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Sinopse: O estudo investiga efeitos temporais e espaciais causados pela 

fragmentação florestal na estrutura e composição da assembleia de palmeiras 

na Amazônia Central. Abundância, densidade e composição de espécies de 

palmeira nos estádios ontogenéticos adulto, jovem e plântula foram avaliadas 

em fragmentos florestais de diferentes tamanhos em contraste com florestas 

contínuas adjacentes. 

Palavras-chave: 1. Arecaceae; 2. dinâmica florestal; 3. ecologia de 

comunidades; 4. floresta tropical; 5. fragmentos florestais. 
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Resumo 

A fragmentação florestal é uma das maiores ameaças à biodiversidade global. Uma nova 

configuração espacial da paisagem pode expor áreas isoladas a alterações abióticas e 

bióticas que provocam mudanças na estrutura e composição da vegetação nativa 

remanescente. Porém, essas alterações podem levar algum tempo para serem percebidas, 

principalmente em processos que dependem de organismos com ciclo de vida longo. 

Somente estudos de longo prazo que considerem diferentes estádios ontogenéticos das 

plantas poderão fornecer evidências de como e por quanto tempo o processo de 

fragmentação florestal pode afetar a vegetação. Porém, apesar de essenciais, tais estudos 

ainda precisam estar disponíveis. Aqui tivemos a oportunidade de compilar dados 

coletados 15 e 42 anos após a formação dos fragmentos florestais para analisar a trajetória 

espaço-temporal das palmeiras, considerando plântulas, juvenis e adultos. As parcelas 

permanentes estavam em fragmentos florestais de diferentes tamanhos e florestas 

contínuas adjacentes na Amazônia Central. Como visto 15 anos após o isolamento, 

registramos novamente um declínio acentuado entre a população imatura de palmeiras 

em fragmentos florestais. No entanto, as palmeiras adultas, antes não afetadas pela 

fragmentação florestal, aumentaram significativamente em ambos os ambientes ao longo 

do tempo. Contudo, tais mudanças não alteraram o número de espécies nem a composição 

da assembleia de palmeiras quando analisamos o efeito da fragmentação florestal e do 

tamanho dos fragmentos florestais. Concluímos que houve baixa resiliência entre as 

palmeiras na recuperação populacional após mudanças causadas pela fragmentação 

florestal, e não houve evidências claras de que mesmo com um número mais significativo 

de palmeiras reprodutivas, ocorreu um maior sucesso no estabelecimento de novos 

indivíduos. Este fenômeno pode ter sido ainda mais agravado sinergicamente pelas 

mudanças recorrentes nos novos padrões climáticos testemunhados na região. 
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Palavras-chave: Arecaceae; dinâmica florestal; ecologia de comunidades; floresta 

tropical; fragmentos florestais. 
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Abstract 

Forest fragmentation is one of the biggest threats to global biodiversity. A new spatial 

configuration of the landscape can expose isolated areas to abiotic and biotic alterations 

that cause changes in the structure and composition of the remaining native vegetation. 

However, these changes may take some time to be noticed, especially in processes that 

depend on organisms with a long life cycle. Only long-term studies that consider different 

ontogenetic stages of plants can provide evidence of how and for how long the process of 

forest fragmentation can affect vegetation. However, despite being essential, such studies 

still need to be available. Here, we had the opportunity to compile data collected 15 and 

42 years after the formation of forest fragments to analyze the spatial-temporal trajectory 

of palms, considering seedlings, juveniles, and adults. The permanent plots were in forest 

fragments of different sizes and adjacent continuous forests in the Central Amazon. As 

seen 15 years after isolation, we again recorded a sharp decline among the immature palm 

population in forest fragments. However, adult palms, previously unaffected by forest 

fragmentation, increased significantly in both environments over time. However, such 

changes did not alter the number of species or the composition of the palm assemblage 

when we analyzed the effect of forest fragmentation and different sizes of forest 

fragments. We conclude that there was low resilience among palm trees in population 

recovery after changes caused by forest fragmentation, and there was no clear evidence 

that even with a more significant number of reproductive palms, there was a success in 

establishing new individuals. This phenomenon can be further synergistically aggravated 

by the recurring changes in new climate patterns witnessed in the region. 

Keywords: Arecaceae; forest dynamics; community ecology; tropical forest; forest 

fragments. 
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Introdução geral 

A fragmentação de florestas tropicais e a consequente perda de habitat é uma das 

maiores ameaças à biodiversidade global (Pires et al., 2006) e tem sido acelerada devido 

ao corte ilegal de madeira, grilagem de terras, avanço das fronteiras agrícolas, grandes 

obras de infraestrutura e urbanização (Thomazini & Thomazini, 2000). O fato dessas 

forças motrizes serem de cunho antropogênico aumenta a chance dessas áreas serem ainda 

mais fragmentadas com o tempo (Wade et al., 2003), o que torna inevitável a ocorrência 

intensiva de um processo de fragmentação florestal, onde outrora extensas florestas 

contínuas e intactas, virem um crescente mosaico de ‘verdes’ desagregados (Murcia, 

1995; Scariot, 1996; Pires et al., 2006). 

Quando ocorre a subdivisão de uma área florestal, remanescentes florestais 

tornam-se isolados e uma maior quantidade de área fica exposta aos efeitos de borda 

(Fischer et al., 2021). Ambientes de borda florestal ou similares eram típicos de ecótonos 

ou regiões limítrofes, mas agora tornam-se comuns (Scariot, 1996). As bordas florestais 

se caracterizam por apresentar mudanças abruptas abióticas ou bióticas em relação ao 

interior da floresta (Murcia, 1995). Essa nova configuração faz com que os fragmentos 

florestais recebam maior quantidade de radiação solar e incidência de ventos, além do 

aumento na temperatura média e uma queda na umidade relativa do ar (Jose et al., 1996). 

Mas, as mudanças podem superar as condições microclimáticas por se, pois os 

fragmentos florestais podem ter seus processos de sucessão ecológica alterados 

(Echeverría et al., 2007), retornando a ser colonizados predominantemente por espécies 

pioneiras (Gaui et al., 2019). Mudanças em processos ecológicos importantes, como 

polinização, dispersão de sementes e herbivoria podem também ser intensivamente 

alterados (Murcia, 1995; Scariot, 1999; Laurance et al., 2006; Rodrigues & Nascimento, 

2006; Laurance & Vasconcelos, 2009). Dessa forma, é notável que a maior perda florestal, 
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tanto em estrutura como em composição pode ocorrer nas bordas de fragmentos florestais, 

o que pode culminar em um looping de redução do seu tamanho original e ainda o 

aumento do isolamento (Taubert et al., 2018; Hansen et al., 2020; Fischer et al., 2021).  

 Quanto menor e mais isoladas são essas manchas florestais na paisagem, mais 

intensas são as forças externas sobre eles (Haddad et al., 2015). A relação espécie-área 

manifesta uma relação positiva entre o tamanho da área e o número de espécies 

encontrada nela, como relatado para ilhas oceânicas (Preston, 1962; Macarthur & Wilson, 

1967). Contudo, diferentemente de ilhas, o meio onde os fragmentos florestais estão 

inseridos podem não ser totalmente inóspitos. As matrizes do entorno podem ser mais ou 

menos favoráveis à vegetação natural, principalmente quando composta por uma 

formação florestal secundária. Quanto maior a semelhança entre a vegetação da matriz e 

a vegetação do fragmento florestal, maior tende a ser a permeabilidade desse sistema 

(Assis et al., 2019). Assim, a influência da matriz abrange desde o controle da dinâmica 

da paisagem e o efeito de borda, como o fluxo genético, migrações, dispersão e os 

stepping stones, que atuam como corredores ecológicos (Antonini et al., 2003; Ewers & 

Didham, 2006; Laurance & Vasconcelos, 2009). 

Há uma correlação direta e positiva entre o tamanho de um fragmento florestal e 

o número de espécies e indivíduos registradas nele (Laurance & Vasconcelos, 2009). 

Quanto maior o fragmento florestal, maior também tende a ser sua heterogeneidade 

ambiental, o que permite atender os requisitos para a persistência e reprodução de uma 

maior quantidade de espécies, inclusive muitas espécies raras. Espécies raras são a grande 

maioria das espécies encontradas em florestas tropicais (Laurance et al., 2011), que em 

áreas menores tenderiam a desaparecer com a restrição da quantidade e qualidade 

ambiental (Haddad et al., 2015). A capacidade de comportar grandes populações, não só 

de plantas, mas também de animais como de pequenos mamíferos, como as cutias, que 
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são responsáveis pela dispersão de sementes de palmeiras (Donatti, 2004), também 

garante o sucesso e permanência de espécies de plantas nos fragmentos florestais. Deste 

modo, a presença de certos animais reflete diretamente na ocorrência de determinadas 

espécies (Borges, 2007; Andreazzi et al., 2009). 

As mudanças ambientais causadas pela fragmentação florestal podem fazer com 

que o ambiente deixe de ser favorável para algumas espécies, ocasionando uma redução 

em sua abundância e distribuição. Em contrapartida, outras espécies, que anteriormente 

se encontravam com sua distribuição reduzida, agora podem ter sua abundância ampliada 

(Filgueiras et al., 2021). Outra possível mudança na vegetação causada pela fragmentação 

florestal é a substituição de espécies. Um ambiente perturbado propicia a entrada de 

espécies invasoras que tenderão a competir com espécies nativas e colonizar a área (Wirth 

et al., 2008; Laurance & Vasconcelos, 2009). O estudo de Fauset e colaboradores (2012) 

constatou mudanças na composição de plantas de clima úmido para mais tolerantes à seca 

nas florestas tropicais de Gana, devido a duas décadas de estiagem. 

Em uma comunidade fragmentada, as características intrínsecas à cada espécie 

como sua plasticidade, resiliência e ciclo de vida, devem determinar quando e como ela 

responderá às novas condições ambientais (Pimm, 1991; Scariot, 1996; Svenning, 1998). 

Contudo, a fragmentação florestal também influencia na capacidade das plantas de 

detectar mudanças no ambiente, diminuindo a eficácia na adaptação e resiliência 

(Cheptou et al., 2017). Como um efeito de redes ecológicas, as mudanças nas principais 

funções dos ecossistemas, declínio da biomassa e alteração dos ciclos de nutrientes 

(Haddad et al., 2015; Ordway & Asner, 2020) afetam outros componentes que 

interligados podem desestabilizar todo o ambiente, a começar pela fase de vida mais 

vulnerável, comum em todos os organismos, o estádio ontogenético imaturo.  
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Plantas no início do desenvolvimento são as primeiras a perecer em situações 

desfavoráveis, seguido do estádio juvenil e por último os adultos, que podem levar anos 

para apresentar mudanças efetivas (Ferraz, 2004). Brum e colaboradores (2008), ao 

estudar a influência da fragmentação florestal sobre sementes de Oenocarpus bacaba 

Mart. na Amazônia Central, observou que a perturbação causada pela fragmentação 

florestal influenciou diferentemente em cada fase da vida da palmeira. Plântulas foram 

afetadas negativamente, apresentando queda na abundância relativa, enquanto indivíduos 

já estabelecidos foram favorecidos. Com isso é notável que com o tempo haja uma 

redução da população de algumas espécies e consequentemente a diminuição de adultos 

viáveis, o que a longo prazo pode acarretar até mesmo em uma extinção local da espécie 

(Montúfar et al., 2011). 

O estudo de comunidades, apesar de consistir em uma visão ampla, deve também 

levar em consideração como a população de cada espécie responde aos efeitos de uma 

nova conformação florestal. Seguindo apenas às condições impostas pelas espécies mais 

comuns ou filogeneticamente semelhantes pode acarretar conclusões errôneas (Irwin et 

al., 2010). Piovesan e colaboradores (2022), estudando cipós do gênero Machaerium, 

relataram que duas entre oito espécies não foram favorecidas em ambientes de floresta 

fragmentada e outras quatro espécies apresentaram um comportamento neutro em relação 

à degradação ambiental causada pela fragmentação florestal. Muitos dos relatos indicam 

que cipós são sempre beneficiados após distúrbio florestal, mas muitas vezes tais 

conclusões não são baseadas em espécies devidamente identificadas. Assim como os 

cipós, algumas espécies de palmeiras não devem responder de forma uniforme às 

alterações no ambiente, além disso, estudar diferentes estádios ontogenéticos pode ajudar 

a inferir as futuras trajetórias e permanência de espécies nas comunidades (Lueder et al., 

2022). 
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Contudo, cada ambiente reage a perturbações de uma forma e é passível de 

influências únicas e específicas, podendo essa resposta ocorrer de forma imediata ou não. 

Assim, mesmo que os processos ecológicos possam ser modificados pouco tempo após a 

fragmentação florestal, os seus efeitos na composição, estrutura e dinâmica da vegetação 

podem levar anos para serem identificados (Antonini et al., 2003; Ewers & Didham, 

2006). Por isso a existência de trabalhos a longo prazo é tão importante, a rápida perda e 

degradação do habitat atrelado à demora na resposta das espécies vegetais, torna 

substancial o acompanhamento dessas áreas a fim de conhecer e interpretar as tendências 

e quais condições serão impostas às comunidades (Rodrigues & Nascimento, 2006). 

Numerosos estudos analisam os efeitos da fragmentação florestal sobre a 

biodiversidade. Contudo, a maioria se concentra em retratos pontuais da paisagem, sem 

de fato considerá-lo como um processo dinâmico ao longo do tempo (Ma et al., 2023). 

Escassos são os estudos a longo prazo que permitem o acompanhamento das áreas 

fragmentadas com possível comparação a florestas contínuas intactas adjacentes e 

diferentes tamanhos de fragmentos florestais, o que pode ajudar a detectar padrões não 

estudados. Além da necessidade de estudos que contemplem diferentes aspectos como 

número e composição de espécies e diferentes estádio ontogenéticos para uma 

compreensão mais aprofundada da relação ambiente e biodiversidade (Lueder et al., 

2022). 

A família Arecaceae apresenta uma distribuição Pantropical (Henderson et al., 

1995), além de uma alta diversidade e grandes populações. As florestas tropicais, pelas 

próprias características ambientais, como o clima quente e úmido e o elevado índice 

pluviométrico são detentoras de mais de 90% da diversidade de palmeiras (Couvreur et 

al., 2011). No Brasil são encontradas 389 espécies de palmeiras (Flora do Brasil, 2023), 
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especificamente, para o bioma amazônico, há o registro de ca. 150 espécies registradas 

até o momento (Flora do Brasil, 2023), sendo muitas endêmicas. 

As palmeiras apresentam grande relevância para as populações locais, sendo  

utilizadas intensivamente na produção de alimentos, remédios e em construções (Kahn & 

Castro, 1985; Kahn et al., 1988). Essa importância se estende também para as relações 

ecológicas, pois os frutos e sementes de palmeiras servem de alimento em épocas 

desfavoráveis para muitas espécies frugívoras (Bodmer & Ward, 2006; Balslev et al., 

2008) e podem intervir no processo de sucessão ecológica (Peters et al., 2004) ou na 

mudança funcional (Dantas et al., 2022). Mesmo com tal relevância e a garantia de 

manejos de uma cadeia produtiva para algumas espécies exploradas comercialmente 

como o açaí (Euterpe oleracea Mart.) e o babaçu (Attalea speciosa Mart.; Jardim & 

Anderson, 1987), a maioria das espécies podem estar sucumbindo pela perda de seus 

habitats devido ao cenário crescente de desmatamento e aumento do número de pequenos 

fragmentos florestais (Montibeller et al., 2020; Fischer et al., 2021). 

Além da importância para a fauna e para o homem, as palmeiras são boas 

indicadoras de alterações ambientais, tanto causadas pela fragmentação florestal ou por 

mudanças climáticas em geral. Mas devido às poucas inclusões em monitoramentos 

florestais, ainda não são bem representadas em estudos que levam em conta a composição 

e a dinâmica de comunidade (Rocha & Silva, 2005; Montúfar et al., 2011).   Dentro deste 

cenário de exclusão das palmeiras em monitoramentos florestais de longo prazo, há 

algumas exceções, como a rede de parcelas permanentes estabelecidas no Projeto 

Dinâmica Biológica de Fragmentos Florestais (PDBFF – INPA) que desde ca. quatro 

décadas teve como missão conhecer a diversidade do grupo e avaliar os efeitos causados 

pela fragmentação florestal. Agora, com o passar do tempo, surgiu uma ótima 
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oportunidade para ampliar o conhecimento sobre o efeito causado pela fragmentação 

florestal ao longo do tempo.  

O resultado desta oportunidade é apresentado nas próximas páginas em um 

capítulo único, em formato de artigo e escrito em inglês, onde exploramos a relação entre 

os efeitos espaciais e temporais, decorrente da fragmentação florestal, nos estádios 

ontogenéticos adulto, jovem e plântula das assembleias de palmeiras típicas da Amazônia 

Central. Para atingirmos este objetivo, contamos com a colaboração do Dr. Aldicir Scariot 

que em 1994, 15 anos após a criação do PDBFF, realizou o primeiro levantamento 

demográfico da família Arecaceae nos fragmentos florestais como parte das atividades de 

doutorado defendido pela Universidade da Califórnia (UCSB). O intuito principal na 

época era compreender como o processo de fragmentação florestal afetou a assembleia 

de palmeiras.  

O estudo representou uma iniciativa pioneira por realizar um extenso censo 

demográfico das palmeiras da região e acima disto, com a qualidade advinda da 

identificação taxonômica de cada uma das espécies.  Assim, contávamos com um quadro 

bastante completo da flora de palmeiras das florestas de terra firme fragmentadas e 

contínuas da ARIE PDBFF.  

Vale lembrar que o processo de conhecimento taxonômico das palmeiras havia 

começado um pouco antes com um inventário das palmeiras em uma área de floresta 

contínua de 10 ha localizada na reserva KM 41 composto unicamente por floresta 

contínua. Este estudo também pioneiro foi liderado pelo Dr. Andrew Henderson do Jardim 

Botânico de Nova Iorque e equipe. Assim, o conhecimento taxonômico das palmeiras 

desde o início contou com a qualidade de um especialista no grupo que passou seu 

conhecimento para seus colaboradores diretos. Entre eles, Aldicir Scariot, Manoel 
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Pacheco e Ocírio “Juruna” Souza que além de localizar e marcar cada indivíduo adulto 

de palmeiras na área de estudo, aprenderam a identificar as espécies registradas na 

ocasião. Juruna não só aprendeu, mas se tornou um especialista que durante todos esses 

anos, também contribuiu intensamente com inúmeros pesquisadores e alunos que 

trabalharam com palmeiras em diversos sítios, principalmente na Amazônia.  

Não foi diferente neste estudo, contamos com o apoio imprescindível do Juruna e 

desta vez, para termos além de uma visão espacial, realizamos um novo censo das 

palmeiras, nas mesmas áreas de estudo selecionadas por Scariot, mas desta vez 42 anos 

após o processo de fragmentação florestal original e 28 anos após o primeiro censo. 

Assim, pudemos entender, neste estudo que compõe as próximas páginas, as trajetórias 

da assembleia de palmeiras e de cada uma das espécies que a compõe. 

Assim, nosso estudo apresenta avanços inéditos acerca de trajetórias espaço-

temporal ao nível de assembleia e populações de palmeiras nos três estádios 

ontogenéticos, adulto, juvenil e plântula em fragmentos florestais de 1, 10 e 100 ha, 

comparados às florestas contínuas adjacentes. Contribuindo tanto para o entendimento do 

comportamento das florestas presente em fragmentos florestais ao longo do tempo e em 

diferentes tamanhos, quanto para a ecologia e dinâmica de uma das mais importantes 

famílias de plantas da Amazônia. Além, é claro, de fornecer informações úteis aos 

tomadores de decisões, quanto às melhores ações a serem seguidas com o intuito de 

mitigar os efeitos da fragmentação e preservar o meio ambiente, mesmo em um cenário 

presente e futuro de cada vez mais florestas tropicais fragmentadas. 
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Spatio-temporal trajectories of palms in response to forest fragmentation in 1 

Central Amazon 2 

 3 

Summary 4 

1. The demographic composition and abundances of 36 species of palms in 11 5 

genera distributed among forest fragments of different sizes were examined 15 and 42 6 

years after forest fragmentation in the Central Amazon.  7 

2. After 15 years of forest fragmentation, only the immature ontogenetic stages 8 

(seedlings and juveniles) showed an abundance decrease in forest fragments compared to 9 

continuous forest.  10 

3. Even 42 years after forest fragmentation, the forest fragments contained fewer 11 

adults, juveniles, and seedlings compared to their abundance in continuous forests. 12 

However, over time, there was an increase in the number of adults. On the other hand, the 13 

abundance of juveniles and seedlings remained in decline even in continuous forests. 14 

4. Larger forest fragments supported a higher abundance of palms than the 1 and 15 

10-ha fragments at all stages, resembling a continuous forest. 16 

5. Synthesis. Forest fragmentation alters the distribution and abundance in each 17 

stage in a species-specific manner but not the species composition of palm assemblages. 18 

Time since forest fragmentation and fragment size contribute to the magnitude of 19 

demographic changes in palm populations.  20 
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Introduction 21 

The fragmentation of tropical forests and the consequent loss of habitat is one of 22 

the greatest threats to global biodiversity (Pires et al., 2006). Subdivided forests are 23 

comprised of isolated forested remnants that exhibit potentially strong edge effects 24 

(Fischer et al., 2021). Forest edges are characterized by abrupt abiotic and biotic changes 25 

compared to the forest interior (Murcia, 1995). This new configuration of forest fragments 26 

changes the fragments' physical, chemical, and biological characteristics, increasing 27 

temperature and reducing humidity (Camargo & Kapos, 1995; Jose et al., 1996). These 28 

local environmental changes modify the forest structure and the species composition, 29 

where increased tree mortality leads to more simplified vegetation. However, changes 30 

extend beyond these microclimatic conditions, as forest fragments can also exhibit 31 

changes in ecological processes, including succession (Murcia, 1995; Scariot, 1999; 32 

Laurance et al., 2006; Rodrigues & Nascimento, 2006; Echeverría et al., 2007; Laurance 33 

& Vasconcelos, 2009). 34 

The smaller and more isolated these forest fragments are in the landscape, the 35 

more intense the external forces on them are (Haddad et al., 2015). Environmental 36 

heterogeneity increases with fragment size, such that larger fragments may generally 37 

support more species than small fragments, including many rare species (Laurance et al., 38 

2011), which in smaller areas would tend to disappear (Haddad et al., 2015). Therefore, 39 

a direct and positive correlation exists between forest fragment size and species diversity 40 

(Hill & Curran, 2003). 41 

In a fragmented community, the intrinsic characteristics of each species, such as 42 

plasticity, resilience, growth form, and life cycle, will determine when and how it will 43 

respond to local environmental conditions (Pimm, 1991; Scariot, 1996; Svenning, 1998). 44 
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However, because of the effects of forest fragmentation on environmental stressors (e.g., 45 

increased insolation, temperature, and wind) and effective population size, forest 46 

fragmentation might negatively affect the ability of plants to detect and respond 47 

adaptively to environmental change (Cheptou et al., 2017). Forest fragmentation may 48 

have cascading effects on the composition and function of ecological networks (Haddad 49 

et al., 2015; Ordway & Asner, 2020), the disruption of which can be highly destabilizing 50 

to their component populations, starting with the most vulnerable ontogenetic life stage. 51 

In plants, seedlings are generally the first life stage to perish in unfavorable situations, 52 

followed by the juvenile stage and, finally, the adult stage, which can take years to show 53 

effective changes (Ferraz, 2004), this transitional dynamic is called extinction debt 54 

(Jackson & Sax, 2010). However, in the future, the changes could lead to more simplified 55 

communities if the number of plant species decreases. 56 

Despite the generalizations above, the environment and taxon react to 57 

disturbances differently and at their own pace. Thus, even though ecological processes 58 

can be modified shortly after forest fragmentation, their effects on vegetation 59 

composition, structure, and dynamics can take years (Antonini et al., 2003; Ewers & 60 

Didham, 2006). 61 

Even considering the increase in the number of studies on the effects of forest 62 

fragmentation on biodiversity, most of them focus on a specific landscape scenario 63 

without looking at the dynamic process over time (Ma et al., 2023). Moreover, few long-64 

term studies have been designed to monitor forest fragments of different sizes while also 65 

monitoring adjacent continuous intact forests. In addition, studies need to consider the 66 

responses to fragmentation of a range of community attributes, such as species 67 

composition and the relative abundances of different functional traits (Liu et al., 2019). 68 
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Examining the responses of different ontogenetic stages in ecologically important plant 69 

taxa will contribute to a more in-depth understanding of the relationship between 70 

environmental conditions and biodiversity (Lueder et al., 2022), highlighting the 71 

importance of monitoring and carrying on long-term studies to interpret the trends and 72 

what conditions will be imposed on the communities. Building knowledge and 73 

information may contribute to their conservation and management (Rodrigues & 74 

Nascimento, 2006; Fischer et al., 2021). 75 

In the current study, we focus on the effects of forest fragmentation on a 76 

geographically widespread and taxonomically diverse angiosperm family of great 77 

ecological importance: the Arecaceae (palms). Palms have a pantropical distribution 78 

(Henderson et al., 1995), high species diversity, and are representative of tropical forests, 79 

often characterized by large populations. Palms play a fundamental role in both human 80 

and ecological relations, as they provide food in unfavorable times for many frugivorous 81 

species (Bodmer & Ward, 2006; Balslev et al., 2008) and affect the processes of 82 

ecological succession (Peters et al., 2004) and functional change (Dantas et al., 2022). 83 

Furthermore, palms are good indicators for evaluating environmental changes (Walther 84 

et al., 2007). However, because most species were worthless for the timber industry and 85 

did not reach the minimum diameter at the breast height (10 cm, in general) to be included 86 

in forest inventories, they are often excluded from inventories and monitoring (Rocha & 87 

Silva, 2005). Consequently, they are still poorly represented in studies of community 88 

composition and dynamics (Montúfar et al., 2011). 89 

This study aimed to investigate the spatiotemporal effects of forest fragmentation 90 

on palm assemblages using the world's most significant and oldest experimental study of 91 

habitat fragmentation, the Biological Dynamics of Forest Fragment Project (BDFFP) 92 
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(Laurance et al., 2011). We leveraged historical data on the composition of BDFFP palms 93 

obtained by Scariot (1996) 15 years after forest fragmentation, and we collected new data 94 

in the same sites 42 years after the initial fragmentation, which allowed us to measure the 95 

trajectories of palm populations in the different age groups (seedlings, juveniles, and 96 

adults). 97 

Thus, we asked: (1) Comparing the responses obtained 15 and 42 years after forest 98 

fragmentation, how do the consequences of forest fragmentation influence the 99 

ontogenetic stage structure and composition of palm assemblage? Moreover, (2) How 100 

does forest fragment size influence the ontogenetic stage structure and composition of 101 

palm assemblages? Furthermore, (3) Which species present a disadvantage, advantage, 102 

or neutrality in the face of forest fragmentation?  103 

We hypothesized that even 42 years after forest fragmentation, it would be 104 

possible to detect a change in the composition of palm assemblages throughout their life 105 

stage structures. We also predicted that the number of species and the population density 106 

of palms would be lower in isolated areas, mainly in smaller forest fragments. Thus, a 107 

decline of most palm populations and a possible local extinction of some species may 108 

occur, especially in smaller forest fragments. 109 

Material and Methods 110 

Study area 111 

The study was carried out in the Area of Relevant Ecological Interest Biological 112 

Dynamics of Forest Fragments Project (ARIE BDFFP; Fig. 1), which has reserves located 113 

in extensive continuous forests and reserves that were experimentally isolated between 114 

1980 and 1984. The isolated forest fragments are squared reserves between 100 and 350 115 
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m from the nearest continuous forest. Initially, each forest fragment was surrounded by 116 

pastures, but they are currently embedded in a matrix of regenerating secondary forests. 117 

The adjacent intact forests were maintained as control areas. ARIE BDFFP is 118 

located ca. 100 km north of Manaus; it has clay soil in plateaus and sandy soil in the 119 

valleys (Quesada et al., 2011), with a hot and humid climate (Fisch et al., 1996), and an 120 

average annual rainfall of 2,300 mm (Carvalho, 2012). Vegetation is classified as a dense 121 

rainforest with a closed canopy at an average height of 35 m and emerging trees reaching 122 

up to 50 m. Stemless palms dominate the typically more open understory, and some 123 

species of arboreal palms can reach up to 20 m in height (Scariot, 1996). 124 

 125 
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Fig 1. ARIE BDFFP in north of Manaus, Central Amazon. In detail, the three study sites, Dimona, 126 

Porto Alegre, and Colosso. Each site has forested fragment reserves of 1, 10, and 100 ha, marked 127 

by polygons closed by solid lines, except Colosso, which has no 100-ha reserve. 128 

Taxonomic group 129 

Palms (Arecaceae) are one of the world's most abundant and diverse taxonomic 130 

groups, comprising species representing a variety of life histories, reproductive 131 

characteristics, and habitat preferences (Muscarella et al., 2020). However, the highest 132 

species concentration is typically found in areas with a hot and humid climate (Kahn & 133 

Castro, 1985; Balslev et al., 2011). In terra firme-type forests in the Central Amazon, the 134 

understory is characterized by high diversity and abundance of palms (Montúfar et al., 135 

2011). Specifically, palms are part of the sub-canopy of plateaus and steep slopes or 136 

compose the canopy of valleys where the forest structure may be lower in height and 137 

more open. In 1989, Henderson and a working team recorded 11 genera and 30 species 138 

of palms in a permanent plot of 10 ha in a continuous forest of the BDFFP (unpublished 139 

study). Scariot (1996), after a spatially broader palm inventory in the BDFFP, recorded 140 

11 genera and 36 species of palms. 141 

Data Assembly 142 

In 1993-94, Scariot randomly established but restricted to topographically flatter 143 

areas, ten 20 x 20 m permanent plots, in forest fragments of 1, 10, and 100 ha in the 144 

Dimona, Porto Alegre, and Colosso sampling sites, and adjacent continuous forest. At 145 

each site, there was one representation of each size of forest fragment and continuous 146 

forest, except at the Colosso site, where no 100-ha reserve was established, totaling 11 147 

reserves studied (see Fig. 1). In each plot, all palm seedlings, juveniles, and adults were 148 

located, recorded, and identified to the species level.  149 
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During the inventory conducted in 2021-22, we also mapped and marked all adult 150 

palms using a metal identification tag. For more details on the sampling design, see 151 

Scariot (1999). Therefore, the first inventory was carried out 15 years after the initial 152 

isolation of forest fragments, and the second inventory was conducted ca. 28 years later 153 

(i.e., 42 years after forest fragmentation). To avoid pseudo-replications in the statistical 154 

analyses, the ten plots sampled in each fragment and adjacent continuous forest were 155 

summarized into a single data set. 156 

Several taxonomic updates were published during the time between the two 157 

inventories. Accordingly, several names of palm species found in time zero (T0-1994) 158 

were updated, as well as the emergence of new infra-specific varieties, such as Bactris 159 

hirta var. hirta Mart. and Bactris hirta var. pectinata (Mart.) Govaerts. However, the 160 

emergence of varieties was not considered in the analysis because there was no way to 161 

reassemble this information in the first survey. Likewise, species identified only at the 162 

genus level in the first and second inventory may not correspond to the same 163 

morphotypes. In these cases, we also consider only the genus for statistical analyses. 164 

Ontogenetic Stages 165 

We classified arborescent palms or those with stemless (underground stems) 166 

following the same criteria adopted by Scariot (1996). Adult individuals were those 167 

showing any evidence of current or previous reproduction, such as the presence of 168 

reproductive scars and leaves composed of fully formed leaflets. Juvenile individuals, 169 

with or without aerial stems, were identified by the presence of leaflets but without 170 

evidence of current or previous reproduction. Seedlings were identified as plants lacking 171 

an aerial stem or had yet to produce fully mature leaves typical of any focal species. 172 
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It is important to note that for some palm species, the classification into 173 

ontogenetic stages, especially for seedlings, may need to be revised, requiring a more 174 

robust approach. For example, Bactris hirta Mart. and its two variations, Bactris hirta 175 

var. pectinata (Mart.) Govaerts and Bactris hirta var. hirta Mart. are indistinguishable 176 

when immature. Therefore, in the current study, these taxa were assigned to the species 177 

Bactris hirta when examining its seedling life stage. 178 

Statistical analysis 179 

We used a BACI (before-after-control-impact) design to assess the effect of forest 180 

fragmentation and forest fragment size (1, 10, 100 ha) on the number of palm species, 181 

total abundance, and species composition for each ontogenetic stage (adult, juvenile, 182 

seedling). The fixed predictor variables were 'time' (T0 = 1994 and T1 = 2022), 'site' 183 

(continuous forest and fragment or fragment size), and the interaction between them. To 184 

evaluate species composition, we used Generalized Linear Models (GLM) to analyze 185 

multivariate abundance data from manyglm function with a negative binomial distribution 186 

(Warton et al., 2012) in the mvabund package (Wang et al., 2012). The p-value was 187 

calculated from 999 bootstraps using the ANOVA.manyglm function. To visualize the 188 

spatial and temporal composition of palm assemblages from different ontogenies in the 189 

continuous forest and forest fragments, we employed the first two ordination axes of the 190 

principal coordinate analysis (PCoA) built from the vegan package (Oksanen et al., 2022) 191 

and also, we used the Bray-Curtis dissimilarity matrix. We corrected negative eigenvalues 192 

using the Cailliez method (Legendre & Legendre, 2012). 193 

The effects of forest fragmentation and forest fragment size on the abundance and 194 

number of palm species were evaluated for each ontogenetic stage using generalized 195 

linear mixed models (GLMM) with the Poisson distribution of the glmmTMB package, 196 
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which fit well to the data count with many zeros (Brooks et al., 2017). The fixed predictor 197 

variables were 'time' (T0 = 1994 and T1 = 2022), 'site' (control and fragment or fragment 198 

size), and the interaction between them, and the random variable was the sampling 199 

location (fragment). The effect of interacting variables was evaluated using likelihood-200 

ratio tests. For models with significant interaction of the predictor variables, we assessed 201 

pairwise comparison between the 'time' × 'fragment' and 'time' × 'fragment size' using the 202 

lsmeans function from the emmeans package (Lenth, 2021) followed by Tukey (HSD) 203 

tests. 204 

We selected common species with better relative distribution (in % of the 205 

coverage area for all study sites) and high relative abundance at both study times in each 206 

ontogenetic stage to evaluate the effect of forest fragmentation and fragment size. The 207 

selection resulted in nine species for the adult stage (91% coverage of the studied area 208 

and 85% of total abundance), 11 species for juveniles (86% coverage of the studied area 209 

and 82% of total abundance), and 14 species for seedlings (86% coverage of the studied 210 

area and 95% of total abundance). The list of species in each ontogenetic stage can be 211 

seen in the supplementary material (Supplementary Table 1). Continuous forest and forest 212 

fragments and fragment size were compared for each species using GLMMs as previously 213 

described.  214 

We also used this analysis to evaluate the trajectory of the most common species 215 

in each ontogenetic stage regarding the effect of forest fragmentation. For each period 216 

inventoried (1994 - T0 and 2022 - T1), we made a spatial comparison between the 217 

continuous forest (CF) and forest fragments (FF), and for the interaction between the 218 

periods (1994 × 2022), a temporal comparison for both the continuous forest (CF) and 219 

the forest fragments (FF). Each species presented a neutral, negative, or positive trajectory 220 

in response. A neutral trajectory indicates that the species did not present significant 221 
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changes in its abundance for the comparisons; the negative trajectory indicates that the 222 

species presented significant changes, decreasing its abundance in forest fragments and/or 223 

over time; the positive trajectory indicates that the species presented significant changes, 224 

increasing its abundance in forest fragments and/or over time. All statistical operations 225 

were performed using the computer program R 4.2.3 (R Core Team, 2023). 226 

Results 227 

Overview data: In 1994 (T0), 23,225 palms were recorded, of which 1,274 were 228 

adults, 4,584 juveniles, and 17,367 seedlings, distributed among 11 genera, 33 spp., and 229 

three morphotypes. Ca. 28 years after the first survey and 42 years after the creation of 230 

forest fragments, we recorded 14,426 palms. Of this total, 3,542 were adults, 1,670 were 231 

juveniles, and 9,214 were seedlings (see more details in Supplementary Table 2). The  232 

palms were classified into 11 genera and 34 spp., and other three morphotypes were 233 

recorded during the inventory. 234 

Effect of forest fragmentation: Species composition has changed over time, both 235 

in continuous forests and forest fragments, but there was interaction of time and site 236 

(Table 1). The PCoA ordinations showed an evident temporal separation of assemblages 237 

for adults and juveniles but not so strong for seedlings (Figure 2 A-C). Time influenced 238 

the number of species for adults and juveniles, but no effect of site or interaction was 239 

recorded (Table 1). Over time, more species showed an increase in the number of adults 240 

and a decrease in the number of species with juveniles in T1. 241 

The time and site interaction affected abundance for all ontogenetic stages (Table 242 

1). Adult abundance was highest in continuous forests in T1, followed by forest fragments 243 

in T1, continuous forests in T0, and forest fragments in T0 (Table S3; Figure 3A). On the 244 

other hand, the effect of forest fragmentation on juveniles and seedlings was opposite to 245 
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that on adults; there was a higher abundance in the continuous forest in T0, followed by 246 

forest fragments in T0, continuous forest in T1, and forest fragments in T1 (Table S3; 247 

Figure 3C and 3E). This pattern indicates that the effect of forest fragmentation was 248 

evident in both periods, with greater abundance in continuous forests compared to forest 249 

fragments. Over time, the abundance of the palm assemblage was severely reduced by 250 

62%. However, the reduction was not homogeneous between ontogenetic classes since 251 

there was a 53% and 36% decrease for seedlings and juveniles, respectively. At the same 252 

time, there was an important increase of 278% among adults. 253 

 254 

Fig 2. The first two axes of principal coordinate analysis (PCoA) to assess the effect of forest 255 

fragmentation (A, B, C) and the effect of forest fragment size (D, E, F) on changing the abundance 256 

and composition of adult individuals (A and D), juveniles (B and E), and seedlings (C and F) of 257 

species from the Arecaceae family surveyed in 1994 and 2022 in areas of continuous forest and 258 

forest fragments of 1, 10 and 100-ha in the study sites of the Biological Dynamics of Forest 259 

Fragments Project (BDFFP), Central Amazon, Brazil.260 
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Table 1. GLMM and mvabund analyze to evaluate the influence of location, time, and location × time interaction on the number of species, abundance, and 261 

species composition in the three ontogenetic stages (adult, juvenile and seedling) of species of the Arecaceae family in continuous forests and fragments forests 262 

of 100, 10, and 1 ha in two sampling periods (1994 and 2022) in the reserves of the Biological Dynamics of Forest Fragments Project (BDFFP), Central Amazon, 263 

Brazil. Significant results (P < 0.05) are highlighted in bold. 264 

 Forest Fragmentation  Fragment Size 

 Location Time Location × Time  Location Time Location × Time 

Response variables LRT P LRT P LRT P  LRT P LRT P LRT P 

# of spp.: adults 0.69 0.41 7.35 0.01 0.04 0.85  1.33 0.72 7.35 0.01 0.33 0.96 

Abundance: adults 128.56 <0.0001 1111.53 <0.0001 283.26 0.0001  207.22 <0.0001 1111.53 <0.0001 37.17 <0.0001 

# of spp.: juveniles 1.55 0.21 8.46 0.004 0.38 0.54  2.99 0.39 8.46 0.004 2.25 0.52 

Abundance: juveniles 83.98 <0.0001 1411.72 <0.0001 552.82 0.02  198.61 <0.0001 1411.72 <0.0001 35.82 <0.0001 

# of spp.: seedlings  0.39 0.53 0.08 0.78 0.01 0.94  16.86 0.64 0.08 0.78 0.27 0.97 

Abundance: seedlings 1010.5 <0.0001 2341.6 <0.0001 109.50 <0.0001  1551 <0.0001 2341.6 <0.0001 124.68 <0.0001 

              

Species composition Wald P Wald P Wald P  Wald P Wald P Wald P 

Adult spp. 7.37 0.01 15.49 0.01 4.85 0.15  7.37 0.01 15.49 0.01 4.85 0.1 

Juvenile spp. 8.21 0.01 17.32 0.01 4.39 0.24  14.37 0.01 17.32 0.01 7.32 0.24 

Seedling spp. 10.01 0.01 14.63 0.01 3.89 0.75  18.32 0.01 14.63 0.01 6.79 0.88 

265 
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 266 

Fig 3. Effect of forest fragmentation (A, C, E) and size of the forest fragment (B, D, F) on the 267 

abundance of palms found in the adult, juvenile, and seedling ontogenetic stages in areas of 268 

continuous forest (CF) and forest fragments (FF) of 1, 10, and 100 ha in the two sampling periods 269 

(T0-1994 and T1-2022) in the reserves of the Biological Dynamics of Forest Fragments Project 270 

(BDFFP), Central Amazon, Brazil. 271 

Effect of forest fragment size: As found for forest fragmentation, time and site 272 

interaction on the effect of forest fragment size was restricted to abundance at all 273 

ontogenetic stages (Table 1). The decline in the palm abundance was more pronounced in 274 

the 1 and 10 ha forest fragments (Table 1; Figure 3 B, D, F). By contrast, the palm 275 
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abundance in the 100 ha forest fragments was similar to that of adjacent continuous 276 

forests, particularly for juveniles and seedlings (Table S5; Figure 3 B, D, F). 277 

Species response to fragmentation and forest fragment size:  The effect of forest 278 

fragmentation and fragment size on the abundance of the most common palm species, 279 

based on local and time interaction, revealed that the isolation of forest fragments affected 280 

each ontogenetic stage in a species-specific way (Supplementary Table 6). For only the 281 

effect of forest fragmentation, we observed that in the adult and juvenile ontogenetic 282 

phases, only three of the most common species showed significance for local and 283 

temporal interaction. At the same time, for seedlings, this number increased for five 284 

species (Supplementary Table 6). Of the species that did not show the influence of local 285 

and time interaction, time per se has influenced more species than site. Five adult, seven 286 

juvenile, and eight seedling species presented distinct temporal abundance. While 287 

considering solely site, five adult, four juvenile, and seven seedling species were 288 

influenced by forest fragmentation.  289 

For the effect of forest fragment size, the interaction between site and time 290 

influenced more species than forest fragmentation per se. Among adults, six species were 291 

influenced by the interaction, while five and nine species among juveniles and seedlings 292 

were influenced, respectively. The unique influence of site or time has been found for 293 

almost the same species at all ontogenetic stages (Supplementary Table 6). 294 

Considering all ontogenetic stages in both inventories, the response to forest 295 

fragmentation of the most common species was neutral (17 spp. in 1994 and 15 spp. in 296 

2022) or negative (14 spp. in 1994 and 17 spp. in 2022; Table 2). In 1994, most negative 297 

effects were found for seedlings (for 9 spp.). In 2022, the negative effects of forest 298 

fragmentation were found mainly among adult species (7 spp.) and seedlings (6 spp.). 299 
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Geonoma aspidiifolia and Astrocaryum sociale were the most negatively affected species, 300 

with a reduction in abundance in all ontogenetic stages (except for A. sociale for the adult 301 

stage) in both inventories. Only Geonoma deversa, Oenocarpus minor, and Syagrus 302 

inajai increased abundance at some ontogenetic stage in both inventories. 303 

In the temporal comparison between inventories, most species in the seedling and 304 

juvenile stages decreased abundance in the continuous forest (17 spp.) and the forest 305 

fragments (20 spp.; Table 2). On the other hand, practically all adults had an increased 306 

abundance in forest fragments and continuous forests. Bactris gastoniana was the species 307 

with the most positive trajectory over time, with an increased abundance of adults and 308 

seedlings in the forest fragments and continuous forest in the second inventory. 309 

Table 2. Summarized results of the GLMM analysis for the effect of forest fragmentation after 310 

two inventories (1994 and 2022) and considering the interaction with time (1994×2022) for 311 

common palm species in each ontogenetic stage: Adult (A), Juvenile (J) and Seedling (S) in areas 312 

of Continuous Forest (CF) and Forest Fragments (FF) of the Biological Dynamics of Forest 313 

Fragments Project (BDFFP) in Central Amazon, Brazil. The result for each year is the spatial 314 

comparison between CF and FF, while the interaction between inventories represents the temporal 315 

comparison for CF and FF. Zero (0) indicates a neutral effect after forest fragmentation and no 316 

temporal effect; the negative sign (-) indicates that the species showed a significant reduction in 317 

its abundance due to forest fragmentation and/or over time; the positive sign (+) indicates that the 318 

species presented a significant positive change, increasing its abundance and, consequently being 319 

favored by the isolation of forest fragments and/or over time. Blank results indicate that the 320 

species were not considered for analyzing that specific ontogenetic stage because they were rare, 321 

not very abundant, or distributed in clusters. 322 

 1994 (T0)  2022 (T1)  1994 × 2022 

 CF × FF   CF × FF  CF  FF 

Palm species A J S  A J S  A J S  A J S 
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Astrocaryum gynacanthum 0 0 -  0 0 -  + 0 -  + 0 - 

Astrocaryum sociale 0 - -  - - -  + - 0  + - - 

Attalea attaleoides 0 0 0  - 0 0  + - -  + - - 

Bactris acanthocarpa var. exscapa 0 0 -  - - 0  + - -  + - - 

Bactris acanthocarpa var. intermedia 0    -    +    0   

Bactris gastoniana 0 0 -  - 0 0  + 0 0  + 0 + 

Bactris hirta 0 -   - -   + -   + -  

Bactris simplicifrons   0    0    -    - 

Euterpe precatoria   0    -    0    0 

Geonoma aspidiifolia - - -  - - -  0 - -  0 - - 

Geonoma deversa 0 + 0  0 0 0  + 0 -  + - - 

Iriartella setigera   -    -    -    - 

Oenocarpus bacaba  0 -   0 -   + -   0 - 

Oenocarpus bataua   -    0    -    - 

Oenocarpus minor  - -   0 +   - -   - - 

Syagrus inajai  + +   0 +   0 -   - - 

 323 

Discussion 324 

Effect of forest fragmentation and forest fragment size: We generally found a 325 

reduction in the number of individuals in palm assemblages after forest fragmentation, 326 

which is associated with the reduction in the forest fragment size. Palms have long life 327 

cycles (Henderson, 2002); 15 years since forest fragmentation seemed insufficient to 328 

significantly affect the adult ontogenetic stages, but juvenile and seedling stages were 329 

negatively affected, mostly in smaller forest fragments. Thus, adult palms may have 330 

needed more time to respond to these changes (Scariot, 1996), generating a phenomenon 331 

called extinction debt (Jackson & Sax, 2010). Still, juveniles and especially seedlings, the 332 

most vulnerable life stages (Scariot, 1996), already have shown a drastic increase in 333 

mortality, possibly due to increases in solar radiation (Saunders et al., 1991), litterfall, 334 

trampling (Echeverría et al., 2007), and decreases in water availability near the edges 335 

(Camargo & Kapos 1995). 336 

The second survey finds that forest fragmentation is still a vector of persistent 337 

modification, as in addition to the continued reduction in abundance in the initial 338 
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ontogenetic stages, the effects also reached adult palms. However, even though the 339 

abundance of seedlings found was greater than that of juveniles, the latter were not 340 

superior to adults, contradicting the staggered pattern typically found in native forests, a 341 

strategy that guarantees a viable reproductive population (Giroldo & Scariot, 2015) and 342 

which was found in the first inventory. 343 

The higher values of abundance found in continuous forests and the stability of 344 

palm assemblies evidenced in censuses such as the study by Olivares et al. (2017) in the 345 

western Amazon indicate that the decrease in palm abundance resulted from the isolation 346 

of the areas. The trend we observed in our study may have been due to demographic 347 

stochasticity, which is important mainly in smaller populations (Aguilar et al., 2008), and 348 

environment stochasticity as the loss of specific microhabitats and reduction of available 349 

habitats (Saunders et al., 1991). These indicators are more accentuated in smaller forest 350 

fragments than larger ones (Saunders et al., 1991; Haddad et al., 2015). 351 

However, temporally, unlike the early stages, which saw a decrease in their 352 

abundance, the adults showed an increase in their number of individuals. Thus, increased 353 

adult population density may be a result of adult persistence as well as recruitment from 354 

other life stages, favored by increased formation of extensive gaps due to forest isolation 355 

(Svenning, 1998; Rodrigues & Nascimento, 2006), El Niño events and other climatic 356 

anomalies throughout the time frame of this study (Slik, 2004; Hansen et al., 2020), as in 357 

the significant droughts of 1998 and 2005 (Slik, 2004; Phillips et al., 2009). We cannot 358 

specify the age of each registered adult, but indeed, there was an accumulation of adults 359 

from different cohorts and lower mortality. However, reduced densities in the seedling 360 

and juvenile life stages indicated that although adults may be reproducing, the  361 

establishment of new individuals is persistently hindered (Baez & Balslev, 2007). 362 
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The disturbance from the isolation of forest fragments can affect palm 363 

assemblages directly and indirectly (Arroyo-Rodríguez et al., 2007), in an immediate way 364 

or not. As a cascade effect, forest fragmentation reduces habitat quality as foraging area 365 

and food availability to seed dispersers (Scariot, 1999; Galetti et al., 2006), consequently 366 

reducing opportunities for seed germination and decreasing seedling establishment. 367 

Furthermore, increased tree or debris fall (Montúfar et al., 2011) may increase seedling 368 

mortality (Rodrigues et al., 2014). Decreased seedling abundance reduces opportunities 369 

for the transition to the juvenile stage, which may lead to a following decline in adult 370 

abundance (Santos et al., 2016). The consequence is the loss of population viability and 371 

local ultimate extinction (Arroyo- Rodríguez et al., 2007), reducing palm diversity locally 372 

(Benitez-Malvido & Martinez-Ramos, 2003). We did not find such an extreme phase, but 373 

a sharp population decline could lead to this process over a few more decades (Turner et 374 

al., 1996; Jackson & Sax, 2010; Lueder et al., 2022). 375 

The differences in palm abundances between the first and second inventory in 376 

continuous forests indicate that factors other than forest fragmentation may influence 377 

palm assemblages. Although the study's intent was not to evaluate the impacts of climate 378 

change, the changes in palm assembly in intact forests may be of concern with the 379 

increased frequency of droughts and flood periods in Central Amazon (Blach-Overgaard 380 

et al., 2009; Flores et al., 2024). Melo Neto et al. (2014; article in preparation), in a 10-381 

ha plot of intact forest in the same Conservation Unit as our study, found, in a 30-year 382 

interval, that the total density of palms increased by 79%, leveraged by increased density 383 

in 83% of the presence of palm species, they also recorded three new species for the plot. 384 

These changes can represent the natural dynamics of the assembly or be associated with 385 

stochastic events and more complex phenomena that are difficult to detect and may be 386 

related to broader climate changes (Laurance et al., 2014). 387 
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Despite the temporal change in the number of species and both the effect of time 388 

and local for the composition, the non-relationship between time and location may be 389 

explained because the adjacent continuous forests or the secondary forested matrix acting 390 

as a source of propagules for the fragments (Laurance & Vasconcelos, 2009; Ferreira et 391 

al., 2017). In addition to the particularities of the landscape and metapopulation dynamics, 392 

some species can remain in fragmented areas simply because part of their population is 393 

resistant to environmental changes and has specific longevity (Melo Neto et al., 2024; 394 

article in preparation), causing a delay in extinction (Jackson & Sax, 2010). However, 395 

these surviving individuals may be 'living dead' or 'ghosts' as they are ineffective in 396 

maintaining their populations (Saunders et al., 1991; Scariot, 1996). Alternatively, even 397 

being effectively reproductive, many of their descendants did not resist the environmental 398 

changes in the fragmented areas, as demonstrated by the decrease in the number of 399 

seedlings recorded in this study. This result, however, differs from the findings of 400 

Bernacci et al. (2006), who found significant changes in the composition and the numbers 401 

of trees between a large reserve (>10,000 ha) and small forest fragments, although the 402 

number of species did not vary. 403 

Smaller forest fragments, in turn, when isolated and have their abiotic and biotic 404 

characteristics altered, especially considering that the edge effect can penetrate the entire 405 

forest fragment (Baez & Balslev, 2007; Nunes et al., 2022), lose the original 406 

microclimatic conditions and forest structure. With so many environmental changes, local 407 

species may disappear, allowing new colonization based on the new conditions, changing 408 

the natural environmental balance of the place (Scariot, 1998). As observed, this 409 

replacement of species composition may not necessarily change the number of species in 410 

the new environment. 411 
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Species response to fragmentation and forest fragment size: The response time of 412 

each species after environmental disturbance is not related only to its intrinsic 413 

characteristics but also to the time it takes until the new environmental conditions start to 414 

act. The time frame for palms to show the effects of the new environment differs across 415 

species and ontogenetic stages (Scariot, 1999). The adult life stage may take longer to 416 

respond depending on its biological characteristics, such as its life expectancy and 417 

resistance to disturbances (Scariot, 1999). As in any environment, most (common) species 418 

present similar conditions. However, Geonoma aspidiifolia was the only species with 419 

adult individuals already affected 15 years after the isolated areas. Species with aerial 420 

stems tend to be damaged more easily, in addition to being more exposed to winds and 421 

lightning or other unfavorable weather conditions, such as high temperatures and low air 422 

humidity. Conversely, underground stems give the individual more resistance, as in 423 

Astrocaryum sociale and Attalea attaleoides, which showed the adverse effects only 42 424 

years after forest fragmentation. 425 

The juveniles and seedlings were the life stages most negatively impacted since 426 

the first inventory. The increased abundance of juveniles of Geonoma deversa and 427 

Syagrus inajai and seedlings of S. inajai 15 years after forest fragmentation was not 428 

observed in the second inventory; the juvenile stage of both species was neutral to forest 429 

fragmentation. These species are typical of open and anthropized environments 430 

(Henderson et al., 1995; Briceño et al., 2021) and adapted to water storage (Briceño et 431 

al., 2021). 432 

Over time, the permeability of the matrix may change, which may or may not 433 

contribute to mitigating the consequences of forest fragmentation (Laurance et al., 2002), 434 

such as dispersal or fire. Initially, in our study, with the isolation of the areas, the matrix 435 

was composed of pastures, which over the years became secondary forest. The greater 436 
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the similarity between the matrix and the vegetation that makes up the forest fragments, 437 

the more significant the contribution of this filter to the patterns found in the forest 438 

fragments and possible resilience (Pires et al., 2006). A secondary forest can act as a 439 

refuge and reservoir of biodiversity. From the moment seedlings and juvenile palms are 440 

recruited, for example, they may return to the environmental conditions of mature forests 441 

(Norden et al., 2009). It is essential to note that the studied fragmented forests were 442 

inserted into a largely forested landscape, unlike the fragments in the eastern Amazon or 443 

the Brazilian Atlantic Forest. Therefore, the conclusions obtained by our study may be 444 

even more severe for other regions. 445 

Although Arecaceae is pantropical and generalist family, the species are limited 446 

by different conditions, such as topography (Raupp & Cintra, 2011), soil (Figueiredo et 447 

al., 2017), hydrology (Schietti et al., 2013), altitude and even due to the composition of 448 

species in the surrounding area (Scariot, 1996; Balslev et al., 2011; Olivares et al., 2017). 449 

Thus, only large areas can enjoy these broad attributes, including the most significant part 450 

of palm species. Therefore, only extensive, and protected areas can best contemplate the 451 

conservation of what is one of the most important and abundant botanical families in the 452 

Amazon (Cintra et al., 2005; Kahn & Granville, 2012; Lueder et al., 2022). 453 
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SUPPLEMENTARY INFORMATION 

 Supplementary Table 1. List of palm species (Arecaceae) separated in adult, juvenile, and seedling ontogenetic stages to evaluate the influence of location, 

time, and location × time interaction in areas of continuous forest and forest fragments of 100, 10, and 1 ha of the Biological Dynamics Project of Forest 

Fragments (BDFFP), Central Amazon, Brazil. Common species in both sampling periods (1994-2022) presented better distribution and a high relative abundance 

in the inventoried areas. 

 

Adult Juvenile Seedling 

Astrocaryum gynacanthum Mart. Astrocaryum gynacanthum Mart. Astrocaryum gynacanthum Mart. 

Astrocaryum sociale Barb.Rodr. Astrocaryum sociale Barb.Rodr. Astrocaryum sociale Barb.Rodr. 

Attalea attaleoides (Barb.Rodr.) Wess.Boer Attalea attaleoides (Barb.Rodr.) Wess.Boer Attalea attaleoides (Barb.Rodr.) Wess.Boer 

Bactris acanthocarpa var. exscapa Barb.Rodr. Bactris acanthocarpa var. exscapa Barb.Rodr. Bactris acanthocarpa var. exscapa Barb.Rodr. 

Bactris acanthocarpa var. intermedia A.J.Hend. Bactris gastoniana Barb.Rodr. Bactris gastoniana Barb.Rodr. 

Bactris gastoniana Barb.Rodr. Bactris hirta Mart. Bactris simplicifrons Mart. 

Bactris hirta Mart. Geonoma aspidiifolia Spruce Euterpe precatoria Mart. 

Geonoma aspidiifolia Spruce Geonoma deversa (Poit.) Kunth Geonoma aspidiifolia Spruce 

Geonoma deversa (Poit.) Kunth Oenocarpus bacaba Mart. Geonoma deversa (Poit.) Kunth 

 Oenocarpus minor Mart. Iriartella setigera (Mart.) H.Wendl. 

 Syagrus inajai (Spruce) Becc. Oenocarpus bacaba Mart. 

  Oenocarpus bataua Mart. 

  Oenocarpus minor Mart. 

  Syagrus inajai (Spruce) Becc. 
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Supplementary Table 2. Number of individuals per species of the Arecaceae family at each 

ontogenetic stage (adult, juvenile and seedling) in areas of continuous forest (CF) and forest 

fragments of 100, 10, and 1 ha distributed per sampling period (T0 = 1994; T1 = 2022) in the 

reserves of the Biological Dynamics of Forest Fragments Project (BDFFP), Central Amazon, 

Brazil. 

Adults T0 (1994) Total T1 (2022) Total 

 CF 100 ha 10 ha 1 ha  CF 100 ha 10 ha 1 ha  

Astrocaryum gynacanthum 14 17 8 29 68 57 32 42 49 180 

Astrocaryum sociale 105 110 120 110 445 480 275 293 231 1279 

Attalea attaleoides 33 6 31 51 121 225 102 175 194 696 

Attalea maripa 0 0 0 1 1 0 0 0 0 0 

Bactris acanthocarpa var. 

exscapa 29 17 28 20 94 75 56 31 32 194 

Bactris acanthocarpa var. 

intermedia 18 15 21 13 67 45 26 9 13 93 

Bactris aubletiana 0 0 0 0 0 9 23 5 7 44 

Bactris balanophora 0 0 0 1 1 0 6 0 0 6 

Bactris constanciae 4 10 0 1 15 2 13 1 4 20 

Bactris elegans 2 5 12 1 20 11 17 19 9 56 

Bactris gastoniana 7 5 8 6 26 80 59 41 18 198 

Bactris hirta 13 3 4 6 26 53 19 5 9 86 

Bactris killipii 0 0 0 0 0 1 1 2 0 4 

Bactris oligocarpa 5 8 8 8 29 5 3 4 1 13 

Bactris simplicifrons 2 1 5 6 14 8 4 4 9 25 

Bactris spp. 1 0 1 1 3 2 0 2 3 7 

Bactris tomentosa 4 6 1 5 16 6 9 1 11 27 

Desmoncus mitis 0 0 0 0 0 1 0 0 0 1 

Desmoncus polyacanthos 0 4 0 1 5 11 14 5 10 40 

Euterpe precatoria 2 0 0 1 3 35 7 12 7 61 

Geonoma aspidiifolia 75 33 14 17 139 88 35 12 30 165 

Geonoma deversa 9 15 20 20 64 48 22 36 30 136 

Geonoma maxima subsp. 

maxima 2 0 1 2 5 2 0 0 1 3 

Geonoma maxima subsp. 

spixiana 1 0 0 1 2 0 1 0 1 2 

Geonoma spp. 0 0 0 0 0 1 1 0 0 2 

Geonoma stricta subsp. stricta 4 0 8 0 12 7 0 11 2 20 

Iriartella setigera 7 0 3 0 10 2 3 3 1 9 

Lepidocaryum tenue 0 0 0 23 23 0 0 7 29 36 

Oenocarpus bacaba 2 0 2 1 5 12 7 8 16 43 

Oenocarpus minor 20 8 7 0 35 11 14 3 7 35 

Socratea exorrhiza 0 0 1 1 2 1 1 2 2 6 

Syagrus inajai 4 3 3 13 23 21 16 11 7 55 

Total 363 266 306 339 1274 1299 766 744 733 3542 

           

Juveniles           

Astrocaryum acaule 0 0 1 0 1 0 0 0 0 0 

Astrocaryum aculeatum 0 0 0 0 0 0 0 1 0 1 

Astrocaryum gynacanthum 45 43 41 41 170 40 39 38 30 147 
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Astrocaryum sociale 469 297 321 332 1419 145 100 77 93 415 

Attalea attaleoides 249 105 240 284 878 66 29 40 58 193 

Bactris acanthocarpa var. 

exscapa 84 61 46 63 254 15 6 6 2 29 

Bactris acanthocarpa var. 

intermedia 71 71 58 53 253 1 0 1 0 2 

Bactris aubletiana 0 0 0 0 0 2 10 1 5 18 

Bactris balanophora 2 1 0 1 4 0 3 0 0 3 

Bactris constanciae 12 15 2 1 30 0 1 0 0 1 

Bactris elegans 10 16 11 10 47 2 6 1 3 12 

Bactris gastoniana 47 51 43 21 162 32 34 20 31 117 

Bactris hirta 103 30 21 33 187 64 13 6 5 88 

Bactris killipii 2 0 1 0 3 0 0 1 0 1 

Bactris maraja var. maraja 0 0 6 1 7 0 0 0 0 0 

Bactris oligocarpa 18 17 9 8 52 3 4 2 1 10 

Bactris simplicifrons 18 15 13 17 63 7 8 0 8 23 

Bactris spp. 6 2 3 1 12 2 0 0 0 2 

Bactris tomentosa 17 19 1 10 47 1 3 0 1 5 

Desmoncus polyacanthos 10 11 27 24 72 2 3 5 2 12 

Euterpe precatoria 11 7 26 14 58 21 9 11 1 42 

Geonoma aspidiifolia 126 36 29 43 234 50 17 12 13 92 

Geonoma deversa 14 37 36 38 125 22 11 15 11 59 

Geonoma maxima subsp. 

maxima 4 0 3 0 7 1 1 1 1 4 

Geonoma maxima subsp. 

spixiana 7 0 1 1 9 0 1 0 0 1 

Geonoma spp. 0 0 1 0 1 0 0 0 0 0 

Geonoma stricta subsp. stricta 7 0 17 5 29 1 0 0 0 1 

Iriartella setigera 39 6 7 0 52 1 5 0 0 6 

Lepidocaryum tenue 0 0 10 68 78 0 0 11 67 78 

Oenocarpus bacaba 19 18 28 22 87 47 55 19 24 145 

Oenocarpus bataua 1 0 0 1 2 28 37 16 3 84 

Oenocarpus minor 44 29 22 19 114 10 7 4 5 26 

Socratea exorrhiza 1 1 5 4 11 1 0 6 1 8 

Syagrus inajai 14 45 23 34 116 17 17 2 9 45 

Total 1450 933 1052 1149 4584 581 419 296 374 1670 

           

Seedlings           

Astrocaryum aculeatum 0 0 0 0 0 0 0 12 7 19 

Astrocaryum gynacanthum 318 191 233 230 972 147 87 131 58 423 

Astrocaryum sociale 718 429 434 363 1944 630 390 346 223 1589 

Attalea attaleoides 208 121 174 209 712 133 114 173 127 547 

Attalea maripa 4 0 0 0 4 0 1 0 0 1 

Bactris acanthocarpa var. 

exscapa 204 85 53 70 412 18 12 14 9 53 

Bactris acanthocarpa var. 

intermedia 88 38 48 31 205 2 0 1 0 3 

Bactris aubletiana 0 0 0 0 0 3 12 9 3 27 

Bactris balanophora 0 0 0 0 0 0 17 0 0 17 

Bactris constanciae 5 6 1 0 12 0 4 0 0 4 

Bactris elegans 4 4 12 2 22 1 8 6 0 15 

Bactris gastoniana 35 31 12 10 88 41 38 37 17 133 

Bactris hirta 0 0 0 0 0 110 25 26 31 192 

Bactris killipii 9 2 2 0 13 2 1 0 1 4 

Bactris maraja var. maraja 0 0 2 0 2 0 0 0 0 0 
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Bactris oligocarpa 24 31 14 8 77 4 2 1 0 7 

Bactris simplicifrons 66 60 42 42 210 29 25 34 26 114 

Bactris spp. 2 5 3 3 13 2 0 0 1 3 

Bactris tomentosa 20 11 1 6 38 11 17 2 6 36 

Desmoncus polyacanthos 5 3 16 3 27 3 2 8 12 25 

Euterpe precatoria 191 166 195 66 618 193 91 248 52 584 

Geonoma aspidiifolia 523 143 67 56 789 168 65 41 16 290 

Geonoma deversa 134 99 163 57 453 66 38 78 30 212 

Geonoma maxima subsp. 

chelidonura 15 5 0 5 25 0 0 0 1 1 

Geonoma maxima subsp. 

maxima 114 23 21 24 182 59 19 7 15 100 

Geonoma maxima subsp. 

spixiana 5 2 0 3 10 6 0 1 3 10 

Geonoma spp. 0 0 0 0 0 2 3 1 0 6 

Geonoma stricta subsp. stricta 13 0 12 4 29 1 0 8 1 10 

Iriartella setigera 284 44 21 5 354 27 27 4 2 60 

Lepidocaryum tenue 0 0 10 77 87 0 0 13 16 29 

Oenocarpus bacaba 1857 1096 1161 1840 5954 985 522 635 1098 3240 

Oenocarpus bataua 1114 276 185 116 1691 157 168 105 66 496 

Oenocarpus minor 439 361 285 64 1149 60 109 93 103 365 

Socratea exorrhiza 8 11 20 13 52 6 12 24 9 51 

Syagrus inajai 167 208 202 267 844 102 125 149 172 548 

Total 6574 3451 3389 3574 16988 2968 1934 2207 2105 9214 
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Supplementary Table 3. Pairwise multiple comparisons of GLMM models of the effect of forest 

fragmentation on the number of species and abundance of the three ontogenetic stages (adult,  

juvenile and seedling) of species from the Arecaceae family in areas of continuous forest (CF) 

and forest fragments (FF) in the sampling time periods: T0 = 1994 and T1 = 2022 in the reserves 

of the Biological Dynamics of Forest Fragments Project (BDFFP) in the Central Amazon, Brazil.  

Significant results (p < 0.05) are highlighted in bold. 

Comparisons Abundance 

Adults z P 

T0 CF × T0 FF 1.17 0.65 

T1 CF × T1 FF 12.77 <0.0001 

T0 CF × T1 CF -21.48 <0.0001 

T0 FF × T1 FF -22.94 <0.0001 

   

Juveniles z P 

T0 CF × T0 FF 6.71 <0.0001 

T1 CF × T1 FF 6.92 <0.0001 

T0 CF × T1 CF 18.63 <0.0001 

T0 FF × T1 FF 30.05 <0.0001 

   

Seedlings z P 

T0 CF × T0 FF 32.67 <0.0001 

T1 CF × T1 FF 10.39 <0.0001 

T0 CF × T1 CF 35.96 <0.0001 

T0 FF × T1 FF 31.94 <0.0001 
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Supplementary Table 4. Average number of species and abundance (± Standard Deviation) for the three ontogenetic stages (adult, juvenile and seedling) of the 

Arecaceae family in areas of continuous forest (CF) and forest fragments of 100, 10, and 1 ha distributed per period of sampling (T0 = 1994; T1 = 2022) in the 

reserves of the Biological Dynamics of Forest Fragments Project (BDFFP), Central Amazon, Brazil. 

 

 

 

 

Response variables T0 (1994)  T1 (2022) 

 CF 100 ha 10 ha 1 ha  CF 100 ha 10 ha 1 ha 

Number of adults spp. 17±2.65 15.5±0.71 14.3±5.03 15.7±3.51  21.7±3.51 22.5±4.95 19.3±3.06 19.3±3.06 

Abundance of adults 121±40.73 133±53.74 102±27.5 113±56.15  433±66.84 383±21.21 248±39.95 244.3±39.11 

Number of juveniles spp. 22.7±0.58 21±0 21.7±4.04 20.3±2.31  18.7±1.53 19.5±0.71 13.7±0.58 13.7±5.13 

Abundance of juveniles 483.3±34.02 466.5±68.59 350.7±46 383±107.59  193.7±68.86 209.5±74.25 98.7±16.2 124.7±55.77 

Number of seedlings spp. 23±2.65 24±1.41 21.7±2.08 20.3±0.58  22.7±2.52 23.5±0.71 19.7±3.51 21±1.73 

Abundance of seedlings 2,191.3±487.05 1,725.5±191.63 1,129.7±150.19 1,191.3±467.61  989.3±354.95 967±1.41 735.7±194.28 701.7±78.93 

          

Total number of spp. 26.3±0.58 25.5±0.71 25.3±2.89 23.7±2.52  26±2.6 25.5±2.12 23.3±4.51 23±1.73 

Total abundance 2,875±561.63 2,360.5±51.62 1,593.67±216.01 1,699.33±353.90  1,616±464.90 1,559.5±51.62 1,082.33±222.33 1,070.67±168.14 
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Supplementary Table 5. Multiple pairwise comparisons of GLMM models for the effect of forest 

fragment size on the number of species and abundance in the three ontogenetic stages (adult,  

juvenile and seedling) of species from the Arecaceae family in areas of continuous forest (CF) 

and forest fragments of 100, 10, and 1 ha in two sampling periods (T0 = 1994; T1 = 2022) in the 

areas of the Biological Dynamics of Forest Fragments Project (BDFFP) in the Central Amazon, 

Brazil. Significant results (p < 0.05) are highlighted in bold. 

Comparisons Abundance 

Adults z P 

T0 1ha × T0 CF -0.91 0.99 

T0 10ha × T0 CF -2.20 0.35 

T0 100ha × T0 CF 0.89 0.99 

T0 10ha × T0 1ha -1.30 0.90 

T0 100ha × T0 1ha 1.71 0.68 

T0 100ha × T0 10ha 2.88 0.08 

T1 1ha × T1 CF -12.39 <0.0001 

T1 10ha × T1 CF -12.12 <0.0001 

T1 100ha × T1 CF -3.09 0.04 

T1 10ha × T1 1ha 0.29 0.99 

T1 100ha × T1 1ha 8.10 <0.0001 

T1 100ha × T1 10ha 7.85 <0.0001 

T0 CF × T1 CF -21.48 <0.0001 

T0 1ha × T1 1ha -11.74 <0.0001 

T0 10ha × T1 10ha -13.08 <0.0001 

T0 100ha × T1 100ha -14.86 <0.0001 

   

Juveniles   

T0 1ha × T0 CF -5.89 <0.0001 

T0 10ha × T0 CF -7.92 <0.0001 

T0 100ha × T0 CF -0.57 0,99 

T0 10ha × T0 1ha -2.07 0.44 

T0 100ha × T0 1ha 4.62 0.0001 

T0 100ha × T0 10ha 6.45 <0.0001 

T1 1ha × T1 CF -6.65 <0.0001 

T1 10ha × T1 CF -9.45 <0.0001 

T1 100ha × T1 CF 1.38 0.86 

T1 10ha × T1 1ha -3.01 0.05 

T1 100ha × T1 1ha 7.39 <0.0001 

T1 100ha × T1 10ha 9.98 <0.0001 

T0 CF × T1 CF 18.63 <0.0001 

T0 1ha × T1 1ha 18.86 <0.0001 

T0 10ha × T1 10ha 19.28 <0.0001 

T0 100ha × T1 100ha 13.61 <0.0001 
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Seedlings   

T0 1ha × T0 CF -29.33 <0.0001 

T0 10ha × T0 CF -31.33 <0.0001 

T0 100ha × T0 CF -8.58 <0.0001 

T0 10ha × T0 1ha -2.22 0.34 

T0 100ha × T0 1ha 17.31 <0.0001 

T0 100ha × T0 10ha 19.24 <0.0001 

T1 1ha × T1 CF -12.06 <0.0001 

T1 10ha × T1 CF -10.54 <0.0001 

T1 100ha × T1 CF 1.01 0.97 

T1 10ha × T1 1ha 1.55 0.78 

T1 100ha × T1 1ha 11.70 <0.0001 

T1 100ha × T1 10ha 10.33 <0.0001 

T0 CF × T1 CF 35.96 <0.0001 

T0 1ha × T1 1ha 19.27 <0.0001 

T0 10ha × T1 10ha 15.68 <0.0001 

T0 100ha × T1 100ha 20.39 <0.0001 
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Supplementary Table 6. GLMM models and likelihood ratio tests to evaluate the influence of location, time and location × time interaction on the abundance 

of common species of the three ontogenetic stages (adult, juvenile and seedling) of the Arecaceae family in continuous forest areas and forest fragments of 100, 

10, and 1 ha in two sampling periods (1994 and 2022) in the reserves of the Biological Dynamics of Forest Fragments Project (BDFFP), Central Amazon, Brazil.  

Related to the effect of forest fragmentation, data from different sizes of forest fragments are grouped into a single variable. Related to the effect of forest 

fragment size, each forest fragment size is an independent variable. Significant results (P < 0.05) are highlighted in bold. 

Response variables Fragmentation  Fragment size 

 Location Time Location × Time  Location Time Location × Time 

Adults LRT P LRT P LRT P  LRT P LRT P LRT P 

Astrocaryum gynacanthum 0.43 0.51 52.46 <0.0001 3.09 0.08  6.66 0.08 52.46 <0.0001 10.67 0.01 

Astrocaryum sociale 34.72 <0.0001 420.88 <0.0001 29.82 <0.0001  97.59 <0.0001 420.88 <0.0001 31.17 <0.0001 

Attalea attaleoides 5.92 0.02 447.30 <0.0001 1.25 0.26  15.08 0.002 447.3 <0.0001 16.51 0.001 

Bactris acanthocarpa var. exscapa 10.21 0.001 35.46 <0.0001 1.70 0.19  33.56 <0.0001 35.46 <0.0001 10.52 0.02 

Bactris acanthocarpa var. intermedia 12.69 0.0004 4.24 0.04 7.72 0.01  22.12 <0.0001 4.24 0.04 15.64 0.003 

Bactris gastoniana 17.43 <0.0001 149.69 <0.0001 1.84 0.18  44.58 <0.0001 149.69 <0.0001 6.44 0.09 

Bactris hirta 48.68 <0.0001 33.89 <0.0001 1.10 0.29  61.96 <0.0001 33.89 <0.0001 5.80 0.12 

Geonoma aspidiifolia 107.31 <0.0001 2.23 0.14 0.01 0.91  131.57 <0.0001 2.23 0.14 2.67 0.45 

Geonoma deversa 0.53 0.47 26.51 <0.0001 10.47 <0.0001  1.57 0.67 26.51 <0.0001 10.77 0.01 

              

Juveniles              

Astrocaryum gynacanthum 0.02 0.90 1.67 0.20 0.02 0.88  12.05 0.01 1.67 0.20 0.64 0.89 

Astrocaryum sociale 31.03 <0.0001 581.02 <0.0001 0.51 0.47  81.70 <0.0001 581.02 <0.0001 4.46 0.22 

Attalea attaleoides 1.27 0.26 474.33 <0.0001 2.54 0.11  20.24 0.0002 474.33 <0.0001 5.96 0.11 

Bactris acanthocarpa var. exscapa 6.53 0.01 205.27 <0.0001 3.81 0.05  29.02 <0.0001 205.27 <0.0001 7.38 0.06 

Bactris gastoniana 0.51 0.47 7.29 0.01 0.09 0.76  21.42 <0.0001 7.29 0.01 9.53 0.02 

Bactris hirta 133.26 <0.0001 36.45 <0.0001 8.04 0.005  146.94 <0.0001 36.45 <0.0001 11.56 0.01 
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Geonoma aspidiifolia 114.46 <0.0001 63.97 <0.0001 0.01 0.93  118.93 <0.0001 63.97 <0.0001 1.12 0.77 

Geonoma deversa 3.93 0.05 24.21 <0.0001 16.30 <0.0001  4.24 0.24 24.21 <0.0001 17.10 0.001 

Oenocarpus bacaba 0.15 0.70 14.65 0.0001 3.06 0.08  30.50 <0.0001 14.65 0.0001 19.08 0.0003 

Oenocarpus minor 10.79 0.001 59.70 <0.0001 0.0002 0.99  16.20 0.001 59.70 <0.0001 0.28 0.96 

Syagrus inajai 4.94 0.03 32.41 <0.0001 12.63 0.0004  37.28 <0.0001 32.41 <0.0001 17.20 0.001 

              

Seedlings              

Astrocaryum gynacanthum 24.45 0.001 222.01 <0.0001 0.55 0.46  45.87 <0.0001 222.01 <0.0001 21.13 <0.0001 

Astrocaryum sociale 186.22 <0.0001 35.73 <0.0001 2.73 0.10  427.02 <0.0001 35.73 <0.0001 15.60 0.001 

Attalea attaleoides 0.10 0.75 21.69 <0.0001 3.78 0.05  1.31 0.73 21.69 <0.0001 15.37 0.002 

Bactris acanthocarpa var. exscapa 85.62 <0.0001 314.71 <0.0001 4.64 0.03  117.32 <0.0001 314.71 <0.0001 7.66 0.05 

Bactris gastoniana 5.61 0.02 9.23 0.002 1.87 0.17  46.04 <0.0001 9.23 0.002 7.17 0.07 

Bactris simplicifrons 1.14 0.29 28.88 <0.0001 1.30 0.25  12.76 0.005 28.88 <0.0001 5.42 0.14 

Euterpe precatoria 12.98 0.0003 0.96 0.33 0.63 0.43  230.74 <0.0001 0.96 0.33 29.28 <0.0001 

Geonoma aspidiifolia 698.01 <0.0001 239.79 <0.0001 6.34 0.01  791.64 <0.0001 239.79 <0.0001 11.44 <0.0001 

Geonoma deversa 4.04 0.04 89.36 <0.0001 0.16 0.68  80.10 <0.0001 89.36 <0.0001 1.52 0.68 

Iriartella setigera 420.96 <0.0001 231.29 <0.0001 29.88 <0.0001  508.94 <0.0001 231.29 <0.0001 34.40 <0.0001 

Oenocarpus bacaba 32.49 <0.0001 813.21 <0.0001 0.61 0.43  376.45 <0.0001 813.21 <0.0001 12.61 0.01 

Oenocarpus bataua 943.25 <0.0001 690.10 <0.0001 184.01 <0.0001  1166 <0.0001 690.1 <0.0001 184.26 <0.0001 

Oenocarpus minor 38.66 <0.0001 426.41 <0.0001 64.87 <0.0001  235.91 <0.0001 426.41 <0.0001 152.57 <0.0001 

Syagrus inajai 44.32 <0.0001 63.43 <0.0001 0.29 0.59  62.16 <0.0001 63.44 <0.0001 2.10 0.55 
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Supplementary Table 7. Results of pairwise multiple comparisons for the effect of forest fragmentation on the abundance of common species in each 

ontogenetic stage (Adults, Juveniles and Seedlings) of the Arecaceae family in Continuous Forest (CF) and Forest Fragments (FF) between two sampling periods 

(T0 = 1994; T1 = 2022) in the study sites of the Biological Dynamics of Forest Fragments Project (BDFFP) in Central Amazon, Brazil. Significant results (P < 

0.05) are highlighted in bold. 

Comparisons T0 CF × T0 FF T1 CF × T1 FF T0 CF × T1 CF T0 FF × T1 FF 

Adults – palm species  z P z P z P z P 

Astrocaryum gynacanthum -1.14 0.66 1.48 0.45 -4.77 <0.0001 -5.05 <0.0001 

Astrocaryum sociale -1.81 0.27 7.99 <0.0001 -14.11 <0.0001 -13.20 <0.0001 

Attalea attaleoides -0.11 1 2.71 0.03 -10.31 <0.0001 -14.46 <0.0001 

Bactris acanthocarpa var. exscapa 0.74 0.88 3.46 0.003 -4.36 0.0001 -3.93 0.001 

Bactris acanthocarpa var. intermedia 0.09 1 4.64 <0.0001 -3.30 0.01  0.10 1 

Bactris gastoniana 0.10 1 4.53 <0.0001 -6.20 <0.0001 -7.41 <0.0001 

Bactris hirta 2.50 0.06 6.55 <0.0001 -4.55 <0.0001 -2.85 0.02 

Geonoma aspidiifolia 7.21 <0.0001 7.70 <0.0001 -1.02 0.74 -1.10 0.69 

Geonoma deversa -2.16 0.13 2.39 0.08 -4.62 <0.0001 -2.74 0.03 

         

Juveniles – palm species         

Astrocaryum gynacanthum -0.19 1 0.02 10000 0.54 0.95 1.18 0.64 

Astrocaryum sociale 4.63 <0.0001 3.36 0.004 12.36 <0.0001 18.25 <0.0001 

Attalea attaleoides 0.34 0.99 1.96 0.20 9.60 <0.0001 16.45 <0.0001 

Bactris acanthocarpa var. exscapa 1.80 0.27 2.74 0.03 6.16 <0.0001 9.00 <0.0001 

Bactris gastoniana 0.75 0.88 0.23 1 1.68 0.33 2.12 0.15 

Bactris hirta 8.06 <0.0001 8.20 <0.0001 2.99 0.02 5.41 <0.0001 

Geonoma aspidiifolia 9.17 <0.0001 5.85 <0.0001 5.54 <0.0001 5.20 <0.0001 

Geonoma deversa -3.58 0.002 2.00 0.19 -1.33 0.55 5.81 <0.0001 
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Oenocarpus bacaba -1.14 0.66 1.38 0.51 -3.33 0.01 -2.32 0.09 

Oenocarpus minor 3.07 0.01 1.45 0.47 4.25 0.0001 5.35 <0.0001 

Syagrus inajai -3.44 0.003 1.65 0.35 -0.54 0.95 6.08 <0.0001 

         

Seedlings – palm species         

Astrocaryum gynacanthum 3.78 0.001 3.42 0.004 7.74 <0.0001 12.02 <0.0001 

Astrocaryum sociale 9.21 <0.0001 10.68 <0.0001 2.40 0.08 5.70 <0.0001 

Attalea attaleoides 1.03 0.73 -1.66 0.35 4.03 0.0003 2.97 0.02 

Bactris acanthocarpa var. exscapa 9.64 <0.0001 1.06 0.72 9.89 <0.0001 9.77 <0.0001 

Bactris gastoniana 2.64 0.04 0.96 0.77 -0.69 0.90 -3.20 0.01 

Bactris simplicifrons 1.56 0.40 -0.30 0.99 3.70 0.001 3.86 0.001 

Euterpe precatoria 2.05 0.17 3.14 0.01 -0.10 0.10 1.26 0.59 

Geonoma aspidiifolia 23.09 <0.0001 11.63 <0.0001 12.82 <0.0001 7.13 <0.0001 

Geonoma deversa 1.44 0.47 1.50 0.44 4.71 <0.0001 7.83 <0.0001 

Iriartella setigera 18.11 <0.0001 3.15 0.01 11.70 <0.0001 3.57 0.002 

Oenocarpus bacaba 5.11 <0.0001 2.78 0.03 16.09 <0.0001 22.77 <0.0001 

Oenocarpus bataua 32.42 <0.0001 2.47 0.06 22.99 <0.0001 7.77 <0.0001 

Oenocarpus minor 9.50 <0.0001 -4.02 0.0003 14.47 <0.0001 12.35 <0.0001 

Syagrus inajai -4.68 <0.0001 -4.38 0.0001 3.92 0.001 6.85 <0.0001 
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Supplementary Figure 1. Effect of forest fragmentation on the abundance of common palms in the adult ontogenetic stage in areas of continuous forests (CF) 

and forest fragments (FF) in the two sampling periods (T0-1994 and T1-2022) in the reserves of the Biological Dynamics of Forest Fragments Project (BDFFP), 

Central Amazon, Brazil. 
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Supplementary Figure 2. Effect of forest fragmentation on the abundance of common palms in the juvenile ontogenetic stage in areas of continuous forest 

(CF) and forest fragments (FF) in the two sampling periods (T0-1994 and T1-2022) in the reserves of the Biological Dynamics of Forest Fragments Project 

(BDFFP), Central Amazon, Brazil.  
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Supplementary Figure 3. Effect of forest fragmentation on the abundance of common palms in 

the seedling ontogenetic stage in areas of continuous forests (CF) and forest fragments (FF) in the 

two sampling periods (T0-1994 and T1-2022) in the reserves of the Biological Dynamics of Forest 

Fragments Project (BDFFP), Central Amazon, Brazil. 
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Conclusão geral 

O levantamento de palmeiras nas áreas fragmentadas e nas florestas contínuas 42 

anos após o isolamento das áreas e 28 após o primeiro inventário possibilitou investigar 

a dinâmica espacial e temporal da família Arecaceae. Constatamos que o período de 15 

anos foi curto para ser observado mudanças na assembleia como um todo, porém, os 

estádios ontogenéticos mais sensíveis como as plântulas e jovens já apresentavam uma 

queda no número de indivíduos, principalmente nos fragmentos florestais menores 

quando comparados com a floresta contínua. Enquanto o segundo inventário confirmou 

nossas previsões, já que o efeito observado no primeiro levantamento foi potencializado, 

tanto espacial quanto temporalmente. Mas dessa vez as consequências alcançaram 

também o estádio adulto, mas o efeito foi inverso, tendo um aumento na quantidade de 

palmeiras adultas nos fragmentos florestais, mas até mesmo nas florestas contínuas. 

Dessa forma, as mudanças ambientais causadas pela fragmentação florestal como 

a diminuição de habitat disponível, competição interespecífica e estocasticidade 

ambiental e demográfica, estão de fato relacionadas e são forças motrizes na diminuição 

expressiva no número de indivíduos e na presença de espécies exclusivas para as florestas 

contínuas e principalmente para os fragmentos florestais, mesmo não havendo alteração 

no número de espécies em geral. Mas sim uma variação temporal da composição de 

espécies nos três estádios ontogenéticos, o que pode revelar a ocorrência de substituição 

de espécies e não a sua perda.  

Contudo, devemos ressaltar também a influência de eventos externos que podem 

ir além da dinâmica natural, já que as florestas contínuas também apresentaram alterações 

temporais. Isso demonstra a necessidade de soluções pragmáticas ligadas diretamente a 
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conservação de áreas florestais, bem como indiretas, correlacionadas às mudanças 

climáticas, por exemplo. 

Concluímos que a fragmentação florestal atua em cada estádio ontogenético de 

maneira espécie-específica, mas onde a maioria das espécies apresentam respostas 

semelhantes, uma diminuição temporal no número de indivíduos, exceto para os adultos. 

Plântulas e juvenis têm uma resposta mais rápida e sendo alguns positivamente 

relacionados com o isolamento das áreas, enquanto adultos, com o tempo de retorno 

maior, não apresentam espécies favorecidas pela fragmentação florestal, o que pode ao 

longo de um período maior reestruturar a faixa etária dessa comunidade, já que não há 

uma reposição populacional viável. Dessa forma, estudos a longo prazo devem persistir 

e compreender monitoramentos mais longos, além dos ciclos naturais de vida das 

palmeiras, visto que seu processo de resposta às alterações em sua abundância e 

composição provenientes da fragmentação florestal pode compreender diferentes fases. 
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