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RESUMO

A perda da diversidade bioldgica se constitui emdas principais problemas ambientais da
atualidade. Diante deste cendrio, a criacdo des gmedegidas tem sido a principal estratégia
para tentar conservar os recursos naturais e camperda de diversidade bioldgica. Apesar do
aumento da quantidade de areas protegidas, nd Brasi mundo, muitas criticas tém sido
feitas quanto a efetividade dessa estratégia deeoracdo diante do persistente declinio da
diversidade biol6gica. Para mitigar essas perdasdas internacionais, como Convencao
sobre Diversidade Bioldgica, tém estabelecido qo®nitoramento sistematico e a utilizacao
de indicadores sdo estratégias fundamentais panitarer as tendéncias na abundancia e
distribuicBo de espécies, e avaliar o estado dseceacdo das mesmas. Indicadores séo
ferramentas que simplificam a complexidade de umjucto de dados e informacgdes
disponiveis, facilitam a comunicacao e contribuema@ tomada de decisdes. De modo geral,
sistemas de monitoramento sédo realizados por edigeas (i.e. pesquisadores ou
funcionarios de areas protegidas), entretantocaseez de recursos financeiros das agéncias
ambientais para manutencdo das equipes de peso@sael de voluntérios € vista como
importante limitacdo desse tipo de abordagem. Ness#ido, estudos tém defendido a
incorporacédo do conhecimento ecologico local deufagies que vivem no entorno de areas
protegidas no processo de monitoramento, uma vezsggas pessoas observam e monitoram
continuamente varios sinais e sintomas relacionadosudancas ambientais e a influéncia
dessas mudancas sobre o estado de conservacacsmise® No entorno da Floresta
Nacional do Araripe, localizada no estado do Cedmdeste do Brasil, vivem populactes
humanas que dependem da extracdo de produtostdisredo madeireiros para geracdo de
renda, com destaque para a extraca@€ayocar coriaceunVittm. (pequi) eHimatanthus
drasticus(Mart.) Plumel. (janaguba), ambas espécies dedgranportancia socioeconémica

e cultural. Sendo assim, o presente estudo fozesl em uma unidade de conservagao no
Nordeste do Brasil e teve os seguintes objetivgs:identificar quais indicadores os
extrativistas locais observam para avaliar o estidconservacao das espécies; (ii) avaliar se
fatores socioecondmicos influenciam o conhecimeptwre os indicadores; e (iii) analisar a
percepcdo dos extrativistas sobre o histérico déamgas ambientais que vém ocorrendo na

area de estudo e como essas mudancas tém afeistado de conservacdo das espécies.
Xii



Foram realizadas entrevistas semi-estruturadasédoextrativistas com idades entre 31 e 79
anos, para acessar o conhecimento que os extiadivie pequi e janaguba possuem sobre o0s
indicadores e se fatores sociais, como idade, sdagrmpo de experiéncia, influenciam nesse
conhecimento. Neste caso, verificou-se que o0s texstas observam indicadores
relacionados as praticas de manejo, a mudancastnduea populacional das espécies, a
alteragbes no clima da regido e mudancas ambiemaisnodo geral, os fatores sociais
avaliados néo influenciam na distribuicdo do comhento entre os extrativistas, sugerindo
gue o conhecimento ecoldgico local sobre os indiedobservados e a avaliacdo do estado
de conservacao das espécies € difundido e comongrdce as pessoas de ambos 0s sexos, e
de diferentes geracdes e niveis de experiénciatimaagle extrativista. Para alcancar o
terceiro objetivo, foram realizadas oficinas papttivas, e os resultados mostraram que 0s
extrativistas possuem um amplo conhecimento sobrenadancas ambientais que vem
ocorrendo na regido devido a modificacdes no regienmanejo da unidade de conservacgao.
Para os extrativistas, essas mudancas vém afetegitivamente as populacbes de pequi,
sendo considerada como ameacada de extincdo (mal.base nos resultados desse estudo,
consideramos que o conhecimento ecoldgico locakdbativistas, oriundo das observacdes
ao longo de muitas geracdes, tem o potencial deirsErporado em programas de
monitoramento e avaliacdo do estado de consend&@spécies, promovendo a inclusdo e o
reconhecimento das populacdes locais nas tomadi#ecd®es em estratégias de conservagao

da diversidade biologica.

Palavras-chaves: conhecimento ecolégico local, eswagdo, diversidade bioldgica,

monitoramento de base local, mudangas ambientais.
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ABSTRACT

The loss of biological diversity is one of the mamvironmental problems of our time. Given
this scenario, the creation of protected areasbleas the main strategy to try to conserve
natural resources and contain the loss of biolbgiozersity. Despite the increase in the
number of protected areas in Brazil and in the eyorhany criticisms have been made
regarding the effectiveness of this conservatioatat)y in the face of the persistent decline of
biological diversity. To mitigate these lossesermational agreements such as the Convention
on Biological Diversity have established that sygdc monitoring and use of indicators are
key strategies for monitoring trends in speciesndlance and distribution, and assessing the
conservation status of species. Indicators aresttwt simplify the complexity of a set of
available data and information, facilitate commatimn, and contribute to decision making.
In general, monitoring systems are carried outg®cmlists (i.e. researchers or protected area
officials), however, the scarcity of financial resoes of environmental agencies to maintain
the teams of researchers and volunteers is seam amportant limitation of this type of
approach. In this sense, studies have advocatedintwporation of local ecological
knowledge of local populations living in protect@aeas around the monitoring process, since
these people continually observe and monitor varisigns and symptoms related to
environmental changes and the influence of thesagds on the conservation status of the
species. In the surroundings of a conservation mnthe Northeast of Brazil live human
populations that depend on the extraction of novbéir forest products for income
generation, especially th@aryocar coriaceumWittm extraction. (pequi) an#élimatanthus
drasticus (Mart.) Plumel. (janaguba), both species of grsatioeconomic and cultural
importance. Thus, the present study was carriednoaitconservation unit in the Northeast of
Brazil and had the following objectives: (i) to idi#y which indicators the local extractivists
observe to evaluate the state of conservation ef dpecies; (i) to evaluate whether
socioeconomic factors influence knowledge abouticatdrs; and (iii) to analyze the
extractivists' perception of the history of envineental changes that have been taking place
in the study area and how these changes haveeadfdue conservation status of the species.
Semi-structured interviews were conducted with &fragtivists aged between 31 and 79

years, to access the knowledge extracted by peuglijanaguba extractivists about the
Xiv



indicators and whether social factors such as sge,and time of experience influence this
knowledge. In this case, extractivists observedcatdrs related to management practices,
changes in the population structure of the speabanges in the region's climate and
environmental changes. In general, the socioecanéaniors evaluated do not influence the
distribution of knowledge among the extractivissaiggesting that the local ecological
knowledge about the observed indicators and thiiatiran of the state of conservation of the
species is diffused and communicated between peoplboth sexes, and Of different

generations and levels of experience in extrachiotvity. To achieve the third objective,

participatory workshops were held, and the resslitsved that the extractivists have a broad
knowledge of the environmental changes that arardog in the region due to changes in the
management regime of the conservation unit. For gkigactivists, these changes have
negatively affected the pequi populations, beingsatered as threatened of local extinction.
Based on the results of this study, we consider tthe local ecological knowledge of the

extractivists, coming from observations over margneyations, has the potential to be
incorporated in monitoring programs and evaluatbrthe state of conservation of species,
promoting the inclusion and recognition of local pptations in decision-making in

biodiversity conservation strategies.

Keywords: local ecological knowledge, conservatidnological diversity, local-based

monitoring, environmental changes.
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1. INTRODUCAO GERAL

A questdo que motivou o desenvolvimento dessadesdoutorado foi compreender
como os extrativistas de produtos florestais naademeiros observam as mudancas
ambientais e quais indicadores séo utilizados gaahar o estado de conservacao de espécies
econdmica e culturalmente importantes.

Portanto, os objetivos centrais dessa tese esséibdidos em dois eixos distintos: (i)
compreender como fatores sociais influenciam o eontento dos extrativistas sobre
indicadores e quais indicadores sédo percebidos coam relevantes para avaliar o estado de
conservacao das espécies de interesse; (ii) \@arge a percepcao dos extrativistas a respeito
das mudancas ambientais e da abundancia das pogsildgs espécies esta alinhada com as
informacdes cientificas disponiveis.

Historicamente, a observacao rotineira de mudaneaaparéncia da natureza e das
consequéncias dessas mudancas para o estado wisesataturais sempre esteve presente na
relacdo entre seres humanos e o ambiente (RAPPQ89J2). Indicadores ambientais
comecaram a ser utilizados entre o final do sé¥Mb e inicio do século XVIII, periodo que
compreende a Revolucado Industrial, devido a netadside se avaliar as consequéncias da
degradacdo ambiental, associada as atividades hsmpara a qualidade da agua (por
exemplo, teor de oxigénio) (RAPPORT, 1992).

A observacgdo atenta e o monitoramento de diferertegsos animais e vegetais Uteis
faz parte do cotidiano de populacdes locais dedoamea (DANIELSEN et al., 2014a),
pescadores (ALVES e NISHIDA, 2002; TURVEY et alQl12) e coletores de plantas
(MONROY-ORTIZ et al., 2009; KHAN et al., 2014), erérias partes do mundo. Para avaliar
0 estado de conservacdo de uma espécie e a saadebtmte, populacdes locais observam
indicadores quantitativos, como a quantidade deiduos de uma espécie (TURVEY et al.,
2014), as mudancas em caracteristicas bioldégicasp © tamanho e o peso (BERKES et al.,
2007; BENDER et al., 2013) e qualitativos para o®s&r processos, COmo 0S movimentos
migratérios de animais e a floracdo de plantas (LANe TURNER, 2003; NIEMI e
MCDONALD, 2004) e a relacdo desses eventos comuaantas nas condicdes ambientais
(FORTIN et al., 2015; JOHNSON et al., 2015; SAVQakt 2016) e climéticas (LAIDLER,
2006) de uma regido em determinado intervalo dpdem

Essa observagdo realizada por populacdes locaefididad como monitoramento de
base local e consiste na observacao rotineiraetnssos naturais usando seus proprios meios
e em relacdo a objetivos de seu interesse, congéaiespanimais e vegetais utilizadas para sua

subsisténcia (DANIELSEN et al., 2014b; JOHNSONIgt2®15). Os indicadores observados
16



pelas populacdes locais refletem o conhecimentdogico local construido a partir da
experiéncia de diferentes geracdes (BERKES et2807; JOHNSON et al., 2015). A
observacdo desses indicadores € uma importantamfenta para que as populagdes locais
sejam capazes de avaliar a sustentabilidade dassoscde que necessitam (HEINK e
KOWARIK, 2010) e tomem decisGes sobre como e quandoejar 0S recursos essenciais
para sua subsisténcia (SAVO et al.,, 2016). Portaalguns autores defendem que o
monitoramento e os indicadores locais devem serpacados ao processo de monitoramento
e avaliacdo de espécies e ecossistemas realizadaseptistas e gestores da conservacao
(YOCCOZ et al.,, 2001; SHEIL e LAWRENCE, 2004; DANIEEN et al.,, 2005;
DANIELSEN et al.,, 2007), porque os indicadores sdiservados continuamente pelas
populacdes locais e sdo mais sensiveis em captaiuaas das alteragbes no estado daquelas
espécies de importancia econémica e cultural (SHAIAWRENCE, 2004; DANIELSEN et
al., 2008; SANTANA-MEDINA et al., 2013).

Diante desse cenario, a compreensao de como sgerera 0 conhecimento ecoldgico
tradicional sobre as observacdes e os indicaddieados por populacdes locais, e como
este conhecimento esta distribuido na populacdainélamental em estudos sobre o
monitoramento de base local. Para GARCIA-MOYA et @012), quanto mais rico e
diversificado o conhecimento ecoldgico local sobnea espécie, maiores as oportunidades
para se ter indicadores para se avaliar o estadmwmigervacdo das espécies. Entretanto, €
preciso considerar que fatores socioeconémicos mpoddluenciar na distribuicdo do
conhecimento entre a populacdo (HANAZAKI et al.120D

Homens e mulheres que participam do manejo dossesuaturais (KRISTENSEN e
BALSLEV, 2003; ALBUQUERQUE et al., 2011; KHAN et.aR014; CAMPOS et al., 2015;
CAVALCANTI et al.,, 2015; NUNES et al., 2015) poteminente possuem as mesmas
oportunidades de observar as espécies que cole@msnnmaudancas ambientais ao longo do
tempo (KHAN et al., 2014). O papel social que hosnemmulheres exercem na comunidade
pode resultar em diferencas na forma de acessoteoledos recursos (PETER, 2006) e a
percepcdo que ambos possuem dos mesmos (QUINN 20@B). Aléem disso, sexo, idade
(KRISTENSEN e BALSLEV, 2003; CAMPOS et al.,, 2015)oegrau de experiéncia do
individuo (HELLIER et al., 1999) podem influencarconhecimento e a percepcao sobre as
espécies e o ambiente (HANAZAKI et al., 2013). Boid, 0 conhecimento ndo é distribuido
uniformemente entre os individuos de uma populGEOMEZ-BAGGETHUN e REYES-
GARCIA, 2013; HANAZAKI et al., 2013).

O cenario escolhido para a realizacdo desse eftudo-loresta Nacional do Araripe-

Apodi (Flona Araripe), uma unidade de conservagdoigb sustentavel localizada no estado
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do Ceara, Nordeste do Brasil. No entorno dessaadaidie conservacao vivem populacdes
rurais que possuem um longo histérico de depenaéleicoleta de produtos florestais ndo
madeireiros para geracédo de renda (IBAMA, 2004; @AM et al., 2015; SANTOS et al.,
2016). Entre os recursos mais utilizados se destacdeta de frutos déaryocar coriaceum
Wittm. (pequi) (SOUSA JUNIOR et al., 2016) e latdg Himatanthus drasticugMart.)
Plumel. (janaguba) (BALDAUF e SANTOS, 2013). OstdsideC. coriaceume o 6leo
produzido a partir de suas sementes, sdo muitciagdos na regido devido ao seu valor como
recurso alimenticio (SOUSA JUNIOR et al., 2013; WAL et al., 2015) e medicinal
(SARAIVA et al., 2011) e estudos apontam que a@spEncontra-se em perigo de extingao
local (ALMEIDA, 2014; SANTOS et al., 2016). Por suez,H. drasticusé muito procurada
para a extracdo do latex, conhecido popularmenteocteite de janaguba” (BALDAUF e
SANTOS, 2013), que é amplamente utilizado na medidbcal para o tratamento de
diferentes indicacdes terapéuticas, como inflamgggestrites, Ulceras e cancer (RIBEIRO et
al., 2014). Essa espécie é abundante na regiastddoee ndo é considerada em perigo de
extingdo local (IBAMA, 2004; BALDAUF et al., 2014).

A ideia dessa tese partiu da necessidade de coma@regue indicadores os coletores de
produtos florestais ndo madeireiros observam peafian 0 estado de conservacao, e se a
percepcdo sobre a dindmica populacional de ambaspggies esta alinhada com os dados
cientificos. A relagédo dos coletores de pequi gadaguba na Flona Araripe se mostrou um
interessante cenario para o desenvolvimento dessade doutorado, a qual esta estruturada
da seguinte forma: inicialmente apresento uma devide literatura que abrange as bases
tedricas e metodologicas que motivaram o desermuelvio dessa tese. O capitulo 1 apresenta
uma andlise da influéncia de fatores sociais sobcenhecimento de coletores de pequi e
janaguba a respeito de indicadores utilizados gaahar o estado de conservacdo dessas duas
espécies. No capitulo 2 investigamos a percepcaaletores a respeito das mudancas nas
populacdes de pequi e janaguba ao longo do tempe & percepcdo dos coletores esta
alinhada como os dados cientificos de estudoszeglls na Flona Araripe. Os dados para
responder as questdes desses dois capitulos fotatadns durante nove meses de trabalho,
compreendendo o periodo de agosto de 2014 e ma2®X®e em trés comunidades rurais
localizadas no entorno da Flona Araripe. Entevistamiestruturadas foram realizadas entre
agosto de 2014 e marco de 2015. Posteriormenteamas oficinias participativas em maio
de 2015.

Essa tese de doutorado apresenta contribuicOesa®d aplicadas para o campo
cientifico relacionado ao estudo dos sistemas eocldgicos. Ao responder as questdes

propostas, acreditamos que podemos compreendeomualimo populagdes locais avaliam a
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situacao e as tendéncias dos recursos naturaibasenna observacao de indicadores locais e
como esse conhecimento ecoldgico local esta distiibentre os coletores de uma populacao,
algo que vem sendo pouco explorado em estudos sutmé#oramento de base local. Além
disso, estamos contribuindo com estudos que busoampreender a importancia do
conhecimento ecoldgico local para as estratégiasodservacdo que buscam integrar as
populacaoes locais na tomada de decisbes em cagderwor fim, essa tese apresenta uma
relevante contribuicdo aplicada, ao propor quebsemwacdoes e os indicadores utilizados por
populacdes locais sejam incorporados e valorizadoscOes de conservacao, sobretudo em
paises em desenvolvimento que carecem de estsat@gia efetivas e participativas para a

conservacgao da diversidade biologica.

2. FUNDAMENTACAO TEORICA

2.1 Introducéo

A perda da diversidade biolégica se constitui emdas principais problemas ambientais
da atualidade (CARDINALE et al, 2012; LEISHER et., a2013). Os impactos
antropogénicos, como a sobre-exploracdo de recuegosais (BARNOSKY et al., 2012), a
fragmentacdo e perda de habitats (DIXO et al., 2@RLETTI e DIRZO, 2013), somados
aos efeitos das mudancas climaticas (BARNOSKY, P0&&b os principais desafios para a
conservacao das espécies e a manutencao das falogdesossistemas em todo o mundo.

Diante deste cenério, a criagdo de areas protetgaiassido a principal estratégia para
tentar conservar 0s recursos naturais e conterda ple diversidade biolégica (NAGENDRA,
2008; NELSON e CHOMITZ, 2011; BERNARD et al., 204FFE-BIGNOLI et al., 2014).
Isso pode ser evidenciado no incremento das aeaastres protegidas em todo o mundo nas
tltimas duas décadas (JUFFE-BIGNOLI et al., 20ddin destaque para as Américas Central
e do Sul, que atualmente concentram 28,2 e 25% rdas aterrestres protegidas,
respectivamente (JUFFE-BIGNOLI et al., 2014). Aldeprotecdo dos recursos naturais, as
areas protegidas também podem ser importantes parmanutencdo de servigos
ecossistémicos fundamentais para o bem-estar hym@mo a seguranga alimentar
(STOLTON et al., 2008) e a geracao de renda pgpalpgdes que dependem da exploracdo
de recursos naturais (DUDLEY et al., 2014).

No Brasil o sistema de &reas protegidas, denomsnamidades de conservagéo, é regulado
pelo Sistema Nacional de Unidade de Conservaca®CINcriado em 2000, e abrange

unidades de conservacdo administradas em nivebiedstadual e municipal (BERNARD et
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al., 2014). Em nivel federal, as unidades de ceasép sdo administradas pelo Instituto
Chico Mendes de Conservacdo da Biodiversidade (I©MBAtualmente existem 2.029
unidades de conservacdo que cobrem 1.582.758 K81B%) do territério nacional (MMA,
2016). Desse total, 68,7% sao unidades de conse&rvde uso sustentavel onde sao
permitidas a coleta e uso dos recursos naturagedgse praticadas de forma sustentavel,
tendo como obijetivo principal conciliar a conseB@ga natureza com o uso sustentavel dos
recursos naturais.

Apesar do aumento da quantidade de areas protegidatas criticas tém sido feitas
guanto a efetividade dessa estratégia de conser(aE&E et al., 2010; CLARK et al., 2013)
diante do persistente declinio da diversidade bio& (CARDINALE et al., 2012). Em
resposta a essa crise ambiental, a Convencao Bolmesidade Biol6gica, em 2010, revisou
0s objetivos e metas para a reducao da perda desidiade biologica ao estabelecer as Metas
de Aichi para a Biodiversidade para o periodo del2ZZ020 (JUFFE-BIGNOLI et al., 2014),

e uma das principais recomendacdes desse acoelpdaibnal é a utilizacdo de indicadores
para monitorar as tendéncias de extensao de bi@oassistemas e habitats selecionados, da
cobertura de areas protegidas, de abundanciarbuigiio de espécies, e a mudanca no status
de espécies ameacadas (BUTCHART et al., 2010; DASHN et al., 2014b).

2.2 Indicadores para a conservacao da diversidadedbogica

As decisbes e acbes para combater a perda deidadgdioldgica precisam ser baseadas
nas melhores evidéncias possiveis sobre o estaddemdéncias de espécies e ecossistemas
(GEIJZENDORFFER e ROCHE, 2013; RAPPORT e HILDEN120 Neste sentido, para
subsidiar as tomadas de decisbes em conservacétljzacdo de indicadores tem sido
fundamental (HEINK e KOWARIK, 2010; JORGENSEN et aD13).

Indicadores podem ser entendidos como uma medidafaynece informacdes sobre o
estado de um recurso (p.ex. o tamanho populacttnama espécie) (HEINK e KOWARIK,
2010), fenébmeno (JORGENSEN et al., 2013), ou avsdianetas pré-estabelecidas estdo
sendo alcancadas (p.ex. Objetivos de DesenvolvorgmtMilénio) (HEINK e KOWARIK,
2010). Em todos esses casos, os indicadores sam@srtas importantes porque simplificam
a complexidade de um conjunto de dados e infornsag@poniveis, facilitam a comunicagéao
com os gestores e o publico em geral, e contribpara a formulacdo, implementagédo e
monitoramento de estratégias de planejamento @Bt KRUIJF e VAN VUUREN,
1998; BOCKSTALLER e GIRARDIN, 2003). No contexto dastdo da conservacdo podem
ser utilizados diferentes tipos de indicadores, @@ indicadores ambientais que informam

sobre os impactos das a¢cdes humanas sobre o agplpenexemplo, medindo a qualidade do
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ambiente (ar e agua) (BOCKSTALLER e GIRARDIN, 2008iRGENSEN et al., 2013), ou

indicadores ecolégicos que mensuram as caraatedstla estrutura, composigcéo, funcao
(NIEMI e MCDONALD, 2004), ou a resiliéncia dos esistemas (JORGENSEN et al.,

2013).

No caso da avaliacdo do estado de conservaca@deies os indicadores sao utilizados
para tentar estabelecer relagbes de causa e ef¢itoa dinamica populacional de diferentes
espécies e a presenca de estressores ambientaisiudo aqueles relacionados com as
atividades humanas (BURGER, 2006; HEINK e KOWAR2R10). H4 mais de trés décadas,
organizacdes ndo governamentais, como a Unidonademal para a Conservacdo da
Natureza (IUCN), vém utilizando indicadores que ittvam a dinamica populacional das
espécies para classifica-las em varios niveis (@oemplo, vulneraveis, em perigo,
criticamente em perigo) (BENNETT e OWENS, 1997; M\FEAR et al., 2011).

Ao longo dos anos, critérios quantitativos, comabandancia de espécies tornaram-se
uma importante ferramenta para a gestao, monitorame tomada de decisbes, entretanto
dados populacionais nem sempre estao disponiverswas nacional ou regional (BENDER
et al., 2013). Sistemas de monitoramento conduzgesas por pesquisadores e gestores tém
se mostrado limitados, pois sdo considerados d@ecalsto, ndo sdo realizados de forma
sistematica (DANIELSEN et al., 2005; DANIELSEN €lt, &2009) e apresentam baixa
capacidade de avaliar as reais causas das modégags condicbes das espécies, e se essas
modificacdes tém relacdo com as atividades humamasivel local (QUAYLE e RAMSAY,
2005).

2.3 Monitoramento de base local

O monitoramento consiste na observacdo e coletangtica de informagBes sobre
diferentes variaveis, como as tendéncias na abuoradaéa distribuicdo das espécies
(DANIELSEN, 2000; BALMFORD et al., 2003) e as mudas ambientais nos ecossistemas
que podem afetar negativamente o estado de cogdendas espécies (YOCCOZ et al.,
2001). Dado o atual cenéario de degradacdo dos istmyeas em todo o mundo, e o
consequente declinio da diversidade biol6gica, albsnos anos, muitos autores vém
defendendo o monitoramento de espécies como umzenfenta fundamental para melhorar as
estratégias de conservacdo (DANIELSEN, 2000; YOCCe&Zal.,, 2001; SHEIL e
LAWRENCE, 2004; BROOK e MCLACHLAN, 2008; DANIELSENMNt al., 2009; PARRY;
PERES, 2015; WISEMAN e BARDSLEY, 2016).

De modo geral, sistemas de monitoramento séo aeakz por especialistas (i.e.

pesquisadores ou funcionarios de areas protegalggrtir de abordagens, como listas de
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espécies, fotografias em ponto fixo, patrulhas eegistros e grupos de discussdo
(DANIELSEN et al., 2005) que visam registrar a pres e abundancia de espécies animais e
vegetais em local e periodo de tempo especificosntitos casos, 0 monitoramento esta
diretamente relacionado com a avaliacao das pditie gestdo (YOCCOZ et al., 2001), mas
apresenta importantes desafios para sua operdesg@#d, como o0 alto custo para
manutencdo das equipes de pesquisadores e de &rmante a escassez de recursos
financeiros das agéncias ambientais (DANIELSENIgt2805). Com base nesse cenario,
autores como DANIELSEN et al. (2007) e SANTANA-MEA et al. (2013) defendem que
as abordagens conduzidas somente por especiaéistasscalas global e regional, tendem a
ser limitadas na medida em que nao consideram plergitade das relagbes entre os seres
humanos e o0s recursos naturais nos sistemas amsdgendo necessaria uma abordagem que
amplie a capacidade de cientistas, gestores de @ret&gidas, governos e sociedade em geral
para terem uma melhor avaliacdo do estado atusatendéncias de espécies em longo prazo.

Uma das alternativas discutidas na literatura tfieat para melhorar o processo de
monitoramento da diversidade biolégica é a abomiadenominada monitoramento de base
local (YOCCOZ et al., 2001; BROOK e MCLACHLAN, 200BANIELSEN et al., 2009;

LA TORRE-CUADROS e ARNILLAS-MERINO, 2012; SANTANA-EDINA et al., 2013;
SUTHERLAND et al., 2014). Essa abordagem pressupéavolvimento das comunidades
locais, frequentemente marginalizadas do processmahitoramento e gestao dos recursos
naturais. Nesse sentido, a participacdo dos alocess no desenvolvimento de sistemas de
monitoramento € vista como uma abordagem promigsaa melhorar o conhecimento do
publico sobre a biodiversidade, fomentar o aprexttizoletivo, apoiar os debates publicos e
diminuir os custos dos programas de monitoramerEYREL et al., 2010).

O reconhecimento da importancia da participacaopagsilacdes locais no processo de
monitoramento se baseia em duas premissas prisci(@i pessoas que coletam recursos
naturais para sua subsisténcia observam e monitosatinuamente varios sinais e sintomas
relacionados a mudancas ambientais (SAVO et all6)2@ o estado de conservagédo das
espécies (BERKES et al., 2007), e (b) ao longo elaghes essas observacdes contribuem
para formar um conhecimento ecolégico local sobremadancas ambientais e climaticas que
influenciam a dindmica das populagbes das espé(iBBNAZAKI et al.,, 2013;
FERNANDEZ-LLAMAZARES et al., 2015) que é fundamdmara a tomada de decisdo das
populacdes locais sobre a melhor forma de mansjegaursos de que necessitam.

A observacdo de fenbmenos, como 0s movimentos toigra de animais e a floracdo de
plantas (LANTZ e TURNER, 2003; NIEMI e MCDONALD, @8) sempre fizeram parte da

inter-relacdo dos seres humanos com o ambientas Edservacdes sdo fundamentais para
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acompanhar as condi¢cdes do ambiente, prever futnuagncas e tomar decisbes, como o
deslocamento para outros locais em busca de absenabrigo (RAPPORT, 1992; NIEMI e
MCDONALD, 2004). Ainda hoje as pessoas observamoenpanham as variacées no tempo
e no clima (WEBER, 2010; SAVO et al., 2016), poss raudancas no clima afetam a
distribuicdo e interacdo das espécies de animgiamtas, recursos importantes para a
subsisténcia de muitas populagdes humanas (SAY0O, €016).

Estudos realizados com populacgdes locais (indigemes indigenas) em varias partes do
mundo, como Africa (ANDRIANANDRASANA et al., 200BENNUN et al., 2005; GRAY
e KALPERS, 2005; STUART-HILL et al., 2005; TOPP-JBENSEN et al., 2005), Asia
(POULSEN e LUANGLATH, 2005; VAN RIJSOORT e JINFEN@QO05), América do Sul
(NOSS e CUELLAR, 2001; ALVES e NISHIDA, 2002; BECREet al., 2005), América
Central (TURVEY et al., 2014) e no Artico (DANIELSEet al., 2014b; JOHNSON et al.,
2015), demonstraram que essas populacdes obseprgmuamente diferentes aspectos do
ambiente onde vivem e das espécies que utilizamsse conhecimento ecoldgico local,
desenvolvido ao longo de geracbes a partir de psosede co-evolucdo das pessoas com o
ambiente (LINS NETO et al., 2013; TENGO et al., Z20RACHECO-COBOS et al., 2015), é
fundamental para as decisfes sobre a melhor foemaadejar esses recursos.

Ao comparar o0 monitoramento realizado por populag¢deais e por profissionais, estudos
revelaram que os resultados de suas avaliacOeses@&hantes (NAGENDRA e OSTROM,
2011; OLDEKORP et al. 2011). Populacbes locais olaserdiferentes aspectos da dinamica
do ambiente, como a compreensao da dinamica doegeleesposta as mudancas climaticas
(LAIDLER, 2006), o efeito das praticas de caca sabdinamica de popula¢cdes de peixes e
outras formas de vida (MOLLER e BERKES, 2004; GAGIN@ BERTEAUX, 2009;
TURVEY et al., 2013), assim como mudancas no ussotto por causa das praticas agricolas
(CHALMERS e FABRICIUS, 2007).

Estudando cacgadores Inuits no norte do Canada, BESRK al. (2007) verificaram que 0s
cagadores observam “sinais e sintomas” para aval&aide das popula¢des de animais que
eles cacam para sua subsisténcia e compreendeudengas ambientais provocadas por
contaminantes quimicos. Os cacadores observam adahies, como frequéncia de
observacdes dos animais, tendéncias no tamanhpogatacoes e a presenca de filhotes na
populacdo, que séo informacgdes consideradas coipartiamtes critérios de uma populacéo
de animais saudaveis e em recuperacdo (BERKES2Q@). Esses resultados mostram que
os indicadores utilizados pelas populacdes locais semelhantes aqueles utilizados pela
ciéncia, mas enquanto o objetivo principal dos t&as € a conservagdo das espécies, 0s

usuarios dos recursos tém o objetivo de garantordinuidade do acesso e utilizacdo dos
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recursos de forma a assegurar suas fontes detéunbgase renda (NOSS, 1999; BERKES et
al., 2007; TURVEY et al., 2013).

Esses dados fortalecem a ideia da necessidadeideoggorar 0 conhecimento ecolégico
local no processo de monitoramento do estado deeceacdo de espécies (DANIELSEN et
al., 2014b; SUTHERLAND et al., 2014), a fim de nwlr a capacidade da ciéncia da
conservacgao de fazer avaliagbes mais precisasfeibesedas mudancas ambientais sobre o
declinio da diversidade biologica, e pensar emc8asi para reverter este quadro baseando-se
no maior numero de evidéncias possiveis (SUTHERLA®Dal.,, 2014). Alguns autores
argumentam que a falta de precisdo dos dados doefsor populacdes locais pode ser uma
limitagdo para a incorporacdo desse conhecimenfwoeesso de monitoramento (TURVEY
et al., 2013; JOHNSON et al., 2004), porém as @sssé@o capazes de prover informacgdes
quantitativas sobre a extensdo do declinio de espdEIELLIER et al., 1999), e essas
informacfes podem gerar novas perguntas de inaeéitigpara futuras pesquisas ecoldgicas
convencionais (BROOK e MCLACHLAN, 2008).

Outro ponto a se destacar € que, além da cont@ibyigra a conservacao das espécies, a
incorporacao do conhecimento ecoldgico local negsso de monitoramento pode contribuir
para a diminuicdo dos conflitos gerados por um noode gestdo que muitas vezes exclui as
populacdes que vivem no entorno das areas protegidgue usam 0S recursos naturais
presentes nessas areas para sua subsisténcidalespate em paises em desenvolvimento
(SCHWARTZMAN et al., 2000; LELE et al., 2010). Sendssim, abordagens inclusivas,
baseadas em uma maior participacdo das populamées ha cogestdo dos recursos naturais,
vém sendo propostas (LA TORRE-CUADROS e ISLEBE,20RA TORRE-CUADROS e
ARNILLAS-MERINO, 2012; MENDEZ-LOPEZ et al., 2015pm o objetivo de diminuir os
conflitos e aumentar a eficacia das areas proteg{eANIELSEN et al., 2000). Essas
abordagens consideram que as populacdes locaides@atoras de profundo conhecimento
sobre o ambiente em que vivem (GILMORE e YOUNG, Z010HNSON et al., 2015),
construido ao longo de muitas geracdes a partobdarvacdo continua do ambiente e das
espécies que utilizam (DANIELSEN et al., 2005, BHX et al., 2007) e do
compartilhamento desse conhecimento entre os demambros das comunidades locais
(PAPWORTH et al., 2009; HANAZAKI et al., 2013).

2.4 Conhecimento ecolégico local e percepcéao

Estudos sobre o monitoramento de base local téradéosuas atencdes sobre que
indicadores as populacdes locais observam paraawvag¢stado de conservacado das espécies

de seu interesse (DANIELSEN, 2000; BROOK e MCLACHNLA008), porém pouco se tem
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estudado sobre o compartilhamento desse conhecdneetite os membros das populacdes
locais (HELLIER et al., 1999; MENDEZ-LOPEZ et &015). Em muitos casos, homens e
mulheres participam do manejo dos recursos nat(iKd&$STENSEN e BALSLEV, 2003;
ALBUQUERQUE et al., 2011; KHAN et al., 2014; CAMP@8al., 2015; CAVALCANTI et

al., 2015; NUNES et al., 2015) e isso faz com aqméham a oportunidade de observar as
espécies que coletam e as mudancas ambientaisigm do tempo (KHAN et al., 2014). O
papel social que homens e mulheres exercem na cdagenpode resultar em diferencas na
forma de acesso e controle dos recursos (PETER),286(a percepcdo que ambos possuem
dos mesmos (QUINN et al., 2003). Estudos relatssoam que homens gastam mais tempo
no campo preparando o solo para o plantio, e emsato diario com o ambiente permite
maior nimero de encontros e oportunidades de dosdiferentes espécies (DOVIE et al.,
2008), porém ha casos em que as mulheres que stes ale familia assumem os mesmos
papéis que os homens, reduzindo as diferencas rdee@mento entre homens e mulheres
(PETER, 2006). Portanto, o conhecimento ndo ¢é ildistto uniformemente entre os
individuos de uma populacdo (GOMEZ-BAGGETHUN e RBYGARCIA, 2013;
HANAZAKI et al.,, 2013), e além do sexo, outros fa® como idade (KRISTENSEN e
BALSLEV, 2003; CAMPOS et al., 2015) e o grau deaigncia do individuo (HELLIER et
al., 1999) podem influenciar o conhecimento e &guEyado sobre as espécies e 0 ambiente
(HANAZAKI et al., 2013).

A transmissdo de conhecimentos associados a ddergmwaticas de manejo entre as
geracoes é considerado um importante fator queepsiratégias para que as pessoas possam
se adaptar as mudancgas nos sistemas socio-ecalq§éd'LES e MULRENNAN, 2010;
HANAZAKI et al., 2013; FERNANDEZ-LLAMAZARES et al.2015). Entretanto, estudos
tém mostrado que o aumento do nivel educacionahseacdo dos mais jovens no mercado
de trabalho podem estar ocasionando a falta deegs® dos mais jovens pelas praticas
tradicionais (GOMEZ-BAGGETHUN e REYES-GARCIA, 201HANAZAKI et al., 2013),
levando ao que alguns autores consideram como mkrdeonhecimento ecoldgico local
(GOMEZ-BAGGETHUN e REYES-GARCIA, 2013). Em adicdmmo a construcdo do
conhecimento ecoldgico local ocorre por meio dovboa e do acumulo de experiéncia com
o0 ambiente (SAYLES e MULRENNAN, 2010), individuogisivelhos que ndo exercem suas
atividades de coleta ou cagca com a mesma frequé&eiantes podem esquecer suas
experiéncias (amnésia pessoal) e ndo serem cagazasompanhar as recentes mudancas
ambientais, avaliando a condicdo das espécies bas suas experiéncias passadas
(PAPWORTH et al., 2009; TURVEY et al., 2014). Patro lado, individuos mais jovens,

com pouca experiéncia acumulada, podem nao serempie avaliar as recentes mudancas
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ambientais, pois ndo possuem consciéncia das é@msldo passado (amnésia geracional) e
assim contribuir para a sobreexploracéo dos resyB6NNUN et al., 2005; BENDER et al.,
2014).

Além de compreender como o conhecimento estaluistio na populacdo, muitos estudos
defendem a necessidade de se compreender melhercappdo das pessoas sobre o0s
fenbmenos ambientais e suas possiveis consequ§rariasa manutencdo da diversidade
biolégica (PIDGEON, 1998; QUINN et al., 2003; GREEN al., 2010; TEKA e VOGT,
2010; FORTIN et al., 2015; LEHNER e STOCKER, 20¥5patrtir do estudo das percepcdes
das populacdes locais é possivel identificar adhi de mudancas na paisagem (LYKKE,
2000; XU et al., 2006; SILVA et al., 2014), variagtnos padrdes do clima local (GREEN et
al.,, 2010; WEBER, 2010, 2013; SAVO et al.,, 2016)que fatores de risco as pessoas
consideram mais relevantes (QUINN et al., 2003)mer-relacdo que as pessoas mantém
com o ambiente e 0s recursos naturais que utilama suprir suas necessidades. Entretanto,
assim como na aquisicao e transmissdo de conheoispdatores socioecondémicos também
podem afetar as percepc¢des das pessoas sobreébtesnae ambientais (QUINN et al., 2003;
TEKA e VOGT, 2010; SILVA et al., 2014), e entendsisas diferencas de percepcéo pode
ajudar na proposicao de melhores estratégias dsen@tdo envolvendo as populacoes
locais.

Comunidades de pescadores gue vivem na bacia haficagdo rio Cocagne, no Canada,
sdo capazes de perceber que as atividades agrimsdasvolvidas nas proximidades das
margens do rio sdo as principais responsaveis mminlgmas, como a erosdo do solo e a
sedimentacao no leito do rio (FORTIN et al., 20148. informacbes das comunidades se
mostraram Uteis para entender melhor o estadoapedsado do rio e sua bacia hidrogréfica,
entretanto, os autores relativizam que a percegg8gessoas pode ter sido influenciada pela
memoria de eventos recentes, nos Ultimos mesesemansas antes da realizacdo das
entrevistas, e o local das habitacdes e a proxduridastas do rio (FORTIN et al., 2015).

Em outro estudo, TEKA e VOGT (2010) verificaram guecorréncia de um evento, como
uma enchente, por exemplo, pode ser percebida ooniga ou benéfica dependendo do tipo
de manejo que se faz do ambiente. Em Benin, nad\fgrupos de pescadores consideravam
as enchentes um evento benéfico, pois aumentavdispanibilidade de peixes, por outro
lado, o grupo dos agricultores consideravam as egzrtel um evento ameacador, pois
destruiam suas lavouras. QUINN et al. (2003) detnarasn que homens e mulheres também
apresentam percepcdes diferentes sobre os problambgntais. Enquanto as mulheres
apresentavam a percepcéo de que doencas que wcoagcomunidades e que afetavam as

pessoas representam um grande risco, homens apxesanmaior percepc¢ao de risco para
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doencas que acometiam o gado, demonstrando quaebgmial desempenhado por homens
e mulheres estéo influenciando em suas percepcgoes.

A guestdo da percepcdo das mudancas climéticas@tema complexo que se soma aos
estudos da percepcado ambiental. Estudos como 8AUE® et al. (2016), WEBER (2010,
2013), LEHNER e STOCKER (2015) e GREEN et al. (30d@monstram que as pessoas
observam as varia¢cdes nos padrfes climaticos énfuéncia no tempo local, e que esse
conhecimento é utilizado para direcionar as pratam manejo do ambiente e das espécies.
Entretanto, o que se discute é se o0 que as pegsoabem, na verdade, sdo variacoes de
curto prazo no tempo local e ndo mudancas clingtice sdo fenbmenos mais complexos e
globais (WEBER, 2010, 2013). Além disso, o conhetito prévio sobre as noticias de
mudancas climéaticas também poderia estar afetandumerrepcdes das pessoas sobre se o
clima esta mais quente ou frio (LEHNER e STOCKE®LZ SAVO et al., 2016). O fato &
que populacdes locais que sdo dependentes do oscoedurais para sua subsisténcia
percebem as variagdes no tempo local a partirsc@gdes com a fenologia das plantas ou o
comportamento de animais (GREEN et al., 2010) @ ésfundamental para suas estratégias

de adaptacdo as mudancas ambientais.
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Conservation efforts based on local ecological kndedge: the role of social variables in

identifying environmental indicators
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Abstract

The incorporation of local ecological knowledgenionitoring processes has been one of the
great challenges of conservation initiatives worttby Therefore, it is essential to use
indicators as local evaluation tools of the comdié of a species in order to support
conservation actions. Local populations observe @heironment, climate change and the
influence of these factors on the species they wsmwever, their observations and
perceptions may vary depending on different sdeietiors. We used as model two species of
economic importance involved in sociobiodiversityguct chains to evaluate the role of
social variables in the identification of consemvatindicators for this plants. The species
studied were:Caryocar coriaceumWittm. (locally known as pequi), andlimatanthus
drasticus(Mart.) Plumel (locally known as janaguba). Weoalsgistered which indicators are
perceived as the most important and what they arasaring. Our results show that the
knowledge among collectors is homogeneous and ¢feaierally, the social factors do not
affect the knowledge on local indicators. Age arttaetion time were factors that influenced
the knowledge on climate indicators and populastmcture only forC. coriaceum In the
communities studied, collectors not only monitae thological characteristics of the species,
but also the environmental and climatic phenoméiaa ére threatening the sustainability of
the species. These results can help to improvalaiity to manage information about natural
resources, incorporating local ecological knowletighe scientific process of evaluation and

monitoring of biodiversity.

Keywords: local ecological knowledge; ethnobiologjhnobotany; biodiversity monitoring;

environmental awareness
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1. Introduction

In the last three decades scientific evidence haa/is an acute decline in biodiversity due
to habitat degradation (Rapport and Hildén, 201@8) the consequent loss of essential natural
resources for humanity (Butchart et al., 2010; @emlé et al., 2012). To remedy this
situation, important measures have been implemegtedally, such as the creation of
protected areas (Garcia-Frapolli et al., 2009) #red employment of monitoring systems
(Danielsen et al., 2000). Monitoring systems arfindd as a process of systematic collection
of data on the conditions of a system and the plessihanges over time (Yoccoz et al.,
2001), usually applied by trained professionalshwtiie main goal to inform actions of
management (Danielsen et al., 2000; Nichols andafis, 2006).

To assist in monitoring the use of indicators isi\gancreasingly practiced, because they
are important tools for decision-making (Jgrgenseal., 2013). Generally, an indicator is a
measure that provides information about the stéta cesource (eg. population size of a
species) (Heink and Kowarik, 2010), a phenomenaingéhsen et al., 2013), or evaluate if
pre-set targets are being accomplished (e.g. Millen Development Goals) (Heink and
Kowarik, 2010). In the context of environmental ntonng there are environmental
indicators that report on the impacts of humanoastion the environment, for example,
measuring the environmental quality (air and waf@grgensen et al., 2013). In turn, the
environmental indicators are used to measure theacteristics of the structure, composition
or function of ecological systems (Niemi and McDioina2004) evaluating, holistically,
emergent properties such as resilience of ecosgstéangensen et al., 2013).

The observation of species and the environment halveays been part of the
interrelationship of the first humans with the eomment (Rapport, 1992). Studies show that
local populations in diferente parts of the woddich as hunters (Danielsen et al., 2014b),
fishermen (Alves and Nishida, 2002; Turvey et 2014) and plant collectors (Khan et al.,

2014; Monroy-Ortiz et al., 2009) observe local gadors, such as the migratory movements
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of animals (Niemi and McDonald, 2004), flowering plants (Lantz and Turner, 2003),
changes in the morphology of animals (e.g. weigll @ody size) (Bender et al., 2013), in the
population density of plants (Khan et al., 20149l @mvironmental changes (Johnson et al.,
2015). In addition, people observe atmospheric phmema (Fernandez-Llamazares et al.,
2015b) and variations in climatic conditions anavitbese changes affect the distribution and
interaction of species of animals and plants (Saad., 2016, Weber, 2010). In this study, we
defined as local indicators the observations ofltical populations to evaluate the status of
conservation of the species and the future trefideeonatural resources important for their
subsistence. These continuous observations are gbatthe local ecological knowledge
developed over the generations through the intimatgact of people with the environment
(Berkes et al., 2007; Tengo et al., 2014).

In this scenario, many studies support the needtégrate the local ecological knowledge
and the local indicators to improve monitoring pésies and ecosystems (La Torre-Cuadros
and Arnillas-Merino, 2012; Sheil and Lawrence, 2084therland et al., 2014; Tengo et al.,
2014), because monitoring systems conducted onhg&sarchers external to a location have
limitations, because they are considered experasideoften are not performed systematically
(Danielsen et al., 2014a, 2009). Similarly, theicatbrs used are developed by researchers
who previously define what they consider most ratgvo be monitored, which is considered
a reductionist approach of the phenomena beingumned¢Santana-Medina et al., 2013).

Local ecological knowledge represents the knowledgesed on the accumulated
experience of interactions with the local environtmand the observations of people who
depend directly on natural resources (Brook and &dblan, 2008; Turvey et al., 2014).
Many authors have shown that knowledge and theusatural resources, as well as people's
perception of environmental changes, may vary awgrto some factors, such as gender,
age and time of exposure to the environment insdech for resources (Albuquerque et al.,

2011; Campos et al., 2015; Hanazaki et al., 2018tiNk et al., 2014; Quinn et al., 2003).
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There are few studies that address how knowledgatahdicators is distributed among
users of natural resources and what indicatorpareeived as most important for assessing
the state of conservation of species. In this studytested the hypothesis that social factors
such as age, gender and the length of experienextddctivists influence the amount of
indicators they observe. Therefore, the aim of ttisdy was to answer the following
guestions: (1) Do age, sex and length of experiene&tractive activity influence the number
of indicators observed? (2) Among the mentionedcatdrs, which are perceived as the most

important to monitor and evaluate the state of eoraion of the species?

2. Material and methods
2.1 Study area

The study was conducted at the Araripe-Apodi Natidrorest (Flona Araripe), located at
the southern end of the state of Ceara, northeaeBr@zil. The Flona Araripe is a sustainable
use conservation unit with 38,262.32 hectares amacluded in the Environmental Protection
Area of Chapada do Araripe (Fig. 1). The climateadasidered hot humid tropical according
to Koppen classification, with an annual averagé,069 mm of rainfall and average annual

temperature between 24 and 26 °C (IBAMA, 2004).
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Figure 1. Location of Araripe-Apodi National Forest, incladi the communities Horizonte,
Macauba and Belmonte, Ceara State, Northeast Brazil

The communities of Belmonte, Horizonte and Macadated around the Flona Araripe,
with an average distance of 28 km from each otivere selected for this study. These
communities were selected because they have aHmbgry of extraction of various non-

timber forest products (Campos et al., 2015; IBAN2AQ4; Lozano et al., 2014), essential for
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the complementation of income of the populationghlighting the collection of the fruit
Caryocar coriaceumWittm. (locally known and hereafter referred to @exqui), and latex
obtained fronHimatanthus drasticu@Mart.) Plumel. (locally known and hereafter reéel to
as janaguba). These species are the main sourdesoofie for many families living in the
surroundings of Flona Araripe, which is the caseahef communities included in this study
(Baldauf and Santos, 2013; Silva et al., 2017, 2015

In the Horizonte community, the collection of faubf C. coriaceums the main source of
income for most families (IBAMA, 2004; Silva et ,a2017). The pulp of pequi fruits is used
in the preparation of regional dishes (Sousa Juatoal., 2013) and appreciated for its
nutritional value (Sena et al., 2010); In addititre fruits are processed to produce the pequi
oil used for medicinal purposes to treat many disms, such as skin inflammation,
respiratory affections, ulcers and contusions (8areet al.,, 2011). In the Horizonte
community, most families in the communities surdkyeake a living from subsistence
agriculture and government subsidies, with incotvetsveen half a minimum wage and two
minimum wages (Cavalcanti et al., 2015). A studySilya et al. (2017) showed that during
the pequi harvest, between January and April, #iee af fruits and pequi oil can generate an
average income between US$ 500.00 and US$ 300@/M0ite the average annual income
from subsistence agriculture is approximately US$86. The collection of this species is not
prohibited, and the increased demand in regiomaaletralong with the low regeneration rates
of pequi populations are identified as a possiblgse of the decline of natural populations of
pequi, suggesting that this species is threaten#idlecal extinction (Almeida, 2014; Santos
et al., 2016).

In turn, H. drasticuspresents a different picture. This species oceulsgh densities in the
Flona Araripe and its collection occurs predomihanh the Macaluba and Belmonte
communities (IBAMA, 2004). The latex of janagubanokv as janaguba milk, is extracted

from the removal of the bark and is used in locabimine for the treatment of inflammatory
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processes, ulcers, gastritis and tumors (Colarak,&2008; Lucetti et al., 2010; Ribeiro et al.,
2014). The scientific confirmation of its pharmamgital properties (Mousinho et al., 2011)
has led to increased sales of latex and extraptiessure, threatening the sustainability of the
species (Baldauf and Santos, 2014). For this reattme Chico Mendes Institute for
Biodiversity Conservation (ICMBIo), the agency respible for the management of the Flona
Araripe, began to regulate the extraction of laléhe collectors need to be registered and pay
a fee for the collection (Baldauf et al., 2014; daalf and Santos, 2013). This regulation
created an informal market, so there is no updadsta on the income generated by the sale of

the milk of janaguba.

2.2 Collection of ethnobotanical data

Data collection began with the identification oftractivists that visit the forest daily
during pequi harvest periods and that participatehe pequi harvest every year. Just as
janaguba latex collectors who are authorized téecblnd visit the forest weekly for latex
extraction. Pequi collectors who make sporadicectibns or are frequently absent from
communities to work in cities, as well as janagubkectors who do not have permission for
latex extraction, were not included in the samples.

The selection of informants was performed usingtdahnique known as snowball (see
(Albuquerque et al., 2014). The interviews weredtated at the residence of the informants,
with heads of families, male or female, above 18ryef age. At the end of the interview,
each informant was invited to indicate anotheremtlr, and the search for new informants
ended when indicated informants began to repeawhen they were not found after three
visits in different periods. Informants who agretd participate were asked to sign an
informed consent form, according to the rules o$dhation no. 466/2012 of the Commission
of Ethics in Research of the National Health Coluridiis study was approved by the Ethics

Committee of the University of Pernambuco (UPE)p(apal n°. 705,670) and by the
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Authorization and Information on Biodiversity Syste(SISBIO/ICMBI0) (approval n°.
42187-2).

The first part of the interviews aimed to collestormation on age, gender and the time
taken to perform the collection of pequi and jarsgto know if these variables influence the
amount of indicators cited and the perception ef ¢bnservation status of the species. The
second part of the interview had the objective wbwing which indicators the pequi and
janaguba collectors observed to evaluate the sfatenservation of these species, addressing
guestions about population size, reproductive ss;cechanges in morphological
characteristics, and collectors perception on tiveat of local extinction of the species
studied. For this, the following questions were eask(a) Since you began collecting
pequi/janaguba, do you believe finding the plantusrently easier, more difficult or no
change?; (b) Since you began collecting pequi/japagdo you believe the production of
fruits/latex currently increased, decreased or nrwnge?; (c) When you observe
pequi/janaguba plants in the forest, do you belitvat its physical characteristics are
changing over time?; (d) Do you think pequi/janagihthreatened with extinction?; (e) If so,
what do you think should be done to restore popiatof pequi/janaguba in the forest? Each
cited indicator comes from observations made byeieactivists of pequi and janaguba when
they go into the forest in search of resourceserAtfthe interviews the local indicators cited
were counted and grouped by sets of indicatorsleThlpresents the definitions of each set of
indicators and examples of local indicators congiden each of the groups. The definitions
of the indicator sets represent our scientific riptetation €tic perspective) of the

observations and perceptions of informaetsit perspective) (Hunn, 2007).
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Table 1
Categories used for organization of the local iattics cited by pequi and janaguba
extractivists from Flona Araripe, Ceard State, Neaist Brazil.

Set of indicator Definition of indicator sets

Management Notes on what is and is not allowed to do in theest according to the
Management Plan Flona Araripe (e.g. prohibition defforestation, increased
vegetation cover, amount of collected fruits)

Population structure Observations on the conditions of the plants (agp, regeneration capacity,
height, level of mortality)

Climate Weather conditions observed (e.g. duration of #ieyrseason, rainfall, duration
of dry periods)
Environment Observation of environmental conditions (e.g. swilnditions, relation with

competing species, pollution)

Autoecology Observations on the morphology of the resultinghfgleof interaction with the
environment (e.g. observed changes in the appeaainbe stem, leaves, flowers
and fruits)

Fenology Observation of the phenological phases of the plang. flowering periods,

fruiting, leaf growth, fruit maturation)

The total sample consisted of 61 informants, 4Bianizonte (31 men and 11 women), 16
in Macauba and three in Belmonte (all men). Amdresé informants, 58 reported collecting
pequi, 42 in Horizonte and 16 in Macauba, and anpegui collectors, 11 informants stated
that they also collected janaguba, one in Horizosggen in Macauba and three in Belmonte
(Table 2). The absence of women in the sample inadida can be explained by the fact that
in this community they are dedicated to extractimg babassu palmi(talea specioséart.
ex Spreng.) (Campos et al., 2015, IBAMA, 2004)tHis community, the collection of pequi
and janaguba is less intense and serves only teadhsumption of the families (IBAMA,
2004). Regarding janaguba collectors, our sampkwsas very low in the three communities.
Currently the governing body of the Flona Ararigecarrying out the restructuring of the
production chain of janaguba and re-registerindgectdrs that will be part of a cooperative.
Thus, currently most of the collectors in the regdm not have authorization to collect latex
and they are being considered illegal collectorst this reason, many refused to give

interviews or indicate potential informants.
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Table 2
Social variables of the three communities in thea, situated around the Flona Araripe,
Northeast Brazil.

Characteristics Belmonte Horizonte Macalba
Total number of informants 3 42 16

Age (mean and standard deviation) 54 (14.7) 5@15§1 60.9 (12.5)
Minimum 45 31 39
Maximum 71 71 79

Age group

30-39 - 10 2

40-49 2 14 3

50-59 - 10 3

> 60 years 1 8 8

Average time of extractivistm (mean and standardatien) 30 (13.2) 35.3(14.2)38.6 (16.5)
Minimum 15 12 10
Maximum 40 63 70

2.3 Data analysis

The indicators cited in each community were courdad organized into categories to
systematize the groups of indicators that standasuthe most observed and remembered by
the extractivists. Only pequi served as a modebtorstatistical analyzes. Because the sample
size of the janaguba collectors was small, we didperform the same statistical tests. For the
data on janaguba, we performed only a descripthadyais of local indicators. The Mann-
Whitney test was used to analyze the differencésarmean number of local indicators cited
between men and women, indicated for the case all samples where the variable does not
present a normal distribution. The Kruskal-Walésttwas used to test for differences in mean
number of local indicators cited by age group. Th& is indicated to compare three or more
independent samples of the same size or unequathisaest ages were categorized into the
following age groups: 30-39 years old; 40-49 yedds 50-59 years old; arnd 60 years old
(adapted from IBGE, 2011). Finally, we used thea®pan correlation test to determine the
degree of association between two measured vasiaiple¢his case, the length of experience
in the extractive activity and the number of indica cited. For all tests used, p < 0.05 was
considered. Statistical analyzes were performet thié software BioEstat 5.3 (Ayres et al.,

2007).
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Additionally, an adaptation of risk perception gise8 was performed to check which local
indicators cited are considered the most relevanthe extractivist (for more details see
Albuquerque et al., 2014; Quinn et al., 2003) tofyavhich local indicators are considered to
be of greater risk and therefore are more obseoydtie collectors. To perform this analysis
we first calculated the incidencé) @nd severity § indexes for each indicator cited. The
incidence indexl] represents the proportion of informants who citedtain indicator. The
values of this index range from 0 (lower frequemndycitations) to 1 (higher frequency of
citations). The severity indeX), in turn, is the perceived relevance of the iathec cited and
is based on the order in which each indicator wigsd doy each informant. Finally, we
calculated a total risk indeXR{ = Ij / S)) based on the combination of the incidenigea(d
severity § indexes. Higher values &) represent a higher risk associated with each atolic

(Quinn et al., 2003).

3. Results
3.1 Indicators

The pequi extractivists of the Macauba communitgccil9 indicators, while 35 indicators
were cited in the Horizonte community (Table 3).eTiost cited indicator in the two
communities was the increase in plant cover, wimcthe perception of extractivists is the
main cause for the reduction of pequi populationd fuit production. All the mentioned
indicators are based on the observations madeeégxtiactivists when they enter the forest
to collect the fruits of pequi, and thus qualitetivevaluate the state of conservation of the
pequi populations and the environmental changeshiénee occurred in Flona Araripe since

this conservation unit was inaugurated in the 1940s
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Table 3

Number and frequency of citation of the indicatcted byCaryocar coriaceunfpequi) collectors in the rural communities of Honte (HOR)

and Macauba (MAC) located in the surroundings efftona Araripe, Northeast Brazil.

Question Answers % of informants Set of indicators Description of indicators Total of indicators and
observed by extrativists citations number
Horizonte Macauba HOZ = MAC =19
Men Women Men 35
Do you believe finding pequi is More difficult 90.3 63.6 93.7 Management Increasgdgetation cover 18 19
currently easier, more difficult or Cattle removal 19 11
no change? Fire 5 3
Increased competition betweer8
collectors
People removal 2
Prohibition of deforestation 1
Collectors do not plant pequil
stones
Population structure High pequi mortality 15
Few young pequi trees 3
Many old pequi trees 1
Decreased fruit production 1
Environment Dry soll 2
Air pollution 1
Climate Decrease in rainfall 16 2
Fenology Decreased flowering 2
Fruits do not ripen 1
Leaves do not develop 1
Autoecology Thinner trunks 1
Easier 3.25 18.2 6.3 Population structure Preseficeny seedlings 4 1
Management More open forest 1
No change 6.45 18.2 Management Collectors plamtipsones 1
Do you believe the production of Decreased 90.3 91 93.7 Climate Decrease in rainfall 18 2
pequi fruits increased, decreased or Management Increase in vegetation cover 16 13
no change? Cattle removal 7 7
Increased competition betweer
collectors
Prohibition of deforestation 1
Deforestation 1
Fire 1
Housing prohibition in the forest 1
Population structure High pequi mortality 8
Few young pequi trees 2
Low germination 1
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Increased
No change

When you observe pequi plants in Yes
the forest, do you believe that its
physical characteristics are

changing over time?

No

Do you think pequi is threatenedYes

with extinction?

No

What should be done to restore
populations of pequi in the forest?

3.25
6.45
93.5

6.5
74.2

25.8

9.0
81.8

18.2
72.7

27.3

6.3
81.2

18.8
75

25

Fenology

Environment
Population structure
Population structure

Autoecology

Population structure

Management
Fenology

Environment

Management

Climate
Population structure

Fenologia
Autoecology
Population structure
Management
Management

Fruits do not ripen 3
Decreased flowering 3
Dry saoil 1
Reduction of pollinating bees 1
Plant pdipalaincreased 1
Presehmany seedlings 1
Dry branches 13
Thinner trunks 5
Few young pequi trees 9
High pequi mortality 8
Decreased fruit production 8
Many old pequi trees 5
Low germination 1
Increase in vegetation cover 2
Leaves do not develop 9
Decreased flowering 4
Diseases 9

Increase in vegetativar 13
Cattle removal 9
Increased competition between 4
collectors
Collectors do not plant pequi nuts 2
Prohibition of deforestation 1
Fire 1
Housing prohibition in the forest
Can not “zelar”

Many old pequi trees

Decrease in rainfall 9
Few young pequi trees 4
High pequi mortality 5
Decreased in fruit production 2
Low germination
Decreased flowering 1
Leaf diseases 1
Presence afyreaedlings 13
Collectors plant pequi nuts 1
Cultivate pequi 18
“Zelar” 17
Allow cattle raising in the forest 7
Let pequi populations recover
naturally
Avoid fires 1
Register collectors for extraction 1
Charge fee to collect 1

[En

It is not possible to recover

14
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Promote beekeeping

Leave pequi fruits on soil
Do not prohibit camps
Compost the soil around the
pequis

Total of citations

353

[EnY

130
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3.2 Influence of social factors on the number of tml indicators cited

In Horizonte community, gender did not influence timount of local indicators cited
(Z(U) =1.2873, p = 0.19). The same result was fofam the different categories of indicators
(Table 3). The age of collectors also did not dffee number of indicators cited, neither for
Macauba (H = 2.45, p = 0.48) nor for Horizonte (H343, p = 0.37). Considering the
indicators by categories, the results revealed diddr collectors> 60 years) reported more
indicators of climate category (H = 11.8, p = 0,nd younger collectors (30-39 years) cite
more indicators of population structure category=H2.6; p = 0.005) (Table 4). The time
devoted to the extraction of pequi did not influertbe knowledge about local indicators in
both communities. Only in Horizonte significant pin® correlation between time of
extractivism and indicators of climate category V@asd (rs = 0.44, p = 0.01).
Table 4
Number (mean % standard deviation) of indicatotsccand by set of indicators, according to

the age and gender of pequi collectors in two racmhmunities located around the Flona
Araripe, Northeast Brazil.

Communities Variables All Set of indicators
indicators

Management Population Climate Autoecology Environment
structure

Macatbé Age (years)
30-39 (2)* 11 +5.65 9 +5.65
40-49 (3) 86+057 6.3+0.57
50-59 (3) 9.3+251 6.3+0.57
> 60 anos (8) 72+£198 571+2.05
Horizonte Gender
Male (31) 8.9+349 4.2+2.09 2.1+0.69 1.6#0. 1.8+1.03 1.4+0.89
Female (11) 7.2+3.09 34+213 25+151 1189 1.9+1.35 1.2+£0.44
Age (years)
30-39 (10) 79+223 35+£1.77 3%1 10 1.5+151
40-49 (14) 7.3+£3.04 3.8+2.03 16+(651.3+£0.74 2+1.15
50-59 (10) 9.3+3.88 4+1.73 2.7+0.48 1.7850. 2+1.09
> 60 anos (8) 10.1 + 521276 2+1 2.2+0.48 1.8+0.69

4.35

@ In Macauba it was not possible to perform statidtiests for indicators of other categories du¢hto low
number of cited indicators.

bSample composed only of men.

¢Significance level of p<0.05.

* Numbers in parentheses indicate the sum of tfegrimants by age group and by sex.

3.3 Analysis of perception of most relevant indicatrs
The results of the analysis of perception of ref¢wadicators was based on the perception

of the collectors on the threat with local extinatiof pequi (Table 5). The informants
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evaluate these changes based on their frequentvabises of pequi and janaguba and the
environment in which they collect these resour@ée. collectors use as a basis of comparison
the time when they began to carry out the extracietivity to evaluate the magnitude of the
changes. For most pequi collectors from Macaubé&aj7&nd Horizonte (73.8%), pequi is
threatened with local extinction due to increasedetation cover of other species that affect
the growth of pequi plants, affects germination aedruitment of young plants. For the
collectors interviewed these observations serniadisators that the populations of pequi are
not being renewed. In Macauba, besides the incrieagegetation cover, another indicator
perceived as relevant to monitor is the presenceuaferous adults of pequi plants ("many
old plants"). For pequi collectors from Macaubas findicator means that the populations of
pequi are not being able to renew and are agingypoamising the sustainability of this
species in the long term (Fig. 2A).

Table 5

Risk index of the indicators considered most raiVay pequi collectors in Macauba e

Horizonte communities in the Flona Araripe, Norsterazil. The index ranges from 0 (no
incidence of risk) to 1 (most severe risk).

Indicators Risk index
Macauba

Increase in vegetation cover 1
Low germination 0.5
Cattle removal 0.09
Decrease in rainfall 0.08
Can not “zelar” 0.08
Many old pequi trees 0.06
Housing prohibition in the forest 0.05
Decreased in fruit production 0.04
Horizonte

Increase in vegetation cover 0.36
Cattle removal 0.25
Decrease in rainfall 0.19
Few young pequi trees 0.12

Increased competition between collectors 0.11
High pequi mortality 0.09
Decreased in fruit production 0.06
Collectors do not plant pequi nuts 0.04
Leaf diseases 0.03
Fire 0.02
Prohibition of deforestation 0.01
Decrease flowering 0.01
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For pequi collectors in Horizonte community, thdigators considered most relevant and
that pose serious problems for pequi populatiores the increasing vegetation cover,
excessive collection of fruits, the decrease offedii and the occurrence of fires. Another
indicator often cited was the ban on cattle preselftcattle removal”). Since the
establishment of Flona Araripe, in 1946, peoplsedicattle in the forest, until the approval
of the management plan for the protected area eneidwly 2000s, banned this practice.
According to the collectors of pequi, cattle wasiaportant fruit disperser in the forest,
because they fed on pequi fruits and by doing sg tielped with the settling of the pequi
plants leaving the solil free of grass, cleaninggbik and facilitating germination and settling
pequi seedlings (Fig. 2B).

Regarding janaguba, the results show that 54.5%olkéctors stated that currently have
greater difficulty finding janaguba inside the FhoAraripe and 45.4% consider that latex
production has been decreasing over time. Manageminators were the ones that received
the highest number of citations (45.9%) and "inseglivegetation cover" was the most cited
indicator (24.3%) as the main cause for the deatihganaguba plants, according to the
observations of the collectors over the time oftaohwith this species. Population structure
was the second most cited group of indicators @2.&mphasizing the indicator "presence
of many seedlings" (16.2%). However, most of thiectors (63.6%) said that they do not
observe changes in the morphology of janagubaardr time, and 72.7% consider that the
janaguba is not in threat with extinction in thgio:m because it is possible to find many
seedlings and young plants within the Flona Ararpespite janaguba is not considered in
threat with extinction, the analysis of the modevant indicators showed that the indicator
"increase in vegetation cover" is considered thetnmportant indicator to be observed as a

potential threat to natural populations of janagimsade the Flona Araripe.
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4. Discussion
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Figure 2. Perception analysis of the most relevant indicatioogsal indicators cited by pequi
extractivists and considered more relevant in Maaa{®) and Horizonte (B) locations. The
severity index ranges from 1 (most severe) to asflesevere). The incidence index varies
from O (not mentioned) to 1 (mentioned by all im@mnts).

In Horizonte community, there were no differencesknowledge between men and
women. In general, studies have argued that diftese in knowledge between men and

women are explained by the different social rokegt both play and by the sexual division of
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labor (Camou-Guerrero et al., 2008; Nunes et @lL62 Women are often responsible for the
care of the family and eventually help in agrictéduactivities, while men devote themselves
to agricultural activities and gathering of foressources, which make them to spend more
time in contact with the surrounding environment.

Previous works have shown that in the Horizonte roomity women accompany men
during the pequi collection period where they gettemporary settlements to stay closer to
pequi collection sites. In these cases, womenemmonsible for the care of the settlement and
assist in the production and sale of pequi oil &megh fruits (Cavalcanti et al., 2015).
However, in our study, women who participated ire timterviews in the Horizonte
community go to the collection of pequi accompagymen inside the forest with the aim of
increasing the amount of fruits collected and fgnmicome. Over time these entries into the
forest allowed women to have the same opportunédgesnen to observe the environment,
pequi populations and climatic variations, makingnnand women to use similar indicators to
assess the conditions of the species (Table 3)r&3ults suggest that being directly involved
in the management of natural resources can decteasdifferences in knowledge between
men and women, which is also reported in otherissu@Campos et al., 2015; Oteros-Rozas et
al., 2013). Thus, the involvement of women in tihedlversity monitoring process should be
increasingly encouraged, since women are considasedmportant stakeholders in the
conservation process (Gore and Kahler, 2012).

The age and time of extractivism are factors thiiénced the knowledge of climate and
population structure indicators (Table 3). Oldellamiors with more length of experience in
pequi collection cited more climate indicators thyaunger collectors. Some studies suggest
that this difference in knowledge between genenatican be the result of a process of loss of
intergenerational knowledge, known as baselingsskiferndndez-Llamazares et al., 2015a;
Katikiro, 2014). One explanation for these diffezes in knowledge between generations is

the scarce knowledge shared between individuatifferent ages (Fernandez-Llamazares et
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al., 2015a; Hanazaki et al., 2013; Papworth et28(Q9). Two conditions are essential to
characterize the occurrence of baseline shifteyajence of environmental changes locally
perceived as relevant, (b) differences in the peioe of age-related changes (Hanazaki et
al., 2013).

Our data suggest the occurrence of baseline dhéfiiween pequi collectors. The older
collectors realize that the amount of rainfall isrently lower than in the past, because they
had the opportunity to observe changes in rairgatterns over the years that they were
exposed to the environment to collect the fruitgpefui. They assess the current weather
conditions based on rainfall levels they observérmwthey were younger. Conversely, the
younger collectors are less able to perceive sliomate indicators as the most relevant.
Recent studies in the Flona Araripe show the oetcwe of severe droughts in the region in
recent years (Almeida, 2014; Santos et al., 20T#)ese droughts may probably be
influencing the ability of younger collectors tcsass the severity of these changes.

Another interesting result is that younger collest(80-39 years) cited more population
structure indicators (e.g. presence of numerouplalats of pequi) than the collectors of other
age groups (Table 4). A possible explanation fos th that younger collectors visit more
often the forest and cover longer distances inckeaf resources, which allows greater
opportunities to observe indicators of populatitrucure, such as the presence of older
plants and the absence of young plants and genmmnan addition, in this case, apparently it
seems that the share of observations on the papulstructure of pequi among younger and
older collectors is not occurring. Because manyhef older collectors consider themselves
retired from the pequi collection activity, and dot visit the forest with the same frequency
when they started the extractivist activity, th@aservations on the population structure might
be out of date.

The experience of time is also an important fadtwat affects the accumulation of

knowledge among pequi collectors (Albuquerque et28l11; Camou-Guerrero et al., 2008).
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This makes sense when we look at the results bleat & positive correlation between length
of extractivist activities (experience) and amoaohfited climate indicators (Table 4). Our
results show that collectors who develop the efitriat activity for longer periods of time
accumulated knowledge from many years of obsemsitod local climate variations that have
the potential to negatively impact pequi, such asrehsed rainfall. The many years of
experience have given to older collectors the oty to better observe variations in time
and accumulate knowledge about the influence offaliion fruit production, a problem that
adversely affects the recruitment of new individuahd the renewal of the species, as well as
the reduction in income measured with the salewfsf and pequi oil production (Almeida,
2014).

These social factors may have important implicaidor the monitoring process for
conservation. Local populations observe variousrenmental factors to try to predict the
dynamics of a system (Ostrom, 2009), as well asipaailectors observe variations in rainfall
to predict how will the fruit production be. If tr@der and more experienced collectors are
not sharing information on this set of specificigadors (climate) with younger, this may
suggest that this group of collectors can loseaith@ptive ability to perceive the effects of
environmental changes of climate variations on dbeservation of a species that provides

important economic and cultural resources (Ferréhtiamazares et al., 2015b).

4.2 Perception analysis of indicators

The perception analysis was performed based oméheeption of the collectors on the
threat of pequi and janaguba with local extinctionl the possible causes for this, i.e. which
indicators they consider most relevant to moniber ¢conservation status of the species. In the
collectors' perception, changes in the managemsdes of the Flona Araripe, such as the
prohibition of deforestation and cattle raising thre forest, are the main causes for the

increase in vegetation cover that has negativdctdd the reproduction capacity of pequi
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populations. In fact, research conducted in then&l@raripe confirms the collectors'
perception. Cattle was one of the major pequi sisgersers and grazing helped to open
clearings in the vegetation (Santos et al.,, 20E8)pring the recruitment of new pequi
individuals, a heliophilous plant. Since cattlesnag was totally banned in the Araripe Flona
in the early 2000s, vegetation cover has been asang (Silva, 2014) and data from
(Almeida, 2014) indicate that pequi populations @eelining due to greater presence of adult
individuals and the low recruitment rates of nediwiduals.

These data reveal that collectors have a deep stadeling of the changes that the
environment in the Flona Araripe has undergoneesite creation and how such changes
affect useful species. Studies have shown thasudenatural resources, in different parts of
the world, exhibit the same behavior of observatamd monitoring of different factors
affecting the species of interest (Alves and Niah2D02; Danielsen et al., 2014b; Johnson et
al., 2015; Monroy-Ortiz et al., 2009). Thereforeg wonsider that our findings support the
suggestion of authors who recommend the inclusiofo@al ecological knowledge in the
process of monitoring and evaluating the statuspefcies conservation (Berkes et al., 2007;
Danielsen et al., 2005), especially in developiogrtries that have great biodiversity and
numerous endangered species.

The emphasis of the collectors in certain set aficetors, such as management and
population structure can be explained in part beeanf the type of subsistence economy
practiced in the region, as well as in other regiohthe world (Pokharel and Larsen, 2007).
In Horizonte community, for example, much of theame of families depends on the
collection of non-timber forest resources, espgcidde fruits of pequi (Cavalcanti et al.,
2015b). In the case of janaguba, although mosaetxirsts consider that this species does not
suffer from local extinction threat, the most ciiedicator and perceived as the main factor
that impairs janaguba’s latex extraction is incedas/egetation. Although it seems

paradoxical information, since studies show thaaguba is found in large quantities in the
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region (Baldauf and Santos, 2013), to observe ouroe future scarcity levels motivates
extractivists to monitor environmental factors thah reduce the productivity of a species in
order to manage the future (Ostrom, 2009). Theeeftiie emphasis of the collectors in
management and population structure indicators beayeing shaped by the interest they
have in the maintenance of these species (Johnsbn 2015).

The importance given to indicators, such as theedse in rainfall in the region shows that
the years of experience in collecting pequi withlydaisits into the forest in the harvest
period, led to the accumulation of knowledge tHiweed pequi collectors to make relations
between climate change and potential negative itagacthe environment, species and social
conditions in the communities, such as possibléirEsin income from the collection of the
fruits of pequi. This pattern of holistic knowledgé the observations of environmental
responses to climate change can be observed erehtf populations from different parts of
the world (Savo et al., 2016). Furthermore, theeoletion of these local indicators allows
communities to plan their subsistence activitiesrifgndez-Llamazares et al., 2015b).

Local indicators cited gather some characteristassidered important for the monitoring
process in protected areas. According to Daniedtead. (2000), local indicators are easy to
collect, are low cost, are significant for the lopapulation; report seasonal variations and
trends of climatic conditions and the effects othampogenic activities, as well as being
sensitive enough to anticipate changes. The infoomabtained from the observations of
extractivists can be used as normative indicatérthe® conditions of the species and the
environment, since they assess the state of a plemmn (evaluative indicators of
environmental conditions) and future conditions ludibitats and species (prescriptive
indicators) (Heink and Kowarik, 2010). Thereform, presenting information on structure,
function and composition of social-ecological syste local indicators gather the
characteristics to form a locally based monitorprgcess in complex contexts, such as the

use of natural resources in protected areas (Daldayeler, 2001).
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Additionally to observing the current conditionstraxtivists also observe what must be
done to recover species, which in their perceptave, threatened. For pequi collectors, the
main measure to prevent the extinction of pequoipractice what they call "zelar" pequi,
which means removing the vegetation growing arahedolants of pequi (Sousa Janior et al.,
2013). According to the collectors of pequi, thragiice that was used to be done before the
ban of deforestation, can ensure that the plaetér@e of competing species and the seedlings
have more access to light to support the growtheafithy plants and thus ensure a natural
regeneration. This management practice was alsatifieéel by users of fruiting plants in
Africa as a necessary practice to ensure regearr@diykke, 2000). However, this practice is
not currently allowed and conflicts to the rulesabished by management Flona Araripe,
which characterizes a conflict of interest.

Local indicators perceived as higher risk for pecpliectors cover a holistic view of the
complexity of factors that can influence the sumsthility of a species, such as environmental
changes, changes in local weather patterns, dysaamc population structure and the
impacts of human activities (e.g. management). ifgkécators based on local ecological
knowledge are considered useful in assessing trehtte species (Turvey et al., 2013) and
are easily obtained from routine observations @hlgoopulations (Johnson et al., 2015).
These local indicators perceived as presentingenigbk may express the conflicts of interest
between the collectors and the rules establishethéygoverning body of Flona Araripe.
Extractivist communities are formed by multiple isbactors who engage in internal conflicts
(Nielsen and Lund, 2012). Furthermore, interestesources that can bring more economic
benefits, for example, can shape the informati@n libcal people can provide (O’'Donnell et
al., 2010). On the other hand, the biological, etoic and cultural value of a species can
motivate the participation of local people in monmg programs that can lead to a

sustainable resource management (Singh et al.)2014
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4. Conclusion

In the communities studied, knowledge was homogendietween extractivists of both
genders, from different generations and with défaryears of experience. Therefore, by
showing that knowledge about observed indicatosh@&ed among community members, we
suggest that women and older individuals should hks integrated into species monitoring
programs.

The local indicators cited cover a variety of fastthat, in the perception of collectors,
influence positively or negatively the species #md information may be important to assess
the conservation status of species and generateqonestions and hypotheses to be tested.
The interviewed collectors who live close to therfd Araripe do not only observe the
morphological characteristics of the species, butobhstic local ecological knowledge to
evaluate the status of conservation and sustaityabfl the pequi and janaguba populations,
evaluating and interpreting a set of indicators #&ir possible cause and effect relationships.
Based on the observations accumulated during taesy& collection and the sharing of this
information, the extractivists can estimate if thegn continue to maintain their subsistence
based on the resources extracted from these spdicissimportant to point out that the
economic and cultural importance of pequi and jabagmay have contributed to the
diversity of indicators observed. In addition, dang between extractivists and managers of
the conservation unit about how best to managauress may have been another factor that
influenced the extractivists' perception of theettirof pequi's local extinction. We believe
that local ecological knowledge can be an important to help managers of conservation
units, since the incorporation of the indicatorserved by resource users can generate new
guestions and hypotheses to be tested, and thusoumpthe evaluation capacity of
conservation strategies.

We believe that this study contributed to a baiteterstanding of how users of non-timber

forest products monitor and evaluate the consematiatus of species in forest environments.

64



The indicators observed by the collectors are eatl comprehensively, connecting the
environmental and landscape changes, and the ftectthe population dynamics of the
species. Therefore, we believe that in similar ertst such as conservation units in
developing countries, where financial resourcesteaided personnel for the implementation
of monitoring processes are scarce, the local gadabknowledge of extractive populations
has the potential to be integrated and directlytrdmute with local monitoring processes. In
addition, local ecological knowledge can contribtdeaeduce social-environmental conflicts
between resource users and protected area managdrsheir observations may constitute

new hypotheses for future ecological studies.

Acknowledgements

The authors would like to acknowledge all the restd of Belmonte, Horizonte and Macauba
communities for its receptiveness and help, and/ladl participated in this study. The authors
also acknowledge the Chico Mendes Institute foldRiersity Conservation (ICMBIo) for the
authorization to carry out this research (authoiwraNo. 42187-2), the employees of Flona
Araripe and the team of the Laboratory of Ecologg &volution of Socioecological Systems
(LEA) of the Federal Rural University of Pernamby&d~RPE) for their technical support.
To the National Council for Scientific and Techrgittal Developmen{Conselho Nacional
de Desenvolvimento Cientifico e Tecnolégico - CNHqg) the research productivity
scholarships granted to RRNA and UPA. We thanketti®or and two anonymous reviewers

for their constructive comments, which helped usrprove the manuscript.

References

Albuquerque, U.P., Soldati, G.T., Sieber, S.S., Bamvl.A., S&, J.C., Souza, L.C., 2011. The
use of plants in the medical system of the Fulpeople (NE Brazil): A perspective on
age and gender. J. Ethnopharmacol. 133, 866—87.20d016/j.jep.2010.11.021

Albuquerque, U.P., Cunha, L.V.F.C., Lucena, R.FAles, R.R.N., 2014. Methods and
65



Techniques in Ethnobiology and Ethnoecology. Sginlyew York. doi:10.1007/978-1-
4614-8636-7

Almeida, A.L.S., 2014. Avaliagdo ecologica do etitiamo do pequi Caryocar coriaceum
Wittm.) na Floresta Nacional do Araripe, Cearaoinfacdes para um plano de uso

sustentavel. Ph.D. Thesis. Universidade FederalRier Pernambuco, Brasil.

Alves, R.R.N., Nishida, A.K., 2002. A ecdise do argguejo-uca,Ucides cordatusL.
(Decapoda, Brachyura) na visao dos caranguejémtesciencia 27, 110-117.

Ayres, M., Ayres Jr., M., Ayres, D.L., Santos, A.3007. BioEstat 5.3: aplicacdes estatisticas

nas areas das ciéncias biomédicas. SociedadeMGimiiraua, Belém, Para.

Baldauf, C., Santos, F.A.M., 2013. Ethnobotanyditranal knowledge, and diachronic
changes in non-timber forest products managementase study ofHimatanthus
drasticus (Apocynaceae) in the Brazilian savanna. Econ. B67, 110-120.
doi:10.1007/s12231-013-9228-5

Baldauf, C., Santos, F.A.M., 2014. The effect ofnaigement systems and ecosystem types
on bark regeneration iRlimatanthus drasticugApocynaceae): recommendations for
sustainable harvesting. Environ. Monit. Assess., B88—-359. doi:10.1007/s10661-013-
3378-x

Baldauf, C., Silva, A.S., Sfair, J.C., Ferreira, Bantos, F.A.M., 2014. Harvesting increases
reproductive activity inHimatanthus drasticugMart.) Plumel (Apocynaceae), a non-
timber forest product of the brazilian savanna. tBjpica 46, 341-349.
doi:10.1111/btp.12109

Bender, M.G., Floeter, S.R., Mayer, F.P., Vila-NoW&A., Longo, G.O., Hanazaki, N.,
Carvalho-Filho, A., Ferreira, C.E.L., 2013. Biologi attributes and major threats as
predictors of the vulnerability of species: a cataly with Brazilian reef fishes. Oryx
47, 259-265. doi:10.1017/S003060531100144X

Berkes, F., Berkes, M.K., Fast, H., 2007. Collabeeaintegrated management in Canada’s
North: the role of local and traditional knowledgad community-based monitoring.
Coast. Manag. 35, 143-162. doi:10.1080/089207 5081087

Butchart, S.H.M., et al., 2010. Global biodiversiitydicators of recent declines. Science 80
(328), 1164-1168. doi:10.1126/science.1187512

Camou-Guerrero, A., Reyes-Garcia, V., Martinez-Ranhb., Casas, A., 2008. Knowledge
and use value of plant species in a raramuri conitjnua gender perspective for

66



conservation. Hum. Ecol. 36, 259-272. doi:10.1007745-007-9152-3

Campos, J.L.A., Silva, T.L.L., Albuguerque, U.P.eréhi, N., Aravjo, E.L., 2015.
Knowledge, use, and management of the babassu (dl@lea speciosaMart. ex
Spreng) in the Araripe Region (Northeastern Brazicon. Bot. 69, 240-250.
doi:10.1007/s12231-015-9315-x

Campos, L.Z.O., Albuquerque, U.P., Peroni, N., fjoalE.L., 2015. Do socioeconomic
characteristics explain the knowledge and use divenafood plants in semiarid
environments in  Northeastern Brazil? J. Arid Enmiro 115, 53-61.
doi:10.1016/j.jaridenv.2015.01.002

Cardinale, B.J., et al., 2012. Biodiversity lossl @s impact on humanity. Nature 486, 59-67.
doi:10.1038/nature11148

Cavalcanti, M.C.B.T., Ramos, M.A., Araujo, E.L.,bdiquerque, U.P., 2015. Implications
from the use of non-timber forest products on theesamption of wood as a fuel source
in  human-dominated semiarid landscapes. Environ. ndda. 56, 389-401.
doi:10.1007/s00267-015-0510-4

Colares, A.V., Cordeiro, L.N., Costa, J.G.M., CawdloA.H., Campos, A.R., 2008. Efeito
gastroprotetor do latex ddimatanthus drasticugMart.) Plumel (Janaguba). Inf. Prof.
do Cons. Fed. Farmacia 20, 34-36.

Dale, V.H., Beyeler, S.C., 2001. Challenges in tevelopment and use of ecological
indicators. Ecol. Indic. 1, 3—10. doi:10.1016/S14BDX(01)00003-6

Danielsen, F., Balete, D.S., Poulsen, M.K., Enghidff, Nozawa, C.M., Jensen, A.E., 2000.
A simple system for monitoring biodiversity in peoted areas of a developing country.
Biodivers. Conserv. 9, 1671-1705. doi:10.1023/A651%5324342

Danielsen, F., Burgess, N.D., Balmford, A., 2005oniloring matters: examining the
potential of locally-based approaches. Biodiversongerv. 14, 2507-2542.
doi:10.1007/s10531-005-8375-0

Danielsen, F., Burgess, N.D., Balmford, A., et @&009. Local participation in natural
resource monitoring: a characterization of appreachConserv. Biol. 23, 31-42.
doi:10.1111/j.1523-1739.2008.01063.x

Danielsen, F., Pirhofer-Walzl, K., Adrian, T.P.,at, 2014a. Linking public participation in
scientific research to the indicators and needstefnational environmental agreements.
Conserv. Lett. 7, 12-24. doi:10.1111/conl.12024

67



Danielsen, F., Topp-Jgrgensen, E., Levermann, Blstitem, P., Schigtz, M., Enghoff, M.,
Jakobsen, P., 2014b. Counting what counts: usiogl lknowledge to improve Arctic
resource management. Polar Geogr. 37, 69-91. db280/1088937X.2014.890960

Fernandez-Llamazares, A., Diaz-Reviriego, |., LAZC., Cabeza, M., Pyhala, A., Reyes-
Garcia, V., 2015a. Rapid ecosystem change chabetige adaptive capacity of local
environmental knowledge. Glob. Environ. Chang. 31,272-284.
doi:10.1016/j.gloenvcha.2015.02.001

Fernandez-Llamazares, A., Méndez-Lépez, M.E., Raxkiego, |., McBride, M.F., Pyhala,
A., Rosell-Melé, A., Reyes-Garcia, V., 2015b. Litdetween media communication and
local perceptions of climate change in an indigensaciety. Clim. Change 131, 307—
320. doi:10.1007/s10584-015-1381-7

Garcia-Frapolli, E., Ramos-Fernandez, G., GalEiaSerrano, A., 2009. The complex reality
of biodiversity conservation through natural prog¢eicarea policy: three cases from the
Yucatan peninsula, Mexico. Land Use Policy 26, 2
doi:10.1016/j.landusepol.2008.09.008

Gore, M.L., Kahler, J.S., 2012. Gendered risk petfoes associated with human-wildlife
conflict: implications for participatory conservati. PLoS One 7, 1-10.
doi:10.1371/journal.pone.0032901

Hanazaki, N., Herbst, D.F., Marques, M.S., Vandekyd., 2013. Evidence of the shifting
baseline syndrome in ethnobotanical research. hndbiol. Ethnomed. 9, 75.
doi:10.1186/1746-4269-9-75

Heink, U., Kowarik, I., 2010. What are indicatoi®® the definition of indicators in ecology
and environmental planning. Ecol. Indic. 10, 5842-59
doi:10.1016/j.ecolind.2009.09.009

IBAMA, 2004. Plano de Manejo da Floresta Nacior@alAdaripe-Apodi. Brasilia.

Johnson, N., Alessa, L., Behe, C., et al.,, 2015 Thntributions of community-based
monitoring and traditional knowledge to arctic alvésg networks: reflections on the
state of the field. Arctic 68, 13. doi:10.14430fex¢447

Jargensen, S.E., Burkhard, B., Muller, F., 2013efity volumes of ecological indicators —
An accounting short review. Ecol. Indic. 28, 4-8i:10.1016/].ecolind.2012.12.018

Katikiro, R.E., 2014. Perceptions on the shiftirgséline among coastal fishers of Tanga,
northeast Tanzania. Ocean Coast. Manag. 91, 23-31.

68



doi:10.1016/j.ocecoaman.2014.01.009

Khan, S.M., Page, S., Ahmad, H., Harper, D., 2@#hno-ecological importance of plant
biodiversity in mountain ecosystems with specialpbasis on indicator species of a
Himalayan valley in the northern Pakistan. Ecol. diegn 37, 175-185.
doi:10.1016/j.ecolind.2013.09.012

La Torre-Cuadros, M.A., Arnillas-Merino, C.A., 2Q1Zapacitacion participativa: accion
estratégica para la effectividad del manejo desanedurales protegidas. Rev. Parques
11.

Lantz, T.C., Turner, N.J., 2003. Traditional phegital knowledge of aboriginal peoples in
British Columbia. J. Ethnobiol. 23, 263-286.

Lozano, A., Araujo, E.L., Medeiros, M.F.T., Albuggee, U.P., 2014. The apparency
hypothesis applied to a local pharmacopoeia inhkitailian northeast. J. Ethnobiol.
Ethnomed. 10, 2. d0i:10.1186/1746-4269-10-2

Lucetti, D.L., Lucetti, E.C.P., Bandeira, M.A.M.g¥as, H.N.H., Silva, A.H., Leal, L.K.A.M,,
Lopes, A.A., Alves, V.C.C., Silva, G.S., Brito, G,AViana, G.B., 2010. Anti-
inflammatory effects and possible mechanism ofoactf lupeol acetate isolated from
Himatanthus drasticugMart.) Plumel. J. Inflamm. 7, 60. doi:10.1186/643255-7-60

Lykke, A.M., 2000. Local perceptions of vegetatmrange and priorities for conservation of
woody-savanna vegetation in Senegal. J. Environ.ndge. 59, 107-120.
doi:10.1006/jema.2000.0336

Martins, R.C., Filgueiras, T.D.S., Albuquerque, LJ.R014. Use and diversity of palm
(Arecaceae) resources in central western Brazili. S%orld J. 2014, 1-14.
doi:10.1155/2014/942043

Monroy-Ortiz, C., Garcia-Moya, E., Romero-Manzasar&., Sanchez-Quintanar, C., Luna-
Cavazos, M., Uscanga-Mortera, E., Gonzalez-Rom¥rp,Flores-Guido, J.S., 2009.
Participative generation of local indicators fomservation in Morelos, Mexico. Int. J.
Sustain. Dev. World Ecol. 16, 381-391. doi:10.1@8604500903355322

Mousinho, K.C., Oliveira, C.C., Ferreira, J.R.Oar@lho, A.A., Magalhaes, H.l.F., Bezerra,
D.P., Alves, A.P.N.N., Costa-Lotufo, L.V., Pess@a, Matos, M.P.V., Ramos, M.V.,
Moraes, M.O., 2011. Antitumor effect of laticifergbeins of Himatanthus drasticus
(Mart.) Plumel —  Apocynaceae. J. Ethnopharmacol. 7,13 421-426.
doi:10.1016/j.jep.2011.04.073

69



Nichols, J.D., Williams, B.K., 2006. Monitoring faronservation. Trends Ecol. Evol. 21,
668-73. doi:10.1016/j.tree.2006.08.007

Nielsen, M., Lund, J., 2012. Seeing white elepHaritse production and communication of
information in a locally-based monitoring system Tlanzania. Conserv. Soc. 10, 1.
doi:10.4103/0972-4923.92188

Niemi, G.J., McDonald, M.E., 2004. Application ofaogical indicators. Annu. Rev. Ecol.
Evol. Syst. 35, 89—-111. doi:10.1146/annurev.eccd$y$12202.130132

Nunes, A.T., Cabral, D.L.V., Amorim, E.L.C., Santd4.V.F. dos, Albuquerque, U.P., 2016.
Plants used to feed ruminants in semi-arid Braziktudy of nutritional composition
guided by local ecological knowledge. J. Arid Eowr 135, 96-103.
doi:10.1016/j.jaridenv.2016.08.015

O’Donnell, K.P., Pajaro, M.G., Vincent, A.C.J., Z01How does the accuracy of fisher
knowledge affect seahorse conservation status? An@unserv. 13, 526-533.
doi:10.1111/j.1469-1795.2010.00377.x

Ostrom, E., 2009. A general framework for analyzswgstainability of social-ecological
systems. Sci. New Ser. 325, 419-422. doi:10.118/se.1172133

Oteros-Rozas, E., Ontillera-Sanchez, R., Sanos&dMmez-Baggethun, E., Reyes-Garcia, V.,
Gonzalez, J.A., 2013. Traditional ecological knage among transhumant pastoralists
in Mediterranean Spain. Ecol. Soc. 18, art33. @ot751/ES-05597-180333

Papworth, S.K., Rist, J., Coad, L., Milner-Gullaid,., 2009. Evidence for shifting baseline
syndrome in conservation. Conserv. Lett. 2, 93-1060i:10.1111/}.1755-
263X.2009.00049.x

Pokharel, R.K., Larsen, H.O., 2007. Local vs offictriteria and indicators for evaluating

community forest management. Forestry 80, 183—-d8i210.1093/forestry/cpm005

Quinn, C.H., Huby, M., Kiwasila, H., Lovett, J.C2003. Local perceptions of risk to
livelihood in semi-arid Tanzania. J. Environ. Maea§8, 111-119. doi:10.1016/S0301-
4797(03)00013-6

Rapport, D.J., 1992. Evolution of indicators of gggiem health, in: McKenzie DH, Hyatt
DE, McDonald V.J. (Ed.), Ecological Indicators. &lger Applied Science, London/New
York, pp. 121-134.

Rapport, D.J., Hildén, M., 2013. An evolving rolerfecological indicators: from

documenting ecological conditions to monitoringvdrs and policy responses. Ecol.
70



Indic. 28, 10-15. doi:10.1016/j.ecolind.2012.05.015

Ribeiro, D.A., Oliveira, L.G.S., Macédo, D.G., Mees, |.R.A., Costa, J.G.M., Silva,
M.A.P., Lacerda, S.R., Souza, M.M.A., 2014. Prongsimedicinal plants for
bioprospection in a cerrado area of Chapada do ig&amortheastern Brazil. J.
Ethnopharmacol. 155, 1522-1533. doi:10.1016/j.j¢p4207.042

Santana-Medina, N., Franco-Maass, S., Sanchez-\&erambernon, J., Nava-Bernal, G.,
2013. Participatory generation of sustainabilitgicators in a natural protected area of
Mexico. Ecol. Indic. 25, 1-9. doi:10.1016/j.ecolizd12.09.002

Santos, G.C., Schiel, N., De Lima Araujo, E., PaulAlbuquerque, U., 20168Caryocar
coriaceum(Caryocaraceae) diaspore removal and disperdahdes on the margin and in
the interior of a Cerrado area in Northeastern Br&ev. Biol. Trop. 64, 1117-1127.
doi:10.15517/rbt.v64i3.20930

Saraiva, R.A., Araruna, M.K.A., Oliveira, R.C., Mezes, K.D.P., Leite, G.O., Kerntopf,
M.R., Costa, J.G.M., Rocha, J.B.T., Tomé, A.R., fas) A.R., Menezes, I.R.A., 2011.
Topical anti-inflammatory effect o€aryocar coriaceumWittm. (Caryocaraceae) fruit
pulp fixed oil on mice ear edema induced by differieritant agents. J. Ethnopharmacol.
136, 504-10. doi:10.1016/j.jep.2010.07.002

Savo, V., Lepofsky, D., Benner, J.P., Kohfeld, K.Bailey, J., Lertzman, K., 2016.
Observations of climate change among subsisteneated communities around the
world. Nat. Clim. Chang. 6, 462—-473. doi:10.1038/mate2958

Sena, D.M., Rodrigues, F.F.G., Freire, P.T.C., @eal,. S.G., Coutinho, H.D.M., Carvajal,
J.C.L.,, da Costa, J.G.M., 2010. Physicochemical smettroscopical investigation of
pequi Caryocar coriaceumWittm.) pulp oil. Grasas y Aceites 61, 191-196.
doi:10.3989/gya.105909

Sheil, D., Lawrence, A., 2004. Tropical biologistecal people and conservation: new
opportunities for collaboration. Trends Ecol. Evol. 19, 634-8.
doi:10.1016/j.tree.2004.09.019

Silva, R.R.V., Gomes, L., Albuquerque, U.P., 20P%ant extractivism in light of game
theory: a case study in Northeastern Brazil. J.nébiol. Ethnomed. 11, 6.
doi:10.1186/1746-4269-11-6

Silva, R.R.V., Gomes, L.J., Albuquerque, U.P., 20What are the socioeconomic

implications of the value chain of biodiversity pguzts? A case study in Northeastern

71



Brazil. Environ. Monit. Assess. 189, 64. doi:10.7310661-017-5772-2

Silva, T.C., 2014. Evidéncias culturais e biol6égid® uma paisagem transformada no cerrado
brasileiro (atu sensyt um olhar através da etnoecologia de paisagenD.PFhesis.

Universidade Federal Rural de Pernambuco, Brasil.

Singh, N.J., Danell, K., Edenius, L., Ericsson, Z214. Tackling the motivation to monitor:

success and sustainability of a participatory nowimg program. Ecol. Soc. 19, 7.

Sousa Junior, J.R., Albuquerque, U.P., Peroni, 2013. Traditional knowledge and
management ofCaryocar coriaceumWittm. (Pequi) in the brazilian savanna,
Northeastern Brazil. Econ. Bot. 67, 225-233. doit007/s12231-013-9241-8

Souza, W.M., Stinghen, A.E.M., Santos, C.A.M., 20B#timicrobial activity of alkaloidal
fraction from barks of Himatanthus lancifolius Fitoterapia 75, 750-3.
doi:10.1016/j.fitote.2004.09.012

Sutherland, W.J., Gardner, T.A., Haider, L.J., Bick. V., 2014. How can local and
traditional knowledge be effectively incorporatedoi international assessments? Oryx
48, 1-2. doi:10.1017/S0030605313001543

Tengd, M., Brondizio, E.S., EImqvist, T., Malmer,, Bpierenburg, M., 2014. Connecting
diverse knowledge systems for enhanced ecosysteermggnce: the multiple evidence
base approach. Ambio 43, 579-91. doi:10.1007/s1-82800501-3

Turvey, S.T., Risley, C.L., Moore, J.E., BarrettAL, Yujiang, H., Xiujiang, Z., Kaiya, Z.,
Ding, W., 2013. Can local ecological knowledge Bedito assess status and extinction
drivers in a threatened freshwater cetacean? B(bnserv. 157, 352-360.
doi:10.1016/j.biocon.2012.07.016

Turvey, S.T., Fernandez-Secades, C., Nufiez-Mii.,, Hart, T., Martinez, P., Brocca, J.L.,
Young, R.P., 2014. Is local ecological knowledgasaful conservation tool for small
mammals in a Caribbean multicultural landscape?l. B@onserv. 169, 189-197.
doi:10.1016/j.biocon.2013.11.018

Yoccoz, N.G., Nichols, J.D., Boulinier, T., 2001oMtoring of biological diversity in space
and time. Trends Ecol. Evol. 16, 446-453. doi:106/80169-5347(01)02205-4

72



CAPITULO 2
Percepcéo local sobre o estado de conservacao deéeges Uteis: uma contribuicdo para

0 monitoramento de base local

(Submetido ao periddico Ambio)

73



Percepcdo local sobre o estado de conservagdo deéeges Uteis: uma contribuicdo para
0 monitoramento de base local
André Sobral**, Maria de los Angeles La Torre-Cuoa#ly, Rdmulo Romeu Nobrega Alves

Ulysses Paulino Albuguerque*

lLaboratorio de Ecologia e Evolucdo dos SistemasioBooldgicos, Departamento de
Botanica, Universidade Federal de Pernambuco, Rated$3or Moraes Rego s/n, Cidade

Universitaria, 50670-901, Recife, Pernambuco, Brasi

2 Departamento de Manejo Forestal, Facultad dec@ierforestales, Universidad Nacional
Agraria La Molina, Av. La Universidad S/N, La Moérl2, Lima, Peru.
SFacultad de Ciencias Forestales, Universidad MaticAgraria La Molina. Av. La

Universidad s/n, La Molina, Lima 37, Peru.

‘Departamento de Biologia, Universidade Estadual Riaraiba, Av. das Baralnas,

351/Campus Universitario, Bodocongdé, 58109-753, @amGrande, Paraiba, Brasil.

lLaboratorio de Ecologia e Evolucdo dos SistemasioBooldgicos, Departamento de
Botanica, Universidade Federal de Pernambuco, Rated$3or Moraes Rego s/n, Cidade

Universitaria, 50670-901, Recife, Pernambuco, Brasi

*Corresponding authors: André Sobral, +55819916815&-mail: sobral.a@gmail.com;

Ulysses Paulino Albuguerque, tel.: +558199609523%ail: upa677@hotmail.com.

RESUMO

Comunidades extrativistas observam continuamen¢@tes da natureza e constroem uma
percepcdo sobre o estado de conservacdo das sspgabjetivo desse estudo foi testar a
seguinte hipétese: o tempo de experiéncia dosareketesta relacionado com a percepcao
sobre o estado de conservagdo das espécies. Bafarism realizadas entrevistas em duas

comunidades rurais localizadas no entorno da Rbofdacional do Araripe (Flona Araripe)
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no Cearda, Nordeste, Brasil, onde predomina a cde@aryocar coriaceunWittm. (pequi),
espécie vegetal de importancia econémica e sdaimhm realizadas oficinas participativas
para complementar os dados das entrevistas e cengare o historico de mudancgas
ambientais percebidas pelos informantes, além dgamcdo das percepcdes dos coletores
com estudos recentes realizados na regido. A lsipdi@ corroborada para apenas uma
comunidade. Os coletores apresentaram um amploeconénto sobre as mudangas
ambientais e o impacto dessas mudancas sSCbreoriaceum As mudancas ambientais
ocorridas na Flona Araripe, relatadas pelos castoestdo de acordo com os dados
registrados na literatura cientifica. Concluimog gonhecimento local e as percep¢des de
extrativistas que fazem uso intensivo de espéoéggtais podem ser complementares ao
conhecimento cientifico e incorporados em progratg@asionitoramento local, sobretudo em
paises onde as agéncias de conservacdo careceatake rdais atualizados para avaliar o
estado de conservacao de espécies.

Palavras-chave Etnobiologia, Conhecimento Ecolégico Local, Monidmento de Base

Local, Percepgcédo Ambiental.

1. INTRODUCAO
A observagdo de eventos da natureza e a percemg@uat possiveis causas, como as
condi¢des do tempo (Savo et al. 2016), as mudatligadticas (Laidler 2006) e o padréo de
abundancia de espécies (Berkes 2007), faz parmotidiano de populagbes locais, e essa
observacéo influencia os padrbes de utilizacdordogrsos naturais essenciais para a sua
sobrevivéncia (Danielsen 2000). Essas observagdesitem que populagdes locais sejam
capazes de monitorar e avaliar a qualidade dossesua situagao atual e as tendéncias de
aumento ou declinio de espécies e habitats em joragm (Berkes et al. 2007).

O conhecimento gerado a partir das observacbepapagacoes locais pode ser resultado

do acumulo de experiéncias e do contato frequemtie @essoas e ambiente ao longo de
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geracoes (Berkes 2007; Tengo et al. 2014). Issaedarzque a incorporagcédo das observacdes
locais em processos de monitoramento e avaliac&scies seja um instrumento promissor
para complementar as abordagens profissionais, geiariam indicadores que podem
melhorar a capacidade de avaliar o estado de c@trser de espécies e as tendéncias de
mudancas ambientais (Danielsen et al. 2005; Butehat. 2010).

O monitoramento realizado por populagdes locaiesgmta avaliacbes semelhantes ao
monitoramento realizado por profissionais (Nagerad@strom 2011; Oldekop et al. 2011),
influencia mais rapidamente as tomadas de decis@egestdo dos recursos naturais
(Danielsen et al. 2010) e reduz os custos do manitento (Danielsen et al. 2011).

Apesar disso, a incorporacdo do conhecimento laslestratégias de conservagdo ainda
permanece pouco documentada na literatura (Jolatsdn2015), e pouco se tem explorado a
respeito da influéncia dos fatores, como o tempcexigeriéncia dos usuarios sobre sua
capacidade de avaliar o estado de conservacdo spesies. Por exemplo, idade, sexo
(Albugquerque et al. 2011) e o tempo de exposicéanamente na busca por recursos (Martins
et al. 2014) sao fatores que podem influenciatasmacdes e percepcdes das pessoas locais
sobre o estado de conservagédo dos recursos natbstuslos tém demonstrado que pessoas
mais velhas e mais experientes (Byg e Balslev 200&ks e Leony 2004; Araujo e Lopes
2012), possuem um maior conhecimento sobre recurabgais e seus diferentes usos.
Populagcbes que possuem longo historico de depeiadé&ie produtos florestais néo
madeireiros para sua subsisténcia acumulam amphtheconento sobre as mudangas
ambientais e sua influéncia sobre as populacoespiEcies vegetais que utilizam (Sieber et
al. 2011; Almeida et al. 2016).

O objetivo deste trabalho foi investigar se o terdpaexperiéncia dos coletores influencia
na sua percepc¢ao sobre o estado de conservacéoutsa coletado. Além disso, analisamos
a percepcao dos coletores sobre as mudancas aambiepe podem afetar a dinamica

populacional das espécies exploradas. Consideram#mario anterior, este estudo procurou
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responder a seguinte questao: (i) maior tempo der@ncia na coleta esta associada a maior

percepcao sobre o estado de conservacao das ae&pécie

2. MATERIAL E METODOS

2.1 Area de estudo

Este estudo foi conduzido na Floresta Nacional daripe-Apodi (Flona Araripe), uma
unidade de conservacao de uso sustentavel com23B22eectares, localizada na Chapada do
Araripe, e que abrange os municipios de Barbalh&tpCJardim e Santana do Cariri, Estado
do Ceard, Nordeste do Brasil (IBAMA 2004; Ribeiit+& et al. 2012) (Fig. 1). Essa reserva
foi criada em 1946 com o objetivo de conciliar o sastentavel e a conservagdo dos recursos
naturais. Sua vegetacdo € composta por difereittdsibnomias, como Cerrado (sensu
stricto), Cerradéo e floresta tropical semidecidBAMA 2004). O clima na regido é tropical
quente umido, com precipitacdo média anual de Inf@0concentrada entre janeiro e maio, e

temperatura média anual entre 24° e 26° C (IPEQE)20
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Figura 1. Localizacdo da area do estudo, incluindo as cotadieis Horizonte e Macauba,
localizadas no entorno da Flona Araripe, estadGelra, Nordeste do Brasil.
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Para a realizacao desse estudo, foram seleciodadassomunidades rurais localizadas no
entorno da Flona Araripe que possuem histérico tdzagdo de produtos florestais ndo
madeireiros, principalmente. coriaceumA comunidade Horizonte, no municipio de Jardim,
fica a 10 km da Flona Araripe e possui aproximadaen&120 habitantes (IBAMA 2004). A
coleta de frutos d€. coriacemé a principal fonte de renda para as familias imasie que
25% dos habitantes realizam essa atividade regerden(Silva et al. 2015; 2017), mas esse
namero pode ser menor porque 0s coletores tém daigean busca de trabalho devido a
ocorréncia de severas estiagens na regido noo8lanos.

Macauba, no municipio de Barbalha, possui aproxameghte 600 habitantes e esta
localizada a 2 km da Flona Araripe. Suas ruas Bgi@ies e sinuosas com casas separadas
umas das outras. A principal fonte de renda é Ewtyra e a coleta de produtos florestais

nao madeireiros, como os frutos@ecoriaceumpequi) (IBAMA 2004).

2.2 Espécie utilizada no estudo
Caryocar coriaceumpopularmente conhecida como pequi, € uma espécporte arboreo,
pertencente a familia Caryocaraceae (Araujo 1998eita et al. 2008) (Fig.2). Essa espécie
tem ampla distribuicéo pelo Nordeste e Centro-OastBrasil, ao longo dos biomas Caatinga
e Cerrado, principalmente em areas de Cerrado thd&slo Ceara, Nordeste do Brasil.
Registros histéricos mostram que os frutos de g@geriam utilizados pelos indios Cariri para
fins alimenticio e medicinal (Gongalves 2008), gagsadicado foi incorporada pelos primeiros
colonos que habitaram a regido no final do sécuk ¢Goncgalves 2008; Brasileiro et al.
2010).

Atualmente, os frutos de pequi tém importante vatomercial e sdo consumidimsnatura
ou na forma de 6leo que é utilizado na medicinafamSaraiva et al. 2011; Sousa Junior et
al. 2013). Em Horizonte, no periodo da safra gatneiro e margo, a extracdo de pequi pode

gerar um acréscimo de mais de 100% na renda méataandas familias (Cavalcanti et al.,
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2015; Silva et al., 2017). Estudos recentes rea#igana Flona Araripe mostram que as
populacdes de pequi estdo envelhecendo devido aormamero de individuos nos estagios
iniciais de desenvolvimento, maior propor¢do ddviddios adultos e uma menor taxa de
germinacao (Almeida 2014; Santos et al. 2016).atot consideramos que diversos fatores,
como a caca predatoéria de dispersores, a preda;dendentes e o extrativismo dos frutos,
atuam em conjunto e configuram um cenério de p@kperigo de extincdo local dg.

coriaceumna Flona Araripe.

Figura 2. Imagens deCaryocar coriaceum(pequi) na Floresta Nacional do Araripe,
Nordeste do Brasil. &. coriaceumb) Frutos deC. coriaceun(Fotos: Gilney Charll Santos).
2.3 Coleta de dados etnobiologicos
Foram realizadas entrevistas semiestruturadas eowembro de 2014 e maio de 2015 com
coletores de pequi que visitam diariamente a ftaras periodo da safra. Para selecionar os
entrevistados, utilizamos a técnica “bola de neyAtbuquerque et al., 2014), uma
amostragem intencional em que cada informante \@sitaelo foi convidado a indicar outro
potencial informante até que todos os especialistass fossem entrevistados.

As entrevistas foram realizadas individualmentehamério e local agendados de acordo
com a disponibilidade de cada entrevistado. Asegistias foram realizadas em duas partes.

Na primeira fase foram coletados dados socioecaus(nome, data e local de nascimento,
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estado civil, nUmero de pessoas na residéncia,dganstrucdo, renda familiar mensal total,

renda obtida exclusivamente com a extracdo vegdtahpo dedicado a atividade extrativista

do pequi e/ou janaguba). Em seguida, foram colstadanformacdes referentes a percepcéo
dos informantes acerca de duas questdes: 1) A éwiar de mudancas na estrutura
populacional de pequi/janaguba ao longo do tem®), & percep¢ao dos coletores sobre o
atual estado de conservacao das espécies — semsfEigo de extingdo local.

Neste estudo, consideramos “perigo de extingdoédugao populacional das espécies
estudadas, bem como sua capacidade de regeneme@mbida pelos entrevistados.
Estabelecemos o periodo de 70 anos (desde a fundagélona Araripe) até os dias de hoje
para avaliar a percepgcdo dos coletores sobre asnpasl na estrutura populacional das
espécies. A amostra total foi composta de 58 faatites. Desses, 42 pessoas em Horizonte
(31 homens e 11 mulheres, com idades entre 31lamdd) e 16 pessoas em Macauba (todos
homens, com idades entre 39 e 79 ahos).

Adicionalmente, realizamos oficinas participativé8lbuquerque et al. 2014) nas
comunidades Horizonte e Macauba em maio de 201® ngdinar os dados coletados nas
entrevistas (Fig. 3). Em Horizonte, participarans gessoas de um total de 21 informantes
convidados (28,6%), incluindo trés homens e tréhenas, com idades entre 35 e 69 anos.

Em Macauba, cinco de um total de 16 informantestaaeen participar (31,2%), todos
homens, com idades entre 48 e 79 anos. Todos dEigmrtes foram previamente
entrevistados. Com base em Guest et al. (2017)sidEmamos que esse numero de
participantes nas oficinas foi suficiente para satws temas abordados anteriormente nas

entrevistas.

! Todos os entrevistados que aceitaram participapekuisa foram convidados a assinar o termo de
consentimento livre esclarecido, de acordo comoasas da Resolucdo N° 466 de 12 de dezembro ded2012
Comisséo de Etica em Pesquisa do Conselho Nadienskdde. Esta pesquisa foi autorizada pelo Cataité
Etica em Pesquisa da Universidade de Pernambuds)((@Provacdo n°. 705.670).
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Figura 3. Oficinas participativas realizadas nas comunidatiéecaliba e Horizonte,
localizadas no entorno da Floresta Nacional doipeamMNordeste do Brasil. a) Técnica da
Linha do Tempo; b) Técnica do Grafico Historicot(ho André Sobral).

Nas oficinas participativas utilizamos a abordagininha do tempo (Albuquerque et al.
2014), onde os participantes foram convidados @utlisos eventos que vem impactando as
populacdes de pequi, tomando como ponto de patfdadacdo da Flona Araripe (década de
1940). Para representar a linha do tempo, foi desknuma linha vertical em uma cartolina,
e 0s eventos anotados em cartbes individuais fa@locados em sequéncia por ano de
ocorréncia.

Utilizamos também a abordagem do gréafico histopeca representar a percepcdo dos
informantes sobre a dindmica das populacfes dei.pdgasa abordagem os participantes
foram convidados a discutir e representar a quathtidrelativa de plantas de pequi e a
guantidade relativa de frutos coletados ao longdesiopo através de simbolos (arvores e
frutos de papel), onde cada informante poderiaceol@té 10 simbolos, representando a
abundancia maxima percebida. Os informantes foraorajados a discutir suas percepcdes
sobre as possiveis causas para a expansdo ouidedfrecursos. Todas as informacdes
foram registradas em formulario pré-elaborado.

Também realizamos consulta na literatura cientifleaa comparar as observagbes e
percepcdes dos informantes com os dados dispordggiesquisas recentes realizadas sobre

C. coriaceumma Flona Araripe (Almeida 2014; Silva 2014; Sambal. 2016).
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2.4 Andlise dos dados

Inicialmente todos os dados utilizados para o tdsthipétese foram submetidos ao teste de
normalidade dos dados e residuos (teste de Shafilikp- Para testar a hipdtese de relacdo
entre o tempo de experiéncia de coleta dos cotetoeepercepcao de ameaca de extingdo que
eles tinham nas duas comunidades, a variavel tedep@xperiéncia de cada um dos
informantes foi relacionada com a varidvel percepa&tavés do teste de correlacdo de
Spearman (5% de probabilidade), devido a ndo natet® dos dados. A variavel percepcéo
de ameaca de extin¢do foi contabilizada atravéaid@ncia “0” ou presenca “1”. Também foi
comparada a percepcéo sobre a ameaca de extirig@agcomunidades por meio do teste de
Kruskal-Wallis (5% de probabilidade). Todos os desforam realizados com auxilio do
software BioEstat 5.3 (Ayres et al. 2007), considdo um nivel de significancia de p < 0,05
para todas as andlises. Para a analise dos dado®g@as oficinas participativas utilizamos
estatistica descritiva. Os resultados obtidos fieimas participativas e na analise da literatura
cientifica sobreC. coriaceumna Flona Araripe, foram apresentados de formaritigac

comparando as percepc¢des locais com o conheciroientdfico disponivel.

3. RESULTADOS
Em relagdo a nossa hipdtese de associacdo entnapm tde experiéncia dos coletores de
pequi e a percepcdo sobre o estado de conservac@spécie, verificamos correlacédo
significativa em Horizonte (rs = 0,35, p = 0,010% entrevistados que possuiam maior tempo
de experiéncia tendiam a considerar o pequi eng@eie extingdo local. Nao foi verificada
diferenca significativa na percepcdo sobre o estdeloconservacdo do pequi entre as
comunidades de Macauba e Horizonte (H = 0,0080928) (Tabela 1).

Na comunidade Horizonte 90,5% dos entrevistadosidera que a estrutura populacional
de C. coriaceumvem mudando desde a criagdo da Flona Araripe. #dantas mais citadas

foram: o aumento de individuos de pequi apresentgathos secos (30,9%), a diminuicdo na
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quantidade de pequis no estagio jovem (21,4%),naindicdo na quantidade de frutos
produzidos (19%) e o aumento na mortalidade devidddos de pequi (19%). Nessa
comunidade, 73,8% dos entrevistados consideramoqoequi estd em perigo de extingao
local. A regeneracdo da vegetacao (38,1%), a jgémwbida criacdo de gado na floresta
(21,4%), e a diminuicdo nas chuvas (21,4%) foracaasas mais citadas.

Tabela 1Estatistica descritiva dos valores das comunidbeldeizonte e Macauba, Estado do
Ceara, Nordeste do Brasil.

Horizonte Macauba

Tempo de Percepcéao Tempo de Percepcéao

experiéncia sobre ameaca experiéncia sobre ameaca

de extincéo de extingcéo

Média 34,7 0,7381 38,2 0,75
Erro padrao 2,0572 0,0687 3,9555 0,1118
Coeficiente de variacao 38,35% 60,29% 41,36% 59,63%
Mediana 32 1 38 1
Variancia 177,747 0,198 250,3333 0,2
Correlacdo de Spearman* rs = 0,35 rs =-0,26

p =0,019 p=0,317
Teste de Kruskal-Wallis* H = 0,008

p =0,928

* Correlacdo de Spearman (p < 0,05) para testacegso entre tempo de experiéncia (anos) e petoegmpre
0 estado de conservacao@aryocar coriaceumTeste de Kruskal-Wallis (p < 0,05) para comparaercepcao
nas duas comunidades.

Em Macauba, 81,2% dos entrevistados consideraramasgjprincipais mudancas foram: a
diminuicdo de individuos de pequi no estagio jov@m,5%), o aumento da presenca de
individuos de pequi com troncos (31,2%) e galhossrfinos (25%), e a diminuicdo na
quantidade de frutos produzidos ao longo dos ab®3%). Para 75% dos coletores dessa
comunidade o pequi esta em perigo de extin¢cao,laealido a regeneracdo da vegetacao
(75%), a proibicdo da criacdo de gado na florek22506) e a diminuicdo da quantidade de
chuvas (12,5%).

As informagbes obtidas nas oficinas participatiydgbela 2) mostraram que em
Horizonte, os participantes afirmaram que, desdedogeda década de 1990, a diminui¢do da
quantidade de chuvas na regido tem resultado ninidedas populacées de pequi e da

producédo de frutos. Para os informantes da comdeitiéacauba a criacdo da Flona Araripe
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promoveu a regeneracao da vegetacdo que contphtauo declinio das populacfes de pequi
a partir da década de 1940. Em ambas as comunidadie$ormantes consideraram que a
implementacdo das novas regras de manejo da #Horegiartir da década de 2000, como a
proibicdo da construcdo de assentamentos humanakesinatamento e do pastejo de gado,
foram determinantes para promover a regeneracawedatacdo da Flona Araripe e a

consequente reducao das populagdes de pequi.

Tabela 2 Linha do tempo dos eventos historicos percebiddaspextrativistas d€aryocar

coriaceumWittm. (pequi), pertencentes as comunidades Macailborizonte, Estado do
Ceard, Nordeste do Brasil, como causas de mudaasgmopulacdes da espécie.

Ano Evento Consequéncias

Macauba

1950 Regeneracéo da vegetacao Declinio das popsldedpequi

1980 Aumento da demanda por latex de N&ao representado
janaguba

2000 Implantag&o de programas de combatiéio representado
a incéndios

2002 Proibicdo de desmatamento Declinio das popesage pequi

2007 Proibicéo da criagdo de gado na Declinio das populacdes de pequi e da
floresta producao de frutos

Horizonte

1995 Declinio da quantidade de chuvas Decliniqpdasilacdes de pequi e da

producéo de frutos

2000 Proibicdo de assentamentos humand3eclinio da producéo de frutos
na floresta

2005 Proibicdo da criacdo de gado na Declinio das populac¢des de pequi
floresta

Os resultados do grafico histérico mostraram quespeesentacdes sobre o declinio das
populacdes de pequi e da producéo de frutos foeamelbantes nas comunidades Horizonte e
Macauba (Fig. 4). Nestas comunidades, os coletmbesrvam que esse declinio tem sido
constante desde a década de 1950, devido a agspdcliversos eventos citados na linha do

tempo (Tabela 2).
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Figura 4. Percepcédo da abundancia de individuos de pequa prabucdo de frutos nas
comunidades Macauba (MB) e Horizonte (HZ), entrélésadas de 1950 e 2010, de acordo
com as representacdes dos informantes, Estadoatéa,déordeste do Brasil.

4. DISCUSSAO

A hipotese de que a percepcdo dos coletores de peljte o estado de conservacdo da
espécie esta relacionada com os anos de experidac@leta s6 foi confirmada para a
comunidade Horizonte. O fato dos coletores menpsréantes ndo considerarem o pequi em
perigo de extincdo pode ser explicado pela meneguBncia de coletas. Por exemplo,
Almeida (2014) observou que alguns coletores deuipe§o demonstram interesse de
ingressar na floresta para coletar nos period@stigem extrema. Estudos demonstram que
pessoas menos experientes no manejo de um recogleonpndo perceber as mudangas na
estrutura populacional e continuar sobreexploraocdiocando em risco a sustentabilidade das
espécies (Papworth et al. 2009; Bender et al. 2014)

Nossa hipétese nado foi confirmada, nem para Macatdra na comparacao entre essas
duas comunidades. Como em Macauba as pessoas 8és dependentes da coleta do pequi
para a geracao de renda, e essa atende apenasamoalas familias, é possivel que, mesmo
com a diminuicdo na producgéao de frutos, os colstoomtinuem frequentando a floresta para

coletar. Alguns autores tém argumentado que atteislaegulares, como a coleta, permitem
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uma exploracdo continua do ambiente (Hellier e1@99; Pacheco-Cobos et al. 2015), e os
coletores que realizam essa atividade a mais tet@po mais referencial de tempo e
percebem, ao longo de décadas, diferentes fataresirdluenciam a abundancia de um
recurso em determinado ambiente (Hellier et al918&nielsen et al. 2014).

Em Horizonte e Macauba, os coletores de pequi wéserdiversos fatores que tem
prejudicado a renovacéo das populacdes de peaug aadiminuicdo na quantidade de frutos
produzidos, 0 aumento na mortalidade de indivichdchstos e a diminuicdo de individuos no
estagio jovem. Resultados esses que foram condesdans observados em estudo recente
que constatou o predominio de plantas adultas baixo niumero de individuos nos estagios
iniciais de desenvolvimento (Almeida 2014). As p@ges dos coletores também
concordaram com os dados cientificos em relacémaéncia da regeneracdo da vegetacao
(Silva 2014), da proibicao do pastejo do gado oiefita (IBAMA 2004), e da diminui¢cdo nas
chuvas (Santos et al. 2016). Isso sugere uma teiadéa dificuldades de regeneracao natural
do pequi na Flona Araripe, podendo colocar essacesgm perigo de extingdo (Almeida
2014).

Esses resultados indicam que a percepcdo dosresetsta relacionada ao ambiente de
uma forma geral e ndo esta limitada ao recursdade De acordo com Savo et al. (2016),
comunidades orientadas para a subsisténcia ememtiésr paises, observam os efeitos
secundérios das mudancas ambientais sobre osogdesnteresse, como animais e plantas.
Essas observacdes de longo prazo fornecem o cam@o necessario para que as pessoas
possam prever tendéncias e lidar melhor com as mgadaem nivel local (Johnson et al.
2015).

Os métodos participativos empregados juntamente eorsomparacdo de estudos
realizados na Flona Araripe, permitiram uma metilmmpreenséo do efeito das mudancgas no
manejo da floresta sobre as populacbes de pequsahpda baixa adesédo dos coletores

entrevistados nas oficinas participativas, consitd@s que iSsO nao prejudicou a
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compreensao sobre a percepcdo dos coletores. SeGuadt et al. (2017), estudos mostram
que seis participantes seria um numero suficiester gsgotar um tema abordado nas
entrevistas, desde que mais de 50% dos informaptepartiihassem o tema abordado. Em
nossas entrevistas mais de 70% dos informantetanaia a ocorréncia de mudancas nas
populacdes de pequi e janaguba.

Em Macauba os coletores percebem que as populdedpsqui comegaram a declinar
devido a regeneracdo da vegetacdo a partir da alé@mad 950, apds a criacdo da Flona
Araripe. Entretanto, ao longo de cinco décadas iac&w de gado e o desmatamento
continuaram sendo realizados sem controle atéaraenfdefinitivamente proibidas em 2002
(IBAMA 2004). Essas atividades provavelmente caarsam diminuicdo da vegetacéo,
favorecendo o aumento da abundancia de espéciéflagliteis, como o pequi (Santos et al.
2016). Estudo de Silva (2014) mostrou que a re@eder da vegetacdo foi registrada
recentemente, coincidindo com a proibicao defiaitho desmatamento e da criagdo de gado
no inicio dos anos 2000.

Na percepcédo dos coletores, essa regeneracao etagéy tem diminuido a abundancia de
espécies Uteis, incluindo o pequi. Alguns automgmiraentam que a divergéncia entre as
informacdes locais e os estudos cientificos naacand uma falha de ambos ou que o
conhecimento ecoldgico local ndo seja confiavelk@uski et al. 2011). Ao contrario, as
informagdes das comunidades locais podem ser ugadgasomplementar os dados gerados
pelas agéncias de conservacdo (Nagendra e Ostrdr), 26obretudo em paises em
desenvolvimento que carecem de levantamentos siste® sobre a dindmica das espécies
(Danielsen 2000).

Entre as mudancas mais significativas na percedgécacoletores estd a diminuicdo das
chuvas. Em Horizonte, os coletores consideram quahavas diminuiram a partir da década
de 1990, causando a diminuicdo do sucesso repvoddts populagdes de pequi. As

percepcdes dos coletores concordam com os daduagi®fie uma longa série historica (40
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anos) que mostram que a média de chuvas na regidaecaindo de forma constante desde a
década de 1970 até os dias de hoje (FUNCEME 2&Efentemente secas severas tém sido
registradas nos ultimos cinco anos (Almeida 201aht& et al. 2016). A observacdo de
fatores climaticos para determinar as praticas aeejo é verificada em populagdes locais de
diferentes partes do mundo (Savo et al. 2016), ¢derizonte ndo é diferente. Os coletores
observam a quantidade de chuvas no semestre arderiperiodo da safra para avaliar se
compensa entrar na floresta para coletar pouctssfrée a estiagem for severa como nos
altimos anos, muitos coletores migram em buscautta® fontes de renda.

Apesar das percepc¢des dos coletores terem concocdados dados cientificos de estudos
recentes realizados na regido (Almeida 2014; SIWA4; Santos et al. 2016), € importante
destacar que a sobreexploracdo do pequi ndo fmdacicomo um fator explicador para a
reducdo das populagbes de pequi. Estudo de Alnf2édal) demonstrou que o extrativismo
do pequi na Flona Araripe alcangou seu potencialim@ desde a década de 1990. Para
maximizar seus lucros muitos coletores retiram wgo$ imaturos da planta (pratica
considerada ilegal pela geréncia da area) (SousiarJét al. 2013) e poucos frutos sao
deixados no solo para os dispersores naturais dSantal. 2016). Os coletores de pequi
deram mais énfase a fatores ambientais e climatiacs justificar a percepcdo de que essa
espécie estd em perigo de extingdo. Isso sugeré grexriso ter cautela com as informacgdes
dos usuarios locais de recursos, sobretudo em &aadasnistradas por agéncias de
conservacdo onde o acesso e 0 manejo dos recwstd em condicbes de conflitos de

interesses constantes (Nielsen e Lund 2012).

5. CONCLUSAO
A percepcéo sobre o grau de ameaca de extincéloskeavela de forma diferente nas duas
comunidades estudadas, na qual se relaciona am tdmgxperiéncia ha comunidade de

Horizonte e nao nas duas comunidades restantegarfs/eis citadas como indicadores de
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mudancgas na paisagem ao longo do tempo, forantamagnte iguais nas duas comunidades
estudadas, sendo que mudancas na estrutura popaladeC. coriaceumfoi o fator mais
observado. Os eventos que deram inicio as mudaacpaisagem ao longo dos anos foram
distintos em ambas as comunidades estudadas, masode geral, as percepcdes dos
coletores concordaram com os dados da literatueatifica. Isso demonstra que o0s
especialistas locais possuem uma perspectiva iostér uma compreensdo detalhada das
causas das mudancgas e como essas causas inteCageocontribuicdo pratica desse estudo
argumentamos que o conhecimento local e as pereem® extrativistas, que fazem uso
intensivo de espécies vegetais, podem ser comptamsenao conhecimento cientifico e
incorporados em programas de monitoramento lochfetudo em paises onde as agéncias de
conservagao carecem de dados mais atualizadosapaliar o estado de conservacgéo de
espécies, afim de tornar a gestédo dos recursomaisatnais eficiente e gerar novas hipéteses a

serem testadas em futuras pesquisas.
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3. CONSIDERACOES FINAIS

A proposta dessa tese foi compreender quais inolieados usuarios locais de recursos
naturais utilizam para avaliar o estado de congérvaas espécies Uteis de importante valor
socioecondmico para comunidades rurais que vivememrno de uma unidade de
conservacao localizada no Nordeste do Brasil. Saesdimn, buscou-se compreender como o
conhecimento sobre indicadores locais esta disthibentre os extrativistas e como essas
pessoas percebem a influéncia das mudancas anibigvitae as espécies que utilizam. Além
disso, comparamos a percep¢do dos extrativistasosodados cientificos mais recentes de
estudos realizados nessa regido. Este estudolzontdom evidéncias para preencher lacunas
nos estudos sobre o monitoramento de base locatpatrar que nas comunidades estudadas
0 conhecimento sobre indicadores utilizados paraliaavo estado de conservacdo das
espécies pesquisadas se mostrou homogéneo eptais/istas.

No primeiro capitulo os resultados mostraram quéator mais importante para o
conhecimento de um maior nimero de indicadorespgatica continua de extracdo dos
recursos, 0 que permite que os extrativistas acmuim longo tempo de observagdes das
espécies de interesse, e de diferentes fatoremflluenciam a dindmica das espécies, como
as condicdes ambientais e das variacOes climatkasobservarem indicadores sobre a
estrutura populacional das espécies, a influéneis gras de manejo da unidade de
conservagao, e as mudancgas ambientais e varidgdésicas, os extrativistas demonstraram
possuir um conhecimento holistico sobre diferefdéses que podem impactar positiva ou
negativamente as espécies. E importante destav@éima que os indicadores citados pelos
informantes se encontram alinhados com dados e@cof@cessados em estudos prévios
realizados na regiéao.

O compartilhamento das informacbes entre os caetate diferentes idades, com
diferentes niveis de experiéncia na pratica deaobeentre homens e mulheres, sugere que 0
conhecimento sobre os indicadores observados esi@o scompartilhado entre todos as
pessoas que participam da coleta das espéciesigatapl Com isso, populacdes locais sao
capazes de avaliar o estado de conservacao dagesspépartir de um amplo conjunto de
informacdes. Isso demonstra que pessoas que estélvidas em praticas extrativistas e 0s
indicadores provenientes de suas observacdes,cmiteante, sdo capazes de participar de
programas de monitoramento. Diante do atual cemfriperda de espécies e degradacdo de
habitats e ecossistemas, e da descontinuidade @aman@uséncia de programas de
monitoramento capazes de avaliar continuamentetuacéio de espécies ameacadas, 0
conhecimento ecoldgico local deve ser valorizadoneorporado em programas de

monitoramento como uma importante ferramenta peadias 0 estado de conservacao das
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espécies e gerarem novas perguntas e hipotesesera sestadas. Com isso se espera
contribuir para a efetividade de politicas publicds conservacdo em paises em
desenvolvimento ricos em diversidade bioldgica.

No segundo capitulo observamos que as percepc¢8esxtiativistas sobre as mudancas
ambientais ocorridas na regido ao longo dos anos, impactos dessas mudancas sobre as
populacdes deCaryocar coriacem(pequi) eHimatanthus drasticugjanaguba), estdo de
acordo com o que os dados cientificos recenteseamtam, entretanto, consideramos que
esses resultados sejam considerados com cautedayemrmue diversos fatores podem estar
influenciando a percepcao e o discurso dos existdss em relacdo ao fato das espécies
estarem ameacadas de extingdo local, como por éxeogpconflitos existentes entre o 6rgéo
gestor da Unidade de Conservacio e os extrativistasssivel que os instrumentos de coleta
de dados utilizados nesse estudo ndo tenham didestes para verificar que fatores estédo
moldando as percepc¢des dos informantes.

Do ponto de vista tedrico, a incorporacdo e andise indicadores observados pelos
extrativistas na gestdo de unidades de conservpgde contribuir para gerar novos
guestionamentos e hipoteses a serem testadas aoliemdmenos observados em futuras
pesquisas realizadas, tanto por cientistas quagltss proprios gestores e funcionarios das
unidades de conservacao. Por outro lado, do pantastia pratico, valorizar e incorporar o
conhecimento ecoldgico local pode auxiliar na dingéo e resolugdo dos conflitos existentes
entre comunidades locais e o0s gestores de unidde€esonservacdo, pois seria uma
oportunidade de promover o didlogo e a participagdéoambas as partes interessadas,
procurando conciliar os objetivos de conservacamseggeidos pelos gestores, como a
manutencdo da cobertura vegetal e a recuperac@splcies ameacadas, e a utilizacdo
sustentavel dos recursos naturais que Sao esSem@Eed a economia e a cultura das
comunidades que vivem no entorno da unidade deepatso.

E preciso destacar que uma possivel limitacdo ro&igita, que pode ter influenciado nos
resultados deste estudo, foi 0 baixo numero deopssscluidas na amostra de informantes
em todas as comunidades pesquisadas. Ao utilizaanésnica “bola de neve” para selecao
dos informantes, fatores de ordem pessoal, comblgmmas de relacionamento entre os
membros da comunidade, podem ter impedido a indlicde mais pessoas para participar da
pequisa. Outra limitacdo foi a baixa adesdo doeeestados que foram convidados para
participar das ofinicas participativas, o que px@haente contribuiu para diminuir o poder
de generalizacdo das informantes acessadas pelosiaséparticipativos, devido a baixa

representatividade dos extrativistas que realizaletas frequentemente.
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Como proposta de investigacdes futuras, recomemdagpliar o publico alvo, e em vez de
se trabalhar apenas com especialistas locais,irrmliiras pessoas da comunidade para se
verificar se existem diferengas de conhecimentoresals indicadores entre os demais
membros da populacao e verificar a percepcéo desoae quanto a estado de conservacao
das espécies. Com isso, seria possivel estabeecemais acuracia, qual publico alvo é o
mais indicado para participar de programas de m@mtento, se apenas o0s individuos
considerados como especialistas locais, ou denensmos da populacéo.
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and do not, therefore, include them on the titlggyas a footnote to the title or otherwise.
List here those individuals who provided help dgrthe research (e.g., providing language
help, writing assistance or proof reading the batietc.).

Nomenclature

Authors and editors are, by general agreementgedlito accept the rules governing
biological nomenclature as laid down in the Intéioreal Code of Botanical Nomenclature,
the International Code of Nomenclature of Bacteara] the International Code of Zoological
Nomenclature. All biotica (crops, plants, insedisds, mammals, etc.) should be identified
by their scientific names when the English ternfirst used, with the exception of common
domestic animals. All biocides and other organimpounds must be identified by their
Geneva names when first used in the text. Folloverimationally accepted rules and
conventions: use the international system of |8ty If other quantities are mentioned, give
their equivalent in Sl. You are urged to consulPAC: Nomenclature of Organic Chemistry:
http://www.iupac.org/ for further information.

Math formulae

Please submit math equations as editable text ahdsimages. Present simple formulae in
line with normal text where possible and use thelss (/) instead of a horizontal line for
small fractional terms, e.g., X/Y. In principle,nables are to be presented in italics. Powers
of e are often more conveniently denoted by expnbier consecutively any equations that
have to be displayed separately from the texe(gnred to explicitly in the text).

Footnotes

Footnotes should be used sparingly. Number theraemrtively throughout the article. Many
word processors build footnotes into the text, tnsl feature may be used. Should this not be
the case, indicate the position of footnotes intihe and present the footnotes themselves
separately at the end of the article.

Artwork
Electronic artwork
General points
* Make sure you use uniform lettering and sizingaidryoriginal artwork.
» Preferred fonts: Arial (or Helvetica), Times NewrRan (or Times), Symbol, Courier.
* Number the illustrations according to their seqeeincthe text.
« Use a logical naming convention for your artwoltkdi
* Indicate per figure if it is a single, 1.5 or 2-goin fitting image.
e For Word submissions only, you may still providguiies and their captions, and
tables within a single file at the revision stage.
* Please note that individual figure files largemt® MB must be provided in separate
source files. A detailed guide on electronic arkvis available on our website:
http://www.elsevier.com/artworkinstructians

You are urged to visit this site; some excerpts fio the detailed information are given
here.

Formats
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Regardless of the application used, when your releict artwork is finalized, please 'save as'
or convert the images to one of the following fotsnénote the resolution requirements for
line drawings, halftones, and line/halftone combaores given below):
* EPS (or PDF): Vector drawings. Embed the font segdhe text as 'graphics'.
e TIFF (or JPG): Color or grayscale photographs {ba#s): always use a minimum of
300 dpi.
e TIFF (or JPG): Bitmapped line drawings: use a mummof 1000 dpi.
 TIFF (or JPG): Combinations bitmapped line/halfd@oiicolor or grayscale): a
minimum of 500 dpi is required.
Please do not:
* Supply files that are optimized for screen use.(e3JF, BMP, PICT, WPG); the
resolution is too low.
e Supply files that are too low in resolution.
* Submit graphics that are disproportionately laete content.

Color artwork

Please make sure that artwork files are in an aabkpformat (TIFF (or JPEG), EPS (or
PDF), or MS Office files) and with the correct regmn. If, together with your accepted
article, you submit usable color figures then Eisewill ensure, at no additional charge, that
these figures will appear in color online (e.g.jeBceDirect and other sites) regardless of
whether or not these illustrations are reproducedalor in the printed versioror color
reproduction in print, you will receive information regarding the costs from Elsevier
after receipt of your accepted article.Please indicate your preference for color: in tpoin
online only. For further information on the pregama of electronic artwork, please see
http://www.elsevier.com/artworkinstructians

Please note: Because of technical complicationscira arise by converting color figures to
‘gray scale' (for the printed version should you oyt for color in print) please submit in
addition usable black and white versions of all¢bkor illustrations.

Figure captions

Ensure that each illustration has a caption. Aioapthould comprise a brief titlagt on the
figure itself) and a description of the illustratidKeep text in the illustrations themselves to a
minimum but explain all symbols and abbreviatiossdi

Tables

Please submit tables as editable text and not agasi Tables can be placed either next to the
relevant text in the article, or on separate pgge(she end. Number tables consecutively in

accordance with their appearance in the text aadephny table notes below the table body.

Be sparing in the use of tables and ensure thataltee presented in them do not duplicate

results described elsewhere in the article. Plaas®l using vertical rules.

References

Citation in text

Please ensure that every reference cited in theigeadso present in the reference list (and
vice versa). Any references cited in the abstraditrbe given in full. Unpublished results and
personal communications are not recommended irefieeence list, but may be mentioned in
the text. If these references are included in dierence list they should follow the standard
reference style of the journal and should includgubstitution of the publication date with

either 'Unpublished results' or 'Personal commuioica Citation of a reference as 'in press'
implies that the item has been accepted for puidica

Reference links
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Increased discoverability of research and highitupéer review are ensured by online links
to the sources cited. In order to allow us to @daks to abstracting and indexing services,
such as Scopus, CrossRef and PubMed, please déhatidata provided in the references are
correct. Please note that incorrect surnames, @bwook titles, publication year and
pagination may prevent link creation. When copyieigrences, please be careful as they may
already contain errors. Use of the DOI is encoutage

Web references

As a minimum, the full URL should be given and tth&te when the reference was last
accessed. Any further information, if known (DQuitleor names, dates, reference to a source
publication, etc.), should also be given. Web mfees can be listed separately (e.g., after the
reference list) under a different heading if desi@ can be included in the reference list.

References in a special issue
Please ensure that the words 'this issue' are amdedy references in the list (and any
citations in the text) to other articles in the safpecial Issue.

Reference management software

Most Elsevier journals have a standard templateladbla in key reference management
packages. This covers packages using the Citatigte $anguage, such as Mendeley
(http://www.mendeley.com/features/reference-maragand also others like EndNote
(http://www.endnote.com/support/enstyles.asp) and efelRnce Manager
(http://refman.com/support/rmstyles.asp). Usinggghs to word processing packages which
are available from the above sites, authors onggrie select the appropriate journal template
when preparing their article and the list of refe@s and citations to these will be formatted
according to the journal style as described in @usde. The process of including templates in
these packages is constantly ongoing. If the jduyoa are looking for does not have a
template available yet, please see the list of #amgerences and citations provided in this
Guide to help you format these according to therjalstyle.

If you manage your research with Mendeley Deskyop,can easily install the reference style
for this journal by clicking the link below:http://open.mendeley.com/use-citation-
style/ecological-indicatorsiWhen preparing your manuscript, you will thendixe to select
this style using the Mendeley plug-ins for Micras®ord or LibreOffice. For more
information about the Citation Style Language, tisip://citationstyles.org

Reference formatting

There are no strict requirements on reference ftimgaat submission. References can be in
any style or format as long as the style is coeststWhere applicable, author(s) name(s),
journal title/book title, chapter title/article lat year of publication, volume number/book
chapter and the pagination must be present. USEOdfis highly encouraged. The reference
style used by the journal will be applied to theegted article by Elsevier at the proof stage.
Note that missing data will be highlighted at pretdge for the author to correct. If you do
wish to format the references yourself they shdaddarranged according to the following
examples:

Reference style

Text: All citations in the text should refer to:

1. Single author: the author's name (without itgtianless there is ambiguity) and the year of
publication;

2. Two authors: both authors' names and the yeaulafcation;
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3. Three or more authors: first author's name Vedid by ‘et al.' and the year of publication.
Citations may be made directly (or parenthetical3noups of references should be listed first
alphabetically, then chronologically. Examples:dasonstrated (Allan, 2000a, 2000b, 1999;
Allan and Jones, 1999). Kramer et al. (2010) haeemtly shown ...’

List: References should be arranged first alphabeticahd then further sorted
chronologically if necessary. More than one refeeefrom the same author(s) in the same
year must be identified by the letters 'a’, 'h'etc., placed after the year of publication.
Examples:

Reference to a journal publication:

Van der Geer, J., Hanraads, J.A.J., Lupton, R.8&102The art of writing a scientific article.
J. Sci. Commun. 163, 51-59.

Reference to a book: Strunk Jr., W., White, E.BQO® The Elements of Style, fourth ed.
Longman, New York.

Reference to a chapter in an edited book: MettarR,,dams, L.B., 2009. How to prepare
an electronic version of your article, in: JonesS.BSmith , R.Z. (Eds.), Introduction to the
Electronic Age. E-Publishing Inc., New York, pp.12804.

Journal abbreviations source
Journal names should be abbreviated according éoList of Title Word Abbreviations:
http://www.issn.org/services/online-services/acdesthe-ltwa/

Video data

Elsevier accepts video material and animation sswpse to support and enhance your
scientific research. Authors who have video or atiom files that they wish to submit with
their article are strongly encouraged to incluatkdito these within the body of the article.
This can be done in the same way as a figure ¢e tabreferring to the video or animation
content and noting in the body text where it shduddplaced. All submitted files should be
properly labeled so that they directly relate te thdeo file's content. In order to ensure that
your video or animation material is directly usahpease provide the files in one of our
recommended file formats with a preferred maximume ©f 150 MB. Video and animation
files supplied will be published online in the dteaic version of your article in Elsevier Web
products, including ScienceDirect: http://www.s@edirect.com. Please supply 'stills’ with
your files: you can choose any frame from the videanimation or make a separate image.
These will be used instead of standard icons afidoeisonalize the link to your video data.
For more detailed instructions please visit our ewid instruction pages at
http://www.elsevier.com/artworkinstruction®Note: since video and animation cannot be
embedded in the print version of the journal, pdepovide text for both the electronic and
the print version for the portions of the artidbatt refer to this content.

AudioSlides

The journal encourages authors to create an AudesSipresentation with their published
article. AudioSlides are brief, webinar-style pras¢ions that are shown next to the online
article on ScienceDirect. This gives authors thpoofunity to summarize their research in
their own words and to help readers understand Wieapaper is about. More information

and examples are available at http://www.elsewsen/audioslides. Authors of this journal

will automatically receive an invitation e-mail tweate an AudioSlides presentation after
acceptance of their paper.

Supplementary material

Elsevier accepts electronic supplementary mateéoisdupport and enhance your scientific
research. Supplementary files offer the author tewdil possibilities to publish supporting
applications, high- resolution images, backgroundtasets, sound clips and more.
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Supplementary files supplied will be published pelalongside the electronic version of your
article in Elsevier Web products, including Scidbirect: http://www.sciencedirect.com. In
order to ensure that your submitted material isally usable, please provide the data in one
of our recommended file formats. Authors shouldnsitlihe material in electronic format
together with the article and supply a concise @estriptive caption for each file. For more
detailed instructions please  visit our artwork riastion pages  at
http://www.elsevier.com/artworkinstructions

Database linking

Elsevier encourages authors to connect articlds external databases, giving readers access
to relevant databases that help to build a bettderstanding of the described research. Please
refer to relevant database identifiers using tHeviong format in your article: Database:
xxxx  (e.g., TAIR: AT1G01020; CCDC: 734053; PDB: 1XfF See
http://www.elsevier.com/databaselinking for mordormation and a full list of supported
databases.

Google Maps and KML files

KML (Keyhole Markup Language) files (optional): Yaman enrich your online articles by
providing KML or KMZ files which will be visualizedusing Google maps. The KML or
KMZ files can be uploaded in our online submissgystem. KML is an XML schema for
expressing geographic annotation and visualizawiathin Internet-based Earth browsers.
Elsevier will generate Google Maps from the subeditKML files and include these in the
article when published online. Submitted KML filedll also be available for downloading
from your online article on ScienceDirect. For moranformation see
http://www.elsevier.com/googlemaps

I nteractive plots

This journal encourages you to include data andhtijaséive results as interactive plots with
your publication. To make use of this feature, pédeaclude your data as a CSV (comma-
separated values) file when you submit your manmpiscr Please refer to
http://www.elsevier.com/interactiveplots for furttgetails and formatting instructions.

Submission checklist
The following list will be useful during the fin@hecking of an article prior to sending it to
the journal for review. Please consult this GuinieAuthors for further details of any item.
Ensure that the following items are present:
One author has been designated as the correspaadimgy with contact details:
* E-mail address
* Full postal address
All necessary files have been uploaded, and cantain
Keywords
» All figure captions
» All tables (including title, description, footnojes
Further considerations
* Manuscript has been 'spell-checked' and 'grammecketd’
» All references mentioned in the Reference listcied in the text, and vice versa
* Permission has been obtained for use of copyrightaterial from other sources
(including the Internet)
Printed version of figures (if applicable) in colmrblack-and-white
* Indicate clearly whether or not color or black-amhlite in print is required.
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* For reproduction in black-and-white, please suppbck-and-white versions of the
figures for printing purposes.
For any further information please visit our cusésm support site at
http://support.elsevier.com

AFTER ACCEPTANCE

Use of the Digital Object | dentifier

The Digital Object Identifier (DOI) may be useddite and link to electronic documents. The
DOI consists of a unique alpha-numeric charactamgivhich is assigned to a document by
the publisher upon the initial electronic publicati The assigned DOI never changes.
Therefore, it is an ideal medium for citing a do@&nt) particularly 'Articles in press' because
they have not yet received their full bibliograpiméormation. Example of a correctly given
DOl (in URL format; here an article in the journaPhysics Letters B):
http://dx.doi.org/10.1016/].physletb.2010.09.059

When you use a DOI to create links to documenttherweb, the DOIs are guaranteed never
to change.

Online proof correction

Corresponding authors will receive an e-mail witHirkk to our online proofing system,
allowing annotation and correction of proofs onlifiae environment is similar to MS Word:
in addition to editing text, you can also commemffigures/tables and answer questions from
the Copy Editor. Web-based proofing provides aefastnd less error-prone process by
allowing you to directly type your corrections,minating the potential introduction of errors.
If preferred, you can still choose to annotate aplbad your edits on the PDF version. All
instructions for proofing will be given in the e-inave send to authors, including alternative
methods to the online version and PDF.

We will do everything possible to get your artigleblished quickly and accurately. Please
use this proof only for checking the typesettingjifieg, completeness and correctness of the
text, tables and figures. Significant changes &odtticle as accepted for publication will only
be considered at this stage with permission froenEHitor. It is important to ensure that all
corrections are sent back to us in one communitaRtease check carefully before replying,
as inclusion of any subsequent corrections canaguaranteed. Proofreading is solely your
responsibility.

Offprints

The corresponding author, at no cost, will be patedi with a personalized link providing 50
days free access to the final published versiothefarticle on ScienceDirect. This link can
also be used for sharing via email and social nesvd-or an extra charge, paper offprints
can be ordered via the offprint order form whichsent once the article is accepted for
publication. Both corresponding and co-authors wma@aer offprints at any time via Elsevier's
WebShop  (http://webshop.elsevier.com/myarticleses/offprints).  Authors  requiring
printed copies of multiple articles may use Elsew¢ebShop's 'Create Your Own Book'
service to collate multiple articles within a siagl cover
(http://webshop.elsevier.com/myarticleservices/betskl

AUTHOR INQUIRIES

You can track your submitted article at http://wwisevier.com/track-submission. You can
track your accepted article at http://www.elsediem/trackarticle. You are also welcome to
contact Customer Support \igtp://support.elsevier.com
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Anexo 2 — Normas para publicacdo no peridédico Ambio

Ambio — A Journal of the Human Environment

INSTRUCTIONS FOR AUTHORS

For more than 45 years Ambio has brought internatioperspective to important
developments in environmental research, policy ealdted activities for an international
readership of specialists, generalists, studestssin-makers and interested laymen.

Ambio:
» explores the link between anthropogenic actividied the environment, or vice versa;
« addresses the scientific, social, economic, andumll factors that influence the
condition of the human environment;
e encourages multi- or interdisciplinary submissianit explicit management or policy
recommendations.

Each new submission is first assessed by the adHcnief and then by one of our associate
editors with experience in the research area. Weaeject a manuscript without review if:
* it does not fulfil the journal scope (e.g. lackiagclear link between anthropogenic
activities and the environment);
« itis unlikely to be of interest to a broad interoaal readership because of too narrow
scope or if it does not provide novel insights itite subject area;
» there are substantial flaws with the methodology;
* is poorly presented and unclear,;

Ambio does publish case studies when the authars t@nvincingly argued that the general
implications of the work transcend that of the gddarea. The abstract should conclude with
one or two "significance sentences" to allow readé&om different backgrounds to
understand why your paper is important.

Normally, a decision to reject without review ikea within 7 days. Up to 50% of papers
submitted to Ambio are rejected without review. STheduces the burden on the refereeing
community and enables authors to submit, witholdyjdo another journal. For manuscripts
that pass this initial assessment, the associater eaksigns at least two external peer
reviewers. A first decision after review is nornyathken less than 60 days from submission.
If you are uncertain whether your manuscript isadle for publication in Ambio, please send
an e-mail with the abstract to the editor-in-claglbo.soderstrom@kva.se

Article categories

Papers published in Ambio fall into four main categs. Regardless of article category, your
submission will be subjected to double-blind pesiiew by two (or more) researchers with
expert knowledge in the field. If you any questioegarding article categories, please contact
the editor-in-chiebo.soderstrom@kva.se

Type of Word limit including references but Max no. Maxno. Max no.

paper excluding figures and tables of of figures of tables
references

Report 6000 50 6 4

Perspective 6000 50 6 4

Review 9000 90 8 4

Comment 1000 10 1 1
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Report

An original piece of work (original paper) devotea new findings and results of topical
environmental research. The subject should be lgleatroduced with non-specialists in
mind. A Report should be organized as follows: pdustt Keywords, Introduction, Materials
and Methods, Results, Discussion, Conclusion, Askedgments, References and Author
biographies.

Perspective

Provides a forum for authors to discuss topicaliremvnental issues, ideas or models. The
article should relate to published research andvagit theoretical/analytical frameworks.
Methodology should be described briefly if analydesve been undertaken. Since a
Perspective is intended to evoke new ideas anduktiendebate, empirical sections may be
less developed than in a Report, and the Discuss#gtion may be more speculative. The
language needs to be objective and balanced. PHpraim at bridging the gap between
research and its implementation are particularlyicerae. Perspective articles are peer
reviewed, and special guidelines for reviewersgaven to emphasize that the manuscript is
intended to evoke new ideas and stimulate debate.

Review

Focuses on one topical aspect of a research fater than providing a comprehensive
literature survey. It should not be focused on #u¢hors' own work. A Review can be
controversial but, if that is the case, opposirgmwaoints should briefly be given. A Review
should be narrative, language simple and direab@dharids a non-specialist readership. All
Reviews should, in addition to the main text, imguAbstract, Keywords and Author
biography.

Comment

Reflections on recently published papers in Ambayrbe submitted as Comments. Abstract,
Keywords or Author biography are not included. Aurghof the original article will be invited
to submit a response to your Comment.

Preparation of the manuscript

Editors and reviewers should be focusing on thdityuaf science and not the format. To
make the submission process easier, we invite gawlbmit your manuscript as a single file
including all key sections in the different artidategories, but without any particular format
requirements. However, we do request that you duthmititle page, acknowledgments, and
author biographies separately so that we can enbateyour manuscript is anonymized to
allow double-blind peer review. You should also ide a cover letter and format the
manuscript to contain continuous line numbers.

Only when your manuscript is at the revision stagleyou be requested to format according
to Ambio’s style. This way you will not have to skvaluable research time formatting (or
re-formatting) your manuscript prior to first sulssion. Naturally, you are welcome to
format already the first submission according ®ltkelow guidelines.

Cover letter

Submission of a manuscript must be accompanied bgvar letter that includes a short
paragraph that describes the main findings of woimission, and its significance to the field
of research on the human environment. Please doapyt and paste from the abstract. The
cover letter should also include the category effihper.

Language
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Please write your text in either American or BhtiEnglish, both are accepted as long as it is
used consistently throughout the manuscript.

Manuscript

Use double-spacing throughout the text. The arshleuld be submitted as Word, PDF, RTF,
or TXT file for text. All manuscript files shouldebformatted to contain line numbers. The
manuscript should include:

a) Title page

b) Acknowledgments

c) Author Biographes

d) Abstract

e) Keywords

f) Main text of article

g) References

h) Figures or other illustrations, Tables.

The title page, acknowledgments and author biogespmust be submitted as a separate
document in Editorial Manager. This will not be semreviewers to allow the review process
to be double-blind.

a) Title Page

In addition to manuscript title and word count, titee page must contain the full names,
positions and institutional mailing addresses béathors as well as telephone number and e-
mail address of the corresponding author.

b) Acknowledgments
Keep them brief.

c) Author Biographies

Author biographies should be included for RepoRsyiews and Perspectives. Example:
[Name of Author] is a [Professor/Associate Profesdoctoral candidate, etc.] at the [name of
University/Institute]. His/her research interestsclude [example: political ecology and

political economy of aquaculture development]. Aatdr: [full current postal address]. e-mail:
[current e-mail address].

d) Abstract

A short abstract, consisting of not more than 1%0ds, should indicate the scope, methods
used, main results and one or two concluding "ficanice sentences” to allow readers from
many fields of science to understand why your papanportant. Abstracts of a Review or a

Perspective should indicate the scope and the pmants of the article. A Comment does not

have an abstract.

e) Keywords
Provide 4 to 6 keywords or keyword phrases. Prebent in alphabetical order.

f) Main text of article

Articles in the category 'Report’ should containe thollowing sections: Introduction,
Materials and Methods, Results, Discussion, CommtReferences. A more free format is
allowed for articles in the categories 'Review’ dReérspective’, but Introduction, Discussion
and References are mandatory to include. It ismandatory with separate sections for
'‘Comment’ articles.
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Reporting of data: When experiments have been peed, or in other situations where
applicable, mean effect size, sample size and so&sure of variability (e.g., standard
deviation, standard error, coefficient of variaj)iomust be explicitly given.

Numerals and units of measure: Use thousand miilistead of billion or use 109. Run
together numbers with up to four digits (i.e. 1088 not 1,000 or 1 000). Numbers with
more than four digits should be given as, for examp0 000 or 100 000 (and not 10,000 or
100,000). Use the decimal point: e.g., 1.25. Mednd Celsius units must be used. Use the
expression: km hr-1 not km/hr or km per h, g L-1 gm per liter. Convert currencies to
appropriate USD exchange rates. Specialized teghaicscientific terms, abbreviations and
acronyms should be explained the first time theyused.

Number conventions: Do not use excessive numbedgyas when writing a decimal number

to represent the mean of a set of measurementdeVdleof significance should be given with

a maximum of three figures (e.g., p < 0.001). Do m&e three figures for non- significant

tests (e.g., show p > 0.7 and not p > 0.700). Besistent in the use of number of digits when
writing a decimal number and how to show signifaatevels throughout the manuscript.

Species names: At first mention in the text, comrmapecies names must be followed by an
italicized scientific name within parentheses, ftample, bottlenose dolphin (Tursiops
aduncus). Do not capitalize common names of animngblant species. Scientific (Latin)
names

are italicized for genus and species, but not fasses, orders and families. Varieties may
also be italicized.

g) References

In the main article: You are requested to use thka/year format of referencing in the text.
If there are three or more authors use the nantieediirst author followed by "et al.”. Add a,

b, c etc. to distinguish between two or more refees with the same author name and year.

Always list a string of references in chronologiodder, e.g. (Black 1985; Smith and Baker
1995a, b; Carruthers et al. 1999). Use ”;” to safeareferences.

Personal communications (Carruthers, pers. comsupmitted manuscript and other
unpublished data (Carruthers, unpubl.) should fenex to in the running text and not given
as notes or in the reference list. Avoid referentesgrey literature, to non-scientific
publications and to publications that are not imiatedly accessible to the reader.

Reference lists: For references starting with tr@es surname and initials, firstly list single-
author works in chronological order, secondly tisb-author works in alphabetical order of
the second author, and thirdly list multi-authorrkgarranged only chronologically.

All authors’ names up to 8 should be given. Therebhtion et al. should be used for papers
with more than 8 authors, and following the firsm8mes. Names of journals should be
written in full. Please provide first and last pader excerpts from journals, books, etc. In
references to books, bulletins and reports, givaber of pages, the city and the publisher. If
a paper is written in a foreign language, givetithe in English and indicate at the end of the
reference the language in which the paper is wriie follows: (In Swedish). If the paper has
an English summary add (English summary).
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Journal articles
Aarset, B., S. Beckman, E. Bigne, M. BeveridgeBjarndal, J. Bunting, P. McDonagh, C
Mariojouls, et al. 2004. European consumers’ utdaing and perceptions of the*organic
food regime. The case of aquaculture. British Fdmairnal 106: 93—-105.

L (

Asmala, E., and L. Saikku. 2010. Closing a loopbs3ance flow analysis of nitrogen apd
phosphorus in the rainbow trout production and dsimeconsumption system in Finland.
Ambio 39: 126-135. doi: 10.1007/s13280-010-0024-5

Marion, J.L., and S.E. Reid. 2007. Minimising wsitmpacts to protected areas: The efficacy
of low impact education programmes. Journal of &nable Tourism 15: 5-27.

Reports
Bertills, U., J. Fdlster, and H. Lager. 2007. Natuacidification only—report on in-depth
evaluation of the environmental quality objectiverlu Swedish Environmental Protectipn
Agency, Report 5766, Stockholm, Sweden (in Swedksiglish summary).

Books
Connell, J.J., and R. Hardy. 1982. Trends in figlisation. Oxford: Fishing News Books.

Book chapters
Gren, I.-M. 2000. Cost-effective nutrient reducgdo the Baltic Sea. In Managing a Sea,|ed.
[.-M. Gren, K. Turner, and F. Wulff, 152-158. Lomddcarthscan.

Theses
Growcock, A.J. 2005. Impacts of Camping and Trangplion Australian Alpine an
Subalpine Vegetation. PhD Thesis. Gold Coast, AliatrGriffith University.

=N

Web material
Molau, U., and P. Mglgaard. 1996. International dranExperiment (ITEX). Retrieved |1
November, 2010, frorhttp://ibis.geog.ubc.ca/itex/library/

h) Figures or other illustrations, Tables

Figures should be submitted on separate pages w@anbtlened consecutively. Figure legends
should be fully explanatory. Please illustrate yardicle with high-quality colour photographs
as these are often very informative (and free afgé to authors). Photos and figures should
be of high quality (a minimum resolution of 400 dpione of the formats TIFF, JPG, PPT for
photos and vector EPS [Encapsulated PostScript]jidares containing both text and line
drawings. Copyright permission must be obtainedaterial copied from other publications.
Figures should be prepared in a form that allowsdduction in size. Be sure to explain all
abbreviations used. Whenever possible the infoondti a table should instead be presented
in a figure. Please consult a recent issue of Amtdi@n preparing your manuscript. Free
access articles can be downloadedvatw.springer.com/environment/journal/13280

Electronic Supplementary Material

Ambio encourages the use of Electronic Supplemeriviaterial (ESM). A hyperlink from
the online PDF will redirect the reader directlythe online material. The ESM offers authors
the opportunity to publish material that forms tiesis for na article. The ESM is therefore
directly relevant to the article, however, the paprist be able to stand alone without it.
Examples of typical supplementary materials inclugigestionnaires, specifications of
methodology, background data sets, multimedia ,fieesd additional illustrations. ESM
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should not include any preliminary data or analysdsee ESM will be made available to

reviewers, but they are not requested to peerweiidn the main article and in the ESM, all

Supplementary material should be denoted by a t&gqaling the number (Table S1, Fig. S1,
Appendix S1 etc.). Do not cross-reference betweatiolea and Electronic Supplementary

Material; instead include a separate list of rafees in ESM.

Please remember to:

e include atitle page to the ESM according to theneple below;
e to submit all ESM in one document;

» to convert text documents to PDF (no other fornafitaved); - Springer will not copy-
edit ESM.

Ambio

Electronic Supplementary Material

This supplementary material has not been peerwede

Title: The Anthropocene: From global change to planetarytewardship
Authors: Will Steffen, Asa Persson, Lisa Deutsen Zalasiewicz, Mark Williams, Katherine
Richardson, Carole Crumley, Paul Crutzen, Carl &olkine Gordon, Mario Molina,

Veerabhadran Ramanathan, Johan Rockstrom, Marteeff8c Hans Joachim Schellnhuber,
Uno Svedin.

Online submission

You can only submit your manuscript  online using isth link:
www.editorialmanager.com/ambi/. All correspondenceluding notification of the editor-in-
chief’'s decisions and requests for revision, takase by e-mail.

Under the heading “Additional Information”, authareed to answer “yes” to a number of
statements regarding the manuscript. This is redumformation to be able to proceed with
the online submission.

When your manuscript is at the revision stage alaathors will be asked for verification:
“Could you please verify that you are affiliatedthwthis submission?”. Please respond to this
e- mail as soon as possible to avoid unnecesséay tethe review process of your revised
manuscript. All manuscripts submitted to Ambio aecepted for consideration with the
understanding that they have not been publisheavilsre and are not under consideration by
any other journal. Ambio is a member of the Comeeitbn Publication Ethics (COPE), see
http://publicationethics.org/

Peer review

The author(s) should suggest three to five potergidewers who are qualified to judge the
manuscript objectively, providing full names, imgtions, and current e-mail addresses.
Please ensure that reviewers represent broad atitemal coverage. There should be no
conflicting interests between authors and poternaiewers, which could interfere with

reviewer objectivitity (e.g., collaborating/co-aating a paper within the past five years;
author's advisor or student within the past fivarge working at the same place as the
authors; professional/private/business relationstitp the authors). Please note that Ambio
employs a double-blind peer review process (bothaa and reviewers are anonymous).
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Invitations to revise the manuscript

When you are invited to revise your manuscript, yoll normally have 60 days (for ‘'major
revision') or 30 days (for 'minor revision') to soib a revised manuscript. Carefully consider
all comments of the associate editor and reviewess"response to reviewers" letter. In this
letter you should write, for each comment, whetbleanges to the manuscript have been
made as a result of that comment; if this is theecadd page and line numbers to your
response, and if this is not the case then exfteimeason. To make the work of editors and
reviewers easier you should also clearly show i thvised manuscript where (major)
changes have been made; either by marking theecttext in yellow or submitting two files:
one with all track changes accepted and one wéhirtick changes function still activated.

Accepted papers

Upon acceptance of your article you will receiveeamail from Springer with the title: "Your
article in Ambio: Information Required” with a linkko the website "Welcome
MyPublication”. Please check your spam folder iste-mail does not come within a few
days. There you will have the option to order Opecess (Open Choice) of your accepted
article, paper offprints (you will receive a frele@ronic PDF-offprint), and a poster of the
issue cover in which your article appears. Once itifiormation has been given, your article
will be processed and you will receive a first grob your article, normally within two to
three weeks.

No charges
Publication of color illustrations is free of charg the print and online version of Ambio,
and there are no page charges.

Proof Reading

The purpose of the proof is to check for copy-edititypesetting or conversion errors and the
completeness and accuracy of the text, tablesigacef. Substantial changes in content, e.g.,
new results, corrected values, title and authorsimp not allowed without the approval of the
editor-in-chief. After online publication (Onlinarkt), no further changes can be made.

Online First

The article will be published online after recegftthe corrected proofs. This is the official
first publication citable with the doi (digital adsjt identifier). After release of the printed
version, the paper can also be cited by issue agd pumbers.

Special Issues

Ambio regularly publishes special issues on topieakarch themes. These are published as
supplements in addition to the eight regular isgudsished each year. Articles published in
special issues are widely appreciated by our reageland belong to our most highly cited
papers. To make articles in special issues evee misible to the scientific community, open
access is mandatory. Each article in special issuétsbe published fully open access
(Creative Commons License 4.0) against the stan8prthger Open Choice fee per article
(currently €2200 excl. VAT).

When to submit proposals

We strongly encourage research groups to submmtdtie proposals for future special issues
in Ambio. Proposals are welcome at any time, butdve year — 1 April and 1 October — the
editors will evaluate all proposals based on sdiersoundness and interest to our readership.

Requirements of the proposal
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Your proposal should contain a general introductmhe subject, a clear rationale, clearly
stated research questions or specific objectivelesaription of implementation, and specific
outcomes/benefits to the readership and potenpialcffs. A tentative list of article titles
including lead authors is a requirement; it is elpetier if abstracts are available.

Furthermore you should give the names and affaretiof all project group members as well
as state the name(s) of potential guest editokfs)ndependent guest editor nominated by the
project group coordinates the peer-review proc&hls. guest editor should be independent
from all authors and project group members, andtrbasapproved by the editor-in-chief,
who makes all final publication decisions. A timable should be included as well as
information on when you would want the special ésso be published. Please plan 12-18
months ahead due to the intense competition fofigailon space. Proposals will be peer
reviewed by all associate editors, and you willeree feedback. Normally we accept about
half of all submitted proposals.

The proposal should be sent to the editor-in-cBeS6derstrombo.soderstrom@kva.ke

What we offer

The highest level of editorial support is giventbese high-priority articles throughout the
review and publication processes. To make publgghan special issue with Ambio
economically attractive we have decided to:

« have open access free of charge for articles #raesas an introduction or synthesis
of the whole issue (e.g., preface, guest editof@akword, introduction, afterword,
synthesis);

* include 20 complimentary print copies of the issuéhe project group;

» reduce the price of additional print copies by 50%.

More information general for all Springer journaén be found at:
http://www.springer.com/authors/manuscript+guidefSGWID=0-40162-6-795467-0

Ambio's website on Springehnttp://www.springer.com/journal/13280

To submit a manuscript to Ambibttp://www.editorialmanager.com/ambi/
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