantanal.

NOTAS SOBRE LA PAVA VENTRIRUFA Penelope Ochrogaster EN LA RESERVA DO
PATRIMONIO NATURAL DO SESC-PANTANAL, BRASIL

Paulo de Tarso Zuquim Antas
SQN 408, bloco A, apt. 112; Brasilia, DF 70.856-010; Brasil - ptzantas@abordo.com.br.

Penelope ochrogaster es una especie endémica brasilefia, con un rango que abarca una porcion
grande de Brasil Central (Delacour y Amador 1973, Sick 1985). Registrada como en peligro bajo
la legislacion brasilefia (IBAMA 1989), la especie es considerada en Alta Prioridad de
Conservacion por Brooks y Strahl (2000), y considerada como En Peligro por Birdlife (2000). La
poblacién del rio San Francisco tiene pocos registros recientes, y se enlista como En Peligro en
el estado de Minas Gerais (Azeredo, 1998). Caceria y pérdida de habitat son los factores
principales que afectan a esta especie.

Dentro de su rango geografico, esta especie tiene tres poblaciones disyuntas: Valle del rio San
Francisco (estado de Minas Gerais), valle medio del rio Araguaia, incluyendo su afluente en el
Rio Mortes (estado de Goias y Mato Grosso), y las poblaciones de Pantanal (estado de Mato
Grosso).

La poblacién de San Francisco tiene pocos registros recientes, pieles viejas de museos y unos
pocos casos de aves cazadas furtivamente. Hay también notas dispersas y pieles viejas de la
poblacién del rio Araguaia. Sin embargo, recientes observaciones de campo la descubrieron
dentro del Parque Nacional Araguaia (Yamashita 2001). Aqui se presentan algunas notas sobre
esta pava pobremente conocida de la poblacion de Pantanal.

EL RPPN SESC - PANTANAL

Localizado entre los rios Cuiaba y Sdo Lourengo en Barao condado de Melgago, estado de Mato
Grosso, la Reserva Particular do Patriménio Natural (RPPN) es una unidad de conservacion
privada reconocida por la legislacion brasilefia a través del Instituto Brasileiro do Meio Ambiente
y de los Recursos Naturais Renovaveis. SESC-Pantanal (Servigo Social do Comércio) se
establecié en 1997 (regulaciones de IBAMA 071/97 - Ny 151/98 - N). Con casi 100,000 ha, la
reserva contiene habitats inundados estacionalmente y habitats secos dentro de las llanuras de
Pantanal. Los habitats del bosque incluyen Cerradao, bosques de galeria y deciduos, incluyendo
una de las porciones mas grandes del bosque deciduo de tierras bajas en el bosque Pantanal-
Bebe. ElI RPPN es una zona nucleo de la Reserva de la Biosfera de Pantanal y es considerada
para convertirse en un sitio bajo la Convencion de Ramsar para proteccion de humedales.

LA PAVA EN EL PANTANAL



Esta pava frecuentemente se ha registrado en el sector Pantanal del condado Poconé, estado de
Mato Grosso, desde que se contruyé el camino Transpantaneira a mediados de 1970s (Olmos
1996, pers. obs.). El camino de Transpantaneira une la ciudad de Poconé con el area Campo
Jéfre, terminando en la frontera del rio Cuiaba. Se usaron pieles de la vecindad de Cuiaba para
describir a la especies en 1870 (Naumburg 1930). Esta pava ha sido considerada una residente
rara del bosque de galeria y del bosque deciduo de Poconé (Cintra y Yamashita 1990), pero se
ha registrado como comun en algunas areas (Olmos 1996). También se colect6 en areas cerca
del mismo rio Paraguay (Naumburg 1930).

En Julio y Octubre de 1998, se inventari6 la avifauna de RPPN SESC-Pantanal. Después de 30
dias de campo, cubriendo toda la reserva, solamente se registraron dos pavas. Estas se
encontraron en el interior de un cambarazal y desaparecieron rapida y calladamente en cuanto
nos descubrieron. El cambarazal es un bosque estacionalmente inundado, dominado por
cambara Vochysia divergens. Todos los otros habitats de la reserva no presentaron pavas, y
éstas fueron los Unicos ejemplares en el bosque.

Desde Julio de 2001, se inici6 otro proyecto con Guacamayos en la reserva. Desde que empez6
el proyecto con Guacamayos, muchos pavas se han descubierto. Por ejemplo, el 30 de Julio de
2001, de 6:00-6:30 hr, se encontraron 30 pavas a lo largo de un transecto de 12 km recorrido en
vehiculo, en una porcién del bosque deciduo Bebe. Parejas y grupos de hasta cuatro pavas
fueron facilmente encontradas a lo largo del camino. Ademas del cambarazal y bosque deciduo,
las pavas se han encontrado en otros bosques o habitats parecidos a bosques, incluyendo
bosques de galeria, el cerradao, capao (areas secas pequeinas) y cordilheira (una area seca
larga y estrecha) de cerrado.

Las pavas se han visto alimentandose en el suelo en busca de invertebrados, o en los arboles
comiendo hojas jovenes de lianas. En Octubre y Noviembre, se observaron luchas territoriales,
donde se produjeron ruidos asperos con los ataques. Este también es el periodo de
reproduccién para otros dos cracidos en el sitio: Crax fasciolata y Ortalis canicollis. En Enero de
2002, las parejas de chachalacas ya tenian nuevos polluelos, algo aun no observado en las
pavas. Las pavas, cuando alarmadas, tienen un llamado fuerte, aspero, similar al llamado de
alerta de P. jacucaca (obs. pers.). Su llamado de alerta es mas aspero que el de P.
superciliaris, un posible vecino en algunas partes de su distribucion.

La caceria furtiva se prohibe estrictamente y la reserva tiene un excelente sistema de vigilancia.
La vigilancia se realiza usando vehiculos, barcos y a lomo de caballo alrededor del perimetro y
dentro de la reserva. Adicionalmente, las campafas educativas motivaron a la poblacion
humana circundante para proteger la reserva, asi como crear una atmésfera positiva global. El
sistema de control de fuego también es excelente, evitando cualquier tipo de fuego desde 1999.

Sin embargo, alguna caceria furtiva es todavia presente, realizada esporadicamente en los
campamentos de pescadores aficionados cercanos, de algunos de los habitantes y de los indios
Borord que viven en la Reserva Indigena Perigara, justo al sudoeste del RPPN. La pava esta
entre las presas favoritas, aunque la mayoria de los cazadores furtivos prefieren cazar
mamiferos grandes. La sefial mas fuerte de que la caceria furtiva es rara es la conducta cauta
exhibida por las pavas.

La poblacién de pavas ha aumentado en 2001 cuando se compara con 1998. La poblacién de
pavas en el momento en que la reserva fue establecida no podria ser el Unico factor responsable
para los numeros actuales en tan poco tiempo. Directamente y indirectamente, la designacion de
la reserva probablemente explica este aumento de la poblacion. Al convertirse en una area
protegida contra fuego y caceria furtiva, la reserva se hizo atractiva para las restantes pavas que
viven en la region, donde estas amenazas todavia estan presentes. Adicionalmente, el tamafio
de la reserva y la carencia virtual de presién de caceria cambiaron la conducta de las pavas,
haciéndolas menos cautas a la presencia humana. Ellas pueden verse ahora faciimente en
partes diferentes de la reserva. Incluso es posible verlas cerca de las instalaciones de la



reserva. Las pavas perdieron el miedo a la presencia humana y se mueven libremente en tales
lugares.

Investigaciones sobre la biologia y ecologia de la especie puede ser establecida rapidamente en
el RPPN. La alta densidad de la poblacion actual y conducta no cauta, asi como las
instalaciones de la reserva y el control sobre la caceria furtiva son factores positivos en tales
estudios. Adicionalmente, el RPPN SESC-Pantanal alberga la poblacion silvestre conocida mas
grande de este pava. Un programa de reintroduccion podria lanzarse en el futuro cercano a
partir de esta poblacion. Grupos pequefos atrapados en el RPPN podrian ser translocados a
otras areas protegidas, habilitando la recuperacién de la poblacién a una escala mayor.

En abril y agosto de 2001, se realizé una Valoracion Ecolégica Rapida del Parque Nacional
Pantanal y de los alrededores del RPPNs. El area de estudio, localizada en la boca del Rio
Cuiaba sobre Rio Paraguay, tiene habitats similares al del RPPN de SESC, o areas donde esta
pava fue colectada. De hecho, uno de tales lugares, Descalvados (Naumburg 1930), esta a unos
100 km al norte del Parque Nacional. El trabajo de campo ascendié a 40 dias, cubriendo los
principales héabitats en la porcion occidental del parque, asi como también en la region Serra do
Amolar. Ninguna pava fue encontrada alli (Antas et al. 2002), a pesar de su presencia en las
cercanias de la granja Santa Isabel (Olmos 1996, obs. pers.). Santa Isabel tiene limites con la
parte nortefia del Parque Nacional. Sin embargo, podrian encontrarse habitats usados por la
pava en las porciones nororientales y orientales del Parque Nacional, asi como en RPPN cerca
de esta area. Si busquedas de campo futuras demuestran que esas regiones no contienen
pavas, un programa de reintroduccion podria lanzarse translocando pavas de RPPN del SESC.

NOTES ON THE CHESTNUT-BELLIED GUAN Penelope ochrogaster AT THE RESERVA
PARTICULAR DO PATRIMONIO NATURAL DO SESC-PANTANAL, BRASIL

Paulo de Tarso Zuquim Antas
SQN 408, bloco A, apt. 112; Brasilia, DF 70.856-010; Brasil - ptzantas@abordo.com.br.

The Chestnut-bellied Guan Penelope ochrogaster is a Brazilian endemic, with a range
encompassing a large portion of Central Brazil (Delacour and Amador 1973, Sick 1985). Listed
as Endangered under the Brazilian legislation (IBAMA 1989), it is considered High Priority
conservation status by Brooks and Strahl (2000), and Endangered by Birdlife (2000). The Sao
Francisco river population has few recent records, and is listed as Endangered in the state of
Minas Gerais (Azeredo, 1998). Hunting and loss of habitat are the main factors affecting this
species.

Within its geographic range, this species has three disjunct populations: the Sdo Francisco River
valley (Minas Gerais state), middle Araguaia river valley, including its affluent at the Mortes River
(Goias and Mato Grosso states), and the Pantanal populations (Mato Grosso state).

The Sao Francisco population has few recent records, old museums skins and a few cases of
poached birds. There are also sparse notes and old skins from the Araguaia River population.
Recently however, field observations detected it inside Araguaia National Park (Yamashita 2001).
Herein, some notes about this poorly known guan are presented from the Pantanal population.

THE RPPN SESC - PANTANAL

Located between the Cuiaba and Sao Lourengo Rivers in Bardo do Melgacgo county, Mato
Grosso state, the Reserva Particular do Patriménio Natural (RPPN) is a private conservation unit
recognized by the Brazilian legislation through the Instituto Brasileiro do Meio Ambiente e dos
Recursos Naturais Renovaveis. SESC-Pantanal (Servigo Social do Comércio) was established



in 1997 (IBAMA'’s regulations 071/97 — N and 151/98 — N). With almost 100,000 Ha, the reserve
contains both seasonally flooded and dry habitats within Pantanal plains. Woodland habitats
include Cerradao, gallery forest and decidous forest, including a portion of the largest lowland
decidous forest in Pantanal — Bebe forest. The RPPN is a nuclear zone of the Pantanal’s
Biosphere Reserve and has been considered to become a site under the Ramsar Convention for
wetlands protection.

THE CHESTNUT-BELLIED GUAN IN THE PANTANAL

This guan has been frequently recorded in the Pantanal sector of Poconé county, Mato Grosso
state, since the Transpantaneira road was built in the middle 1970s (Olmos 1996, pers. obs.).
The Transpantaneira road links Poconé city to the Campo Jéfre area, terminating at the Cuiaba
River border. Skins from the vicinity of Cuiaba were used to describe the species in 1870
(Naumburg 1930). This guan has been considered a rare resident of the gallery forest and
decidous forest of Poconé county (Cintra and Yamashita 1990), but was recorded as common in
at least some areas (Olmos 1996). It was also collected in areas near the Paraguay river itself
(Naumburg 1930).

In July and October 1998, the avifauna of RPPN SESC-Pantanal was inventoried. After 30
combined field days covering the whole reserve, only two Chestnut-bellied Guans were recorded.
Found inside a cambarazal, they vanished quickly and quietly as soon as they were detected the
observer. The cambarazal is a seasonnally flooded forest habitat, dominated by cambara
Vochysia divergens. All of the reserve’s other forest habitats did not contain guans, and these
were the only guans in the forest.

Since July 2001, another project dealing with Macaws has taken place in the reserve. Since the
Macaw project began, many Chestnut-bellied Guans have been detected. For example, on July
30 2001, from 6:00-6:30 hr, 30 guans were found along a 12 km long vehicle-driven transect in a
portion of the Bebe decidous forest. Pairs and flocks containing up to four guans were easily
found along the dirt road. Besides the cambarazal and decidous forest, the Chestnut-bellied
Guan has been found in other forest or forest-like habitats, including gallery forests, cerradao,
capao (small dry areas) and cordilheira (a long and narrow dry area) of cerrado.

The guans had been seen feeding on the ground searching for invertebrates, or in the trees
eating young liana leaves. In October and November, territorial fights were observed, where
harsh noises were produced with the attacks. This is also the breeding period onset for two other
cracids at the site: the Bare-faced Curassow Crax fasciolata and Chaco Chachalaca Ortalis
canicollis. In January 2002, the Chachalaca pairs had new chicks with them, something not yet
observed for the guans. The guan, when frightened, has a loud, harsh trumpeting call, similar to
the alert call of the White-browed Guan P. jacucaca (pers. obs.). Its alert call is harsher than the
Rusty-margined Guan P. superciliaris, a possible neighbour in some parts of the range.

Poaching is strictly forbidden and the reserve has an excellent warden system. The wardens
provide surveillance via vehicle, boat and horseback around the perimeter and inside the reserve.
Additionally, educational campaigns motivated the surrounding human population to protect the
reserve, as well as creating a positive atmosphere overall. The fire control system is also
excellent, preventing any major fire since 1999.

However, some poaching is still present, coming sporadically from amateur fishermen camps
nearby, some of the inhabitants and Bororé indians living in the Reserva Indigena Perigara, just
southwest of the RPPN. The guan is among the favored game, although most of the poachers
prefer hunting large mammals. The strongest sign that poaching is rare is the decreased wary
behavior exhibited by the guans.

The guan population has increased in 2001 when compared with 1998. The population at the
time the reserve was established could not be the only factor responsible for the current numbers



in such a short timespan. Directly and indirectly, the reserve design has likely accounted for this
population increase. Becoming a protected area against fire and poaching made it attractive for
remnant guans living in the region, where these threats are still present. Additionally, reserve
size and virtual lack of hunting pressure changed the guans behavior, making them less wary of
human presence. They now can be easily seen in different parts of the reserve. It is even
possible to see them close to the reserve facilities. The guans lost most of their fear to human
presence and move freely in such places.

Research on the species biology and ecology coud be readily established in the RPPN. The
current high population density and unwary behavior, as well as the reserve’s facilities and control
over poaching are positive factors in such studies. Moreover, this information is badly needed for
sound management of this Endangered species, both in the reserve and elsewhere. Additionally,
the RPPN SESC-Pantanal harbors the largest known wild population of this guan. A
reintroduction program could be launched in the near future from this population. Small groups
trapped in the RPPN could be translocated to other protected areas, enabling population recovery
at a larger scale.

In April and August 2001, a Rapid Ecological Assessment of the Pantanal National Park and
surrounding RPPNs was made. The study area, located at the mouth of the Cuiaba River on the
Paraguay River, has forest habitats similar to the SESC’s RPPN, or areas where this guan was
collected. In fact, one such place, Descalvados (Naumburg 1930), is some 100 km north of the
National Park. Fieldwork there totaled 40 days, covering the major habitats in the western portion
of the park, as well as the Serra do Amolar region. No guans were found there (Antas et al.
2002), in spite of its presence in the nearby Santa Isabel farm (Olmos 1996, pers. obs.). Santa
Isabel has boundaries with the northern part of the National Park. However, habitats used by the
guan could be found in the northeastern and eastern portions of the National Park, as well as in a
RPPN near this area. If future field searches prove those regions do not contain guans, a
reintroduction program could be launched translocating Chestnut-bellied Guans from SESC’s
RPPN.
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STATUS POBLACIONAL DE LA PAVA (Penelope purpurascens) EN BOLIVAR, COLOMBIA
Marco Tulio Pérez Fontalvo and Ivan Enrique Pinedo Arrieta

Dept. de Bidlogo, Universidad del Atlantico, Barranquilla, Colombia -fontalvo52@hotmail.com

El presente trabajo tuvo como objetivo determinar las caracteristicas poblacionales de P.
purpurascens en areas de bosque fragmentado en la Serrania de Pintura y el Santuario de fauna
y flora “Los Colorados”, departamento de Bolivar, con la finalidad de determinar el status
poblacional y de conservacion de esta especie en la zona, a pesar de las dificultades para
acceder al habitat de estas aves y a los problemas de orden publico.

SANTUARIO DE FAUNA Y FLORA LOS COLORADOS

Localizado al oriente de la Serrania de San Jacinto, municipio de San Juan Nepomuceno
(9°57°06” N y 75°04°01”W), Departamento de Bolivar. La temperatura media anual es 27.3° C y
la precipitacion media anual es de 1026 mm, con tendencia a distribuciéon bimodal (IDEAM,
2000). El clima es calido semiarido y célido seco; el relieve es fuertemente quebrado a
escarpado, con pendientes del 25 - 50 % y mayores del 50%. Se presentan varios tipos de
vegetacion en relacion con su ubicacion: vegetacion riparia hallada en las partes bajas y
cafadas, vegetacion de ladera y vegetacion secundaria en lugares sujetos a quema y tala. La
presencia de algunas especies vegetales evidencian un buen estado del bosque, entre ellas
figuran: Nazareno (Peltogyne purpurea), Ceiba (Ceiba pentandra), Guaymaro (Brosimum
alicastrum), Ceiba blanca (Hura crepitans), Hobo blanco (Spondias radkolferi), Indio encuero
(Bursera simaruba), Tamarindo de Mico (Uribea tamarindoides), Banco (Gyrocarpus americana)
y Camajén (Sterculia apelata) entre otros (Inst. Alexander von Humboldt 1997). Aunque la
reserva goza de proteccion legal, su cercania con la cabecera municipal del municipio de San
Juan Nepomuceno le ha acarreado graves problemas ambientales siendo la caza y el uso de
lefia los mas importantes, ademas de la ocupacioén de tierras pertenecientes al Santuario por
modificacion de linderos (Ruiz et al., 1997).

SERRANIA DE PINTURA

Ubicada al suroccidente del Santuario de Fauna y Flora “Los Colorados”, esta Serrania
comprende una serie de cerros con una altitud maxima de 600 m, las partes menos onduladas y
accesibles han sido taladas y destinadas a la ganaderia y al cultivo (hame, yuca, maiz y aji). El
area de estudio comprendié un sector ubicado en la parte alta de la serrania de
aproximadamente 400 hectareas y dos en la parte media, de 100 y 150 ha aproximadamente.
Los fragmentos de bosque se encuentran rodeados de pastos y cultivos. La region es humedad y
la neblina es frecuente por las mafanas y las tardes. Los tipos de vegetacién son: vegetacion de
laderas en buen estado de conservacioén, localizada en sitios con pendientes de 40 a 60%, y
dosel continuo de aproximadamente 30 m, con arboles emergentes de mas de 40 m,
especialmente Zapaton (Pterigota colombiana). Otras especies observadas fueron Hobo
(Spondias sp); Indio encuero (Bursera simaruba); Huaymaro (Sorocea sp); Ceibas (Hura
crepitans y Ceiba pentandra). En las partes bajas se encuentra vegetacion de areas hiumedas
como son Heliconias y Platanillos (Calathea sp y Heliconia spp.) y algunos individuos aislados
entre estos el Polvillo (Tabebuia sp) y Camajoru (Sterculia apetala). En los cursos de agua hay
bosque de galeria dominado por el Caracoli (Anacardium excelsum) y bosque de ladera.

METODOLOGIA
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A partir de reportes de avistamientos suministrados por los guarda parques y por el Bidlogo
Rafael Borja, sobre la observacién de una Pava de Monte en el Santuario los Colorados en 1997,
se inicid su busqueda entre los meses de octubre y noviembre del mismo afo. Posteriormente
visitamos el Santuario en abiril, junio, julio, agosto y octubre de 1998 sin resultados positivos.

Campesinos reportaron la presencia de pavas de monte en un fragmento boscoso ubicado en la
Serrania de Pintura (a dos horas de camino). En enero de 1998, verificamos visualmente la
presencia de las pavas (tres individuos volando hacia un arbol en lo alto de la montafia). Entre
marzo de 1999 y marzo del 2000 se realizaron salidas mensuales de 4 a 7 dias de duracion.

Durante la busqueda de la especie en el Santuario “Los Colorados” se realizaron 28 transectos,
utilizando un sistema de trochas preexistentes que sumaban mas de 7 Km. de longitud. En la
Serrania de Pintura se usaron dos senderos de 800 y 340 m y dos quebradas de 180 y 800 m de
largo. En Serrania de Pintura realizamos 30 censos en un transecto de 0.32 km, 28 censos en un
transecto de 0.8 km, 4 censos en un transecto de 0.12 km, y 4 censos en otro transecto de 0.8
km. En total 4 transectos de 2.04 km fueron censados 66 veces (35.9 km total). Los transectos
se midieron en las dos zonas mediante el método de conteo de pasos.

Los transectos fueron recorridos entre las 0600 y 1000 horas y entre 1500 y 1800 horas, a una
velocidad de un Km/h, realizando paradas cuando se presentaba un avistamiento. Al momento
de la observacion se tomaron los siguientes datos: nimero de individuos, distancia perpendicular
de cada individuo al transecto, altura del individuo en la vegetacion, distancia desde el punto de
partida del transecto, altura de la vegetacién y notas sobre comportamiento (social, alimentacion
6 reproduccion). La informacion sobre alimentaciéon se tomé por observacion directa y posterior
recoleccion de muestras botanicas.

Para el censo de la poblacion se utilizé el método de longitud variable de King (Silva and Strahl
1991, Strahl and Silva 1998). Registramos una distancia L de una area A para estimar el tamafio
de una poblacién. Contamos el niumero pavas (n) y registramos la distancia perpendicular del
individuo observado al transecto. La férmula de este método es:
n
D=
2*X*3L

Donde:

D = Densidad estimada de la poblacién

n = Numero de aves observadas durante todos los transectos realizados.

X = Distancia perpendicular de los individuos observados al transecto. En este caso se tomé la
distancia perpendicular media ( Xp media), distancia perpendicular maxima (Xp max) y la
distancia maxima real (Xp max real) (National Research Council 1981, Chapman et al.
1988), con el objeto de poder realizar comparaciones de las densidades a lo largo de los
muestreos.

>L = Suma de las longitudes de todos los transectos recorridos.

Entre marzo de 1999 y marzo del 2000 aplicamos encuestas por entrevista directa a 32 personas
entre 15y 70 afios de edad, de los alrededores del Santuario (17) y la Serrania (15). La encuesta
incluyo informacién concerniente al uso del bosque, la Pava de Monte y su frecuencia de
aparicion en la zona rural del Municipio de San Juan Nepomuceno.

DENSIDAD POBLACIONAL

Estimamos una densidad de 6.6-16.4 ind/km®. Un grupo de tres individuos en los transectos 1y
2, fueron constantes durante los muestreos. En el transecto 3, ubicado en la parte media de la
montafa, cerca del transecto 1y el 2, se registrd otro grupo de tres individuos. En el transecto 4
un grupo de dos individuos, para un total de ocho individuos en el area de estudio. Estos datos
fueron utilizados para comparaciones con los resultados de las densidades estimadas. Utilizando
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X, media se obtiene una sobrestimacion del 107% en relacion con los ocho individuos
registrados mediante conteo directo.

La exactitud de los calculos basados en transectos lineales depende de la validez de los
supuestos en relacion con la distancia de deteccién (distancia perpendicular) del organismo en
cuestion y por lo tanto del area muestreada en cada recorrido (Benett and Defler 1998). Cuando
el terreno es dificil la visibilidad del observador para estimar las distancias perpendiculares se ve
afectada, asi mismo la estimacién de las distancias también depende de la visibilidad del habitat
censado y la detectabilidad intrinseca de los animales, esta ultima a su vez puede ser afectada
por el tamafo de los grupos y dispersion de los mismos (Chapman et al. 1988). Estos factores
no ejercieron mayor influencia en el Serrania.

TENDENCIAS EN EL USO DEL BOSQUE Y DE LA PAVA DE MONTE

Estos resultados se obtuvieron mediante una encuesta que incluy6 a la totalidad de las fincas
adyacentes al area de estudio, 15 personas en las cercanias de Los Colorados y 17 en la
Serrania de Pintura. La principal actividad de los campesinos es la extraccion de madera de
forma ocasional, con el 53.3% y 94.1% en ambas areas, respectivamente. La caza de fauna
silvestre fue minima (6.7%, 5.9%, respectivamente), no obstante expresaron una alta aceptacion
de la carne de Pava de Monte como alimento (80%, 58.8%) y como mascota (20%, 29.4%).

Los ultimos registros de la Pava en el Santuario datan de hace tres afios (Borja, com pers.,
1997, Inst. Alexander von Humboldt 1997, Ruiz et al. 1997) coincidiendo con lo expresado por
los campesinos en las encuestas, quienes sefialan un periodo de 1 a 3 afos en el que dejaron
de observarlas en esta reserva. Aqui, la pava es considerada poco comun por el 93.3 % de los
encuestados (comun = 0%, rara = 6.7%), lo que nos sugiere una poblacién reducida. En esta
reserva no se obtuvieron registros visuales ni auditivos durante el muestreo (1997-2000),
indicando su posible desaparicion de esta zona. Su desaparicidon puede deberse a la
intervencién humana por largos periodo de tiempo. La cercania del casco urbano de San Juan
Nepomuceno facilité el acceso de las personas al bosque, lo que ocasioné la conversién del
santuario en zonas de pastoreo y cultivos. Estos cambios también favorecieron la caza de la
fauna silvestre usando escopetas, trampas, perros, ademas de la extraccion de madera con fines
energéticos y de construccion, extrayendo individuos de mediano diametro (10-30 DAP) (Inst.
Alexander von Humboldt 1997, Ruiz et al. 1997). El Santuario Los Colorados es un fragmento
relativamente aislado por barreras como la Troncal de Occidente y sabanas artificiales con
actividad ganadera. Consecuentemente una presion permanente sobre la poblacion de la Pava
de Monte durante largo tiempo conllevaria a su extincion local. Esto parece haber ocurrido por la
carencia de registros durante esta investigacion.

En la Serrania de Pintura la Pava de Monte es considerada segun la encuesta como una especie
comun (76.4%) y sefialaron no haber observado disminucion en el numero de individuos, aunque
también consideran que no han aumentado, manteniéndose un nimero similar de individuos
desde hace tiempo. Esta afirmacién se debe quizas a que existe un reclutamiento nulo o muy
bajo en la poblacion de Penelope purpurascens. Esta carencia de reclutamiento puede reflejar
actividades del hombre, entre ellas el saqueo de nidos para el uso de las crias como mascotas,
actividad considerada como costumbre entre los pobladores. En la Serrania de Pintura los
fragmentos no estan sometidos a un aislamiento total, atn existen corredores, en especial
quebradas, que conectan algunos fragmentos. Sin embargo, la principal amenaza es la
extension de los fragamentos (de 100 a 300 Ha) la cual se reduce cada dia mas debido a la
practica de la quema para preparar tierras de cultivo, repercutiendo en las poblaciones de pavas.
Muchas especies que requieren areas grandes para mantener poblaciones viables
desapareceran conforme desaparece el bosque.

STATUS POPULACIONAL DE Penelope purpurascens EM BOLIVAR, COLOMBIA
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Marco Tulio Pérez Fontalvo and Ivan Enrique Pinedo Arrieta

Dept. de Bidlogo, Universidad del Atlantico, Barranquilla, Colombia -
fontalvo52@hotmail.com

RESUMO - No periodo de Outubro de 1997 a Margo de 2000 foi realizado em estudo para se
determinar o status populacional e os aspectos comportamentais de Penelope purpurascens no
Santuario de Flora y Fauna los Colorados e nos fragmentos de floresta localizados na serrania
de Pintura (Bolivar). Foram realizadas observagdes oportunistas, utilizando-se o método de
longitude variavel de king. Adicionalmente, foram feitas entrevistas com os moradores da regido,
com o objetivo de verificar a presenca e a utilizagdo deste jacu. Foram realizados 28 transec¢des
no Santuario de Flora y Fauna los Colorados, e nesta localidade n&o se registrou avistamentos
ou outra evidencia da presencga dos jacus; as transecgbes abertas na Serrania de Pintura
resultaram num total de 7,3 ind/km?, utilizando como estimatica Xp maxima. Acredita-se que P.
purpurascens se encontra confinada em pequenos fragmentos de mata e nao se registrou
mudangas em seu comportamento. Concluise que P. purpurascens era amplamente distribuida
nas areas estudadas (seguindo a encosta); atualmente esta extinta ou desaparecida do
Santuario los Colorados e comum, embora restrita, aos fragmentos de mata na Serrania de
Pintura.

POPULATION STATUS OF THE CRESTED GUAN (Penelope purpurascens) IN BOLIVAR,
COLOMBIA

Marco Tulio Pérez Fontalvo and Ivan Enrique Pinedo Arrieta

Dept. de Bidlogo, Universidad del Atlantico, Barranquilla, Colombia - fontalvo52@hotmail.com

The objectives herein are to determine population trends of the Crested Guan (Penelope
purpurascens) in areas of fragmented forest in the Serrania de Pintura and the “Los Colorados”
flora and fauna Sanctuary, Departament of Bolivar, Colombia. Additionally we discuss population
status and conservation of this species in the region in light of accessibility to the habitat where
these birds live, and in relation to human use.

“LOS COLORADOS” FLORA AND FAUNA SANCTUARY

This site is located east of the Serrania de San Jacinto, near San Juan Nepomuceno (9°57°06” N,
75°04°01”"W), Dept. Bolivar. Climatically this region has a mean annual temperature of 27.3° C,
and a mean annual precipitation of 1026 mm, with a tendency towards a bimodal distribution
(IDEAM 2000). This climate is typical of a semi-arid and dry region. The escarpment is strongly
broken at 25-50% slopes, but at least 50% in general. The interior of the reserve varies in
vegetation type depending on location, but includes riparian vegetation in lower swampy areas,
hillside vegetation and secondary vegetation in areas subjected to burns. The reserve contains
species indicating the forest is in good health, including: Peltogyne purpurea, Ceiba pentandra,
Brosimum alicastrum, Hura crepitans, Spondias radkolferi, Bursera simaruba, Uribea
tamarindoides, Gyrocarpus Americana, and Sterculia apelata among others (Inst. Alexander von
Humboldt 1997). Although the Sanctuary has legal protection, it is close to the town of San Juan
Nepomuceno and suffers some environmental threats such as hunting, timbering, and habitat
modification (Ruiz et al. 1997).

SERRANIA DE PINTURA
Located southwest of “Los Colorados”, the Serrania comprises a series of hills with a maximum

altitude of 600 m asl. Some parts have been destroyed for cattle ranching and agriculture (yucca,
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corn and pepper). The study site comprised one parcel in the higher part of the serrania (~400
ha), and two parcels in the middle (100 and 150 ha). The forest fragments are separated by
grasses and cultivation. This region is characterized by humidity, and fog is frequent in the
morning and evening. Habitats in this area include: hillside vegetation located along 40-60%
slopes, and continuous canopy that reaches 30 m with emergent trees exceeding 40 m,
especially Pterigota colombiana. Other species include: Spondias, Bursera simaruba, Sorocea,
Hura crepitans and Ceiba pentandra. \Vegetation typical of humid areas is present in lower parts,
such Calathea and Heliconia, and some small islands between these of Tabebuia and Sterculia
apetala. Along the watercourses, gallery forest is dominated by species such as Anacardium
excelsum and hillside forest.

METHODS

After receiving reports that guans occurred in the Sanctuary from Park Guards and Biologist
Rafael Borja we initiated searches there in October and November 1997 but did not encounter
any birds. We continued to visit the Sanctuary in April, June, July, August and October 1998, still
without encounters.

Rural people reported guans occurring in fragmented forest in the Serrania, southwest of the
Sanctuary (2 hr by road). In January 1998, we verified presence of the guans (three individuals
observed in the higher region). Between March 1999-March 2000 we sampled from 4—7 days in
duration.

During searches for guans in the Sanctuary we ran 28 transects utilizing a pre-existing trail
system that totaled 7 km in length. In the Serrania we ran transects along trails of 800 and 340 m
in length, and two creeks of 180 and 800 m in length. At the Serrania we ran 30 cencuses along
0.32 km transect, 28 along a 0.8 km transect, 4 along a 0.12 km transect, and 4 along another 0.8
km transect. In total, 2.04 km of 4 transects were cencused 66 times (35.9 km total). The
transects in both regions were measured by counting steps.

The transects were run 0600-1000 hr and 1500-1800 hr, at a speed of 1 km/hr, with stops made
for each sighting. At the moment we observed the guans, we collected the following data:
number of individuals, perpendicular distance of each individual in relation to the transect, height
of each individual in the vegetation, distance from the transect starting point, vegetation height,
and behavioral observations (social, dietary or reproduction).

For the population cencus we utilized the variable length method of King (Silva and Strahl 1991,
Strahl and Silva 1998). We recorded a distance L from an area A to estimate the population size.
We counted the number of guans (n) and recorded the perpendicular distance of the individual
from the transect. The formula for this method is:
n
D=
2*X*3L
where:
D = Estimated population density
n = Number of birds observed during all transect runs
X = Perpendicular distance of the individuals observed in relation to the transect. In this case we
used mean perpendicular distance (Xp mean), maximum perpendicular distance (Xp max)
and maximum real (Xp max real) (National Research Council 1981, Chapman et al. 1988),
with the objective of comparing densities for each sample.
>L = Sum of the lengths of all transects recorded.

Between the months of March 1999 and March 2000 we interviewed 32 people ranging 15-70 yr,

both at the Sanctuary (17) and the Serrania (15). The interview included information on forest
use, the guan, and frecuenccy of its appearance in the rural portion of San Juan Nepomuceno.
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POPULATION DENSITY

We estimated the density at 6.6-16.4 ind/km®. There were three individuals occupying tranects 1
and 2, and these were constant throughout sampling. At transect 3, located in the middle part of
the mountain and close to transects 1 and 2, we recorded another group of three individuals. At
transect 4 there was a group of two individuals, for a total of 8 individuals in the study area.
These data were used for comparisons with the results of estimated density. Using mean X, we
obtained an overestimate of 107% in relation to the 8 individuals registered through direct counts.

The precision of calculations based on linear transects depends on the perpendicular distance of
the organism in question and also on how it was measured (Benett and Defler 1998). When the
terrain is visibly difficult for estimating perpendicular distances, this affects the estimate. Distance
estimates can also hampered by visibility of the habitat cencused and the intrinsic detectability of
the animals, especially in relation to group size and dispersal (Chapman et al 1988), but these
were not likely factors at the Serrania site.

FOREST USE AND GUAN UTILIZATION BY HUMANS

For this portion of the study people were surveyed, including on the property adjacent to the study
area; 15 people were surveyed near the Sanctuary, and the 17 in the Serrania. The main activity
which the people partake in is timber extraction, with 53.3% and 94.1% in the two areas,
respectively. Hunting of wild fauna was minimal (6.7%, 5.9%), despite the primary utilization of
guans being for food (80%, 58.8%) and pets (20%, 29.4%).

The last records of guans in the Sanctuary date from three years ago (Borja pers. comm. 1997,
Inst. Alexander von Humboldt 1997, Ruiz et al. 1997), concordant with the information from the
people surveyed - a period of 1-3 years since they last observed guans at this reserve. The guan
is considered hardly common at the Sanctuary by 93.3 % of the interviewees (compared with
common = 0%, and rare = 6.7%), suggesting a reduced population. We did not record any visual
or auditory records of guans at the Sanctuary during the sampling regimes (1997-2000),
indicating their possible disappearance from this area. The disappearance of the guans from the
Sanctuary is likely due to human alteration of forest over a long period of time. The close
proximity of the town of San Juan Nepomuceno facilitates easy access of people to the forest;
this consequently led to conversion of the Sanctuary to pastoral and cultivated zones, as well as
hunting wildlife with guns, traps and dogs, and timber extraction, both for fuel and construction,
with trees having a mean DBH of 10-30 (Inst. Alexander von Humboldt 1997, Ruiz et al 1997).
The Sanctuary is a relatively isolated fragment with barriers of artificial savannahs with cattle
ranching. Therefore permanent long-term pressure on the guan population would result in local
extinction of the species. This is likely what happened, as evidenced by the lack of records
during this investigation.

In the Serrania the Guan is considered a common species according to the surveys we
conducted (76.4%), and appears not to be diminishing in number, although numbers have not
increased either, and appear to be stable over time. Perhaps this affirms very low or no
recruitment in the guan population. The lack of an increase in the population may reflect activities
of man, such as poaching nests to take the chicks for pets, which is a custom for people in this
region. In the Serrania the fragments are not completely isolated, as corridors connect some
fragments. However, the main threat is 100-300 Ha being reduced each time burning takes place
to prepare land for cultivation, resulting in decreased guan populations. Multiple species
requiring large areas to maintain viable populations will disappear as the forest disappears.
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PREMIOS
FINANCIAMENTOS
GRANTS

American Bird Conservancy (ABC) anuncia el fondo William Belton con una gran proporcién de
becas en apoyo a proyectos en América Latina y la region Caribena. Propuestas deben ser
enviadas a la oficina en Washington antes del 15 de Septiembre y las correspondientes
decisiones seran anunciadas en Diciembre.

A American Bird Conservancy (ABC) anuncia o fundo William Belton, com um grande namero de
bolsas destinadas a apoiar projetos na América Latina e no Caribe. As propostas devem ser
recebidas no escritério de Washington antes do dia 15 de Setembro, e as decisdes serao
anunciadas aos proponentes em Dezembro

The American Bird Conservancy (ABC) announces the William Belton Fund, with a high
proportion of grants going to support projects in Latin America and the Caribbean. Proposals
must be received in the Washington office before 15 September, and decisions will be announced
to applicants in December.

American Bird Conservancy www.abcbirds.org
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Anheuser-Busch y el National Fish and Wildlife Foundation han establecido un programa de
becas denominado programa de becas Budweiser Conservation. Ellos proveeran 10 becas hasta
de $10,000 ddlares para estudiantes de licenciatura y graduados que estudien fauna silvestre y
sus habitats. Fecha limite 2 de Febrero.

A Anheuser-Busch e o National Fish and Wildlife Foundation criaram um programa competitivo
de bolsas entitulado “The Budweiser Conservation Scolarship Program”. Este programa provera
10 bolsas de US$ 10.000 para estudantes graduandos e graduados que estudam a vida
selvagem e o seu habitat. A data limite para o envio das propostas é 02 de fevereiro.

Anheuser-Busch and the National Fish and Wildlife Foundation have established a competitive
scholarship program entitled the Budweiser Conservation Scholarship Program. They will
provide 10 scholarships of up to $10,000 to undergraduate and graduate students studying
wildlife and their habitat. Deadline is 2 February.

National Fish and Wildlife Foundation www.nfwf.org

Birdlife International (BL) , Fauna y Flora International (FFI) y British Petroleum Co. (BP) se
uniran en el BP Conservation Program con el fin de apoyar y motivar equipos de estudiantes
que organicen proyectos de investigacion. Los premios son de £7000 para los mejores
proyectos, £5000 para otros cinco proyectos, £3000 para 12 proyectos en marcha, y un gran
premio “Follow up” cuyo valor es entre £10 000 y £20 000 para la mejor propuetas para continuar
con trabajos previamente sometido por un previo ganador. Todos los proyectos que apliquen al
programa para un premio deben: tener un componente conservacionista de importancia
internacional, involucrar a la gente local en el sitio de estudio, tener anuencia del gobierno local,
ser encabezado (y contener una mayoria) por estudiantes.

BirdLife International (BL), Fauna and Flora International (FFI), e a British Petroleum Co. (BP) se
uniram no BP Conservation Program para apoiar e encorajar grupos de estudantes a organizar
projetos de pesquisa. Os prémios sdo de £7000 para o melhor projeto, £5000 para os outros
cinco projetos, £3000 para os 12 projetos que ficaram em segundo lugar, e o grande prémio
'Follow-Up', cujo valor fica entre £10,000-£20,000 sao apresentadas as melhores propostas para
os trabalhos apresentados pelos vencedores dos anos anteriores. Todos os projetos a serem
apresentados para o programa e para receber o prémio devem: ser reconhecidos como
importantes para a conservagao, envolver pessoas do local de estudo, ter a anuéncia do governo
local, ser liderado por (e conter, na sua maioria, estudantes).

BirdLife International (BL), Fauna and Flora International (FFI), and the British Petroleum Co.
(BP) come together in the BP Conservation Program to assist and encourage teams of students
eager to organize research projects. The awards are £7000 to the best project, £5000 to 5 other
projects, £3000 to 12 runner-up projects, and the top 'Follow-Up' Awards between £10,000-
£20,000 are presented to the best proposals for follow-up work submitted by a previous year's
winner. All projects applying to the Programme for an Award must: address a recognised
conservation issue of international importance, involve people local to the study site, have
clearance from the host government, be led by (and contain a majority of) students.
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Marianne Dunn, BP Conservation Programme, BirdLife International, Wellbrook Ct., Girton Rd.,
Cambridge CB3 ONA, UK - http://www.bp.com/conservation

Club 300 es una asociacién Sueca sin fines de lucro que ofrece becas en el rango de $3000 a
$8000 dolares para la proteccion de las aves. Las contribuciones de ese Club provienen
directamente de los observadores de aves Suecos. Las aplicaciones son aceptadas anualmente
y becas son también anuales. Envie 4 copias de su aplicacion por correo antes de las fechas
limite 1 de enero y 1 de julio de cada afio. No existe un formato especifico requerido para las
propuestas, pero se debe expresar apropiadamente los puntos de investigacién del proyecto.

Club 300 é uma associagdo sueca sem fins lucrativos que prové bolsas entre US$ 3.000 e $
8.000,00, para protegao das aves, com contribuicées vindo diretamente dos observadores de
aves suecos. Propostas sdo aceitas anualmente, e as bolsas liberadas para o ano da submissao.
Envie quatro copias da sua proposta, pelo correio, antes das datas-limite de de 01 de janeiro e
01 de julho de cada ano. N&o se requere um formato especifico para as propostas, mas elas
devem expressar corretamente os pontos de vista do projeto apresentado.

Club 300 is a non-profit Swedish association that awards grants in the range of US$3,000 -
$8,000 for the protection of birds, with contributions coming directly from Swedish birdwatchers.
Applications are accepted on an annual basis, and grants awarded for that year. Submit 4 copies
of the application by post before the deadlines of 1 January and 1 July of each year. There is no
specific project proposal format required, as long as it properly expresses the viewpoints of the
project.

Mikael Rosen, The Club 300 Foundation for Bird Protection, Department of Animal Ecology,
Ecology Building, 223 62 LUND, Sweden, Tel: +46 (0) 706 059 772, Email:
birdprotection@club300.se

El Sophie Danforth Conservation Biology Fund, establecido por el Roger William Park Zoo y por
Rhode Island Zoological Society in 1989, apoya programas de conservacion que protejan a la
fauna silvestre y sus habitats. Estudios de campo y otros proyectos que demuestren un enfoque
multidisciplinario para la conservacion de la biodiversidad y los ecosistemas, y proyectos que
involucren colaboraciones binacionales reciben prioridad para los fondos mayores. Son tambien
sujetos de apoyo, programas de educacion ambiental, desarrollo de técnicas que puedan ser
usados en ambientes naturales, y programas de reproduccion en cautiverio que impliquen un
enfoque integral para la conservacion.

O Sophie Danforth Conservation Biology Fund, instituido pelo Roger William Park Zoo e o Rhode
Island Zoological Society em 1989, apdia programas de conservagao que protegem a vida
selvagem e os habitats ameagados ao redor do mundo. Trabalhos de campo e outros projetos
que demonstrarem uma abordagem multi-disciplinar para a conservacao da biodiversidade e dos
ecossistemas e projetos que envolvam a colaboragéo de pessoas do pais onde se desenvolve o
projeto receberdo a mais alta prioridade para financiamento. Programas de educagado ambiental,
desenvolvimento de técnicas que possam ser usadas no ambiente natural e programas de
reproducao em cativeiro que possuam uma abordagem conservacionista também sao
apropriados.

The Sophie Danforth Conservation Biology Fund, established by the Roger Williams Park Zoo
and the Rhode Island Zoological Society in 1989, supports conservation programs that protect
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threatened wildlife and habitats worldwide. Field studies and other projects that demonstrate a
multi-disciplinary approach to biodiversity and ecosystem conservation and projects that involve
in-country collaborators receive the highest funding priority. Environmental education programs,
development of techniques that can be used in a natural environment, and captive propagation
programs that stress an integrative approach to conservation are also appropriate.

Stacia Martin, SDCBF, Roger Williams Park Zoo, 1000 EImwood Ave., Providence, Rhode Island
02907, USA, Fax: (401) 941-3988, E-mail: SMartin@rwpzoo.org

El prémio anual Joseph Grinnell sera presentado por la Sociedad Ornitolégica Cooper. Dos
premios de hasta $1000 se otorgaran en la memoria de Joseph Grinnell, para apoyar la
investigacion basica en cualquier aspecto de la biologia de aves. Proyectos sobre conservacion
y biologia de aves deben de ser dirigidos al Comité de Premios Mewaldt-King, de la Sociedad
Ornitholégica Cooper. Estudiantes no podran presentar dos propuestas a ambos comités en el
mismo afio. Soélo estudiantes graduados o ya aceptados en programas de maestria o doctorado
seran elegibles para este prémio. Solo se recibiran facsimiles y sumisiones electrénicas de
personas interesadas en esta becas y que residan fuera de los Estados Unidos.

O prémio anual Joseph Grinnell Student Research Awards sera concedido pela Cooper
Ornithological Society. Até dois prémios de US$ 1.000,00 seréo entregues, em honra da
memoéria de Joseph Grinnell, para apoiar pesquisa basica em qualquer aspecto da biologia das
aves. Projetos enfocando aspectos conservacionistas devem ser enviados ao comité Mewaldt-
King Research Awards, da Cooper Ornithological Society. Estudantes ndo podem submeter
propostas a ambos 0s comités no mesmo ano. Apenas estudantes de pds-graduacgao sao
elegiveis para o prémio. Inscrigdes por fax ou e-mail serdo aceitas apenas para pessoas
residentes fora dos EUA.

The Joseph Grinnell Student Research Awards will be presented by the Cooper Ornithological
Society. Up to two $1000 awards are designated, in the memory of Joseph Grinnell, to support
basic research in any aspect of avian biology. Projects that deal with conservation issues in
avian biology should be directed to the Mewaldt-King Research Awards Committee of the Cooper
Ornithological Society. Students may not submit a proposal to both award committees in the
same year. Only graduate students accepted to or enrolled in a Master's or Doctoral program are
eligible for the award. Faxes and electronic submissions will only be accepted from those
applying outside the United States.

Dr. John Faaborg, Chair, Mewaldt-King Award Committee, Division of Biological Sciences, 110
Tucker Hall, University of Missouri-Columbia, Columbia, MO 65211-7400,
faaborgj@missouri.edu, http://www.cooper.org/awards.htm

Idea Wild es una ONG no lucrativa que apoya proyectos de conservacion en America Latina y el
Caribe mediante la donacion de equipo. Para obtener su apoyo se debe enviar una propuesta
(preferentemente en ingles) indicando por que se necesita el equipo para el proyecto, una
descripcion completa del equipo incluyendo numero de telefono y fax de la compania que lo
comercia, asi como el numero de catalogo y el precio al publico.

Idea Wild é uma organizagédo ndo-governamental que apdia projetos de conservagao na America
Latina e no Caribe, mediante a doagao de equipamento. Para obter este apoio deve-se enviar
uma proposta (de preferéncia em inglés), indicando a necessidade de determinado equipamento
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para o projeto, uma descrigdo completa do equipamento, incluindo numero de telefone e fax da
empresa que o comercializa, assim como o numero de catalogo e o prego final do produto.

Idea Wild is a non-profit organization that provides equipment for conservation projects in Latin
America and the Caribbean. To obtain support from Idea Wild write a proposal (preferably in
English) indicating why the equipment is needed for the project, a full description of the
equipment, including phone and fax number of the company that distributes the equipment, as
well as the catalogue number and list price.

Idea Wild, Biodiversity Research Assistance Organization, 420 Riddle Drive, Fort Collins, CO
80521, USA - ideawild@lamar.colostate.edu - www.feist.com/~ideawild

La International Foundation for Science (IFS) proporciona apoyo a jévenes cientificos de paises
en vias de desarrollo a través del otorgamiento de becas de investigacion y servicios adicionales
tales como becas para el viaje y ayuda adquisitiva. La beca de investigacion se otorga hasta por
un monto de $12,000 ddlares para un periodo de uno a tres afios y puede renovarse dos veces.
La beca es para la compra de equipo, viaticos y literatura. Los solicitantes deben ser ciudadanos
de, y llevar a cabo la investigacién en un pais en vias de desarrollo. Ellos también deben trabajar
en una universidad o una institucion de investigacién nacionales en un pais en vias de desarrollo
(Argentina y Uruguay no califican para este apoyo), asi como también tener una edad menor a
40 afios al inicio de su carrera de investigacion. Candidatos deben poseer un alto grado
académico que debe ser por lo menos Maestria o equivalente. El IFS apoya proyectos
relacionados con el manejo, uso y conservacion de los recursos naturales.

A International Foundation for Science (IFS) proporciona apoio para jovens cientistas de paises
em desenvolvimento através do fornecimento de bolsas de pesquisas e outros servigos, como
ajuda de custos para viagem e auxilio para compra de material. As bolsas devem ter um valor
maximo de $12,000 dolares para um periodo de um a trés anos, podendo ser renovada por duas
vezes. Esta bolsa pode ser utilizada para compra de equipamentos, gastos com material e
literatura. Os interessados em submeter os projetos devem ser de, e conduzir as suas pesquisas
em um pais em desenvolvimento. Eles devem também trabalhar em uma universidade ou centro
nacional de pesquisas em um pais em desenvolvimento (Argentina e Uruguai ndo estao
qualificados para receber este apoio), bem como possuir idade inferior a 40 anos no inicio da sua
carreira de pesquisador. Os candidatos devem possuir um alto grau académico, que deve ser de
Mestrado ou equivalente. O IFS apdia projetos que tratam sobre o manejo, uso e conservagéo
de recursos naturais.

The International Foundation for Science (IFS) provides support to young scientists of merit in
developing countries by awarding research grants and providing grantees with additional services
such as travel grants and purchasing assistance. Research grants are awarded up to a
maximum value of $ 12,000 USD for a period of one to three years and may be renewed twice.
They are intended for the purchase of equipment, expendable supplies, and literature. Applicants
must be citizens of, and carry out the research in, a developing country. They should also work
at a university or national research institution in a developing country (Argentina and Uruguay do
not qualify for support), as well as being under the age of 40 and at the start of their research
career. Candidates must possess a higher academic degree, which should be at least an MSc or
equivalent. The IFS supports projects dealing with the management, use, and conservation of
biological resources.
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IFS, Grev Turegatan 19, S-114 38 Stockholm, Sweden, Fax: +46-8-54581801, Email:
info@ifs.se, www.ifs.se

El Lincoln Park Zoo Scott Neotropic Fund financia proyectos de investigacion en biologia de la
conservacion en América Latina y el Caribe. Los fondos son para apoyar principalmente a
estudiantes graduados y a otros investigadores jévenes, y se otorgan entre 5- 15 proyectos cada
afo. Los premios a otorgarse raramente sobrepasan los US$7500, y la mayoria de premios
estan en el rango de $3000-$6000. La fecha limite para presentar las propuestas al fondo Scott
Neotropic es el 1 de Septiembre

O Lincoln Park Zoo Scott Neotropic Fund apoia pesquisas de campo em biologia da conservagao
na América Latina e Caribe. O fundo enfatiza o apoio a estudantes de pds-graduacao e jovens
pesquisadores, patrocinando de 5 a 15 projetos por ano. Os patrocinios raramente excedem US$
7.500,00, e a maior parte esta entre US$ 3.000-6.000,00. A data limite para envio de propostas é
01 de setembro.

The Lincoln Park Zoo Scott Neotropic fund supports field research in conservation biology in Latin
America and the Caribbean. The fund emphasizes the support of graduate students and other
young researchers, supporting 5 - 15 projects each year. The fund awards are seldom greater
than US$7500, and most awards fall in the range of $3000-$6000. The current deadline for
receipt of Scott Neotropic proposals is September 1.

Lincoln Park Zoo, SNF/AA Funds, c/o Director of Conservation and Science, Lincoln Park Zoo,
Chicago, IL 60614, USA. steveed@ix.netcom.com. www.lpzoo.com

James Lynch Conservation Biology espera apoyar a un investigador que se involucre en asuntos
de conservacion en Centroamérica, particularmente (pero no exclusivamente) estudiantes
graduados locales. El premio de $ 5000 es por competencia, basado en la importancia y
viabilidad del trabajo propuesto. La fecha limite de aplicacion es el 15 de junio. Los solicitantes
deben someter una propuesta y presupuesto (no mas de 8 paginas en total), reasumen y 2
cartas de recomendacion.

O James Lynch Conservation Biology Fund espera apoiar um pesquisador que deseja trabalhar
em assuntos de conservacao na América Central, especialmente (mas ndo exclusivamente),
estudantes de graduacgao locais. O premio de $5,000 dodlares é competitivo, e é baseado na
relevancia e na viabilidade do trabalho proposto. A data final para submissao é 15 de Junho. Os
interessados devem submeter uma proposta e um orgamento (que deve ter no maximo 8
paginas), resume e duas cartas de recomendagéo.

The James Lynch Conservation Biology Fund hopes to support an aspiring researcher examining
conservation issues in Central America, particularly (but not exclusively) native graduate
students. The $5000 award is competitive, based on the relevance and feasibility of the
proposed work. The submission deadline is June 15. Applicants must submit a proposal and
budget (no more than 8 pages total), resume, and 2 letters of recommendation.

The James Lynch Conservation Biology Fund, c/o Linda McCann, Smithsonian Environmental
Research Center, Box 28, Edgewater, Maryland 21037, USA. Email: mccann@serc.si.edu
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El Fondo Miami Metrozoo Conservation & Research ofrece pequefias becas para proyectos que
promuevan la conservacion de la vida silvestre y los ecosistemas naturales. La becas bianuales
no exceden los $ 5,000 doélares. Fecha limite de aplicacion 1° de marzo.

O Fundo de Conservacao e Pesquisa do Zooldgico de Miami providenciara pequenas verbas a
projetos de conservagao da vida silvestre e ecossitemas naturais. A verbas bianuais ndo
excedem 5.000 dolares. Prazo final para requerimento € 1° de Margo.

Miami Metrozoo Conservation & Research Fund awards small grants to projects promoting
conservation of wildlife and natural ecosystems. The biannual grants are usually do not exceed
$5000. Deadline for application submission is 1 March.

Phyllis Tamburello, Zoological Society of Florida — 305-255-5551

Becas de investigacion en el Bosque humedo tropical son disponibles para investigadores que
realizen trabajo en le sur este Peruano, uno de los bosque tropicales con una de las diversidades
biologicas mas altas del mundo. La investigacion se conducira en el Centro de Investigaciones
de Tambopata (TRC) y albergue Posada Amazonas, dos establecimientos manejados por
Rainforest Expeditions. Cientificos interesados en cualquier aspecto de la biologia tropical son
particularmente alentados a postular por estas becas pero se dara preferencia los proyectos que
enfoquen vertebrados grandes o los impactos de ecotourism. TRC esta rodeado por extensiones
grandes de bosque protegido que incluye bosque riverefio of de varzea, bosque de altura 'y
rodales de bambu. Pozada Amazonas se ecuentra mas cerca al pueblo fronterizo de Puerto
Maldonado y esta en una reserva establecida en 1988 por la comunidad nativa de Infierno or el
grupo Ese' eja. Con el permiso de la comunidad de infierno se puede llevar a cabo estudios en
los diferentes ecosystemas los cuales estan o han estado sujetos a differente impacto y
presentan vegatacion en diferente estado de sucesion. Las becas proporcionan en forma gratuita
casa, comida, y transporte a y de Puerto Maldonado. Facilidades similares tambien son
otorgadas a asistentes de campo pero a estos se cobra un pago diario de $15 por dia. Rainforest
Expediciones pueden ayudar a localizar a ayudantes de campo peruanos si esto es requerido.
Para postular por estas becas enviar su curriculum y una propuesta de estudio que no exceda de
trees hojas.

Bolsas estao disponiveis para pesquisadores que trabalham no sudested do Peru, em uma das
florestas mais ricas do mundo. As bolsas patrocinam projetos de pesquisa conduzidos em
Tambopata Research Center (TRC) e Posada Amazonas Lodge (PAL), dois estabelecimentos
gerenciados pela Rainforest Expeditions. Cientistas interessados em qualquer aspectos da
biologia tropical sao convidados a enviar seus projetos, mas a preferéncia é dada para estudos
de grandes vertebrados ou sobre os impactos do ecoturismo. TRC é circundada por uma grande
extensao de floresta protegida, incluindo varzea, terra firma e mata de bambu. PAL é proxima do
povoado de Puerto Maldonado, e € uma reserva estabelecida em 1988 pela comunidade nativa
de Infierno, ou grupo Ese’ja. Com a permisséo da comunidade, estudos podem ser realizados
em diferentes habitats, que estéo sujeitos a diferentes impactos e estagios sucessionais. As
bolsas proporcionam, gratuitamente, alojamento, alimentacéo e transporte até Puerto
Maldonado. Estas facilidades também podem ser proporcionadas aos ajudantes de campo, mas
cobra-se uma diaria de US$ 15,00. Rainforest Expeditions podem contatar ajudantes de campo
peruanos, se necessario. Para concorrer a estas bolsas, enviar curriculum e uma proposta de
estudo que nao ultrapasse trés paginas.

Rainforest Research Grants are available for researchers working in southeastern Peru in some
of the world’s richest lowland tropical forests. Grants support research conducted at Tambopata
Research Center (TRC) and Posada Amazonas Lodge (PAL), two facilities operated by
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Rainforest Expeditions. Scientists interested in any aspect of tropical biology are encouraged to
apply, but preference is given to studies focusing on large vertebrates or the impacts of
ecotourism. TRC is surrounded by large expanses of protected forest including floodplain, terra
firme and bamboo forest. PAL is closer to the frontier town of Puerto Maldonado and is on a
reserve extablished in 1988 by the Ese’ eja native community of Infierno. With permission of the
community studies can be carried out on land with different habitats, impact regimes and
successional states. The grants provide free room and board, and free transportation from
Puerto Maldonado. Room and board is available to assistants at a rate of $15 per day and
Rainforest Expeditions can help locate Peruvian Assistants if needed. To apply, send a resume
and 3 or less page study proposal.

Donald Brightsmith, Duke University Dept. of Zoology — dbj4@duke.edu

Rolex otorga becas de investigacion para proyectos de investigacién innovadores (no importa la
nacionalidad) en areas que incluyan exploracion, descubrimiento y medio ambiente. Los premios
constan de cinco becas de US $75,000 y un reloj Rolex de oro.

Prémio Rolex para projetos inovadores (qualquer nacionalidade), em areas que incluem
exploragao, descoberta e 0 meio-ambiente. Sdo oferecidos cinco prémios principais no valor de
US$ 75.000 e um reldgio de pulso Rolex de ouro.

Rolex awards grants for innovative projects (any nationality) in areas that include exploration,
discovery, and the environment. Awards consist of five top prizes of US$75,000 and a Rolex gold
watch.

The Secretariat, The Rolex Awards for Enterprise, PO Box 1311, 1211 Geneva 26, Switzerland,
or visit http://www.rolexawards.com.

La Royal Society for the Protection of Birds (RSBP) tiene disponible una limitada suma de dinero
para pequefias becas. Estas becas que no deben exceder los $ 1,500 ddlares, son especificas
para la investigacion y prospeccién de las aves mas raras del mundo. La prospeccion o
investigacion deben enfocarse sobre especies de los siguientes grupos: especies que no ocurren
en areas conservadas, especies reconocidas como “Criticas” o con “Datos Deficientes” en el
libro “Treatened Birds of the World”. Prioridad sera canalizada hacia los socios de Birdlife u otros
trabajando en sus propios paises, 0 en paises vecinos los cuales no tienen un socio. Las
propuestas deben ser enviadas integralmente con una justificacion, descripcion clara de las
metas y métodos del proyecto, y una indicacion de como el proyecto ayudara a la conservacion
de las especies.

A Royal Society for the Protection of Birds (RSPB) tem disponivel uma limitada quantia em
dinheiro para pequenas bolsas. Estas bolsas, que ndo devem exceder $1,500 dolares séo
especificas para pesquisas ou estudos com as aves mais ameagadas do mundo. O projeto de
pesquisa deve enfocar em espécies agrupadas nos seguintes grupos: espécies que nao ocorram
em areas conservadas ou aquelas listadas como “Critica” ou “Data Deficient” no livro
"Threatened Birds of the World". Prioridade sera dada aos trabalhos realizados pelos parceiros
da BirdLife, ou outros trabalhando em seu proprio pais ou em paises vizinhos que nao sao
parceiros da BirdLife. As propostas devem ser submetidas integralmente com a sua justificativa,
uma clara descrigdo dos objetivos e métodos do projeto e uma indicagdo de como o trabalho ira
auxiliar na conservacao das espécies.
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The Royal Society for the Protection of Birds (RSPB), has available a limited sum of money to
award as small grants. These grants, not to exceed US$1500, are specifically for research or
surveys of the world's rarest birds. The survey or research project must focus on species falling
into one of the following groups: species with no currently known occupied sites, or species listed
as "Critical" or "Data Deficient" in "Threatened Birds of the World". Priority will be given to work
carried out by BirdLife Partners, or others working in their own countries, or in neighboring
countries which do not have a Partner. Full proposals should be submitted with full justification, a
clear description of the aims and methods of the project, and an indication of how the work will
aid the conservation of the species.

Dr Paul Donald, RSPB, The Lodge Sandy, Bedfordshire SG19 2DL,UK. Tel: ++44-1767-680551,
Fax: ++44-1767-682118.

El premio de investigacion Pamela y Alexander F. Skutch de la Association of Field Ornithologists
apoya estudios sobre la historia natural de las aves, especialmente las relaciones sociales y
reproduccién de especies poco conocidas del Neotropico Continental, incluyendo Trinidad y
Tobado que causen un minimo de disturbio a las aves. La beca otorgada por el fondo debe ser
adecuada para el estudio y evitar la busqueda de fondos adicionales. El investigador puede ser
un ornitélogo amateur o profesional de cualquier nacionalidad. Es deseable que el o ella tenga
previa experiencia de la region y de las aves (y si posible, la localidad) donde el o ella estudiaran.
Un premio hasta de $ 10,000 dolares estara disponible anualmente. Los interesados deben
enviar, antes del 15 de Febrero, una forma de aplicaciéona completa (mas detalle con Elissa
Landre), un resimen de una pagina, una carta de recomendacion, y una propuesta de
investigacion (maximo tres paginas a doble espacio).

O prémio de pesquisa Pamela and Alexander F. Skutch, da Association of Field Ornithologists
apoiam o estudo da histéria natural das aves, especialmente as relagdes sociais e a reprodugao,
de aves pouco conhecidas na porgéo continental da regido Neotropical, incluindo Trinidad e
Tobago, que causem um minimo de perturbagéo as aves. A premiagdo com as bolsas pelo
Fundo deve ser adequada para que o projeto evite procurar por outras fontes de financiamento.
O pesquisador deve ser um ornitélogo amador ou profissional de qualquer nacionalidade. E
desejavel que ele ou ela tenha uma experiéncia prévia com a regiao e suas aves (e, se possivel,
com a localidade) onde ele ou ela irdo pesquisar. Uma bolsa de cerca de $10,000 dolares sera
disponibilizada anualmente. Os interessados devem submeter, até 15 de Fevereiro, o formulario
completo (mais detalhes com Elissa Landre), um resumo de uma pagina, uma carta de
referencia e uma proposta de pesquisa (com, no maximo, trés paginas em espago simples).

The Pamela and Alexander F. Skutch Research Award from the Association of Field
Ornithologists supports the study of avian life histories, especially social relations and
reproduction, of little known birds of the Continental Neotropics including Trinidad and Tobago,
with a minimum of disturbance. The award of grants from the Fund should be adequate for the
intended study to avoid the need to seek additional funding elsewhere. The grantee may be an
amateur or professional ornithologist of any nationality. It is highly desirable that he or she has
some previous experience of the region and birds (and if possible, the locality) where he or she
will study. The award of grants from the Fund should be adequate for the intended study to avoid
the need to seek additional funding elsewhere. The grantee may be an amateur or professional
ornithologist of any nationality. It is highly desirable that he or she has some previous experience
of the region and birds (and if possible, the locality) where he or she will study. One award of up
to $10,000 will be awarded annually. Applicants must submit, by February 15, a completed
application form (see below), a one-page resume, one letter of reference, and a research
proposal (maximum 3 single-spaced pages).
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Elissa Landre, Director, Broadmoor Wildlife Sanctuary, Massachusetts Audubon Society, 280
Eliot St., Natick, MA 01760 Phone: (508) 655-2296 x7301. elandre@massaudubon.org

WCS (Wildlife Conservation Society) ofrece pequefias becas a individuos que propongan
proyectos de investigacion de campo en temas como la conservacion de habitats y fauna
amenazada y en peligro. El Programa de becas de la WCA es coordinado a través del programa
Latinoamericano de la WCS. Las becas no deben exceder los $20,000. La fecha limite para la
presentacion de propuestas es el 1 de enero y julio 1 de cada afio. Organizaciones no son
elegible para financiamiento. Aplicaciones pueden ser obtenidas de la internet usando un
formato PDF en: http://www.wcs.org/science/ conservationbio/rfp.pdf

WCS (Sociedad internacional de Conservacion) ofrece pequefas becas a individuos que
propongan proyectos de investigaciones de campo en temas como conservacion de fauna
amenazada y habitats en peligro. El Programa de becas de la WCA es administrado mediante el
programa latinoamericano. Las becas a cualquier individuo no excederan $20,000. La fecha
tope para la sumision de las propuestas es el 1 de enero y julio 1 de cada afo. Organizaciones
no son elegible por financiamiento. Aplicaciones pueden ser obtenidas de la internet usando un
formato PDF en: http://www.wcs.org/science/ conservationbio/rfp.pdf

A Wildlife Conservation Society oferece pequenos patrocinios individuais a pessoas conduzindo
pesquisas de campo que resultem diretamente na conservagao de habitats ou espécies
ameagados. O programa de apoio a pesquisa € coordenado através do programa latino-
americano da WCS, e n&o pode exceder US$ 20.000,00 para qualquer pessoa. As datas-limite
para propostas sao 1 de janeiro e 1 de julho. Organizagdes ndo sao elegiveis para o programa.
Os formularios necessarios (formato PDF) podem ser acessados em
http://www.wcs.org/science/conservationbio/rfp.pdf

WCS offers small grants to individuals for field research projects leading directly to the
conservation of threatened wildlife and wildlife habitat. The Research Fellowship Program is
coordinated through WCS's Latin American program, and may not exceed $20,000 to any
individual. Deadlines for proposal submission are January 1 and July 1. Organizations are not
eligible for funding. Applications can be downloaded using PDF Format at:
http://www.wcs.org/science/conservationbio/rfp.pdf

Program Coordinator Research Fellowship Program International Conservation Program Wildlife
Conservation Society, 185th Street and Southern Blvd. Bronx, NY 10460 U.S.A. Tel: (718) 220-
6828, Fax: (718) 364-4275, Email: fellowship@wcs.org.

La World Nature Association otorga pequenas sbvenciones para investigacion de campo
relacionada con la conservacion o con proyectos de educacion para la conservacion. No se
necesita estar afiliado a una institucion u organizacion para postular. Las subvenciones no
superan los US$2000 y estamos interesados en propuestas por cantidades menores. Los
criterios generales para la seleccion de proyectos son los siguientes: (1) El proyecto debe tener
lugar fuera de los EEUU; (2) la gente local debe estar involucrada; (3) las propuestas deben
poner enfasis en: educacion para la conservacion, desarrollo sustentable (si procede) o
investigacion para la conservacion; (4) se dara preferencia a proyectos incipientes por encima de
aquellos que ya cuenten con financiamiento de organizaciones mayores; (5) proyectos de
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investigacion aplicada son preferibles a investigacion basica; (6) no financiamos gastos
educativos (matricula, libros) ni propuestas que solicitan exclusivamente gastos de viaje.

A World Nature Association (WNA) oferece pequenos financiamentos para pesquisa de campo
voltada a conservacgao e projetos educativos. O candidato ndo precisa estar ligado a uma
instituicdo para concorrer. Nenhum financiamento excedera US$ 2.000,00, embora propostas
para quantias menores sejam preferidas. Os critérios gerais para financiamento s&o: 1) o projeto
deve ser desenvolvido fora dos EUA; 2) deve haver envolvimento de populagbes locais; 3)
educagéo conservacionista, desenvolvimento sustentavel (se aplicavel) e pesquisa para
conservagao devem ser enfatizados; 4) sera dada preferéncia para projetos no seu inicio, e nao
para aqueles que ja recebem fundos de outras organizagdes; 5) projetos de pesquisa aplicada
sdo preferidos aos de pesquisa basica; 6) o financiamento n&o cobrira custos educacionais
(matriculas, livros) nem propostas de dinheiro apenas para viagem.

The World Nature Association (WNA) provides small grants for either conservation related field
research or conservation and education projects. The applicant need not be affiliated with an
institution or organization to apply. No award will exceed US$2000, though applications for
smaller amounts are preferred. General criteria for funding are the following: (1) The project
location should be outside of the USA; (2) there should be involvement of local people; (3)
conservation education, sustainable development (if applicable) and conservation research
should be stressed; (4) preference will be given to “start-up” projects rather than those already
receiving funds from larger organizations; (5) applied research projects are preferred to basic
research projects; (6) grants cannot cover education costs (tuition, books) nor proposals that
request only travel money.

World Nature Association, PO Box 673, Silver Spring, MD 20918-0673, EEUU, Fax: (301) 593-
2522

OPORTUNIDADES PARA DE INVESTIGACION
OPORTUNIDADES DE PESQUISA
RESEARCH OPPORTUNTIES

Localizada en Peninsula de Osa, en la Provincia de Puntarenas, Costa Rica, la Reserva
biolégica del Marenco ofrece oportunidades para la conduccion de investigacion, cursos y
excursiones relacionado con fauna y flora eotropical. Ecelentes oportunidades para investigacién
en aves migratorias y residentes en diferent habitats tales como bosque de litoral, bosque seco
achaparrado, rios, mangles, etc. Un limitado apoyo logistico es disponible.

Localizada na Peninsula de Osa, Provincia de Puntarenas, Costa Rica, a Reserva Bioldgica
Marenco oferece oportunidades para a realizagdo de pesquisas, cursos ou excursdes voltadas a
fauna e flora neotropicais. Ha excelentes oportunidades para pesquisa sobre aves residentes e
migratdrias em diferentes habitats, incluindo a zona costeira, floresta, capoeira, rios,
manguezais, etc. Suporte logistico limitado disponivel.

Located on the Osa Peninsula, Puntarenas Province, Costa Rica, the Marenco Biological
Reserve offers opportunities to conduct research, courses or excursions related to Neotropical
fauna and flora. Excellent opportunities for avian research and observation in different habitats,
including coastline, forest, scrub, rivers, mangroves, etc. Limited logistical support available.

27



Lucia de la Ossa and Pablo Riba, Resident Biologists. Fax: (506) 771-1834.
marenco@sol.racsa.co.cr

Ubicada a aproximadamente 2 horas al NO de Quito en la cara oeste de los Andes,
Magquipucuna Reserva invita a visitantes pora el desarrollo de acitividades de ecotourismo e
investigacion. Un numero aproximado de 320 especie del aves han sido registrados en el area
de 4500 ha que constituyen la reserva, (80% de esta es bosque montano muy pristino entre los
1200 - 2800 m asl rodeado por 14,000 ha de zona de amortiguamiento adyacente a el
ecosystema del Choco el cual es considerado entre los 10 ecosystemas con mayor diversidad
biologica del mundo.

Localizada a cerca de 2 horas NW de Quito na vertente oeste dos Andes, a reserva
Magquipucuna convida visitantes interessados em ecoturismo e pesquisa. Ha pelo menos 320
espécies de aves na reserva de 4500 ha (80% floresta nebular ndo perturbada a 1200-2800 m),
circundados por uma zona tampao protegida, adjacente ao bioma do Chocé (uma das 10 areas
com maior biodiversidade).

Located approx. 2 hr NW of Quito on the W Andean slope, Maquipucuna Reserve invites visitors
for ecotourism and research. There are at least 320 bird species in this 4500 ha reserve (80%
undisturbed cloud forest, 1200 - 2800 m asl), surrounded by 14,000 ha buffered protected forest,
adjacent to Choco biome (top 10 biodiversity hotspots).

Abigail Rome, Fundacién Maquipucuna. Fax: 593-2-50720. abi@maqui.ecx.ec

Localizada en el sur este del Peru, en el departamento de Madre de Dios, la Associacion para la
Conservacion de la Selva Sur ofrece sitios para la investigacion biologica el bosque humedo
tropical y bosque montano. Facilidades para la investigacion y us sistema de trochas estan
disponibles para los investigadores. Nuevos sitios para la investigacion estan siendo
desarrollados en los lagos de herradura y bosques montanos.

Located in SE Peru, the Dept. Madre de Dios, Associacion para la Conservacion de la Selva Sur
offers sites in both foothills and mature lowland floodplain rainforest. Research facilities and a
gridded trail system are currently available. Sites are being developed along a lowland oxbow
lake and in montane cloud forest along the eastern Andean escarpment.

Associacion para la Conservacion de la Selva Sur. acss+@amauta.rcp.net.pe

El Parque Estatal de Ilhabela, localizado en el litoral norte de Sao Paulo, Brasi, alberga una
poblacién aislada y aun no estudiada de Pipile jacutinga, ademas de aproximadamente 200
especies de aves. Apoyo logistico limitado disponible.

O Parque Estadual de llhabela, localizado no litoral norte de S&o Paulo, Brasil, abriga uma
populacao insular de Jacutingas Pipile jacutinga ainda nao estudada, além de mais de 200
outras espécies de aves. Apoio logistico limitado disponivel.
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llhabela State Park, on the north coast of Sao Paulo state, Brasil, holds a still unstudied island
population of Jacutingas Pipile jacutinga in addition to over 200 bird species. Limited logistical
support (lodging and transportaton) available.

Cristiane Leonel, Diretora do PEIB. Fax: +55 (124) 722660

El Centro de Investigaciones Iracambi de Mata Altantica, en el estado de Minas Gerais, Brasil,
proporciona un laboratorio vivo para investigadores visitantes que deseen investigar problemas
en ecologia del bosque tropical. Ademas de sus actividades de investigacion, el Centro actua
como un punto focal en programas de manejo forestal con las comunidades locales, en los
cuales investigacion relevantes del Centro y de otros lugares es aplicada en politicas y practicas
de manejo sustentable. Este trabajo es llevado a cabo por Amigos de Iracambi, una
organizacion no gubernamental.

O Centro Iracambi de Pesquisas da Mata Atlantica, no estado de Minas Gerais, Brasil,
proporciona um laboratorio vivo para pesquisadores visitantes que desejam pesquisar os
problemas da ecologia da floresta tropical. Em adi¢cao a estas atividades de pesquisa, o centro
atua como um ponto focal para o manejo florestal com as comunidades locais, nas quais as
relevantes pesquisas, do Centro e de outros locais, sao aplicadas na pratica e nas politicas de
desenvolvimento sustentavel. Este trabalho é conduzido pela Amigos de Iracambi, uma
organizagao nao-governamental registrada.

The Iracambi Atlantic Rainforest Research Center, in the state of Minas Gerais, Brazil provides a
living laboratory on a commercial basis for visiting researchers who wish to do research on
problems of tropical forest ecology. In addition to its research activities, the Center acts as a
focal point for a forest land management program with local communities, in which relevant
research from the Center and elsewhere is applied in the development of sustainable land
management practices and policies. This work is carried out by Amigos de Iracambi, a registered
civil association (NGO).

Robin Le Breton, research@iracambi.com

(ESTA INTERESADO EN APUNTARSE?
INTERESSADO EM ASSINAR O BOLETIM ?
INTERESTED IN SIGNING UP?

Si ha recibido esta edicidn por corréo, por favor envienos su direccion de correo electronico. Esto
nos ahorra gastos y ayuda a preservar arboles! Si usted sabe de alguien que este interesado en
ser incluido en la lista del CSG por favor envie su nombre, direccién, Corréo electrénico, y su
interes in cracidos a: Daniel M. Brooks, CSG Co-Chair/Coordinador - Ecotropix@aol.com
(dirreccion arriba antes).

Se vocé recebeu esta edicao pelo correio, por favor nos envie seu E-mail para economizarmos
dinheiro e arvores! Se vocé conhece alguém que tenha interesse em ser adicionado a mala
direta do CSG, envie seu nome, endereco e E-mail para: Daniel M. Brooks, CSG Co-
Chair/Coordinator - Ecotropix@aol.com (other contact information provided above).
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If you have received this issue by mail, please send us your E-mail to save expenses and trees!
If there is anyone you know interested in being put on the CSG mailing list, please send their
name, address/E-mail, and interest in cracids to: Daniel M. Brooks, CSG Co-Chair/Coordinator -
Ecotropix@aol.com (other contact information provided above).

A favor of Bol. CSG recipients: The CSG requests that you provide a donation of US$15/year,
or more, to receive the bi-annual Bol. CSG in printed form, mailed directly to your address.

These funds will be used towards Cracid Conservation Projects. Please send checks made
payable to World Pheasant Association - Cracid Specialist Group, and send check with your
address to WPA; PO Box 5; Lower Basildon, Reading RG8 9PF; UK. Thank you for your support!

INSTRUCCIONES PARA LOS AUTORES
INSTRUCOES PARA COLABORADORES
INSTRUCTIONS FOR CONTRIBUTORS

Si usted tiene cualquier articulo, noticias u otro tipo de contribuciones, por favor, envielos a uno
de los editores (direccion abajo) siguientes de acuerdo al idioma en que la contribucién este
escrita. Por articulos que excedan 1 pagina, por favor, incluir un diskette con el texto y una copia
por escrito. Texto en el diskette se escribiria preferentemente en MicroSoft Word for Windows
7,0 (contribuciones en inglés), MicroSoft Word for Windows2,0 (contribuciones en espafiol), y
MicroSoft Word for Windows 6,0 (contribuciones en portugués).

Se vocé tem qualquer noticia ou contribuigao, por favor envie-a a um dos nossos editores, de
acordo com o idioma em que a mesma esta escrita. Para contribuicbes com mais de uma
pagina, por favor envie uma copia em disquete juntamente com uma cépia impressa,
preferivelmente em Microsoft Word for Windows 7.0 (contribuigbes em inglés), 2.0 (em espanhol)
e 6.0 (em Portugués).

If you have any news items or other contributions, please send them to one of the editors (contact
information below), depending upon the language you are submitting your material in. For items
exceeding 1 page, please include disk with the hard text copy. Preferably, in MicroSoft Word for
Windows 7.0 (English contributions), 2.0 (Spanish contributions), and 6.0 (Portuguese
contributions).

ENGLISH EDITOR - Daniel M. Brooks - Ecotropix@aol.com - (713) 639-4776 (tel) / 639-
4767 (fx) — Houston Museum of Natural Science; Department of Vertebrate Zoology; 1
Hermann Circle Dr.; Houston, Texas 77030-1799; USA.

SPANISH EDITOR - Fernando Gonzalez-Garcia - gonzalef@ecologia.edu.mx - (28)-421843
(tel) / (28) 187809 (fax) - Instituto de ecologia, A.C.; Aptdo. Postal 63; Xalapa,
Veracruz 91000; MEXICO.

PORTUGUESE EDITORS - Sergio L Pereira - sergio.pereira@utoronto.ca - Rua Jorge
Antonio Nasser, 821; Palestina, SP; 15470-000; Brazil.

Luis Fabio Silveira - Ifsilveira@uol.com.br - 11 3818-75-75 (tel) /
3752-28-24 (fx) - Dept. Zool.; Univ.Sao Paulo; Rua do Matéo, Travessa 14, no 321;
Cidade Universitaria; Sao Paulo, SP; Cep-05508-900

COORDINADORES REGIONALES
COORDENADORES REGIONAIS
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REGIONAL COORDINATORS

ARGENTINA - Sandra Caziani - caziani@ciunsa.edu.ar- 005487-901049 (tel) / -255483
(fax) - Facult. Cienc. Nat.; Univ. Nac. de Salta; Buenos Aires 177 (4400); Salta,
ARGENTINA.

BOLIVIA - Edilberto Guzman Almendras - eguzman@museo.scz.net - Univ. Autbnoma
Gabriel René Moreno; Museo de Historia Natural Noel Kempff Mercado;Error!

Bookmark not defined.lla 2489; Santa Cruz, BOLIVIA.

BRAZIL - Luis Fabio Silveira - Ifsilveira@uol.com.br - 11 3818-75-75 (tel) / 3752-28-24 (fx) —
Dept. Zool.; Univ.Sao Paulo; Rua do Matao, Travessa 14, no 321; Cidade Universitaria;
Sao Paulo, SP; Cep-05508-900

CENTRAL AMERICA - Fernando Gonzalez-Garcia - gonzalef@ecologia.edu.mx - (28)-421843
(tel) / (28) 187809 (fax) - Instituto de ecologia, A.C.; Aptdo. Postal 63; Xalapa,
Veracruz 91000; MEXICO.

COLOMBIA - Ivan Jimenez - s1023355@admiral.umsl.edu - Department of Biology; Univ. of
Missouri-St. Louis; St. Louis, Missouri 63121-4499; USA.
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Levels and drivers of fishers’ compliance with marine protected areas

Adrian Arias’, Joshua E. Cinner’, Rhondda E. Jones®? and Robert L. Pressey’

ABSTRACT. Effective conservation depends largely on people’s compliance with regulations. We investigate compliance through the
lens of fishers’ compliance with marine protected areas (MPAs). MPAs are widely used tools for marine conservation and fisheries
management. Studies show that compliance alone is a strong predictor of fish biomass within MPAs. Hence, fishers’ compliance is
critical for MPA effectiveness. However, there are few empirical studies showing what factors influence fishers’ compliance with MPAs.
Without such information, conservation planners and managers have limited opportunities to provide effective interventions. By
studying 12 MPAs in a developing country (Costa Rica), we demonstrate the role that different variables have on fishers’ compliance
with MPAs. Particularly, we found that compliance levels perceived by resource users were higher in MPAs (1) with multiple livelihoods,
(2) where government efforts against illegal fishing were effective, (3) where fishing was allowed but regulated, (4) where people were
more involved in decisions, and (5) that were smaller. We also provide a novel and practical measure of compliance: a compound
variable formed by the number illegal fishers and their illegal fishing effort. Our study underlines the centrality of people’s behavior in

nature conservation and the importance of grounding decision making on the social and institutional realities of each location.

Key Words: Costa Rica; illegal fishing, livelihoods, marine reserve; poaching; poverty

INTRODUCTION

Nature conservation is fundamentally about managing people.
Consequently, the effectiveness of conservation interventions
depends on people’s compliance with regulations. However,
noncompliance with environmental regulations is pervasive, as
illustrated by the following examples. In the worldwide timber
trade, roughly 20% to 50% of all timber is of illegal origin
(INTERPOL and The World Bank 2010). Meanwhile, in the
world’s industrial fisheries, estimates of nearly 20% of reported
catch being illegal are probably conservative (Agnew et al. 2009).
At least 23,000 elephants were poached in 2013, with wide-
ranging consequences including the decimation of elephant
populations, large-scale corruption, and funding of militias (Vira
and Ewing 2014). Poaching has ultimately militarized the struggle
between poachers and rangers with deadly consequences: more
than half of the world’s ranger deaths can be attributed to
poachers (IUCN 2014). Noncompliance with environmental
regulations threatens not only the environment, but also social
and economic prosperity.

Compliance with fisheries regulations has been recognized as a
vital topic to be addressed to achieve marine conservation goals.
Therefore, in this study, we consider compliance though the lens
of illegal fishing in marine protected areas (MPAs), which are
increasingly used for conservation and fisheries management.
International commitments to marine conservation aim to
effectively conserve 10% of the world’s coastal and marine areas
(CBD 2010), although Devillers et al. (2015) and others have
criticized broadly based percentage targets. Regardless of extent
and location, however, the effectiveness of MPAs relies largely on
users’ compliance, particularly that of fishers, because fishing can
profoundly degrade global marine ecosystems and biodiversity
(Pauly et al. 2002). The mere presence of an MPA does not
guarantee fishers’ compliance, and its effectiveness can be eroded
by illegal fishing. Indeed, ecological performance of MPAs has
been clearly linked to compliance (Pollnac et al. 2010, Bergseth
et al. 2013).

Despite the crucial importance of compliance for effective MPA
management, little empirical research has attempted to investigate
compliance with MPAs. Studies in other contexts have examined
compliance, for example in hunting (Muth and Bowe 1998,
Lindsey et al. 2013) and fisheries (Raakjer et al. 2003, King and
Sutinen 2010, Sundstrém 2012). Although these studies provide
useful information that could be applied to MPAs, their
transferability is limited because of the different contexts. Further,
although some studies have focused on measuring or
understanding fishers’ compliance in MPAs (Wood 2004,
Peterson and Stead 2011, Read et al. 2011, Arias and Sutton 2013,
Arias et al. 2014), the current literature and evidence base on
compliance levels and, importantly, the factors that influence
fishers’ compliance with MPAs remain limited (Peterson and
Stead 2011, Bergseth et al. 2013). The theoretical concepts
underpinning compliance have been recently reviewed in the
broader context of nature conservation (Arias 2015), but
compliance with MPAs is linked to complex social and
institutional interactions (e.g., rules, socio-demographics, and
enforcement) that are context dependent.

Illegal fishing, either inside or outside MPAs, is a very broad topic,
encompassing, for example, gear types, target species, regulations,
and socioeconomic characteristics of regions where illegal fishing
takes place (Arias 2015). This heterogeneity implies that we
should not expect to find simple, generalizable solutions to
noncompliance. Successful management interventions are
typically characterized by responses that are adequate for the local
socioeconomic and institutional realities (Waylen et al. 2010). It
can be expected, therefore, that global progress in minimizing
illegal fishing can be achieved through the multiplication of well-
designed and locally relevant interventions that consider
contextual factors (Petrossian 2015). Compliance management
should be informed by a thorough understanding of factors that
influence compliance in specific settings. Managers can then
foster positive factors (e.g., high perceived legitimacy for
institutions) and mitigate negative ones (e.g., weak social barriers
against undesired behaviors).
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Table 1. Marine protected areas (MPAs) included in the study and key characteristics. Caletas-Ario and Camaronal were considered

as one MPA, as explained in the Methods.

Managing institution Coast Name Fishing permitted ~ Year created ~ Area (km®) Clear geographic
boundaries *
SINAC Caribbean Cahuita Yes ' 1970 233.0 No
SINAC Pacific Santa Rosa No 1971 464.0 No
SINAC Pacific Manuel Antonio No 1972 420.2 No
SINAC Pacific Cabo Blanco No 1982 16.3 No
SINAC Pacific Ostional Yes 1983 80.6 No
SINAC Caribbean Gandoca-Manzanillo Yes 1985 49.8 No
SINAC Pacific Marino Ballena No 1990 52.3 No
SINAC Pacific Caletas-Ario Yes 2006 198.5 No
SINAC Pacific Camaronal Yes 2009 160.3 No
INCOPESCA Pacific Palito-Montero Yes 2009 6.3 Yes
INCOPESCA Pacific Golfo Dulce Yes 2010 750.0 No
INCOPESCA Pacific Isla Caballo Yes 2012 1.3 No

" Legally, fishing is not allowed in Cahuita (Asamblea Legislativa 2005); however, SINAC allows local fishermen to fish in certain areas within the

Park, although gillnets are not allowed.

! Boundaries that are easy to locate accurately, and are undisputed by the community.

INCOPESCA indicates Instituto Costarricense de Pesca y Acuicultura; SINAC, Sistema Nacional de Areas de Conservacion.

Here, we use MPAs in Costa Rica as a case study to analyze factors
influencing fishers’ compliance. MPAs in Costa Rica are affected
by illegal fishing (Salas et al. 2012), which we define here either
as fishing done in MPAs where fishing is not permitted, or
breaking fishing regulations where fishing is permitted, e.g., using
gillnets where they are not allowed (Table 1). Apart from Cocos
Island National Park (Arias et al. 2014), there are no scientific
studies focusing on illegal fishing in Costa Rican MPAs. We
investigated illegal fishing within 12 MPAs in Costa Rica (Table
1) to answer two research questions. First, what are the levels of
fishers’ compliance in each MPA? Second, what is influencing
fishers’ compliance levels? These two questions are key for
understanding and managing compliance (Arias 2015). Our
broad goal is to help direct and tailor management efforts that
increase conservation effectiveness. The methods used here could
also be applied to other areas, where our results could help
contextualize compliance.

MPAs in Costa Rica

Costa Rica has 31 MPAs, only 2 of which are offshore. Three
MPAs are in the Caribbean and the rest are in the Pacific. All
MPAs are managed by the state. The Ministry of Environment
manages 23 MPAs through the National System of Conservation
Areas (Sistema Nacional de Areas de Conservacion, or SINAC),
and the fisheries authority (Instituto Costarricense de Pesca y
Acuicultura, or INCOPESCA) manages the remaining 8 MPAs.
MPAs managed by SINAC are patrolled by the Coast Guard and
SINAC, and MPAs managed by INCOPESCA are patrolled by
the Coast Guard. INCOPESCA has no patrolling mandates but
can sanction noncompliance administratively. However,
INCOPESCAs fisheries management, including sanctioning
processes, is weak. For example, audits done by the Comptroller
General found that INCOPESCA has not implemented bag and
size limits, temporary and spatial closures are not science based,
and the fishery database is outdated (CGR 2012, 2014).
INCOPESCA’s mismanagement has contributed to the
impoverished state of fisheries and fishing communities in Costa
Rica, sparking multiple calls for intervention and restructuring
(Frente por Nuestros Mares 2013, Comision Presidencial para la
Gobernanza Marina 2012).

SINAC’s approach has historically been top-down and includes
no-take management categories, leading to MPAs that can
disenfranchise fishers (Solis et al. 2012). Since the mid-1990s,
SINAC opted to establish MPAs that would allow fishing and
created new, more permissive management categories in 2008
(Salaset al. 2012). Similarly, in 2008, INCOPESCA created a type
of MPA called a “responsible fishing area.” Responsible fishing
areas aim for fisheries sustainability and involve a bottom-up
approach by which fishing communities propose an area and a
management plan to INCOPESCA. Compared with traditional
top-down approaches, responsible fishing areas have been
generally well received by several artisanal fishing communities
(Fargier et al. 2014). Recent marine conservation efforts in Costa
Rica, both from SINAC and INCOPESCA, aim to involve
stakeholders in decision making. However, still lacking is a strong
governance system that allows balanced participation and
adequate conservation (Comision Presidencial para la
Gobernanza Marina 2012, Solis et al. 2012, Jimenez-Ramoén
2015). The country lacks clear policies that integrate sustainable
use, conservation, navigation and ports, and safety at sea
(Comision Presidencial para la Gobernanza Marina 2012). The
weak legal and governance system can foster noncompliance, for
instance through inadequate legislation and enforcement (Arias
et al. 2014), or low perceived legitimacy of management
institutions (Levi et al. 2012).

METHODS

Study sites

We studied 12 coastal MPAs in Costa Rica, which at the time of
sampling represented 46% of Costa Rica’s coastal MPAs, each
with different characteristics (Table 1 and Appendix 1). MPAs
were chosen purposely to provide a varied sample in terms of size,
year created, location, and whether fishing was allowed or not.
These characteristics have been described in the literature as
factors likely influencing compliance with MPAs (Andrade and
Rhodes 2012).

Although Table 1 lists 12 MPAs, the Caletas-Ario and Camaronal
MPAs were merged in the analyses because of (1) geographic
proximity (Appendix 1); (2) lack of clear boundaries (Table 1);
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(3) same regulations and similar size and age (Table 1); and (4)
two artisanal fishing communities being located between them,
with interviews revealing that fishers from the two communities
fished both areas. For analysis purposes we averaged the age and
size of these two MPAs.

Questionnaires and key informant interviews

Data collection was through questionnaires and key informant
interviews, from February to April 2014. The survey was designed
to collect information to address each research question; Table 2
summarizes the data and their purpose. Questionnaires were
mostly quantitative, and respondents were artisanal fishermen
and tourism operators, including those involved in sport fishing.
These two stakeholder groups were selected because they spend
considerable time on the water, giving them a good idea of the
reality of each location. The questionnaires were conducted in
communities adjacent to MPAs. We selected questionnaire
respondents using snowball sampling, and convenience sampling
at beaches, fish landing sites, marinas, and tourism companies.
Key informant interviews were semistructured and were used to
validate the information received from the questionnaires. Key
informants included government staff (Coast Guard,
INCOPESCA, and SINAC), managers of tour companies,
community leaders, leaders of fishing associations, and
researchers. Most key informants were contacted by telephone or
email to arrange meetings. All interviews were conducted in
person and in Spanish by AA, a Costa Rican.

Table 2. Individual and marine protected area (MPA) variables
used to explain compliance, with corresponding research question
(s) for each variable.

Level Research
Variables Metric question

Individual level

Number of people who fish Six-point scale 1-2

illegally

Frequency of illegal fishing Six-point scale 1-2

Seen someone fish illegally in Yes or no 1

the MPA

Personally know someone who  Yes or no 1

knowingly fished illegally in the

MPA

Involvement in decision making Not involved, passively 2

involved, very involved

Support for MPA Rated from 0 to 100 2

Effectiveness of government Rated from 0 to 100 2

efforts against illegal fishing

Fisherman or not Yes or no 2
MPA level

Size Km? 2

Type Take or no take 2

o

Number of hotel rooms in
districts adjacent to MPA'

Caballo was not considered part of a district because it is located
approximately 8 kilometers from the coastline, and it is a small fishing
community with no tourism industry.

Tourism levels

Noncompliance is a sensitive behavior; therefore compliance
studies are prone to response and nonresponse bias. Response
bias arises when people give inaccurate answers; nonresponse bias
occurs when people refuse to participate in surveys. We used
several techniques to reduce these biases (see Arias 2015 for a
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review). First, when approaching potential interviewees, the
interviewer identified himself as a student. Students can be
considered neutral parties when compared with, for instance,
government employees, and respondents can feel more
comfortable when talking about sensitive behaviors with a neutral
or impartial party (Roggenbuck 1992). Second, potential
interviewees were told clearly that the questionnaire was
anonymous. Anonymity reduces the “threat” of being accused of
noncompliance. Third, the questionnaire started with
nonsensitive questions and gradually increased their sensitivity.
This allowed respondents to become accustomed to the
interviewer and the interviewing process, rather than facing
potentially confronting questions at the outset. Fourth, we used
indirect questioning. Indirect questioning refers to the
compliance behavior of others and not to that of the respondent;
we therefore refer to it as “perceived compliance.” This technique
has been used for several decades and has been shown to reduce
bias (e.g., the bias arising from answering in a way that that will
be viewed favorably by the interviewer), allowing respondents to
mask their own attitudes and behaviors through impersonality
(Fisher 1993). Recent compliance studies in conservation contexts
indicate the utility of perceived compliance (Arias and Sutton
2013, Cross et al. 2013), coinciding with findings from fields such
as marketing (Jo et al. 1997). Additionally, studies have found
correlations between perceived compliance and ecological health
(Pollnac et al. 2010). Perceived compliance therefore appears to
be an adequate proxy for actual compliance. Actual compliance
can only be established by direct observation, making it infeasible
in most cases. In this study we measured perceived compliance
with fishery regulations in MPAs. By using these four techniques,
it is likely that we reduced response and nonresponse biases.

Compliance levels

Our first objective was to identify perceived compliance levels in
each MPA. We used a composite measure of perceived compliance
based on the number of illegal fishers and the frequency of illegal
fishing. Including frequency is key because it provides a measure
of illegal fishing effort (Arias 2015, Arias and Sutton 2013). For
instance, the impact that five fishers have on an MPA would be
very different if they fished every day versus only once a month.
Preliminary analysis indicated that the number of illegal fishers
and the frequency of illegal fishing were positively correlated (r,
(93) = .47, p = 0); hence, in areas where the number of 1llegal
fishers was low, the frequency of illegal fishing also tended to be
low, and vice versa. Because both variables measure compliance
and they were moderately correlated, the values for each variable
were converted to z-scores and summed to create the composite
score for perceived compliance across interviewees for each MPA.
A z-score is a score’s relationship to the mean in a group of scores,
given in standard deviations. Hence, a z-score for an individual
MPA can be positive, negative, or zero, indicating whether it is
above, below, or equal to, respectively, the MPA population mean.
We elicited two additional metrics of perceived compliance by
asking participants two proxy questions: (1) if they personally
knew somebody who had knowingly fished illegally in the MPA
and (2) if they had seen someone fishing illegally in the MPA
within the last year. In Australia, Arias and Sutton (2013) found
that fishermen who personally knew someone who intentionally
fished illegally were more likely to have fished illegally themselves.
We performed Mann-Whitney tests to assess if the compliance
levels perceived by those who replied yes were different from the
levels perceived by those who replied no to each of these two
questions.
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Factors influencing compliance

We used a linear mixed-effect model to quantify the influence on
perceived compliance of three MPA- and eight individual-level
predictor variables (Table 2 and Appendix 2). We used MPA as a
grouping variable (random effect) to account for potential
nonindependence of respondents within an MPA. Because there
is evidence suggesting that respondents project their own beliefs
and evaluations through indirect questioning (Fisher 1993), we
hypothesized that individual-level variables (e.g., support of
MPA, Table 2) can be related to the compliance levels perceived
by respondents. We did not hypothesize or find a theoretical basis
for examining interactions between predictor variables. Predictor
variables were standardized using z-scores; this allowed direct
evaluation, on the same scale, of their relative effects on perceived
compliance levels. The variables included in the model were
grouped into three categories: management, planning, and
livelihoods (Fig. 1).

Fig. 1. Relationship between marine protected area (MPA) and
individual variables and perceived levels of compliance. Circles
and triangles represent the estimated effect of each variable.
Bars represent 95% confidence intervals. Positive estimates are
shown in green, negative are in red, and no effect is black.
Filled red circles indicate a clear negative relationship to
compliance; open green circles represent likely positive
relationships to compliance (280% of the confidence intervals
in a positive direction).
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Tourism data were provided by the Costa Rican Tourism Institute
in 2015. Data analyses were performed using SPSS version 20
(IBM, Armonk, New York, USA; http://www.ibm.com/) and S-
PLUS version 8 (TIBCO Software, Palo Alto, California, USA;
http://www.tibco.com/). Normality of modeled residuals was
analyzed using Q-Q plots.

RESULTS

We collected a total of 99 questionnaires and 41 key informant
interviews (Appendix 3). The response rate was 95% for the
questionnaires and 100% for key informant interviews. All
questionnaire respondents were male, mostly between 30 and 49
years old. Among the respondents, 63 relied exclusively on fishing
(hereafter: fishermen), all of whom were associated with Pacific
MPAs; 13 relied exclusively on tourism; and 23 had multiple
livelihoods including fishing or tourism.
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What were the levels of compliance in each MPA?

There was a high variability in perceived compliance levels
between MPAs (Fig. 2). Levels of perceived compliance in Palito-
Montero, Cahuita, and Gandoca-Manzanillo were above average
(Fig. 2). The absolute number of illegal fishers was low to very
low in Palito-Montero, Cahuita, and Gandoca-Manzanillo, and
medium in all MPAs except for Caballo, where it was high. Illegal
fishing occurred nearly every day in all MPAs except Palito-
Montero, Cahuita, and Gandoca-Manzanillo. Qualitative key
informant interviews did not diverge from the information
received from the quantitative questionnaires and helped as
validation.

Fig. 2. Mean perceived compliance level per marine protected
area (MPA). Numbers on the y-axis indicate mean z-scores per
MPA. Z-scores are standard deviations above or below the
MPA population mean indicated by zero on the y-axis and
representing the mean z-score across MPAs. Error bars indicate
standard errors of the mean for each MPA, or variation
between responses of interviewees for each MPA.
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Sixteen percent of respondents said that they had not seen anyone
fishing illegally within their corresponding MPA during the last
year; 47% of these respondents were from Palito-Montero,
Cahuita, and Gandoca-Manzanillo. Eighty-four percent of
respondents mentioned that they had seen someone fishing
illegally within the MPA during the last year, and 85% personally
knew someone who intentionally fished illegally within the MPA.
The compliance levels perceived by those who reported seeing
someone fish illegally within the MPA during the last year were
significantly lower than the compliance levels perceived by those
who did not (mean = 0.2 and 1.3, respectively; U = 299.5, p =
0.002). The compliance levels perceived by those who reported
personally knowing someone who fished illegally within the MPA
were not significantly different from the compliance levels
perceived by those who did not (mean = -0.08 and 0.17,
respectively; U = 499.5, p = 0.44).

What was influencing compliance levels?

Key informants

The key informant interviews provided important insights into
perceived compliance with MPAs. Key informants mentioned
that poverty and the lack of livelihood alternatives were serious
problems causing some of the illegal fishing. They also reported
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a paucity of resources to patrol and adequately manage the MPAs.
For instance, only Santa Rosa had a functioning patrol system
operated by the park; the other areas either had no boats or the
boats were inoperable (e.g., damaged, lack of funds, no qualified
staff to operate them). Key informants mentioned that the Coast
Guard had multiple duties and that illegal fishing was not a high
priority compared with search and rescue and combatting drug
trafficking. Lastly, there was a general belief that artisanal
fishermen and government institutions interacted sparsely, and
that this lack of communication should be corrected.

Linear mixed-effects model

The linear mixed-effects model (Fig. 1) revealed two predictor
variables that had clear negative relationships with perceived
compliance: size of the MPA and being a fisher. Additionally, four
other variables indicated a likely positive relationship with
perceived compliance: (1) tourism levels, (2) effectiveness of
government efforts to combat illegal fishing, (3) MPAs that
allowed some fishing, and (4) strong involvement in decision
making. Support for MPAs and passive involvement in decision
making (e.g., attending meetings but not participating in them)
had no discernible relationship with perceived compliance. See
Appendix 4 for additional figures.

DISCUSSION

Illegal fishing is a problem for many MPAs globally (Mora et al.
2006, Pollnacet al. 2010), and we found it present, at varying levels,
in all of the MPAs that we assessed. Nearly all respondents had
seen illegal fishing occurring inside MPAs and personally knew
someone who intentionally fished illegally within an MPA. These
responses provide a measure of descriptive social norms, i.e., what
others do (Cialdini et al. 1991), suggesting that illegal fishing is
common. Only three MPAs, Palito-Montero, Cahuita, and
Gandoca-Manzanillo, had markedly high levels of perceived
compliance (Fig. 2). Illegal fishing is of concern not only because
of its likely negative environmental effects, but also because
noncompliance can have a domino effect. If fishers believe that
others are fishing illegally and perhaps are catching more fish
(Appendix 2, Table A2.1), they are less likely to comply themselves,
so compliance levels would continually decline (Cialdini et al.
1991, Arias 2015). For example, a participant from Cabo Blanco
stated that most people used to respect the MPA, but government
enforcement stopped and some free riders started fishing illegally.
Illegal fishing then became so widespread that there was no
noticeable difference between fishing inside versus outside of this
small MPA.

It is often assumed that MPA compliance is associated solely with
enforcement efforts. Enforcement is typically necessary, but not
sufficient, to ensure compliance (Arias 2015). We found that
government efforts against illegal fishing, normally considered as
enforcement, can have a positive effect on perceived compliance;
however, other variables were also related to perceived compliance
(Fig. 1). Levels of perceived compliance were related to a range
of socioeconomic and institutional conditions, some that are
reasonably easy to influence and others that are more difficult to
influence.

The compliance drivers easiest to influence include those
associated with management, i.e., participation, support, and
enforcement. Conservation is mostly about managing people, and
approaches that are inclusive of stakeholders tend to be more
successful than those that exclude stakeholders (Jentoft 2000,
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Schultz et al. 2011). A meta-analysis of 55 studies identified
participation as a critical factor influencing compliance with
protected areas (Andrade and Rhodes 2012). However, our results
suggest that only the higher levels of involvement with MPA
decisions were positively related to compliance. Simply
supporting an MPA, or being weakly involved in decisions, seems
insufficient to positively influence compliance (Fig. 1). In fact,
some studies mention that participation can have negative
outcomes, such as dilution of scientific input and “elite capture,”
a situation in which only some participate and displace others
(Schultz et al. 2011). We did not collect information to further
describe the participation processes and therefore cannot
determine if some aspects of participation were eroding
compliance in our study sites. It has been suggested that elite
capture of participation applies in Golfo Dulce (Solis et al. 2012),
and this might negatively affect compliance. Management
interventions should be adaptive, aiming for high levels of
participation that foster positive outcomes such as empowerment,
legitimacy, and ultimately, increased compliance. Some of these
positive outcomes can also be stimulated earlier through an MPA’s
planning process.

The compliance drivers associated with planning, such as size of
the MPA and whether or not fishing is allowed, can be easy to
plan for in advance, but can be difficult to change in existing
MPA:s, particularly when these changes require adjustments to
laws that can take years to come into effect. Planning
considerations such as MPA size, spacing, and location can also
influence the achievement of ecological objectives (Green et al.
2014). However, there are critical trade-offs in planning between
achieving compliance and achieving ecological objectives. Our
results suggest that larger MPAs and those that were no-take had
lower levels of perceived compliance (Fig. 1). Ecological
considerations for planning MPAs commonly suggest that large,
no-take MPAs are preferable to smaller ones because they can,
for instance, encompass more habitats and highly mobile species,
and offer higher levels of protection (Edgar et al. 2014, Green et
al. 2014). However, larger MPAs can be harder to manage, and
excluding fishing from coastal MPAs in developing countries is
likely to create friction with fishing communities (Ban et al. 2011);
hence, compliance and resultant ecological health are likely to
weaken. Embedded in social-ecological systems in developing
countries, smaller MPAs that allow regulated fishing tend to be
more tractable. We believe that Costa Rica’s moves to include
permissive MPA management categories (e.g., responsible fishing
areas) and increase stakeholder participation were steps in the
right direction. However, further steps are required to
significantly ~ strengthen conservation planning, marine
governance, and socioeconomic conditions in coastal areas.

We found two compliance drivers related to livelihoods, which are
notoriously difficult to change in fishing communities (Hill et al.
2012, Cinner 2014). We found that relying solely on fishing had
a clear negative relationship with perceived compliance, and
increased levels of tourism had a likely positive relationship with
perceived fishers’ compliance (Fig. 1). We believe that tourism
levels can serve as a proxy for livelihood options, at least in this
study’s context. Costa Rica has a strong nature-based tourism
market; most tourists engage in ecotourism and nautical tourism,
such as beach going, snorkeling, diving, and sport fishing (ICT
2015). High levels of tourism can generate more direct and
indirect jobs. Protected areas are associated with reduced poverty
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in Costa Rica (Andam et al. 2010), mainly through tourism
(Ferraro and Hanauer 2014). Increased tourism can offer a wide
diversity of livelihood alternatives, presenting fishermen with
options for relying less on catch and hence, for some people,
potentially reducing the motivations to fish illegally. Nevertheless,
the economic activity around sites with high levels of tourism
could also act as an incentive for some fishermen to stay in the
fishery or fish more (Daw et al. 2012), e.g., to meet increased local
demand for seafood. Therefore, the causal mechanisms through
which tourism and associated livelihoods influence fishers’
compliance are unclear. Although fishers’ compliance with MPAs
could potentially improve through more livelihood alternatives,
we believe that this can be a challenging strategy that should be
approached cautiously, and with objectives other than
compliance with MPAs, e.g., poverty alleviation.

We identified steps toward informing and directing interventions
to enhance conservation through increased compliance. At the
time of sampling, we assessed perceived compliance with fisheries
regulations in ~50% of Costa Rica’s coastal MPAs. However,
because our selection of MPAs was nonrandom, the ability to
draw inferences outside our sample is limited. We provided a novel
and improved way of measuring compliance: a compound
variable formed by the number of people fishing illegally and a
measure of their effort. Future studies could make further
advances in two ways. First, more needs to be known about the
mechanisms through which factors such as management,
planning, and livelihoods influence compliance. Such studies
would benefit from small geographical scales and large sample
sizes. Second, conducting in-depth research in high-compliance
sites would provide insights into key drivers of compliance. High
compliance is the target behavior; therefore, areas with markedly
high compliance (or “bright spots”) can provide useful
information on the factors that strengthen fishers’ compliance. In
the case of MPAs in Costa Rica, Cahuita, Gandoca-Manzanillo,
and Palito-Montero seem to be bright spots (Fig. 2).

CONCLUSION

We found considerable levels of illegal fishing in multiple Costa
Rican MPAs. However, there were sites with comparatively high
levels of perceived compliance. Our study builds on previous
research (Peterson and Stead 2011, Andrade and Rhodes 2012,
Karperand Lopes 2014), adding information on the links between
compliance, livelihoods, and participation in management of
MPAs. However, the mechanisms through which participation
and livelihoods affect compliance remain unclear, indicating an
important area for future research. Our results suggest that MPA
design can play an important role in fishers’ compliance (Ban et
al. 2011, Arias et al. 2014) and that enforcement is not a
requirement for high compliance. Nevertheless, enforcement can
help uphold compliance levels, especially in areas where there is
a high dependence on fishing (e.g., Palito-Montero).
Governments and conservation practitioners have a suite of tools
to increase compliance. We identified several of these tools, along
with some of the implications of using them. We emphasize,
however, that adequate compliance interventions must be tailored
to their particular contexts: There are no blanket solutions.
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Appendix 2. Additional methods, results, and discussion.

METHODS

MPAs were either long-established (24-35 years) or recent (less than 10 years).
All recent MPAs allowed fishing (Table 1), so the effect of age group on compliance levels
could only be tested in MPAs that allowed fishing, and preliminary analysis revealed no
effect. Hence MPA age (Table 1) was excluded from the linear mixed-effect model.

To obtain additional information on factors influencing compliance we asked
participants what they thought was driving compliance and noncompliance, ranking these
responses according to the number of mentions.

RESULTS
Table A2.1 summarizes the salient factors that respondents thought influenced

compliance (i.e., why fishermen follow MPA rules) and noncompliance (i.e., why fishermen
break MPA rules).

Table A2.1. Three highest-ranked factors considered by respondents to influence compliance
and noncompliance. n= number of mentions by respondents.

Rank Compliance Noncompliance

1 Afraid of sanctions (n=57) gf:‘jegr; easier fishing in protected area

Financial hardship (n=23)

Complying brings benefits (individual,
communal, or environmental) (n=52)
3 Complying is the right thing to do (n=16) Unlikely to get sanctioned (n=21)

DISCUSSION

The factors influencing compliance that were identified by respondents revealed that
there is some degree of purposeful, voluntary compliance (Table A2.1). Voluntary
compliance is preferable to coerced compliance because it can: 1) indicate that natural
resource users are assertive about the benefits of regulating use of natural resources, 2)
provide a buffer when costly enforcement is suspended, and 3) confirm effective governance
and management (Arias, 2015). Some respondents believed that compliance involves
environmental, personal, or communal benefits (Table A2.1). The fact that most respondents
believed that fishing illegally in MPAs could be better or easier than fishing outside of them
(Table A2.1), suggests that MPAs, despite varying amounts of illegal fishing, could contain
higher fish biomass than the non-protected areas. Even though voluntary compliance is
preferred, a degree of enforcement is typically necessary (Arias, 2015; Braithwaite &
Braithwaite, 2001; Tyler, 2003) to maintain deterrence and compliance (Table A2.1). We
therefore consider that if the deficit of enforcement efforts detected in most of these sites
were to continue, or deteriorate further, fishers who might be complying voluntarily could
defect in the face of flagrant noncompliance. This is supported by our results, which suggest
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that effective government efforts to combat illegal fishing can relate positively to perceived
compliance (Figure 1). Furthermore, patrol efforts (either formal or informal) tend to be more
effective in smaller areas (Ban et al., 2011), and this might explain why perceived
compliance was lower in larger MPAs (Figure 1).

We were also interested in knowing what respondents thought was influencing
noncompliance. Respondents cited poverty and better fishing in MPAs as the main reasons
for noncompliance (Table A2.1). Coastal communities in Costa Rica are predominantly poor
(Morales-Aguilar, 2013). Scarcity of food or income could induce some people to fish
illegally in MPAs, mostly if they believe that there are more fish in them than outside (Table
A2.1). It is worth noting that, in Cahuita and Gandoca-Manzanillo, both in the Caribbean,
people do not rely entirely on fishing, and fishing in Costa Rica’s Caribbean is much less
productive than the Pacific (FAO, 2011). This low dependence on fishing can help explain
the higher compliance in these two Caribbean sites. In contrast, the communities adjacent to
MPAs with low perceived compliance (e.g., Caballo, Golfo Dulce, and Santa Rosa) rely
substantially on fishing (Marin-Cabrera, 2012; Solis et al., 2012). This is particularly true at
the small island of Caballo, where fishing is the only livelihood. These facts support the
results of our model, which shows that fishers perceive lower levels of compliance than non-
fishers (Figure 1). It is likely that compliance levels were negatively affected by a high
dependence on declining fisheries, and a lack of livelihood options. Similar conclusions have
been drawn by previous studies. Peterson and Stead (2011) suggested that the main causes for
noncompliance with MPAs in Rodriguez, an island in the Western Indian Ocean, were lack of
food and limited livelihood opportunities. Similarly, Karper and Lopes (2014) found that
artisanal fishermen that depended more on fisheries had stronger intentions to break rules in a
Brazilian MPA. Thus, declining or collapsed fisheries can give rise to illegal fishing and
other types of noncompliance, and a high dependence on fisheries exacerbates the problem
(Brashares et al., 2014; Gettleman, 2015).
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Appendix 3. Number of questionnaires and key informant interviews per MPA.

Marine Protected Area Questionnaires Key informant interviews Total

Santa Rosa 5 9 14
Ostional 11 4 15
Camaronal-Caletas Ario 9 3 12
Cabo Blanco 11 2 13
Palito-Montero 11 2 13
Caballo 8 1 9
Manuel Antonio 9 5 14
Marino Ballena 9 5 14
Golfo Dulce 16 5 21
Cahuita 7 3 10
Gandoca-Manzanillo 3 2 5

Total 99
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Appendix 4. Bivariate relationships between compliance and involvement in MPA decisions (A), type of MPA (B), being a fisher or not (C),
effectiveness of government efforts against illegal fishing (D), tourism levels (E), MPA size (F), and support towards MPA (G). Values on Y-axis of
panels A-G and X-axis of panels D-G are z-scores (see Methods section). Note that these figures do not show the marginal relationship between variables
shown in Figure 1 (model output).
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Abstract

Baginski, L.J., Florentino, A.C., Fernandes, .M., Penha, J.M.P. & Mateus, L.A.F. The spatial and temporal
dimension of fish diversity of the vegetated littoral zone of marginal lagoons of the Cuiaba river floodplain,
Pantanal, Brazil. Biota Neotrop. Sep/Dez 2007 vol. 7, no. 3 http://www.biotaneotropica.org.br/v7n3/pt/
abstract?article+bn04007032007. ISSN 1676-0603.

The present work has evaluated the spatial and temporal distribution of fish species richness of the vegetated
littoral zone of 15 marginal lagoons in the floodplain of the Cuiabd River, Pantanal. The lagoons were sampled
in three periods along of the dry season (June, September and December of 2005), through nine sieve throws
distributed systematically at a minimum distance of five meters from each other. We caught 12,784 individuals
belonging to seven orders, 21 families and 98 species of fish. Most of the captured species were rare and presented
restricted geographical distribution. Drought intensification did not affect the spatial species distribution and the loss
of species as dry season proceeded was proportional in the different orders. The total abundance of individuals as
well as the richness varied with time. Rarefaction curves indicated that the reduction in richness was an artifact of
the reduction in the abundance of individuals. When we compared the estimated richness under a same abundance
level we did not find difference among the richness of species in the beginning and at the end of the dry season.
Richness estimators indicated that to distribute the samples in the time was an appropriate strategy to reduce the
problem of the false absences and to improve the efficiency of the sampling. Thus, our results suggest that for
the design of reserves in the Pantanal, areas with a large number of lagoons of different forms and sizes would
conserve the regional fish diversity, as the distribution of most small size species is restricted to a few lagoons.

Keywords: effect of dry season, abundance distribution, spatial distribution, local extinction.

Resumo

Baginski, L.J., Florentino, A.C., Fernandes, I.M., Penha, ].M.P. & Mateus, L.A.F. A dimensiao espacial e
temporal da diversidade de peixes da zona litoral vegetada de lagoas marginais da planicie de inundacao
do rio Cuiaba, Pantanal, Brasil. Biota Neotrop. Sep/Dez 2007 vol. 7, no. 3 http://www.biotaneotropica.org.br/
vTn3/pt/abstract?article+bn04007032007. ISSN 1676-0603.

O presente trabalho avaliou a distribui¢do espacial e temporal da riqueza de espécies de peixes da zona litoral
vegetada de 15 lagoas marginais da planicie de inundacdo do Rio Cuiabd, Pantanal. As lagoas foram amostradas em
trés periodos ao longo da sessdo seca (junho, setembro e dezembro de 2005), por meio de nove lances de peneira,
distribuidos sistematicamente a uma distancia minima de cinco metros um do outro. Capturamos 12.784 individuos
pertencentes a sete ordens, 21 familias e 98 espécies. A maioria das espécies capturadas foi rara e apresentou distribuicdo
geografica restrita. A intensificagdo da seca ndo afetou a distribui¢@o espacial das espécies e a perda de espécies nas
diferentes ordens, ao longo da seca, foi proporcional. Tanto a abundancia total de individuos quanto a riqueza variou
no tempo. As curvas de rarefagdo indicaram que a redu¢@o na riqueza foi um artefato da redugdo na abundancia de
individuos. Quando comparamos as riquezas estimadas sob um mesmo nivel de abundéncia ndo encontramos diferenga
entre a riqueza de espécies no inicio e no final da seca. Os estimadores de riqueza de espécies indicaram que distribuir
as amostras no tempo foi uma estratégia adequada para reduzir o problema das falsas auséncias e melhorar a eficiéncia
da amostragem. Assim, nossos resultados sugerem que para o delineamento de reservas no Pantanal, dreas com um
grande numero de lagoas com diferentes formas e tamanhos conservaria um maior contingente da diversidade regional
de peixes, pois a maioria das espécies de pequeno porte apresenta distribuicio restrita a poucas lagoas.

Palavras-chave: efeito da seca, distribuicdo de abunddncias, distribuicdo espacial, extingdo local.
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Introducao

Uma meta comum em estudos de ecologia de comunidades € en-
contrar padrdes de distribui¢do e abundancia das espécies e determinar
os fatores responsaveis pelos padrdes (Begon et al. 2006). Em geral,
estes fatores s3o somente subconjuntos dos possiveis determinantes
da organizagio da comunidade (Hinch & Collins 1991). Dentre os
padrdes mais abordados em ecologia de comunidades estdo aqueles
relacionados com a diversidade de espécies (niimero, identidade e as
caracteristicas das mesmas), bem como aqueles relativos as variacdes
temporais nas abundancias (Hoeinghaus et al. 2003, Miranda &
Mazzoni 2003, Webster 2003, Lugendo et al. 2007).

Mudancas em comunidades naturais ocorrem no espago € no
tempo. Por exemplo, locais com altas taxas de mudanga temporal
acumulam mais espécies em um determinado periodo de tempo que
locais com mudangas restritas (Chalcraft et al. 2004). Um entendi-
mento detalhado da diversidade pode ser alcancado através de estudos
que particionam a diversidade ao longo das dimensdes de diferentes
habitats, com tamanhos de amostras muito maiores, permitindo as-
sim, medir a diversidade em diferentes subconjuntos da comunidade
(DeVries et al. 1997).

O Pantanal, uma das maiores dreas alagdveis do mundo, ainda
carece de estudos que avaliem a diversidade a estrutura e a dindmica
das comunidades de peixes. Entretanto, destacam-se os trabalhos de
Suarez et al. (2001, 2004) no Pantanal da Nhecolandia, que avaliaram
os padroes de composi¢ao e diversidade nas comunidades de peixes
em lagoas sazonalmente isoladas. Os autores sugerem que, algumas
caracteristicas ambientais (p. ex., profundidade da lagoa, cobertura de
macrdfitas, distancia da lagoa ao rio e tempo de isolamento da lagoa)
estdo entre os principais determinantes da distribuicdo das espécies,
e que a intensidade das cheias € de grande importancia, por afetar a
colonizagdo das lagoas e sua diversidade.

Este trabalho teve como objetivo avaliar o efeito da variacdo
espacial e temporal do ambiente, durante o periodo da seca, na
riqueza de espécies e distribuicdo de abundancias nas assembléias
de peixes da zona litoral vegetada de lagoas marginais da planicie de
inundag¢do do rio Cuiabd, assim como avaliar a eficiéncia amostral
do delineamento utilizado.

Material e Métodos

1. Area de estudo

As coletas foram realizadas em lagoas da planicie de inundagao
do rio Cuiaba, localizadas dentro da Reserva Particular do Patrimonio
Natural SESC Pantanal (RPPN SESC Pantanal) e seu entorno, situada
entre as coordenadas 16° 30’ a 16° 44° S e 56° 20’ a 56° 30° W
(Figura 1).

O rio Cuiabd pertence a por¢ao norte do Pantanal Matogrossense.
O rio recebe esse nome apds a confluéncia dos rios Manso e
Cuiabazinho e corre em direcéo ao sul, até a desembocadura com o
rio Paraguai. Como quase todos os rios da regido, trata-se de um rio
de meandros, que associado a sua baixa declividade, propicia inun-
dagdes anuais (Hamilton et al. 1996), as quais geralmente ocorrem
de dezembro a mar¢o. Ao longo de suas margens encontra-se um
complexo de lagoas de diferentes tipos, formadas pelas depressdes
naturais ou por mudangas naturais do curso do rio.

2. Amostragem

Foram amostradas 15 lagoas, sendo oito localizadas no interior
da RPPN-SESC Pantanal e sete no entorno da reserva. Em cada lagoa
foram realizadas trés coletas nos meses de junho, setembro e dezem-
bro de 2005, periodo de dguas baixas na regifio. As amostras foram
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Figura 1. Localizac@o das lagoas amostradas na bacia do rio Cuiab4, Pantanal,
Brasil. As lagoas da margem esquerda do rio estdo localizadas dentro da
reserva RPPN SESC-Pantanal e as da margem direita fora da reserva.

Figure 1. Local of sampled lagoons on Cuiaba river basin, Pantanal, Brazil.
The lagoons located on the left margin of the river are inside the RPPN
SESC-Pantanal reserve and the ones located on the right margin are outside
the reserve.

distribuidas no tempo, a fim de se avaliar as alteracdes na riqueza de
espécies provocadas pela seca.

As amostras foram realizadas na zona litoral vegetada das lagoas,
dominada por macrdfitas flutuantes, especialmente Eichhornia azurea,
Eichhornia crassipes e Salvinia sp.. Em cada lagoa foram aplicados
nove lances de peneira, distribuidos sistematicamente a uma distancia
minima de cinco metros um do outro. A peneira utilizada tinha um
saco em forma de funil, com 1 m? de boca e profundidade de 1 m,
confeccionada com tela de nylon de 1,5 mm de abertura de malha.
Apesar da seletividade da peneira — ineficiente para as espécies de
grande porte, esta € eficiente para a coleta de peixes de pequeno porte,
que sdo as formas predominantes nas zonas litorais vegetadas.

Os peixes coletados foram fixados em formol 10% e preservados
em dlcool 70%. Posteriormente, os mesmos foram identificados com
auxilio de literatura especializada (Britski et al. 1999, Reis et al. 2003)
e a confirmagao feita por especialistas do Museu de Zoologia da USP
(MZUSP). Exemplares testemunhos se encontram depositados no
Laboratério de Ecologia e Manejo de Recursos Pesqueiros/UFMT.

3. Andlise de dados

Com o objetivo de comparar a distribui¢do de abundancia das
espécies (“Whittaker plots”) na comunidade de peixes, as abun-
déncias das espécies (n) foram transformadas utilizando log, (n+1)
(Magurran 2004). A distribuicdo de abundancia das espécies foi
plotada utilizando Log na base 2 e comparada com os modelos de
distribui¢@o das abundancias de espécies (Distribui¢do Log normal e
Série logaritimica) (Magurran 1988b). Os modelos foram ajustados
utilizando o programa estatistico BIO-DAP (Magurran 1988a).

Para comparar a freqiiéncia de ocorréncia das espécies nas lagoas
e a distribuicio de freqiiéncia de espécies nas diferentes ordens, entre
o inicio (junho) e o final (dezembro) da sessdo seca, foi utilizado o
teste ndo paramétrico de Kolmogorov-Smirnov (D). Em cadalagoa
(unidades amostrais) foi obtido o nimero de espécies por ordem

http://www.biotaneotropica.org.br



A dimensdo espacial e temporal da diversidade de peixes - Biota Neotropica, v7 (n3) - bn04007032007 235

(varidvel dependente) que foi comparado em diferentes momentos
no tempo (varidvel independente).

Para avaliar possiveis diferencas na riqueza de espécies entre o
inicio e o final da sessdo de seca foi utilizada a técnica de rarefacio
(Sanders 1968). Essa técnica estima a riqueza de espécies espera-
da para cada subamostra de individuos de uma dada amostra, e €
especialmente util para comparar amostras de tamanhos diferentes
(Gotelli & Graves 1996).

Com a finalidade de avaliar a eficiéncia de amostragem, com-
paramos o nimero de espécies registrados nas campanhas com o
numero de espécies esperado para a drea, obtidos com os estimado-
res Chao 2 e Jackknife de segunda ordem, no programa EstimateS
(Colwell 2005).

Resultados

Foram capturados 12.784 individuos pertencentes a sete ordens,
21 familias e 98 espécies de peixes. A ordem com maior nimero de
espécies foi Characiformes, com 53 espécies, seguida por Siluriformes
(21 espécies), Perciformes (13 espécies), Gymnotiformes (7 espécies)
e as demais somando quatro espécies.

A distribuiciio de abundancias das espécies na comunidade
mostrou que poucas espécies foram muito abundantes, algumas
com abundancias intermedidrias e a maioria com baixa abundancia
(Figura 2), sendo que 73,5% das espécies apresentaram abundancia
inferior a 100 individuos e 39,7% das espécies foram representa-
das por 10 ou menos individuos. Por outro lado, a espécie mais
abundante, Serrapinnus calliurrus representou 22,9% da amostra
(2.798 individuos). Apesar das abundancias apresentarem distribuicdo
caracteristicamente lognormal, estas foram igualmente bem descritos
pela série logaritmica (lognormal, x>= 12,17; df = 9; p > 0,20; série
logaritimica, x>=15,53; gl = 11; p > 0,1) (Figura 3).

Embora algumas espécies (Gymnocorymbus ternetzi, Moenkhausia
sanctaefilomenae, e Corydoras hastatus) sejam exploradas com fins
ornamentais e outras (Synbranchus marmoratus ¢ Gymnotus cf.
carapo) utilizadas como iscas vivas, nenhuma das 98 espécies cap-
turadas € citada na lista vermelha da The Word Conservation Union
(IUCN) como espécie ameagada de extincéo.

Nos trés periodos de coleta, os maiores individuos capturados, que
nao ultrapassaram 40 cm de comprimento total, pertenciam as ordens
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Figura 2. Distribui¢do de abundancias da comunidade de peixes da zona
litoral vegetada de 15 lagoas marginais do rio Cuiabd, Pantanal, Brasil.
Os dados sdo a soma dos trés periodos de amostragens (junho, setembro e
dezembro de 2005).

Figure 2. Fish species rank of the vegetated littoral zone for 15 floodplain
lagoons in the Cuiabd River Basin, Pantanal, Brazil. The data are the sum of
the three periods sampled (June, September, and December of 2005).

Gymnotiformes e Synbrachiformes. Todos os demais individuos
capturados apresentaram tamanho corporal pequeno, sendo princi-
palmente espécies sedentdrias ou migradoras de curta distancia.

A maioria das espécies apresentou distribuiciio geografica restrita
e a intensifica¢@o do periodo de seca ndo afetou a distribui¢do das
espécies. Em junho 52% (42/80) das espécies tinham ocorréncia
restrita a quatro lagoas (25% do total amostrado). Em dezembro este
percentual aumentou para 60% (41/68). Entretanto, esta variagao de
8% em relagdo ao inicio da seca (Figura 4) ndo foi estatisticamente
significativa (D= 0,333 e p=0,341).

A intensificac@o da seca ndo afetou a distribui¢@o de freqiiéncia
de espécies nas diferentes ordens (D, = 0,143 e p = 1) (Figura 5).
Entre as campanhas de junho e dezembro todas as ordens, a exce¢io
de Lepidosireniformes e Synbranchiformes, perderam aproximada-
mente a mesma proporc¢do de espécies.

Tanto a abundancia total de individuos quanto a riqueza variaram
no tempo (Tabela 1). No més de junho foram coletadas 81,6% do total
das espécies, no més de setembro 75,5% e no de dezembro 69,4%.
Cerca de 50% das espécies foram comuns aos trés periodos de coleta
(Figura 6). Por outro lado, 22,4% das espécies ocorreram em apenas
um periodo de coleta, sendo que 10,2% foram coletadas somente no
més de junho, 7,1% foram exclusivas ao més de setembro e 5,1% ao
més de dezembro (Tabela 1).

As curvas de rarefag@o indicaram que a reducio na riqueza foi
um artefato da reducdo na abundincia. Quando comparamos as
riquezas estimadas sob um mesmo nivel de abundancia néio encon-
tramos diferenga na riqueza de espécies entre o inicio e o final da
seca (Figura 7).
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Figura 3. Distribuicdo das abundancias de espécies para os meses de junho,
setembro e dezembro de 2005, capturadas na zona litoral vegetada de 15 lagoas
marginais do rio Cuiabd, Pantanal, Brasil. Os dados s3o a soma dos trés
periodos de amostragens junho, setembro e dezembro de 2005. Pardmetros
para distribui¢do lognormal (curva pontilhada) utilizando o método de Pielou
(1975), s3o a média = 1,379 a variancia = 0,719 e o nimero de espécie esti-
mada e de 102,6. Para a distribui¢do log-series (curva continua) os parametros
sdo alfa = 14,441 e x = 0,998. A distribui¢do log-normal (x*= 12,17 gl =9
e p > 0,20) apresentou melhor ajuste do que o log-series (x>= 15,53 gl = 11
ep>0,1).

Figure 3. Fish abundance distribution of the vegetated littoral zone for
15 floodplain lagoons of the Cuiabd River Basin, Pantanal, Brazil. The data are
the sum of the three period sampled (June, September, and December of 2005).
Lognormal distribution parameters (point line) estimated with Pielou (1975)
method are: mean = 1.379, variance = 0.719, and species number = 02.6. For
log-series (normal line) the parameters are: alfa = 14.441, and x =0.998. Both
models adjusted the data; lognormal (x>= 12.17, df = 9, and p > 0.20), and
log-series (x>= 15.53, df = 11, and p > 0.1).
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Tabela 1. Distribuicdo da riqueza de espécies, e abundancia individual da zona litoral vegetada de peixes para 15 lagoas da bacia do rio Cuiabd, Pantanal,

Brasil.

Table 1. Species richness distribution, and individual abundance of the vegetated littoral zone fishes for 15 floodplain lagoons of the Cuiaba River Basin,

Pantanal, Brazil.

Junho Setembro Dezembro Total
Riqueza 80 74 68 98
Riqueza acumulada 80 93 98 98
Riqueza de espécies exclusivas 10 7 5 22
Abundincia total (nimero) 5.591 5.105 2.088 12.784
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Figura 4. Distribuicao de ocorréncia das espécies de peixes na zona litoral
vegetada da bacia do rio Cuiabd, Pantanal, Brasil. As coletas dos dados ini-
ciaram em junho e encerraram em dezembro.

Figure 4. Distribution of fish species occurrence by lagoon for vegetated lit-
toral zone in the Cuiab4 River Basin, Pantanal, Brazil. Data collection started
in June and ended in December.
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Figura 5. Distribuicdo da riqueza de espécies agrupadas por ordens taxondmi-
cas na zona litoral vegetada para 15 lagoas da bacia do rio Cuiab4, Pantanal,
Brasil. Coletas de dados iniciaram em junho e encerraram em dezembro.

Figure 5. Distribution of fish species richness grouped by taxonomic orders
for vegetated littoral zone for 15 floodplain lagoons of the Cuiaba River Basin,
Pantanal, Brazil. Data collection started in June and ended in December.

Figura 6. Distribui¢do da riqueza de espécies de peixes no espago e no tempo
na zona litoral vegetada para 15 lagoas da bacia do rio Cuiabd, Pantanal,
Brasil.

Figure 6. Spatio-temporal fish species richness distribution within the
vegetated littoral zone for 15 floodplain lagoons in the Cuiabd River Basin,
Pantanal, Brazil.
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Figura 7. Curvas de rarefagio da riqueza de espécies de peixes da zona litoral
vegetada para 15 lagoas marginais da bacia do rio Cuiabd, Pantanal, Brasil.

Figure 7. Rarefaction curves of species richness of the vegetated littoral zone
fishes for 15 floodplain lagoons in the Cuiabd River Basin, Pantanal, Brazil.

Os estimadores de riqueza de espécies indicaram que distribuir
as amostras no tempo foi uma estratégia adequada para reduzir o
problema das falsas auséncias e melhorar a eficiéncia da amostragem.
Os dados estimados pelo Jackknife de 2° ordem sugerem que no
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més de junho foram amostradas cerca de 77,7% do total de espécies
esperado (Jackknife 2 = 103 espécies; Chao 2 =91, dp = 9,99). A
eficiéncia da amostragem foi menor em setembro (70,5% do total
esperado de espécies; Jackknife 2 = 105 espécies; Chao 2 = 100 es-
pécies, dp = 16,76) e melhorou um pouco em dezembro (77,3% do
total esperado de espécies; Jackknife 2 = 88 espécies; Chao 2 =79,
dp = 8,46). Entretanto, quando se agrupou as amostras, a eficiéncia da
amostragem melhorou em cerca de 12,5% e foram registradas 84,5%
do total de espécies estimado para a drea (Jackknife 2 = 116 espécies;
Chao 2 = 105, dp = 5,81).

Discussao

A ictiofauna da América do Sul € caracterizada pela dominancia
de Characiformes sobre Siluriformes (Lowe-McConnell 1999). Essa
dominéncia € evidente tanto em lagoas da porcdo sul do Pantanal
(Suarez et al. 2001, Sdarez et al. 2004) quanto na porc¢do norte
(presente estudo).

Os resultados deste estudo demonstram que as assembléias
estudadas apresentam predominéncia de espécies com abundancias
moderada e rara, e distribuicdo espacial restrita. Esse padrao pode
resultar da variagdo entre as espécies na capacidade de dispersdo, ou
alternativamente, da selecdo de habitat e interacdes populacionais.
Possivelmente, as espécies com distribui¢do espacial mais ampla
sdo abundantes e ndo apresentam limitacdo para a dispersao, devido
as estratégias adaptativas que as capacitam a explorar ambientes
sazonais. Por outro lado, espécies com distribuicao espacial restrita
devem apresentar limitagao de dispersao, sem estratégias adaptativas
evidentes para a exploracdo de ambientes sazonais (Granado-Lorencio
et al. 2005).

O padrio de distribui¢dio das espécies entre as lagoas deste
estudo, assim como no trabalho de Suarez et al. (2001) — indicando
baixa similaridade entre elas — demonstram que, na escala estudada,
a diversidade de peixes de lagoas do Pantanal € determinada, princi-
palmente, pela diversidade beta (diversidade entre locais). Assim, para
se conservar o conjunto da fauna de peixes de uma das sub-regides
¢é preferivel selecionar um conjunto de lagoas com caracteristicas
variadas (Suarez et al. 2001).

A distribui¢cdo de espécies entre as ordens ndo se alterou ao
longo da seca. Esse resultado difere do encontrado por Rodriguez
& Lewis (1997), em lagoas do rio Orinoco, na Venezuela, e por
Tejerina-Garro et al. (1998), em lagoas do rio Araguaia, que ob-
servaram um aumento na propor¢ao de Siluriformes em relagdo a
Characiformes com o avanco da seca, devido, principalmente, a
redugdo na transparéncia da dgua. Essa diferenga pode ser decorrente
da diferenca nos delineamentos amostrais adotados. Diferentemente
dos estudos de Rodriguez & Lewis (1997) e Tejerina-Garro et al.
(1998), que amostraram toda a lagoa, nés amostramos peixes apenas
na zona litoral vegetada. Além disso, utilizamos apenas um apetrecho
de pesca, e com caracteristicas mais apropriadas a amostragem de
peixes de pequeno porte. Alternativamente, nossos resultados podem
indicar maior estabilidade nas assembléias da zona litoral vegetada.
Nos ambientes pouco profundos das lagoas, as melhores condi¢des
de oxigenacdo da superficie, aliadas a maior disponibilidade tanto
de abrigos contra os predadores, quanto de alimentos, fornecido
pelas macrdfitas (formacdo de refigios ecoldgicos), deve conferir
vantagens as formas capazes de melhor explord-las. Os pequenos
Characiformes, como Serrapinnus calliurus, que predominaram nas
amostragens parecem se enquadrar nessa categoria (Rodriguez &
Lewis 1997, Verissimo 1999, Suarez et al. 2004).

Ao longo do periodo de seca houve reducdo na riqueza geral e na
abundancia de individuos. As curvas de rarefagdo indicam que essa
reducio da riqueza pode estar associada com a menor abundancia nos

meses de setembro e dezembro. A menor abundancia de individuos no
més de dezembro, final da estacdo seca, quando comparada ao més
de junho, inicio da estacdo seca, pode estar relacionada a duas razdes
principais, que atuam em conjunto. A primeira € de ordem demogré-
fica: para a maioria das espécies de peixes da planicie de inundagao,
o recrutamento € um evento discreto no tempo, em geral concentrado
nos meses de cheia (Lowe-McConnell 1999), enquanto que a morta-
lidade € um evento continuo e, portanto, dominante na fase de seca. A
segunda estd relacionada a diminui¢do do nivel da dgua nas lagoas, que
intensifica as intera¢des bidticas (competicdo e predagio), excluindo
as espécies menos competitivas ou susceptiveis a forte pressdo de pre-
dagdo, diminuindo assim a riqueza de espécies no final do periodo de
seca (Hoeinghaus et al. 2003). De fato, Suarez et al. (2004) mostraram
que a varia¢do na riqueza € negativamente relacionada com a variagao
no tempo de isolamento e distancia do rio principal, mas positivamente
relacionada com a profundidade das lagoas.

Embora Brown (1986) afirme que as espécies que ocorrem no
Pantanal tém ampla distribuicéo regional, apenas metade das espécies
foram comuns aos trés periodos de coleta e 22 espécies ocorreram
em apenas uma lagoa. Isso mostra que as espécies de peixes de pe-
queno porte que habitam as dreas vegetadas de lagoas marginais do
Pantanal, além de ndo possuirem ampla distribuicdo espacial, ndo
apresentam ampla distribui¢@o temporal. Provavelmente, isso ocorre
devido as estratégias ecoldgicas distintas que cada espécie possui, e
que as permitem manter popula¢des vidveis em um sistema instdvel
como o Pantanal. Conseqiientemente, o conjunto de resultados que
encontramos nos leva a sugerir que, na situacdo de necessidade de
delineamento de reservas no Pantanal, a escolha de dreas contendo
um grande niimero de lagoas com tamanhos e formas variadas, € uma
opgdo que permite a conservacgio da diversidade regional de peixes,
pois a maioria das espécies de pequeno porte apresenta distribuicdo
restrita a poucas lagoas.
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Abstract

Context. Human—wildlife competition is a worldwide problem. In the Brazilian Pantanal, the competition is between
livestock and large cats, such as the jaguar (Panthera onca) and the puma (Puma concolor). Only a few studies have been
conducted in the region and have indicated low levels of cattle predation. In addition to the paucity of information on livestock
predation levels, information on the local ranchers’ understanding of cattle predation is limited.

Aims. To investigate local people’s perceptions of large cats and husbandry practices in order to understand some of the
causes and extent of jaguar—livestock interaction in the Brazilian Pantanal.

Methods. We present comprehensive surveys of the local people’s perceptions towards large cats using a 5-point Likert
scale evaluated using non-parametric tests in order to reach a better understanding of the causes of jaguar-livestock

interaction and its extent in the Brazilian Pantanal.

Key results. In general, total mortality rate due to cat predation was 2.7 + 4.9% of total cattle holdings. However, jaguars
were reported as a real menace to cattle and cattle predation by large cats was a real concern for ranch operations. The majority
ofranchers who implemented cattle management accept the risk of losing cattle to predation by large cats, but only a minority
of respondents reported that they would rather live without jaguars.

Conclusions. The majority of the ranches surveyed had limited husbandry practices and the intensity of cattle
management did influence respondents’ perceptions of predation by large cats.

Implications. We suggest that the focus of conservation actions be on cattle management aimed at minimising other

sources of income loss caused by poor husbandry practices.

Additional keywords: cattle management, human-wildlife interaction, large felids, local perception, predation.
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Introduction

Human-wildlife competition is a worldwide problem, especially
when wild mammalian carnivores and humans compete over
food resources and space (Treves and Karanth 2003). When
domesticated ungulates became an available source of food
(Frank and Woodroffe 2001), they became prey to wild
carnivore species that specialise in preying on ungulates
(Graham et al. 2005). Unlike wild herbivores, domestic
ungulates are exceptionally vulnerable to predation (Frank and
Woodroffe 2001). In many parts of the world, habitat loss
and fragmentation and expansion of human populations have
forced wild carnivores into close contact with domestic
ungulates, exacerbating the competition between humans and
large carnivores (Woodroffe 2000; Conover 2002). Moreover,
large carnivores may inevitably use domestic animals maintained
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by humans in landscapes in which they occur in higher density
than wild prey species (Schaller 1983).

Human-wildlife competition is mostly characterised by large
carnivores attacking livestock, for instance, tigers (Panthera
tigris), leopards (Panthera pardus) and snow leopards
(Panthera uncia) in Asia; lions (Panthera leo), leopards,
hyenas (Crocuta crocuta) and cheetahs (Acynonyx jubatus) in
Africa; jaguars (Panthera onca) and pumas (Puma concolor) in
all the Americas; and bears and wolves in North America and
Europe (Dickman 2010). Interactions are more frequent when
people live in, or close to, protected areas (Woodroffe and
Ginsberg 1998; Conforti and Azevedo 2003; Wang and
Macdonald 2006), when wild prey have been eradicated
and replaced by livestock or when husbandry practices are
poor (Polisar et al. 2003; Patterson et al. 2004). Moreover,
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Local perceptions of predators

livestock depredation can represent significant economic losses
to ranchers (Patterson et al. 2004; Hemson et al. 2009) and lead
ranchers to persecute and eliminate predators in retaliation or as
a preventative measure against recurrent predation (Conforti and
Azevedo 2003; Mishra et al. 2003; Inskip and Zimmermann
2009). In Latin America, cattle ranchers claim that large
carnivores, such as jaguars and pumas, have a significant
impact on their cattle herds, even though many studies have
concluded that livestock predation rates by large felids are usually
low (Hoogesteijn et al. 1993; Mazzolli et al. 2002; Azevedo and
Murray 2007a; Palmeira et al. 2008; Loveridge et al. 2010).
The Pantanal region in Brazil has high levels of biodiversity
and it is an important refuge for many threatened or endangered
species, for instance, hyacinth macaw (4nodorhynchus
hyacinthinus), marsh deer (Blastocerus dichotomus), tapir
(Tapirus terrestris), giant otter (Pteronura brasiliensis) and
jaguar (Alho et al. 2011). Approximately 250 years of cattle
herding in the Pantanal has made cattle an integral part of the
landscape, which consists of a system of almost exclusively
private properties (Seidl et al. 2001). Beef cattle ranching is
the mainstay of the region’s economy (Rosa et al. 2007) with
~80% of all ranches in the Brazilian Pantanal managing cattle on
an extensive basis (Seidl et al. 2001). Generally, this type of cattle
ranching cannot be considered damaging to the environment,
because the unpredictability of large floods in the region limits
the size of the herds and maintains an ecologically sustainable
industry (Seidl et al. 2001). However, poor cattle husbandry
practices may have an important effect on levels of jaguar and
puma predation on livestock; specifically, increasing rates of
predation towards more vulnerable cattle (Polisar et al. 2003).
Livestock predation by large cats is one of the main
contributors to human-wildlife competition in the Pantanal
(Schaller and Crawshaw 1980; Quigley and Crawshaw 1992;
Azevedo and Murray 2007h; Cavalcanti and Gese 2010).
Although the few studies conducted in the region on the
impact of jaguars on livestock have indicated low levels of
cattle predation (Azevedo and Murray 20070), large felids,
mostly jaguars, continue to be persecuted and eliminated
by local ranchers in response to putative predation events
(Cavalcanti et al. 2010). In addition to the paucity of data on
livestock predation in the Pantanal, information on the local
ranchers’ understanding of cattle predation is also limited
(Azevedo and Murray 2007a). Therefore, comprehensive
surveys of local perceptions towards cattle-large felid
interactions may help in implementing sustainable
conservation programs in the region. In the Pantanal region,
programs to provide husbandry assistance to ranchers have
been implemented since 1975 by Embrapa Pantanal (Brazilian
Agricultural Research Corporation), but only one compensation
program provided by a non-governmental organisation has been
put in place to reimburse for cattle losses due to predation (Harris
et al. 2005). Nonetheless, no research has addressed how this
compensation program may have contributed to the conservation
of large felids or affected local people’s perceptions.
Historically, jaguars have been traditionally hunted in the
Pantanal due to the presumed impact caused by livestock
predation and also due to the trade on skins until the late
1970s (Swank and Teer 1989; Quigley and Crawshaw 1992).
Since then, a steady decline in cattle ranching in the Pantanal
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region has been observed, mainly due to market conditions and
also because of a major flood of the Paraguay river that caused an
estimated loss of ~3.5 million cattle (~28% of all cattle raised in
the region) (Mittermeier ez al. 1990). In addition, the average size
of properties has decreased and ranches became smaller and more
numerous (Abreu et al. 2010), which may exert higher pressure on
the landscape. Concurrently, the trade of jaguar skins throughout
the world declined by the beginning of the 1980s. Although the
combined effect of those major changes on jaguar population
numbers in the Pantanal has not been measured, we speculate
that local people believe jaguar numbers have increased in the
Pantanal region.

In the present study, we investigated local people’s perceptions
towards large cats in order to understand the causes and extent of
jaguar—livestock interaction in the Brazilian Pantanal. In particular,
we investigated factors related to the conservation of large cats’ on
ranches in the Pantanal, including the community’s perception of
the presence of jaguars and pumas, cattle productivity and
management, levels of livestock predation, history of predation
events, the status of the prey base and hunting pressure upon
wildlife. If large cats play an important role as livestock predators,
higher rates of predation in ranches without husbandry practices
such as presence of maternity paddocks, occurrence of breeding
programs and occurrence of pasture rotation, should be observed
and influence local people’s attitudes towards large cats.

Materials and methods
Study area

The Brazilian Pantanal is one of the world’s largest floodplains
(Alho er al. 1988) and covers ~138 507 km?. It is located on the
borders of Brazil, Bolivia and Paraguay. Low mountains and
plateaus surround the basin, with 48 865 km? (35.4%) of its area
located in the Brazilian State of Mato Grosso (Northern region)
and 88 318 km? (64.6%) in the Brazilian State of Mato Grosso do
Sul (Southern region). The Pantanal is characterised by an annual
regime of flooding and low land relief, with the landscape being
comprised of wetland habitats, seasonally inundated grasslands
and woodlands, and non-flooding forests.

The Pantanal is one of the best-preserved regions of
Brazil mainly because of low levels of forest fragmentation,
introduction of exotic pastures and human density. Even
though, paradoxically, a system of almost exclusively private
properties (95%) has dominated cattle ranching for more than two
centuries (Seidl et al. 2001). It is also one of the least-known
regions of the globe, where scientific information is scarce.
Large ranches were first established in the higher areas, both
surrounding and within the Pantanal. The expansion of these
ranches throughout the basin was completed only in the twentieth
century. Nowadays, beef cattle ranching is the main economic
activity of the region, with ~4 million head of cattle (Rosa et al.
2007).

Data collection

The Pantanal is divided into 11 sub-regions (Silva and Abdon
1998). The ranches were selected based on the historical
occurrence of jaguars in the Pantanal according to Schaller
(1979), and on the feasibility of accessing ranches by car or
boat. Our survey covered the following sub-regions: Aquidauana,
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Miranda, Abobral, Nhecolandia, Nabileque, Paiaguas, Bardo de
Melgaco and Poconé. We surveyed ranches located along and
far from highways of the Pantanal region (Fig. 1). Interviews
focussed on landowners or ranch managers, who were usually
long-term residents and were conducted during meetings in local
rural associations or on the ranches. Respondents were informed
that the interviewers were not government employees involved in
law enforcement or land demarcation.

Survey

We personally carried out the interviews for the survey
between September 2005 and January 2008, which was based
on questionnaires used throughout the country by other
researchers and government institutions (Pitman et al. 2002;
Conforti and Azevedo 2003; Marchini 2003; Zimmermann
et al. 2005; Michalski et al. 2006). We recorded
socioeconomic and demographic variables, such as the age,
gender and time of residence of respondents, ranch size,
number of cattle and cattle density. Data on cattle productivity
was gathered on cattle stocking rate per hectare of pasture (the
number of cattle that can be put into one hectare of pasture
per year), the age of cows at first birth, inter-calving period
(period between successive calves) and cattle birth and discard
rates (ages at which cows give birth and are discarded because of
lower fecundity). Likewise, data on management was gathered
on presence of maternity paddocks, occurrence of breeding
programs and occurrence of pasture rotation. In addition, we
designed a structured survey based on two sections: the first
constituted by 13 closed-ended questions to gather general data
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Fig. 1. Location map of the study area marked with sampling ranches
located throughout the visited area encompassed by the Pantanal region of
the Mato Grosso and Mato Grosso do Sul States in Brazil.
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regarding predation of livestock by large cats (e.g. occurrence
of large cats, perceived number of cattle predated, history of
predation events, status of the prey base, occurrence of hunting
upon wildlife, and involvement in tourism), and the second based
on 19 statements to record potential determinants of perceptions
by local people. Responses of closed-ended questions were
measured on a bivariate scale (Yes/No) and of statements on
a 5-point Likert scale: strongly agree (1), agree (2), neutral (3),
disagree (4), strongly disagree (5).

Data analysis

Descriptive statistics were used to illustrate proportions and
overall patterns in the factual data. Responses regarding
characteristics of ranches and respondents were reported
as mean £ standard deviations. All questions regarding
respondents’ perceptions were reported as percentages, 95%
confidence intervals and number of respondents.

Relationships between continuous variables (respondent age,
gender, time of residence, ranch size, number of cattle, cattle-
density, age of cows at first birth, intercalving period, discard
rate, presence of maternity paddock, breeding programs, pasture
rotation and perceived proportion of cattle lost to jaguars), were
analysed using Pearson correlation coefficient. Relationships
among responses derived from closed-ended questions were
examined using chi-square tests. We also used two-sample
t-tests to analyse relationships of those responses with
continuous variables, such as number of cattle and perceived
proportion of cattle lost to large cats. Data was log10 transformed
to better approximate a normal distribution.

We conducted principal components analysis (PCA) with an
oblimin rotation on 19 statements representing respondent’s
attitudes towards large cats to identify underlying processes in
attitudinal data. We used only factors having an eigenvalue of
more than 1 in our analysis. We used Cronbach’s o to provide a
reliability estimate of the internal consistency of the subsets of
variables identified in the PCA. The Kaiser-Meyer—Olkin and the
Bartlett’s test of sphericity were used to check for the adequacy
of PCA for our data (Kaiser 1970). Statistical analyses were
performed using SPSS software (SPSS, Inc., Chicago, IL).

Results
Characteristics of sample and ranches

In total, 110 ranches were visited and 95 respondents completed
the survey. Ranches located in the Northern (n =35) and Southern
(n=060) regions of the Pantanal were surveyed. Out of the 95
respondents, 93 were male and 2 female. The mean age of
respondents was 41.9+12.1 years old (£s.d., n=63;
range=26 to 74). Almost half of the respondents (49%,
n=47) had lived on their ranches for less than 10 years, 16%
(n=15) between 10 and 19 years and 35% (n=233) for more
than 20 years.

The survey covered 91 ranches where cattle were raised
exclusively for beef, three ranches also worked with dairy
cattle, one ranch worked exclusively with tourism, two
ranches had no cattle, and one ranch raised only buffalo
(Bubalus bubalis) (total number of ranches=95). The total
surveyed area corresponded to 1074821.81ha, which
represents 7.76% of the total area of the Brazilian Pantanal.
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The majority of ranches were <5000 ha in size (50.5%, n=47).
Native pastures comprised 436237.25 ha of the area surveyed
(40.14%) and the total area occupied by pastures with non-
native vegetation was 179 704.05ha (16.5%). Of the ranches,
39% (n=35 out of 91) had fewer than 1000 head of cattle, 44.7%
(n=41 out of 91) had 1000 to 5000 head of cattle, and 15.9%
(n=15 out of 91) had >5000 head of cattle. When asked whether
the ranch had another source of income in addition to cattle
ranching, the minority (26.3%; CI=17.5-35.1%, n=95) reported
other sources such as tourism (rn=14) (Table 1). There was a
positive relationship between ranch size and number of cattle
(log) and a negative relationship with cattle density (log)
(r=0.713, P<0.001; r=-0183, P<0.1 respectively). Ranches
not involved in tourism activities had significantly more
cattle than other ranches (tgo=-2.392, P<0.05). General
characteristics of ranches are reported in Table 1.

Management and productivity

Of the respondents who answered questions regarding
management and productivity, 79 implemented some type of
cattle management on their ranches at the time of our survey. The
majority of surveyed ranches performed some type of pasture
rotation to avoid overgrazing (54.3%, n=92). On 42 ranches
(45.6%, n=92), no type of pasture rotation was reported. The
majority of ranches (56.5%, n=92) did not keep a maternity
paddock to restrict cow movements and did not have a cattle
breeding program (57.5%, n=50). There was a positive
relationship between age of cows at first birth and inter-
calving period (r=0.811, P<0.001). Most respondents
(85.7%, n=91) reported cattle were in good overall health.
Among the factors causing cattle mortality before weaning,
predation by large cats was the most cited (60%, n=75). In
total, 81 respondents reported snake bite (n=45) and jaguars
(n=36) as factors that caused cattle mortality after weaning.
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General characteristics of management and levels of productivity
are reported in Table 1.

Livestock predation by large cats

The majority of respondents (94.5%) confirmed the presence
of jaguars (CI=91.2-99.7%, n=86) and pumas (96.7%,
CI=94.7-98.6%, n=889) on their ranches. Predation
by jaguars was reported by 83.0% of respondents
(CI=75.0-90.0%, n=2_88) and predation by pumas by 85.4%
(CI=77.6-92.5, n=289). Most of the respondents (n =39) stated
that the jaguar population had increased in the last five years
before the survey (51.3%; C1=42.9-59.7), but could not report on
the status of the puma population. The majority of respondents,
78.9% (CI1=70.5-87.3%, n=90), reported losses in the two
years before the survey, but only 33.3% (CI=23.4-42.6%,
n=90) employed any methods to prevent cattle predation by
large cats. Most respondents (77.3%; CI=67.9-86.7%, n=75)
believed economic compensation programs should have been
implemented in the Pantanal and were willing (89.5%;
CI=83.0-96.0%, n=86) to receive help to solve predation
problems. Few respondents (4.0%; CI=0.0-7.9%, n=91)
reported receiving compensation for their losses towards large
cats predation (Table 2).

Responses regarding large cat predation did not depend on
responses towards population sizes of the prey base for large cats
in the region (caiman, white-lipped peccaries, collared peccaries,
marsh deer, armadillos and giant anteaters; all x> with P> 0.168).
Few respondents (28.6%; CI1=19.4-37.8%, n=91) reported that
game hunting occurred within their ranches. A similar trend was
observed when asked about preventive measures for jaguar
attacks (persecution with hounds, poisoning, hunting, electric
fences, others) on their properties. Only 33.3% (CI =23.4-42.6%,
n=90) of the respondents reported using one or more of
these preventive measures (Table 2). However, we found no

Table 1. Characteristics of the ranches regarding management and productivity of cattle

Ranches activities n Ranches characteristics Mean (+s.d.) n
Cattle 95 Ranch size (hectares) (range =344 to 135 000) 11628.5+£20044.5 92
Tourism 14 Size of pastures (hectares) 7255.4+13772.4 84
Renting land 5 Number of cattle head (range =15 to 46 600) 3424+6796 91
Sport fishing 4 Cattle stocking rate per hectare of pasture® 0.58+0.38 82
Beekeeping 1 Cattle stocking rate per hectare total area” 0.36+0.25 94
Caiman ranching 1 Age of cows at first calving (months) 36.6+6.4 83
Cheese-making 1 Inter-calving period (months)® 14.8+4.8 79
Agriculture 1 Cattle birth rate® 62.6+17.6 71
Annual discard rate® 17.4+15% 61
Cattle mortality rate” 4.8+4.5% 71
Total perceived predation rate caused by large cats® 2.7+4.9% 77
Calf mortality rate before weaning” 9.9%+12.8 70
Mortality rate after weaning' 3.4%+59 72

 and ®The number of cattle that can be put into one hectare or in the total area of pasture per year;

“Period in between successive calves;
dAges at which cows give birth;

“Ages at which cows are discarded because of lower fecundity;

Number of deaths of cattle per year;

gNumber of cattle predated by large cats per year according to the perception of ranchers;
P and "Number of deaths of calves before and after weaning per year.
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Table 2. Distribution of responses of the 13 closed-ended questions aimed to gather general information on predation of livestock by large cats
Responses are reported as bivariate scale

Questions Yes No No answer Total
Do you see jaguars within your property? 86 4 1 91
Do you see pumas within your property? 88 1 2 91
Does the property have another income source besides cattle? 19 72 0 91
Did you have any problems with livestock predation by large cats in the last 24 months? 71 19 1 91
Did you confirm the presence of jaguars on this ranch in the last 12 months? 89 2 0 91
Do you see more jaguar than 5 years ago? 39 15 15 69
Do you believe the number of attacks by big cats have increase in the last five years? 63 25 3 91
Do you try to prevent big cats attacks on cattle? 30 60 0 90
Do you believe killing jaguars would prevent attacks on cattle? 52 14 25 91
Have you ever received any compensation for cattle taken? 4 87 0 91
Do you believe a compensation scheme should be implemented? 58 17 16 91
Would you like to receive help to solve the predation problem? 77 09 0 86
Is there any type of hunting of wild species within this ranch? 26 65 0 91
Did you have any problems with livestock predation by jaguars in your property? 73 15 3 91
Did you have any problems with livestock predation by pumas in your property? 76 13 2 91
Did you have any problems with livestock predation by jaguars and pumas in your property? 62 28 1 91

dependence between respondents’ answers regarding the jaguar
population size in the last five years before the survey and the
use of preventative measures against jaguar attacks (x*>=0.908,
d.f.=2, P=0.635).

We found that significantly more cattle losses to predation
were reported by those who believed to see more jaguars
around their ranches in the last five years before our survey
(t40=2.00, P<0.05). Similarly, those who claimed more
problems of predation by large cats and who believed the
number of attacks by big cats increased in the last five years
before our survey, reported more losses of cattle due to
predation by large cats (t;4=3.95, <0.001; t;0=2,79,
P <0.005, respectively).

We found no dependence between levels of ranch
productivity and respondents’ answers regarding predation
by large cats (x*=2.441, d.f.=2, P=0.295) and evolution of
predation during the last five years before the survey (x*=2.798,
d.f.=4, P=0.592). However, we found dependence between
intensity of cattle management and respondents’ answers
about large cat predation (x*=6.37, d.f.=2, P=0.041). Out
of 79 respondents who implemented some type of cattle
management on their ranches, the majority of those (n=060)
did agree with the possibility of occurrence of predation in
their cattle ranching operations.

When asked whether jaguars could be a menace to people,
34.1% (n=31) agreed or strongly agree that jaguars can cause
harm or present danger to people. However, the majority of
respondents, 67.0% (n=061), agreed or strongly agree jaguars
could be amenace to cattle, and 76.9% (n =70) agreed or strongly
agree that cattle predation by large cats (jaguars and pumas) was a
real concern for their ranch operations. Although respondents
agreed that jaguars were a menace to their cattle, only 28.6%
(n=26) reported they would rather live without jaguars in the
Pantanal (Table 3). There was a negative relationship between log
(proportion of cattle lost to predation) and log (cattle density)
(r=-0.203, P<0.1). No other management or productivity
variable was found to be correlated with the proportion of
cattle lost to predation by large cats (all P>0.1).

Factors influencing perceptions towards large cats

PCA data suggested the retention of six factors that accounted
together for 61.7% of total variance of the general attitude of
respondents (Table 4). The items were included in the component
in which they had the highest loading. The Kaiser—Meyer—Olkin
measure of sampling adequacy was 0.680. The Bartlett’s
test of sphericity was significant (x*=422.79, P<0.001)
indicating that data were appropriate for PCA. The first factor
included four items and had an internal consistency of 0.676
(Cronbach’s o), showing that these four items were a moderate
measure of lifestyle impacts on respondents in the Pantanal
region. Items included in factor 1 appeared to relate to
possible menaces on ranchers’ lifestyles. The second factor
contained four items and seemed to be related to the need
of ranchers for assistance. The internal consistency of these
four items was 0.579, suggesting that they were a reasonable
measure of issues that could help improve ranching operations
in the Pantanal. The third factor, profile of ranchers towards
conservation, contained five items and had an internal
consistency of 0.690, showing that these five items were a
moderate measure of the profile of ranchers in the Pantanal
region. The fourth, fifth and sixth factors (environmental
engagement, Pantanal’s protection and out ranch help) had
low internal consistencies (Cronbach’s o=0.470, 0.421 and
0.495 respectively) indicating unsatisfactory unidimensionality
and that the items were not as well related. These factors were
therefore dropped in further analyses of the data (Table 4).

Discussion

Among conservation issues, the control of wild predators that
prey on livestock has received a great deal of attention,
particularly in the last two decades (Woodroffe 2000). The
focus of most conservation studies has been on the analysis of
the quantity, quality and importance of ecological factors that
may affect predators’ preference for livestock over wildlife
and the impact of livestock predation upon local economies
(Graham et al. 2005; Sangay and Vernes 2008; Inskip and
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Table 3. Distribution of the responses of the survey (%) given in the general attitudes towards large cats

Attitudinal Items 1. 2. 3. 4. 5. Strongly
Strongly ~ Agree  Neutral  Disagree disagree
agree (%) (%) (%) (%)
Jaguars are a menace to your cattle 12 49 11 18 1
Jaguars are a menace to people 6 25 7 47 6
I would be happy if there was no more jaguars around 3 23 5 51 9
Jaguars need to be protected 9 58 6 18 0
At this ranch we can’t tolerate jaguars and pumas attacking the cattle 5 17 6 58 4
Jaguars and pumas attacking cattle is an acceptable risk in cattle business 4 66 6 15 0
It is necessary to find a solution for livestock predation 20 56 2 13 0
Livestock predation should be solved by local, state or federal authorities 14 53 7 17 0
Livestock predation should be solved at each ranch without external help 0 21 3 64 3
I would like to receive help to solve the problem of predation 16 58 6 9 0
I benefit directly from tourism activities 3 21 4 63 0
Tourism in the Pantanal is a menace to my personal life and to Pantanal culture and traditions 4 14 4 58 11
The Pantanal needs more progress and development 13 58 1 18 1
Nature in the Pantanal is a national asset 27 59 1 3 0
Nature in the Pantanal is properly protected 3 25 10 50 3
I am concerned with the future of nature in the Pantanal 16 71 0 4 0
I am fully aware of the problems regarding conservation of the Pantanal 8 80 1 2 0
The Pantanal needs more National Parks and wildlife reservations 1 41 8 38 3
Current laws are sufficient to protect wildlife and flora of the Pantanal 1 44 10 33 3
Table 4. Results of the principal component analysis (PCA): three factors were extracted and used in the analyses
The other three factors were dropped in further analyses of data. Only those loadings >0.40 are shown in the table
Factor 1 2 3
Attitudinal items Menace to Need Ranchers’
way of life for help profile
Jaguars are a menace to your cattle 0.59 0.524
Jaguars are a menace to people 0.68
I would be happy if there were no more jaguars around 0.43 0.50
Jaguars need to be protected -0.49
At this ranch we can’t tolerate jaguars and pumas attacking the cattle
Jaguars and pumas attacking cattle is an acceptable risk in cattle business
It is necessary to find a solution for livestock predation 0.55
Livestock predation should be solved by local, state or federal authorities
Livestock predation should be solved at each ranch without external help 0.64
I would like to receive help to solve the problem of predation 0.75
I benefit directly from tourism activities
Tourism in the Pantanal is a menace to my personal life and to Pantanal culture and traditions 0.727
The Pantanal needs more progress and development
Nature in the Pantanal is a national asset 0.598
Nature in the Pantanal is properly protected 0.46
I am concerned with the future of nature in the Pantanal
I am fully aware of the problems regarding conservation of the Pantanal
The Pantanal needs more National Parks and wildlife reservations
Current laws are sufficient to protect wildlife and flora of the Pantanal 0.86
Eigenvalue 3.90 2.53 1.67
% of variance explained by each component 20.55 13.31 8.78
Cumulative % of variance explained 20.55 33.87 42.65
Cronbach’s o 0.676 0.579 0.690

Zimmermann 2009). Although ecological factors are important,
the attitudes of local people towards wildlife competition are also
vital and have often been neglected in conservation planning.
In the Pantanal region, the perception of livestock depredation
is widespread and has a long history of occurrence (Schaller and

Crawshaw 1980). In order to gather a more complete picture of
the interaction and how it was perceived, our survey covered
ranches representing the Northern and Southern portions of the
Pantanal region, even in most remote places, a broader range than
previously reported in another study of local people’s perceptions



362 Wildlife Research

towards predation of livestock in the Pantanal (Zimmermann ez al.
2005).

Our results indicate that the great majority of respondents
(95.5%) confirmed the presence of jaguars and pumas on their
ranches. Considering that most of them believed that jaguars are a
menace to cattle and a real concern to their ranch operations,
we expected that respondents would report high levels of cattle
depredation on their ranches. Indeed, the majority of respondents
reported having lost cattle to predation by large cats within the
last two years before our survey. To measure the impact of
jaguar and puma predation upon the local economy, it might
be possible to quantify the percentage of cattle loss by predation.
However, it is difficult to collect this data because little concern
was indicated by respondents in recording the number of attacks
by predators. Moreover, their lack of expertise in identifying
carcasses of cattle killed by predators precluded any attempt
to gather information on these losses. Consequently, rather
than focussing on the percentage of losses, we focussed on
understanding how respondents perceived the impacts of the
competition between humans and wild carnivores.

Livestock predation by large cats

Our results show that the majority of respondents believed that
the jaguar population has increased over the last five years, a
perception that has been previously recorded for the Pantanal
region (Cavalcanti et al. 2010). This perception coincides with the
current trend of increasing deforestation, human population, and
mean size of agricultural properties, and decreasing amounts of
land in pastures with native vegetation (Seidl et al. 2001; Alho
etal.2011). Therefore, local people have begun to occupy former
forested areas and come into closer contact with jaguars, which
may have contributed to the popular belief that the population of
jaguars has increased over the last five years before the survey.
Furthermore, our results show that when local people perceived
an increase in the jaguar population, there was an increase in
preventive measures against predation. However, contrary to our
prediction, we found no dependency between respondents’
awareness of the size of the jaguar population and the use of
control measures against jaguar predation. These results may
either represent a lack of consistency regarding the belief that
jaguar population has increased, or respondents may perceive that
the population increase is not great enough to implement
preventive measures against predation.

Factors influencing perceptions towards large cats

Our results on the perceptions of local people towards large cats
defined three major components. The first component, menace to
way of life, had the highest loadings on tourism and jaguars.
Although few respondents believed that jaguars are a menace
to people, certain tourism activities may contribute to an
increase in negative attitudes towards jaguars, and may cause
the elimination of individuals neither associated with attacks
on humans or livestock. Indeed, in addition to the lack of
consistency towards the belief of a jaguar population increase,
tourism activities have increased in the Pantanal, which may
have led to a higher rate of human encounters with wildlife,
causing predators to become more accustomed to local people.
Although tourism can generate profits for local people, it has been
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conducted unsustainably in the Pantanal, particularly fishing and
wildlife safaris (Alho and Sabino 2011). While tourism activities
may boost positive attitudes towards wildlife (Hemson et al.
2009), they have not contributed to the understanding of large
predators and can neither be considered acceptance of their
presence nor a solution for minimising livestock predation
problems in the Pantanal (Cavalcanti et al. 2010). For
instance, in the region of Taiama Ecological Station (Upper
Paraguay River), located in Caceres County in the State of
Mato Grosso, package tours to approach and observe jaguars
in the wild have been offered. In order to guarantee sightings,
jaguars have been attracted with bait (e.g. fish). Because of this
practice, jaguars in the region have become more accustomed to
human presence. Coincidently, two unprovoked jaguar attacks
on humans (one fatal) have occurred in this region in the last
three years (Neto et al. 2011).

Cattle ranching activities in the Pantanal have traditionally
operated in areas where jaguars occur. The consumption of cattle
by jaguars is neither recent nor sporadic throughout the Pantanal,
as cattle are an important prey source. Cattle depredation has long
been reported in the region and it is a common source of loss for
the local economy (Schaller and Vasconcelos 1978; Schaller and
Crawshaw 1980). However, data regarding livestock predation
rates indicate that predation by jaguars is not the major source of
cattle loss ranchers at the region (e.g. 0.25% to 0.84% of total
livestock holdings; Dalponte 2002; Azevedo and Murray 20075).
Although these predation rates represent only isolated portions
of the vast Pantanal area, they may explain, in part, why our
results indicate that few respondents implemented any preventive
methods against jaguar predation on livestock. Contrasting with
the low rates of recorded predation, the respondents believed
that compensation programs provided by the federal government
should be implemented to reimburse local ranchers for losses
due to livestock depredation by large carnivores. Although
compensation has been used as a major measure to reduce
human-wildlife competition in several countries, when not
implemented specifically to improve livestock care, it can be
ineffective at minimising cattle losses to predation (Madhusudan
2003; Bulte and Rondeau 2005; Zabel and Holm-Miiller 2008;
Loveridge et al. 2010). In addition, our results show that the
majority (89.5%) of respondents were willing to receive any type
ofhelp from governmental or non-governmental organisations in
order to minimise losses. Indeed, the second component of our
perception analysis, need for help, had the highest loadings on
items such as ‘I would like to receive help to solve the problem
of predation, and it is necessary to find a solution to livestock
predation’. This contrasts with the results from a previous survey
for a group of ranchers from the Northern Pantanal who were not
willing to receive any type of extra income from the government
(Zimmermann et al. 2005). Our results may reflect a different
economic trend in the Pantanal. Our surveys were conducted a
decade later, cattle ranching has become more competitive in
Brazil, cattle prices and taxes have increased at the same time that
land splitting has lowered the profits of cattle ranching in the
region (Cavalcanti et al. 2010).

Elimination of jaguars in retaliation for livestock predation is
still a common and widespread practice in the Pantanal (Schaller
and Crawshaw 1980; Almeida 1990; Cavalcanti et al. 2010). Our
results show that 33% of the respondents stated that they deal with
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predation problems by eliminating the predator, not protecting
their cattle. Indeed our results of the perceptions of local people
indicated that the third component, ranchers’ profile, had the
highest loadings on items ‘Livestock predation should be solved
at each ranch without external help, and I would be happy if
there were no more jaguars around’. Trying to solve predation
problems on their own is still a common response from agro-
pastoralists towards wild predators (Mishra et al. 2003; Graham
et al. 2005; Bagchi and Mishra 2006; Hemson et al. 2009). This
retaliatory response, particularly in the Pantanal, constitutes an
illegal hunting tradition (Cavalcanti et al. 2010). This tradition, in
part, explains why our results show that only a minority of the
local people would rather live without the presence of jaguars,
a positive attitude that has also been reported for a group of
ranchers from the northern part of the Pantanal, in which jaguars
were considered important animals to the equilibrium of the
environment (Zimmermann et al. 2005).

Low prey availability has been reported as a key factor in
predation of livestock by large felids (Polisar et al. 2003;
Patterson er al. 2004; Bagchi and Mishra 2006; Inskip and
Zimmermann 2009). Our results show that respondents did not
perceive any dependence between large cat predation and
population size of prey species for large cats in the region.
Although some wild prey for jaguars, such as capybaras and
caimans (Azevedo and Murray 2007a), are very abundant in the
Pantanal, their population sizes vary seasonally due to variations
in food abundance and available space caused by the annual
flooding (Alho et al. 1988). When food abundance is high, jaguars
seem to be influenced by a territorial system and cattle becomes an
alternative prey (Azevedo and Murray 20074, 2007b). Therefore,
the seasonal variation in prey population sizes may result in
different livestock predation levels (Cavalcanti and Gese 2010),
which is not perceived by local ranchers in the region.

Game hunting may also affect jaguar predation rates on
livestock (Polisar et al. 2003; Hoogesteijn and Hoogesteijn
2008). Jaguars feed mostly on large and medium-sized prey
species (Azevedo 2008). Poaching in the Pantanal may also
cause variations in the abundance of large wild prey species.
Indeed, some respondents reported that illegal game hunting
was still common at their ranches (28.7%), and this may have
contributed to increase jaguar predation rates on livestock.
However, there is no data to support this assumption. The
commercial or recreational hunting of wildlife for pelt and
skin trade, once very common in the region, is no longer
active, and poaching is no longer common in the Pantanal. In
spite of that, hunting of the feral pig (Sus scrofa) occurs in the
Pantanal. Instead of contributing to increase predation levels by
reducing the jaguars’ prey base, feral pigs provide an alternative
species for local ranchers and employees to hunt, providing meat
and lard to isolated ranches and keeping alive local tradition of
game hunting (Desbiez et al. 2011).

Theoretically, ranches with higher levels of productivity and
management would be better prepared to deal with depredation
problems (Hoogesteijn et al. 1993; Azevedo and Murray 20075).
However, our results show that the majority of the ranches
surveyed practiced limited husbandry practices. Except for the
fact that more than half of the ranches performed some type of
pasture rotation, the majority of the ranches lacked a breeding
program (57.5%), had low (0.58 +-0.38 cattle head) cattle
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stocking rate per hectare and had cows calving for the first
time at an advanced age (>36 months); these ranches also
presented high rates of livestock discard (>17% of total
holdings), predation by large cats before weaning and lacked
maternity paddocks for restricting cow movements. This
may result from the fact that livestock is raised extensively
throughout the Pantanal (Seidl et al. 2001; Zimmermann et al.
2005). Therefore, management efforts may not be perceived as
necessary because a certain number of cattle are expendable.
Indeed, we found no dependency between levels of productivity
and respondents’ answers regarding large cats’ predation and
evolution of predation during the last five years before the survey.

Although levels of productivity did not influence respondents
attitude towards predation and only a few respondents who were
more tolerant towards predation by large cats implemented
cattle management practices, we found that, in support to our
prediction, intensity of cattle management did influence ranchers’
responses regarding predation by large cats. These respondents
did not seem to care about the risk of losing their own cattle to
large cats. The majority of ranchers that implemented cattle
management agreed that losing cattle to predation by large cats
was a real risk to their ranching operations. This type of attitude is
not dissimilar to that recorded for other large cats (Loveridge ez al.
2010), for instance pumas (Thornton and Quinn 2009) or tigers,
when opportunities such as poaching are available to offset loss
by predation (Johnson et al. 2000).

Conservation recommendations

Human-wildlife competition in the Brazilian Pantanal is a
complex process that has yet to be thoroughly clarified and
understood. Killing jaguars is an accepted long-term tradition
based on the attitudes of landowners mostly associated with
perceived impact of jaguars on livestock (Cavalcanti et al.
2010). Regardless of the paucity of data on this matter, our
study highlighted some particularities for the region that may
be vital in solving or minimising the consequences of the
competition. Contrary to a previous study (Zimmermann et al.
2005), we believe that preventive methods against predation will
be difficult to implement in the Pantanal, since cattle ranching is
extensive in the region, cattle herds are huge and ranches are
composed of large tracts of natural landscape. Our results
show that ranchers did not care about, and are not interested
in, implementing preventive methods against predation.
Therefore, we suggest that the focus of conservation actions
should be on cattle management aimed at minimising other
sources of income loss caused by poor husbandry practices
(e.g. cattle stocking rate per hectare of pasture, the age of
cows at first birth, inter-calving period and cattle birth and
discard rates). By improving husbandry practices, ranchers
may benefit from higher productivity levels, higher cattle
quality and therefore increased beef prices. Few attempts have
been made to improve husbandry practices in the Pantanal region,
such as the increasing number of smaller allotments for pasture
rotation, decreasing cows’ first calving age to less than three years
and establishing maternity paddocks away from forested areas.
These practices together with tourism activities have shown to be
effective in minimising cattle loss and therefore alleviate the
economic impact of predation on livestock (Cavalcanti et al.
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2010). Moreover, such practices have also contributed to keep
livestock predation rates at a lower level (Azevedo and Murray
2007h), which highly affected rancher’s attitudes and may
alleviate negative perception towards the presence of large
felids in the Pantanal region.
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on aquatic animal protein, such as fish, to meet food security. Here, we quantify how a ‘win-win’
community-based resource management program induced stock recovery of the world’s largest scaled
freshwater fish (Arapaima gigas), providing both food and income. We analyzed stock assessment
data over eight years and examined the effects of protected areas, community-based management,
and landscape and limnological variables across 83 oxbow lakes monitored along a ~500-km section of
the Jurua River of Western Brazilian Amazonia. Patterns of community management explained 71.8%
of the variation in arapaima population sizes. Annual population counts showed that protected lakes
on average contained 304.8 (+£332.5) arapaimas, compared to only 9.2 (£9.8) in open-access lakes.
Protected lakes have become analogous to a high-interest savings account, ensuring an average annval
revenue of US$10,601 per community and US$1046.6 per household, greatly improving socioeconomic
welfare. Arapaima management is a superb window of opportunity in harmonizing the co-delivery
of sustainable resource management and poverty alleviation. We show that arapaima management
deserves greater attention from policy makers across Amazonian countries, and highlight the need to
include local stakeholders in conservation planning of Amazonian floodplains.

Although freshwater ecosystems comprise only 0.8% of Earth’s surface!, they host one third of all vertebrate
species worldwide?, and have always played a critical role in societal development throughout human history.
Currently, freshwater environments and wetlands are top global scale conservation priorities, because they are
rapidly becoming the most threatened ecosystems, particularly in the tropics, with rates of species loss substan-
tially higher than those of terrestrial environments®.

Many of these overexploited and increasingly degraded freshwater environments can be described as
socio-ecological systems (SES), where social norms, ecological relationships and biophysical interactions
are dynamic, complex and reciprocal?. Human settlements, for example, are heavily dependent on freshwater
resources such as fish, and the top-down structure of entire fish communities is often governed by the intensity
of human overexploitation®. Conservation and management of fish stocks are therefore essential to the economic
stability and social wellbeing of floodplain dwellers. Conservation of freshwater ecosystems is widely considered
an intractable problem affected at different spatial scales, and is inextricably related to the often extolled but rarely
reconciled major challenges for humanity in the new millennium: biodiversity conservation, improved quality of
life, and poverty alleviation®.

Establishing the framework for sustainable resource use in locally co-managed SESs is often a herculean task.
This challenge is particularly difficult partly because resource populations are affected by both biotic and abiotic
factors, in addition to the landscape dynamics of human exploitation pressure. For example, marine fisheries
respond to large-scale spatial patterns, such as latitude, elevation, annual precipitation, and ecosystem primary
productivity’. At smaller scales, several other important variables can govern freshwater resource availability
including landscape and habitat heterogeneity®, water chemistry, and plankton productivity®.

Setting aside and implementing well-managed protected areas is but one way of achieving sustainable resource
use'®. For example, effectively established marine protected areas have resulted in significant seascape-scale
increases in fishery yields''. Moreover, there are contentious discussions that remain unresolved about the role of
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sustainable-use protected areas in realistically reducing poverty and promoting other social benefits, mainly in
developing countries'. The rationale behind the thorny issue of reconciling biodiversity conservation with local
socioeconomic needs can be mainly justified at two levels. First, implementation and maintenance of existing pro-
tected areas, particularly large tropical reserves, are rarely effective due to scarce financial and human resources,
and inherent surveillance difficulties in enforcing reserve regulations against a myriad of increasing external
threats!?. Therefore, formal alliances with reserve residents can decentralize resource management, strengthen
full-time surveillance systems, and reduce overall conservation costs'. Secondly, protected areas can enhance
income opportunities, creating direct social and economic benefits for local people’®. For both of these reasons,
legally occupied sustainable-use reserves now exceed people-free strictly-protected reserves in terms of both
numbers and total area throughout the tropics!®.

There are good examples of local communities that have been effectively empowered to manage their own
resources. These approaches are often referred to as Community-Based Management (hereafter, CBM), whereby
local people with a vested interest in sustainable-use activities undergo an empowering process to gain manage-
ment control of their local natural resources'. This has been independently demonstrated to work in different
resource management systems, for example to strengthen the sustainability of coral reef fisheries's, convert com-
mercial hunters into conservationists in Afrotropical forests' and improve conservation outcomes in Himalayan
forests'*. However, well-grounded examples of positive ecological outcomes from CBM schemes have been rarely
demonstrated®.

A rare noteworthy example of community empowerment of artisanal fisheries management has been occur-
ring in lowland Amazonia®'. With growing market demand and technological innovation, large-scale commercial
fishing pressure on Amazonian fish stocks has been escalating since the early 1960s?2. This fueled the emergence
of community-based management initiatives, whereby fisherfolk began to restrict access by large commercial
fishing boats into lakes near their communities®. These initiatives, whenever they can be formalized, have been
variously referred to as ‘Fishing Accords’ between subsistence and commercial fishing interests and have had a
strong effect on local fisheries management. In 1993, government agencies legally sanctioned these local agree-
ments as a formal fisheries management tool, which has since become a powerful strategy to prevent overex-
ploitation of important fish species*. Since 1999, such fishing accords, based on a strong social organization
movement, paved the way to the development of a promising community-based management system focused on
the exploitation of arapaima or pirarucii (Arapaima gigas, Arapaimidae), a target species of marked importance
in Amazonian history and prehistory.

Arapaima spp. represents an apex predator in Amazonian fish communities and Earth’s largest scaled freshwa-
ter fish, reaching >3.0m and >220kg (Supplementary Information, Fig. S1). The alpha taxonomy of this mono-
typic genus is poorly understood, and some new Amazonian species may yet be described®. Adult arapaima
exhibit high levels of parental care, protecting its fry at all times, which contributes to its relatively low fecundity?.
Fry-guarding adults produce a mucous secretion, which flows through the water creating a safety net that main-
tains a more cohesive family unit, and reducing natural predation on young?’. Due to its high ecological, eco-
nomic and cultural value, large body size, late maturity, and small brood sizes, Arapaima spp. is highly vulnerable
to overexploitation, and has been driven to local extinction at many localities®®. Surprisingly, however, A. gigas is
currently listed as ‘data deficient’ in the most recent IUCN Red List of Threatened Species.

Here, we provide a quantitative assessment of how CBM can promote the recovery and conservation of ara-
paima, one of the most important tropical freshwater fisheries, while generating both significant income and
economic food security for local livelihoods across Amazonian floodplains. We examine the effects of different
spatial scales of protection (protected lakes within and outside protected areas), community management regime,
distance to nearest markets, and limnological and landscape-scale variables associated with 83 monitored lakes
spread across a ~600-km section of the Jurud River of western Brazilian Amazonia. We further identify the pat-
terns of local perception on arapaima population growth as witnessed across 41 semi-subsistence communities
surveyed over the last 10 years. Finally, we discuss CBM initiatives as a powerful tool for Amazonian floodplain
conservation in decentralizing responsible decision-making over natural resources, while serving the interests of
both biodiversity conservation and local livelihoods.

Methods

Study Landscape and Social Context. This study was carried out at 80 floodplain lakes inside and out-
side (upriver and downriver) of two large contiguous sustainable-use reserves along the middle section of the
Jurud River, the second-largest white-water tributary of the Amazon River (Fig. 1). The ~14,000-km? study land-
scape contains two main forest types: 17.7% of seasonally-flooded (vdrzea) forest along the wide floodplain and
82.3% of upland (terra firme) forest which is rarely if ever inundated®. The wet and dry seasons coincide with
periods of high (January-June) and low floodplain water levels (August-November), with a prolonged flood pulse
often exceeding 10 m in amplitude®.

We note the unusually high level of socio-political organization of the local communities occupying this
region. Over much of the last century, natural latex exploitation by rubber tappers was the dominant economic
activity in central-western Brazilian Amazonia. However, as government subsidies dwindled, rubber extractivists
gradually succumbed to extreme rural poverty. This created a serious need for social self-organization fueling
local demands for sustainable-use forest reserves, where traditional extractive lifestyles were granted communal
territory rights, thereby preventing more predatory forms of land use®'.

In this context, the federally-managed 253,227-hectare Médio Jurud Extractive Reserve (RESEX Médio Jurud)
was created in 1997. Located on the west bank of the river (5°33/54”S, 67°42/47"W; Fig. 1), this reserve is legally
occupied by some 2000 people distributed across 23 villages. This was followed by the creation of the state-managed
632,949-hectare Uacari Sustainable Development Reserve (RDS de Uacari) (5°43'58"S, 67°46/53"W)
where ~1200 people live in 32 villages. In addition to those 45 local communities, we also monitored 14
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Figure 1. Distribution of 87 floodplain lakes sampled across a ~600-km segment of the Jurua River of
western Brazilian Amazonia. White and orange circles indicate lakes inside and outside protected areas,
respectively. Dark-red lines show the boundaries of two contiguous sustainable-use forest reserves, which
amount to a combined area of 886,176 ha. This map was generated in ArcGIS 10.3 (http://www.esri.com).

communities outside these protected areas. The local economy is sustained by fisheries, slash-and-burn cassava
agriculture, and non-timber forest products such as oil seeds and palm fruits.

‘Fishing Accords’.  To ensure food and economic security for rural communities, Fishing Accords in the mid
Jurud region were negotiated between local communities at the two focal reserves, communities outside those
reserves, and the Fishermen Cooperative of Carauari, the nearest town. However, this is the first attempt to eval-
uate the effectiveness of these fishing agreements.

These agreements established three categories of lake resource access during the dry season, when lakes
become discrete geographic features in the landscape: (1) Open-access lakes contain free-for-all resource pools
and remain available for any fishing interests, including commercial fishing boats; (2) Subsistence-use lakes are
designed to supply local subsistence needs and restrict access to only subsistence artisanal fishermen from the
resident community responsible for guarding that lake; and (3) Protected lakes are managed by local communi-
ties primarily as stock recovery and arapaima management sites, and exclude both commercial and subsistence
fishing boats. A floating wooden guard post is usually erected at the main strategic entrance of the lake, thereby
serving as a full-time armed vigilance unit managed by the resident community (Fig. 2). During the arapaima
management season, some of protected lakes are harvested by the resident community for only a brief dry-season
period of up to 5 days per year, according to a previously set proportional harvest quota based on the number of
adult and juvenile arapaima censused at that lake in the previous year.

Annual arapaima counts along the mid Jurua started at several lakes in 2005, whereas lake management was
implemented in 2010 by a partnership between local communities, local associations and government agencies.
Arapaima counts take place during the low-water season at each monitored lake every year, and the census data
are forwarded to IBAMA (Brazilian Natural Resources Agency), which then authorizes a lake-specific harvest
quota of up to 30% of all adults (>1.5m in length) counted, depending on the fish processing requirements of the
resident community and other extenuating factors.

Arapaima counts. Arapaima spp. is an air-breathing fish that is highly adapted to hypoxic and anoxic envi-
ronments?, thereby frequently coming to the surface to breathe air, which facilitates direct sightings and counts
(supplementary video S1). This census method is highly effective, was developed and repeatedly field-tested in
Central Amazonian floodplains, with the specific objective of quantitatively surveying arapaima populations (see
ref. 32 for further details). This census method produces population size estimates that are strongly correlated
with those from mark-recapture abundance estimates®2. Along the Jurud, this technique involved the collab-
orative participation of up to 20 previously trained and highly experienced arapaima fishermen per lake, who
could detect air-breathing arapaima on the lake surface through both visual and acoustic cues. During system-
atic censuses of each lake, each fisherman working collectively sequentially covered a non-overlapping lake area
ranging from 0.2 to 2.0 ha, depending on local constraints such as macrophyte coverage and lake area, to avoid
double-counts.

During census periods, each observer remained silent on the lake margins and counted all arapaima detected
within each census area over multiple 20-min periods (coinciding with the mean observed air-breathing inter-
val at which they become visible), which were synchronized across observers. These counts could distinguish
two main size classes: juveniles (1.0-1.5m in length) and adults (>1.5m in length). In very large lakes, counts
were conducted over more than one census session often taking the whole day, until the entire census had been
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Figure 2. Section of the Rio Jurua floodplain showing the upland (terra firme) forest (dark green area) and
floodplain varzea forest (light green area), containing oxbow lakes and levees . Community-based full-time
surveillance scheme protecting lakes during the dry season is made possible by a wooden floating house placed
at a strategic access point at the mouth of the lake (red squares). Different families in each resident community,
who are often armed with a shotgun, take turns guarding the lake against underhand poachers. Intermediate
inset figure shows details of a protected lake; small inset figure shows a harpoon fisherman in a dugout canoe
harvesting arapaimas.

completed. To preclude any detectability problems due to background noise, arapaima counts were restricted to
favourable weather conditions, which excluded rainy days and strong winds.

Arapaima revenues. For each lake and each family household, we estimated the total revenue derived from
sales of legally harvested arapaima for local communities of the Jurua region. This was based on ~6200 adult
arapaima counted in 2015 at 26 protected lakes. In doing so, we assumed (i) the maximum legally permitted
offtake of 30% of the recently censused adult population (Sept-Oct 2015) at managed lakes; (ii) the average
dressed weight of butchered and clean carcasses ready to be commercialized (71.3 kg per adult); (iii) the mean
market price in the nearest local town (R$ 5.5 = US$2.08 per kg), which is a conservative estimate of market value
but more realistically reflects transaction prices actually paid to floodplain dwellers; and (iv) a mean monetary
exchange rate of US$1 =R$2.64 (December 2014). We include both subsistence and open-access lakes in these
calculations for comparison, but in practice, arapaima catches from these lakes can be consumed locally or bar-
tered, but cannot be sold to external traders.

Datasets and Variables. To understand the determinants of arapaima population sizes within oxbow lakes,
we examined systematic arapaima census data obtained at 83 lakes located along a ~500-km fluvial distance along
the Rio Jurua (31 protected; 34 subsistence; and 18 open-access lakes; Fig. 1) that had been surveyed at least once
during the dry season of 2013. We also had access to yearly dry-season arapaima count data (2005-2015) from
most of these lakes, obtained by a collaborative institutional partnership, which yielded a total of 269 counts at 77
lakes (mean = 3.49 annual counts per lake).

For the full set of 83 lakes (Dataset 1), we obtained explanatory data on fisheries management history and a
range of landscape variables extracted for each lake using ArcGIS (version 10.2). Predictors of arapaima stock
sizes across those lakes included: Protection area status: if the lake was inside or outside any protected area; Lake
management category: open-access, subsistence, or protected; Lake area: including both open-water and macro-
phyte cover; Distance to nearest community: the true nonlinear path distance on foot or boat used by local users,
which was measured using a GPS; Distance to nearest market: expressed as the nonlinear fluvial travel distance
from the lake entrance to the town of Carauari port; Distance to the river channel: the Euclidean distance between
the lake entrance and the main Jurud river channel; Connectivity: presence of a perennial levee or secondary chan-
nel connecting the lake to any larger water body; and Water geochemistry: ‘black’ or ‘white, defined as the locally
perceived amount of suspended alluvial sediments in the lake water column.

Secondly, for a subset of 43 of the 83 lakes (Dataset 2), we quantified proxies of primary productivity of the
lakes and obtained detailed limnological data based on both field and laboratory measurements of water samples
collected during both the dry (low-water) and wet (high-water) seasons. These included: Depth: maximum lake
depth; Water transparency: estimated using a Secchi disk; Conductivity: measured in uS/cm using a conductivity
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meter; Macrophyte cover: initially mapped in the field and then independently measured using 5-m resolution
RapidEye® images, which we purchased for the entire study area; Phytoplancton biomass: estimated based on both
dry- and wet season water samples and chlorophyll-a measurements using high-performance liquid chromatog-
raphy (HPLC); and Total phosphorus and nitrogen: determined using light absorbance at 882 nm. A more detailed
description of these variables, measurements and hypotheses are presented in Supplementary Table S1.

Local perception surveys. We conducted 63 semi-structured interviews at 41 local extractive communities
containing at least six households. A total of 26 and 15 of these communities were located inside and outside our
two focal protected areas, respectively. Interviewees were selected if they were heads of households who were both
highly experienced arapaima fishermen and had been continuous full-time residents at any given community for
>10 years. During these interviews, we objectively asked about the overall perception of the local arapaima pop-
ulation status (i.e. increasing, decreasing, or stable) in terms of the perceived size of the present population within
one or more lakes that had been frequently visited by local villagers during the dry season, against perceived
background population trends over the last 10 years. The experienced fishermen have been chosen according the
leadership indication, at least one per community.

We also conducted 28 interviews with self-declared formerly illegal arapaima fishers at 13 communities,
12 of which inside the reserves and one outside. These experienced fishers had since abandoned illegal fishing
practices and are currently working with the arapaima management program. They also reported on perceived
socio-economic changes since the onset of the management program. Essentially, we asked about major perceived
changes in local livelihoods after the implementation of CBM. We also assessed the level of importance of any given
response, in terms of its overall relative frequency across all interviews. Each interview lasted up to 15 min, and was
facilitated by the overall experience of resident fishermen in terms of frequent observational exposure to arapaima
populations at community lakes, and fishing effort over at least a decade using harpoons, gillnets, or both.

In this study, we adhere to the full set of legislative and ethical specifications to conduct the research within or
outside Brazilian protected areas, including the way we handled local interviews and conducted arapaima surveys.
Our methods were explicitly carried out in accordance with the formally approved legal guidelines and licensing
requirements as stipulated by the Brazilian Ministry of Science and the Environment (SISBIO license number
45054). We can confirm that all sampling protocols were approved by Brazilian law; and that any data acquisition
activities that may have involved people or third parties were conducted with their explicit and clear-headed con-
sent, once they had been completely informed by native Portuguese speakers about the nature and objectives of
the research. We further declare no conflicts of interest in reporting the results of this research work.

Data Analysis. To understand the local environmental and management determinants of arapaima popula-
tion size, we examined Datasets 1 and 2, using the number of adult and juvenile arapaima estimated from system-
atic counts at each focal floodplain lake as response variables. Dataset 3 was then used to examine the variation in
population size and annualized population growth rates from multiple counts within each lake.

First, we ran generalized linear models (GLMs) to examine the variation in recent (2013) counts within the
full set of 83 lakes (dataset 1) as a function of all potential predictors. Second, we performed GLM:s to examine the
variation in arapaima population size within the subset of 43 lakes for which limnological data, including proxies
of productivity, were available (dataset 2). Our patch metrics, lake management, and limnological fixed effects
are listed above for these datasets. Although arapaima population sizes should scale to lake area, we opted to
retain this variable as a fixed effect, rather than as an offset measure, because both census detectability and habitat
suitability within lakes were likely highly variable. However, because ecological studies using count data are often
affected by overdispersion, a quasi-poisson and negative binomial distribution are often used>>. We used the latter
because the variance-mean relationship provided a better fit.

Third, we used generalized linear mixed models (GLMMs) and a negative binomial error structure to examine
variation in all 269 yearly arapaima counts (2005-2015) considering the same set of predictors, but nesting pop-
ulation counts within the 77 lakes surveyed at least twice (range = 2-8 yearly counts), with lake identity defined
as a random factor. Fourth, we examine the variation in annualized population growth rates (Gy) within and
across lakes by calculating percentage changes in population sizes between any two consecutive dry-season

(Yr - Yrp)
counts (including both adults and juveniles) within the same lake| G, = Y”Niloo , which did not necessarily
yrs
take place in consecutive years. This yielded 186 positive or negative Gy estimates (% yr—') across 71 lakes
exploited by 26 local communities.

We first selected the most parsimonious random intercept structure by identifying the model with the low-
est Akaike Information Criterion corrected for small sample size (AICc) with all fixed effects added?!. AAICc
is calculated as the difference between the AICc of each model and the lowest AICc, with AAICc <2 inter-
preted as substantial support that the model belongs to the set of best models. Akaike weights give the probability
that a model is the best model, given the data and the set of candidate models®**. Models were fit with Imer in
the Ime4 package and every model combination examined with the MuMIn package® within the R platform
(R Development Core Team 2015). When comparing models that varied in their random effects but not fixed
effects, models were fit using restricted maximum likelihood (REML). Finally, we calculated the hierarchical
partitioning of each explanatory variable.

Because arapaimas exhibit seasonal movements during the flood pulse (JVCS and CAP, unpubl. data), it is
possible that population sizes could be homogenized through source-sink dynamics across lakes near one another
regardless of their prevailing local management history. We therefore examined the spatial structure of the data
across all 83 lakes (yielding 3,160 pairwise Euclidian distances between any two lakes; mean =73.6 +55.6 km;
range = 1.3-223.3 km) to investigate the degree to which lakes could be considered as spatially independent.
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Figure 3. Spatial distribution of protected (green circles), subsistence (yellow circles) and open-access lakes
(red circles) along a ~500-km section of the Rio Jurud, Western Brazilian Amazon. Symbol sizes are scaled
according to the 2013 arapaima annual population counts. Background elevation map of the study region shows
a colour gradient from higher (dark grey) to lower terrain (light grey), with varzea floodplains and oxbow lakes
shown in very light grey. This map was generated in ArcGIS 10.3 (http://www.esri.com).

However, there were no differences in model fits between whether or not we included the geospatial structure
of the data (expressed as the x, y centroids of lake localities) as additional terms in spatial autoregressive models
explaining arapaima stock sizes within lakes based on key environmental and management predictors (x?* likeli-
hood ratio test, P=0.15). In addition, stock sizes in open-access lakes were unrelated to physical distances to the
nearest protected lake (R? < 0.001, P=0.966). We therefore decided to interpret, rather than formally incorporate,
large-scale spatial effects in any subsequent analyses.

Results

Population responses to community management. There was a dramatic positive response of local
arapaima populations to community-based lake management regime (Figs 3 and 4). Lake protection status,
as enforced by local communities, explained 71.2% of the variation in population sizes in dataset 1 and 66.8%
in dataset 2. Population size estimates were significantly different between the three lake management classes
(p <0.001), and averaged over three orders of magnitude from 304.8 (£332.46, N=31) individuals in protected
lakes to 34.1 (£24.4, N=34) and 9.2 (9.8, N=18) individuals in subsistence and open-access lakes, respectively
(Supplementary Fig. S2). This becomes even more striking considering that open-access lakes were much larger
(222.5£172.1 ha, N=18) than protected lakes (126.5+117.4 ha, N=31), resulting in a mean arapaima popu-
lation density 131-fold higher in the latter (open-access lakes: 0.002 ind. ha™!; protected lakes: 0.294 ind. ha™?).
Whether or not a lake was formally within or outside protected areas was not a significant predictor of arapaima
stock sizes (Supplementary Fig. S2).

Lake management class also induced marked differences in the relative abundance of both adults and juve-
niles (ANOVA, F;5,=14.6, P < 0.001). In protected lakes, there were no numerical differences between these age
classes, with adults representing an average ratio of 53.4% (£3.7%) of all individuals (162.9 & 170.3 adults vs.
141.9 4 171.6 juveniles). In contrast, subsistence lakes were proportionally dominated by juveniles (71.6 £ 3.3%),
with mean counts of 9.4 (£10.7) adults and 24.7 (£19.23) juveniles (Supplementary Fig. S3), almost certainly
because the persistent year-round harvesting in those lakes selectively targeted adults, whereas live captures of
juveniles (<1.5m in length) were always released.

Positive growth rates were widespread in arapaima populations in both protected and subsistence lakes fol-
lowing the onset of community-based management (Supplementary Fig. S4). Annualized population growth
rates across lakes of different management categories (subjected to at least two annual counts) were negative for
seven open-access lakes (median = —7.1%, N=21 Gy estimates), but invariably positive for all 41 subsistence
(22.7%, N =125) and 29 protected lakes (34.6%, N = 123). In exceptional cases, arapaima stocks from one year
to the next grew five to eight-fold in subsistence lakes, and five to 16-fold in protected lakes. Comparing the
first and last years of management at each lake, population sizes increased by 213.3% in protected lakes (mean
interval =5.4+2.5 yrs, N=29) and 193.5% in subsistence lakes (3.9 £ 2.0 yrs, N=41), but declined or remained
at persistently low numbers at open-access lakes. For example, the very small Year, populations recorded at
open-access lakes (range 0-24 ind.), which were surveyed over three consecutive years (2013-2015), declined
even further or remained unchanged (median change = —11.1%), except for two lakes (Lago Santo Anténio and
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Figure 4. Arapaima population size as a function of floodplain lake area for protected, subsistence and
open-access lakes. These relationships were broken down into two main categories of lake water geochemistry,
black- and white-water lakes. Intercepts (but not slopes) are significantly different across lake management
classes. Slopes are significantly different between black- and white-water protected lakes, with population sizes
expanding with lake area much faster in the latter.
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Figure 5. Coefficient estimates (=95% confidence intervals) showing the magnitude and direction of effects
of different local and landscape scale variables on arapaima stock sizes and population growth rates within
floodplain lakes of Western Brazilian Amazonia. Arapaima stock sizes were modelled with (A) generalized
linear models (GLMs) using a set of 83 lakes censused in the dry-season of 2013; (B) GLMs for a subset of 43
lakes where detailed limnological and lake productivity variables were also quantified; and (C) generalized
linear mixed models (GLMMs) for a subset of 77 lakes for which 269 annual counts (2005-2015) were available.
‘Time’ in panel C interaction terms refers to recovery time or the number of years since the onset of sustainable
management at any given lake. Explanatory variables were standardized prior to analyses.

Lago Baliera) whose initially small stocks more than trebled, perhaps showing some signs of source-sink demo-
graphic subsidies from neighbouring protected and subsistence lakes.

Local management, landscape and limnological effects. Whether we considered (i) all 83 lakes
where at least a single arapaima count was available for the same dry season (2013), (ii) the 77 lakes subjected
to at least two annual counts, or (iii) the smaller subset of 43 lakes for which limnological data were available,
community-enforced mode of lake access always explained the most amount of variance in stock sizes and popu-
lation growth rates (Fig. 5A-C), with protected lakes always containing the largest or fastest growing populations,
followed by subsistence lakes. As expected, although lake area was a significant positive predictor of stock sizes,
its effect was consistently smaller than that of lake management class. Recovery time (years) was a significant pos-
itive predictor of stock sizes for those lakes counted over more than one year, with high growth rates for protected
lakes showing no evidence of slowing down (Supplementary Fig. S4). Nonlinear walking distance to the nearest
local community had a significant negative effect on population growth rates (Fig. 5B and Supplementary Fig. S5),
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Figure 6. Local perceptions on arapaima population trajectories based on semi-structured interviews
with experienced arapaima fishermen. Red and green circles indicate communities (and community lakes)
for which local informants reported either a decline or an increase in arapaima population sizes over the last
decade, respectively. Yellow circles indicate stable populations that have not appreciably changed over time.
Yellow lines represent the boundaries of the two contiguous sustainable-use forest reserves, which may or may
not contain lakes referred to during interviews. This map was generated in ArcGIS 10.3 (http://www.esri.com).

presumably because protection measures were inherently more effective at lakes in close proximity to a village,
provided residents remained vigilant to enforce widely agreed community rules in light of Fishing Accords. None
of the limnological variables were important predictors of population descriptors, except for the proportion of
macrophyte cover which was negatively correlated with stock sizes (r = —0.41). Further model details can be seen
in Supplementary Table S2).

Local perception of stock recovery. Perception surveys with experienced fishermen confirmed the
increasingly evident notion that local arapaima populations have been growing inside but not outside protected
areas. However, at two communities well outside the protected areas, there was unanimous consensus that ara-
paima stocks were also increasing since a community management scheme was established (Fig. 6). This again
lends support to the idea that lake management in itself overrides the wider effects of protected area status in
determining arapaima population trajectories. Socioeconomic benefits accrued from population recovery, as
listed by formerly illegal fishermen, were in order of importance: generation of local income, strengthening of
cultural values, growing “pride” in the community, and a more equitable distribution of profits from fisheries
(Supplementary Table S3).

Arapaimarevenues. The bulk of local income benefits accrued from fisheries management was restricted
to protected lakes, with subsistence and open-access lakes flat-lined at virtually zero commercial value (Fig. 7).
Protected lakes could derive total fishing revenues from arapaima stocks averaging US$10,601 [95% CI:
US$5,393, US$15,808] every year, provided that full compliance with management rules takes place and total
allowable catches (TACs) are harvested. However, some exceptionally large white-water lakes could yield as
much as US$52,093 yr~ if the officially sanctioned TAC had been sold. This translates into mean annual reve-
nues per community household of US$1,046.6 [95% CI, US$497, US$1,596], considering the 14.4 + 8.5 families
per community (range = 4-30) that were engaged in arapaima management activities. These family revenues
were positively correlated with the number of years since the onset of the CBM program (r=0.791, P < 0.001).
Arapaima population growth (and potential revenues) scaled strongly to lake area in white-water lakes, but not in
black-water lakes, which appear to be intrinsically less productive in terms of carrying capacity and stock recov-
ery (Fig. 7). White-water lakes on average yielded significantly higher mean revenues (US$1,662.2 & 350.6) than
black-water lakes (US$449.4 + 395.2; P=0.025).

Finally, we used a predictive model to estimate the average recovery time to achieve a stock size of 1000 adult
arapaimas per lake, which could generate a reasonable annual income (~US$44,491) for the resident commu-
nity managing that lake. We used as predictors the size of the lake, the distances to the nearest local commu-
nity and to the main river channel, and the nearest market town. This shows that achieving a stock size of 1000
individuals would take a mean recovery time of only 7.5 to 8.0 years from the onset of the CBM program for
white-water and black-water lakes, respectively, and at most 14 years considering the upper 95% CI of our esti-
mates (Supplementary Fig. S6).
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Figure 7. Gross fishing revenues per local community across three classes of lake resource protection
through community-based management, which were further broken down into two main lake types in
terms of water geochemistry. Slopes for protected lakes are significantly different between black- and white-
water lakes, with arapaima populations in increasingly larger lakes accruing much higher revenues.

Discussion

Even some of the most severely underfunded protected areas can be powerful instruments of tropical biodiversity
conservation®. However, most tropical protected areas are designed on the basis of known terrestrial ecology
guidelines, even if they contain extensive freshwater ecosystems. In Amazonia, the overwhelming majority of pro-
tected areas are designed to protect forest biodiversity, whereas increasingly threatened freshwater biotas remain
highly neglected®. This emphasizes the need to rethink how best to protect freshwater ecosystems, but this is
hindered by severe political resistance to create new, or expand existing, protected areas®. In fact, protected area
policy will likely succumb to serious setbacks in many tropical countries, where existing reserves are being down-
graded, downsized or degazetted®. Given this unfavourable scenario and government suspension of spawning
season closures*!, decentralization of conservation policies and alliances with highly engaged local stakeholders
can become powerful tools™.

Recovery of arapaima fisheries has been suggested within some Amazonian protected areas?"*2. Although
our study reinforces these findings, we further show that CBM initiatives, in which floodplain lakes are the man-
agement unit of interest, can impart even stronger positive outcomes for conservation, even if implemented out-
side the boundaries of formally protected areas. Local stewardship, direct in situ surveillance, full-time presence,
and management of high-value fish stocks were the most important factors in boosting arapaima population
sizes across a wide range of lakes. Proximity to the nearest community was a key proxy of effective protection,
largely because community management rules and de facto exclusion of competing resource users cannot be eas-
ily enforced in more remote lakes. Moreover, arapaima represents an umbrella species in floodplain lakes, so that
protecting their stocks brings about collateral benefits to other important taxonomic groups, such as freshwater
turtles** and caimans (JVCS and CAP, unpubl. data).

Although arapaima populations in subsistence lakes are not fully protected, these lakes are in theory closed
to commercial fishing boats. This resulted in a much reduced and more size-selective ofttake, with live catches
of smaller individuals released back into the lakes. This explains both the intermediate arapaima population size
compared to either open-access or protected lakes, and the high number of juveniles. In fact, subsistence lakes
likely serve a critical role in juvenile recruitment, and ensure largely exclusive access to highly-selective artisanal
fisheries targeting large populations of smaller-bodied detritivore and frugivore fish, which provide the mainstay
of animal protein for Amazonian floodplain dwellers®..

Although protected area context has been shown to be imperative to ensure arapaima stock recovery else-
where?2, and remains an important overarching scale of protection, we argue that the Jurua sustainable-use
reserves were not only important in protecting harvest-sensitive stocks, but also provided more favourable con-
ditions for successful CBM establishment. Community-level socio-political organization and local compliance
are critical determinants of successful resource management*, and these community traits were conspicuously
missing in villages outside protected areas.

Beyond the protected area and CMB effects on arapaima populations, understanding the environmental fac-
tors that govern resource distribution and abundance is critical to the establishment of resource use guidelines*.
First, all other things being equal, larger lakes should be expected to contain larger arapaima populations, and
should be prioritized for management (cf. 45). Distances to the nearest town and to the main river channel could
also important predictors of stock sizes. The mid Jurud town of Carauari serves as a convergence point for an
operational fleet of over 800 variable-sized fishing boats, which largely supply chilled fish to a few wholesale
middlemen who monopolize the regional fish trade. Therefore, harvesting pressure on fish stocks is substantially
higher near the town than at distant sites up- or down-river, for which travel costs are higher, as well documented
in other CBM schemes*. The floodplain distance effect can be explained simply in terms of physical access,
because more remote (and often older) floodplain lakes far from the meandering main channel are rarely visited
by commercial fishing boats.
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Considering the subset of 43 lakes where detailed limnological variables were quantified, macrophyte cover
was an important yet ambiguous predictor of arapaima population size. The habitat heterogeneity created by
macrophytes positively affects aquatic species richness*” — providing shelter, refuge and foraging sites for many
species®— but hinders physical access to gillnet and harpoon fishermen. The macrophyte zone also provides a
critical food supply for juvenile arapaima®, so we expected the coverage of macrophytes and number of arapaima
to covary positively. Surprisingly, however, our data show an inverse relationship, possibly due to a sampling arti-
fact. High levels of macrophyte cover impair counts of arapaima whose detectability is associated with surfacing
in open-water?, thereby super-inflating sampling imprecision. In this study, arapaima population sizes were most
likely underestimated in lakes dominated by large areas of macrophytes.

Water geochemistry also played important roles in arapaima population size as proxies of primary produc-
tivity. Although this effect size was weak, more productive white-water lakes with high phytoplankton biomass
likely supported larger numbers of arapaima. In sum, arapaima populations within dry-season lakes responded
strongly to both human exploitation and some biophysical variables. Therefore, we can identify both top-down
and bottom-up factors affecting populations of an Amazonian harvest-sensitive large-bodied fish, so that large
white-water lakes, particularly those near local communities should be prioritized for local co-management ini-
tiatives both within and outside protected areas.

Arapaima population growth trajectories in protected lakes were a function of time. This is consistent with
the results from Mamiraua Sustainable Development Reserve, Brazil, where the arapaima population increased
nine-fold in eight years?!. We cannot yet estimate the maximum carrying capacity of these lakes, but all protected
subpopulations were still growing, partly fueled by the annual input of alluvial nutrients brought in by the rising
floodwaters, which likely enhances the resilience of exploited animal populations*. An example worth highlight-
ing is the Marari Grande lake (Supplementary Table S4), which had been entirely unprotected and available for
professional fisheries until 2008. Experienced fishers from the nearest community reported that this lake had long
been depleted, and that arapaimas had been locally extirpated. After only 7 years of protection this lake yielded
the largest arapaima population in our study landscape (~2,020 individuals). Like elsewhere in Amazonia?>%,
much of this depletion process was driven by less selective large-scale commercial fishing boats, which come from
far afield to harvest arapaima and other high-value fish from unprotected lakes. The rapid reversal in this situation
resulted from a local initiative to guard the Marari Grande and other protected lakes, which suddenly enforced
the exclusion of professional fishing boats from those lakes.

Throughout our study landscape, experienced fisherfolk have reported that arapaima stocks gradually dwin-
dled to very low numbers during the heyday of commercial fishing boats of the 1980s, to the point of perceived
local extinction from most lakes in the region. However, this predicament was only reversed with the onset of
negotiated fishing closures in both protected and subsistence lakes. This becomes clear when we assessed stock
sizes in open-access lakes, which have been bearing the brunt of overfishing. These free-for-all lakes clearly fall
under a ‘tragedy of the commons’ scenario®’, whereby scramble competition for valuable fish resources accelerate
overexploitation. During the first years of exploiting an open-access lake, the benefits are disproportionately con-
centrated on the few commercial fishermen harvesting that lake, to the detriment of all local users. Over time, the
pressure on harvest-sensitive resources became prohibitively high, so the population eventually collapsed. Fishing
Accords are thus a concrete example of positive communal organization, defining boundaries, and establishing
rules of governance that are instrumental in managing common-pool resources, thereby precluding resource
collapse®. Moreover, such local initiatives can trigger rapid co-benefits in multi-species population recovery in
previously depleted lakes, thus increasing the overall fisheries productivity of both those lakes and the neighbour-
ing waterscape®.

Although arapaima population growth is restricted to managed lakes, the map resulting from local perception
surveys indicates that the recovery is widespread throughout the reserves (Fig. 6), whereas arapaima stocks are
perceived to have bottomed out outside protected areas. This clear perception pattern is largely due to the absence
of widely known protected lakes outside protected areas. However, in the few cases where grassroots management
plans were self-established by communities outside protected areas, the arapaima population has been clearly
showing an early growth trajectory. This can be seen at Lago Grande (Supplementary Table S4), a 294-ha lake
outside the protected areas where the arapaima population increased from ~30 to over 1200 individuals in only
3 years of CBM lake protection.

Yet the degree to which population growth is due to internal recruitment or immigration remains poorly
known. For example, it is inconceivable that a low-fecundity fish population can increase 3900% in only 3 years,
such as in Lago Grande. Rapid stock recovery must therefore be due to both local reproduction and lateral migra-
tion during the high-water season®?, whereby protected lakes likely function as demographic sources. This is
consistent with the long-range movements exhibited by arapaima during the flood pulse. For example, one of
the juveniles we tracked at RDS Uacari using VHF radio-telemetry moved ~30km in a few days (JVCS and CAP,
unpubl. data). A better understanding of seasonal subpopulation movements during floodwaters is critical in
designing a landscape-scale network of protected, semi-protected and unprotected lakes that maximizes fisheries
productivity for all regional stakeholders.

Integrated development strategies that render biodiversity conservation truly compatible with poverty allevi-
ation are still too rhetorical but often elusive®. Locally co-managed arapaima fisheries in Amazonian floodplains
could become an important window of opportunity because this can generate income for thousands of fami-
lies, apparently without significant wider opportunity costs, for example, in depressing fish catches for excluded
commercial stakeholders. Indeed, we show that protected lakes have recently become something analogous to
a high-interest savings account, ensuring an average value of nearly US$10,600, assuming the maximum allow-
able harvest quota of up to 30% of adults and an adequate level of communal organization and compliance.
This rare cash-earning opportunity has also improved the socioeconomic welfare of local communities, enhanc-
ing education and health services. Moreover, resident communities managing protected lakes can count on an
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unprecedented annual windfall payment every year, which enables often prohibitive private or communal invest-
ments, such as house refurbishment and purchase of expensive equipment. In addition to local income and social
welfare, emergency funds can be generated from arapaima sales, which have covered costs of urgent travel and
medical care at nearby urban centers or the state capital (Manaus) in case of serious illness or accidents. This form
of immediate access to health care, often resulting in life-saving interventions, is unavailable from state health
services. In sum, we show that arapaima CBM schemes can become a colossal welfare enhancement opportunity
at relatively low costs. For example, covering all additional expenses for both counting the arapaima population
at alarge lake (>120 ha) each year, and enforcing anti-poaching vigilance at that lake costs only US$700 per year.

Socioeconomic benefits listed in our perception surveys with formerly illegal arapaima fishermen include local
income, more equitable distribution of fisheries profits, and maintenance of cultural integrity. Prior to the man-
agement program, illegal arapaima sales were distributed throughout the annual calendar, rather than accrued as
a lump sum following the collective dry-season offtake. This cash windfall contributes further administrative ben-
efits in terms of village and household scale financial organization, enabling local managers to invest, for example,
in community infrastructure. Fisheries CBM has also been instrumental in propagating traditional knowledge.
Children often help during the fish offtake season, while simultaneously learning about arapaima ecology and
capture techniques. Experienced fishermen also reported that CBM communities now show a stronger “sense of
pride” flowing from the management program, which has been reinforced by positive media coverage dissemi-
nating this success story. All of these direct and collateral benefits have greatly strengthened local empowerment,
providing positive feed-back on the emergence of the management program as a whole®*. Finally, local income
distribution within villages has become significantly more egalitarian following arapaima CBM because everyone
can participate, whereas illegal catches were previously oligopolized by a few highly skilled fishermen.

In recent decades, the Brazilian government, local organizations, local communities, and conservation NGOs
have attempted to develop participatory management strategies with a broad base of local uptake®. One of the
most important features of arapaima CBM in this study is the robust social organization of both small and large
communities, which ensures the dialogue, articulation and partnership among stakeholders at different institu-
tional scales, ensuring that the lake protection system operates properly. The management structure is essentially
communitarian, whereby the resident community coupled with other lake users define the rules of engagement
and use of that environment, so that the spatial patterns of resource access are defined at both individual and col-
lective levels. Moreover, CBM becomes more robust with the adhesion of additional partners because of higher
financial benefits, stronger self-monitoring of management effectiveness, and greater collective vigilance in terms
of formal or informal law compliance. We also note the strong participation of grassroots institutions, including
reserve resident cooperatives and associations of rural producers, which were erected by community members
themselves. This ensures that decision-making is in fact in the hands of local communities that were hitherto
disenfranchised and had no political voice. This further empowers local resource-users to co-adapt and fine-tune
management guidelines according to local culture, which is critical to the success of conservation interventions®®.

However, the long-term viability of Arapaima CBM will depend on a number of externalities. Legal trade of
sustainably harvested fish requires producers to meet a number of sanitary preconditions stipulated by Brazilian
health authorities. This demands minimum processing equipment and infrastructure, which most local commu-
nities do not yet have. These historically deprived communities have so far been isolated from public policies, so
meeting even minimum certification standards will clearly require catalysis from government subsidies.

But perhaps the most important incidental challenge to be considered is the likely urban market saturation
from many competing arapaima management initiatives at several Amazonian river basins, which would consid-
erably increase supply but depress market prices. Moreover, illegal fishing also remains a significant competitive
threat®, because offtakes from unknown sources are delivered to consumers in large amounts at substantially
lower cost. A third wildcard threat to sustainable arapaima management comes from aquaculture in that many
Amazonian fish farms are now beginning to produce captive-bred arapaima for local and regional markets®.
Understanding these market bottlenecks will be vital for the continuity of successful community-based wild
fish management. In doing so, government agencies, NGOs and other stakeholders should consider the nuances
of trade chains to enhance market conditions for novice CBM traders. Managing wild arapaima populations
remains a highly promising conservation opportunity, but maintaining economically viable CBM in the long term
will critically depend on solving these challenges.

Arapaima, a paradigm “fish of change”. Local Fishing Accords are not new, as they have been estab-
lished at several Amazonian sites for nearly four decades, although the outcomes have been elusive®. However,
arapaima fisheries have profoundly changed the concept of local fishing agreements. This fishery and its associ-
ated value reinforces the justification of protecting lakes, and allocating much community time and endeavor to
this end.

Undoubtedly, arapaima management is a rare window of opportunity to harmonize the often incompatible
goals of sustainable resource management and poverty alleviation. All similar efforts across the Amazon are
also showing positive results*"*2. This is significant because these local communities rarely have any alternative
cash-earning opportunities. Arapaima management can thus positively empower local communities, and fish-
ing agreements can be instrumental in the sustainable management of aquatic resources in tropical floodplains,
thereby serving as an excellent stratagem to recruit allies with full-time physical presence in protecting these
threatened environments. Yet, there is not enough federal and state government investment in Brazil—in terms
of information transfer, technical input and trade subsidies—to catalyze the initiation and consolidate similar
CBM programs despite widespread popular demand. Finally, we emphasize that fishing agreements alone are not
a panacea and cannot substitute the creation of large protected areas, because these also ensure the continuity of
many complex ecological processes that sustain baseline resource productivity®.
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Connectivity is regarded as vital in conservation planning but the whereabouts of remaining wildlife cor-
ridors and dispersal areas in most tropical countries are poorly documented. With local experts, we com-
piled an annotated list of the most important wildlife corridors remaining on mainland Tanzania,
information on the status of each corridor, wildlife using these corridors, and threats to them. We discov-
ered that the concept of a wildlife corridor differs greatly between different people working in the same
country, so we divided these into five working categories. The most common categories were those iden-
tified by known movements of animals between two protected areas, or simply proposed connections
between important habitats. In Tanzania, the majority of documented corridors now seem to be in a crit-
ical condition, that is, they may have less than 5 years remaining before they disappear, judging by cur-
rent rates of land use change. Five corridors are in extreme condition and could disappear within 2 years
unless immediate action is taken. These pressing problems — and our experience in Tanzania - indicate
that surveys of remaining wildlife corridors may need urgent documentation in other countries too and
that collators should maintain loose definitions of corridors, accept data of variable quality and give infor-
mation to authorities as soon as possible in order to maximize the chances of saving these conservation
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1. Introduction

Terrestrial wildlife corridors are usually defined in two ways,
either functionally as an area used by animals to pass from one
‘habitat patch’ to another; or structurally, as an area that connects
two patches of suitable habitat by passing through a matrix of
unsuitable habitat (Hilty et al., 2006). Wildlife corridors may be
important for five reasons. (i) If an animal or plant population de-
clines to a low level or becomes extinct in one area or habitat
patch, individuals from another patch can immigrate and rescue
that population from local extinction. (ii) If a small population is
isolated, it can lose genetic variation over the long term and suffer
from inbreeding. A corridor allows immigrants to import new ge-
netic material into isolated populations. (iii) A corridor increases
the area and diversity of habitats over and above the area of the
two habitat patches that it connects. (iv) If the habitat of one area
becomes unsuitable (e.g., because of climate change), organisms
(both plants and animals) can move along corridors to reach more
suitable habitat, and in a sense be ‘rescued’. (v) Some protected
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areas do not encompass the range of ecosystem requirements
needed by certain species. Migrating species, for example, move
outside and/or between protected areas and may use corridors
for this purpose (Dobson et al., 1999; Crooks and Sanjayan, 2006).

While conservation scientists recognize the importance of con-
nectivity for wildlife (Beier and Noss, 1998), specific information
on major nationally important wildlife corridors is often widely
dispersed because knowledge resides with research scientists, pro-
tected area managers and local people who have little contact with
each other. It is therefore very difficult for central government
authorities to gain a comprehensive picture of wildlife corridors
to formulate and prioritize policies (Sanderson et al., 2006).

In Tanzania, a megadiversity tropical country (Mittermeier
et al., 2003), many protected areas are rapidly becoming isolated
(Newmark, 2008). The reasons behind this include a growing hu-
man population and concomitant land use shifts towards agricul-
ture, infrastructure, and settlement in previously unpopulated
areas. Yet at the same time, people depend increasingly on pro-
tected areas for the ecosystem services that they provide (e.g.,
clean and abundant water for domestic, agricultural and industrial
use, hydroelectricity) and are benefiting from revenue generated
by protected area tourism. Since the opportunities for establishing,
maintaining or managing corridors between protected areas are
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rapidly diminishing, and information on remaining wildlife corri-
dors is being lost as historical animal movements are forgotten,
we tried to document remaining corridors using expert opinion
and grey literature. This exercise resembles Noss and Daly’s
(2006) “seat of the pants approach” which uses intuitive and
opportunistic methods of assessment, based on subjective best
guesses, existing knowledge or expert opinion. Specifically, we
set out to compile a comprehensive list of all the remaining wild-
life corridors in Tanzania to highlight the challenges and opportu-
nities faced in connecting protected areas across the country (Jones
et al., 2009). In so doing, we uncovered a number of salutary points
that pertain to identifying corridors at a national scale, and which
should therefore be of interest to others embarking on such large
scale analyses.

2. Methods

We introduced the idea of collecting information on wildlife
corridors to attendees of the December 2007 Tanzania Wildlife Re-
search Institute Conference in Arusha, Tanzania. Email requests
were also sent out opportunistically to government officers, uni-
versity research scientists, NGO personnel and conservation area
managers across the country for information on the location, sta-
tus, use and threats to each corridor. We expanded our list of con-
tacts (and corridors) as information accumulated. In the few
situations in which we received no response we went to grey liter-
ature. On the basis of these reports, we subjectively classified cor-
ridors into Extreme denoting probably less than 2 years remaining;
Critical, probably less than 5 years remaining; and Moderate, less
than 20 years remaining.

3. Results
3.1. Types of wildlife corridor in Tanzania

We found that wildlife corridors are discussed in five different
ways by wildlife managers, scientists and interested parties in Tan-
zania; these probably apply in other tropical countries too. We
placed each corridor described from mainland Tanzania into one
of these categories (Jones et al., 2009), and the criteria are eluci-
dated below and in Table 1.

A. Unconfirmed corridors. These are the most poorly documented
type of corridor. They consist of two sub-categories: (a) known his-
torical migration routes of particular species, usually elephants
Loxodonta africana, where it is unclear if these routes are still in
use or (b) the shortest distance between two protected areas across
which animals could travel. In contrast to the next two categories,
current land use is not taken into account.

B. Uncultivated lands between protected areas without documen-
tation on animal movement. These are usually patches of natural
vegetation that lie between two protected areas, or sometimes a
string of lightly protected forest reserves or wildlife management
areas (see Caro et al., 2009) between larger protected areas. For al-
most all such corridors, it is not known whether any population

Table 1
Requisite information to categorise types of corridors described in this study.

actually uses them to move between the protected areas. Further-
more, habitat suitability and population sizes of species living in
these corridors are unknown. Such corridors may, however, be
essential in the future if habitat in one of the protected areas be-
comes modified and/or unsuitable, for example through climate
change, oil exploration or mining. These areas may also be very
important for wildlife already, e.g., forest-dwelling birds that will
not cross open spaces (Newmark, 2006), but this is not yet
documented.

C. Continuous or semi-continuous uncultivated land between pro-
tected areas with anecdotal information on animal movements. These
consist of uncultivated patches or networks of one or more forest
reserves that lie between two larger protected areas. Additionally
one or more species are believed to move through them, although
there are no systematic observations. In Tanzania, this type of cor-
ridor often focuses on elephant movements.

D. Known animal movement routes between two protected areas.
Irrespective of habitat (and therefore in contrast to C), documented
movements of large animals, usually elephants, across a habitat
that connects two protected areas; the habitat may be legally pro-
tected, or agricultural land, or both. Information is obtained from
transect surveys or by radio telemetry as reported in the conven-
tional or grey literature, or by personal communication in the case
of ongoing unpublished research.

E. Potential connectivity of important habitats. Formally proposed
corridor areas linking fragmented or threatened habitat patches
that contain endangered species as specified by an NGO or govern-
ment agency. A lack of cultivation between patches, usually high-
land forest, is often a key factor in corridor identification (in
contrast to A (b)). Management of such corridors may involve for-
est restoration projects.

3.2. Characteristics of wildlife corridors in Tanzania

We documented a total of thirty-one wildlife corridors (Table 2
and Fig. 1). Their location was somewhat biased towards places
where research has been more concentrated, hence there were a
number in the Eastern Arc Mountains and the northern savannas.
We found that 16.1% were type A (unconfirmed), 3.2% were type
B (land connection), 12.9% were type C (land connection plus
movements), 41.9% were type D (known routes) and 25.8% were
type E (proposed). Five were classified as in extreme condition,
18 as critical and eight as in moderate condition.

4. Discussion

This compilation of all the major wildlife corridors in a tropical
country, Tanzania, highlights three issues. First, the concept of a
wildlife corridor differs greatly between different people and it in-
cludes shortest routes, only remaining routes, routes based on ex-
pert knowledge of certain species, and observations of animal sign.
This parallels Noss and Daly’s (2006) discussion of the ways in
which corridors are identified in the real world. They highlighted
the following methods: (i) the most direct logical route between

Type of corridor Requires information on

Requires anecdotal information on

Requires systematic information on Formally proposed by

wildlife habitat animal movements animal movements agency
A. Unconfirmed X
B. Land connection X
C. Land connection plus X X
movements
D. Known routes X X
E. Proposed X X
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Fig. 1. Summary map of locations of wildlife corridors in mainland Tanzania.

core areas, (ii) the only remaining routes in highly modified land-
scapes, (iii) routes that incorporate sites of conservation interest,
(iv) routes based on expert knowledge of particular species, and
(v) combinations of expert-based approaches that incorporate sev-
eral species’ movements, conservation opportunities, landscape
data, and consideration of ecological processes. Our categories lean
heavily on their approaches (i) and (iv) but also include (ii), e.g.,
Manyara-Ngorongoro, and (v), e.g., several highland forest corri-
dors. Our exercise also includes their empirical approaches that
rely on animal presence, movements and signs, and occasionally
radio telemetry but do not yet involve modeling techniques such
as least-cost path analysis or routes based on spatially explicit pop-
ulation modeling. Such methods may, however, be employed as
specific corridor management strategies are developed. Our main
message is that using several locally relevant definitions of what
constitutes a corridor is very helpful; for example, elephant
movements were an important component in the Tanzanian
context.

Second, we found that most corridors in Tanzania are in the cat-
egory of known animal movement routes between two protected
areas (type D), or are proposed connections of important habitats
(type E); in Tanzania, the latter being dominated by proposals in
the Eastern Arc and Southern Highlands chain of mountains. Aside
from proposed corridors, most descriptions of connectivity in this
relatively well-surveyed tropical country are based on known ani-
mal movement routes. These movements, however, derive from
anecdotal observations rather than systematic monitoring of indi-
vidually-known animals. Indeed, there are few instances where
radio telemetry been used to follow species (such as elephants) be-
tween protected areas. Moreover, well established modeling and
GIS methodologies used to establish connectivity in other areas
of the world (e.g., Carroll, 2006) are only in their infancy in Tanza-
nia. This may well be true in other tropical nations too, but we
maintain that lack of systematic evidence about corridors does
not matter when opportunities for habitat connectivity are being
lost at such a fast pace.



2810 T. Caro et al./Biological Conservation 142 (2009) 2807-2811

Table 2

Summary table of important corridors in mainland Tanzania.®

Corridor No.? Region(s) Type®© Urgency
Bujingijila (Mt. Rungwe-Livingstone) 1 Mbeya E Critical
Burigi-Akagera (Rwanda) 2 Kagera B Critical
Burigi-Moyowosi/Kigosi 3 Kagera, Shinyanga, Kigoma C Critical
Gombe-Kwitanga 4 Kigoma E Critical
Gombe-Mukungu-Rukamabasi 5 Kigoma B) Critical
Greater Gombe Ecosystem-Masito-Ugalla 6 Kigoma D Moderate
Igando-Igawa 7 Iringa D Critical
Katavi-Mahale 8 Rukwa, Kigoma C Moderate
Katavi-Rungwa 9 Rukwa, Mbeya, Iringa D Critical
Kilimanjaro-Amboseli (Kenya) (Kitendeni) 10 Kilimanjaro, Arusha B Critical
Loazi-Kalambo 11 Rukwa D Extreme
Loazi-Lwafi 12 Rukwa D Moderate
Manyara Ranch-Lake Natron 13 Manyara D Extreme
Manyara-Ngorongoro (upper Kitete/Selela) 14 Arusha, Manyara C Critical
Muhezi-Swaga Swaga 15 Dodoma D Moderate
Selous-Niassa (Mozambique) 16 Ruvuma D Moderate
Tarangire-Makuyuni (Makuyuni) 17 Manyara D Moderate
Tarangire-Mkungunero/Kimotorok 18 Manyara D Critical
Tarangire-Simanjiro Plains 19 Manyara, Arusha D Critical
Tarangire-Manyara (Kwakuchinja) 20 Manyara C Critical
Udzungwa-Mikumi 21 Morogoro D Critical
Udzungwa-Ruaha 22 Iringa D Extreme
Udzungwa-Selous 23 Iringa, Morogoro E Critical
Uzungwa Scarp-Kilombero NR (Mngeta) 24 Iringa, Morogoro E Critical
Uluguru North-South 25 Morogoro E Critical
Usambaras, East (Derema) 26 Tanga E Critical
Usambaras, West 27 Tanga A Moderate
Wami Mbiki-Handeni/ Southern Masai Steppe 28 Morogoro, Tanga A Critical
Wami Mbiki-Jukumu/Gonabis/Northern Selous 29 Morogoro A Extreme
Wami Mbiki-Mikumi 30 Morogoro A Extreme
Wami Mbiki-Saadani 31 Morogoro A Extreme

2 See Jones et al. (2009) for full bibliography.
> Numbers refer to Fig. 1.

€ A, unconfirmed corridor; B, uncultivated lands between protected areas without documentation on animal movement; C, continuous or semi-continuous uncultivate land
between protected areas with anecdotal information on animal movements; D, known animal movement routes between two protected areas; and E, potential connectivity

of important habitats.

Our third finding pertains specifically to Tanzania. Alarmingly,
we discovered that the majority of documented corridors in the
country are in poor condition, and many are critical, meaning that
they may have less than five years remaining (up to the year 2013)
before they disappear, judging on current rates of habitat change.
Annual human population growth rates in Tanzania are high and
significantly higher in wards <5 km from protected areas (C. Packer,
pers. comm.); and, compared to forest losses in eight other east and
southern African nations (surface area of forest lost as proportion
of total area of country) between 1990 and 2005, Tanzania
matched Zimbabwe in suffering the worst losses (http://www/
fao.org/forestry/32185/en/). Based on reports and authors’ visits,
five Tanzanian corridors are in an extreme condition and will dis-
appear within an estimated two years without intervention. These
are the Loazi-Lwafi corridor, the Ngorongoro-Manyara corridor,
the Udzungwa-Selous corridor(s), the Wami Mbiki-Mikumi corri-
dor, and the Wami Mbiki-Saadani corridor (Fig. 1). Most corridors
are being destroyed by rapid agricultural expansion, increased
bushmeat trade and road building, and poor governance. Unless
action is taken to manage these activities in a way that considers
both human and wildlife needs, human-wildlife conflict will in-
crease and Tanzania’s protected areas will become geographically
and genetically isolated islands. This will have serious economic
and environmental implications for the next generation of Tanza-
nians. Tanzanian authorities recognize these constraints and wel-
comed the Jones et al. (2009) report to the extent of sending a
copy to the Office of the President.

Our general conclusions are that nationwide surveys of this sort
should be conducted immediately in other tropical countries,
regardless of the quality of information on corridors and the diffi-

culties in collating data from a wide array of disparate and hard-to-
contact sources. Second, it is important to maintain loose defini-
tions of corridors in any such compilation, and to present data to
central authorities rapidly given the current pace of land use
change.
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Introduction

Abstract

Measuring how far protected areas (PAs) reduce threats to nature is essential
for effective conservation. This is especially important where a high degree of
threat is coupled with opportunities for increasing conservation investments,
such as in the Brazilian Cerrado. We examined the effectiveness of strictly
protected and multiple-use PAs as well as indigenous lands (ILs) in reducing
conversion in Cerrado from 2002 to 2009 by using matching methods to sam-
ple protected and unprotected sites similarly exposed to pressures. We found
that both types of PAs and ILs experienced lower habitat conversion during
this period than did matched unprotected sites, whether results were anal-
ysed for individual PAs or for PA networks as a whole. Judging from their
matched unprotected sites, strictly PAs had similar levels of baseline conver-
sion to multiple-use PAs, but were more effective at reducing it. This may be
expected as multiple-use PAs are under less restrictive land-use rules. ILs had
a strong effect in reducing conversion, though baseline rates in matched areas
were also high. Our results highlight the usefulness of PAs in the Cerrado and
the value of research that differentiates among PA categories.

past four decades as advances in farming technology en-
abled Cerrado to become Brazil’s main agricultural fron-

Protected areas (PAs) are an important focus of global
conservation efforts, so measuring their effectiveness is
essential for conservation. To achieve this, quantifying
the extent of PAs is important, but it must be comple-
mented by evaluation of their effectiveness in reducing
threats to wild nature (Chape et al. 2005). Such evalua-
tion is especially urgent for ecosystems that are experi-
encing a great level of threat coupled with opportunities
for increasing conservation investments. This is the case
for the Brazilian Cerrado.

A global hotspot of biodiversity (Myers et al. 2000)
that originally covered nearly 2 million km? of Brazil,
the Cerrado biome is a mosaic of savannas, forests, and
grasslands (Sano et al. 2010) with high species richness,
in particular for birds (Silva 1995) and vascular plants
(Ratter et al. 2003). Conversion rates accelerated over the
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tier (Klink & Moreira 2002). By 2002, around 40% of
the biome had been converted, mostly to cultivated pas-
tures and agriculture (Sano et al. 2010). On the other
hand, conservation investments appear to be growing,
with a total grant of US$ 13 million approved by 2010
for the Sustainable Cerrado Initiative (Marinho & Aguil-
lar 2010), and the release of the Action Plan for Prevent-
ing and Controlling Deforestation and Fire in Cerrado—
the operational instrument for Brazil’s target of reducing
Cerrado’s conversion rate by 40% by 2020 (MMA 2011).

One of the main strategies of the Action Plan is to
improve and expand the PA network. However, little
is known about its effectiveness and whether it varies
across PA types. The PA system in the Cerrado is gov-
erned through the Sistema Nacional de Unidades de
Conservacgao (SNUC) (MMA 2003), which classifies them
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as strictly protected areas (SPs), for categories that allow
only the indirect use of natural resources, and multiple-
use protected areas (MUs), for categories aiming to rec-
oncile conservation with sustainable use. An additional
designation that has been shown to contribute to conser-
vation outcomes elsewhere in Brazil (Nepstad et al. 2006)
is indigenous lands (ILs). In 2010 SPs covered roughly
3% of the biome and MUs 5%, whilst ILs covered 4%
(MMA 2011). Despite this variation in PAs objectives in
the Cerrado and elsewhere, studies that compare effec-
tiveness across PA types are scarce (Nelson & Chomitz
2011; Nolte et al. 2013; Pfaff et al. 2013).

Recent improvements in measuring PA effectiveness
through the use of matching methods provide an op-
portunity to address this gap. These involve comparing
PAs with unprotected areas that have similar characteris-
tics that could affect their exposure to pressures, such as
soil quality and proximity to infrastructure (Joppa & Pfaft
2009). Failing to control for these characteristics can pro-
vide misleading results, as PAs are often located in areas
where pressures are relatively low (Joppa & Pfaff 2009).
Matching has increasingly been applied in conservation-
related research (Costello et al. 2008; Morgan-Brown et
al. 2010), with recent matching studies quantifying PA
effectiveness in Costa Rica (Andam et al. 2008), Sumatra
(Gaveau et al. 2009) and the Amazon (Nolte et al. 2013),
as well as regionally and globally (Joppa & Pfaff 2011;
Nelson & Chomitz 2011).

However, to date no such studies have examined PA
effectiveness in the Cerrado, or in other savanna biomes.
Here we apply matching methods to explore whether
habitat conversion is lower inside Cerrado PAs than in
comparable unprotected areas, and whether effectiveness
levels vary among PA types.

Methods

The fact that conversion in Cerrado is not distributed ho-
mogeneously throughout the landscape (Figure 1) indi-
cates that pressures are spatially varied. In order to mea-
sure PA effectiveness whilst controlling for this spatial
variation, we used the study design detailed later.

Outcome variable

Our outcome was a binary score indicating whether a
given area was converted between 2002 and 2009 accord-
ing to conversion data from the Integrated Warning De-
forestation System (SIAD) (LAPIG 2012). SIAD data are
generated using MODIS satellite imagery, with a vegeta-
tion change threshold of 15% followed by visual inspec-
tion using higher resolution imagery (Landsat TM and
CBERS CCD) to help separate conversion events from

Protected area effectiveness in Cerrado

0 200 km

L1
- Strictly protected areas
| |Multiple-use protected areas

- Converted
D Indigenous lands

Figure 1 Spatial distribution of conversion and protection of the Cerrado
biome. Top left (a) shows its location among other biomes in Brazil, and its
conversion by 2002. The main map (b) shows conversion during the study
period (2002-2009), and the location of protected areas sampled for this
study (169).

vegetation changes caused by seasonal droughts (Rocha
etal. 2011). A validation study based on field inspections
and using a threshold of 30% found that SIAD data had a
79% success rate in detecting conversion, with 21 % mis-
classification due to the effects of seasonal droughts and
fire (Ferreira et al. 2009).

Protected areas

We included all PA types in the Brazilian SNUC legis-
lation (henceforth SNUC PAs) and ILs. We considered
SNUC PAs separately from ILs, as they are governed by
different legislation. SNUC PAs were subset into SPs and
MUs, which comprise 5 and 7 SNUC categories, respec-
tively, with varying levels of restrictions on land use and
a wide range of management objectives. In the interna-
tional classification (Dudley 2008), SPs and MUs corre-
spond broadly to IUCN categories I-IV and V-VI, with
ILs classed as a governance type that can span any IUCN
category. We used PA boundaries data provided by the
Brazilian database (MMA 2012), and downloaded from
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the STAD database (LAPIG 2012). We were unable to in-
clude private reserves as they are not yet mapped.

Sampling design

In a Geographical Information System we created a grid
of 250 x 250 m cells covering the officially recognized ex-
tent of the Cerrado (IBGE 2012) and a points layer cor-
responding to the center of each cell. In our sample we
used only those points that intersected native vegetation
remnants present in the 2002 land-cover data (Sano et al.
2010). These points were then identified as being in PAs,
ILs, buffers, or control samples, as described later.

PA or IL sample

We included all points that intersected SNUC PAs
(1,137,972) and ILs (1,202,068) designated before 2002.
Points that fell in more than one SNUC PA type were as-
signed to the PA with the strictest protection, for exam-
ple, a point shared by an SP and an MU was assessed as
part of the former only. Where a point fell both within a
SNUC PA and in an IL it was assigned to the SNUC PA. Fi-
nally, we excluded 49 points that fell in overlaps between
PAs of the same category, as these could not be assigned
to a single PA. Our sample included 107 SNUC PAs (62
SPs, 45 MUs) out of 116 designated by 2002, and 62 out
of 67 ILs, leaving out those which had no remnants of na-
tive vegetation in 2002 or where such remnants did not
intersect our sample points. Other studies using match-
ing methods pooled all sample points within a PA net-
work (Andam et al. 2008; Joppa & Pfaff 2011; Nelson &
Chomitz 2011), with the result that larger PAs had more
weight than smaller ones in the overall estimates. Here,
we sampled (and generated a matched, unprotected con-
trol sample for) each PA individually, which allowed us to
analyse not only the network effect, but also the average
effect of individual PAs (by weighting each PA equally)
as well as the variation in PA effectiveness across our
sample.

Buffer sample

In order to test for displacement of conversion from in-
side PAs to their immediate surroundings (i.e., local scale
leakage; Ewers & Rodrigues 2008) we sampled all points
(1,471,059) within 10 km of our PA or IL sample, exclud-
ing any that fell inside other PAs or ILs.

Control sample

We sampled a random set (8,129,688) of those points at
least 10 km away from any PA or IL. This gave us ap-
proximately 7 control points per PA or IL point, as well
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as 5 per buffer point, which was considered adequate for
matching.

Matching variables

As our study included small PAs, we followed the rec-
ommended approach for small sample sizes (Brookhart
et al. 2006) of focusing on matching variables poten-
tially associated with the outcome in question, which
is habitat conversion. Based on knowledge of Cerrado
(Klink & Machado 2005) and previous studies (Andam
et al. 2008; Joppa & Pfaff 2009; Nelson & Chomitz 2011),
these variables were: measures of accessibility (distance
to paved roads and nearest state or federal capital city
(IBGE 2012), complemented by travel time to the near-
est city with population >50,000 (Nelson 2008)); rain-
fall and agricultural suitability (based on features, such
as soil fertility, slope, salinity, and risk of flooding) (IBGE
2012); vegetation type according to Sano et al. (2010) split
into major formations—seasonal deciduous forest, sea-
sonal semi-deciduous forest, dense ombrophilous forest,
open ombrophilous forest, pioneer formations and steppe
savanna—and cerrado physiognomies—florestado, ar-
borizado, parque, and graminio-lenhoso; and elevation
(Reuter et al. 2007).

Matching methods

We used the Matchit package (Ho ef al. 2007), in R en-
vironment x64 2.14.0 (R Core Team 2012), which fits a
logistic generalized linear model where the treatment as-
signment is the response variable, and the matching vari-
ables are the predictors. The predicted values from the
model, termed propensity scores, range from 0 to 1 and
represent the probability that a given site belongs to the
treatment group based on the matching variables. These
values are then used for matching treatment and con-
trol samples with similar propensity scores in order to
improve balance between samples (Rosenbaum & Rubin
1983).

As our minimum matching criterion, we used a caliper
of 0.25 standard deviations of the propensity scores, and
exact matching for agricultural suitability and vegetation
type. Due to the large volume of data, we considered each
combination of vegetation type and agricultural suitabil-
ity in isolation for the largest sets, since matching for
these two variables had to be exact. Some combinations
still included too large a dataset; in these cases, we used a
random sample of 600,000 control points when the con-
trol pool alone was too extensive. When the number of
treatment points was higher than 100,000 we used a sub-
set of the data (600,000 points, 90,000 of which were
treatment) to estimate the coefficients of the generalized
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linear model that defines the propensity scores, and then
estimated the scores for the full dataset. We used a no-
replacement policy (where each control site is matched
to only one treatment) to increase independence in the
control sample (Stuart 2010), and one control per treat-
ment to improve the number of matches.

We were able to match 85.7% of the original SNUC
PA sample to controls that suited the criteria, resulting in
975,661 matched pairs. For our IL sample, we matched
57.4% of the points, resulting in 690,425 pairs. We then
grouped these pairs according to the PA or IL intersected
by the treatment point, resulting in a final sample of
106 SNUC PAs (62 SPs, 44 MUs) and 62 ILs, as for one
PA there were no successful matches. As the number of
matched pairs per PA varied, we created a cohort of 88
SNUC PAs and 50 ILs that included only those with at
least 50% successful matches and 20 matched pairs, and
used this cohort to check the impact of sampling intensity
on our results. For our buffer sample, we matched 95.0%
of the points, resulting in 1,397,620 matched pairs.

Measures of the effect of PAs

Previous studies have quantified the effect of PAs in
reducing threats in different ways (Andam et al. 2008;
Gaveau et al. 2009; Joppa & Pfaff 2011; Nelson & Chomitz
2011); we therefore used a variety of metrics.

Absolute effect

This is the difference between conversion in a control
sample and in its matched PA (so a positive value means
that the PA experienced less conversion than its control
sites). We calculated these metrics for each PA in order
to estimate their individual average effect (where all PAs
had the same weight in the overall results regardless of
their size), in addition to their network effect (where the
result for each PA was weighted by its total area of na-
tive vegetation). We compared the median absolute effect
of each of our groups of PAs (all SNUC PAs combined,
SPs and MUs subsets, and ILs) with zero, and with each
other (SNUC PAs vs. ILs and SPs vs. MUs), using unpaired
Wilcoxon tests. We performed the same comparisons for
network-wide medians (area-weighted) by bootstrapping
(10,000 samples).

Relative effect

This metric complements the information provided by the
absolute effect metric by measuring how far baseline con-
version rates have been changed by protection, thereby
allowing for comparing results with those of regions or
periods of time with different baselines. We calculated
the relative effect of each PA as the difference between

Protected area effectiveness in Cerrado

conversion in a control sample and in its matched PA, di-
vided by conversion in the control sample. We compared
the median relative effect of each of our groups of PAs
(all SNUC PAs combined, SPs and MUs subsets, and ILs)
with zero, and with each other (SNUC PAs vs. ILs and SPs
vs. MUs), using unpaired Wilcoxon tests. We performed
the same comparisons for network-wide medians (area-
weighted) by bootstrapping (10,000 samples).

Pooled relative effect

Because previous papers have measured PA effectiveness
by pooling data across an entire PA network (Andam
et al. 2008; Gaveau et al. 2009; Nelson & Chomitz 2011),
we also calculated the pooled relative effect for each of
our groups of PAs. For each network (all SNUC PAs com-
bined, subsets SPs and MUs, and ILs), we computed the
mean conversion found in the pool of matched control
locations and subtracted it by the mean conversion found
in all matched locations within the network, and divided
the result by the mean conversion found in the pool of
matched controls. This metric differs from our previous
network estimates as it pools all locations within a given
group (protected and controls) rather than keeping the
pairing information of which controls belong to which
PA (which is preserved in the area-weighted median).
To make the comparison with other studies (with differ-
ing baseline conversion rates) meaningful, we expressed
their results as relative effects, using information in the
papers and additional data sent by their authors.

Conversion in buffers versus control areas

We explored the possibility that any effects of PAs may
be offset by displacement of conversion into surround-
ing areas (local leakage) by comparing conversion in a
10 km buffer around PAs or ILs with that in the buffer’s
matched control sample. Because many PAs in Cerrado
are adjacent, there was great overlap between their 10
km buffers. Therefore, we used a pooled sample of points
from all buffers instead of a discrete sample for each
buffer.

Results
Absolute effect of PAs

From 2002 to 2009 SNUC PAs in Cerrado had a pos-
itive absolute etfect overall (Figure 2a, Wilcoxon test,
V =3844, N =106, P < 0.001), and so did each of their
two major subsets—SPs (V = 1431, N = 62, P < 0.001)
and MUs (V = 607, N = 44, P < 0.001). This effect was
generally larger for SPs than for MUs (unpaired Wilcoxon
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Figure 2 Absolute and relative effect of Cerrado protected areas (PAs)
in avoiding conversion from 2002 to 2009. The absolute effect (a and
b) is the difference between conversion in matched unprotected and
protected sites, and the relative effect (c and d) is this difference divided by
conversion in matched unprotected sites (i.e., the percentage of baseline
conversion represented by the absolute effect). Results are shown both
for individual PAs (a and c), and their network (b and d; where effects are
weighted by PAs total area of native vegetation in 2002). PA: N = 106 and
91 (absolute and relative effect, respectively), indigenous land (IL): N = 62
and 59, strictly protected area (SP): N = 62 and 53, multiple-use protected
area (MU): N = 44 and 38.NS =P > 0.1, *P < 0.1, *P < 0.05, **P < 0.01,
P < 0.001, boxes: interquartile range, whiskers: extreme values or 0.5
times the interquartile range, bars: medians. SP and MU are subsets of
PA. Outliers are computed but not drawn.

test, W=1,822, N= 62 and 44, P = 0.003), although con-
version in control sites for the two categories was sim-
ilar (W = 1,352, N = 62 and 44, P = 0.941). ILs also
had a positive effect (Wilcoxon test, V = 1,730, N = 62,
P < 0.001), which was larger than that for SNUC PAs
(unpaired Wilcoxon test, W = 2,023, N = 106 and 62,
P < 0.001). Conversion in IL control sites was also higher
than in those for other PAs (W = 1,962, N = 106 and 62,
P < 0.001).

When analysed at the network level (using area-
weighted medians, Figure 2b), Cerrado SNUC PAs also
had a positive absolute etfect (P < 0.001, 95% CI [0.7,
2.99]), and so did SPs (P < 0.001, 95% CI [1.22, 3.85]).
The network-wide effect of MUs showed a positive trend
(P =0.082, 95% CI [—0.06, 3.08]), due to the great con-
tribution of large MUs with relatively high conversion.

T.Carranza et al.

Overall, there was no difference between SPs and MUs
in their network-wide absolute effect (P = 0.203, 95%
CI [-0.15, 3.83]), or between conversion in their control
sites (P = 0.256, 95% CI [-0.78, 1.31]). ILs also had a
positive absolute network effect (P< 0.001, 95% CI [2.2,
4.87]), which was larger than that for SNUC PAs (P =
0.001, 95% CI [0.45, 3.71]). Conversion in their control
sites was again higher than in those for other PAs (P =
0.04, 95% CI [0.02, 3.03]).

Relative effect of PAs

Examined individually, SNUC PAs in both categories and
ILs had a positive relative effect (Figure 2¢, Wilcoxon test,
all SNUC PAs, V = 3,865, N =91, P < 0.001; SPs, V =
1,431, N = 53, P < 0.001; MUs, V = 591, N = 44,
P =0.001; and ILs, V = 1,745, N = 59, P < 0.001). This
effect was again lower for MUs than for SPs (unpaired
Wilcoxon test, W=1,563, N =53 and 38, P < 0.001), but
it was similar for SNUC PAs and ILs (unpaired Wilcoxon
test, W= 2,568.5, N = 91 and 59, P = 0.625). Note that
some sample sizes are reduced in these analyses as it is not
possible to calculate the relative effect of PAs that have
zero conversion in control sites.

At the network level (using area-weighted medians),
SNUC PAs overall also had a positive relative effect (P <
0.001, 95% CI [84.62, 100.00], Figure 2d), and so did
SPs (P < 0.001, 95% CI [99.95, 100.00]), and ILs (P <
0.001, 95% CI [93.78, 100.00]). The network-wide ef-
fect of MUs showed a positive trend (P = 0.100, 95% CI
[-16.50, 100.00]), due to the contribution of large MUs
with low eftfect, and it was lower than the network-wide
effect of SPs (P < 0.001, 95% CI [19.2, 121.45]). The
network-wide relative effects of ILs and SNUC PAs were
similar (P = 0.329, 99% CI [—2.32, 66.65]).

When we checked the effect of sampling intensity on
our results, we found that repeating all the analyses
above (both for absolute and relative effects) using the
cohort of 138 PAs and ILs with at least 50% of successful
matches and 20 matched pairs did not produce signifi-
cantly different results.

Pooled relative effect of PAs

The pooled relative network-wide effect estimates are il-
lustrated in Figure 2d. These estimates differ somewhat
from the network-wide area-weighted medians, as the
latter preserves the information of which controls be-
long to which PA (whilst the pooled metric ignores such
pairings). The pooled estimates of relative effectiveness of
Cerrado SNUC PAs and ILs (Figure 3) were broadly simi-
lar to those seen in comparable studies for tropical forests.
However, when SPs and MUs were split, SPs tended to
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Figure 3 Relative effect of protected areas in Cerrado in comparison with other studies using matching methods, all of which focus on tropical forests.
Relative effect is the difference in habitat loss (conversion in Cerrado, deforestation in the Amazon, Costa Rica, and Sumatra, and fire incidence in the
regional study) in unprotected and protected sites, divided by that in unprotected sites. Estimates were produced using a sample of sites pooled from
the combined range of a protected area network. PA: protected area, IL: indigenous land, SP: strictly protected area, MU: multiple-use protected area.
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the two as their overall result for PAs.

have larger effects than those reported in other regions,
while the effects of MUs tended to be smaller.

Conversion in buffers vs. control areas

The 10 km buffers surrounding PAs did not appear to ex-
perience higher conversion than did their matched un-
protected sites during the study period (3.0% vs. 3.5%),
showing no evidence of local-scale leakage.

Discussion

Our findings are consistent with those of recent match-
ing studies in tropical forests (Andam et al. 2008; Gaveau
etal. 2009; Nelson & Chomitz 2011; Nolte et al. 201 3; Pfaff
etal. 2013) and a global analysis (Joppa & Pfaff 2011), all
of which found lower deforestation inside PAs than out-
side. This is the first detailed evidence based on match-
ing methods that PAs also reduce habitat conversion in
a tropical savanna biome, and it supports the view that
they play an important role in Cerrado conservation de-
spite varying effectiveness across PAs.

Such variation is often a result of ditferences in their lo-
cation, as this will influence the baseline threat to which
they are compared (Pfaff ef al. 2009). In general agree-
ment with previous findings in the Amazon (Nelson &
Chomitz 2011; Nepstad et al. 2006; Nolte et al. 2013),
Cerrado ILs were located in areas with baseline levels of

Conservation Letters, May/June 2014, 7(3), 216-223  Copyright and Photocopying: ©2013 Wiley Periodicals, Inc.

threat higher than those for SPs and MUs, which pro-
vided the scope for greater absolute effect in terms of
avoided conversion. When comparing SPs and MUs, pre-
vious studies in Latin American tropical forests (Nelson
& Chomitz 2011; Pfaff et al. 2013) found that PAs under
greater land-use restrictions were located in less acces-
sible lands with lower threat, and therefore had lower
effects, although the opposite was found for PAs created
since 2005 in the Amazon (Nolte ef al. 2013).

In contrast, SPs in Cerrado were located in areas with
baseline levels of threat similar to those for MUs, but were
generally more effective. Since their baselines were simi-
lar, this may be expected as MUs are under less restrictive
land-use rules (MMA 2003). This is particularly true in
Cerrado, as most MUs are classed as environmental pro-
tected areas (locally termed APAs), which broadly allow
more land-use change than other MU categories, and are
commonly used for butfering stricter reserves such as Na-
tional Parks (Rylands & Brandon 2005). Given their dif-
ferent objectives, it may be argued that such MUs should
not be compared directly with other PAs in terms of their
effectiveness in slowing conversion, but should be as-
sessed using different scales more appropriate to their ex-
pected outcomes.

Looking at the relative effect reduces the influence
of baseline differences and may highlight other factors
that contribute to variation in PA effectiveness (such as
aspects of management and enforcement, Bruner et al.
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2001; Vanclay 2001). Interestingly, Cerrado PAs were
broadly similar in relative effectiveness to the overall av-
erage for forest PAs in Latin America, even though the
estimates are based on different measures of habitat loss
(deforestation, fire incidence, or conversion). Although
MUs in the Cerrado have lower relative effectiveness than
those in other regions in Latin America, the MU cate-
gories involved are different and may not be comparable
(see earlier, and Nolte et al. 2013).

Based on our findings, conversion avoided by Cer-
rado PAs was not offset by increased conversion in their
immediate surroundings. This apparent absence of lo-
cal leakage is generally consistent with the findings of
other studies using matching methods and a similar 10
km buffer area (Andam et al. 2008; Gaveau et al. 2009).
However, various studies suggest that leakage can in-
volve complex mechanisms with both positive and neg-
ative effects, varying with location and scale (as ex-
tensively reviewed in Pfaff & Robalino 2012); we were
unable to address these issues in this study. Two other
caveats should also be considered. First, we do not eval-
uate how far the extent, location, and connectivity of
Cerrado PAs adequately represent the biome’s impor-
tant habitats (Silva et al. 2006) and threatened species
(N6brega & De Marco 2011; Rodrigues et al. 2004). Also,
we did not explore other threats such as habitat degrada-
tion (e.g., by frequent fires), fragmentation, or spread of
invasive species—all of which are pervasive pressures in
Cerrado (Klink & Machado 2005).

Despite these limitations, our results fill an important
knowledge gap, particularly in the context of conserva-
tion efforts planned for Cerrado (MMA 2011). Further
research incorporating a broader suite of threats would
be an important additional step toward the evaluation of
PA systems in Cerrado and beyond.
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The status of the jaguar in the
Pantanal

The Pantanal is considered an important area for the conservation of jaguars Pan-
thera onca in the long-term. In comparison to other biomes in Brazil, the Pantanal
can be considered still relatively well preserved. According to a recent study, the
original vegetation cover remains intact in 85% of the Pantanal plain. However, in
the uplands of the Upper Paraguay watershed over 50% of the original vegetation
has been altered. This situation is worrisome as this area harbors the headwaters
of the rivers that are responsible for maintaining the wet and dry cycles of the Pan-
tanal. As opposed to previously reported, only ahout 63% of the Pantanal biome is
actually occupied by jaguars. Habitat fragmentation caused by human presence and
intensification of land use is a threat to jaguars in the Pantanal. Other threats include
high levels of retaliation from ranchers due to livestock depredation and the lack of
enforcement by wildlife authorities, illegal hunting tourism activity, pasture manage-
ment through the use of annual fires, and the mining industry. The first estimate of a
jaguar population in Brazil was conducted in the southern Pantanal (6.5-7.0 jaguars/
km?), although the distribution of the species is heterogeneous, which precludes an
accurate estimation of the current population size in this biome. Authorities should
recognize the cost associated with grazing cattle in an area where jaguars exist in
considerable numbers and regularly prey on cattle. A unique regional policy could
address some of the problem, perhaps in the form of tax benefits, special lines of
credit, or a regional increase in beef prices. It is important that environmental ac-
tions be implemented to increase market value of cattle raised in the region without

changing the main characteristics of the Pantanal.

Assessment

Near Threatened — Due to loss of habitat,
increased human presence and intensification
of land use, as well as poaching of jaguars,
this species is considered to be Near Threate-
ned in the Pantanal biome.

Geographic range information

Extent of Occurrence EOO and Area of
Occupancy A0O

The Brazilian Pantanal biome encompasses
about 140,000 km? Results from the range-
wide assessment developed by the Wildlife
Conservation Society (WCS) in 1999 suggest
that 91-100 % of the biome is occupied by ja-
guars (Sanderson et al. 2002, Marieb 2005).
Their extent of occurrence encompasses
about 125,000 km? (S. Cavalcanti, map adap-
ted from a MMA Pantanal map and results
from the Pantanal Landscape Species Work-
shop, organized by WCS in Corumbad, 2003).
An exercise by Brazilian researchers working
in the Pantanal (Pantanal Landscape Species
Workshop, 2003) suggests that only about 63
% or 88,200 km? of the Pantanal biome is ac-
tually occupied by jaguars (Fig. 1). The area
of occupancy exclude most of the Taquari
Alluvial Fan, parts of the Céceres sub-region,

portions of the Nabileque sub-region (south of
Corumbad), and areas in the north-eastern and
eastern border of the Pantanal.

Fragmentation

In general, and in comparison to other biomes
in Brazil, the Pantanal can be considered still
relatively well preserved (Fig. 2). The inacces-
sibility of much of its area restricts agricultu-
ral practices and deforestation on the plains
(Fig. 3). Beef cattle ranching on the savannas
with flooding native pastures is relatively
less destructive of the environment than lar-
ge scale agricultural fields.

Less than 20 years ago, the deforestation in
the Pantanal was quantified as 5,438 km? or
3.9% of the Pantanal area (Silva et al. 1992).
In 1993 Mourdo et al. (2000) observed that
much of the upland areas originally covered
by forests or savanna woodlands had been
cleared and replaced by pastures. Deforesta-
tion are