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SILVA, Jessika Priscila Costa da Silva. Universidade Federal Rural de
Pernambuco (UFRPE). Fevereiro 2019. O EMPREGO MEDICINAL DE
ESPECIES LENHOSAS PROTEGE-AS DA PRESSAO PARA USOS
MADEIREIROS?

ABSTRACT

Several ethnobiological studies have been showing the impacts of the
extraction of timber forest products and indicate some factors that may
contribute to the selection of plant species by local populations, such as the
availability, and physical-chemical attributes of the species. However, little is
known about the interactive effect between local uses, that is, how the use of a
species for a given purpose can affect its use for another purpose. In this
sense, we propose the hypothesis that species of high importance in a category
of more specialized use may have their use reduced to other categories with a
more general nature. For this study, we will investigate the interaction between
medicinal and timber use, seeking to test the following prediction: woody plants
of high medicinal importance are less used for timber purposes than other
woody plants, as the first use protects them from the latter. To this end, the
investigation was carried out in three rural communities, located within the
National Park of Catimbau, in the state of Pernambuco. The free-list technique
was applied to identify the woody plants used as medicinal in the community.
The interviewees checked grades for the species according to their perceived
efficiency for timber purposes and their perceived local availability. For data
analysis, a GLM (Poisson family) was performed, whose response variable was
the species' timber popularity and the explanatory variables were medicinal
popularity, perceived availability and perceived efficiency. Correlations were
also performed between the variables explained to observe possible biases in
the hypothesis test. Our results point to a small, but significant, protective effect
of medicinal use over wood use, which is evidence favorable to the hypothesis.
The variables availability and perceived efficiency proved to be important
predictors of timber use. The correlations between the explanatory variables
ruled out the possibility of bias in the hypothesis test. In this way, the
maintenance of the medicinal importance of certain species can constitute an
important biocultural conservation strategy.

Keywords: Biocultural conservation, use of plant resources, interaction of uses.



SILVA, Jessika Priscila Costa da Silva. Universidade Federal Rural de
Pernambuco (UFRPE). Fevereiro 2019. O EMPREGO MEDICINAL DE
ESPECIES LENHOSAS PROTEGE-AS DA PRESSAO PARA USOS
MADEIREIROS?

RESUMO

Diversos estudos etnobiolégicos tém demonstrado os impactos da extracdo de
produtos florestais madeireiros e indicam alguns fatores que podem contribuir
para a selecdo de espécies vegetais pelas populagdes locais, como
disponibilidade e atributos fisico-quimicos das espécies. No entanto, pouco se
sabe sobre o efeito interativo entre 0os usos locais, ou seja, como 0 uso de uma
espécie para uma determinada finalidade pode afetar seu uso para outra
finalidade. Portanto, propomos a hipotese de que espécies de alta importancia
em uma categoria de uso mais especializado podem ter seu uso reduzido para
outras categorias de natureza mais generalista. Para este estudo,
investigaremos a interagdo entre uso medicinal e lenhoso, tentando testar a
seguinte previsdo: plantas lenhosas de alta importancia medicinal sdo menos
utilizadas para fins lenhosos do que outras plantas lenhosas, uma vez que o
primeiro uso as protege do ultimo, Por Para tanto, a pesquisa foi desenvolvida
em trés comunidades rurais, localizadas dentro do Parque Nacional do
Catimbau, no estado de Pernambuco. A técnica de listagem livre foi aplicada
para identificar as plantas lenhosas utilizadas como medicamentos na
comunidade. Os entrevistados atribuiram notas as espécies de acordo com sua
eficiéncia percebida para fins madeireiros e sua disponibilidade local percebida.
Para analisar os dados, foi realizado um GLM (familia Poisson), cuja variavel
resposta foi a popularidade da madeira da espécie e as variaveis explicativas
foram a popularidade medicinal, a qualidade percebida para fins de madeira e a
disponibilidade e disponibilidade percebidas. Também foram feitas correlagbes
entre os variaveis explicativas para busca de possiveis vieses no teste de
hiptese. Nossos resultados indicam um efeito protetor pequeno, mas
significativo, do uso medicinal sobre o uso da madeira, o que é uma evidéncia
favoravel para a hipotese de protecdo. As variaveis percepcdo de
disponibilidade e eficiéncia foram importantes preditores do uso da madeira.
CorrelacBes entre as variaveis explicativas afastaram a possibilidade de viés no
teste de hipotese. Desta forma, manter a importancia medicinal de certas
espécies pode constituir uma importante estratégia de conservacao biocultural.

Palavras-chave: Conservacao biocultural, uso de recursos vegetais, interacao
de usos.



1. INTRODUCAO

Varios estudos etnobotanicos tentam entender quais fatores interferem
na selecdo de recursos vegetais por parte das populacdes locais, bem como
sua importancia biocultural (Silva et al., 2007; Albuquerque, 2013; Gongalves et
al., 2016). Para fins madeireiros, destacam-se a disponibilidade (Tabuti, 2006;
Cardoso et al., 2012) e a qualidade da madeira (Silva, 2002; Ramos et al.,
2007). Para o uso medicinal, a literatura tem evidenciado um importante papel
da eficiéncia percebida (Ferreira Juanior; Ladio; Albuquerque, 2011; Molares;
Ladio, 2014), da eficiéncia mensurada por parametros fitoquimicos e
farmacologicos (Omar et al., 2000; Aradjo et al., 2008) e das propriedades

organolépticas (Shephad Jr. 2004;).

Desse modo, em se tratando de critérios de selecdo, percebe-se que
cada categoria de uso possui caracteristicas particulares, e essas podem
mudar de acordo com 0s contextos socioculturais e ambientais (Ramos et al.,
2007; Chettri e Sarma, 2009; Fonseca Filho et al., 2016). Um exemplo desses
critérios foi o primeiro teste da hipotese da aparéncia aplicada a etnobotanica
por Phillips e Gentry (1993). Os autores relacionaram a disponibilidade do
recurso com a importancia local para as pessoas. Sendo assim, as plantas
mais disponiveis (aparentes) teriam uma maior chance de serem
experimentadas e adicionadas ao sistema cultural (Phillips e Gentry, 1993).

Um estudo recente de meta-analise sobre esta hipotese mostrou que a
disponibilidade é muito mais importante para os usos madeireiros do que, por
exemplo, para o uso medicinal (Goncalves et al., 2016). Essa menor
importancia da disponibilidade como critério de sele¢do de plantas medicinais
indica um carater mais especializado deste uso, ja que ele esta muitas vezes
ligado a presenca de determinados compostos bioativos. Ja 0S USOS
madeireiros, em sua maioria, tendem a ser mais generalistas, de maneira que
mais espécies possam ser Uteis (Medeiros, 2010).

Ainda que existam muitos estudos etnobotanicos sobre critérios de
selecdo de espécies vegetais, a literatura carece de estudos sobre interacdo
entre 0s USOs, Ou seja, como 0 emprego de uma planta para um dado fim pode

influenciar no seu uso para outra finalidade. Diante disso, propomos a hipotese



segundo a qual espécies com alta importancia em uma categoria de uso mais
especializada podem ter seu uso reduzido para uma categoria mais
generalista, uma vez que outras espécies possam ser Uteis para esta Ultima
finalidade. Esperamos que plantas lenhosas de alta importancia medicinal
sejam menos usadas para fins madeireiros do que outras plantas lenhosas,
pois 0 primeiro uso protege-as do ultimo.

Neste trabalho buscamos compreender se espécies com alta
iImportancia medicinal estdo sendo protegidas de usos mais destrutivos por
populagdes locais, e assim propor abordagens de conservacdo biocultural,
reconhecendo, no entanto, a necessidade de abordagens diferentes para

contextos socioambientais distintos.



1. REVISAO DE LITERATURA

Esta revisdo retrata o conhecimento e uso de plantas U(teis por
comunidades locais. Primeiramente, sdo apresentados aspectos relativos as
diferencas nos critérios de selecdo de plantas. No segundo tdpico sao
discutidos impactos dos recursos madeireiros e nao-madeireiros, ficando
evidente que os usos das categorias alimenticias e medicinais tendem a
apresentar menor impacto, em virtude da influéncia da parte utlizada e

intensidade.

2.1 Critérios de selecéo de plantas Uteis
2.1.1 Critérios de sele¢do de plantas medicinais

A disponibilidade vem sendo apontada como preditora do uso de
espécies medicinais. A exemplo disso, um estudo verificou que o maior uso
medicinal estava atrelado a uma maior facilidade em localizar a planta perto de
casa (LUCENA et al., 2008). O mesmo foi evidenciado por Oliveira e Menini
Neto (2012), correlacionando a facilidade de coleta com o uso frequente de
folhas, devido a sua disponibilidade. Entretanto, uma meta-analise da hipotese
da aparéncia mostrou que a variavel disponibilidade n&o é tdo importante para
espécies medicinais (GONCALVES et al., 2016), j& que, quando s&o reunidos
todos os estudos que ja foram realizados sobre o tema, essa variavel néao
possui um poder preditivo significativo sobre a categoria acima mencionada.

Um fator bastante importante na selecdo de plantas medicinais é a
eficiéncia quimica. Neste sentido, Araujo et al. (2008) observaram, em estudo
realizado no semiarido brasileiro, que as plantas mais importantes para
inflamacao e cicatrizagao foram justamente as que possuiam maiores teores de
taninos. Além disso, uma relacdo entre importiancia da planta e atividade
antimicrobiana foi encontrada em estudo com povos indigenas norte-
americanos (Omar et al., 2000).

A cultura também exerce grande influéncia nos critérios de selecao,
sendo ela um fator-chave, por definir se a espécie serve para fins medicinais ou
ndo, mas também para determinar a intensidade de uso e a sua importancia
cultural (ANKLI et al., 1999; MEDEIROS et al., 2016). Algumas espécies podem
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deixar de ser utilizadas como medicinais em determinados periodos ou por
determinados grupos de pessoas, mesmo possuindo repertorio quimico que
sustente seu uso, por elas estarem revestidas por tabus culturais (Monica et al.,
2016).

Algumas caracteristicas organolépticas, como o sabor, o odor, e a
textura, exercem grande influéncia na selecdo de plantas medicinais
(SHEPHAD Jr. 2004). Com relacéo ao sabor, destaca-se nos sistemas médicos
0 amargo, de maneira que a maioria das espécies medicinais utilizadas por
diferentes populagcdes humanas sao indicadas com sabor amargo pelas
pessoas (ANKLI et al., 1999; BRETT, 1998; HEINRICH et al., 1992).

2.1.2 Critérios de selecdo de plantas madeireiras

A maioria dos critérios abordados nos estudos etnobotanicos foca na
categoria medicinal. Entretanto, estudos também relatam os critérios para
selecdo de espécies madeireiras. Dentre eles, a disponibilidade e a eficiéncia
sdo os mais representativos (TABUTI; DHILION, LYE, 2003; RAMOS et al.,
2008).

Para a categoria madeireira, estudos etnobotanicos relatam sobre o uso
de espécies vegetais lenhosas para diversas finalidades. Medeiros (2010)
encontrou dois padrbes de usos distintos para lenha: (1) padréo especializado,
com plantas especificas selecionadas pela sua qualidade e (2) padréo
generalista, com a utilizacdo de espécies mais disponiveis no ambiente, sejam
elas de boa qualidade para combustivel ou nao.

Um estudo comparou os usos de diversas categorias madeireiras e
verificou que as duas comunidades de Angical, no Piaui levam em
consideracao qualidade dos recursos vegetais como um critério de selecao (Da
Fonseca Filho et al., 2016). Outro estudo verificou que o critério de selecao
para combustivel também foi a qualidade, relatando atributos quimicos
especificos (CHETTRI e SARMA, 2009). Ramos et al., (2008) observaram que
a durabilidade da madeira, o poder calorifico e sua facilidade em queimar
explicaram o uso combustivel das espécies vegetais.

A disponibilidade local € um fator importante para explicar a sele¢do de
espécies empregadas como combustivel (utilizadas para lenha e carvao

vegetal) e também para construcdo (casas, cercas, etc.), como indicado por
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uma meta-analise a respeito da hipotese da aparéncia (Goncalves et al., 2016).
No entanto, no mesmo estudo, a disponibilidade ndo explicou o emprego
destas para tecnologias (fabricacdo de objetos). Assim sendo, a importancia da
disponibilidade para a maior parte dos fins madeireiros indica que este uso
costuma ser mais generalista que outros usos como o medicinal.

Diferente de outras categorias, tecnologia apresenta usos mais
especializados, com poucas espécies utilizadas para a producdo de objetos
(LUOGA et al., 2000; AGUILAR; CONDIT, 2001). Assim, fica claro que, para
algumas categorias madeireiras, além da disponibilidade, os atributos fisico-

guimicos, sdo também importantes, como a qualidade da madeira.

2.2 Usos e impactos: produtos madeireiros e nao-madeireiros

2.2.1 Produtos florestais nao-madeireiros

Os recursos florestais ndo madeireiros s&o todos 0s recursos
encontrados na floresta, como flores, frutos, cascas, galhos entre outros, com
excegcdo da madeira (SOLDATI & ALBUQUERQUE, 2010). Tais recursos
representam uma substancial fonte de renda e alimentagdo de varias
populacdes que vivem da extracdo desses recursos em varios paises
(WUNDER, 1998).

Arnold e Perez (2001) verificaram que 0 uso dos recursos néo
madeireiros pode contribuir para conservacdo de florestas tropicais, pois o
mesmo nado afeta tanto as populacfes vegetais. Além disso, a importancia
comercial de certos recursos ndo-madeireiros pode aumentar o valor dessas
florestas.

Entretanto, quando a coleta desse recurso € feita de forma desordenada,
pode afetar a estrutura e dindmica populacional das espécies submetidas ao
extrativismo. E o resultado mais direto € a diminuicdo das taxas de crescimento
e reproducao dos individuos (TICKTIN, 2004). Assim, o impacto da exploracéo
vai depender da parte que é explorada e do potencial de regeneracdo da
espécie (CAMPOS et al., 2016).

A coleta de frutos, quando feita de forma nédo sustentavel, pode diminuir
0 processo de disseminacdo da espécie, afetando seu recrutamento. A

exemplo disso, temos o estudo de Almeida et al., (2011), que observou que a
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coleta do fruto do buriti (Mauritia flexuosa L.) e fibras das piacavas
(Aphandranatalia [Balslev& A.J. Hend.]Barfod) mostrou-se altamente danosa,

causando a mortalidade em plantas adultas das espécies.

Devido a alta preferéncia por certos recursos ndo madeireiros em
algumas comunidades, espécies vegetais podem ter sua populacédo reduzida
drasticamente e podem até ser extintas localmente. Por exemplo, o estudo de
Stewart (2009) feito em Camardes, encontrou uma alta mortalidade de
individuos férteis, refletindo na diminui¢éo de frutos e no baixo recrutamento de
plantulas, sinalizando que a continuacdo da coleta de cascas da espécie

Prunus africana (Hook. f.) Kalkman torna-se uma ameaca para a espécie.

Outro caso semelhante foi estudado por Pinheiros (2001), que observou
uma grande mudanga no Maranh&o, onde o jaborandi (Pilocarpus microphyllus
Stapfex ex. Holm) era um recurso natural que beneficiava muitas pessoas na
zona rural, foi privatizado. A expansédo de pilocarpina (um alcaloide de uso
oftalmolégico) caminhou para um esgotamento e ameaca de extingdo ao

recurso vegetal.

2.2.2 Produtos florestais madeireiros

J& dentre os recursos florestais madeireiros, destaca-se a extracdo de
madeira para obtencdo de lenha. Quando a coleta é feita com o individuo vivo
(madeira verde), ela é considerada uma das formas de uso mais danosas a
biodiversidade florestal (TABUTI et al., 2003; FAO, 2003). Estudos
demonstram que as principais causas de extincdo de espécies lenhosas sao as
taxas de crescimento da populacdo humana e da pobreza (JHA & BAWA 2006,
FAO 2009). Esse crescimento acaba forcando as pessoas a adotarem métodos
insustentaveis (BAILLIE et al. 2004; AUGUSSEAU et al. 2006).

Um estudo feito em Balawoli na Ugandapor Tabuti (2012) observou que
a escassez de varias espécies de plantas lenhosas foi devido ao tipo de corte
mais destrutivo (corte raso) que a populacéo local adotava.

O estudo de DaFonsecaFilho (2016), verificou que dentro da categoria
madeireira, 0s Usos para construcao e fitocombustivel foram os mais citados. E

as espeécies mais citadas foram as que possuiam alta versatilidade, ou seja,
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eram utilizadas em vérias categorias. Essa observacdo pode indicar que as
espécies preferidas na comunidade podem estar sofrendo pressao de uso.

Cavalcanti et al., (2015) estudou os efeitos da extracdo de lenha para a
producdo de d6leo de pequi (Caryocar coriaceumWittm.). Este estudo
demonstrou que eram conhecidas 28 espécies de 10 familias botanicas para a
producao do 6leo. Entretanto, evidenciou que apenas 14 (50%) espécies eram
usadas como combustivel para a producdo do 6leo, constatando que existe
uma pressao maior nesse grupo de espécies.

Alguns estudos identificaram espécies com mdltiplos usos e
hipotetizaram que essas espécies podem estar sofrendo pressdo de uso,
devido a sua versatilidade (LUOGA et al., 2000; DONALDSON e SCOTT,
1994). Porém, a maioria desses estudos, que relacionaram espécies preferidas
com pressdo de uso nao testou se os mdultiplos usos estao interferindo nas
populacdes vegetais (ver PRANCE et al., 1987; KALA, 2007; SAMANT et al.,
2000; CHETTRI et al., 2002; RAMOS et al., 2008).

Sendo assim, por mais que 0s usos madeireiros e nao madeireiros
tenham impactos, o corte raso da madeira tem efeitos mais danosos, por se
tratar de coleta mais destrutiva. E os trabalhos ja mencionados aqui, mostram
que a preferéncia por certas espécies pode ter efeitos drasticos nas

populagdes vegetais.
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Highlights

e Previous studies have not investigated the interactive effects between
use-categories in social-ecological systems

e Being valuable as medicinal for domestic purposes decreases the
collection and use of native species for woody purposes.

e Other factors (perceived efficiency and availability) are more important
than medicinal popularity in defining woody use.

e This protective effects of specialized over generalist uses should be

tested under other social-ecological contexts.
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ABSTRACT

Several ethnobotanical studies have attempted to understand the criteria for the
differential use of plant resources. However, we need more effort to understand
the interaction between local uses: how using a species for a given purpose
may affect its use for another purpose. Thus, we hypothesize that high
importance species in a more specialized category of use may have their use
reduced for other categories with a more generalist nature. We have conducted
the study in three rural communities in northeastern Brazil, set in seasonally dry
tropical forest areas. We applied the free-list technique to identify woody
species used for medicinal and/or wood purposes (fuelwood, construction and
technology). Respondents rated the species according to their efficiency for
wood purposes and their local availability. We performed a multiple regression
to assess the effects of medicinal popularity, perceived availability, and
perceived efficiency for wood uses over the species popularity for wood uses.
Our results showed that medicinal use has a significant protective effect against
wood uses. Perceived availability and efficiency were significant explanatory
variables for wood use. Maintaining the medicinal importance of certain species
can be a powerful tool in protecting their populations against more harmful
uses.

Keywords: Ethnobotany, biodiversity conservation, interaction of uses, tropical

dry forest.
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1. Background

Small-scale extraction of timber and non-timber forest products for
domestic and commercial purposes is among the human activities that may
alter the structure and dynamics of species populations and, in some cases, of
entire ecosystems. Ecologists currently see these activities as chronic
anthropogenic disturbances given that — unlike deforestation — they do not lead
to immediate ecosystem alterations. Still, they can bring critical long-term
consequences (Singh, 1998).

Although the idea of chronic anthropogenic disturbances has brought
theoretical contributions to ecology and conservation, most studies on the
subject failed to place humans as part of the ecological processes. They often
consider human actions under a general "disturbance" label without properly
investigating the reasons behind people's decisions concerning the use of forest
products (see Albuquerque et al., 2018 for a detailed discussion).

Several studies have identified the effects of the extraction of plant
resources in plant populations and/or communities (Schmidt et al., 2007; Amusa
et al., 2010; Baldauf et al., 2013; Kunwar et al., 2020). However, we still need to
improve our understanding of the criteria people in local communities adopt
when choosing which plants to collect. This research program has been an
important part of recent ethnobiological investigations.

Ethnobiological case-studies point to species abundance and efficiency
(commonly measured by wood quality attributes) as the main determinants of
people choices during wood collection for domestic purposes (Tabuti et al.,

2003; Ramos et al. 2008; Cardoso et al., 2015; Gongalves et al., 2016). To what
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concerns medicinal plants, therapeutic efficiency, cultural aspects, and
organoleptic properties are important drivers of plant use (Brett and Heinrich,
1998; Clement et al., 2007; Caetano et al., 2020).

Thus, besides being influenced by the social-ecological context, the
variables that explain species' use may also change depending on each use-
category's particular characteristics. A meta-analysis of the ecological
apparency hypothesis showed that availability is a much more important driver
of wood use than medicinal use (Gongalves et al., 2016). This pattern is
possibly due to the more general character of wood uses, amplifying the role of
availability. In contrast, medicinal use is more specialized and dependent on
physicochemical attributes (Goncalves et al., 2016). Such features may be, for
example, the presence of certain compounds, which will lead to the plant's
bioactivity.

Despite the increasing number of ethnobotanical studies regarding the
selection criteria for plant uses, there is a lack of studies on the interactive
effects between use categories, or studies on eventual protective effects,
making it necessary to investigate such processes. In terms of plant protection,
domestication studies have shown that several locally important species or
genotypes (especially of edible plants) faced in situ management, which
includes protection from competitors and herbivores, dispersion in natural and
anthropic areas, and tolerance of individual plants during the clearance of
vegetation (Casas et al., 2007; Alvarez-Rios et al., 2020). However, they did not
directly account for interactions between use-categories, and efforts are needed
to quantitatively evaluate whether important plants for some specific purposes

are currently being protected from other (more damaging) uses.
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The identification of protective effects may be of great importance for
biodiversity conservation since it strengthens the argument that not only
biodiversity should be conserved, but also the whole body of knowledge,
practices and symbols towards it (see, for example, Seele et al., 2019). Thus,
we hypothesize that species of high importance in a more specialized and less
damaging category of use may have their use reduced to other categories with
a more generalist and more damaging nature. This phenomenon would happen
because, for generalist uses, there are other equally advantageous options,
which would allow to "reserve" certain species for uses of which they are not
easily replaceable.

Therefore, this study is aligned with the social-ecological theory of
maximization (Albuquerque et al., 2019). One of the theory's models — the
environmental maximization model — suggests that the differential use of natural
resources by human populations follow a logic of cost reduction and benefit
amplification, conferring a maximum return among the parameters that
influence the use of resources. However, the cases raised by Albuquerque et al.
(2019) and studies on plant selection criteria (Gama et al., 2018; Santos et al.,
2018; Caetano et al., 2020) often restrict cost and benefit analyzes to a given
category of use (mostly medicinal). Therefore, we need to deepen our
understanding of how the integrative effects of different use-categories may
behave in terms of maximization.

Here, we investigated the interaction between medicinal and wood uses,
testing the following prediction of the hypothesis: woody plants of high medicinal
importance are less used for wood purposes (fuelwood, construction and

technology) than other woody plants because the first use protects them from
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the latter. The opposite relation (wood uses protecting species from medicinal
uses) is not expected because, as medicinal uses are often less harmful than
wood uses, the extraction of medicinal resources would not restrict plant's use

for woody purposes.

2. Methods

2.1. Study area and socioeconomic characteristics

We conducted this study in the Catimbau National Park (8°24'00" to
8°36'35" S; 37°0'30" to 37°1'40" W), located in Pernambuco, Northeastern
Brazil. The Park encompasses the municipalities of Buique, Ibimirim, Sertania,
and Tupanatinga (MMA, 2017). It is 295 km away from Recife and has
62,294.14 hectares (Bragagnolo et al., 2016). It is located in a region of warm
semiarid climate (BSh, according to the Kdppen classification) (Alvares et al.,
2013). The rainfall range within the Park (from 480 to 1100 mm/year) affects
the communities plant structure (Rito et al., 2017).

The study area is placed in the Caatinga domains, an ecoregion that
belongs to the Seasonally Dry Tropical Forest and Woodlands (SDTFW) biome
(Queiroz et al.,, 2017). The SDTFWs comprise non-fire-adapted, tree-
dominated, succulent-rich, grass-poor, dry tropical forests, woodlands, and
bushlands, ecosystems in frost-free areas where rainfall is less than 1800
mm/year, with erratic rainfall patterns (Queiroz et al., 2017).

During the Portuguese conquest (16th century), people belonging to the
Praki6 ethnic group (also named Paratid) inhabited the Catimbau National Park

region (Sampaio, 2011). Currently, part of the region's inhabitants identifies
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themselves with the Kapinawa indigenous ethnic group (Sampaio, 2011;
Andrade, 2014). In the late 1990s, FUNAI (the official Brazilian State's
indigenous institution) ratified about 12,400 ha south of the Park as the
Kapinawa indigenous territory. However, it did not include families from three
communities living inside the Park (including one of the studied villages —
Malhador). These excluded communities identify themselves as Kapinawa
people (Andrade, 2014).

Currently, within the Park, there are about 300 families, distributed
among 17 rural populations, mainly subsisting of extensive livestock and
agriculture, and extracting different forest products for timber, fuelwood,
handcraft, medicine, and food (Sfair et al., 2005). The extraction of forest
products is almost completely performed for self-consumption. One exception is
the collection of Commiphora leptophloeos (Mart.) J.B.Gillett. trunks for
handcraft. Such practice is an additional source of income for some local
dwellers. Most families use fuelwood for cooking purposes, and some of them
alternate fuelwood and cooking gas. However, as cooking gas prices have
increased in the last years, its local consumption is decreasing.

We have performed our study in three communities: Malhador, Batinga
and Muquém (Figure 1). Among the studied communities, the Malhador
community is the most populous, with 94 inhabitants in 37 households. The
population of Batinga includes 71 residents in 31 households. The community of

Muquém has 69 inhabitants in 21 households.
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Figure 1. Location of the rural communities of Malhador, Batinga and Muquém,

placed in the Catimbau National Park, Northeastern Brazil.

In the three communities, most people have as their primary source of

informed income the welfare benefits provided by the federal government, as

the practice of agriculture has been weakened due to the lack of rain affecting

the region. Some of the Malhador community residents have a teaching degree

and work in schools in their community or in an urban area near the Park.

During the rainy season (March to July), residents grow some types of

beans, maize and cassava. Some animals such as goats, cattle and poultry are

mostly raised for their consumption. In all three communities, residents need to

travel to an urban area (Vila do Catimbau) near the Park for medical access and

regular education; communities lack basic health facilities as well as Middle and

High School. In Batinga and Malhador they have a Primary School.

26



2.2. Data collection

This study was approved by the Research Ethics Committee of the
University of Pernambuco (89890317.7.0000.5207) based on the Resolution
466/2012 of the National Health Council for conduction of research with human
beings. Authorization was obtained from ICMBIio/SISBIO to develop activities for
scientific purposes and collect botanical material in the area of Catimbau

National Park in Buique.

We made our first visit to the villages in August 2017. Since the
beginning of the study, we have maintained informal conversations with families
from these villages. We have also joined some local religious rituals, such as
the toré (a ritual commonly performed by some indigenous peoples of
Northeastern Brazil) and the novenas (a catholic celebration that occurs for nine
consecutive days to provide blessings).

We conducted ethnobotanical data collection from April to August 2018.
We visited all households in the studied communities and interviewed one adult
for each household. The respondent could be the male or female head of the
household and we prioritized the person that was more engaged in collecting
woody native species., Our sample resulted in 56 residents, 24 in Malhador, 15
in Muguém and 17 in Batinga. From these, 40 were men and 16 were women.
We did not find some of the householders even after three visits at different
times and days. In such cases, the household was excluded from our sample.
This procedure resulted in the exclusion of 13 households in Malhador, 14 in
Batinga and six in Muquém.

Before beginning the research, we introduced the study's purposes to the
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participants and asked them to sign the Informed Consent (IC). We applied the
free-list technique (Alexiades, 1996) to identify plants used in communities for
wood and medicinal purposes. We used the following guiding questions: which
plants do you use for wood purposes? What plants do you use for medicinal
purposes? Which medicinal plants are woody?

We selected the species directly cited as medicinal and/or wood
purposes for the scoring exercise. Respondents assigned grades from 1 to 4 (1
for very low, 2 for reasonable, 3 for high, and 4 for very high) according to the
species' perceived wood availability and quality. We also asked the respondents
whether or not they used each plant they mentioned. We adopted this
procedure to avoid considering plants that the interviewee only knows but does
not effectively use for wood purposes. We collected knowledge data because
the study is part of an umbrella project developed in the region. However, we
did not use it for this study. We also collected socioeconomic data from all
informants through structured interviews such as gender, age, occupation,
income, place of origin, educational level, and residence time.

After collecting ethnobotanical data, we conducted a guided tour
(Alexiades, 1996) with a key-informant to collect plants mentioned by the
informants. Species identification was performed by experts from the
Agricultural Research Institute (IPA) and the Federal University of Pernambuco
(UFPE). We deposited the exsiccates in the Herbarium Dardano de Andrade-
Lima (IPA) and the Herbarium Sérgio Tavares (HST) of the Federal Rural

University of Pernambuco (UFRPE).
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2.3. Data analysis

Before performing the statistical analysis, we filtered our database to
consider only the medicinal species classified as woody by the interviewees and
those directly cited for wood purposes. We opted to use the emic concept of
"woody species” instead of a formal classification, and we are aware of possible
biases from this choice. For example, shrubs that are not suitable for timber
uses were considered woody by the interviewees because they are employed
for fuelwood purposes.

We only considered citations of use. Therefore, when the interviewee
claimed to know but not use the plant, this information was discarded.
Subsequently, we filtered the database to eliminate idiosyncratic information
that could skew the results. Therefore, we excluded from the analysis species
cited by less than 10% of interviewees, regardless of the use-category.

For the species that remained in the analysis, we calculated the means
for the perceived wood quality and perceived availability scores (sum of scores
for the plant divided by the total number of interviewees who attributed scores to
it). We measured popularity by considering the total number of people who cited
a given plant for medicinal purposes (absolute value). The same was applied for
popularity for wood purposes. Data on popularity for wood uses was log-
transformed to reach a normal distribution (log of the number of people who
cited the species + 1).

To test our prediction that medicinal uses protect the plant from being

used for wood purposes, we performed a simple regression, having the
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popularity for medicinal purposes as the explanatory variable and the popularity
for wood purposes as the response variable. Both variables were standardized
before the analysis.

Besides employing a simple model, we also controlled for the effects of
species availability and quality. Therefore, we also tested the medicinal
popularity variable in a multiple regression model. The model also contained
two other variables that the literature has shown as important to explain the
popularity for wood purposes: the perceived availability and the wood's
perceived quality (Hora et al., 2021). We performed this joint analysis because
the inclusion of known explanatory variables (availability and efficiency) of wood
popularity could give greater robustness to the final explanatory model (lower
AIC value).

We also conducted Spearman correlation tests between the explanatory
variables to search for multicollinearity. By controlling for availability and
efficiency and testing for multicollinearity, we avoid possible biases in the
protection hypothesis test. If the most popular medicinal plants were precisely
the least efficient for wood purposes, then a possible inverse relationship
between medicinal popularity and popularity for wood purposes would not
necessarily be because medicinal use protects it from wood use. It could
instead happen because highly popular medicinal species are not adequate for
wood uses. Moreover, suppose the most popular medicinal plants are the least
available. In that case, an eventual inverse relationship between popularity for
medicinal and wood purposes could happen because the low availability would

prevent important medicinal species from being highly used for wood purposes.
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We also performed an Analysis of Variance (ANOVA) to compare the
models with and without the variable' medicinal popularity’. We did such a
procedure because, as our focus is on medicinal popularity, such a variable can
only be considered a good predictor if the model that contains it is significantly
better at capturing the data variation than the model without it.

Since the number of plant species included in our analysis was relatively
small (n=43) to deal with three independent variables, we also ran a "least
absolute shrinkage and selection operator" (Lasso) regression to triangulate
data analysis. This approach is widely used for high dimensional data but is
also recommended to deal with small samples (Finch and Finch, 2016). We
searched for the most parsimonious model that explains a substantial amount of
variance in the dependent variable. The variables were standardized before the
analyses.

We standardized data for all regression procedures (simple, multiple and
Lasso regressions) because our variables were measured at different scales,
and this procedure can reduce biases in result interpretation. With
standardization, the units of regression coefficients become the same, which
makes comparisons easier. For example, the popularity for medicinal purposes,
measured by the number of people who cited a species, can have values that
are ten times as high as the perceived availability or perceived efficiency
(measured on a 5-point Likert scale). Therefore, in the multiple regression
without standardization, coefficient values would be of -0.02, 0.34, and 0.46 for
the variables mentioned above, respectively (and not -0.34, 0.49, and 0.57, as

shown in the results section). The low coefficient value for medicinal popularity,
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in this case, would be due to its different scale when compared to the other
variables.

The analyzes were performed using the software R version 3.4.1. (The R
Foundation for Statistical Computing). We used the packages' scales', 'gimnet’,

and 'lassopv'.

3. Results

3.1. General aspects of medicinal and wood use

Forty-three species were cited by 10% or more of the participants. The
most popular plants for wood purposes were the species: Croton conduplicatus
Kunt, Senegalia bahiensis. (Benth.) Seigler & Ebinger, Poincianella microphylla
(Mart. ex G.Don) L.P.Queiroz, and Lippia origanoides Kunth. The most popular
medicinal species were Astronium urundeuva (Allem&o) Engl., Ximenia
americana L., Hymenaea courbaril L., and Sideroxylon obtusifolium (Roem. &
Schult.) T.D.Penn (Table 1). Therefore, there was no overlap between the four
most important species used for medicine and the five most important used for

wood purposes.

The most cited wood use was firewood (41.5% of the plant-use citations),
followed by the construction of fences (30.8%). Household construction
elements were much less cited (19.9%), considering that many households are
constructed in masonry. For this reason, most elements for house construction
were related to roof confection. Other uses (furniture, handicrafts charcoal and

tools) accounted for 7.9% of citations.
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Table 1. Popularity, perceived availability and perceived wood quality values of

species cited in three rural communities in the Catimbau National Park,

Northeastern Braazil.

Popular
Popularity ity for
Average for wood | medicin
Average -
Species Common perceived perceived puroposes al Voucher
name Availability qud _ (% _of purpos | number
quality interviewe | es (% of
es) intervie
wees)
Algrizea minor .
Sobral et al. Araga 2.1 21 2.2 13.0 93451
Amburana
cearensis Imburana
(Alleméao) A.C. de cheiro 1.8 22
Sm. 0.0 37.0 *
Anacardium _—
occidentale L. Cajueiro 32 2 8.7 34.8 93683
Anadenanthera
colubrina (Vell. .
Brenan va(r.ceb?I Angico 2.6 3
(Griseb.) Altschul 32.6 26.1 91698
Annona
'e(FF’zt_OEp_‘;tf)'a Pinha 2.8 2.8 93471
H.Rainer 4.3 0.0
Aspidosperma
pyrifolium Mart. & Pereiro 21 3.1 93686
Zucc. 13.0 0.0
Balfourodendron
molle (Miq.) Cocao 2.8 3.5 93687
Pirani 10.9 0.0
Bauhinia .
acuruana Moric. Mororo 2.3 23 0.0 13.0 93434
Cajanus cajan Feijao 1 1
(L.) Huth andu 2.2 2.2 91617
Cereus jamacaru | Mandacar
DC. u 2.1 1.3 2.2 19.6 *
Cf. Ruprechtia o
iaxiflora Meisn | C2XE0 2.6 2.6 4.3 0.0 .
Commiphora Imburana
leptophloeos de 29 25 93685
(Mart.) J.B.Gillett | cambao 28.3 41.3
Croton Quebra-
conduplicatus faca 3.3 3.3
Kunth 82.6 21.7 i
Crotogvc?lcans Sacatinga 3.2 2.9 348 370 .
Cynophalla .
flexuosa (L.) f)fg\"’/‘g 3 25 93438
J.Presl 2.2 2.2
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Dalbergia
cearensis Ducke
Eucalyptus
globulus Labill.
Eugenia crenata
Vell.
Eugenia
duarteana
Cambess
Guapira cf. laxa
(Netto) Furlan
Handroanthus
impetiginosus
(Mart.ex DC.)
Mattos
Hymenaea
courbaril L.
Jatropha
mollissima (Pohl.)
Baill.
Lantana camara
L.
Libidibia ferrea
(Mart. exTul.)
L.P.Queiroz
Lippia
origanoides
Kunth
Lonchocarpus
araripensis
Benth.
Mimosa tenuiflora
(willd.) Pair.
Moquiniastrum
oligocephalum
(Gardern) G.
Sancho
Astronium
urundeuva
(Alleméo) Engl.
Myroxylon
peruiferum L.f.
Parapiptadenia
zehntneri
(Harms)
M.P.Lima &
H.C.Lima
Peltogyne
pauciflora Benth.
Pilosocereus
pachycladus
F.Ritter
Poeppigia
procera C. Presl
Poincianella
microphylla (Mart.
ex G.Don)
L.P.Queiroz
Prosopis juliflora
(Sw.) DC.

Amora
Eucalipto
Camboim

Maca do
mato

Piranha

Pau
d'arco

Jatoba
Pinhao
bravo

Chumbinh
o]

Pau-ferro

Alecrim

Rabo de
cavallo

Jurema
preta

Candinhei

ro

Aroeira

Balsamo

Angico
branco

Coracéo
de negro

Faxeiro

Pau
branco

Catingueir
a

Algaroba

2.5

3.3

2.6

1.8

2.9

2.3

15

2.4

2.9

2.5

2.7

3.3

3.3

1.6

25

2.1

1.4

2.4

3.3

2.2

3.2

2.7

2.5

2.7

3.2

2.6

29

2.9

2.2

2.3

3.1

15.2

2.2

2.2

6.5

13.0

47.8

0.0

0.0

39.1

2.2

56.5

4.3

13.0

239

0.0

13.0

15.2

10.9

10.9

39.1

58.7

19.6

0.0

10.9

45.7

2.2

0.0

15.2

65.2

4.3

4.3

34.8

0.0

0.0

26.1

0.0

67.4

45.7

4.3

0.0

0.0

0.0

17.4

13.0

93689

93497

**

93442

91703
91684

93448

93457

93690

*%

93423

*%

93441

93435

93432

93473

93440
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Schinopsis
brasiliensis Engl. Barauna 2 32 8.7 26.1 *x
Senegalia
bahiensis Espinheir
(Benth.) Seigler & | o-branco 3.6 3.4 93428
Ebinger 76.1 4.3
Senna spectabilis
var.excelsa Canafistul 4 3
(Schrad.) H.S. a
Irwin & Barneby 2.2 2.2 *
Sideroxylon
obtusifolium Quixabeir
(Roem. & Schult.) a 18 2.5
T.D.Penn. 0.0 52.2 o
Spondias Umbuzeir
tuberosa L.. o] 2.1 21 4.3 8.7 *
Ximenia :
americana L. Ameixa 2.6 25 6.5 65.2 o
Ziziphus aff.
cotinifolia Juazeiro 3 1.7
Reissek 0.0 28.3 91676
. . Espinheir
Unidentified 1 o 3 3.2 8.7 50.0 e
. op Jurema *kk
Unidentified 2 branca 29 2 17.4 0.0
Angico-
Unidentified 3 de- 3 2.1 okk
bezerro 21.7 15.2
. . Quebra-
Unidentified 4 faca 2 15 0.0 6.5 .
. - Rasgabei
Unidentified 5 co 2.8 1.7 17.4 29 "
Unidentified 6 Sassafraz 3.4 2.8 28.3 2.2 *kk
: e Sucupira -
Unidentified 7 branca 2.3 3.3 6.5 0.0
Unidentified 8 Carrasco 2.7 2.9 21.7 0.0 ok
Unidentified 8 Cedro 2 1.7 0.0 4.3 ok
Unidentified 10 Jequiri 2.3 2.7 0.0 13.0 *hk

*|dentified in the field; **Collected. but not deposited in herbarium (fertile material); ***Not
identified

3.2. The most popular medicinal plants are not popular for wood purposes

Evidence favorable to the hypothesis was identified. The simple model
demonstrated a significant protective effect of medicinal use on the wood use.
Thus, plants with greater medicinal popularity are less frequently used for wood

purposes. The linear regression model only explained a small portion of data
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variance (R?= 0.21; p<0.01). The scatter plot (Figure 2) shows that the wood
uses are low for all plants of great medicinal popularity. It indicates that

protection acts disproportionately, higher in plants of too high medicinal

popularity.

Figure 2. Scatterplot of popularity for medicinal purposes versus popularity for
wood purposes in three rural communities in the Catimbau National Park,
Northeastern Brazil. Popularity was measured in terms of the number of people
who cited the species. The regression equation (above) was calculated with

standardized values. AIC=123.0.

oo

y=1.76-0.50 x, R?=0.21

o 2 bt = = =
Y [=:] (=] - 5] - [=:]

Log (popularity for wood purposes + 1)
°

i ’ ﬂbPopuIarity{?or mediciniol purposes = B -
3.3. Medicinal value remains an important predictor even after controlling for
availability and efficiency

The model with three independent variables (popularity for medicinal use,
efficiency and availability) had all of them with a significant impact on the

species importance for woody purposes (Table 2). The explanatory power of the

model was moderate (R?*=0.63)
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Although the three variables help explain wood popularity, the efficiency
and availability variables interfere more consistently than the medicinal
popularity variable. It means that medicinal use protects species from wood

use, but it is not the main criterion for the differential use of wood products.

Table 2. Results of the multiple regression analysis performed to analyze which
factors influence the species popularity for wood purposes in three rural

communities in the Catimbau National Park, Northeastern Brazil.

Standardized model
Fixed effects t-value | Coefficient | Standard p-

(b) error value
Popularity for medicinal purposes | -3.06 -0.34 0.11 0.00
Average Perceived Availability 4.45 0.49 0.11 0.00
Average score of perceived 5.24 0.57 0.11 0.00
efficiency
AIC 96.39
R’ 0.63

ANOVA indicated that the model that included medicinal popularity was
significantly better than the model without it (F=7.1; p<0.05). Correlation
analyzes between the independent variables (perceived efficiency x perceived
availability, perceived efficiency x medicinal popularity, and perceived
availability x medicinal popularity) did not identify significant relationships (p>

0.05 for all) (Figure 3). Thus, there was no multicollinearity in the model.
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Figure 3. Scatterplot for correlation matrix between mean perceived availability,
mean perceived quality for wood purposes, wood popularity and medicinal
popularity in rural communities in the Catimbau National Park, Northeastern
Brazil. Circles were used to highlight the correlations between medicinal
popularity and the other two explanatory variables (quality and availability).

*p<0.01 and **p<0.001.

The lasso regression with the optimal lambda (0.015) indicated that the
three variables were predictors of the frequency of use (Table 3). This model

behaved very similarly to the multiple regression model.

For both multiple regression and Lasso regression, perceived efficiency
was the variable with higher coefficients. According to people's responses, the
main reasons for considering a species as efficient were related to its resistance
and versatility. In terms of resistance, people highlighted that efficient plants last
long when being burnt, are not easily degraded by insects and last long in

contact with moisture. Regarding versatility, some people mentioned during the
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interviews that efficient plants had to be useful for both firewood and
construction, and that they had to be potentially useful regardless of their State

(green/recently collected or dry).

However, for both models, perceived availability had coefficient values
relatively close to those for perceived efficiency. It means that both variables

are almost equally important in the selection of species for wood uses.

Table 3. Standardized Model Coefficients (Lasso regression) for the analysis
performed to analyze which factors influence the species popularity for wood
purposes, in three rural communities in the Catimbau National Park,

Northeastern Braazil.

Variable Lasso

No. of citations of the medicinal plant  -0.30+
Average Perceived Availability 0.43+

Average score of perceived efficiency 0.50+

4. Discussion

This study provides evidence that the medicinal importance of woody
plant species may give them a ban on the wood use. Ethnobiological literature
has examples of species that are locally "protected” from logging because of
their magical-religious importance (Tabuti et al., 2003). However, this study
strengthens the idea that medicinal uses may also provide protection against

wood use.
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The protection of medicinal plants of high importance is probably
associated with the crucial role of these species in people's survival through the
treatment of diseases. Several of the highly important medicinal species in the
Caatinga are used to treat or attenuate inflammatory processes, such as
Astronium urundeuva, Amburana cearensis (Allem&o) AC Sm and Ximenia
americana (Silva et al. 2011; Souza et al., 2014).

The medicinal category inflammation consists of different responses of
the human immune system to injuries and infections. In contexts of water
scarcity and difficulties to access clean water (as in our studied communities),
such restrictions directly influence hygiene conditions (Razzolini and Gunther,
2008). These conditions may lead to a high incidence of pathogens, and it
would be expected that the mechanisms for treating inflammation would be a
highly relevant part of social-ecological systems. Ultimately, therefore, the
protection of highly important medicinal plants is part of an ecological-
evolutionary context associated with the survival of human populations.

While in line with the socioecological theory of maximization
(Albuquerque et al., 2019), the findings of this study show that their models
need to be planned to integrate the interactive effects of different use
categories. Thus, in certain socio-environmental contexts, it is possible that
maximization is not well evidenced within a category of use because it would be
necessary to consider the relationships of the category with others that are part
of the social-ecological system. Specifically, for the case of this study, the best
explanatory model includes the variable' medicinal popularity’, which indicates
that a maximum return is only obtained when considering such factor (Figure 4).

In other social-ecological contexts, the interactive effects can be even stronger,
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So it is possible that the plants most commonly used as wood are not the ones
with the best quality/availability return. In this case, if the plants that would give
the best return for wood purposes were precisely the most important from the
medicinal point of view, the maximum return would only be observed when the
two categories were evaluated together.

However, protective effects will probably not be found in every case, and
under certain contexts, maximization may be properly interpreted without
considering interactions between use-categories. Another study developed in
Northeastern Brazil searched for correlations between use-categories in terms
of plant importance (Barbosa et al., 2020). Although the study was not designed
to test for protective effects, it could not find a correlation between the medicinal
category and wood use-categories (fuelwood, construction and technology).
Therefore, more studies are needed to account for factors that strengthen the
protective effects.

When plants of medicinal relevance are protected from wood uses,
management strategies should be considered to guarantee the sustainability of
medicinal plant harvesting. In SDTFW areas, several of the medicinally
important species are deciduous. Thus, people collect mainly the bark from
these trees for medicinal purposes (Albuquerque, 2006). Bark extraction may
also affect the plant's physiology and population dynamics, especially when it
impacts water/nutrient pathways and supplies. Therefore, we should stimulate
community-driven mechanisms for sustainable bark extraction. Actions should
focus on harvesting techniques and strategies, for example, by leaving the inner

bark for regeneration (Pandey et al., 2011). However, the need for (and viability
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of) conservation strategies are context-dependent and should be evaluated with
studies on bark extraction for the Catimbau National Park.

This study has some limitations. First, the use-records for medicinal and
wood purposes were obtained separately (although successively). It may have
added some bias to the results, as memory would only benefit the citation of the
most important medicinal and wood species. For example, a species may be
used for medicinal and wood purposes, but, as it was much more important for
medicinal purposes than for wood uses, it was forgotten in the last free-list.

Future studies should consider employing the checklist-interview technique
(Alexiades, 1996). With this technique, all plants would be presented to the
interviewee, and he/she would indicate the uses for each plant. Such a
procedure could provide an additional mnemonic stimulus. We also suggest that
future studies evaluate species wood quality and availability through local
perception and other measures (e.g., wood density and fuel value for the quality
and phytosociological parameters for availability). We used a single metric for
wood efficiency, but this is a clear limitation of the study, considering that each
particular wood use has distinct quality requirements.

Additionally, future studies should also consider performing an in-depth
evaluation of people's perceptions towards plant use and management,
including their specific impressions about the eventual existence of protective
effects. Although, under our perspective, such an approach alone would not be
enough to test the hypothesis, it could help to elicit conscious behaviors
towards the protection of certain species.

In the studied context, firewood was the most cited wood use, and house

construction did not play a relevant role in terms of use-citations. Literature has
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shown that firewood is a more generalist use than house construction (see, for
example, Dahdouh-Guebas et al., 2000). For this reason, the much higher wood
use for firewood over house construction certainly amplified the protective role
of medicinal plants. Thus, a next step would be to test the hypothesis in areas
where wood use for house construction is significant. The more specific
requirements for house construction may weaken the protective role of
medicinal use.

Finally, in the studied communities, the commercialization of plant resources
for medicinal and wood purposes is not relevant. This particular scenario of
local domestic use contributes to strengthening the hypothesis. Still, it is
possible that whenever wood commerce takes place, especially to meet
external demands, medicinal importance would not be enough to prevent
logging. Whenever wood trade occurs, increasing the economic gains may
often be considered more important than reserving certain species for medicinal
purposes. On the other hand, if the trade is directed to the medicinal plants, the
protection of such species from wood uses could be even more important, as it
would influence income generation. Therefore, other contexts with commercial

use of both wood and medicinal plants need to be considered in future studies.

5. Conclusion

Evidence from our research shows that, although perceived efficiency
and availability are major drivers of wood popularity, there is a "conservation
through use" system in the studied communities because important species are

being spared from more harmful uses. Therefore, it is necessary to elaborate
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conservation strategies based on maintaining the medicinal importance of
certain species, considering that Astronium urundeuva, Ximenia americana,
Hymenaea courbaril, and Sideroxylon obtusifolium were more popular for
medicinal uses in the community and were less mentioned for wood purposes.
Therefore, policymakers should incorporate in their conservation actions the
local valorization of the above-mentioned medicinal plants. One way to do it
could be by promoting their knowledge and use among the youngest members
of the community, considering that local knowledge of medicinal plants is
eroding in several social-ecological contexts. Therefore, conservation plans in
the region should include the enhancement of local knowledge on medicinal
plants by stimulating the regular occurrence of workshops focusing on local
knowledge sharing among different generations.

However, it is necessary to verify if the medicinal use itself would not be
causing conservation problems for the species mentioned above, considering
that it is not exempt from causing damage to these plants' populations. To
achieve this purpose, we need studies that combine the investigation of
medicinal plant species’ ecological status with ethnobotanical information on
use-intensity, use-frequency collection patterns, and a whole set of data on
people's perceptions and world views concerning medicinal plant use and
collection.

Additionally, it is also important to evaluate how use-pressure for wood
uses is being distributed, especially among the non-medicinal species. Although
medicinal importance may play a protective role in some woody species, such a
process may decrease the options being considered for wood uses. Our study

has indicated that only a few species actually benefit from a protective effect,
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which probably does not interfere much in the use-dynamics from a plant-
community point of view. However, this issue needs to be addressed with
proper research designs.

Therefore, challenges for future studies include testing the following

hypotheses:

Edible use also provides protection against wood uses, considering its
specialized nature and the importance of wild edible trees for several
local communities;

- Protection increases when the generalist use causes significant damage
to plant populations, given that it would increase the chances for species
loss and stimulate protective behaviors;

- Protection increases when several species used for specialized purposes
are economically important for the local population, given that their loss
would strongly impact income generation;

- Protection increases with social organization since behaviors towards

protection may be more easily planned and managed in organized

communities than communities with a lack of social organization.
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