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COSTA, Patricia da. Ecologia populacional de Copaifera pubiflora Benth. na Amazbénia
Setentrional e suas implicacfes para 0 manejo do oleorresina. 2019. 143f. Tese (Doutorado em
Biodiversidade e Biotecnologia) — Fundacdo Universidade Federal de Rondénia, Rede
BIONORTE, Porto Velho, 2019.

RESUMO

O oleorresina de copaiba é um metabdlito secundario produzido por espécies florestais do género
Copaifera L. (Fabaceae), utilizado como fitoterapico e com potencial para aplicac6es industriais.
O aumento da demanda pode comprometer o fornecimento do produto e a conservacdo das
espécies, sendo necessario mais estudos para a definicao de préaticas e planos de manejo. Densidade
e estrutura populacional sdo informacdes essenciais para que se possa determinar o status de
conservacao e potencial produtivo de diferentes espécies. Neste contexto, este trabalho teve por
objetivo caracterizar aspectos ecologicos e avaliar o impacto de diferentes intervalos de coleta
sobre a fenologia reprodutiva de Copaifera pubiflora Benth. em duas populacfes em diferentes
tipos florestais em Roraima. O estudo foi conduzido em ambientes com diferentes restricdes
ecologicas: floresta estacional (TSF; ambiente com maiores restricdes ecologicas) em Normandia;
e floresta ombrofila (ambiente com menores restricbes ecolégicas) em Mucajai. Uma parcela
permanente de 2 ha foi instalada em cada uma das areas de estudo e todos os individuos presentes
foram identificados, mapeados, caracterizados quanto a aspectos morfoldgicos e medidos
(diametro da base e altura total). Os dados de morfologia foram utilizados para defini¢cdo dos
estadios ontogenéticos e arquitetura da espécie; enquanto o diametro e a altura foram ajustados em
regressdes lineares e seus coeficientes angulares comparados a modelos biomecénicos. As
populacbes apresentaram a mesma trajetoria ontogenética e 0 mesmo modelo arquitetural, Troll,
mas com diferencas em relagdo a densidade total (TSF: 215 ind hal; TRF: 344 ind hal), estrutura
populacional, relacGes alométricas e biomecanicas. As implicacdes da maior densidade de adultos
em TSF; do gargalo demografico e da descontinuidade de tamanhos entre individuos imaturos e
adultos em TRF séo discutidos nas consideragdes finais em relacdo ao manejo da espécie. Com
relacdo ao impacto de diferentes intervalos entre coletas sucessivas, 15 individuos em cada
tratamento (18/12 meses de intervalo; 6 meses de intervalo; controle sem extrativismo) foram
monitorados quinzenalmente por dois anos e avaliados quanto a expressdo das fenofases: botéo;
antese; frutos novos; amadurecendo; maduros; abortamento; e dispersdo de sementes. Ndo foram
observadas diferencas significativas no tempo e na duragdo dos eventos reprodutivos entre

tratamentos e controle. N&o foram observadas diferencas nas fenofases entre os tratamentos
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avaliados em TSF. No entanto, em TRF, observou-se uma maior atividade de floracdo e
abortamento de frutos nos tratamentos em relacdo ao controle. O tratamento com coletas
consecutivas a cada 18 meses apresentou adicionalmente maior atividade para frutos maduros,
enquanto o tratamento com intervalos de 6 meses apresentou apenas maior atividade para frutos
imaturos, mas ndo para os frutos em desenvolvimento e maduros. Sugere-se haver uma relacao
entre coleta de oleorresina e investimento nas fenofases de florescimento, enchimento e maturacédo
de frutos, que dependendo da intensidade de coleta, podem ser favorecidos até certo ponto em que
a competicdo na alocacdo de recursos determine seu abortamento. Recomenda-se que a coleta de
oleorresina seja executada com maior intervalo possivel, sendo no minimo 18 meses entre coletas

sucessivas.

Palavras-chave: Amazbnia, copaiba, Oleo de copaiba, relacdes alométricas, estrutura
populacional; fenologia; manejo sustentavel.
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COSTA, Patricia da. Population ecology of Copaifera pubiflora Benth. on Northern Amazon
and its implication for oleoresin management. 2019. 143p. Thesis (Doctor in Biodiversity and
Biotechnology) - Federal University of Rond6nia Foundation, BIONORTE Network, Porto Velho,
2019.

ABSTRACT

Copaiba oleoresin is a secondary metabolite produced by forest species of the genus Copaifera L.
(Fabaceae), used as a phytotherapic and with potential for industrial applications. Demand increase
may compromise product supply and species conservation, further studies are required for the
definition of management plans and practices. Density and population structure are essential
information to determine the conservation status and productive potential of different species. In
this context, this work aimed to characterize ecological aspects and evaluate the impact of different
oleoresin collection intervals on the reproductive phenology of Copaifera pubiflora Benth. in two
populations in different forest types in Roraima. The study was conducted in environments with
different ecological constraints: seasonal forest (TSF, environment with the highest ecological
constraints) in Normandia; and tropical rainforest (TRF, environment with lower ecological
constraints) in Mucajai. A permanent sample plot (2 ha) was installed in each of the study areas,
and all the individuals present were identified, morphologically characterized, and measured (base
diameter and total height). Morphology data were used to define the ontogenetic stages and
architecture of the species; while the diameter and height were adjusted in linear regressions and
their angular coefficients compared to the biomechanical models. The populations presented the
same ontogenetic trajectory and the same architectural model, Troll, but with differences in total
density (TSF: 215 ind ha'*; TRF: 344 ind ha), population structure, allometric and biomechanical
relationships. The implications of the higher adult density in TSF; and of the demographic
bottleneck and size discontinuity observed among immature and adult individuals in TRF are
discussed regarding species management in the final considerations. Regarding the impact of
different intervals between successive harvests, 15 individuals in each treatment (18/12 months of
an interval, 6 months of an interval, control without extractivism) were monitored fortnightly for
two years and evaluated for the expression of the following phenophases: bud, anthesis, unripe,
ripening, ripe fruits, fruit abortion, and seed dispersal. No significant differences were observed in
the time and duration of reproductive events between treatments and control. No differences were

observed in the phenoaphase activity among treatments in TSF. However, in TRF it was observed
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a statistically higher activity in both treatments for flowering and fruit abortion when compared to
control. The 18-month treatment showed higher activity for ripe fruits, whereas the 6-month
treatment presented only higher activity for anthesis and unripe fruits, but not for ripening and ripe
fruits. It is suggested that there is a relationship between the oleoresin harvesting and the investment
in flowering, fruit filling and maturation, which depending on the harvest intensity and can be
favored until a certain extent in which resource allocation competition determines fruit abortion.
We recommend that harvesting in the same tree should be done with the greatest time interval, with
at least 18 months between successive collections.

Key words: Amazon, copaiba, copaiba oil, allometric relationships, population structure;
phenology; sustainable management.
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1. INTRODUCAO GERAL

A Amazonia € reconhecida como uma das maiores areas de florestas tropicais Umidas
do mundo (MITTERMEIER et al., 1998, 2003), desempenhando papel determinante para a
manutencdo dos ciclos biogeogquimicos e para a regulacdo do clima global (MARENGO et al.,
2018; NOBRE, 2014). Estimativas existentes apontam que a Amazonia abriga entre 6 e 16 mil
espécies de arvores (TER-STEEGE et al., 2013), com um numero ainda ndo conhecido de espécies
de outras formas de vida (HOPKINS, 2007; ZAPPI et al., 2015). Estas espécies apresentam-se
como uma fonte de ativos bioldgicos aplicaveis em projetos biomiméticos para o desenvolvimento
de inovacdes, produtos, servicos e plataformas de alto valor para mercados atuais e para mercados
inteiramente novos (ASTOLFI FILHO; NUVES-SILVA; BIGI, 2014; CLEMENT, 2007; NOBRE
et al., 2016). Sua utilizagdo como fornecedora de ativos bioldgicos para a industria da inovagao
tem sido proposta como uma terceira via para o desenvolvimento da Amazonia, contribuindo para
a conservacao da floresta em pé e para sua valorizacdo como bem publico global, frente a outras
formas de uso da terra (CLEMENT, 2007; NOBRE et al., 2016).

O “bleo de copaiba”, como ¢é conhecido popularmente, apresenta-se como um dos
diversos produtos derivados de espécies amazdnicas que tém sido intensamente estudados para fins
biotecnoldgicos, com patentes depositadas em produtos cosméticos, farmacéuticos e outros
(BALBANI; SILVA; MONTOVANI, 2009). Exsudado por espécies florestais do género
Copaifera L. (Fabaceae), este produto é categorizado como um oleorresina, na medida em que se
apresenta como uma solucdo resinosa, constituida principalmente de acidos diterpenos, diluida em
sesquiterpenos volateis, chamados de 6leos essenciais (LANGENHEIM, 2003). Os terpenos, cuja
férmula quimica geral é (CsHs)n, sd0 produtos do metabolismo secundario das arvores, derivados
de carboidratos produzidos a partir da fotossintese (LANGENHEIM, 2003).

A Amazonia apresenta-se como a principal regido produtora do oleorresina de copaiba,
com o registro de ocorréncia de 12 espécies e duas variedades do género Copaifera (COSTA, 2019;
IBGE, 2014; MARTINS-DA-SILVA, 2006; MARTINS-DA-SILVA; PEREIRA; LIMA, 2008).
Toda a producdo € obtida a partir do extrativismo em florestas nativas e os dados oficiais apontam
para uma producdo média de cerca de 360 toneladas por ano entre os anos de 2006 a 2016, quando
0 produto teve uma valorizagdo da ordem de mais de 500% (IBGE, 2006, 2016). Ressalta-se que
estes dados podem estar subestimados devido a dificuldade para sua correta quantificacdo e
projecdo de valores econdémicos (KLAUBERG; SILVA; LIMA, 2016). Ademais, segundo Veiga
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Junior; Pinto (2002) concentrados de sesquiterpenos de Copaifera spp. podem ser comercializados
por valores até 600 vezes maiores dos atribuidos ao oleorresina bruto.

A utilizacdo do oleorresina de copaiba por populacfes tradicionais na Amazonia é
secular e, mesmo nos dias de hoje, este Produto Florestal Ndo Madeireiro (PFNM) apresenta-se
como um dos fitoterapicos mais utilizado e conhecido por diversos povos indigenas e comunidades
tradicionais na Amazonia (FERREIRA et al., 2015; GUTIERREZ et al., 2014; LAGOA et al.,
2016; OLIVEIRA et al., 2017; PLOWDEN, 2003; RICARDO et al., 2018; SOUZA, 2010; VEIGA-
JUNIOR; PINTO, 2002). Sua ampla utilizacdo esta associada a multiplicidade de aplicacdes na
medicina tradicional, sendo registrados usos como anti-inflamatorio, cicatrizante, entre diversas
outras indicacOes etnofarmacolégicas (LEANDRO et al., 2012; PLOWDEN, 2004; RIBEIRO et
al., 2017). Também hé registro do uso como combustivel para 0os motores usados nos rios da
Amazonia e para iluminacéo de residéncias e em lamparinas usadas na coleta noturna de borracha
(DA SILVA; CORTESI; FUSARI, 2010).

Este PFNM também vem sendo avaliado para uso em diferentes aplicag@es industriais,
ja tendo sido testado em mais de 20 diferentes aplicagGes biologicas (LEANDRO et al., 2012) e
havendo mais de 300 patentes requeridas (EUROPEAN PATENT OFFICE., 2019; INSTITUTO
NACIONAL DE PROPRIEDADE INDUSTRIAL, 2019; THE UNITED STATES PATENT AND
TRADEMARK OFFICE, 2019). A grande maioria das patentes descrevem seu uso em medicina e
odontologia, destacando seus efeitos antimicrobiano, cicatrizante ou anti-inflamatério, mas
também ha aplicacdo do 6leo em cosmeéticos (6leos, emulsdes, cremes, pomadas, locdes, leites,
géis, ceras depilatdrias) e produtos como vernizes, anticorrosivos e lubrificantes (EUROPEAN
PATENT OFFICE., 2019; INSTITUTO NACIONAL DE PROPRIEDADE INDUSTRIAL, 2019;
THE UNITED STATES PATENT AND TRADEMARK OFFICE, 2019).

O uso potencial de oleorresina de copaiba pelas inddstrias farmacéutica, de higiene
pessoal, perfumaria e cosméticos, entre outras, torna o produto mais valorizado tanto em escala
local e regional, quanto em escala internacional, e a forte demanda de mercado pode comprometer
o fornecimento do produto e a conservacdo das espécies no futuro. De fato, diversos estudos tém
retratado niveis de extrativismo de PFNM capazes de gerar a deplecao de recursos. Em uma reviséo
sobre os impactos do extrativismo de PFNM, Brites & Morsello (2016) identificaram que 70% dos
estudos conduzidos apresentam efeitos negativos sobre a regeneracdo do recurso explorado,
podendo haver efeitos adicionais sobre a sobrevivéncia, taxa de crescimento e reproducdo dos
individuos. O impacto tende a variar de acordo com: a forma de vida da planta; a estrutura

explorada; a intensidade de coleta, tanto em relacdo & quantidade, como em relagdo a frequéncia
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de extracdo; e as praticas de coleta adotadas (BOOT; GULLISON, 1995; BRITES; MORSELLO,
2016; SCHMIDT et al., 2011; TICKTIN, 2004).

Assim percebe-se a necessidade de que se estabelecam critérios e normas que garantam
a viabilidade econémica, social e ambiental da atividade e a conservacdo das espécies (COCKS;
DOLD, 2004; TICKTIN, 2004). E importante definir praticas e elaborar planos de manejo em
parceria entre as comunidades locais, pesquisadores, empresas interessadas e certificadoras entre
outros, com foco tanto na ecologia e conservacao das espécies envolvidas, quanto em questfes de
sustentabilidade da producdo e mercado. As instituices e grupos envolvidos devem se
fundamentar em estudos sobre a histdria natural de espécies utilizadas como PFNM, incluindo:
area de ocorréncia, biologia reprodutiva, estrutura e dindmica populacional, assim como estudos
sobre quais sdo 0s impactos da extracdo sobre os individuos, popula¢Ges, comunidades e
ecossistemas associados (BELCHER; RUIZ-PEREZ; ACHDIAWAN, 2005). Somente com estes
dados sera possivel determinar qual o estado atual de conservacdo das espécies e quais praticas de
manejo devem ser adotadas (BELCHER; RUIZ-PEREZ; ACHDIAWAN, 2005).

Tém-se verificado nos Ultimos anos o direcionamento para estudos visando o
desenvolvimento de produtos e processos passiveis de patenteamento, havendo um menor nimero
de estudos que procuram compreender quais fatores determinam a producdo do oleorresina
(GEBARA et al., 2016; MARTINS et al., 2013; MEDEIROS et al., 2018; MEDEIROS; VIEIRA,
2008; NEWTON; WATKINSON; PERES, 2011; ROQUETTE et al., 2018). Também se tém
avaliado os efeitos de extracfes consecutivas em diferentes intervalos sobre a regeneracdo do
produto (MARTINS et al., 2013; MEDEIROS; VIEIRA, 2008; NEWTON; WATKINSON;
PERES, 2011), sem definigdo sobre qual seria o ciclo ideal de extragdo (MARTINS et al., 2013).
Por outro lado, até onde temos conhecimento, inexistem estudos que avaliem os efeitos de
diferentes préaticas extrativistas para extracdo do oleorresina sobre aspectos ecol6gicos das
populacdes de Copaifera L. submetidas ao manejo, como por exemplo sobre sua fenologia
reprodutiva (BRITES; MORSELLO, 2016; KLAUBERG; SILVA; LIMA, 2016). Com isso,
algumas recomendacdes sobre o intervalo minimo de coleta tém sido estabelecidas com base no
principio da parciménia, delimitando um intervalo minimo de coleta de dois (SHANLEY et al.,
2005) ou trés anos (LEITE et al., 2001; PINTO et al., 2010). Finalmente, verifica-se que embora
ja existam estudos apontando para diferencas no potencial de producao entre espécies, assim como
para a existéncia de padrdes diferenciados de densidade e distribuicdo espacial das espécies na
Amazonia, tais informagbes ndo tém sido levadas em consideragdo para a definicdo de planos e

praticas de manejo, que continuam indicando praticas com foco unicamente na recuperacdo da



O 00 N o v b~ W N R

T e o O e O
O W W N O U W N LB O

4

producdo do oleorresina (MARTINS et al., 2013; MEDEIROS; VIEIRA, 2008), ou ainda,
combinando estes resultados com analises da viabilidade econdmica da exploracdo (KLAUBERG
etal., 2014; NEWTON; WATKINSON; PERES, 2012).

A presente pesquisa busca preencher parte desta lacuna, contribuindo para a geracao
de conhecimento ecoldgico sobre a espécie Copaifera pubiflora Benth., em diferentes tipos
florestais em Roraima, incluindo informagdes sobre sua densidade e estrutura populacional e sobre
0 impacto do extrativismo de oleorresina sobre sua fenologia reprodutiva, como forma de contribuir
para a discussdo sobre a definicdo de planos e praticas de manejo sustentaveis para a espécie. O
primeiro capitulo desta tese, trata da caracterizacao das classes ontogenéticas, densidade, estrutura
populacional, relagcGes alométricas e biomecanicas de populacdes de copaiba em floresta ombréfila
e estacional em Roraima. O segundo capitulo analisa o efeito de diferentes intervalos entre coletas
sucessivas de oleorresina sobre a fenologia reprodutiva da espécie nas duas areas de estudo. O
terceiro capitulo apresenta a recomendacdo de um conjunto de métodos para amostragem, coleta e
andlise de dados de producéo de oleorresina de copaiba, incluindo desde a descricdo de materiais
e procedimentos que devem ser adotados para extracdo, até as varidveis que devem ser
consideradas em estudos sobre o potencial produtivo de diferentes espécies de copaiba ou mesmo
de determinadas areas de floresta. Este capitulo foi publicado, em 2017, como parte do livro:
“Produtos Florestais Nao-Madeireiros: guia metodologico da Rede Kamukaia”, e em momento

oportuno sera atualizado incluindo os resultados gerados pelos capitulos 1 e 2 desta Tese.
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2. REVISAO BIBLIOGRAFICA
2.1 O género Copaifera L.

a) Informac0es gerais

O género Copaifera L. pertencente a tribo Detarieae, cuja maioria das espécies, mas
ndo todas, produzem resinas compostas por varios sesquiterpenos e diterpenos (DE LA
ESTRELLA et al., 2018). Por sua vez, a tribo Detarieae pertence a sub-familia Detarioideae, da
familia Fabaceae Juss. (LPWG, 2017). Destaca-se que, embora os clados Detarieae e Detarioideae
sejam reconhecidamente monofiléticos (DE LA ESTRELLA et al., 2018; LPWG, 2017), ainda ha
discordancia sobre a origem monofilética de Copaifera L (DE LA ESTRELLA et al., 2018;
FOUGERE-DANEZAN et al., 2010).

Um total de 38 espécies foram atribuidas ao género por Lewis et al. (2005), enquanto
47 espécies e duas variedades encontram-se registradas como atualmente aceitas no banco de dados
“World Flora Online” (WFO, 2019) e 58 encontram-se registradas com o mesmo status no banco
de dados do Sistema Global de Informacéo sobre Biodiversidade (GBIF.ORG, 2019). Entre estas
espécies, a Lista Vermelha de Espécies Ameacadas publicadas pela Unido Internacional para a
Conservacao da Natureza (“International Union for Conservation of Nature”, IUCN, sigla em
inglés) registra que trés encontram-se ameacadas, todas na condicdo de vulneraveis: Copaifera
epunctata Amshoff (WCMC, 1998) e Copaifera panamensis (Britton & Rose) Standl. (MITRE,
1998) de ocorréncia na América Central e a espécie africana Copaifera salikounda Heckel (ARW,
1998).

b) Morfologia

As espécies do género Copaifera L. geralmente sdo arbustos ou arvores, raramente
subarbustos; tém folhas alternas, paripinadas; 2-12 pares de foliolos, opostos, alternos ou
subopostos, cartaceos ou coriaceos, inteiros, podendo apresentar pontuacdes transltcidas. Observa-
se a presenca de estipulas interpeciolares, folidceas, lanceoladas, geralmente caducas. As
inflorescéncias organizam-se em paniculas, disticas, alternas com raque pubescente ou tomentosa,
com botdes florais disticos, sésseis, protegidos por duas bractéolas e uma bractea caducas. As flores
de Copaifera L. sdo monoclamideas, ou seja, tém pétalas ausentes, sésseis ou subsésseis e alvas. O
calice é tetramero formando um tubo curto, que se funde com um pequeno disco, e as sépalas
variam em largura. O androceu tem 10 estames livres e 0 gineceu tem ovario comprimido
lateralmente com estilete filiforme. Os frutos sdo do tipo legume estipitado, obliqguamente elipticos

ou falcados ovados, suborbiculares ou abovados. Apresentam geralmente uma semente ou
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ocasionalmente duas, de cor negra e com a presenca de arilo branco ou amarelo, sem endosperma
(COSTA, 2019; MARTINS-DA-SILVA, 2006).

c) Habito e habitats

As espécies de Copaifera L. podem ser consideradas semideciduas, heliofitas até
ciofitas e geralmente sdo consideradas como climécicas (CARVALHO, 2003; COSTA, 2019;
SHANLEY et al., 2005). O género apresenta grande plasticidade ecoldgica e as espécies ocorrem
em uma grande variedade de ambientes e tipos de solo (CARVALHO, 2003). No Brasil, verifica-
se sua ocorréncia na Amazobnia, Caatinga, Cerrado, Mata Atlantica, em diferentes tipos
vegetacionais [Area Antropica, Caatinga (stricto sensu), Campinarana, Campo Limpo, Campo
Rupestre, Cerrado (lato sensu), Floresta Ciliar ou Galeria, Floresta de Igapd, Floresta de Terra
Firme, Floresta de Véarzea, Floresta Estacional Decidual, Floresta Estacional Perenifolia, Floresta

Estacional Semidecidual, Floresta Ombrofila, Restinga, Savana Amazonica] (COSTA, 2019).

d) Distribuicao geogréfica e espécies incluidas

O género Copaifera L. apresenta distribuicdo pantropical, sendo registradas espécies
no Panama e América do Sul, Africa Ocidental e no Sudeste Asiatico, com centro de diversidade
associado a Amazonia brasileira (WFO, 2019).

Recentemente tem-se observado um intenso trabalho de atualizacdo da diagnose dos
taxons e de revisdo da nomenclatura infragenérica, tanto para as espécies com ocorréncia na
Amazonia, com a publicacdo de uma chave de identificacdo (MARTINS-DA-SILVA, 2006;
MARTINS-DA-SILVA; PEREIRA; LIMA, 2008), quanto para aquelas do Brasil extra-amazonico
(COSTA, 2007, 2009, 2019; COSTA; QUEIROZ, 2010, 2007; QUEIROZ; MARTINS-DA-
SILVA; COSTA, 2015). Séo aceitas hoje 26 espécies e 9 variedades com ocorréncia no Brasil,
sendo que 15 espécies e 4 variedades sdo endémicas do pais (COSTA, 2019). O Nordeste
apresenta-se como a regido com o maior nimero de espécies registradas, seguido do Norte e do
Centro-Oeste, com respectivamente 15, 14 e 13 espécies por regido e 8, 6, e 6 variedades por regido
(COSTA, 2019). O Cerrado apresenta-se como o dominio fitogeografico com maior nimero de
espécies registradas, 13 espécies, seguido da Amazodnia com 12 espécies, enquanto registra-se a
ocorréncia de 5 espécies na Mata Atlantica e 5 na Caatinga (COSTA, 2019). Os estados com maior
numero de nomes aceitos sdo: Bahia, com 14 espécies, Mato Grosso, com 12 espécies, Goias, Para
e Piaui com 7 espécies cada (COSTA, 2019).
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Sdo espécies aceitas com ocorréncia no Brasil: Copaifera arenicola (Ducke) J. Costa
& L.P. Queiroz, Copaifera cearenses Huber ex Ducke, Copaifera coriacea Mart., Copaifera depilis
Dwyer, Copaifera duckei Dwyer, Copaifera elliptica Mart., Copaifera glycycarpa Ducke,
Copaifera guyanensis Desf., Copaifera krukovii (Dwyer) J.A.S. Costa, Copaifera langsdorffii
Desf., Copaifera lucens Dwyer, Copaifera luetzelburgii Harms, Copaifera magnifolia Dwyer,
Copaifera majorina Dwyer, Copaifera malmei Harms, Copaifera marginata Benth., Copaifera
martii Hayne, Copaifera multijuga Hayne, Copaifera nana Rizzini, Copaifera oblongifolia Mart.
ex Hayne, Copaifera paupera (Herzog) Dwyer, Copaifera piresii Ducke, Copaifera pubiflora
Benth., Copaifera reticulata Ducke, Copaifera sabulicola J. Costa& L.P. Queiroz, Copaifera
trapezifolia Hayne (COSTA, 2019)

Na Amazonia brasileira, registra-se a ocorréncia de 12 espécies e 2 variedades
(COSTA, 2019; MARTINS-DA-SILVA, 2006; MARTINS-DA-SILVA; PEREIRA; LIMA,
2008). Martins-da-Silva; Pereira; Lima (2008) reconheceram 9 espécies de ocorréncia na
Amazonia brasileira, enquanto Queiroz; Martins-da-Silva; Costa (2015) inserem Copaifera
langsdorffii Desf., entre as espécies com ocorréncia nesta area geografica. Costa (2007) identificou
que espécimes coletados em Rond6nia anteriormente atribuidos a C. langsdorffii [Ferreira 8946
(NY). Teixeira et al. 599 (NY). Cordeiro 877 (NY)] apresentam-se como Copaifera oblongifolia
var. dawsonii Cowan. Adicionalmente, Costa (2009) elevou a variedade C. langsdorfii Desf. var.
krukovii Dwyer a categoria de espécie, denominando-a Copaifera krukovii (Dwyer) J.A.S. Costa,
com ocorréncia registrada nos estados do Acre e Amazonas (COSTA, 2019). Assim, sdo
reconhecidas como espécies de ocorréncia na Amazonia: C. duckei, C. glycycarpa, C. piresii, C.
martii, C. guyanensis, C. langsdorffii, C. multijuga, C. paupera, C. pubiflora, C. reticulata, C.
krukovii e C. oblongifolia, além das variedades: Copaifera martii Hayne var. martii e C.
oblongifolia var. dawsonii (COSTA, 2019). As trés primeiras espécies além de C. martii var. martii
apresentam-se como endémicas do Brasil, enquanto C. glycycarpa, C. guyanensis, C. krukovii, C.
martii var. martii, C. multijuga, C. paupera, C. piresii, C. pubiflora e C. reticulata, tém ocorréncia
no Brasil restrita a Amazonia (COSTA, 2019). Entre os estados que compde a Amazonia Legal, o
banco de dados “Flora do Brasil 2020 registra a ocorréncia de um maior nimero de espécies
associadas ao Bioma Amazonia no Para (7 espécies e 2 variedades), seguido dos estados do Mato
Grosso (6 espécies), Maranhdo (4 espécies e 2 variedades), Rondonia (5 espécies e 1 variedade)
Amazonas (5 espécies), Tocantins (4 espécies), Roraima (3 espécies), Acre (2 espécies) e Amapa
(2 espécies) (COSTA, 2019). Algumas espécies possuem distribuicdo ampla, como é o caso de

Copaifera oblongifolia, registrada nos estados do Amapa, Maranhdo, Mato Grosso, Pard,
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Rond6nia, Roraima e Tocantins, enquanto outras especies apresentam distribuicdo restrita, como
C. guyanensis, ocorrendo apenas no Amazonas, C. paupera registrada apenas no Acre e C.
pubiflora observada no Brasil apenas no estado de Roraima (COSTA, 2019).

As espécies do género Copaifera L. na Amazonia sdo encontradas em densidades
consideradas muito baixas e em locais de dificil acesso em partes do ano (NEWTON et al., 2012;
NEWTON; WATKINSON; PEREZ, 2012). Por exemplo, Newton et al. (2012), utilizando como
tamanho minimo o didmetro a altura do peito (DAP) maior ou igual 25 cm, registraram densidades
de 0,14 ind ha para Copaifera piresii e de 0,22 ind ha* para Copaifera multijuga na regido do
médio Jurua, no Amazonas. Os autores também verificaram que ha diferenca na densidade entre
ambientes de varzea e terra firme. Assim, registraram densidades variando de 0,31 a 0,01 ind ha
para Copaifera paupera e de 0,05 a 0,47 ind ha para Copaifera guyanensis, em varzea e terra
firme, respectivamente (NEWTON et al., 2012). De outro lado, Costa et al. (2007, 2008)
registraram densidade média de 2,11 ind ha* para Copaifera pubiflora com DAP > 10 cm em uma
floresta de terra firme em Roraima (COSTA et al., 2007, 2008), 0 que sugere que esta espécie
apresenta maior potencial produtivo.

2.2 A espécie Copaifera pubiflora Benth

a) Informacg0es gerais

A espécie Copaifera pubiflora foi descrita em 1840 por Bentham e reduzida a
variedade de Copaifera martii Hayne em 1870 pelo mesmo autor, passando a ser denominada
Copaifera martii var. pubiflora (Benth.) Benth. (MARTINS-DA-SILVA, 2006). Posteriormente,
em 1951, Dwyer a restitui a categoria de espécie (DWYER, 1951), permanecendo até os dias de
hoje como Copaifera pubiflora Benth., sendo considerada como sinénimo heterotipico de
Copaifera martii var. pubiflora (Benth.) Benth. (COSTA, 2019).

Ha que se destacar que Ducke realizou coletas de Copaifera spp. em Roraima, em local
identificado como “mata marginal do rio Branco” (MARTINS-DA-SILVA, 2006). Este material,
relacionado as coletas: Ducke 1361 (F1485512, IAN10848, MG17917, R54773) e Ducke
(RB24245), foi identificado inicialmente como C. officinalis e depois como C. bijuga pelo proprio
coletor (MARTINS-DA-SILVA, 2006). Materiais provenientes desta regido também foram
depositados em herbario por Andrade Jr., que realizou coletas na mata de galeria do rio Branco
[coletas de numero 20 (MIRR5517, INPA191211) 21 (MIRR5518, INPA191212), 22 (MIRR5519,
INPA191213, HTSA4278), 23 (MIRR5520, INPA191214), 24 (MIRR5521, INPA191215) e 25
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(MIRR5522, INPA191216)], e Farias s/n (INPA199513), que coletou um espécime na regido do
municipio do Canta, RR. Todos estes materiais foram identificados como Copaifera officinalis a
partir dos depdsitos de Ducke supracitados. Entretanto, Martins-da-Silva; Pereira; Lima (2008)
revisaram as coletas Ducke 1361 e Ducke (RB24245), além de Andrade Jr. 22 (INPA1911213),
tendo reposicionado estes espécimes como Copaifera pubiflora Benth. A partir deste trabalho,
Copaifera officinalis deixou de ser reconhecida como espécie com ocorréncia na Amazonia e no
Brasil, 0 que permanece aceito até os dias de hoje (COSTA, 2019; MARTINS-DA-SILVA;
PEREIRA; LIMA, 2008). Entretanto, ndo houve atualizacdo nomenclatural dos outros depositos e
as coletas de Andrade Jr. 20, 21, 22(MIRR5519), 23, 24 e 25, além de Farias s/n permanecem
identificadas como C. officinalis. Isto pode resultar em erros de identificacdo em estudos sobre a
ecologia de populacdes da espécie, estudos etnobotanicos, ou ainda em avalia¢cdes da composicao
quimica e de propriedades farmacoldgicas de seu oleorresina (ALBUQUERQUE et al., 2017;
ANDRADE JUNIOR; FERRAZ, 2000; LUZ, 2007; PIERI et al., 2012, 2011; PINTO; MADURO,
2015).

Com relacdo a estudos ja publicados sobre a ecologia da espécie, destaca-se que sua
ecologia nas matas “Llaneras” [agrupamentos de arvores de maior porte envolvidos por vegetacao
gramindide (ENRECH; ARROYO; LANGENHEIM, 1983)] na regido dos Llanos Centrais na
Venezuela encontra-se bem caracterizada. Estudos sobre a disperséo de sementes (RAMIREZ;
ARROYO, 1982), variacdo espacial e temporal da predacdo de sementes pré- e pds-dispersdo
(RAMIREZ; ARROYO, 1987), estrutura e dinamica populacional (RAMIREZ; ARROYO, 1990;
RAMIREZ; HOKCHE, 1995) foram conduzidos. Enquanto que poucos estudos foram realizados
com a espécie em Roraima, destacando-se a caracterizacdo da fenologia reprodutiva da espécie em
floresta de galeria em Boa Vista (ANDRADE JUNIOR; FERRAZ, 2000), além de estudos que
antecederam esta tese de doutorado conduzidos na regido da Mucajai em floresta ombrofila
(COSTA et al., 2007, 2008; MARTINS et al., 2013).

N&o ha como precisar, mas se acredita que devido a sua ampla distribuicdo em areas
proximas a capital, C. pubiflora se apresente como a principal espécie fornecedora de oleorresina
comercializado em Boa Vista (LUZ, 2007; PINTO; MADURO, 2015). Em um estudo comparando
a producdo meédia de oleorresina de diferentes espécies de Copaifera L ao longo da bacia
Amazonica, Martins et al. (2013) relataram que 31,4% dos individuos de C. pubiflora presentes na
regido de Mucajai, se mostraram produtivos, com maior producdo média por arvore (cerca de 1,7
mL) entre as espécies avaliadas. Ademais, entre as espécies avaliadas, C. pubiflora apresentou-se

como a unica com maior volume produzido na segunda coleta em relagdo a primeira (MARTINS
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et al., 2013). Na mesma regido, Costa et al. (2007) registraram que cerca de 60% dos individuos de
C. pubiflora com DAP > 10 cm, presentes em uma parcela permanente de 9 ha em floresta de terra
firme, apresentam incisOes feitas com uso do machado para retirada do oleorresina, o que indica

que esta espécie pode estar sob alta pressao de exploracéo.

b) Morfologia

Os individuos de C. pubiflora tém porte arbéreo, atingindo entre 20-40 m de altura.
Seu ritidoma apresenta desprendimento em placas finas, pulverulento ou por vezes papiraceo, sua
coloracdo varia entre o cinza e o alaranjado, com predominancia do amarelo, o que facilita a
identificacdo nas areas de ocorréncia natural (Fig. 1a, b). Suas folhas apresentam (1)2-3 pares de
foliolos, com peciolos e raque glabros ou glabrescentes. (Fig. 1c). Os foliolos apresentam-se
subopostos, cartaceos, ovado-elipticos ou ovado-oblongos, subfalcados, assimétricos, com base
obtusa assimétrica, apice retuso e ligeiramente acuminado (Fig. 1c), com faces adaxial e abaxial
glabras com margem reta; nervura central adaxial plana, glabra, abaxial glabra; venacdo congesta
(15,2 aréolas/mm?), inconspicua adaxial; pontuagdes transliicidas quase sempre imperceptiveis;
peciblulos glabros ou glabrescentes. As inflorescéncias (Fig. 1d) apresentam bractea com face
abaxial pubescente e face adaxial glabra com tricomas nas margens; as bractéolas apresentam face
abaxial pubescente e face adaxial glabra, com tricomas nas margens. Suas flores sao subsésseis; as
sépalas apresentam-se externamente pubescentes, o ovario € orbicular a suborbicular, estipitado,
hirsuto na sutura e nervura principal do carpelo, base e apice. Os frutos séo oblongo-obovados ou
oblongo-obliquos, comprimidos lateralmente, com base arredondada, podendo também se
apresentar ligeiramente atenuada, seu apice apresenta-se arredondado ou mais raramente truncado
e as sementes sdo oblongo-globosas com arilo branco que tende a tornar-se alaranjado a medida
em que se oxida (MARTINS-DA-SILVA; PEREIRA; LIMA, 2008; Fig. 1le-g).



10
11
12
13
14
15
16
17
18

19
20
21
22
23

24
25
26
27
28
29
30
31
32
33

11

Figura 1. Copaifera pubiflora Benth.; (a) Arvore adulta com cerca de 30 m de altura em &rea de floresta de transicdo
em Mucajai, RR; (b) Arvore adulta com cerca de 18 m de altura em area de savana em Boa Vista, RR; (c) Galho
evidenciando filotaxia das folhas e forma e nimero de foliolos; (d) Detalhe da inflorescéncia; (e) Frutos em diferentes
estadios de amadurecimento na planta; (f) Frutos apds a deiscéncia com sementes aderidas as valvas evidenciando
o arilo branco; (g) Frutos em diferentes estddios de amadurecimento. Fotos: Patricia da Costa.

c) Distribuicdo geogréfica e habitat

Copaifera pubiflora Benth. (Fabaceae) encontra-se distribuida no Norte da América do
Sul, ocorrendo desde a regido dos cursos superiores dos rios Takutu e Essequibo, na Guiana,
estendendo-se pelo Planalto Guianense até o sopé da Cordilheira dos Andes na Colémbia
(MARTINS-DA-SILVA, 2006), ocorrendo também no Brasil e na Venezuela. Sua distribuicdo esta
associada as Savanas do Rio Branco-Rupununi, no Brasil e na Guiana, e aos Llanos Centrais e
Orientais, na Venezuela e na Colémbia (BLYDENSTEIN, 1967; ENRECH; ARROYO;
LANGENHEIM, 1983; MARTINS-DA-SILVA, 2006). No Brasil, ocorre naturalmente nas
Savanas do Rio Branco, no estado de Roraima, em ambientes bastante diversos, como em ilhas ou
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capdes de mata, em florestas de galeria e de varzea (MARTINS-DA-SILVA, 2006). Em seu limite
sul de distribuicdo, nos municipios de Mucajai e Iracema, C. pubiflora também é observada em
florestas de varzea e terra firme em area de transicdo (MARTINS-DA-SILVA, 2006), tendo sido
registrada densidade média de 2,11 ind ha® (DAP > 10) cm em uma floresta de terra firme em
Mucajai, Roraima (COSTA et al., 2008).

d) Fenologia

Suas flores sdo mondclinas (MARTINS-DA-SILVA, 2006) e em floresta de varzea a
especie floresce entre os meses de setembro a novembro, quando ha significativa reducédo da
precipitacdo. O desenvolvimento dos frutos inicia-se em novembro e a dispersdo das sementes
ocorre entre 0s meses de janeiro e marco. Seus frutos sdo deiscentes, mas as sementes podem
permanecer aderidas as valvas mesmo ap0s a abertura (Fig. 1f), que ocorre entre 0s meses de
dezembro a abril (ANDRADE JUNIOR; FERRAZ, 2000). Em ilhas de mata nos Altos Llanos
Centrais na Venezuela, a espécie apresenta um padrdo de floracdo e frutificacao anual assincronico,
com anos de méxima floracdo e frutificacdo ocorrendo em intervalos de 4 a 6 anos (RAMIREZ;
ARROYO, 1990).

e) Dispersao de sementes e regeneracao natural

As sementes tendem a cair proximas as plantas-mde (barocoria), mas passaros,
principalmente o japim, Cacicus cela (Icteridae), e diversos psitacideos, atuam na dispersdo de suas
sementes. Um grupo muito grande de animais menos especializados também intervém neste
processo (RAMIREZ; ARROYO, 1982).

A dispersdo primaria de sementes de C. pubiflora ocorre principalmente através da
atuacdo de passaros e morcegos, que sao atraidos pela presenca de um arilo carnoso (Fig. 1f) e de
odor agradavel. Estes animais alimentam-se do arilo e transportam as sementes na boca ou bico
dispersando-as em maiores distancias. Sua atuacao contribui para explicar a ocorréncia de plantulas
em area de savana aberta no entorno de outros individuos arboreos (RAMIREZ; ARROYO, 1982).
Entretanto, deve-se destacar que ndo ha recrutamento em savana aberta sem associagdo com
individuos arboreos (RAMIREZ; ARROYO, 1982; RAMIREZ; HOKCHE, 1995).

Um grupo muito grande de outros animais também atua como dispersor secundario de
sementes de C. pubiflora, apés sua queda. Entre estes, herbivoros, roedores e formigas,
principalmente as do género Atta spp. (Hymenoptera, Formicidae) (RAMIREZ; ARROYO, 1982).

Tal diversidade de dispersores esta de acordo com o proposto por Pedroni; Sanchez; Santos (2002),



O 00 N o v b~ W N R

N N N N NN P R R B Rp R R o) R Ry
U A W N P O W 0 N O U1 B W N KL O

26
27
28
29
30
31
32

13

em relacdo a sindrome de superabundancia observada em C. langsdorffii. Segundo esta teoria
espécies com alta fecundidade, que produzem grande quantidade de frutos de baixo teor nutritivo
e cuja dispersdo ocorre em curto espa¢o de tempo geralmente utilizam-se de um grande nimero de
dispersores de dieta generalista (PEDRONI; SANCHEZ; SANTOS, 2002).

Nas ilhas de mata nos Altos Llanos Centrais na Venezuela, a predacdo de sementes
seguiu 0 modelo proposto por Janzen-Connell, sendo dependente de densidade em relacdo a
distancia da planta-mée. Ainda assim, a porcentagem de sementes predadas nunca foi superior a
80 % do total de sementes. Houve variacOes interanuais na predacdo de sementes, uma vez que se
observa uma reducdo do ataque de insetos predadores de sementes em anos de maior producao
(RAMIREZ; ARROYO, 1987). Entretanto, Ramirez; Hokche (1995), observaram um padrdo
espacial de distribuicdo agregado, com maior densidade de plantulas nas areas proximas as plantas-
mée. Estes autores também observaram que a idade e o numero de folhas em individuos jovens
tendem a aumentar com a distancia das matrizes (RAMIREZ; HOKCHE, 1995).

Assim, o padrdo espacial de C. pubiflora nas matas “Llaneras” seria determinado por
dois grupos de fatores. Em primeiro lugar, fatores associados a heterogeneidade ambiental das
savanas restringiriam o recrutamento de individuos fora das ilhas de vegetacdo, favorecendo seu
recrutamento em dareas proximas as plantas-mée. Adicionalmente, mecanismos dependentes de
densidade estariam atuando sobre juvenis, pois a baixa densidade em maiores distancias
favoreceria seu estabelecimento (RAMIREZ; HOKCHE, 1995).

Sua estrutura populacional nas matas “Llaneiras” pode ser descrita através de uma
curva de poder de fun¢do do tipo “J” invertido. Mas s6 ha uma queda acentuada na curva de
sobrevivéncia quando os individuos jovens sdo agrupados em intervalos de cinco anos, ou seja,
provavelmente ha um maior recrutamento ocorrendo neste intervalo de tempo, provavelmente
associado aos anos de frutificacdo massiva (RAMIREZ; ARROYO, 1990).

2.3 O oleorresina de copaiba
a) Composigdo quimica
O 6leo de copaiba é uma solucdo resinosa, constituida principalmente de acidos
diterpenos, diluida em sesquiterpenos volateis, chamados de éleos essenciais (LANGENHEIM,
2003). Por este motivo, é categorizado como oleorresina (LANGENHEIM, 2003). A resina
presente no oleorresina de copaiba € um solido vitroso, insolivel em agua, untoso, aderindo as

mdos com facilidade, de reagdo &cida e odor pouco pronunciado. O 6leo essencial é extraido por
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destilacdo e possui aromas marcantes, sendo utilizado pela industria de perfumes (LEANDRO et
al., 2012; VEIGA-JUNIOR; PINTO, 2002).

Estudos sobre a composicdo quimica dos oleorresinas de copaiba demonstram que
cerca de 80% deste € formado por sesquiterpenos, enquanto que os acidos diterpenos respondem
pelos cerca de 20% restantes (TOBOUTI et al.,, 2017). Mais de 110 tipos diferentes de
sesquiterpenos e 42 tipos de diterpenos j& foram relatados em oleorresina de diferentes espécies de
copaiba (LEANDRO et al., 2012; VEIGA-JUNIOR; PINTO, 2002), sendo que o B-cariofileno é
considerado como marcador quimico deste produto (CASCON; GILBERT, 2000). Tem-se
percebido grande variacdo na constituicdo quimica dos oleorresinas obtidos de diferentes especies,
relacionada principalmente com a identidade da espécie, local de ocorréncia, tipo de solo e época
de coleta (BARBOSA et al., 2012; HERRERO-JAUREGUI et al., 2011; LAMEIRA et al., 2009;
ZOGHBI et al., 2009; ZOGHBI; LAMEIRA; OLIVEIRA, 2007; ZOGHBI; MARTINS-DA-
SILVA; TRIGO, 2009). Entre outros sesquiterpenos que sdo encontrados em grande propor¢do em
oleorresina de diferentes espécies amazOnicas destacam-se: a-copaeno, como principal
sesquiterpeno encontrado em amostras de oleorresina de Copaifera paupera (Herzog) Dwyer,
Copaifera piresii Ducke e Copaifera martii Hayne coletadas no Acre, Rond6nia e no Para
respectivamente (ZOGHBI; LAMEIRA; OLIVEIRA, 2007; ZOGHBI; MARTINS-DA-SILVA;
TRIGO, 2009); enquanto que o B-bisaboleno apresenta-se como principal sesquiterpeno obtido em
amostras de Copaifera duckei Dwyer e Copaifera reticulata Ducke coletadas no Pard (LAMEIRA
etal., 2009; ZOGHBI et al., 2009).

b) Propriedades medicinais

Com relacdo ao potencial de uso, ja foram comprovadas a partir de estudos
farmacoldgicos as acdes anti-inflamatoria, cicatrizante, antimicrobiana, anti-leishmaniose,
larvicida, antineoplasica e antinoiceptiva de oleorresina de diferentes espécies de copaiba
(AMORIM et al., 2017; DE ALMEIDA et al., 2017; DIEFENBACH et al., 2018; GONCALVES
DIAS et al., 2017; LEITE VIEIRA et al., 2018; LUCCA et al., 2018; NAKAMURA et al., 2017;
PASCOAL et al., 2017; SILVA FEITOSA JUNIOR et al., 2018; SOUZA et al., 2017; WAGNER
et al., 2017; para citar alguns dos trabalhos mais recentes, mas veja a revisao de: LEANDRO et al.
2012). Este potencial tem se traduzido no desenvolvimento de novos produtos avaliados em ensaios
clinicos (ARROYO-ACEVEDO et al., 2011; DA SILVA et al., 2012; GELMINI et al., 2013;
MUSALE; SONI, 2016) e em processo de patenteamento, havendo mais de 300 patentes
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registradas com produtos e processos desenvolvidos a partir do 6leo de copaiba (EUROPEAN
PATENT OFFICE., 2019; INSTITUTO NACIONAL DE PROPRIEDADE INDUSTRIAL, 2019;
THE UNITED STATES PATENT AND TRADEMARK OFFICE, 2019). A grande maioria das
patentes descreve seu uso em medicina e odontologia, destacando seus efeitos antimicrobiano,
cicatrizante ou anti-inflamatorio, mas também ha aplicacdo do 6leo em cosméticos (6leos,
emulsBes, cremes, pomadas, locGes, leites, géis, ceras depilatdrias) e produtos como vernizes,
anticorrosivos e lubrificantes (EUROPEAN PATENT OFFICE., 2019; INSTITUTO NACIONAL
DE PROPRIEDADE INDUSTRIAL, 2019; THE UNITED STATES PATENT AND
TRADEMARK OFFICE, 2019)

¢) Producéao

O oleorresina de copaiba ¢ um metabdlito secundario produzido por espécies florestais
do género Copaifera, composto por terpenos (di- e sesquiterpenos), cuja unidade estrutural basica
deriva de metabolitos primarios (LANGENHEIM, 2003). E secretado em células epiteliais
presentes em cavidades e canais axiais de origem esquizdgena observados em diversos tecidos da
planta, como nas folhas, ramos, raizes e no xilema (ARRHENIUS et al., 1983; MARTINS-DA-
SILVA, 2006; MILANI; ROCHA; DE PADUA TEIXEIRA, 2012; RODRIGUES; MACHADO,
2009). As cavidades estdo envolvidas primariamente com a producdo de sesquiterpenos volateis,
enquanto que 0s canais secretores produzem apenas resina (RODRIGUES; TEIXEIRA;
MACHADO, 2011). No lenho, os canais resiniferos encontram-se dispostos no parénquima
marginal, que delimita as camadas de crescimento, estando conectados por anastomose dentro do
mesmo parénquima marginal (MARCATI; ANGYALOSSY-ALFONSO; BENETATI, 2001,
MARTINS-DA-SILVA, 2006; MILANI; ROCHA; DE PADUA TEIXEIRA, 2012; RODRIGUES;
MACHADO, 2009), permanecendo com suas células ativas mesmo apds a apoptose de outras
células xilematicas (RODRIGUES; MACHADO, 2009). Ap0s a sintese este produto é transportado
pelas células de raio até os vasos, principalmente aqueles da regido do cerne mais proxima da
medula, onde permanece armazenado (MEDEIRQOS, 2016). Embora esteja presente nas folhas,
ramos e sementes, as praticas de coleta e manejo utilizadas e estudadas para produgdo do
oleorresina tém se concentrado na extracdo do oleorresina armazenado nos troncos. N&o ha estudos
buscando a domesticacdo das espécies e toda a producéo e obtida exclusivamente em florestas
nativas (IBGE, 2014).

Diferentes hipoteses tém tentado explicar a producdo de resinas em angiospermas.

Langenheim (1990) postulou que a maior diversidade de tdxons de espécies arboreas capazes de
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produzir resinas ocorre nos tropicos e subtropicos devido as condic¢Bes favoraveis para manutencao
da atividade fotossintética ao longo de todo o ano. Segundo a autora, a maior disponibilidade de
carbono associada ao crescimento lento, observado na maioria das espécies de angiospermas
produtoras de resinas, e a menor disponibilidade de nutrientes, observada nos solos de florestas
tropicais, tornaria parte do carbono disponivel para a producéo de resinas (LANGENHEIM, 1990).
Outros autores tem postulado que estes compostos, juntamente com outros metabdlitos
secundarios, desempenham um papel central na regulacdo de estresses bioticos e abidticos em
plantas (BENNETT; WALLSGROVE, 1994; LANGENHEIM, 2003; NAIKOO et al., 2019;
SWAIN, 1977). Sua producdo seria resultado ndo apenas da maior disponibilidade de carbono, mas
resultado de respostas adaptativas a estresses ambientais, incluindo ferimentos, ataque de
patdgenos, deficiéncias minerais e estresse hidrico e térmico (BENNETT; WALLSGROVE, 1994;
LANGENHEIM, 2003; LANGENHEIM; HALL, 1983; LINCOLN; COUVET, 1989; NAIKOO et
al., 2019; SWAIN, 1977).

Com relacdo aos estudos sobre a producdo de oleorresina, embora ndo haja consenso
sobre que fatores influenciam a producdo (MARTINS et al., 2013; MEDEIROS; VIEIRA; 2008;
NEWTON et al., 2011; WATKINSON; PEREZ, 2011), ha indicativos de diferencas no potencial
de producdo entre espécies (MARTINS et al., 2013; NEWTON; WATKINSON; PERES, 2011;
RIGAMONTE-AZEVEDO; WADT; WADT, 2006). Assim, reforca-se a percep¢édo de que planos
e préticas de manejo devem ser espécie-especificos, o que ndo tem sido implementado na maioria
dos planos existentes (LEITE et al., 2001; MMA, 2017; PINTO et al., 2010; mas veja: LIMA et
al., 2011).

Adicionalmente tem-se observado grande variagdo na producao de oleorresina entre
individuos da mesma espécie, sendo estas diferencas atribuidas a variagdes em caracteristicas
fisicas do solo, tipologia florestal, época do ano, forma e posicao da copa, presenca de cupins e de
ocos (ALENCAR, 1982; MARTINS et al., 2013; MEDEIROS et al., 2018; MEDEIROS; VIEIRA,
2008; NEWTON; WATKINSON; PERES, 2011; RIGAMONTE-AZEVEDO; WADT; WADT,
2006). Diversos estudos tém registrado uma tendéncia de maior producdo com aumento do
didmetro, seguida de uma tendéncia de redugdo na produgdo nos maiores didmetros associada a
senescéncia e a presenga de ocos (ALENCAR, 1982; MEDEIROS et al., 2018; MEDEIROS;
VIEIRA, 2008; NEWTON; WATKINSON; PERES, 2011; RIGAMONTE-AZEVEDO; WADT,
WADT, 2006; SOUZA, 2010). Entretanto, ndo ha& concordancia em relacdo ao que seria um
didmetro ideal para que se inicie a coleta, sendo observadas recomendagdes em literatura para

selecdo de individuos com didmetro acima de 45 cm para C. multijuga (MEDEIROS et al., 2018),
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e C. guyanensis (NEWTON; WATKINSON; PERES, 2011), acima de 50 cm para C. piresii
(SOUZA, 2010) e entre 85 a 135 cm para diferentes morfotipos de C. reticulata (RIGAMONTE-
AZEVEDO; WADT,; WADT, 2006). Estes diferentes diametros provavelmente correspondem a
individuos de mesmo estadio ontogenético (sensu GATSUK et al., 1980), adultos, em diferentes
especies. Cada especie pode apresentar diferentes relacdes alométricas ao longo da ontogenia,
havendo a necessidade de definicdo dos estadios ontogenéticos e de suas relaces alométricas para
as diferentes espécies de copaiba.

Com relacdo as variacGes na producdo entre tipologias florestais, poucos estudos tém
conseguido separar o efeito das diferentes tipologias florestais daqueles de origem genética, ou
seja, espécie-especificos. Entres estes, Newton et al. (2011) observaram que Copaifera guyanensis

produz maiores volumes de oleorresina em varzea (139 mL) do que na terra firme (15 mL).

d) Praticas tradicionais de extracao

Existem diversas préaticas tradicionais para extracdo do oleorresina de copaiba, uma
delas consiste na abertura de uma incisdo em V no tronco com uso de machado (Figura 2a, b).
Outro método tradicional, chamado método do arrocho, consiste em selar o tronco abaixo das
incisBes com enviras e cipds e coletar o oleorresina da arvore até seu completo esgotamento.
Ambos 0s métodos se mostram muito agressivos e podem por ocasionar a morte das arvores
(LEITE et al., 2001; PLOWDEN, 2003; SHANLEY et al., 2005). Ha também a extracdo da casca
usada em coccdes (Figura 2c, d). Além destes, a extracdo total com a derrubada das arvores é
utilizada, uma vez que sua madeira € muito valorizada (MARTINI; ROSA; UHL, 1998) e o
oleorresina considerado por muitos como subproduto da industria madeireira (SHANLEY et al.,
2005). Algumas outras praticas tradicionais recomendam o corte em lua cheia e a coleta do
oleorresina no quarto minguante; ou ainda que ndo se olhe para a copa da arvore diretamente, 0
que, segundo os relatos, ocasionaria seu retorno para a terra. Também existem relatos da existéncia
de individuos que ndo exsudam oleorresina ou o fazem em quantidades insignificantes, que seriam
denominados de “arvores macho” pelos mateiros (SHANLEY et al., 2005).

Estas préaticas para extracdo do oleorresina vém sendo utilizadas desde que o produto
passou a integrar a pauta de produtos derivados do extrativismo vegetal destinados & exportacéo
do Brasil Colénia, no século XVII (LEONARDI, 1999). Assim como ocorreu com outros produtos
florestais, ndo havia na época nenhuma preocupacdo com o método de coleta e os resultados das
praticas de manejo adotadas sobre as popula¢des de copaibas, como nos mostra o texto de Jodo
Pedro Dias Vieira (1820-1870), presidente da provincia do Amazonas entre 1856-1857:
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[...] N&o se conhece aqui, para a extracgdo do 6leo de cupaiba, outro processo alem dos
golpes de machado contra a indefesa cupaibeira. Paga esta com a vida o balsamo que
derrama em prol do seu barbaro destruidor.

A continuar tdo estranho processo, esse artigo do nosso comércio, que ainda no anno findo
produsiu 1799 canadas, muito cedo deixara de figurar na pauta de exportacdo da Provincia.
Por meio do trado, ou de qualquer instrumento accomodado, obter-se-hia 0 oleo sem
acabar com a arvore [sic passim]. [...] (VIEIRA, 1856, p.16-17).

Jodo Pedro Dias Vieira havia estado na regido do rio Negro e apés ter observado as
praticas de coleta de alguns PFNM, entre eles a seringa, a salsaparrilha e a estopa retirada dos
troncos das castanheiras, elaborou o regulamento de 8 de marco de 1856 em execucdo da Lei no
19, de 25 de novembro de 1853 para ordenar a coleta destes produtos (LEONARDI,1999). Talvez

estas normas tenham sido as primeiras a disciplinar o manejo de PFNM.

e) Praticas recomendadas para o manejo sustentado

Com relacdo ao manejo sustentavel, as principais recomendacfes existentes dizem
respeito a selecdo de individuos com DAP minimo variando entre espécies, conforme descrito no
item “2.3”, letra “c”; a0 mapeamento das copaibas com uso de bussola e passos calibrados,
identificadas a partir do conhecimento tradicional; a utilizacdo de trado para abertura de furos nos
troncos; utilizacdo de canos de PVC e vasilhames plasticos para coleta do oleorresina; coleta do
oleorresina; fechamento dos furos com tampas roscas tipo CAP (LEITE et al., 2001). Assim, evita-
se abrir grandes feridas nos troncos que poderiam favorecer o ataque de pragas e doencgas. Esta
pratica permite retornar aos mesmos individuos sem provocar injdrias adicionais, abrindo
perspectivas para realizacdo de coletas sucessivas em um mesmo individuo. A utilizacdo do trado
ja é bastante difundida e utilizada na Amazonia (SHANLEY et al., 2005; Figura 2e, f), embora o
machado e o facdo ainda sejam usados em algumas localidades (observacéo pessoal; Figura 2a-d).
Mais recentemente, foi recomendado o uso de trado adaptado a motosserra, 0 que pode facilitar o
trabalho de abertura dos furos reduzindo o tempo e o desgaste fisico do extrativista para a realizacéo
deste trabalho (GUARINO et al., 2016). Outras recomendac6es tratam do tempo entre a abertura
dos furos e a coleta do 0leo escoado (RIGAMONTE-AZEVEDO; WADT; WADT, 2006).
Rigamonte-Azevedo; Wadt; Wadt (2006) ndo observaram diferencas estatisticas nos volumes
obtidos apds 24 horas ou até completa exaustdo, em copaibas identificadas como copaibas-pretas
na regido do Xapuri, AC. Entretanto, (GUARINO et al., 2017), avaliando a producéo de Copaifera

paupera no municipio de Rio Branco, AC, verificaram que a vistoria das arvores realizadas 5 a 7
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1  dias apds a abertura dos furos levou a um aumento de 53,2% no nimero de arvores produtivas em
2 relacéo a coleta nas primeiras 24 horas.

3

4

5 Figura 2. Métodos tradicionais de extrativismo do oleorresina de copaiba, que incluem: (a, b) a abertura de grandes
6  feridas no tronco das arvores com uso do machado; (c, d) a retirada de cascas usadas para coccdo; (e, f) abertura de
7 um orificio usando um trado e fechamento com pedacos de madeira. Fotos: Patricia da Costa.
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Diversos estudos tém avaliado o efeito de extracbes consecutivas em diferentes
intervalos sobre a regeneragdo do produto (MARTINS et al., 2013; MEDEIROS; VIEIRA, 2008;
NEWTON; WATKINSON; PERES, 2011), sem defini¢cdo sobre qual seria o ciclo ideal de extracdo
(MARTINS et al., 2013; MEDEIROS et al., 2018). Com isto, algumas recomendac6es sobre o
intervalo minimo de coleta tém sido estabelecidas com base no principio da parciménia,
delimitando um intervalo minimo de coleta de dois (SHANLEY et al., 2005) ou trés anos (LEITE
et al., 2001; PINTO et al., 2010). Outras recomendacdes tém sido feitas com base nos resultados
de recuperacéo da producdo de oleorresina (MARTINS et al., 2013; MEDEIROS; VIEIRA, 2008),
ou ainda, combinando estes resultados com andlises da viabilidade econémica da exploracéo
(KLAUBERG et al., 2014; NEWTON; WATKINSON; PERES, 2012).

2.4 Densidade e estrutura populacional

A determinacdo da densidade e a descri¢do da estrutura de populacdes, seja ela baseada
em classes de tamanho ou em estadios ontogenéticos, € o primeiro passo para compreensao de
padrdes e processos ecoldgicos aos quais estdo submetidas (HUTCHINGS, 2002). A caracterizacdo
da densidade e da estrutura das populacdes pode fornecer informacg6es sobre como estas populagdes
se modificam em resposta a disturbios e tem se mostrado uma ferramenta relevante para inferir
sobre seu status de conservacdo (MARTINELLI; MORAES, 2013). Espécies com distribuicdo
restrita, baixa abundancia ou que ocorrem em habitats fragmentados sdo consideradas ameacadas,
pois estdo sujeitas a extingdo local, seja devido a baixa variabilidade genética ou como resultado
de eventos estocésticos.

Estes dados também podem ser utilizados para inferir sobre o potencial de producéo de
PFNM (SOEHARTONO; NEWTON, 2000, 2001), contribuindo, ainda, para o entendimento do
efeito de préaticas de manejo. Espécies utilizadas como PFNM ocorrendo em baixas densidades sdo
mais dificeis de serem localizadas pelos extrativistas, produzem uma menor quantidade de produto
por area, com um maior custo de producdo e sdo extremamente suscetiveis a extracdo excessiva
(NEWTON et al., 2012; NEWTON; WATKINSON; PERES, 2012; PETERS, 1996). Além disto,
considera-se que alteracdes na estrutura etaria ou ontogenética das populagdes apresentam-se como
0s primeiros sinais de extrativismo de PFNM acima dos niveis ideais (HALL; BAWA, 1993;
PETERS, 1996). A auséncia de individuos de um determinado tamanho ou estagio ontogenético

pode ser interpretada como evidéncia de ocorréncia em um tempo pretérito de um gargalo
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demografico no recrutamento, crescimento ou sobrevivéncia (GAOUE; TICKTIN, 2007
HUTCHINGS, 2002; PERES et al., 2003). Entretanto, destaca-se que estes dados devem ser
avaliados conjuntamente com outros dados demograficos, como fecundidade, recrutamento,
crescimento e mortalidade, especialmente quando se deseja fazer inferéncias sobre a viabilidade
de populacbes (CONDIT et al., 1998; VIRILLO et al., 2011).

Embora relevantes e considerados como um primeiro passo para a condugédo de outros
estudos ecologicos, como destacado pelos editores da ultima versdo do Livro Vermelho da Flora
do Brasil, Martinelli; Moraes (2013), em apenas 5% dos taxons da flora brasileira ha dados de
estrutura de suas populagdes. Como resultado, poucas avaliacbes de risco de extingdo da flora
brasileira se baseiam no tamanho das popula¢Ges ou levam em consideracdo aspectos de sua
estrutura e dindmica (Critérios A, C ou D, sensu IUCN, [s.d.]).

2.5 Caracterizagdo ontogenética e arquitetura de plantas

As plantas durante seu ciclo de vida passam por uma série de fases sequenciais
chamadas de estadios ontogenéticos (GATSUK et al., 1980). A defini¢cdo de estadios ontogenéticos
é feita tendo como base o surgimento e desaparecimento de caracteres morfoldgicos, que se
correlacionam a mudancgas na anatomia, fisiologia e bioquimica dos individuos (GATSUK et al.,
1980). Entre exemplos de caracteres morfoldgicos frequentemente utilizados para definicdo de
mudancas entre estadios ontogenéticos, pode-se citar: presenca ou auséncia de cotilédones;
morfologia, orientacdo (se plagiotropicos ou ortotropicos) e ordem de galhos, entre outras.

Cada estadio ontogenético tem propriedades ecoldgicas distintas, apresentando
dindmica especifica e representando diferentes papéis tanto na populacéo, quanto na comunidade
(GATSUK etal., 1980; SMIRNOVA; BOBROVSKII, 2001). Assim, os estadios ontogenéticos sdo
considerados uma classificacdo das fases de vida com significado biolégico (SOUZA; MARTINS;
MATOS, 2000) e sua aplicacdo pode contribuir para melhorar o entendimento da dindmica e dos
mecanismos que determinam os padrbes e processos em populagcdes e comunidades (SOUZA,
MARTINS, 2004). Por este motivo, esta classificacdo tem encontrado bastante repercusséo em
estudos de ecologia de populagdes vegetais tropicais (BERNACCI; MARTINS; SANTOS, 2008;
CARVALHO; MARTINS; SANTOS, 1999; FRANCI et al., 2016; FURTADO et al., 2017;
MIRANDA-MELO; MARTINS; SANTOS, 2007; PORTELA; SANTOS, 2011; ROSSETO et al.,
2013; SILVEIRA; MARTINS; ARAUJO, 2012; SOUZA et al., 2008; SOUZA; MARTINS, 2004;
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SOUZA; MARTINS; BERNACCI, 2003; SOUZA; MARTINS; MATOS, 2000). Em comum,
muitos destes estudos integram uma abordagem de caracterizagdo ontogenética e descricdo da
arquitetura dos diversos estadios, empregando a proposta de Hallé; Oldeman; Tomlinson (1978),
que definiram e descreveram 23 modelos arquiteturais aos quais todas as espécies arboreas se
ajustam. Segundo esta proposta, a arquitetura das arvores em cada estdgio ontogenético é o
resultado das restricOes de crescimento impostas pelo seu modelo arquitetural final, determinado
geneticamente (HALLE; OLDEMAN; TOMLINSON, 1978), podendo haver interacdes
ambientais determinadas por fatores bioticos e abioticos como a competicdo por luz (HENRY;
AARSSEN, 1999), disponibilidade de agua e nutrientes (FRANCI et al., 2016) e herbivoria
(HAMBACK; BECKERMAN, 2003), entre outros.

2.6 Relagdes alométricas e modelos biomecanicos em espécies arbdreas

O estudo do tamanho e forma de espécies é chamado de alometria e tem sido
empregado tanto para geracdo de estimativas de volume, biomassa e carbono em florestas a partir
de varidveis de facil medicdo (BARBOSA et al., 2019; BARNI et al., 2016; CHAVE et al., 2005,
2014; FELDPAUSCH et al., 2011), quanto como preditor de diferentes estratégias de alocagéo de
recursos em espécies vegetais (AIBA; KOHYAMA, 1996, 1997; ALVAREZ-BUYLLA,
MARTINEZ-RAMOS, 1992; ALVES; SANTOS, 2002; FRANCI et al., 2016; FURTADO et al.,
2017; KING, 1996; KOHYAMA; HOTTA, 1990; SILVEIRA; MARTINS; ARAUJO, 2012;
SPOSITO; SANTOS, 2001).

A alometria de espécies arbdreas é frequentemente avaliada a partir de relacGes
estabelecidas entre altura e diametro dos individuos. Enquanto a altura determina seu ambiente de
luz, com efeitos diretos sobre as taxas fotossintéticas (KING, 1981, 1996; SPOSITO; SANTOS,
2001), o didmetro tem papel relevante para garantir suporte mecanico e para a manutencdo do
transporte de agua e solutos (BULLOCK, 2000; MCMAHON, 1973; NIKLAS, 1994). Estas
relacbes podem ser avaliadas ao longo da historia de vida das plantas, na medida em que a
arquitetura de um individuo adulto € resultado ndo s6 das condicGes presentes, mas de todos 0s
fatores genéticos e ambientais que operaram sobre o crescimento desde sua germinacgdo
(ARCHIBALD; BOND, 2003). Sua avaliacdo tem trazido informagOes sobre “trade-offs”
existentes entre diferentes estratégias de crescimento e sobrevivéncia ao longo da ontogenia (IIDA
et al.,, 2011; ISHII; ASANO, 2010; KOHYAMA; HOTTA, 1990; POORTER; ROZENDAAL,
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2008; TREMMEL; BAZZAZ, 1995; VINCENT; HARJA, 2008; WEINER, 2004), pois, como
ressaltam Archibald; Bond (2003), a arquitetura de uma arvore adulta representa a resultante do
“trade-off” entre as exigéncias muitas vezes antagOnicas entre suas varias fungdes, como
crescimento, reproducdo e defesa, durante todo seu desenvolvimento.

A arquitetura das plantas também tem sido comparada a modelos biomecanicos,
originalmente desenvolvidos para avaliacdo de mudancas na deflexdo estética de vigas do tipo
cantiléver e adaptadas para analise de estrutura de arvore (DEAN; LONG, 1986; MCMAHON,
1973). Trés modelos foram propostos: similaridade elastica (MCMAHON, 1973), estresse
constante (DEAN; LONG, 1986), e similaridade geométrica (NORBERG, 1998). O modelo de
similaridade elastica estabelece que o didmetro das arvores limita a altura, devido ao risco de
tombamento causado pelo seu préprio peso. Assim, a altura aumenta na propor¢do de 2/3 do
didametro e a inclinacdo de regressdo altura versus diametro € igual a 1,5 (MCMAHON, 1973).
Junto com este modelo biomecanico, o fator de seguranca pode ser acessado trazendo informacdes
sobre o limite tedrico de tombamento além do qual as arvores se dobram sob seu peso
(MCMAHON, 1973; VAN GELDER; POORTER; STERCK, 2006). O fator de seguranca (SF)

pode ser calculado usando a equacio: d / d,, onde d = Didmetro; dy,= 0.1 Altura®’?

e
corresponde ao diametro minimo tedrico de deformacéo eléstica em centimetros (KING, 1981;
MCMAHON, 1973; SPOSITO; SANTOS, 2001). O modelo de estresse constante leva em
consideracdo o efeito de estresses mecanicos relacionados a forca dos ventos. Neste modelo, o
tamanho do tronco deve compensar a forca do vento, levando a um maior investimento em diametro
do que em altura, de modo que o coeficiente angular da regressdo entre altura versus diametro é
igual a dois (DEAN; LONG, 1986). Finalmente, no modelo de similaridade geométrica considera
que a altura das arvores é diretamente proporcional ao diametro, de modo que o aumento de uma
unidade em altura é acompanhado por um aumento na mesma proporcdo em diametro, e o
coeficiente da regressdo € um (NORBERG, 1998).

Muitos estudos tém caracterizado a alometria de espécies florestais em resposta a
variacbes na disponibilidade de luz (ALVES; SANTOS, 2002; KING, 1996; KOHYAMA;
HOTTA, 1990; PORTELA; SANTOS, 2011; RICH et al., 1986; STERCK; BONGERS, 1998;
VAN GELDER; POORTER; STERCK, 2006). Isto se da pois este ¢ um dos principais fatores que
controlam os ganhos liquidos de carbono e, por consequéncia, as taxas de crescimento. Estes
estudos geralmente avaliam padrdes alométricos das especies durante seu desenvolvimento

ontogenético, agrupando-as em guildas de regeneracdo (pioneiras versus climacicas ou intolerantes
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versus tolerantes a sombra) ou ainda de acordo com a estatura que atingem na maturidade (sub-
bosque versus emergentes). As variages encontradas tém sido interpretadas como resultado de um
“trade-off” entre investimento no crescimento em altura, como forma de melhor explorar condi¢des
futuras de iluminacao no dossel, e o investimento no aumento de extensdo da copa, visando melhor
explorar as condicdes presentes de baixa intensidade luminosa sob o dossel (KOHYAMA;
HOTTA, 1990).

Contudo, tem-se verificado que outros fatores bidticos e abi6ticos, como relevo e tipo
de solo (SUWA et al., 2016), disponibilidade de agua (FRANCI et al., 2016) e herbivoria
(HAMBACK; BECKERMAN, 2003), entre outros podem levar a alteragdes nos padrdes
estruturais e nas relagdes alométricas. Isto aponta para a necessidade de que outras variaveis
ambientais sejam incorporadas nas analises alométricas (ARCHIBALD; BOND, 2003;
SIQUEIRA, 2006; WEINER; THOMAS, 1992).

2.7 Fenologia reprodutiva e o impacto de coletas sucessivas

A fenologia estuda a ocorréncia de eventos biologicos repetitivos, relacionado seus
padrdes espaciais e temporais com mudancas em fatores bioticos e abioticos (MORELLATO et al.,
1990; NEWSTROM; FRANKIE; BAKER, 1994). Estudos em fenologia de plantas consistem no
monitoramento de fases vegetativas e/ou reprodutivas e podem ser conduzidos em diferentes niveis
de abordagem, desde espécies até ecossistemas (MORELLATO, 2003; NEWSTROM; FRANKIE;
BAKER, 1994). Estudos sobre a fenologia de plantas sdo especialmente relevantes uma vez que
contribuem, por exemplo, para ampliar a compreensao sobre a organizacao temporal de recursos;
sobre aspectos da reproducéo, regeneracdo e a dinamica de plantas; e sobre interacGes planta-
animal, trazendo informacdes sobre a histéria de vida de herbivoros, polinizadores e dispersores
(MORELLATO et al, 1990; MORELLATO; LEITAO-FILHO, 1996; VAN-SCHAIK;
TERBORGH; WRIGHT, 1993).

A fenologia reprodutiva de espécies de plantas tropicais nao € determinada unicamente
por interacdes bidticas, como inicialmente se imaginava, mas também por fatores abioticos e pela
interacdo de ambos ao longo de seu desenvolvimento (BORCHERT, 1983). Entre os fatores
bidticos, a competicdo por polinizadores e predadores de sementes é considerada como o principal
gatilno de diferentes estratégias fenoldgicas (ADLER; KIELPINSKI, 2000; AUGSPURGER,
1981). Por outro lado, variagbes na temperatura , disponibilidade de agua (BORCHERT, 2000,
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1994), luz (BORCHERT et al., 2005; RIVERA; BORCHERT, 2001) e nutrientes sdo 0s principais
fatores abioticos que podem regular a fenologia reprodutiva das plantas (MORELLATO et al.,
1990; VAN-SCHAIK; TERBORGH; WRIGHT, 1993). Além desses fatores, ha fortes evidéncias
de que impactos antropogénicos, como degradacdo e fragmentacdo florestal (ALBERTI;
MORELATTO, 2010; REZNIK; PRATA,; PIRES, 2012; TUCKER LIMA etal., 2018), restauracdo
florestal (CARDOSO et al., 2012; GARCIA etal., 2014), extracéo seletiva de madeira (FONSECA;
VIDAL; MAES DOS SANTOS, 2009) e o extrativismo de PFNM também podem afetar os padroes
fenoldgicos e o sucesso reprodutivo das arvores (BALDAUF et al., 2014; PERES et al., 2003;
RIJKERS et al., 2006).

O extrativismo de compostos vegetais secundarios, como gomas, resinas e oleorresinas,
era, de fato, considerado uma das alternativas mais sustentaveis de manejo florestal ndo-
madeireiro, uma vez que nao remove frutos, sementes ou propagulos, e se conduzido sem derrubar
as arvores, ndo altera o dossel da floresta (PETERS, 1996). Entretanto, estudos sobre a ecologia de
defesa de plantas contra herbivoria tem demonstrado que estes compostos desempenham um papel
central na regulacao de estresses bioticos e abidticos em plantas (BENNETT; WALLSGROVE,
1994; LANGENHEIM, 2003; NAIKOO et al., 2019; SWAIN, 1977), levando a suposicao de que
seu extrativismo poderia afetar esta regulagdo, comprometendo a sobrevivéncia dos individuos a
longo prazo. Além disso, como uma quantidade considerdvel de carbono é alocada para sua sintese,
0 extrativismo de exsudatos também pode alterar o padrdo de alocacdo de recursos, que pode ser
redirecionado para a regeneracdo dos recursos extraidos, aumentando a competicdo por
fotoassimilados entre crescimento, reproducdo e defesa (PETERS, 1996; RIJKERS et al., 2006).

Com relacéo aos estudos sobre o extrativismo de exsudatos, Ticktin (2004) demonstrou
que os impactos ecoldgicos deste tipo de extrativismo sdo pouco estudados. Klauberg et al. (2016)
em uma revisdo mais recente, também detectou que apenas uma pequena parcela dos estudos
realizados com PFNM avalia o impacto do extrativismo e aborda a definicdo de préaticas
sustentdveis (KLAUBERG; SILVA; LIMA, 2016). Enquanto que Brites e Morsello (2016)
verificaram que n&o ha estudos sobre o impacto do extrativismo de exsudatos, isoladamente, sobre
o0 padrdo fenoldgico da planta e seu sucesso reprodutivo, uma vez que, para muitos produtos, seu
extrativismo depende da remocao de cascas (BRITES; MORSELLO, 2016).

Mas mesmo o padrao geral do impacto da remogéo de cascas e exsudatos ndo esta claro.
Se de um lado ha espécies onde extracdo de cascas e exsudatos pode estimular o investimento em
flores e frutos (BALDAUF et al., 2014), para outras esse tipo de extrativismo pode manter as
arvores em estado vegetativo (COCKS; DOLD, 2004; CUNNINGHAM; MBENKUM, 1993). Ha
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especies onde ndo se observam alteragfes no padrdo reprodutivo (BITARIHO et al., 2006;
SCHUMANN et al., 2010), enquanto que também ha registro de espécies onde este extrativismo
ocasionou alteragdes na sincronia das fenofases e nas taxas reprodutivas ao longo da ontogenia,
com reducdo no numero de individuos férteis ou ainda levando a reducdo no nimero e na
viabilidade de frutos e sementes (GAOUE; TICKTIN, 2008; RIJKERS et al., 2006; STEWART,
2009; VARGHESE, 2014).

Os impactos negativos do extrativismo de cascas e exsudatos sobre padréo reprodutivo
podem depender da intensidade e/ou frequéncia do extrativismo (GAOUE; TICKTIN, 2007,
NACOULMA et al.,, 2017; STAS et al.,, 2016). Além disso, esses efeitos podem ser mais
pronunciados em ambientes com menor disponibilidade de recursos em gradientes ambientais
(GAOUE et al., 2013; GAOUE; TICKTIN, 2007; SIEBERT, 2000; TICKTIN; NANTEL, 2004),
com maior alocagdo de recursos para manutencdo do crescimento vegetativo (CUNNINGHAM,
1997) e menor sincronia nos eventos reprodutivos em nivel populacional (SMITH; BRONSTEIN,
1996). Nestes ambientes, um elevado investimento em reprodugdo poderia comprometer a
habilidade competitiva e persisténcia dos individuos (BAZZAZ et al., 1987; PINERO;
SARUKHAN; ALBERDI, 1982). Enguanto que em ambientes com maior disponibilidade de
recursos potencialmente limitantes observa-se um maior investimento em reproducao
(CUNNINGHAM, 1997; LEE; BAZZAZ, 1982; NIESENBAUM, 1993), podendo este ser
comparativamente maior em termos de frequéncia, duracéo e intensidade (CUNNINGHAM, 1997;
DION; BUSSIERES; LAPOINTE, 2016; NIESENBAUM, 1993).
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3. OBJETIVOS
3.1 Objetivo Geral

Caracterizar aspectos ecoldgicos e avaliar o impacto de diferentes intervalos de coleta sobre a
fenologia reprodutiva de Copaifera pubiflora Benth. em duas populacbes em diferentes tipos

florestais em Roraima.

3.2 Objetivos Especificos

(1)  Caracterizar padrdes de densidade e estrutura populacional e comparar as relacfes
alométricas em duas populacdes de Copaifera pubiflora em diferentes ambientes em Roraima;

(2)  Avaliar o impacto de extragdes consecutivas de oleorresina de C. pubiflora sobre a
fenologia reprodutiva de duas populacfes da espécie em diferentes ambientes, em Roraima;

(3) Recomendar um conjunto de métodos para amostragem, coleta e andlise de dados de
producdo de oleorresina de copaiba, incluindo desde a descri¢do de materiais e procedimentos que
devem ser adotados para extracao, até as varidveis que devem ser consideradas em estudos sobre o

potencial produtivo de diferentes espécies de copaiba ou mesmo de determinadas areas de floresta.
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Background and Aims We asked to what extent the architecture, in terms of allometric and
biomechanical traits, along the ontogeny of a canopy non-pioneer light-demanding species is
ecologically or genetically driven.

Methods We used a population-static-vertical model to analyze population structure, architecture,
allometric relationships and biomechanical models along the ontogeny of Copaifera pubiflora
Benth (Fabaceae) natural populations occurring in a tropical seasonal forest (TSF) and tropical
rainforest (TRF) in Roraima State, Brazil.

Key Results The two populations of C. pubiflora presented the same ontogenetic trajectory, with
five stages in their ontogenetic structure. Populations showed differences in their ontogenetic
structures, both in total density, as well as in the proportion of individuals at each ontogenetic stage.
Though, both populations presented a higher number of individuals in the early ontogenetic stages.
The species' architectural model was identified as Troll for both study sites. The allometric
relationship of height versus diameter is not constant along ontogeny in both populations and
presented differences between TSF and TRF, with different biomechanical models. The C.
pubiflora’s populations have in common an isometric investment at the infant stage and a more
significant investment on diameter growth for adult trees, with different tendencies on the
intermediate stages.

Conclusions C. pubiflora presented the same architectural model, Troll, but with great plasticity
in the allometric relationships of base diameter as a function of total height along the ontogeny
which gives the species the ability to explore habitats with a different set of constraints.

Key Words: Copaifera pubiflora, stage-structured population, demography, growth,

biomechanical models, rainforest.
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INTRODUCTION

Plant architecture has ecological importance as a strategy to ensure carbon gain, and growth
on temporal and spatially heterogeneous environments (IIDA et al., 2011; ISHII; ASANO, 2010;
POORTER; ROZENDAAL, 2008; TREMMEL; BAZZAZ, 1995; VINCENT; HARJA, 2008;
WEINER, 2004). Hallé et al. (1978), who founded the basis of plant architectural analysis,
postulated that plant architecture is genetically defined. Indeed, there is evidence that environments
with a different set of constraints may have selected different architectural models (CHOMICKI;
COIRO; RENNER, 2017), out of 23 models already described for contemporary plants (Hallé et
al. 1978). Though there may be environmental interactions in terms of biotic or abiotic stress, such
as light availability (HENRY; AARSSEN, 1999), water shortage (FRANCI et al., 2016), plant
density, neighbour (ANTOS; PARISH; NIGH, 2010; MAKELA; VANNINEN, 1998;
TREMMEL; BAZZAZ, 1995) and herbivory (HAMBACK; BECKERMAN, 2003), among others.
Depending on the set of constraints, individuals of the same species and age may achieve a specific
architectural unit, named ‘ontogenetic stage’, at different times (GATSUK et al., 1980).

Plant architecture can be evaluated from allometric relationships established between stem
diameter (D) and height (H), (D = a H?), bringing information about how different species or
different ontogenetic stages use the space. Their results have been compared to biomechanical
models, originally developed to measure changes in the static deflection of cantilever beams and
adapted for tree structure analysis (DEAN; LONG, 1986; MCMAHON, 1973). Initially, three
models were proposed: elastic similarity (MCMAHON, 1973), constant stress (DEAN; LONG,
1986), and geometric similarity (NORBERG, 1998). The elastic similarity model establishes that
diameter limits height due to the risk of tree buckling under its weight so that height increases in
the ratio of 2/3 of the diameter and height-to-diameter regression slope is equal to 1.5

(MCMAHON, 1973). Along with this biomechanical model, safety factor can be accessed bringing
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information about the theoretical buckling limit (or critical length) beyond which trees buckle
under its weight (MCMAHON, 1973; VAN GELDER; POORTER; STERCK, 2006). In the
constant stress model, stem size must compensate for wind force, leading to a greater diameter
investment than height, so in this model, b is equal to 2 (DEAN; LONG, 1986). Finally, in the
geometric similarity model, height is directly proportional to diameter, so that increase of one unit
in height is accompanied by an increase in the same proportion in diameter, and the slope
coefficient is 1 (NORBERG, 1998).

Many studies on plant architecture have focused on species living on tropical rainforests
(TRF), where light is considered as the main limiting factor for establishment and growth in the
understory (ALVES; SANTOS, 2002; KING, 1996; KOHYAMA,; HOTTA, 1990; SPOSITO;
SANTOS, 2001; STERCK; BONGERS, 1998; WHITMORE, 1989). In these forests, there is a
strong vertical light gradient, so that the understory may receive only ~1.5% of open sunlight
irradiation (OSUNKJOYA et al., 1992; OSUNKOYA; ASH, 1991). There are also spatiotemporal
variations in light availability associated with gap dynamics (CHAZDON, 1988). Thence, survival
on the TRF understory depends on light-foraging strategies, and different population structures,
architectural and biomechanical strategies have been related to light partitioning in these
environments (CLARK; CLARK, 1992; KING, 1996; KOHYAMA; HOTTA, 1990; POORTER;
ROZENDAAL, 2008; STERCK; BONGERS, 1998; WHITMORE, 1989; WRIGHT et al., 2003).

Pioneers shade-intolerant trees, with short life-spans, presents b~1.0, conforming with the
geometric similarity model (SPOSITO; SANTOS, 2001). These species invest more in height
growth than in mechanical stability or longevity, to reach quickly better light conditions
(ALVAREZ-BUYLLA; MARTINEZ-RAMOS, 1992; SPOSITO; SANTOS, 2001). Their
recruitment depends largely on treefall gaps, and their population structure presents a large number

of adults and a long tail of rare juveniles (WHITMORE, 1989; WRIGHT et al., 2003). Sub-canopy,
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canopy and emergent long-lived tree species are part of the gradient of the pioneer—climax
continuum of life history traits. For sub-canopy, when growing in the shaded understory, they
invest more in crown growth to increase light interception and decrease self-shading (KOHYAMA,;
HOTTA, 1990). They also must invest in expanding their trunk safety factor to survive from falling
debris (CLARK; CLARK, 1991; STERCK; BONGERS, 1998). These investments are made at the
expense of investment in height growth. For canopy and sub-canopy, crown shapes are much more
variable along ontogeny, suggesting that they might be more flexible in the relative allocation of
energy to height, diameter, and crown growth than smaller-statured ones (ALVES; SANTOS,
2002). When these species reach the canopy, tend to invest more in diameter growth to support the
expansion of their crowns and to withstand from winds force (KING, 1986; STAUDHAMMER,;
WADT; KAINER, 2013; THOMAS; MARTIN; MYCROFT, 2015). So they may present scaling
exponent conforming to the elastic similarity or constant stress model and increase in safety factor
in larger heights (ALVES; SANTOS, 2002; CLAUSSEN; MAYCOCK, 1995; KING, 1996;
KOHYAMA; HOTTA, 1990; STERCK; BONGERS, 1998). Concerning their population
structure, they may present a higher proportion of individuals in the early stages and lower in the
final ones (WHITMORE, 1989; WRIGHT et al., 2003).

However, tree species living on tropical seasonal forests (TSF) may be subject to an even
greater set of constraints. TSF occur in warm climates, where rainfall is not evenly distributed
throughout the year (CECCON; HUANTE; RINCON, 2006; GERHARDT; HYTTEBORN, 1992;
MURPHY; LUGO, 1986). Thence, there are one or two dry seasons lasting about six months,
where monthly precipitation may be lesser than 100 mm (GERHARDT; HYTTEBORN, 1992),
leading to a pronounced spatiotemporal variability on soil water and nutrient availability
(CECCON; HUANTE; RINCON, 2006).

In these environments, light can also be a limiting factor, as there are temporal variations

in light availability for the understory associated with canopy cover (BARRADAS, 1991,
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SILVEIRA; MARTINS; ARAUJO, 2012). During the dry season, most canopy trees lose their
leaves as a strategy to reduce evapotranspiration rates. Hence, there may be more than 33% light
reaching the understory than in the rainy season, when the entire canopy is leafy (HERNANDES;
PEDRO-JUNIOR; LUDMILA BARDIN, 2004). Thus, there is a negative correlation between
water and light availability in these forests, with reduced light availability to the understory during
the growing season (BARRADAS, 1991; SILVEIRA; MARTINS; ARAUJO, 2012).

Some TSF physiognomies may be subject to temporary flooding during the rainy season,
lasting for one or more months. Waterflooding diminishes oxygen diffusion resulting in hypoxia
or anoxia leading to roots injury, with effects on the branches they support (VARTAPETIAN;
JACKSON, 1997). Gas diffusion and oxidative reduction hindrances, together with soil
biochemical changes can lead to tree growth arrest or even death (JACKSON; COLMER, 2005).

All these constraints associated with grazing and fire are identified as TSF's main
disturbances (BOND; WOODWARD; MIDGLEY, 2005; CECCON; HUANTE; RINCON, 2006;
HOFFMANN; ORTHEN; FRANCO, 2004; LEHMANN et al., 2011; ROSSATTO; HOFFMANN;
FRANCO, 2009; STAVER; ARCHIBALD; LEVIN, 2011), defining several of its patterns and
processes, such as: seed production, germination, seedlings survival and establishment
(GERHARDT, 1996; GERHARDT; HYTTEBORN, 1992; KHURANA; SINGH, 2001;
LIEBERMAN; LI, 1992) with direct results on tree population structure (SILVEIRA; MARTINS;
ARAUJO, 2012).

Few studies have evaluated the architecture and allometry of TSF species along tree
ontogeny. Furthermore, studies that evaluated TSF species’ architectural traits, applying a
population static vertical model, compared it with architectural traits of TRF functionally similar
species (FURTADO et al., 2017; SILVEIRA; MARTINS; ARAUJO, 2012). However, as pointed

out by Chomicki et al. (2017), to understand whether environmental or historical selective factors
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drives plant architecture, it is necessary to evaluate the same species architectural traits under
different habitats.

Considering the statement of Chomicki et al. (2017) and the occurrence of Copaifera
pubiflora in TRF and TSF, in the State of Roraima, Brazil, and considering its ecology as a canopy
non-pioneer light demanding species, we asked to what extent the architecture, in terms of
allometric and biomechanical traits, along its ontogeny is ecologically or genetically driven. We
used a population-static-vertical model to analyze population structure, architecture, allometric
relationships and biomechanical models along the ontogeny of Copaifera pubiflora Benth
(Fabaceae) natural populations. We hypothesize that, in TRF, the vertical light gradient must be
the primary driver along its ontogeny (ALVES; SANTOS, 2002). While at TSF, water shortage
must be the major ecological driver and we expect the species to invest more in diameter than in
height growth in relation to TRF. As individuals reach the canopy, we expect to observe an
asymptotic height to diameter curve, with proportionally greater diameter growth at the final stage,
resulted from water stress (FRANCI et al., 2016; SILVEIRA; MARTINS; ARAUJO, 2012). Thus,
we expect to find: (1) the same ontogenetic stages and (2) the same architectural model in both
forest types, indicating that they are genetically determined (CHOMICKI; COIRO; RENNER,
2017); (3) differences on populations’ ontogenetic structure and (4) differences on biomechanical
models, reflecting ecological differences between TRF and TSF. Regarding allometric
relationships along ontogeny; we expect to find that (5) biomechanical models are not conserved

along ontogeny on both forests.
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MATERIAL AND METHODS

Focal species

Copaifera pubiflora Benth. (Fabaceae) is a medium-sized tree species (RAMIREZ, 1994),
with moderately dense wood (0.71 g cm™3) (ZANNE et al., 2009) occurring on northern South
America savannas, in Guyana, Venezuela, Brazil, and Colombia. On Venezuela Central Llanos
hyper-seasonal savannas, the species occurs in variable size arboreal clusters, formed mainly by C.
pubiflora trees (RAMIREZ; ARROYO, 1987). In this environment, the population presents 1.04
adults ha™* (RAMIREZ; ARROYO, 1990) and a J-inverted distribution, with high mortality rates
on the first stages (RAMIREZ, 1994). In Brazil, this species was recorded only in Roraima State,
on river Branco Savannas, where it occurs in arboreal clusters and gallery forests. However, this
species can also be recorded in tropical rainforests, at its southern boundary, in a transition area
between savanna formation and tropical forests, in Roraima State (MARTINS-DA-SILVA;

PEREIRA; LIMA, 2008).

Study sites

This study was conducted with Copaifera pubiflora Benth natural populations in seasonally
dry forest and rainforest in Roraima, Brazil (Fig. 1). Roraima is the northern Brazilian state, with
~ 224.000 km?. Its phytogeography is quite diverse, highlighting several forest types associated
with the Amazonian biome and the savannas of the Rupununi-Branco rivers. About 85% of the
state's area is occupied by the Amazon rainforest, with the occurrence of two forest types: dense
and open ombrophilous forests (INSTITUTO BRASILEIRO DE GEOGRAFIA E ESTATISTICA,
2005). However, on the northern and northeastern portion of the state is the largest continuous area
of intra-Amazonian savannah, known as Branco river savanna (or "Campos") (BARBOSA,

CAMPOQOS, 2011). These savannas share species with the Brazilian "core” cerrado and northern
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South America savannas and are formed by a mosaic of different forest and non-forest
physiognomies (MIRANDA; ABSY; REBELO, 2002). Among the forest physiognomies, we find
spots of seasonally dry forests isolated by graminoid vegetation, forming arboreal clusters
popularly known as "forest islands”, and seasonally dry forests associated with rivers and streams
that extend from the river channel towards the savanna (BARBOSA; CAMPOS, 2011).

We selected as a study area a tropical seasonal forest (TSF), at the "Novo Destino™ farm
(3°44° 44 4”N; 59°41710.4”W), Normandia county. Its vegetation is formed mainly by a grassy-
woody savanna (INSTITUTO BRASILEIRO DE GEOGRAFIA E ESTATISTICA, 2005), while
the seasonal forest occupies the Mau river downbhill, with about 19.04 ha (Fig. 1), on Brazil-Guyana
frontier and it expands towards the graminoid savanna with flattened relief. This forest undergoes
through waterflooding for a period that can vary between a few days to more than a month, due to
water table elevation in the rainy season. No floristic or phytosociological studies were conducted
in the area, but clearly, C. pubiflora presents as dominant species occupying the canopy of this
forest, whose height varies between 20-25 m. The local climate is classified as Aw, according to
Koppen-Geiger classification, and corresponds to a tropical climate with dry season, with monthly
precipitations lower than 100 mm, occurring on months where the Sun is in the opposite
hemisphere and the days are shorter (PEEL; FINLAYSON; MCMAHON, 2007) In this region,
annual precipitations vary from 1100 mm to 1400 mm, with the highest precipitation concentrated
in a short period of the year, between May and August (BARBOSA, 1997; PEEL; FINLAYSON;
MCMAHON, 2007). The soils in the region are mainly "Xanthic Hapludox" (CPRM-SERVICO
GEOLOGICO DO BRASIL, 2002) or "LATOSSOLO AMARELO Aluminico", in the Brazilian
Soil Classification System (SANTOS et al., 2018). They are deep soils, with uniform clay content
along the profile, high aggregates cohesion - which makes them hard or very hard when dry - and

with high levels of aluminum along the profile (SANTOS et al., 2018).
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On the other hand, an area of the “GS” farm (2°35°58.9”N; 60°56°35.9”W), on Mucajai
county, was chosen as tropical rainforest study area (TRF), with 93.03 ha (Fig. 1). Its vegetation is
classified as open rainforest with palm trees (INSTITUTO BRASILEIRO DE GEOGRAFIA E
ESTATISTICA, 2005), whose palms are mainly Attalea maripa Mart. and Astrocaryum aculeatum
G.Mey. It is a forest with a higher canopy, ranging from 40-50 m in height, and the C. pubiflora
adult trees present themselves as dominant in height, occupying the forest canopy. The climate is
classified as Am in the Képpen-Geiger system (tropical with monsoon rains) (BARBOSA, 1997;
PEEL; FINLAYSON; MCMAHON, 2007). Soils in the region are classified as "Xanthic
Hapludox" (CPRM-SERVICO GEOLOGICO DO BRASIL, 2002) or “LATOSSOLO AMARELO

Aluminico”, in the Brazilian Soil Classification System (SANTOS et al., 2018).
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Fig. 1: Study areas in Roraima state, Brazil. “Novo Destino” farm, municipality of Normandia, whose vegetation is
classified as woody savanna with gallery forest according to IBGE (2005), with occurrence of tropical seasonal forest
or "TSF" on Mau river downhill and GS farm, municipality of Mucajai, whose vegetation is classified as open
rainforest with palm trees or "TRF" (IBGE 2005).
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Data collection

A permanent sample plot with two hectares (200 m x 100 m), divided into 200 adjacent
subplots of 100 m? (10 x 10 m) was installed in the study areas: tropical seasonal forest (TSF) and
tropical rainforest (TRF).

To determine if there are differences in forest structure between study areas, we quantified
the basal area and density of all trees and palms in each plot. We included only individuals with
breast height diameter (DBH) equal to or greater than 10 cm.

We used the canopy density as an indirect measure of light availability for the understory.
A convex spherical densitometer (A-model) was used to measure the percentage of canopy density
as a proportion of the sky unshaded by vegetation when viewed from a single point (JENNINGS;
BROWN; SHEIL, 1999). The percentage of canopy density (CD) in each subplot was obtained
from four measurements, each one made toward one of the cardinal points (N, S, E, W) in October
2012, before leaf shedding. A correction indicated in equipment, which consists of multiplying the
mean value by 1.04, was applied.

All C. pubiflora individuals present in the permanent sample plots were identified and
measured. Since few adults were recorded on TRF plot, we chose to identify and measure all adult
trees present in “GS” farm (93.03 ha).

To classify C. pubiflora individuals into stages on their ontogeny, as proposed by
(GATSUK et al., 1980), we analyzed the occurrence of external morphological features, such as:
presence or absence of cotyledons, leaves, leaf and branch fall scars; phyllotaxy; cotyledons,
leaves, branches and stem colors; branches morphology and orientation (whether orthotropic or
plagiotropic) and their order. The type of germination was characterized according to
(GARWOOD, 1996), and the architectural model was identified using the key proposed by

(HALLE; OLDEMAN; TOMLINSON, 1978).
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Stem diameter at ground level (base diameter - D) was measured with a digital caliper for
individuals with D up to 150 mm. We used a tape to measure the circumference at ground level
(CG) within individuals with D greater than 150 mm. The CG values were later converted to D (in
centimeters). The total height (H, in meters) was measured with a tape for individuals lower than
2 m and with a Vertex Laser Hypsometer for those higher than that.

These measurements and the evaluation of the external morphological characteristics were
conducted on May 2010 and October 2012 on TRF and May 2010, September 2011 and October
2012 on TSF. These observations made it possible to classify C. pubiflora individuals in stages on

its ontogeny, but only the 2012 data will be presented here.

Data analysis

The variables were evaluated using the Shapiro-Wilk tests for normality and Bartlett and
Levene tests for a constant variance but did not present normal distribution and homoscedasticity
nor after In-transformation. So we applied only nonparametric tests.

To compare canopy density and structural differences between the forests, we used the U-
Wilcoxon-Mann-Whitney test in R (R-DEVELOPMENT CORE TEAM., 2012) software.

To compare C. pubiflora ontogenetic structure between the two study sites, given the
ontogenetic stages distribution frequency, we used the Kolmogorov-Smirnov test. This test
identifies if two samples have the same distribution and can be applied to samples of different sizes
(ZAR, 1999). This analysis was conducted on Statistica 7.0 Software.

To analyse and compare ontogenetic stages size structure we calculated diameter (D) and
height (H) median values from each ontogenetic stage in both study sites, along with their
dispersion coefficients (DC). DC is the ratio of the absolute deviation by the data median and is

considered more suitable for use in non-normal distributions (BONETT; SEIER, 2006). To test
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whether there were differences between ontogenetic stages D and H median values in the same
study site, we used Kruskal-Wallis non-parametric test, followed by Wilcoxon-Mann-Whitney U
tests with Bonferroni correction for multiple comparisons (P <0.05). The Wilcoxon-Mann-Whitney
U test was also used to test for size differences between the same ontogenetic stage in different
sites (P <0.05). Adult C. pubiflora size parameters were compared between study sites using Chi-
square tests for homogeneity. DC was calculated using the “lawstat” package (GASTWIRTH et
al., 2017), and all other analyses were performed on packages already implemented in R (R-
DEVELOPMENT CORE TEAM., 2012) software.

The allometric relations were assessed with a standardized major axis (SMA) regressions
with logio transformed data. Standardized major axis regressions are considered more suitable to
establish relationships between size variables and to determine the slope of the best fit line,
especially when both variables contain errors (WARTON et al., 2006). Standardized major axis
regressions were adjusted as: y = ax®, or according to their corresponding log-transformed
equation: logy = loga + blogx. In these, y is the dependent variable, x is the independent
variable and a (intercept of y), and b (slope coefficient) are the parameters of the model to be
estimated, along with their 95% confidence intervals. Height was used as the independent variable
since it influences the space available for plant growth and its light environment (KING, 1981,
1996; SPOSITO; SANTOS, 2001). Standardized major axis regressions were fit for populations
and each ontogenetic stage.

To evaluate if there were differences on SMA slope coefficients between sites and between
ontogenetic stages of the same study area, we used the likelihood ratio test (LR; P < 0.05),
followed by HDS Tukey's tests for multiple comparisons between groups (P < 0.05; Warton and
Weber 2002; Warton et al. 2012). When the regressions did not show any differences in the slope

coefficient value, we used the Wald test, equivalent to a covariance analysis, to assess if the lines
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present differences in the intercepts or if they were centered on one same point along the SMA axis
(WARTON et al., 2006, 2012). The slope coefficients and intercepts were also evaluated from their
95% confidence intervals (WARTON et al., 2012).

The slope coefficients were compared with the proposed coefficients of geometric
similarity (b = 1.0, Norberg 1988), elastic similarity (b = 1.5, McMahon 1973), and constant
stress (b = 2, Dean and Long 1986) using a correlation between the adjusted values with the
residual values (P <0.05; Warton et al. 2012).

The Safety Factor (SF) was calculated using the equation: d / d,,;in, Where d = D; d =

0.1 H*? and negative exponential regressions were fit only when the angular coefficient has
adjusted to the elastic similarity model since the SF is a derivation of this. The SF corresponds to
the theoretical minimum diameter of elastic deformation in centimeters (KING, 1981,
MCMAHON, 1973; SPOSITO; SANTOS, 2001). Regressions were adjusted as: y = aX~?, or
according to their corresponding log-transformed equation: logy = loga — blogX (SPOSITO;
SANTOS, 2001).

Standardized major axis regressions were performed using the "smatr" package (WARTON
et al., 2012) in R software (R-DEVELOPMENT CORE TEAM., 2012), logarithmic regressions
were adjusted using packages implemented in R, while Spearman correlation coefficients were

calculated in Statistica 7.0 software.

RESULTS

Canopy density and forest structure

Canopy density was in average values 1.56% higher in TRF than in TSF. Nevertheless, both
canopy density values are quite high (Table 1). No difference was observed in trees density and the

basal area between the study sites. However, palm trees were registered only in TRF (Table 1).
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TABLE 1. Study areas characterization according to canopy density, density, and basal area.

Study sites
Factor
TSF TRF
Canopy density (%) *** 98.23 + 1.66 99.79 £ 0.52
Density - trees (ind ha'*) NS 393.50 +220.11  425.00 + 213.55
Density - palms (ind ha'l) *** 0+0 111.50 + 113.50
Basal area (m? ha) NS 17.06 + 19.72 16.37 + 16.28

Note: Significant differences according to the Wilcoxon-Mann-Whitney U test. P < 0.001 (***); NS
= not significant. The mean values followed by the standard deviations are presented. TRF = tropical
rainforest; TSF = tropical seasonal forest.

Ontogenetic stages and architectural model

Five ontogenetic stages were characterized on C. pubiflora’s populations:

Seedling (Fig. 2a): Newly germinated individual. Cotyledons are present. Phanerocotylar-

epigeal germination with reserve cotyledons, "PER" according to Garwood (1996). Leaves may be
present or not. When present, there may be up to two eophiles, arranged alternately. Eophiles have
2 to 3 pairs of opposing leaflets, paripinnate, that begin their development showing rosacea
coloration that soon turns into greenish. Flexible, orthotropic and non-branched stem, with pinkish
hypocotyl and greenish epicotyl. This stage lasts for only a few months, during the rainy season,
and ends with cotyledons atrophy and fall.

Infant (Fig. 2b): Missing cotyledons. Leaves with 2 to 3 pairs of opposing, paripinnate

leaflets. Each pair of leaves has alternate phyllotaxis, showing slight twisting between pairs. Scars
mark leaves loss. The segment corresponding to the hypocotyl has brownish coloration, presenting

orthotropic and non-branching stems.
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Juvenile (Fig. 2c): Brown stem, indicating progressive lignification. First-order plagiotropic

branches, with leaves in horizontal (dorsiventral) position and alternate phyllotaxy. Leaves with 2
to 3 pairs of paripinnate leaflets, with opposite to subopposite phyllotaxis.

Immature: Second- and third-order branches appear. Secondary growth contributes to a
growing distinction between trunk and branches, but there is no defined canopy.

Adult (Fig. 2d, e): Clearly defined orthotropic trunk, broader than plagiotropic branches.

Canopy set. Branches of fourth-order or higher arise. During this study, it was not possible to track
features used to distinguish adults in non-reproductive, reproductive or senile ones.

The species” architectural model was identified as Troll for both study sites (HALLE;
OLDEMAN; TOMLINSON, 1978), since trees have branches that are not equivalent and are
modified by secondary changes, beginning their development as plagiotropic and having its

proximal portion, which later becomes erect, contributing as part of the trunk.
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nt vontolgenetic tages; (a) seedling pointing the cotyledons; (b)
infant; (c) juvenile pointing a first order plagiotropic branch; (d, ) adult; (a, b, c, d) tropical rainforest, Mucajai, RR;
(e) tropical seasonal forest, Normandia, RR. Fotos: Patricia da Costa.

Fig. 2: Copaifera pubiflora Benth. individuals in
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Population structure
C. pubiflora populations showed differences in their ontogenetic structures (D, =
—0.23t0 0.16, P < 0.001, Table 2), both in total density, ranging from 215 ind ha™*in TSF to 344
ind hal in TRF, as well as in the proportion of individuals at each ontogenetic stage (Table 2).
Although we have recognized the existence of seedlings as one of the stages in C. pubiflora
ontogeny, no seedlings were recorded in 2012 (Table 2), probably because the stage remains for
only a few months during the rainy season and this inventory was done during the dry season, on
October 2012.
Both populations had J-inverted distribution, but in TRF the infant stage accounts for more

than 80% of the population, while in TSF it represents only 44.65% of the population (Table 2).

Size variation

An increase in size over C. pubiflora ontogeny was observed in both study sites, with
differences in D (Kruskal — Wallis: TRF = 330.6766; gl =3; P < 0.001; TSF =
343.0047; gl=3; P < 0.001) and H median values (Kruskal — Wallis: TRF =
314.2821; gl =3; P < 0.001; TSF = 330.3724; gl =3; P < 0.001) between
ontogenetic stages (Table 2). Even with those differences, there is great size variation in each
ontogenetic stage in both study sites, expressed by the dispersion coefficients values (Table 2). A

gap was observed between immature and adult size on tropical rainforest (Table 2; Fig.3).
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TABLE 2. Ontogenetic structure and biometry of two populations of Copaifera pubiflora Benth. in Roraima, Brazil.

Base Diameter (cm) Total Height (m)

Area Ontogenetic stage N (%)
M Min. Max.  DC(%) M Min. Max. DC(%)
TSF  Infant 192 (44.65) 0.26Aa 0.16 1.00 26.62 0.16Ab  0.07 0.45 27.15
Juvenile 119 (27.67) 0.64Ba  0.22 2.26 34.53 0.36Ba 0.10 1.29 40.50
Immature 81 (18.84) 2.04Ca  0.56 11.92 95.39 1.34Ca 0.34 1200 161.92
Adult 38 (8.84) 28.50Db 1095 87.73 51.36 14.90Db  8.00 27.80 20.77
TRF  Infant 576 (83.72) 0.20Ab  0.07 1.34 27.12 0.23Aa 0.07 0.84 25.05
Juvenile 78 (11.34) 0.41Bb  0.11 3.08 66.92 0.40Ba 0.12 3.71 62.79
Immature 32 (4.65) 1.33Cb  0.33 348 5140 1.46Ca 0.29 3.88  48.84
Adult 2 (0.29) 4994 3794 6194 24.03 23.55 22.60 2450 4.03
Adult* 58 60.02Da 26.99 127.01 25.57 28.70Da 18.90 43.60 14.96

Note: Adult* - represents the adults present in the entire study area (93.03 ha); TRF = tropical rainforest; TSF = tropical seasonal forest; N = individuals number;
(%) = percentage of individuals; M = median; Min. = minimum; Max. = maximum; DC (%) = dispersion coefficient expressed as a percentage. Medians followed
by the same capital letter do not differ between ontogenetic stages of the same study area. Medians followed by the same lowercase letter do not differ significantly
between the same ontogenetic stage for different study areas. (Wilcoxon, P < 0.05).
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When comparing the same stage size between study sites, it can be noted that infant,
juvenile and immature of the TSF population presented higher D than those of the same stage in
TRF (Fig. 3; Table 2). The differences observed were respectively: 0.06 cm for infant (W =
27,929.5; P < 0.001); 0.23 cm for juvenile (W = 2,875.5; P < 0.001); and 0.71 cm for
immature (W = 794.5; P < 0.001). On the other hand, adults presented higher D in TRF with a
difference of 31.52 cm in comparison with those of TSF (W = 1,901.5; P < 0.001) (Fig. 3; Table
2).

Regarding height, infants on TRF were 0.06 m higher than those on TSF (W =
87.533; P < 0.001). No difference in height was observed for juvenile (W =5.270; P =
0.108) and immature (W = 1.098; P = 0.209), while adults are higher on TRF than on TSF, with

13.8 m of difference in height (W = 2.170; P < 0.001) (Fig. 3; Table 2).

.
y=0.200 + 0.985 x A ’

0.5+

0.0

Diameter (D, cm}
Diameter (D, cm}

0.5

-15 -1.0 -0.5 0.0 0.5 10 15 20 -15 -1.0 -0.5 0.0 0.5 10 15 20
Height (H, m) Height (H, m)

Fig. 3 Regressions of logio base diameter (D, cm) as a function of logio height (H, m) of individuals of Copaifera
pubiflora Benth. in a tropical seasonal forest and tropical rainforest. A - population in tropical seasonal forest,
Normandia/RR, Brazil, N = 430; B — population in tropical rainforest, Mucajai/RR, Brazil, N = 744. The regressions
coefficients were estimated through SMA regressions. Dashed lines indicate the minimum diameter to prevent
buckling, calculated as Sposito and Santos (2001).



10

11

12

13

14

15

16

17

18

19

20

21

22

23

50
Allometric relationships and biomechanical models

The slopes of SMA regression for log-log diameter-height for TSF C. pubiflora population
showed significant differences between ontogenetic stages (LR = 46.31; gl = 3; P < 0.001). The
infant and juvenile slopes did not present significant differences (P = 0.769) and could be
classified in the geometric similarity model (Table 3; Fig. 4). The intercepts of these regressions
did not present statistical differences (Wald = 3.358; gl = 1; P = 0.067), and changes were
detected along the regression axis (Wald = 303.2; gl = 1; P < 0.001). This indicates that there
is an isometric investment in these phases and a larger size in the juvenile stage. The immature
stage slope was 0.754 (95% CI = 0.684 to 0.832), differing significantly from the other stages
(infant (P = 0.011), juvenile (P = 0.029) and adult (P < 0.001); Table 3). This coefficient is
lower than the geometric similarity model, according to their 95% confidence intervals (Table 3;
Fig. 4). Finally, adult slope, b = 1.976 (95% CI = 1.576 to 2.478), differs from the other
ontogenetic stages (P < 0.001), with confidence interval values that allow its classification on the
stress-constant model (Table 3; Fig. 4). These results indicate that this population presented a
proportional increase between height and diameter in the initial stages, with a higher investment in
height growth in the immature stage, which was replaced by a large investment in diameter growth
in the adult stage.

All TSF ontogenetic stages SMA regressions were considered significant (P < 0.05), but
only the immature stage presented a determination coefficient with a good percentage of
explanation (R? =0.809; Table 3). The SMA adjusted regression with the TSF complete
population data presented a high determination coefficient (R* = 0.933), is larger than that

obtained in the regressions for each ontogenetic stage (Table 3).
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TSF-Infant —

TSF-Juvenile

TSF —Immature

1
1
1
i
TSF-Adult
|
1
TSF-Population H

TRF-Infant
TRF-Juvenile

TRF —Immature

TRF-Adult
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1.0 1.5 2.0 2.5

Regression slope

Fig. 4 Standardized major axis (SMA) regressions slopes, and respective confidence intervals, of with logio
transformed diameter on logio transformed height of Copaifera pubiflora Benth. population in tropical seasonal and
tropical rainforest and its ontogenetic stages.

The slopes of SMA regression for log-log diameter-height for TRF C. pubiflora population
also varied along ontogeny (LR = 20.7; gl = 3; P < 0.001). Infants and juvenile slopes differed
significantly (P = 0.017), as did infants and adults (P < 0.001) and juveniles and adults (P =
0.006), whereas the immature stage slope showed no difference when compared to all others (P <
0.05) (Table 3; Fig 4). So, we chose not to test for differences in intercept values. Infants presented
a slope conforming with the geometric similarity model. The juvenile had values higher than 1 and
lower than 1.5. While immature could be classified both on the geometric similarity and on the
elastic similarity model, according to the confidence intervals. In turn, the adult slope confidence

intervals bracket the elastic similarity model and the constant stress model (Table 3; Fig. 4).
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Diameter-height SMA regression for infant, juvenile and immature stages on TRF were
considered significant (P < 0.001) and presented determination coefficients ranging from 0.408
to 0.792, that is, these regressions presented a moderate percentage of explanation of diameter
variance as a function of height (Table 3). Although adult stage regression was considered
statistically significant (P = 0.003), it presented a very low determination coefficient (R* = 0.141;
Table 3). TRF entire population regression showed a robust correlation, according to its
determination coefficient (R* = 0.961; Table 3).

These results indicate that this population presented a proportional increase between height
and diameter at the infant stage, and a tendency to have a proportionately larger investment on
diameter than in height on all other stages, but as shown by the lower determinant coefficient, with
high variability in shape between the same stage individuals.

The slopes of TSF and TRF diameter-height SMA regressions presented significant
differences (LR = 134.8;gl =1;P < 0.001), with b going around 1 in TSF (b=
0.985 [95% CI = 0.961 — 1.010]) and being greater than 1 but lower than 1.5 in TRF (b =
1.175[95% CI = 1.158 — 1.192]) (Table 3). Indeed, the TSF regression slope coefficient was
considered equivalent to the geometric similarity model (r = —0.057; gl = 428; P = 0.239),
being different from the other two models tested, namely: similarity elastic (r = —0.858; gl =
428; P < 0.001) and constant stress (r = —0.948; gl = 428; P < 0.001). Whereas, TRF
regression slope coefficient was different from all biomechanical model coefficients: geometric
similarity (r = 0.635; gl = 742; P < 0.001), elastic similarity (r = —0.781; gl = 742; P <

0.001) and constant stress (r = —0.943; gl = 742; P < 0.001).
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TABLE 3. Regressions between base diameter (D; cm) as a function of total height (H; m) for ontogenetic stages and the entire population of Copaifera pubiflora
Benth. in a rainforest and seasonal forest

IC95% b IC95% a
Study area Ontogenetic stage N R? b a
Lower Upper Lower Upper
Log D (cm) - log H (m)
TSF Infant 192 0.254*** 0.925a 0.818 1.046 0.153 0.062 0.244
Juvenile 119 0.516*** 0.901a 0.793 1.023 0.178 0.122 0.234
Immature 81 0.809*** 0.754b 0.684 0.832 0.183 0.144 0.221
Adult 38 0.544** 1.976¢ 1.576 2.478 -0.840 -1.367 -0.314
Population 430 0.933*** 0.985B 0.961 1.010 0.200 0.183 0.218
TRF Infant 576 0.408*** 1.039a 0.976 1.107 -0.030 -0.073 0.012
Juvenile 78 0.792%** 1.205b 1.086 1.338 0.085 0.030 0.140
Immature 32 0.561*** 1.258abc 0.985 1.606 0.045 -0.055 0.145
Adult 58 0.141** 1.758¢ 1.375 2.248 -0.788 -1.425 -0.151
Population 744 0.961*** 1.175A 1.158 1.192 0.058 0.046 0.070

Note: TRF = tropical rainforest; TSF = tropical seasonal forest; N = sample size; R? = determination coefficient; b = angular coefficient; a = intercept; IC =
confidence interval. Angular coeficiente values followed by the same lowercase letter do not differ significantly between ontogenetic stages of the same study area
(Teste t, P < 0,05). Angular coeficiente values followed by the same capital letter do not differ significantly between populations (Tukey HDS, P < 0,05). NS =

not significant, ** P < 0.01, *** P < 0.001.
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When comparing the TRF and TSF same-stage intercepts using the confidence intervals,
we noticed that there are differences in intercept values only for the infant stage, which presents a
lower value in TRF (Table 3). So, infants in TRF have a lower diameter than infants in TSF with
the same height, which had already been detected in the morphometric evaluations. The TRF and
TSF intercepts” regressions with the data of the entire population also differed and, once again, the
TRF presented a lower value than the TSF (Table 3).

Since neither the dimensions from the two populations nor the dimensions from the
ontogenetic stages conformed to the elastic similarity model, we chose not to adjust the safety

factors.

DISCUSSION

Ontogeny and architectural model

Regarding our first expectation, C. pubiflora’s population presented the same ontogenetic
trajectory, exhibiting five stages in their ontogenetic structure: seedling, infant, juvenile, immature,
adult.

We observed an increase in size along the species ontogeny and occurrence of variation
with overlap between stages for the studied morphometric variables. Size has been considered as
one of the best indicators of plant fitness, and there is some controversy as to whether it should be
used for ontogenetic stages definition. Some authors argue that size may aid on stages identification
(BERNACCI; MARTINS; SANTOS, 2008; PORTELA; SANTOS, 2011; ROSSETO et al., 2013),
while others argue that it should not be used, since there is a size overlap between stages
(SILVEIRA; MARTINS; ARAUJO, 2012; SOUZA; MARTINS; MATOS, 2000). In C. pubiflora

ontogeny, individuals of different ontogenetic stages may present similar sizes, so we consider that
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the size criterion should not be used as a differential for the characterization of C. pubiflora’s
ontogenetic stages.

C. pubiflora germination was classified as phanerocotylar-epigeal with reserve cotyledons
and refers to the fact that the species possessed succulent cotyledons, presumably from storage,
that emerge from the seed coat and remain exposed above the soil. It is the germination type
predominantly found on the Leguminosae family (GARWOOD, 1996), and has been described for
other species of the genus (MARTINS-DA-SILVA, 2006; OLIVEIRA, 1999).

The first stage identified in C. pubiflora’s ontogeny, called "seedling", ends with cotyledons
decay, as proposed by Gatsuk et al. (1980). Other authors have adopted criterions related to size,
age (RAMIREZ; ARROYO, 1990; WADT; KAINER; GOMES-SILVA, 2005) or ramifications
emergence (OLDEMAN, 1990) to define this stage. The cotyledons” presence denotes that
individuals are still developing their photosynthetic apparatus and using cotyledon reserves as the
primary source of nutrients and carbon for their development (GARWOOD, 1996). However, the
transition from reserves usage to the use of resources acquired from photosynthesis occurs
gradually, and it is tough to specify when there is trophic independence (GARWOOD, 1996). It is
important to note that we observed a high mortality rate in individuals with cotyledons (Costa,
unpublished data), which indicates that these individuals have their dynamics concerning the rest
of the population. So, we adopted cotyledons decay as a pointer of the seedling stage ending.

Gatsuk et al. (1980) state that the following stages would be: "juvenile”, formed by
individuals with monopodial, unbranched stem, and "immature™ where individuals with branching
but no definite crown were grouped. We chose to insert “infant” as an intermediate stage between
seedling and juvenile, as well as Carvalho et al. (1999); Miranda-Melo et al. (2007); Silveira et al.
(2012). At this stage, individuals without cotyledons and branching were grouped, while juveniles
were considered as having only first-order branches. We observed that no first-order branches are

emerging soon after the loss of cotyledons and individuals remain for an extended period without
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these characters. Besides, we observed differences in size and number of leaves and leaflets
between these stages, with higher values for juveniles than for infants. Growth and increase in the
number of leaves and leaflets are expected over ontogeny, especially in the early stages (Bond,
2000).

We could not separate the stages: pre- (virgin), new-, mature-, senile- and post-
reproductive, sense Gatsuk et al. (1980) and we present only those individuals who have a typical
tree shape as "adult”, as Bernacci et al. (2008) for the ontogeny of the palm Syagrus romanzoffiana
and Rosseto et al. (2013) for the shrub Psychotria tenuinervis. C. pubiflora presents asynchronous
phenodynamics, with flowering and massive fruiting observed at 4 to 6 years intervals (RAMIREZ;
ARROYO, 1990), so the correct identification of these stages would require an extended follow-
up of its phenodynamics. However, we know that this generates a bias on results, as reproductive
events have great importance for population structure.

We should note that there was a great size discontinuity between immature and adult trees
on tropical rainforest, which may have been the result of recruitment failure in the past, or even the
result of selective logging. We do not have the elements to accept or refute any of the two
hypotheses. However, many adult trees exhibit injuries caused by the ax, as shown by Costa et al.
(2007). Probably the injuries were done as an oleoresin harvest practice and, as reported by local
people, date back more than 45 years (Oswaldo Anténio Santana, personal communication). These
damages may have affected the tree’s reproductive capacity, leading to failures in recruitment.
Also, this forest is widely accessed by extractivist and hunters, who cut immature trees for building
artifacts used for hunting or collecting fruits/seeds/resins (personal observation).

The same architectural model, Troll, was observed for the two populations, confirming our
expectation that it may be genetically determined. The Troll model is associated with many tropical
species (HALLE; OLDEMAN; TOMLINSON, 1978), especially for late shade-tolerant ones

(KAMMESHEIDT, 2000) and is considered Leguminosae main architectural model (HALLE;
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OLDEMAN; TOMLINSON, 1978). It has been recorded in Amazon old successional and mature
forests (FORESTA, 1983; VESTER; CLEEF, 1998), while Torquebiau (1981) points out that it is
very flexible, being observed in different forest types in Mexico. The trunk structure is based on
plagiotropic axes continuous superposition, together with branches basal part reorientation, which
becomes erect (HALLE; OLDEMAN; TOMLINSON, 1978). The axis can vary the length of its
orthotropic part, the place of initiation of the reiteration axis and the extension of the plagiotropic
part (HALLE; OLDEMAN; TOMLINSON, 1978; VESTER; CLEEF, 1998). These characteristics
ensure great architectural plasticity, allowing trees to rearrange their branches and canopy under
changing light conditions (HALLE; OLDEMAN; TOMLINSON, 1978; KAMMESHEIDT, 2000;
VESTER; CLEEF, 1998). Phenotypic plasticity is considered an essential mechanism by which
individuals can cope with environmental variations (SOUZA et al., 2018). In fact, another species
of the genus, Copaifera langsdorffii Desf., also presents architectural plasticity (COSTA et al.,
2012) coupled with great intra-species variation in wood (LONGUI et al., 2014; MARCATI et al.,
2016; MELO-JUNIOR; CECCANTINI; BONA, 2011); and foliar traits (LONGUI et al., 2014;
SOUZA et al., 2018), which gives them the ability to explore habitats with a different set of

constraints (COSTA et al., 2012; LONGUI et al., 2014; SOUZA et al., 2018).

Population structure

Both populations presented a higher number of individuals in early ontogenetic stages,
suggesting that light is an essential factor for structuring its demographic patterns (WHITMORE,
1989; WRIGHT et al., 2003), even in TSF. We must remember that high values of canopy density
were registered on both study sites.

However, our observations demonstrated that C. pubiflora seed and the seedling bank have

a transient nature since it has remained on the ground for less than a year (THOMPSON, 1993),
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with an infant bank establishment. While seed and seedling bank are recognized TRF species main
regeneration strategy, infant bank formation has been described in seasonal forests, where species
should cope with erratic rainfall and water shortage periods. Infant banks occurrence has been
reported associated with: (i) massive recruitment supra-annual events, either from seed bank in
environments where there are interannual droughts, or due to flowering and fruiting supra-annual
events occurrence; (ii) mortality from early stages; (iii) seedling stage rapid overcoming; and (iv)
vegetative propagation (HOFFMANN, 1996; HOFFMANN; ORTHEN; FRANCO, 2004;
MIRANDA-MELO; MARTINS; SANTOS, 2007; SILVEIRA; MARTINS; ARAUJO, 2012).
Flowering and fruiting supra-annual events occurrence were reported for C. pubiflora (ANDRADE
JUNIOR; FERRAZ, 2000; RAMIREZ; ARROYO, 1990). Although not quantified we observed
that most of C. pubiflora seeds remain on soil only between seed dispersal (January to March) and
the rainy season (April to September) when massive germination is observed. C. pubiflora seeds
present an average germination percentage near 100% after 40 days under experimental conditions
(MARQUES et al., 2018). There is no information on C. pubiflora seed storage behavior, however,
C. langsdorffii seeds are considered partially orthodox, showing loss of desiccation tolerance
earlier, becoming sensitive already in stage 2 of imbibition (PEREIRA et al., 2014). Regarding
mortality from the early stages, we do not have data on population dynamics, but we found that the
seedlings stage is quickly surpassed since individuals with cotyledons were not recorded after the
rainy season.

Notwithstanding, we found differences in populations” ontogenetic structure between the
study areas, both on total density and on the ontogenetic stages proportion, which ultimately reflect
ecological differences between these forest types. We recorded higher densities in TRF than in
TSF, but with higher adult densities in TSF, than in TRF and higher infant densities in TRF, than
in TSF. This variation suggests that there may have been a demographic bottleneck in the recent

past, in the passage of infant for the subsequent stage in TRF and up to, until the establishment of
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an adult tree. Several hypotheses can be raised. The first one is related to differences in the
understory light regimen within these forests. Although there is no significant difference between
the canopy opening in the two forests, the total density is much higher in TRF, suggesting greater
light competition in these forest understories. The second one is related to palm debris. The
senescence and fall of palm debris together with ungulates foraging activity underneath palms may
be a major source of disturbance in forest understories, affecting mortality and recruitment of
seedlings of forest tree species (BECK, 2007; PETERS et al., 2004; SCARIOT, 2000). Palms were
registered only on TRF, and although not quantified we observed that the mortality of several
seedlings and infant were associated with palm debris. Finally, it could be assumed that the higher
number of infants on TRF would be the result of higher seed production on these forests, as this
population must cope with lower environmental restrictions or still have better soil conditions so
that trees can invest more heavily in reproduction.

It should be noted that, on forest islands on Venezuela Upper Central Llanos savanna, about
one adult C. pubiflora per hectare was recorded (RAMIREZ; ARROYO, 1990), a density similar
to that observed in TRF. In the same area, between 4,000 and 16,000 individuals per hectare with
less than one year, that probably corresponds to the infant stage, were recorded (RAMIREZ, 1994),
a density considerably higher than that registered on both sites in this study. Probably, Ramirez
(1994) evaluated the structure of this population in a year of mast seed production. Thus, we believe
that there may be differences in the range and intensity of reproductive events among forests, so
that in areas with lower adult densities there may be a greater investment in mast seed production
events, probably with longer gaps between reproductive events, leading to formation of a denser
seedling and infants bank, since the chances of survival are lower. While in areas with higher adult
density, factors such as the availability of pollinators are favored, and there would be more constant
flowering and fruiting over time, without formation of masting events, leading to the greater

intergenerational overlap and the greater gradient between ontogenetic classes.
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On the other hand, we could suppose that C. pubiflora has species-specific life-history traits
that favor the species recruitment on TSF together with disturbance regime that seems to allow it
to out-compete all other species in a given environmental setting (PEH; LEWIS; LLOYD, 2011).
C. pubiflora seeds have a higher percentage of germination in sandy soils, with a lower proportion
of organic matter (MARQUES et al., 2018), which would favor a higher germination rate in TSF
than in TRF. Finally, we believe that the species may possess traits to survive in waterlogging,
which together may favor their recruitment in these environments. For C. langsdorffii, Rosa et al.
(2018) demonstrated that seedlings may tolerate flooding for up to 42 days, recovering the
efficiency of the photosynthetic apparatus and the antioxidant activity after, while Carvalho et al.
(2018) demonstrated that waterflooding caused by hydroelectric dam construction in Minas Gerais,
Brazil, favored this species recruitment. However, we would need to test these hypotheses for C.
pubiflora and track vital rates over time to assess who are the environmental filters that determine

the differences in the structure of these populations.

Size, allometric relationships, and biomechanical design models

We observed that the two populations (all ontogenetic stages combined) presented
differences on biomechanical models. Contrary to our expectations, the TSF population conformed
to the geometric similarity model, showing isometric investment on height and diameter growth.
This allometric pattern has been associated with saplings of canopy and understory trees (KING,
1996; KOHYAMA,; HOTTA, 1990) and pioneer species (ALVAREZ-BUYLLA; MARTINEZ-
RAMOS, 1992; SPOSITO; SANTOS, 2001) in tropical rainforest, but tree species with different
architectural models occurring in different typologies of seasonal forests also presented
biomechanical models conforming with the geometric similarity (FRANCI et al., 2016;

FURTADO etal., 2017). The tropical rainforest population did not fit any proposed biomechanical
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model, presenting a slope value higher than the geometric similarity model, but lower than the
elastic similarity model, a pattern often observed in canopy shade-tolerant species.

Despite differences in size between study sites, Copaifera pubiflora starts its life cycle
growing closely isometric, as it has been described for species of several ecological groups in
tropical rainforests, such as canopy, understory (KING, 1996; KOHYAMA; HOTTA, 1990) and
pioneer tree species (ALVAREZ-BUYLLA; MARTINEZ-RAMOS, 1992; SPOSITO; SANTOS,
2001). While for species growing in the seasonal forest, allometric coefficients for infants
ontogenetic stage do not agree with any biomechanical model but are slightly higher than the
geometric similarity (FURTADO et al., 2017; SILVEIRA; MARTINS; ARAUJO, 2012).
Copaifera pubiflora seeds dispersal occurs before the rainy season (ANDRADE JUNIOR;
FERRAZ, 2000) and, although we have not followed this, the absence of seedlings in October, two
months after the end of the rains, and the high percentage of germination in the first 40 days in
laboratory conditions suggest that its seedlings recruit in the rainy season (MARQUES et al., 2018).
Whereas infants may recruit in the rainy season or the subsequent months, when there is still
recharge water in the uppermost soil layers (ARAUJO et al., 2001). These months are characterized
by the greater canopy density on both forests, therefore having less light availability on understory
first centimeters, favoring height growth to reach environments with greater light quantity and
better light quality.

The canopy cover values recorded in this study, during the dry season but before leaf fall,
are similar to those described in dense forests in the Amazon (LARISSA LOPES MELLINGER,
2006) and higher than those recorded in seasonal forests (BIANCHINI; PIMENTA; SANTOS,
2001). We found differences in light availability between study areas, with higher canopy density
in TRF and consequently greater light aperture and incidence in the TSF understory. The basal area
can also be used to provide an estimate of canopy cover, as there is a nearly linear relationship

between the area occupied by the crown and trunk basal area (JENNINGS; BROWN; SHEIL,
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1999). The studied forests presented similar tree basal area, in both cases with high deviations,
suggesting high spatial variability. However, we expect that leaf shedding on TSF may lead to the
occurrence of gaps of deciduousness (GANDOLFI; JOLY; LEITAO-FILHO, 2009), contributing
to a higher temporal and spatial variability in light distribution in this forest understory.

This difference may contribute to the different trends observed in C. pubiflora intermediate
ontogenetic stages. While the TSFs immatures present a significant investment in height growth,
with a slope lower than that of the geometric similarity model, TRFs juveniles are more likely to
invest in diameter growth. Thus, we believe that TSF immatures invest in rapid height growth in
response to light availability in the understory (CANHAM, 1988; VALLADARES; SALDANA,;
GIANOLO, 2012). However, this may not be the only factor, as height growth may favor the escape
of fire and waterflooding events (GIGNOUX; CLOBERT; MENAUT, 1997; WAKELING;
STAVER; BOND, 2011). In TRF, as the increase in light availability for understory depends on
uncertain gap formation, juvenile, and immature invest more in diameter growth, a strategy that
has been interpreted as a way of increasing long-term survival in the understory (VALLADARES;
SALDANA,; GIANOLO, 2012)

Adult C. pubiflora trees presented slopes coefficients for diameter-height regression greater
than one on both forest types. Thus, there is a higher investment in diameter growth at this
ontogenetic stage in both areas. Even with these values, we observed a slightly asymptotic growth
only in TSF. Two complementary hypotheses may explain these results. The first one states that
once reaching the upper canopy, trees would no longer invest in height growth, as they don’t need
to compete for better lighting conditions, and would direct their resources for canopy expansion
and trunk diameter growth, so to guarantee their mechanical stability against mechanical
disturbances (ALVES; SANTOS, 2002; ANTIN et al., 2013; SILVEIRA; MARTINS; ARAUJO,
2012). The second hypothesis states that the risk of hydraulic failures in arid or seasonal

environments would limit height growth so that plants would tend to invest in diameter growth and
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on the continuous replacement of dysfunctional vessels (BULLOCK, 2000; NIKLAS, 1994;

NIKLAS; SPATZ, 2004).

We found morphometric and biomechanical variations along the ontogeny of both
populations, demonstrating the existence of different growth strategies. Although these changes
are not predicted in biomechanical models (NIKLAS, 1994), they have been recorded in different
species (ALVES; SANTOS, 2002; KING, 1996; OSUNKOYA et al., 2007; ROSSETO et al., 2013;
SILVEIRA; MARTINS; ARAUJO, 2012; STERCK; BONGERS, 1998). Additionally, there is a
great size and allometry variation within each ontogenetic stage, represented respectively by the
high values of the dispersion coefficient (DC) and the low values of the determination coefficients
(R?) in both study areas. This corroborates with the perception that adjustments in height-to-
diameter relationships over ontogeny in response to different constraints that may give adaptive
advantages not only in relation to mechanical stability, but also as a way of maximizing or
maintaining fitness in temporal and spatial heterogeneous environments (ALVES; SANTOS, 2002;
CHOMICKI; COIRO; RENNER, 2017; SILVEIRA; MARTINS; ARAUJO, 2012; SPOSITO;
SANTOS, 2001; STERCK; BONGERS, 1998).

In the present paper, we analyzed population structure, architecture, allometric relationships
and biomechanical models along the ontogeny of Copaifera pubiflora Benth (Fabaceae) natural
populations occurring in a tropical seasonal forest and tropical rainforest in Roraima State, Brazil.
Our results show that C. pubiflora’s population presented the same ontogenetic trajectory, with
five ontogenetic stages in both forests. The species” architectural model was identified as Troll for
both study sites, indicating that it is genetically determined. Populations showed differences in their
ontogenetic structures, though both populations presented a higher number of individuals in the
early ontogenetic stages. The allometric relationship of height versus diameter presented

differences between TSF and TRF, with different biomechanical models. C. pubiflora presents
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plasticity in the allometric relationships of base diameter as a function of total height along the
ontogeny. In TSF, infant and immature individuals show greater height investment, coping with
the greater light availability and probably with fire and waterlogging. Meanwhile, in TRF, these
ontogenetic stages show greater investment in diameter growth to provide mechanical stability and
longevity in a shaded understory. C. pubiflora’s populations have in common a greater investment
on diameter growth for adult trees. We also found a great size and allometry variation within each
ontogenetic stage, which corroborates with the perception that adjustments in height-to-diameter
relationships over ontogeny in response to different constraints may confer adaptive advantages
not only concerning mechanical stability but also as a way of maximizing or maintaining fitness in

temporal and spatially heterogeneous environments.
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CAPITULO Il - IMPACT OF OLEORESIN HARVESTING ON THE REPRODUCTIVE
PHENOLOGY OF Copaifera pubiflora Benth (Fabaceae) IN TWO FOREST TYPES IN
RORAIMA, BRAZIL
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Abstract

There has been an increasing concern about non timber forest products (NTFP )harvesting
sustainability. Few studies have addressed the harvesting of secondary compounds. However, most
studies indicate that harvesting secondary plant compounds may compromise their reproduction as
a result of competition in resource allocation. These impacts may depend on the harvest intensity
and frequency, and may be more pronounced in environments with lower resource availability.
This study assessed the impact of different intervals of oleoresin harvesting on the reproductive
phenology of Copaifera pubiflora Benth. (Fabaceae) populations spread in different forest types,
with different resources constraints. Copaiba oleoresin is one of the best known NTFP used in
traditional medicine by the Amazonian populations. It also has promising application as a raw
material in medicines, perfumes, cosmetics among other industries. We evaluated the impact of
different intervals between consecutive oleoresin harvest in comparison to a control group without
harvesting, on trees spread across a tropical rainforest (18 months, 6 months; lesser constraints)
and a seasonal semideciduous forest (12 months, 6 months; greater constraints), in Roraima state,
Brazil. Data on the number of trees in different phenophases (bud, anthesis, unripe, ripening and
ripe fruits, fruit abortion, and seed dispersion) were obtained fortnightly for two years. Circular
analyzes were applied to evaluate whether there are differences between treatments in the
occurrence and duration of the phenophases, as well as on the number of trees in each phenophase
(activity). Oleoresin harvest did not affect the timing and duration of reproductive events. There
has been no difference in reproductive activity between treatments and control in the tropical
seasonal forest, and we believe that it is because the trees had never been harvested and the
oleoresin collection started recently. However, trees on the tropical rainforest population, that have
been harvested since 2007, exhibited higher flowering activity and seed abortion on both harvesting
intervals regimes. The treatment with a shorter interval between consecutive harvests showed a
higher activity for anthesis and unripe fruits, but not for ripening and ripe fruits phenophases. We
believe that there may be a relationship between oleoresin harvest and flower investment, fruit
filling and ripening capacity, which, depending on the harvest intensity, can be favored until a
certain point where competition in resource allocation impairs it, contributing to fruit abortion. The
timing since the beginning of the oleoresin harvesting should be taken into account together with
the intensity of collection (interval between successive collections) in the design of more
sustainable management practices for the species. Long-term studies should be conducted in order
to assess whether observed patterns are maintained over time.

Keywords: non-timber forest products, copaiba oleorresin, phenology, circular statistic,

sustainable management,
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1. Introduction

Plants producing gums, resins, and other exudates have global commercial importance
given their application as an industrial raw material, including frankincense obtained from
Boswellia spp., myrra from Commiphora spp., gum from Acacia spp., rubber from Hevea spp. L.
(TADESSE; DESALEGN; ALIA, 2014), linalol from Aniba spp. (HOMMA, 2005), and copaiba
oil from Copaifera spp. (LEANDRO et al., 2012), among others. Currently, 12 species of the
Copaifera genus are recognized (COSTA, 2019) and exploited for oleoresin production in the
Brazilian Amazon, the main producing region in the country (IBGE, 2014). Copaiba oleoresin is
one of the best known non-timber forest products (NTFP) used in traditional medicine by the
Amazonian populations as an anti-inflammatory and for wound healing, among several other
ethnopharmacological indications (LEANDRO et al., 2012; PLOWDEN, 2004; RIBEIRO et al.,
2017). This oleoresin is also used for fuel and income generation (DA SILVA; CORTESI;
FUSARI, 2010). Additionally, copaiba oleoresin has been intensively studied, with promising
results for its application as raw material in medicines, perfumes, cosmetics, varnishes, lacquers,
adhesives, natural insecticides and preservatives of food and beverages, among others
(EUROPEAN PATENT OFFICE., 2019; INSTITUTO NACIONAL DE PROPRIEDADE
INDUSTRIAL, 2019; THE UNITED STATES PATENT AND TRADEMARK OFFICE, 2019).

Copaiba oil is classified as oleoresin because it presents a resinous solution, consisting
mainly of diterpenes acids, diluted in volatile sesquiterpenes, called essential oils
(LANGENHEIM, 2003). Terpenes, whose general chemical formula is (CsHs)n, are secondary
plant compounds, derived from carbohydrates produced from photosynthesis (LANGENHEIM,
2003).

The harvesting of secondary plant compounds was initially considered one of the most

sustainable alternatives for non-timber forest management since it does not remove fruits, seeds or



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

80

propagules, and if conducted without felling the trees, it does not change the forest canopy
(PETERS, 1996). However, more recently this subject has become quite controversial.

First of all, studies on the defense ecology of plants against herbivory have shown that these
compounds play a central role in the regulation of biotic and abiotic stresses in plants
(LANGENHEIM; ARRHENIUS; NASCIMENTO, 1981; SWAIN, 1977), leading to the
assumption that their harvest could affect such regulations, compromising individuals survival in
the long term. Furthermore, since a considerable amount of carbon is allocated for their synthesis,
harvesting wood exudates may also alter the plant pattern of resource allocation, which may be
redirected to the regeneration of the harvested resources, increasing competition for
photoassimilates among growth, reproduction and defense (PETERS, 1996; RIJKERS et al., 2006).

Secondly, the few studies already conducted have reported divergent results. Ticktin (2004)
showed that the ecological impacts of this kind of harvesting are poorly studied. Nowadays, only
a small proportion of studies conducted with NTFP assess the impact of harvesting and address the
definition of sustainable practices (KLAUBERG; SILVA; LIMA, 2016). There is also a lack of
studies that evaluated the impact of harvesting wood exudates alone on the plant's phenological
pattern and reproductive success since for many products their harvest depends on bark removal
(BRITES; MORSELLO, 2016). However, even the general pattern of debarking plus wood
exudates harvesting impact on plant's phenology is still unclear. For some species, harvesting bark
and wood exudates can stimulate flowers and fruits investment (BALDAUF et al.,, 2014;
VARGHESE, 2014). For some other, it does not significantly change the reproductive pattern
(BITARIHO et al., 2006; SCHUMANN et al., 2010). For others, bark and wood exudates harvest
can change the pattern (synchrony) and reproductive rates along ontogeny, when many individuals
fail to reproduce, or even reduce the number and viability of fruits and seeds (GAOUE; TICKTIN,

2008; RIJKERS et al., 2006; STEWART, 2009). Also, there are species in which this kind of
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harvest can keep the trees in a vegetative state (COCKS; DOLD, 2004; CUNNINGHAM,;

MBENKUM, 1993).

The impacts of bark and exudate harvest on the reproductive pattern may depend on the
harvest intensity and frequency (GAOUE; TICKTIN, 2007; NACOULMA et al., 2017; STAS et
al., 2016). Besides, these effects may be more pronounced in environments with lower resource
availability in environmental gradients (GAOUE et al., 2013; GAOUE; TICKTIN, 2007
SIEBERT, 2000; TICKTIN; NANTEL, 2004). Understanding the impacts of different harvest
intervals along environmental gradients in which these NTFP species occur can provide valuable
insight for designing plans for sustainable management for these species.

We assessed the impact of wood exudates harvesting at different intervals on the tree's
phenological pattern of Copaifera pubiflora Benth. (Fabaceae) in two forest types, with different
resources constraints, in Roraima, Brazil. In Roraima, the species has an occurrence associated
with the Rio Branco-Rupununi savannas, where it occurs in forest islands, in gallery and lowland
(“varzea”) forests (tropical seasonal forests; greater constraints), but, in its southern limit of
distribution, is also found in terra firme forests (tropical rainforest; lesser constraints) in a
precipitation gradient. C. pubiflora produces copaiba oleoresin sold on the local market as a
medicine (LUZ, 2007; PINTO; MADURO, 2015). The recommended harvest practice is to use a
metal borer to drill the trunk, fitting a PVVC pipe to the hole and applying a screw cap for closing it
after oil collection (LEITE et al., 2001; MARTINS et al., 2017). This allows consecutive harvests
to be carried out without the opening of new holes, but there is no consensus with respect to
intervals between consecutive harvesting (ALENCAR, 1982; MARTINS et al., 2013; MEDEIROS
et al., 2018; MEDEIROS; VIEIRA, 2008; PLOWDEN, 2003; RIGAMONTE-AZEVEDO;
WADT; WADT, 2006) and no information on the impacts of different harvesting intervals on the
reproductive phenology of the species. We hypothesized that intense harvesting (lower intervals

between consecutive harvests) will decrease the reproductive output of C. pubiflora populations
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and that these effects are more pronounced in seasonal forests than in rainforests. Specifically, the
objectives of this study were to (1) assess the impacts of different intervals of oleoresin harvesting
on the reproductive phenology of C. pubiflora, and (2) assess if and how the above impacts vary

between populations occurring in seasonal forest and rainforest.

2. Material and methods

2.1 Study species

Copaifera pubiflora Benth. (Fabaceae) is a is widespread tree species in the north of South
America, being recorded in Brazil, Guyana, Venezuela, and Colombia. The species is associated
with the Llanos (hyper-seasonal savannas), on Venezuela and Colombia, and with the Rio Branco-
Rupununi savannas, on Brazil and Guiana. In Brazil, the species is found only in the state of
Roraima, where it is recorded occurring mainly in seasonal forests associated with the Rio Branco
savannas, but it is also found in tropical rainforest at its southern limit of distribution. (MARTINS-
DA-SILVA; PEREIRA; LIMA, 2008). In these forests, Costa et al. (2007) recorded the occurrence
of about 2 trees with DBH > 10 cm per hectare, while Martins et al. (2013) assessed the oleoresin
production having observed that 31.4% of trees yielded oleoresin with an average yield per tree of
1.7mL.

C. pubiflora reproductive individuals present asynchronous phenodynamics, with years of
maximum flowering and fruiting occurring at four to six years intervals (RAMIREZ; ARROYO,
1990). There is only one reproductive event per year, with all stages occurring at the dry season.
In a gallery forest along the Branco River near Boa Vista, Andrade Junior and Ferraz (2000)
reported that floral buds appear at the beginning of the dry season, between August and September,
and seed dispersal occurs between January and March of the following year (ANDRADE JUNIOR;

FERRAZ, 2000; MARTINS-DA-SILVA; PEREIRA; LIMA, 2008). C. pubiflora trees present
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almost synchronous leaf fall and sprouting at the end of the dry season (late March to early April)
when trees remain leafless for a short period. Therefore, the species can be classified as
brevideciduous, since leaf sprouting starts immediately after fall and the entire process occurs in
only 20 days (ANDRADE JUNIOR; FERRAZ, 2000; MARTINS-DA-SILVA; PEREIRA; LIMA,

2008).

2.2 Study sites

This study was performed within Copaifera pubiflora Benth natural populations in
Roraima, Brazil (Fig. 1). Roraima is the northern Brazilian state, with ~ 224.000 km?. Its
phytogeography is quite diverse, highlighting several forest types associated with the Amazon
biome and different savannas phytophysiognomies of the Rupununi-Branco rivers. This study was
carried out in forest phytophysiognomies within these regions, respectively: a tropical rainforest
(TRF) on “GS” farm (2°35°58.9”N; 60°56°35.9”W), Mucajai county, in the central-eastern region
of the state, associated with the Amazon biome; and a tropical seasonal forest (TSF), at the "Novo
Destino” farm (3°44 44.4”N; 59°41”10.4”W), in Normandia county, northeast region, within
Rupunini-Branco rivers savannas. The local climate presents variations mainly concerning the
precipitation. In TRF, the local climate is classified as Am, according to Kdppen-Geiger
classification, and corresponds to tropical humid climate (PEEL; FINLAYSON; MCMAHON,
2007). Annual rainfall ranges from 1,510 to 2,145 mm with precipitation greater than 100 mm
between April and August (MOURAO-JR. et al., 2003, 2006). While in TSF the local climate is
classified as Aw, in the Koppen-Geiger system. It is tropical with dry season climate, also known
as savanna climate, with comparatively lower annual precipitation and more pronounced dry
season (BARBOSA, 1997; PEEL; FINLAYSON; MCMAHON, 2007). In this region, annual

rainfall ranges from 1,100 mm to 1,400 mm, with the highest precipitation concentrated in a shorter
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period of the year, between May and August (BARBOSA, 1997; PEEL; FINLAYSON;

MCMAHON, 2007). Soils in the sites are classified as "Xanthic Hapludox™ (CPRM-SERVICO
GEOLOGICO DO BRASIL, 2002) or “Latossolo Amarelo Aluminico”, in the Brazilian Soil
Classification System (SANTOS et al., 2018). They are deep soils, with uniform clay content, high
aggregates cohesion - which makes them hard or very hard when dry - and with high levels of
aluminum (SANTOS et al., 2018). A more comprehensive description of the constraints to which

these environments are subjected can be found in Costa et al. (2019; Chapter 1).

2.3 Data collection

We evaluated the impact of different copaiba oleoresin harvest intervals on the Copaifera
pubiflora reproductive phenology on populations in TRF and TSF, in Roraima state, Brazil. The
assessment of reproductive phenology began in June 2017 and ended in May 2019, totaling 24
months of observation. The selected trees were visited fortnightly when the occurrence the
following phenophases was recorded: bud; anthesis; unripe fruit; ripening fruit; ripe fruit; fruit
abortion, and seed dispersal.

To collect the oleoresin, we used the recommendation of Leite et al. (2001) and Martins et
al. (2017). We drilled each tree only once (no additional holes were drilled in nonproductive trees)
at approximately 1.3 m height using a 1.91-cm metal borer; each tree was drilled until
approximately half the diameter of the tree until the oleoresin flowed naturally. A 1.27-cm diameter
PVC pipe was fitted to the hole; the oleoresin was collected after 24 h, and the pipe was closed

with a screw cap.
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Fig. 3: Study sites in Roraima state, Brazil. “Novo Destino” farm, municipality of Normandia, whose vegetation is
classified as woody savanna with gallery forest according to IBGE (2005), with occurrence of tropical seasonal forest
or "TSF" on Mau river downhill and GS farm, municipality of Mucajai, whose vegetation is classified as open
rainforest with palm trees or "TRF" (IBGE 2005).
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Regarding the number of evaluated trees and harvesting intensity classes within TSF, 15
trees were selected, and the treatments applied were treatment 1: 12 months between consecutive
harvests; and treatment 2: 6 months between consecutive harvests. Thus, during the study period,
the trees of treatment 1 were submitted to two consecutive harvests (September 2017 and
September 2018), while the trees of treatment 2 were submitted to four consecutive harvests
(September 2017, March and September 2018 and March 2019). All selected trees showed no signs
of previous oleoresin collections.

TRF population was evaluated about the effect of consecutive harvests at different intervals
on the oleoresin production on a previous study, between September 2007 and September 2011.
Two different intervals between consecutive harvests were evaluated (treatment 1 -18 months
between consecutive harvests, treatment 2 -6 months between consecutive harvests). Throughout
the study period, trees on treatment 1 were subjected to three harvests, while trees on treatment 2
were harvested eight times. The results were partially presented in Martins et al. (2013). However,
during this period, these trees were not evaluated for their reproductive phenology. Thus, for the
present study, we chose to maintain the same experimental design. We followed monitoring the
phenology of 15 trees in each treatment, and throughout this study, trees on treatment 1 were
harvested only twice (September 2017 and March 2019), while trees on treatment two were
harvested four times (September 2017, March and September 2018 and March 2019). We also
selected 15 trees that were harvested neither on the former nor on the present study, and we
followed their reproductive phenology as a control group. Between October 2011 and May 2017,
these trees were freely harvested by hunters/gatherers who access this forest.

During the study period, it was not possible to access the study sites in July 2018, due to
access problems and also to temporary flooding during the rainy season, but taking into account
the record of the species phenological activity (ANDRADE JUNIOR; FERRAZ, 2000) we

considered that during this period there was no expression of any reproductive phenophases.
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All the sampled trees were mapped using a GPS receiver, number tagged with an aluminum
plate. Details about the ontogenetic and allometric differences between these C. pubiflora
populations are provided elsewhere (Costa et al., 2019; Chapter 1). The diameter at breast height
(dbh) of the sampled trees ranged from 24.38 to 51.76 cm in TSF and from 31.89 to 83.40 cm in
TRF. We included trees of all range of diameters in each treatment. We also selected trees based
on the following inclusion criteria: good (full circle or irregular circle) and dominant (entirely
above the canopy and receiving sidelight) or co-dominant (receiving full overhead light) crowns

according to (SYNNOTT, 1979).

2.4 Data analysis

Circular analyzes were applied considering that tree reproductive phenology is evaluated
on a time scale, where time divisions, such as days, months and years are repeated over time, these
data should be considered as repeated-measures along a circular scale (ZAR, 1999). Also, as
reproductive phenology is a non-linear type of data since there is no true zero point and any
designation of high or low values are arbitrary (ZAR, 1999). Thus, we converted the months to
angles, where January corresponds to 0° and December to 330°. For each angle, we consider the
number of trees per treatment, which is equivalent to the activity index, presenting some of the
following phenophases: bud; flower; unripe fruit; ripening fruit; ripe fruit; fruit abortion, and seed
dispersal. We chose to integrate the data of the two years of evaluation, in order to make the
analysis more robust, given the number of replicates per treatment. We took care not to count the
same individual twice so that the number of trees exhibiting a particular phenophase in each
treatment ranged from O to 15.

We calculated for each phenophase the average angle (), the circular standard deviation

(CSD), the average vector length (r) and we tested the data uniformity and normality using the
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Kuiper and the Watson test respectively. The average angle, also known as vector direction, holds
similarities to the mean in linear analyzes, in the same way as the average standard deviation that
brings us an idea of the data range. The mean length of the vector is a measure of the concentration
of the data and varies between 0 and 1, representing from total dispersion of the data until its total
concentration in the same angular value, with the occurrence of seasonality. Consequently, the
values of CSD and r represent different dimensions of the data. The Kuiper test assumes in its null
hypothesis that the data are evenly distributed throughout the year (absence of seasonality). On the
other hand, the Watson test assumes that the population conforms to the von Mises distribution,
the circular analog to the normal distribution. These analyses were performed in the R environment
v. 3.5.1 using the ‘circular' package (LUND et al., 2017).

Since the data did not present normal distribution over time, we used the non-parametric
Rao’s test for homogeneity (Rao) to analyze the vector direction () and dispersion (CSD) of the
same phenophase among the different harvest levels JAMMALAMADAKA; SENGUPTA, 2001).
Then, to evaluate whether there are differences in the number of trees in each phenophase between
treatments we use the Watson (U) nonparametric test for two-sample testing, which can be
considered as equivalent to the Mann-Whitney U test of linear data. Its null hypothesis establishes
that the two samples came from the same population, or from two populations having the same
direction (ZAR, 1999). All analyses were implemented in the R software v. 3.5.1 in R (R-
DEVELOPMENT CORE TEAM., 2012) using the ‘circular' package (LUND et al., 2017) and rose
diagrams of the number of trees per treatment showing the phenophases (activity index) were

implemented on the same environment, using the 'plotrix package' (LEMON et al., 2019).
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3. Results

3.1 Phenophases occurrence and duration

C. pubiflora exhibited phenological events with marked seasonality (Figs. 2, 3, 4)
demonstrated by the absence of normality (Watson test; P <0.01) and uniformity (Kuiper test;
P<0.01), in both study sites and in all treatments (Tables 1, 2). All phenophases started one month
earlier at TRF (Figs. 1, 2, 3). Reproductive phenophases began in July, still in the rainy season,
remaining until March, and therefore are more concentrated within the dry season (Figs. 2, 3, 4).
Buds and anthesis were observed mainly between August and September (Fig. 2, Table 1), while
the appearance of fruits until their maturation occurred during a more extended period, mainly
between September and December (Fig. 3, Table 2). Fruit abortion occurred mainly in October,
and seed dispersal was observed mainly in November to January, varying according to the forest

type and treatment (Fig. 4, Table 2).
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Fig. 2: Rose diagrams showing the number of Copaifera pubiflora trees for bud (A, B) and anthesis (C, D)
phenophases in TRF (A, C) and TSF (B, D) for different intervals between consecutive copaiba oleoresin harvest and
control without harvesting. The rose diagrams summarize data from 2 yr of observations.
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Fig. 3: Rose diagram showing the number of Copaifera pubiflora trees for unripe (A, B), ripening (C, D) and ripe (E,

F) fruits phenophases in TRF (A, C, E) and TSF (B, D, F) for different intervals between consecutive copaiba
oleoresin harvest and control without harvesting. The rose diagrams summarize data from 2 yr of observations.
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Fig. 4: Rose diagram showing the number of Copaifera pubiflora trees for fruit abortion (A, B) and seed dispersal
(B, C) phenophases in TRF (A, C) and TSF (B, D) for different intervals between consecutive copaiba oleoresin
harvest and control without harvesting. The rose diagrams summarize data from 2 yr of observations.
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All TSF treatments exhibited a shorter phenophase duration than the same ones at TRF,
expressed by the lower data dispersion and consequently, smaller r values (Tables 1, 2). Besides,
all TSF treatments started with one-month time-lag (Fig. 1, 2, 3). These differences were consistent
across all treatments, and may be associated with the climatic differences of these forests, mainly
concerning precipitation.

Treatments in the same forest type had similar centrality and duration, expressed by the
absence of significant differences in vector direction (VD) and data dispersion (DD) (Table 3),
which indicates that the oleoresin harvest did not affect the timing and duration of reproductive

events.

TaBLE 1. Circular analyses of flower phenophases of two Copaifera pubiflora Benth. populations submitted to
different oleoresin harvesting intervals treatments and control without harvesting in Roraima, Brazil.

TRF TSF
Control 18 months 6 months Control 12 months 6 months
Buds
pn+CSD 221.56 +48.71  248.96+51.59 233.28+49.97 259.56+43.52 252.46+40.43 252.49+40.67
Mean month August September August September September September
r 0.70 0.67 0.68 0.75 0.78 0.78
Kuiper test 3.66** 4.18** 4.45%* 4. 49** 4.33** 4.56%*
Watson test 0.40** 0.43** 0.48** 0.24** 0.21** 0.25**
Anthesis
n+ CSD 223.63+43.86 251.71+48.28 237.99+42.88 253.24+41.50 249.89+38.02 253.86+40.02
Mean month August September August September September September
r 0.75 0.70 0.76 0.74 0.80 0.78
Kuiper test 3.53** 4.15%* 4.13** 4.13** 4.30** 4.37**
Watson test 0.25** 0.25** 0.35** 0.23** 0.24** 0.25**

Note: Mean angle (W), circular standard deviation (CSD), mean vector length (r or dispersion of data), Kuiper test
(uniformity or absence of seasonality), and Watson test (normality or seasonality) for the number of trees in each
treatment (Activity Index). Significant differences according Kuiper and Watson tests. P <0.01 (**)



1 TABLE 2. Circular analyses of fruit phenophases of two Copaifera pubiflora Benth. population submitted to different
2 harvesting intervals of oleoresin production and control treatment without harvesting in Roraima, Brazil.
TRF TSF
Control 18 months 6 months Control 12 months 6 months
Unripe fruits
u + CDS 246.23 £44.09  261.03+50.92 254.08+42.98 276.53+£34.23  279.72+37.25 279.74+35.96
Mean month September September September October October October
r 0.74 0.67 0.75 0.84 0.81 0.82
Kuiper test 3.36** 3.96** 4.20** 4.41** 4.43** 4.62**
Watson test 0.34** 0.37** 0.33** 0.26** 0.26** 0.27**
Ripening
fruits
U+ CDS 272.05 £50.18  282.71£54.55 276.20+52.51 298.12+42.96 301.05%47.36 293.40%41.27
Mean month October October October October November October
r 0.68 0.63 0.66 0.75 0.71 0.77
Kuiper test 4.15** 4.60** 5.02** 5.00** 4.84** 4.98**
Watson test 0.23** 0.25** 0.30** 0.27** 0.27** 0.27**
Ripe fruits
u + CDS 303.50 +46.17  334.72+43.37 320.47+46.02 351.87+40.01 343.93+35.32 340.01+34.17
Mean month November December November December December December
r 0.72 0.75 0.72 0.78 0.83 0.84
Kuiper test 3.52** 4.74%* 4.93** 4.65** 5.09** 4.93**
Watson test 0.20** 0.32** 0.37** 0.25** 0.31** 0.28**
Fruit abortion
u £ CDS 253.01 +69.84  275.10456.31 273.33+61.98 281.17+36.51 290.03+38.49 279.30+36.47
Mean month September October October October October October
r 0.47 0.62 0.56 0.82 0.80 0.82
Kuiper test 2.70** 3.66** 3.41** 4.21%* 4.17** 4.05**
Watson test 0.35** 0.35** 0.31** 0.25** 0.22** 0.24**
Seeds
dispersion
U+ CDS 324.76 £40.00  350.17+42.74 343.92+42.02 351.87£34.01  8.68+34.15 0.17+33.25
Mean month November December December December January January
r 0.78 0.76 0.76 0.84 0.84 0.84
Kuiper test 3.78** 4.51** 4.74%* 4.66** 4.96** 4.50**
Watson test 0.18** 0.21** 0.30** 0.27** 0.29** 0.28**

93

3 Note: Mean angle (W), circular standard deviation (CSD), mean vector length (r or dispersion of data), Kuiper test
4 (uniformity or absence of seasonality), and Watson test (normality or seasonality) for the number of trees in each
5  treatment (Activity Index). Significant differences according Kuiper and Watson tests. P < 0.01 (**)
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1
2
3 TABLE 3. Equality of Vector Direction (VD) and Data Dispersion (DD) between reproductive phenophases of Copaifera pubiflora Benth. trees submitted to different
4 oleoresin harvesting intervals treatments and control without harvesting in Roraima, Brazil.
TRF TSF
. . o ] Fruit Seed . ] o . Fruit Seed
Bud  Anthesis Unripe Ripening Ripe . ] ) Bud  Anthesis Unripe Ripening Ripe ] ] )
Abortion Dispersion Abortion Dispersion
VD 220 3.16 0.60 0.23 5.23 0.36 5.75 0.42 0.25 0.11 0.66 2.08 0.82 1.76
DD 0.23 1.15 3.03 0.62 0.47 241 0.20 0.28 0.18 0.37 1.85 1.96 0.26 0.05
df 2 2 2 2 2 2 2 2 2 2 2 2 2 2

5 Note: TRF = tropical rainforest, Mucajai, RR; TSF = tropical seasonal forest, Normandia, RR. Rao’s test; all values were not significant at P<0.05.



10

11

12

13
14
15

16
17

18
19
20

21

95

3.2 Phenophases activity
No differences were observed between treatments in TSF when comparing the number of
trees exhibiting the same phenophases (Table 5), probably because of the short-term since the
beginning of the oleoresin harvest in this area. However, on the medium-term harvested population,
on TRF, we observed an increase in the number of trees exhibiting some of the reproductive
phenophases, compared with the trees that were not harvested (Table 4). Thus, in the treatment
with a shorter interval between consecutive harvests, 6 months, in TSF, we observed significant
differences only for the number of trees presenting anthesis and green fruits, denoting that some
trees began to bloom and fruit, but did not maintain the reproductive status until fruit dispersion,
aborting them early (Table 4). We also observed that a higher number of trees presented fruit

abortion in both treatments than in control (Table 4).

TABLE 4. Watson (U) test values for comparisons on the number of Copaifera pubiflora Benth. trees in each
phenophase between treatments with different oleoresin harvesting intervals and control without harvesting in a
tropical rainforest (TRF) in Mucajai, Roraima, Brazil.

Phenophases
) ) o ) Fruit Seed
Bud Anthesis Unripe Ripening Ripe ) ) )
Abortion Dispersion
Control vs. 18 months ~ 0.23*  0.25* 0.17 0.12 0.29** 0.31** 0.30**
Control vs. 6 months 0.18 0.27** 0.19*  0.09 0.18 0.25* 0.22*
18 months vs. 6 months  0.13 0.18 0.18 0.11 0.14 0.12 0.11

Note: Watson (U) nonparametric test for two-sample testing; *P<0.05; **P<0.01.

TABLE 5. Watson (U) test values for comparisons on the number of Copaifera pubiflora Benth. trees in each
phenophase between treatments with different oleoresin harvesting intervals and control without harvesting in a
tropical seasonal forest (TSF) in Normandia, Roraima, Brazil.

Phenophases

Bud Anthesis Unripe Ripening Ripe Fruit Abortion Seed Dispersion

Control vs. 18 months 0.13 0.15 0.12 0.11 0.13 0.11 0.13
Control vs. 6 months 0.15 0.16 0.13 0.12 0.15 0.10 0.13
18 months vs. 6 months 0.14 0.17 0.14 0.15 0.14 0.11 0.14

Note: Watson (U) nonparametric test for two-sample testing; all values were not significant at P<0.05.
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4. Discussion

Our results corroborate partially with the first hypothesis that intense oleoresin harvesting,
related to lower intervals between consecutive harvest, will decrease the reproductive output of the
exploited individuals (PETERS, 1996), since we observed higher flowering activity on both
harvesting treatments at tropical rainforest, but with higher fruit abortion activity. Besides, we
observed that the higher flowering activity, in the treatment with the longer interval between
harvesting, resulted in higher fruiting activity, whereas the treatment with a shorter interval
between consecutive harvests showed a higher activity only for unripe fruits, but not for ripening
and ripe fruits phenophases. We believe that there may be a relationship between oleoresin harvest
and flower investment, fruit filling and ripening capacity, which, depending on the harvest
intensity, can be favored until a certain point where competition in resource allocation impairs it.
Regarding the second hypothesis, that the effects of intense oleoresin harvesting would be more
pronounced in environments with lower resource availability (GAOUE et al., 2013; GAOUE;
TICKTIN, 2007; SIEBERT, 2000; TICKTIN; NANTEL, 2004), we expected to register the more
pronounced effect of harvesting on the tropical seasonal forest (TSF), due to higher environmental
constraints. Though, no differences were observed between treatments, when comparing the
number of trees exhibiting the same phenophase, probably because the trees had never been
harvested and the oleoresin collection started recently. We believe that there is a confounding factor
that is the duration of the oleoresin harvest, so we pinpoint to the need for long-term monitoring.

There is a lack of studies that have addressed the impact of harvesting wood exudates alone
on the reproductive output of harvest trees, and few studies have addressed the effect of bark
harvesting in some cases associated with tapping exudates (BRITES; MORSELLO, 2016). Among
the few existing studies, a negative effect upon the reproductive performance have been recorded

for many species (BRITES; MORSELLO, 2016), but different traits are being evaluated (activity,
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intensity, and quality of both flowers and fruits) with different frequency and duration of the impact
and for species with different life history.

Gaoue; Ticktin (2008) recorded that combined bark and foliage harvest lead to a
significantly smaller proportion of trees producing fruits in high harvest populations of Khaya
senegalensis in Benin. For the African cherry, Prunus africana, bark harvest led to crown die-back,
reducing fruit production per tree and changing the timing of fruiting on a population basis.
Besides, there was also an increase in the mortality of trees, especially in those submitted to bark
harvest with vascular cambium disruption (STEWART, 2009). While Rijkers et al. (2006)
observed that sexual reproduction decreased, measured as the number of inflorescences, fruits and
seeds, seed mass and germination, with increasing resin tapping regime both at tree level and on
stand level for Boswellia papyrifera tree on Eritrea on the Horn of Africa. There is also a record
that bark harvest can maintain trees at the vegetative stage, as is the case of Cassipourea flanaganii
in South Africa (COCKS; DOLD, 2004). As an opposite extreme result, it was registered as
medium-term effects after debarking an increase in the activity and intensity of the reproductive
events in Himatanthus drasticus in the Brazilian Cerrado (BALDAUF et al., 2014). While Silva et
al., (2018) observed for this same species, H. drasticus, a reduction in the number of reproductive
structures (inflorescence, buds, flower, and fruits), and reduction of fruit and seed traits (length,
width, and mass) in response to medium-term bark harvest.

As far as we know, our study and Baldauf et al. (2014) one are the only that reported a
higher reproductive activity in response to harvest. Baldauf et al. (2014) attributed this increase to
an ecophysiological effect of bark removal since it limits the translocation of photoassimilates that
remain available to the aerial part, being used for the formation of flowers, fruits, and meristems
(ROMERO; BOLKER, 2008). This practice is commonly used on several horticultural crops to
stimulate or regulate flowering, and improve fruit and quality, but with temporary effects (LAYNE;

FLORE, 1991; MATAA; TOMINAGA; KOZAKI, 1998). However, we do not believe that this
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could explain the higher activity of blooming events in Copaifera pubiflora as observed in this
study, because its harvesting was performed with the opening of a 1.25 cm diameter hole that does
not impair the phloem photoassimilates translocation.

We believe that the highest flowering activity following oleoresin harvest is a similar
response to the damage caused by herbivores since an increase in the number of early flowers after
herbivore damage has already been reported (SCHIESTL et al., 2014; STRAUSS; JEFFREY K.
CONNER; LEHTILA, 2001). Even with the highest flowering activity, we still believe that our
results are in line with the hypothesis that exudates removal increases the competition for
photoassimilates between different plant functions, in this case between defense and reproduction
(PETERS, 1996; RIJKERS et al., 2006). Especially since we observed that the early flowering
investment does not necessarily results into reproductive success, and a higher fruit abortion was
observed on both harvest treatments. And since we observed that the fruit filling and ripening
capacity does not presented higher activity as the blooming phases in the treatment with a shorter
interval between harvesting, so there seems to be a relationship between harvest intensity and fruit
ripening. Althought we point out that we evaluated only reproductive activity within C. pubiflora
populations, and reproductive performance may depend on other variables, such as the pollen
production and quality, number of flowers and fruits, seeds viability (SILVA et al., 2018) in order

to guarantee the maintenance of recruitment and genetic diversity of populations.
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5. Conclusion

We believe that our data partially corroborate the hypothesis that exudate harvest leads to
competition for photoassimilates between different plant functions (PETERS, 1996; RIJKERS et
al., 2006), in this case specifically between defense and reproduction for C. pubiflora’s trees on
tropical rainforest. On the one hand, results in literature record an increase in early flowering
activity in response to photoassimilates removal caused by herbivores damage (SCHIESTL et al.,
2014; STRAUSS; JEFFREY K. CONNER; LEHTILA, 2001). Besides, the higher activity of C.
pubiflora’s blooming phenophases did not translate into reproductive success, with higher fruit
abortion activity. We observe that there seems to be a relationship between the harvesting intensity
(different intervals between successive collections) and fruit filling and ripening capacity. This
observation leads us to suppose that fruit filling and ripening capacity may be favored until a certain
harvest intensity, where competition in resource allocation impairs it. Thus, we recommend the
adoption of the most extended time intervals between successive harvestings, especially for C.
pubiflora on tropical rainforest, with at least 18 months, which was the largest time range evaluated
in this study. More studies should be done to determine the optimal oleoresin harvest interval for
this species in the tropical rainforest so that trees can allocate resources to defense without
competition among their other functions.

Regarding the second hypothesis, that the effects of intense oleoresin harvesting would be
more pronounced in environments with lower resource availability (GAOUE et al., 2013; GAOUE;
TICKTIN, 2007; SIEBERT, 2000; TICKTIN; NANTEL, 2004) our data did not allow us to
evaluate this hypothesis properly because the oleoresin harvest on C. pubiflora’s on tropical
seasonal forest had recently begun and yield per tree was insignificant. The species has a long life-
span, and long-term assessments may be necessary to help clarify whether the observed patterns

remains the same over time. The results presented here may contribute to the design of more
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sustainable management practices for the species, which must account with harvest duration along
with its intensity. Regarding the management recommendations, the study indicated attention to
the impact of the intensity of collection on the flowering, fruit filling, and maturation, and also that
successive collections should be done with the greatest time range as possible, being at least 18

months.
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CAPITULO HI
Publicado como Capitulo do Livro:

“Produtos Florestais Nao Madeireiros: guia metodologico da Rede Kamukaia”

CAPITULO IlI - COLETA E MONITORAMENTO DA PRODUCAO DE
OLEORRESINA DE COPAIBAS.
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1. Introducéo

O género Copaifera L. pertence a familia Fabaceae, subfamilia Caesalpinioideae e é
formado por 38 espécies e 11 variedades, 33 espécies sdo encontradas na regido tropical da América
Latina, quatro na Africa Ocidental e uma na Malasia (COSTA, 2007). Atualmente considera-se
que 24 espécies e 9 variedades ocorrem no Brasil, sendo 19 dessas espécies endémicas (COSTA,
2007; MARTINS-DA-SILVA et al., 2008).

Nove espécies de Copaifera ocorrem na Floresta Amazonica, a saber, C. duckei, C.
glycycarpa, C. guyanensis, C. Martii var.martii, C. multijuga, C. paupera, C. piresii, C. pubiflora
e C. reticulata. Trés dessas espécies, C. guyanensis, C. paupera e C. pubiflora, ocorrem também
em outros paises amazoénicos, sendo as seis restantes endémicas do Brasil. A identificacdo botanica
das espécies amazonicas é dificil, sendo realizada, na maioria das vezes, segundo caracteristicas
das flores. As caracteristicas dos frutos sdo de igual importancia, mas estes sdo dificilmente
encontrados em colecdes botanicas (PIO CORREA, 1984; VEIGA JUNIOR; PINTO, 2002). Na
década de 2000, foi publicada uma chave de identificacdo boténica das espécies amazonicas, que
usa como critérios de identificacdes caracteristicas de suas folhas, flores e frutos (MARTINS-DA-
SILVA et al., 2008).

As espécies desse género sdo conhecidas popularmente como copaiba, copaibeira ou
pau d’6leo. O 6leo de copaiba, designado como oleorresina, ¢ um dos produtos florestais nao
madeireiros de uso medicinal mais conhecido e utilizado na Amazodnia, principalmente para o
tratamento de inflamacdes, sendo que ndo ha substituto para essa finalidade (SHANLEY et al.,
2005). Esse produto é extraido do tronco de diversas espécies arboreas do género Copaifera L. e é
utilizado tanto por comunidades locais da Amazonia, como comercializado no mercado nacional e
exportado para diversos paises. Além da utilizacdo medicinal, o oleorresina de copaiba tem sido
utilizado também na elaboracdo de produtos cosméticos (VEIGA JUNIOR; PINTO, 2002), sendo
considerado parte da cesta de produtos da sociobiodiversidade que compGe a renda das familias
extrativistas da Amazonia.

Na Amazonia, ha vérias instituicdes atuando com as comunidades extrativistas para
implementar a producéo de oleorresina de copaiba em sistemas de manejo de uso mdaltiplo; no
entanto, questdes relativas a produtividade e as diferencgas entre espécies ainda permanecem sem
respostas. O principal entrave da producdo sustentavel do oleorresina de copaiba é o fornecimento
continuado do produto, ja que se observa grande variagcdo na quantidade e qualidade do dleo

produzido pelas arvores. Ainda € necessario compreender os fatores que interferem na produgéo
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de oleorresina e nas caracteristicas fisicas e quimicas do oleorresina extraido das espécies
ocorrentes em diferentes regides. O numero elevado de espécies, a sobreposi¢do na distribuicdo
geogréfica de algumas delas e a dificuldade da correta identificacdo boténica ainda constituem
entraves para a realizacdo de pesquisas sobre o potencial produtivo das espécies.

O oleorresina de copaiba pode ser encontrado em todas as partes da planta, mas
acumula-se em grandes quantidades no tronco da &rvore, j& que fica armazenado em canais
secretores longitudinais concéntricos distribuidos em faixas de parénquima do lenho. Os canais
secretores se interligam por anastomose, formando uma rede de comunicagdes (MARTINS-DA-
SILVA, 2006). Os extrativistas acreditam que haja uma bolsa ou fenda no tronco de algumas
arvores, que ocasiona o acimulo de oleorresina, entretanto isso ainda ndo foi comprovado por
estudos anatdémicos.

Duas variaveis principais devem ser consideradas ao avaliar o potencial produtivo de
oleorresina:

e A proporcdo de arvores efetivamente produtivas na area explorada, j& que muitas
arvores potencialmente produtoras ndo produzem oleorresina.

e O volume de oleorresina obtido em um determinado periodo de tempo apés a
abertura do furo na arvore.

Por meio de informacGes sobre a proporcao de arvores produtivas e o volume médio
de oleorresina por arvore produtiva de uma espécie ou de uma regido, é possivel estimar o
rendimento de uma determinada area de floresta. No entanto, € comum observar uma ampla
variacdo no potencial produtivo das arvores, ja que muitas ndo produzem oleorresina, e outras
chegam a produzir de 20 L a 30 L em uma unica coleta. Os trabalhos ja realizados indicam que ha
diferencas entre as espécies com relacdo ao potencial produtivo, entretanto as estimativas diferem
muito entre os autores, de 0,23 L (PLOWDEN 2003) a 3,1 L (MARTINS et al., 2008) por arvore.
Muito dessa varia¢do deve-se ndo somente a variagdo natural, mas também ao nimero de arvores
amostradas e as estratégias de amostragem e coleta, o que dificulta a comparacéao entre os estudos
e adefinicdo de indicadores de exploragédo que sejam consistentes para uma dada espécie ou regido.

Indicadores consistentes somente serdo possiveis com a realizacdo de estudos que
utilizem um numero elevado de arvores em uma ampla area de ocorréncia. Infelizmente, estudos
amplos de producao de oleorresina de copaiba sdo raros, em razdo da baixa densidade populacional
da espécie, o que dificulta o acesso a um grande numero de arvores. Poucos trabalhos que avaliaram

um namero elevado de arvores foram publicados até o presente (Klauberg et al., 2014; Martins et
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al., 2008, 2013; Newton et al., 2011; Rigamonte-Azevedo et al, 2006). Os dois trabalhos com maior
tamanho amostral foram feitos com a espécie C. paupera no estado do Acre. Rigamonte-Azevedo
et al. (2006) avaliaram 388 individuos nos municipios de Tarauaca e Xapuri e Martins et al. (2008)
estudaram 246 individuos nos municipios de Acrelandia, Brasiléia e Capixaba. Ambos os trabalhos
indicaram que entre 28 e 29% das arvores sadias com diametro a altura do peito (DAP) > 35 cm
produzem oleorresina e que o volume médio por arvore produtiva foi cerca de 3,10 L por arvore
em Martins et al. (2008) e 2,92 L por arvore em Rigamonte-Azevedo et al. (2006). Estudos
posteriores indicaram diferencas entre as espécies, tanto na proporcao de arvores produtivas, como
no volume médio de 6leo produzido (Martins et al., 2013; Newton et al., 2011).

Os trabalhos j& publicados sobre producdo de oleorresina de copaiba indicam que o
efeito de variaveis ambientais como relevo, tipo de solo, ambiente florestal e época de coleta
(estacdo seca ou chuvosa) tem se mostrado variavel na produtividade. Embora alguns estudos
tenham mostrado que o diametro da arvore influencia no volume de oleorresina produzido, de
forma que arvores com didmetros intermediarios (55 cm a 60 cm de DAP) produzem maior
quantidade (HERRERO-JAUREGUI, 2009; PLOWDEN, 2003; SILVA-MEDEIROS; VIEIRA,
2008), ha outros estudos em que o DAP ndo foi significativo para a producdo de oleorresina
(ALENCAR, 1982; FERREIRA; BRAZ, 1999; MARTINS et al., 2008; NEWTON et al., 2011,
RIGAMONTE-AZEVEDO et al., 2006). Esses resultados mostram que, apesar do didmetro ser
uma variavel importante, ndo é a Unica que determina a producdo. Outra caracteristica da arvore
que parece influenciar negativamente a producdo de oleorresina é a presenca de ocos, como
constatado por Herrero-Jauregui (2009), Klauberg et al. (2014), Newton et al. (2011), Plowden
(2003), Rigamonte-Azevedo et al., (2006) e Silva-Medeiros e Vieira (2008).

As estimativas de producgédo podem variar ainda em relacdo ao tipo de manejo para a
retirada do oleorresina e do periodo entre extracGes consecutivas. A reextracdo em uma mesma
arvore também deve ser considerada quando se planeja produzir oleorresina de copaiba. Extracdes
feitas em intervalos semestrais apresentaram resultados varidveis, havendo casos em que as
quantidades de oleorresina extraido foram maiores na segunda extracdo, com declinio da produgéo
na terceira coleta (ALENCAR, 1982). No entanto, os relatos mais frequentes sao aqueles em que
h& queda na producdo j& na segunda extracdo ou que é possivel extrair apenas na primeira visita
(HERRERO-JAUREGUI, 2009; Klauberg et al., 2014; MARTINS et al., 2008, 2013; PLOWDEN,
2003; RIGAMONTE-AZEVEDO et al., 2006; SILVA-MEDEIROS; VIEIRA, 2008). Em C.
multijuga, Silva-Medeiros e Vieira (2008) constataram que embora arvores com diametros maiores

gue 40 cm produzam mais na primeira coleta do que arvores entre 30 e 40 cm de diametro, a queda
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no volume de oleorresina produzido em uma segunda extracdo foi maior nas arvores com maiores

didmetros. Ou seja, as arvores menores exibiram maior continuidade na producéo de oleorresina.

2. Métodos de campo

2.1 Amostragem
Em razdo da grande variacdo de producdo entre arvores, recomenda-se selecionar no
minimo 50 arvores com DAP minimo de 30 a 40 cm e que, preferencialmente, nunca tenham sido

exploradas. Todas as arvores amostradas devem ser georreferenciadas e plaqueteadas em campo.

2.2 Coleta de dados

Apds a selecdo das arvores, obter em campo o0s seguintes dados: DAP, altura total e
altura do primeiro galho, forma e posicéo da copa, fenofase (com flores, frutos ou troca de folhas),
presenca de ocos, cupins e infestacdo por lianas no tronco e na copa. Identificar em nivel de espécie,
quando possivel, e coletar material botanico para depdsito em herbario. Identificar de acordo com

a tipologia popular (quando se aplicar). Anotar também a data da coleta.
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2.3 Passos para a extracao do oleorresina

2.3.1 Materiais necessarios para extragao

e Trado com 1,20 de comprimento e % de polegada;
e Vasilhame (galdo) escuro de 20 litros, com tampa e funil para engate;
e Cano de PVC e tampa de %2 polegada ou outro material para tampar o cano;

e Mangueira de borracha com 1,5 m e % de polegada;

2.3.2 Procedimento de extracao

Com auxilio de um trado, furar a arvore na altura do abdémem (Figura 1A). Girar 0
trado no sentido horério, perfurando o tronco até que o oleorresina flua. Caso o oleorresina néo
flua instantaneamente, perfurar no maximo até a metade do didmetro da arvore.

Imediatamente apos o oleorresina fluir, encaixar o cano no furo e afixar a mangueira,
conectando o galdo (Figura 1B e 1C). Deixar a mangueira na arvore de copaiba por 24 horas,
voltando para fazer a medic¢do. Medir o volume de oleorresina extraido com uma proveta (Figura
1D). Naquelas arvores que ndo produziram, é recomendavel voltar apds cinco dias, pois, em alguns
casos, 0 escorrimento do oleorresina demora mais de 24 horas para ocorrer.

Caso deseje levar uma amostra de oleorresina para analises fisico-quimicas, seguir as
recomendaces descritas no Capitulo 12 deste livro (Abreu, 2017).

Fechar o cano com a tampa de PVC ou pedaco de madeira para evitar a entrada de

insetos e ataque de patdgenos e também possibilitar o acimulo do oleorresina para novas retiradas.
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Figura 1: Procedimento para coleta de oleorresina e medicdo do volume de oleorresina
coletado: perfuracdo da arvore (A); encaixe do cano (B); fixacdo da mangeira (C); medigdo do
volume de oleorresina extraido (D). (Imagens A, C; Patricia da Costa, Imagens B, e D; Karina
Martins).
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3. Analise de dados

Na avaliacdo do potencial produtivo da copaibeira dois aspectos devem ser
considerados: 0 nimero de arvores produtivas e o volume médio de oleorresina obtido a partir de
arvores produtoras. Dois limiares de volume podem ser considerados para determinar se uma
arvore ¢ efetivamente produtora, qualquer volume produzido (> OmL) ou producao superior a 50
mL. Martins et al. (2013) sugerem que esse ultimo limiar é um indicador mais efetivo de producéo,
pois é menos variavel entre arvores e tem importancia econémica para o produtor, ja que a obtencao
de volumes menores pode ndo ser economicamente viavel devido ao tempo gasto para furar uma

arvore.
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4. CONSIDERACOES FINAIS

O presente estudo tratou da caracterizagdo de aspectos ecoldgicos de populagdes de
Copaifera pubiflora Benth. (Fabaceae) ocorrendo em diferentes tipos florestais em Roraima, além
de avaliar o impacto de diferentes intervalos de coleta sobre a fenologia reprodutiva de individuos
da espécie ocorrendo nestas mesmas florestas.

Uma maior densidade de individuos adultos de C. pubiflora foi registrada em area de
floresta estacional, o que se apresenta como um primeiro indicativo do potencial produtivo da
espécie neste tipo florestal. O acesso a estas areas é bastante facilitado por caracteristicas da
floresta, que tem porte mais baixo e maior entrada de luz para o sub-bosque, especialmente no
periodo de estiagem; e a identificacdo e mapeamento dos individuos adultos torna-se facilitada.
Isto também contribui para a atividade extrativa, gerando um menor custo para obtencdo do
oleorresina de copaiba. Entretanto, ndo existem dados disponiveis sobre o volume médio de
producdo de oleorresina, bem como sobre o numero de individuos produtivos, capazes de embasar
a elaboracdo de planos de manejo para estas populagdes. Os resultados obtidos até 0 momento para
producdo neste tipo florestal, como parte do experimento que avaliou o impacto da coleta de
oleorresina sobre a fenologia da espécie (Capitulo Il desta Tese), apontam para ocorréncia de
muitos individuos ndo produtivos e uma producdo media por arvore inferior a 50 mL (dados nao
publicados), que seria um volume limite para fins comerciais (MARTINS et al., 2013). Tem-se
observado também um aumento na producdo média por arvore e no numero de individuos
produtivos ao longo do tempo (dados ndo publicados), um padrdo similar ao observado para a
mesma espécie em floresta ombrofila (MARTINS et al., 2013). Entretanto, ndo se sabe quais seriam
0s impactos da manutencédo dos intervalos de coleta ora aplicados, tendo em vistas as diferentes
restricfes ecoldgicas existentes e grande heterogeneidade observadas neste tipo florestal, em
comparacdo com as florestas ombrofilas. Além disto, a espécie apresenta um ciclo de vida longo e
0s impactos podem vir a ser percebidos somente ap6s anos ou décadas, conforme sugerem o
resultado do Capitulo I1 desta Tese. Assim, aponta-se para a necessidade de manutencgéo de estudos
de longa duragéo.

Com relacdo a populacdo em floresta ombrofila, observou-se uma maior densidade
total de individuos, resultado da maior densidade de individuos nos primeiros estadios
ontogenéticos. Entretanto, observou-se menor densidade de individuos adultos em comparacéo
com a estrutura populacional em floresta estacional, variando de 0,63 ind ha*, quando avaliado o

nimero total de individuos na area de Reserva Legal da Fazenda GS, até 1 ind ha, para a area da
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parcela permanente estabelecida nesta floresta. Esta densidade € superior a observada para outras
espécies do género na Amazénia (NEWTON et al., 2012; NEWTON; WATKINSON; PEREZ,
2012), embora os autores tenham utilizado um critério diferente para inclusdo do que consideraram
como individuos adultos, no caso didmetro a altura do peito (DAP) maior ou igual 25 cm. Assim,
densidades de 0,14 ind ha para Copaifera piresii e de 0,22 ind ha™ para Copaifera multijuga ou
ainda densidades variando entre 0,31 a 0,01 ind ha™* para Copaifera paupera e de 0,05 a 0,47 ind
ha! para Copaifera guyanensis em ambos o0s casos na regido do médio Jurud no Amazonas
(NEWTON et al., 2012). Este dado analisado de forma isolada poderia sugerir um maior potencial
produtivo da espécie em comparacdo com as outras espécies de ocorréncia na floresta Amazonica,
entretanto somente ap0s a caracterizagdo de sua estrutura populacional e avaliacdo de suas relaces
alométricas pode-se perceber a ocorréncia de um gargalo demogréafico e a descontinuidade de
tamanhos entre individuos imaturos e adultos nesta floresta. Diversas hipdteses foram levantadas
ao longo deste trabalho para explicar estes fenbmenos e estudos futuros devem ser conduzidos,
mas esta observacdo aponta para a necessidade de acompanhamento e talvez até de intervencdes
futuras em sua estrutura demografica.

Aqui deve-se fazer uma ressalva para a importancia de estudos que caracterizem a
estrutura e acompanhem as taxas vitais de populaces submetidas ao manejo. Embora se considere
que alteragdes na estrutura etaria ou ontogenética das populagdes apresentam-se como 0s primeiros
sinais de extrativismo de PFNM acima dos niveis ideais (HALL; BAWA, 1993; PETERS, 1996),
para apenas 5% dos taxons da flora brasileira estes dados encontram-se disponiveis, de modo a
subsidiar avaliac@es de vulnerabilidade e risco de extin¢do da flora (MARTINELLI; MORAES,
2013). No caso especial das espécies do género Copaifera, praticamente inexistem estudos que
tenham caracterizado a estrutura de populacGes de espécies de Copaifera (mas veja, GEBARA et
al., 2016; HERRERO-JAUREGUI et al., 2011; HERRERO-JAUREGUI; SIST; CASADO, 2012)
para fins de indicacdo de préaticas de manejo. Via de regra apenas os individuos potencialmente
exploréaveis de acordo com os critérios estabelecidos sdo mapeados e medidos (MARTINS et al.,
2013; MEDEIROS et al., 2018; MEDEIROS; VIEIRA, 2008; NEWTON et al., 2012; NEWTON,;
WATKINSON; PERES, 2011; RIGAMONTE-AZEVEDO; WADT; WADT, 2006; ROQUETTE
etal., 2018; SOUZA, 2010).

Somado as questbes demogréaficas observadas no Capitulo | desta Tese, tem-se
verificado que a espécie tem ocorréncia associada as savanas do Norte de América do Sul
(MARTINS-DA-SILVA, 2006), com maiores densidades registradas neste ambiente (Capitulo |
desta Tese; RAMIREZ, 1994; RAMIREZ; ARROYO, 1990). A populagéo observada em floresta
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ombrofila parece apresentar-se como uma excec¢do, ocorrendo restrita a uma pequena mancha de
floresta ombrofila relativamente proxima a margem do rio Mucajai. Supde-se que a area de floresta
ombrofila onde hoje a espécie é registrada, na fazenda GS e fazendas vizinhas, apresente-se como
um antigo braco do rio Mucajai. Esta percepcao é reforcada pela associacao da espécie a cursos de
agua, sendo eles igarapés ou rios, em mapeamento de area de ocorréncia da espécie em Roraima
(dados ndo publicados). Finalmente, ndo se pode deixar de apontar que Mucajai apresenta-se como
municipio com maiores taxas de desflorestamento e degradacdo ambiental no Estado de Roraima,
de acordo com dados dos Programas PRODES (Monitoramento da Floresta Amazoénica Brasileira
por Satélite) e DEGRAD (Mapeamento da Degradacdo Florestal na Amazodnia Brasileira),
conduzidos pelo INPE (XAUD; XAUD, 2017).

Todas estas informagdes em conjunto sugerem que a populacdo em floresta ombrofila
apresenta-se espacialmente restrita, provavelmente resultando de um evento pretérito de mudanca
do leito do rio Mucajai, ocorrendo em uma matriz de desflorestamento e conversao de florestas
para outras formas de uso da terra e provavelmente sob alta pressdo de coleta, de modo que o
manejo desta populacdo deve ser avaliado e acompanhado de estudos sobre sua estrutura, dindmica.

Com relacdo ao experimento avaliando o efeito de diferentes intervalos entre coletas
sucessivas sobre a fenologia de individuos nas duas florestas em estudo, os resultados obtidos
parecem corroborar parcialmente a hipdtese de que a colheita de exsudatos determina a competicdo
por fotoassimilados entre diferentes fungdes das plantas (PETERS, 1996; RIJKERS et al., 2006),
neste caso especificamente entre defesa e reproducéo de arvores de C. pubiflora observado apenas
na populacdo em floresta tropical. Resultados em literatura registram haver, em alguns casos, um
aumento na atividade de florescimento precoce em resposta a remocéo de fotoassimilados causados
por herbivoria (SCHIESTL et al., 2014; STRAUSS; JEFFREY K. CONNER; LEHTILA, 2001).
Adicionalmente, a maior atividade floracdo em floresta ombrofila ndo se traduziu em sucesso
reprodutivo, havendo maior atividade de abortamento de frutos em ambos os tratamentos com
coleta de oleorresina em relacdo ao controle. Além disso, parece haver uma relagdo entre a
intensidade de colheita (diferentes intervalos entre as coletas sucessivas) e a capacidade de
enchimento e amadurecimento dos frutos. Essa observacdo leva a supor que a capacidade de
enchimento e amadurecimento dos frutos pode ser favorecida até uma certa intensidade de colheita,
a partir do qual a competicéo por fotoassimilatos a prejudica. Assim, ndo recomendamos a ado¢éo
de intervalos dos menores intervalos de coleta de oleorresina (6 meses) para C. pubiflora em

floresta tropical. Mais estudos devem ser conduzidos para determinar o intervalo ideal de coleta do
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oleorresina para esta especie em floresta tropical, de modo que as arvores possam alocar recursos
para a defesa sem competicdo entre suas outras fungdes.

Com relacdo a segunda hipdtese, de que os efeitos de coleta de oleorresina seriam mais
pronunciados em ambientes com menor disponibilidade de recursos (GAOUE et al., 2013;
GAOUE; TICKTIN, 2007; SIEBERT, 2000; TICKTIN; NANTEL, 2004) ndo conseguiu-se
corroborar esta hipotese provavelmente devido ao fato de coleta de éleo-resina em C. pubiflora em
estacional se iniciou recentemente. Assim, acredita-se que o tempo de duracdo da coleta deve-se
avaliado e aponta-se para a necessidade de estudos de longo prazo. A espécie tem um longo periodo
de vida, e avaliacOes a longo prazo podem ser necessarias para ajudar a esclarecer se 0s padrdes
observados permanecem os mesmos ao longo do tempo. Finalmente, destaca-se que os resultados
aqui apresentados podem contribuir para o desenho de praticas de manejo mais sustentaveis para
as especies, que devem levar em consideracdo ndo apenas a intensidade de coleta (intervalo entre

coletas sucessivas) como também a duracdo da coleta.
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