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RESUMO 

O avanço da pressão antrópica em regiões tropicais tem levado à chegada de plantas exóticas 

invasoras em áreas de florestas inseridas em contextos de perda e fragmentação de hábitat. 

Florestas tropicais são historicamente consideradas menos suscetíveis à invasão do que outros 

tipos de vegetação, devido, principalmente, à baixa disponibilidade de luz, condição 

verificada principalmente nas fitofisionomias perenifólias. No entanto, estudos recentes têm 

mostrado que muitas espécies tolerantes à sombra conseguem sobreviver nessas condições. 

Diversos estudos têm mostrado que plantas exóticas invasoras apresentam atributos que 

ajudam a explicar o sucesso de invasão destas espécies comparado às nativas, inclusive sob 

diferentes condições de luminosidade. Os objetivos deste estudo foram: (Capítulo 1) 

identificar quais fatores explicam a riqueza de plantas lenhosas exóticas invasoras em 

florestas neotropicais com diferentes níveis de deciduidade foliar e, (Capítulo 2) quais 

atributos relacionados à germinação e crescimento diferem entre espécies exóticas invasoras e 

nativas de Schefflera s.l. No capítulo 1, foi realizada uma revisão sistemática de estudos que 

realizaram levantamento florístico em fitofisionomias florestais na região Neotropical. A 

partir da seleção dos artigos, foram obtidas variáveis climáticas, ambientais e antrópicas dos 

locais onde as espécies foram amostradas. Já no capítulo 2, sementes de duas espécies nativas 

e de duas espécies exóticas invasoras de Schefflera s.l. foram colocadas para germinar em 

duas condições de luz (100% e 50%), e monitoradas para obtenção de parâmetros de 

germinação, e sobrevivência e crescimento de plântulas. Os resultados do capítulo 1 

mostraram que a riqueza de plantas exóticas invasoras aumentou com maior sazonalidade da 

temperatura, acessibilidade e Produto interno Bruto (PIB), e diminuiu com o aumento da 

cobertura florestal. Os resultados do capítulo 2 mostraram que as espécies exóticas invasoras 

germinaram mais rapidamente e em maior proporção em ambos os tratamentos de luz, quando 

comparadas às nativas. Além disso, as espécies invasoras mostraram maior taxa de 

sobrevivência sob 50% de luz. Os resultados obtidos neste estudo mostram que florestas de 

dossel fechado não limitam a ocorrência de espécies exóticas invasoras, como é o caso das 

espécies de Schefflera s.l. aqui estudadas. Somado a isto, a crescente pressão antrópica à qual 

as florestas neotropicais estão sujeitas contribuem para o aumento da riqueza das espécies 

exóticas invasoras, aumentando ainda mais a susceptibilidade destes ecossistemas à invasão 

por plantas.    

 

Palavras-chave: crescimento; deciduidade; germinação de sementes; plantas exóticas 

invasoras; potencial de invasão; revisão sistemática; sobrevivência; tolerância à sombra. 

 

 

 

 

 

 

 

 

 



 

 

 

ABSTRACT 

The advance of anthropogenic pressure in tropical regions has led to the arrival of invasive 

non-native plants in forest areas in contexts of habitat loss and fragmentation. Tropical forests 

have historically been considered less susceptible to invasion than other vegetation types, 

mainly due to the low availability of light. However, recent studies have shown that many 

shade-tolerant species can survive in these conditions. Several studies have shown that 

invasive non-native plants have attributes that help explain their invasion success compared to 

native species, even under different light conditions. The objectives of this study were: 

(Chapter 1) to identify which factors explain the richness of invasive non-native woody plants 

in neotropical forests with different levels of leaf deciduousness and, (Chapter 2) which 

attributes related to germination and growth differ between invasive non-native and native 

species of Schefflera senso lato In Chapter 1, a systematic review was carried out of studies 

that carried out floristic surveys in forest phytophysiognomies in the Neotropical region. After 

selecting the articles, climatic, environmental and anthropogenic variables were obtained from 

the sites where the species were sampled. In Chapter 2, seeds from two native species and two 

invasive non-native species of Schefflera s.l. were allowed to germinate in two light 

conditions (100% and 50%) and monitored to obtain germination parameters and seedling 

survival and growth. The results of chapter 1 showed that the richness of invasive non-native 

plants increased with greater seasonality of temperature, accessibility and Gross Domestic 

Product (GDP), and decreased with increasing forest cover. The results of Chapter 2 showed 

that invasive non-native species germinated faster and in greater proportions in both light 

treatments when compared to native species. In addition, the invasive non-native showed a 

higher survival rate under 50% light. The results obtained in this study show that closed 

canopy forests do not limit the occurrence of invasive non-native species, as is the case with 

the Schefflera s.l. species studied here. In addition, the growing anthropogenic pressure to 

which Neotropical forests are subject contributes to the increase in the richness of invasive 

non-native species, further increasing the susceptibility of these ecosystems to plant invasion. 

 

Keywords: growth; deciduousness; seed germination; invasive non-native plants; invasion 

potential; systematic review; survival; shade tolerance. 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

Resumo expandido 

 

Introdução 

Invasão biológica é um processo que envolve um contínuo de estágios separados por barreiras 

ecológicas que a espécie introduzida deve superar para se tornar uma invasora bem-sucedida. 

Três fatores-chave explicam o sucesso em processos de invasão biológica: características da 

espécie introduzida; características do ambiente invadido; e fatores relacionados aos esforços 

de introdução. Frequentemente, comparações experimentais entre espécies lenhosas 

filogeneticamente relacionadas mostram que a espécie invasora apresenta melhor desempenho 

com relação à proporção de sementes germinadas, altura da plântula, biomassa total e 

sobrevivência, quando comparada às nativas co-ocorrentes pertencentes ao mesmo gênero ou 

família. Características como tolerância à sombra e plasticidade fenotípica tem se mostrado 

importantes atributos para plantas exóticas invasoras de ecossistemas florestais. 

Recentemente, pesquisadores sugeriram a existência de um grupo de plantas invasoras 

denominadas ‘superinvasoras’, as quais crescem mais rapidamente do que a maioria das 

espécies nativas da área invadida quando a luz é abundante, e que também sobrevivem ao 

sombreamento, por precisarem de menor quantidade de luz para equilibrar a perda de carbono 

pela manutenção do indivíduo, quando comparadas às nativas. Com relação a plasticidade 

fenotípica, diversos estudos têm verificado o papel deste atributo no sucesso da invasão 

comparando a plasticidade de espécies invasoras com exóticas não invasoras ou nativas com 

relação a diferentes condições de luz, disponibilidade de nutrientes e de água, mostrando que 

de fato, as espécies invasoras apresentam maiores níveis de plasticidade fenotípica. As 

características do ambiente invadido também contribuem para determinar quais e quantas 

plantas introduzidas irão estabelecer populações viáveis e persistentes. Variáveis climáticas 

são importantes filtros para o estabelecimento de espécies exóticas invasoras e podem ser 

consideradas importantes preditores para a riqueza de exóticas invasoras. Os ambientes 

modificados por humanos contribuem como fonte de introdução de propágulos de espécies 

exóticas invasoras, bem como fonte de distúrbios. Variáveis que indicam atividade humana 

(i.e. PIB, alta proporção do uso do solo para agricultura, densidade populacional) relacionam-

se positivamente com a riqueza de espécies exóticas invasoras em áreas não urbanizadas. 

Além dos distúrbios de origem antrópica, florestas também estão sujeitas a distúrbios naturais, 

como aberturas de clareiras promovidas pela queda de árvores e galhos, que são eventos 

estocásticos que podem ou não ser combinados com eventos determinísticos associados a 

ciclos de deciduidade foliar. A dinâmica de abertura do dossel em florestas pode ser um fator 

importante para a chegada e o estabelecimento de plantas exóticas invasoras, uma vez que 

dosséis florestais fechados, além de diminuírem a luminosidade, também podem funcionar 

como barreira física para a chegada de propágulos.  

 

Objetivos 

O objetivo geral desta tese é compreender quais fatores explicam a riqueza de plantas 

lenhosas exóticas invasoras em florestas neotropicais com diferentes níveis de deciduidade 

foliar, bem como avaliar quais atributos relacionados à germinação, sobrevivência e 

crescimento diferem entre espécies exóticas invasoras e nativas de Schefflera sensu lato 

(Araliaceae Juss.).  

 

Metodologia 

Para verificar quais fatores explicam a riqueza de plantas lenhosas exóticas invasoras em 

florestas neotropicais foi realizado uma revisão sistemática dos levantamentos florísticos 



 

 

 

realizados em florestas neotropicais, utilizando a base de dados Web of Science. A partir dos 

estudos selecionados, foram obtidas as coordenadas dos locais de amostragem, a área de 

amostragem, o número de espécies invasoras não nativas, o numero total de espécies 

registradas. Com base nas coordenadas de cada local de amostragem, foram obtidas variáveis 

climáticas, ambientais e antrópicas. A partir dos dados obtidos, foram construídos modelos 

lineares generalizado, e um foi selecionado para verificar quais variáveis influenciavam a 

riqueza de plantas lenhosas invasoras. Para avaliar quais atributos diferem entre espécies 

nativas e exóticas invasoras de Schefflera s.l., foram selecionadas quatro espécies de 

Schefflera s.l., duas das quais são exóticas invasoras (Heptapleurum actinophyllum (Endl.) 

Lowry & G.M. Plunkett; Heptapleurum arborícola Hayata) e duas são nativas (Didymopanax 

angustissimus Marchal e D. calvus (Cham.) Decne. & Planch.). As sementes coletadas foram 

utilizadas para a realização de testes de germinação, e as plântulas foram utilizadas para o 

acompanhamento do crescimento e da sobrevivência. Foram utilizados dois tipos de 

tratamentos: um com 100% de intensidade luminosa, e um com 50% de intensidade luminosa, 

com o uso de sombrite.  

 

Resultados e discussão  

Os resultados do presente estudo mostraram que as florestas neotropicais subtropicais são 

mais susceptíveis ao estabelecimento de plantas lenhosas exóticas invasoras, comparado à 

florestas tropicais. A deciduidade foliar que ocorre nestas florestas, como consequência da 

diminuição de temperatura, promove a diminuição da barreira física do dossel e aumento de 

luminosidade, favorecendo a chegada e o estabelecimento de propágulos de plantas invasoras. 

Ademais, verificamos que florestas com maior acessibilidade são mais susceptíveis à invasão 

por espécies lenhosas exóticas invasoras, devido à maior disponibilidade de propágulos de 

espécies cultivadas nas regiões do entorno. Com relação às comparações entre as espécies de 

Schefflera s.l. verificamos que as espécies exóticas invasoras mostraram maior proporção e 

velocidade de germinação quando comparadas às nativas, característica que contribui para o 

estabelecimento inicial, uma vez que espécies que germinam antecipadamente se beneficiam 

da competição reduzida. Verificamos também uma maior proporção de germinação de 

espécies invasoras sob 50% de luz, resultado que pode indicar que ambas as espécies 

invasoras possuem tolerância à sombra, conseguindo germinar mesmo sob condições mais 

escuras do subosque florestal. Sugerimos também que a espécie exótica invasora 

Heptapleurum arboricola possui atributos de uma ‘superinvasora’ em potencial (crescimento 

superior sob luz e persistência de plântulas sob sombra). Somado a isto, a maior plasticidade 

na alocação de biomassa raiz:parte aérea em condições de diferentes luminosidades contribui 

para o sucesso no estabelecimento e invasão de florestas. 

 

Palavras-chave: crescimento; deciduidade; germinação de sementes; plantas exóticas 

invasoras; potencial de invasão; revisão sistemática; sobrevivência; tolerância à sombra. 
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INTRODUÇÃO 

 

As taxas de introdução de espécies têm aumentado nos últimos 200 anos, sendo que 

cerca de 40% dos primeiros registros de invasão foram relatados nos últimos 50 anos 

(SEEBENS et al., 2017). Como consequência desse aumento, hoje as espécies exóticas 

invasoras representam grande ameaça à biodiversidade e à economia mundial (PYŠEK et al., 

2020; DIAGNE et al., 2021). Invasão biológica é um processo que envolve um contínuo de 

estágios (introdução, estabelecimento e invasão) separados por barreiras ecológicas que a 

espécie introduzida deve superar para se tornar uma invasora bem-sucedida (RICHARDSON 

et al., 2000; BLACKBURN et al., 2011). Em síntese, três fatores-chave explicam o sucesso 

em processos de invasão biológica: (1) características biológicas e ecológicas da espécie 

introduzida (invasiveness); (2) características do ambiente invadido (invasibility); e (3) fatores 

relacionados aos esforços de introdução (pressão de propágulos) (PYŠEK et al., 2020).  

Identificar os atributos que contribuem para aumentar o potencial de invasão das 

espécies exóticas invasoras tem sido um dos objetivos centrais da ciência da biologia de 

invasões (MOODLEY et al., 2013). Isto porque compreender os fatores que tornam as 

espécies invasoras capazes de colonizar uma ampla faixa de condições ambientais é 

importante para prever futuras invasões (GODOY et al., 2011). Tem-se verificado um 

aumento no número de estudos experimentais que buscam comparar plantas exóticas 

invasoras e nativas co-ocorrentes; entretanto, muitos destes estudos não consideram a 

filogenia das espécies comparadas (YU e HE, 2021; PORTÉ et al., 2011; MATHAKUTHA et 

al., 2017). Espera-se que, ao comparar espécies filogeneticamente relacionadas, sejam 

encontradas características semelhantes devido à história evolutiva compartilhada 

(ANTÚNEZ et al., 2001; LEICHT-YOUNG et al., 2007). Ou seja, verificar a existência de 

diferentes características em plantas filogeneticamente próximas pode ajudar a explicar 

porque algumas espécies podem invadir com sucesso áreas previamente ocupadas por 

espécies nativas relacionadas (YU e HE, 2021). Frequentemente, comparações experimentais 

entre espécies lenhosas filogeneticamente relacionadas mostram que a espécie invasora 

apresenta melhor desempenho com relação à proporção de sementes germinadas, altura da 

plântula, biomassa total e sobrevivência, quando comparada às nativas co-ocorrentes 

pertencentes ao mesmo gênero ou família (LEICHT-YOUNG et al., 2007; STRICKER e 

STILING 2013). Entretanto, tais estudos ainda são escassos, prevalecendo a maioria realizada 



 

 

com espécies herbáceas ou em florestas temperadas (YU e HE, 2021; PERGLOVA et al., 

2009; ASSAD et al., 2021). 

A tolerância à sombra também tem se mostrado um importante atributo para plantas 

exóticas invasoras de ecossistemas florestais (MARTIN et al., 2009; JUNAEDI et al., 2021). 

A habilidade de lidar com baixas condições de luz é um atributo importante para espécies 

exóticas invasoras conseguirem se estabelecer em florestas (POORTER, 1999; BLOOR e 

GRUBB, 2003; MARTIN et al., 2010; JUNAEDI et al., 2020). Um crescente número de 

estudos tem mostrado que plantas invasoras de florestas tropicais e subtropicais 

desenvolveram diferentes estratégias para lidar com diferentes condições de luminosidade 

(e.g.: MARTIN et al., 2009; REJMANEK, 2014; MEDVECKÁ et al., 2018; BERG et al., 

2016; FRIDLEY et al., 2023). As espécies nativas tolerantes à sombra apresentam atributos 

que minimizam a respiração e renovação de tecidos; como consequência, há redução de 

crescimento e domínio competitivo nas condições de maior luz (LUSK e JORGENSEN, 

2013; SENDALL et al., 2016). Por outro lado, para algumas espécies exóticas invasoras 

tolerantes à sombra, há indícios de haver um trade-off entre os mecanismos de crescimento e 

sobrevivência nos períodos de maior e menor luz, onde há uma combinação de crescimento 

rápido em condições de luz intermediária a alta e crescimento lento em condições de luz baixa 

(MARTIN et al., 2010). Recentemente, FRIDLEY et al. (2023) sugeriram a existência de um 

grupo de plantas invasoras denominadas ‘superinvasoras’, as quais crescem mais rapidamente 

do que a maioria das espécies nativas da área invadida quando a luz é abundante, e que 

também sobrevivem ao sombreamento, por precisarem de menor quantidade de luz para 

equilibrar a perda de carbono pela manutenção do individuo, quando comparadas às nativas 

(FRIDLEY et al., 2023). Esta redução nos custos de carbono das ‘superinvasoras’ pode ser 

devida a mecanismos como redução/ausência de herbívoros, menor investimento em defesa, 

maior vida útil do tecido, menor estatura e menor investimento em raízes (FRIDLEY et al., 

2023).  

A plasticidade fenotípica é frequentemente citada como um atributo que contribui para 

o sucesso de invasão, uma vez que permite à espécie expressar fenótipos vantajosos em uma 

ampla gama de ambientes (MATESANZ et al., 2010; DAVIDSON et al., 2011). Diversos 

estudos têm verificado o papel da plasticidade fenotípica no sucesso da invasão comparando a 

plasticidade de espécies invasoras com exóticas não invasoras ou nativas com relação a 

diferentes condições de luz, disponibilidade de nutrientes e de água, mostrando que de fato, as 

espécies invasoras apresentam maiores níveis de plasticidade fenotípica (FUNK, 2008; 
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DAVIDSON et al., 2011; MATESANZ et al., 2012; SKALOVÁ et al., 2012; MONTY et al., 

2013; GRUNTMAN et al., 2020). Recentemente GRUNTMANN et al. (2020) compararam a 

plasticidade em populações na região nativa e na região introduzida de Impatiens glandulifera 

e mostraram que populações invasoras exibem maior plasticidade em diferentes condições de 

luminosidade. As respostas plásticas verificadas em diferentes condições de luminosidade 

incluem ajustes morfológicos e fisiológicos que promovem maior eficiência da captura de luz 

como tamanho da folha, área foliar específica, alocação de biomassa e taxa fotossintética 

(GRUNTMANN et al., 2020). A capacidade das plantas de capturar e utilizar a luz é um 

importante determinante do crescimento, recrutamento e aptidão das espécies, o que é de 

extrema importância para as plantas introduzidas que invadem os ecossistemas florestais 

(STANDISH et al., 2001).  

Além dos atributos intrínsecos das espécies, as características do ambiente invadido 

também contribuem para determinar quais e quantas plantas introduzidas irão estabelecer 

populações viáveis e persistentes. Variáveis climáticas são importantes filtros para o 

estabelecimento de espécies exóticas invasoras e podem ser consideradas importantes 

preditores para a riqueza de exóticas invasoras. Em uma revisão global, SHI et al. (2010) 

mostraram relação positiva entre a riqueza de plantas invasoras e variáveis climáticas como 

temperatura e precipitação. Os autores concluíram que climas tropicais úmidos, i.e., com 

médias anual de temperatura entre 17-25°C e precipitação anual de 1.500 mm, apresentam 

condições ideais para a manutenção de uma maior riqueza de plantas exóticas invasoras (SHI 

et al., 2010). Apesar de sua importância para a riqueza de espécies invasoras, variáveis 

climáticas são pouco avaliadas em climas tropicais e subtropicais, a maioria dos estudos 

foram realizados em clima temperado (OHLEMÜLLER et al., 2006; MARINI et al., 2012; 

GALLARDO e VILÀ, 2019).  

Os ambientes modificados por humanos contribuem como fonte de introdução de 

propágulos de espécies exóticas invasoras, bem como fonte de distúrbios (VILÀ et al., 2007; 

VICENTE et al., 2010; DIMITRAKOPOULOS et al., 2017; ESSL et al., 2019). O conceito 

de distúrbio utilizado foi proposto por SOMMER et al. (1993), no qual o distúrbio consiste 

em qualquer flutuação na disponibilidade de recursos. Esta definição difere de outras, uma 

vez que não considera apenas mudanças discretas, mas também mudanças contínuas ao longo 

de gradientes, bem como flutuações sazonais na disponibilidade de recursos (BATTISTI et 

al., 2016). Alguns estudos têm mostrado uma correlação positiva entre urbanização e/ou a 
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presença de atividades antrópicas e níveis mais altos de chegada de propágulos via dispersão 

local nas comunidades naturais adjacentes (THUILLER et al., 2005; CARBONI et al., 2010). 

Variáveis que indicam atividade humana (i.e. PIB, alta proporção do uso do solo para 

agricultura, densidade populacional) relacionam-se positivamente com a riqueza de espécies 

exóticas invasoras em áreas não urbanizadas (SPEAR et al., 2013; DIMITRAKOPOULOS et 

al., 2017; ESSL et al., 2019). Estradas também contribuem como meios de dispersão de 

espécies exóticas invasoras para áreas naturais adjacentes (JOLY et al., 2011; DAR et al., 

2015; LEMKE et al., 2019). Veículos atuam como vetores de dispersão, por meio dos quais 

propágulos podem ser dispersos a longas distâncias, mesmos sem adaptações específicas 

(TAYLOR et al., 2012; VON DER LIPPE et al., 2013; LEMKE et al., 2019). Apesar disso, 

estudos mostrando a influência de estradas na dispersão de plantas exóticas invasoras em 

florestas tropicais ainda são escassos (DÖBERT et al., 2018; PADMANABA e SHEIL, 2014; 

VELDMAN e PUTZ, 2010). 

Em florestas, a ocupação humana promove a fragmentação e a formação de clareiras 

(VILÀ et al., 2008; CHYTRÝ et al., 2008; DIMITRAKOPOULOS et al., 2017). O aumento 

da disponibilidade de luz promovida pela destruição de florestas é um dos fatores que 

explicam o maior número de espécies exóticas em bordas florestais ou em clareiras quando 

comparadas ao interior de florestas (GREEN et al., 2004). Além dos distúrbios de origem 

antrópica, florestas também estão sujeitas a distúrbios naturais, como aberturas de clareiras 

promovidas pela queda de árvores e galhos, que são eventos estocásticos que podem ou não 

ser combinados com eventos determinísticos associados a ciclos de deciduidade foliar 

(GANDOLFI et al., 2007; 2009). Clareiras, sejam elas estocásticas ou determinísticas, 

desempenham um importante papel na manutenção da riqueza de espécies nativas nesses 

ecossistemas, uma vez que diferentes condições de luminosidade abaixo das copas podem 

criar microhabitats que atuam como filtros para o estabelecimento de indivíduos regenerantes 

(GANDOLFI et al., 2007; 2009). No entanto, a dinâmica de abertura do dossel em florestas 

também pode ser um fator importante para a chegada e o estabelecimento de plantas exóticas 

invasoras (SPEAR et al., 2013; DECHOUM et al., 2015), uma vez que dosséis florestais 

fechados, além de diminuírem a luminosidade, também podem funcionar como barreira física 

para a chegada de propágulos (HANSEN e CLEVENGER, 2005).  

A Região Neotropical compreende áreas tropicais que se estendem da América do 

Sul ao México, e abriga a maior riqueza de espécies animais e vegetais do planeta, bem como 

um número significativo de hotspots de biodiversidade (MYERS et al., 2000). No entanto, 
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esta região apresenta as taxas mais altas do mundo de conversão de florestas em 

pastagens/monoculturas e abriga mais de 81% da população vivendo em áreas urbanas 

(WASSENAAR et al., 2007; MARIA et al., 2017, CURTIS et al., 2022). Como 

consequência, as florestas neotropicais têm sido impactadas negativamente por distúrbios 

antrópicos como o desmatamento, incêndios e invasões biológicas, bem como os efeitos 

combinados destes fatores com as mudanças climáticas (CARVALHO et al., 2001; 

MCDOWELL e ALLEN, 2015; ROWLAND et al., 2015; ESQUIVEL-MUELBERT et al., 

2019; GOMES et al., 2019; FARIA et al., 2021; MELITO et al., 2021). Florestas tropicais 

são importantes componentes dos sistemas terrestres, uma vez que representam reservatórios 

de carbono, fornecem importantes serviços ecossistêmicos e abrigam uma considerável parte 

da biodiversidade terrestre (TAUBERT et al., 2018; FISCHER et al., 2021). Apesar de sua 

importância, as florestas têm sido ameaçadas por ações humanas como desmatamento, 

deposição de nitrogênio em excesso, perda de predadores que controlam herbívoros, 

mudanças climáticas e invasão por espécies exóticas (LIEBHOLD et al., 2017; DYDERSKI 

et al., 2018; ESQUIVEL-MUELBERT et al., 2019; GOMES et al., 2019).  

Invasões bem-sucedidas podem ocorrer por muitas razões e, conforme já mencionado, 

podem envolver atributos que conferem vantagens competitivas a algumas espécies em 

comparação a outras (ORTEGA e PEARSON, 2005). Comparações realizadas entre espécies 

invasoras e não invasoras nos ajudam a compreender quais características podem contribuir 

para tornar uma espécie invasora (GERLACH e RICE, 2003). Alguns estudos demonstraram 

a importância de se considerar o parentesco filogenético de atributos biológicos entre 

espécies, isto porque espécies filogeneticamente relacionadas possuem características 

semelhantes, pois compartilham um ancestral comum relativamente recente (ANTÚNEZ et 

al., 2001; VAN KLEUNEM et al., 2010). O uso de espécies filogeneticamente relacionadas 

pode minimizar a confusão com relação às características adquiridas ao longo da história 

evolutiva, que podem diferir entre espécies filogeneticamente distantes (STRICKER e 

STILING, 2013). Apesar de nos últimos anos o número de estudos experimentais que buscam 

comparar plantas exóticas invasoras e nativas co-ocorrentes terem aumentado, muitas 

comparações não levam em conta a filogenia das espécies comparadas (PORTÉ et al., 2011; 

MATHAKUTHA et al., 2019; YU e HE, 2021). 

 

 



 

 

Quatro espécies de árvores do gênero Schefflera sensu lato (Araliaceae Juss.) que 

ocorrem na área de estudo foram selecionadas para o estudo, duas das quais são exóticas 

invasoras (Heptapleurum actinophyllum (Endl.) Lowry & G.M. Plunkett; Heptapleurum 

arborícola Hayata) e duas são nativas (Didymopanax angustissimus Marchal e D. calvus 

(Cham.) Decne. & Planch.). Estudos recentes confirmam que Schefflera s.l. é um gênero 

polifilético representado por cinco clados distintos (Plunkett et al., 2005; Plunkett et al., 

2019). As espécies anteriormente reconhecidas no clado asiático de Schefflera são atualmente 

tratadas como Heptapleurum, enquanto as espécies de Didymopanax fazem parte do clado 

neotropical, que também inclui outros quatro gêneros (Plunkett et al. 2019) (Figura 1).  

Heptapleurum actinophyllum é nativa de Nova Guiné e Austrália, e H. arboricola da 

China e Taiwan (LOWRY e PLUKETT, 2020; INSTITUTO HÓRUS, 2022). Tais espécies 

são consideradas invasoras em diversos países do mundo (Singapura, Estados Unidos, Porto 

Rico, Cuba, Chile, Brasil, e ilhas do Pacífico) (INSTITUTO HÓRUS, 2022). Apesar disso, 

são amplamente utilizadas como plantas ornamentais nestas regiões (CHEN et al., 2003; 

LOWRY e PLUKETT, 2020). Ambas produzem uma grande quantidade de frutos e, nos 

locais onde são invasoras, seus frutos são ingeridos por aves nativas generalistas que habitam 

o entorno (MARCELINO, 2019; MARCINIAK et al., 2019). Somado a isto, ambas 

apresentam altas taxas de germinação, que permanecem elevadas mesmo após passar pelo 

trato digestivo de aves (MARCELINO, 2019; MARCINIAK et al., 2019). Por outro lado, 

Didymopanax angustissimus e D. calvus são nativas e endêmicas do Brasil, com distribuição 

limitada a florestas ombrófilas e semidecíduas da Mata Atlântica (FIASCHI e PLUNKETT, 

2018; FIASCHI et al., 2020). Apesar de D. angustissimus produzir grande quantidade de 

sementes, ela não forma densas populações devido à competição intraespecífica de juvenis, 

que resultam em poucos indivíduos sobreviventes (ARMELIN, 2005). Além disso, ambas as 

espécies nativas apresentam baixa porcentagem de germinação, possivelmente devido à 

dormência tegumentar ou fisiológica ou à porcentagem de sementes danificadas por larvas de 

insetos (FRANCO e FERREIRA, 2002; ARMELIN, 2005; OHASHI e LEÃO, 2005; 

VILARINHO et al., 2019). 
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Figura 1. Filogenia do Clado "Asian Palmate" de Araliaceae, onde estão representadas as 

relações entre os clados Neotropical e Asiático de Schefflera s.l. (retirada de Plunkett et al. 

2019). 

 

Considerando: (1) a importância e subrepresentação de estudos em biologia da 

invasão em florestas tropicais e subtropicais, especialmente nos neotrópicos, e (2) a 

importância e subrepresentação de estudos comparativos entre espécies exóticas invasoras e 

nativas filogeneticamente relacionadas, o objetivo geral desta tese é compreender quais 



 

 

fatores explicam a riqueza de plantas lenhosas exóticas invasoras em florestas neotropicais 

com diferentes níveis de deciduidade foliar, bem como avaliar quais atributos relacionados à 

germinação, sobrevivência e crescimento diferem entre espécies exóticas invasoras e nativas 

de Schefflera s.l. A tese está dividida em dois capítulos, sendo que, no capítulo 1, a questão a 

ser respondida é: quais fatores antrópicos, climáticos e ambientais melhor explicam a riqueza 

de plantas lenhosas exóticas invasoras em florestas neotropicais com diferentes níveis de 

deciduidade foliar. Já no capítulo 2 as questões a serem respondidas são (1) As diferenças nos 

atributos biológicos relacionados à germinação de sementes e ao desenvolvimento de 

plântulas entre espécies exóticas invasoras e nativas filogeneticamente próximas podem 

ajudar a explicar o potencial de invasão biológica em florestas subtropicais? (2) A expressão 

destes atributos varia de acordo com as diferentes condições de luz?   
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Abstract 

Despite the biological relevance of tropical forests, increasing pressure from human activities 

in tropical regions has led to the introduction of invasive non-native plants. However, much of 

the scarce literature about plant invasions in tropical forests places a greater emphasis on Old 

World forests as well as on grasses, while Neotropical forests are neglected in the scientific 

literature. To fill this gap, we aimed to understand patterns of woody invaders in forest 

ecosystems in neotropical forests as well as to identify the factors that explain the richness of 

invasive non-native woody plants in neotropical forests with different levels of leaf 

deciduousness. We conducted a systematic review of floristic surveys in neotropical forests. 

Climate, environmental, and anthropogenic variables were obtained for the surveyed sites 

across the Neotropics. The richness of invasive non-native plants increased with higher 

temperature seasonality, accessibility, and per capita Gross Domestic Product, and decreased 

with the increase of canopy cover. In synthesis, higher temperature seasonality and 

accessibility positively affected invasive non-native plant richness. Closed canopy forests do 

not limit the occurrence of some invasive non-native plants. In addition, aside from growing 

human pressure from deforestation and climate change, neotropical forests are subject to 

natural disturbance that contributes to invasive species richness, further increasing the 

susceptibility of these ecosystems to plant invasions. 

 

Keywords: The Caribbean, Central America, deciduousness, forest invasion, South America, 

systematic review, tropical forest, woody invaders 
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Introduction 

Climatic variables are important filters for the establishment of non-native species. 

Positive relationships between temperature and precipitation and invasive plant richness were 

shown in a global review (Shi et al. 2010). In this study, climates with a mean annual 

temperature between 17 and 25°C and mean annual precipitation of 1,500 mm seem to 

provide ideal conditions for higher invasive plant richness. Such conditions are found in 

humid tropical climates. Other studies demonstrated that mild temperature regions often 

present a higher richness of invasive non-native plants (Ohlemüller et al. 2006; Marini et al. 

2012; Gallardo & Vilà 2019).  

Human influence, however, can change or override climatic variables. For example, 

biomes characterized by limiting environmental conditions, such as periods of rain scarcity, 

may host higher invasive non-native species richness when in proximity to areas densely 

populated (Spear et al. 2013; Dimitrakopoulos et al. 2017). In addition, human-modified 

habitats function both as sources of disturbance (Dimitrakopoulos et al. 2017) and of 

introduction and spread of invasive non-native species propagules (Vilà et al. 2007; Vicente et 

al. 2010; Essl et al. 2019).  

Socioeconomic variables that indicate the existence of human activities, such as per capita 

gross domestic product (GDP), a high proportion of land use for agriculture, and population 

density, are positively related to the presence and/or richness of non-native invasive species in 

non-urbanized areas worldwide (Essl et al. 2019). Anthropogenic disturbance promotes 

increases in the richness and abundance of invasive plants in tropical forests, including 

grasses (e.g. Megathyrsus maximus, Urochloa brizantha) and trees (Artocarpus heteroplyllus) 

(Abreu & Rodrigues 2010; Veldman & Putz 2011). In temperate regions, roads function as 

pathways that allow invasive non-native species to reach adjacent natural areas (Joly et al. 



 

 

2011; Lemke et al. 2019), as vehicles are long-distance vectors of propagule spread despite 

the lack of specific adaptations in seeds or fruits for dispersal in this way (Taylor et al. 2012; 

Von der Lippe et al. 2013; Lemke et al. 2019). Studies showing the influence of roads on the 

spread of invasive non-native plants in tropical forests are scarce (Döbert et al. 2018 - but see 

Padmanaba & Sheil 2014; Veldman & Putz 2010). Furthermore, human occupation in forest 

regions often leads to fragmentation and gap formation, resulting in changes in local 

environmental conditions. The increase in light availability due to forest degradation is one of 

the factors that explains the higher number of invasive non-native species along forest edges 

or in forest gaps compared with the forest interior (Laurance et al. 2002; Green et al. 2004). 

In addition to anthropogenic disturbances, forests are also affected by natural disturbance 

such as gap openings caused by falling trees and branches. These stochastic events may or 

may not be combined with deterministic events associated with deciduousness cycles 

(Gandolfi et al. 2007; 2009). Stochastic and deterministic gaps both play an important role in 

maintaining native species richness in these ecosystems, as light conditions under the canopy 

create microhabitats that function as filters in the establishment of regenerating plants 

(Gandolfi et al. 2007; 2009). The dynamics of canopy openness in forests may also, however, 

be an important factor affecting the arrival and establishment of non-native invasive plants 

(Spear et al. 2013; Dechoum et al. 2015), as dense forest canopies not only reduce the 

incidence of light but act as physical barriers to the entry of propagules (Hansen & Clevenger 

2005).  

Tropical forests are historically considered less susceptible to invasion than tropical open 

ecosystems or temperate forests (Rejmánek 1996; Teo et al. 2003). This perception is due to 

few studies documenting biological invasions in these regions and a recent history of species 

introductions and habitat loss compared with temperate forests (Denslow & DeWalt 2008; 

Chong et al. 2021). Additionally, low light availability may be a limiting factor for the 
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establishment of non-native invasive species, although some of them can establish and survive 

in the understory (Fine 2002; Martin et al. 2009; Dechoum et al. 2015). Deciduousness in 

tropical forests varies with climatic characteristics (Pennington & Lavin 2016). Some closed-

canopy forests occur in humid climates (Fine et al. 2005), while seasonal forests are found in 

areas with extended dry periods in tropical or subtropical regions characterized by low 

temperatures in winter (Malhi et al. 2009). 

The Neotropical region comprises the area from the south of South America to the central 

region of Mexico, including moist and dry broadleaf forests, grasslands and savannas, deserts 

and xeric shrublands (Olson et al. 2001). It harbors the highest richness of animal and plant 

species on the planet, as well harbors five of the world's 24 biodiversity hotspots (Myers et al. 

2000). Neotropical forests have been negatively impacted by anthropogenic disturbances, 

such as deforestation, fire, and biological invasions, as well as by the combined effects of 

these factors and climate change (extended drought periods, increase in temperature) (e.g. 

Carvalho et al. 2001; Rowland et al. 2015; Gomes et al. 2019; Faria et al. 2021). The 

Neotropics are one of the fastest developing areas in the world, with over 81% of the 

population living in urban areas, and one of the highest global rates of forest conversion to 

pasture/monoculture (Wassenaar et al. 2007; Curtis et al. 2022). Anthropogenic disturbance is 

reported as one of the major determinants for the establishment and invasion by invasive non-

native species in both tropical and temperate natural areas (Brooks 2007; Vicente et al. 2010).  

This study aimed to fill a knowledge gap resulting from the underrepresentation of 

invasion biology studies in tropical and subtropical forests, especially in the neotropics. The 

scarce literature on plant invasions in tropical forests places a greater emphasis on Old World 

forests (Africa and Asia) as well as on herbaceous species (grasses) (Fine et al. 2002; Chong 

et al. 2021). This study is the first focused on patterns of woody invaders in Neotropical 



 

 

forests. Our main aim was to uncover the factors (anthropogenic, climatic, and environmental) 

that explain the presence of invasive non-native plants in neotropical forests with different 

levels of deciduousness. In other words, the questions guiding this study were: which 

anthropogenic, climatic, and environmental factors best explain the richness of invasive non-

native woody plants in different types of neotropical forests? 

 

Material and methods 

Data search and selection criteria 

We conducted a systematic review of floristic surveys carried out in neotropical 

forests between 1945 and 2019 using the Web of Science database. The terms used in the 

search were combined for (a) study type: floristic OR phytosociology OR flora AND; (b) 

forest type: deciduous forest OR semideciduous forest OR evergreen forest OR rain forest 

AND; (c) country where the study was carried out: Argentina OR Belize OR Bolivia OR 

Brazil OR Chile OR Colombia OR Cuba OR Costa Rica OR Dominican Republic OR 

Ecuador OR El Salvador OR French Guiana OR Guatemala OR Guyana OR Haiti OR 

Honduras OR Jamaica OR Mexico OR Nicaragua OR Panama OR Paraguay OR Peru OR 

Puerto Rico OR Suriname OR Trinidad and Tobago OR Uruguay OR Venezuela. The search 

terms had to appear in the publication title, abstract, or keywords.  

The mention of invasive non-native shrubs or trees in the articles was verified by a 

search for the words exotic, non-native, non-indigenous, invasive, alien, naturalized 

throughout the text. In the absence of such words, a search of the species lists was conducted 

to verify whether the species were non-native and invasive or native in the region where the 

survey was carried out. Global and national databases were used to verify this information 

(CABI - Invasive Species Compendium 2020; GISD - Global Invasive Species Database 

2020; I3N - Brazil National Invasive Alien Species Database Base 2020; CONABIO - Mexico 
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Commission for the Knowledge and Use of Biodiversity 2020). Author names for the species 

listed (Supplementary Table 2) were checked on The Plant List (2020). The names of the 

invasive non-native species were checked on World Flora Online (WFO 2019). 

We considered the articles that mentioned the size of the sampling area and complete 

species lists. The data obtained from these articles were coordinates of the sampling sites, 

sampling area (in hectares), number of invasive non-native species, and total number of 

species recorded.  

Articles covering more than one site, more than 5 km apart, with separate species lists 

for each site, were considered as individual surveys. Articles with surveys in more than one 

site that did not provide separate species lists were discarded. The location of the sampling 

area in articles with more than one sampling site less than 5km apart was marked as the 

centroid of the group of sampling areas. The centroid was calculated using QGIS 

Development Team software (2020). 

 

Explanatory variables – climatic, environmental and anthropogenic 

 Based on the coordinates of the sampling sites we defined eight climatic variables 

(mean annual temperature, temperature seasonality, maximum temperature of the hottest 

month, minimum temperature of the coldest month, annual rainfall, rainfall of the wettest 

month, rainfall of the driest month, rainfall seasonality); two environmental variables (canopy 

cover; relative range of normalized difference vegetation index - NDVI); and seven 

anthropogenic variables (accessibility, population density, index of human influence, Gross 

Domestic Product per capita (GDP), parity of purchasing power – GDP-PPP, human 

development index - HDI, and night light development index - NLDI) (Table 1). The 

variables were obtained from matrix files (raster) available from global databases. The QGIS 



 

 

software was used to delimit a 1 km-radius buffer for the geographic coordinates of each 

sampling site or the centroid of each group of sampling sites. The mean of pixel values was 

obtained within each buffer for each vectorial/raster layer used.  

 

Environmental variables 

Climate variables were obtained considering monthly averaged data from 1970 to 

2000 (Fick & Hijmans 2017). Canopy cover refers to the density of soil cover by the crowns 

of trees higher than 5 m in the sampling area in the year 2000 (Hansen et al. 2013). The 

normalized difference vegetation index (NDVI) is an indicator of photosynthetically active 

biomass on each site and can show changes in canopy cover due to climate seasonality 

(Alcaraz-Segura et al. 2009). A possible limitation of using this variable is the impossibility 

of determining whether the canopy cover variation occurred due to leaf deciduousness or due 

to deforestation. The NDVI values computed for each article refer to the RREL-NDVI 

(Relative Range of NDVI), which maintains the biological significance of NDVI variation 

between the dry and rainy seasons but is standardized using the average between these 

seasons (Alcaraz-Segura et al. 2006; 2009). High RREL-NDVI values indicate a higher 

degree of change in the canopy between seasons, while low RREL-NDVI values indicate a 

low change in the canopy between seasons. We used the geographic coordinates where each 

study was conducted to obtain the NDVI value for that specific location. We used NASA's 

Application for Extracting and Exploring Analysis Ready Samples (AppEEARS 2023) to 

obtain a sample for each geographic coordinate over a 20-year timespan (2002-2022). The 

months of December, January, February and June, July, August were used to represent 

seasonal variation. We only kept pixels tagged as 'high quality', with low aerosol quantity. 

Additionally, pixels with NDVI values less than 0.2 were discarded since they are unlikely to 

reflect vegetation. 



40 

 

 

Anthropogenic variables 

Accessibility refers to travel time (in minutes) by land (roads) or water (navigable 

rivers or ocean) to the nearest city with more than 50,000 inhabitants (Nelson 2008). It is 

derived from a distance algorithm that calculates the cost of travelling between two areas on a 

raster – the “cost” measured in time. The accessibility map developed by Nelson (2008) is 

available from the Forest Resources and Carbon Emissions website (IFORCE 2021). 

Population density refers to the estimate of human habitation (number of persons per 

km²) based on national censuses and population records for the year 2010 (CIESIN 2020a). 

The Global Human Influence Index (HII) measures human influence on terrestrial 

ecosystems. It was developed using raster files of human settlements (population density, 

built-up area), accessibility (roads, railroads, navigable rivers, access to the ocean), land-use 

change (land use and cover), and energy infrastructure (night lights). HII values vary between 

0 and 64, with values close to zero indicating low human influence, and values close to 64 

indicating high human influence (CIESIN 2020b). The data used refer to the year 2005. 

GDP per capita (gross domestic product) represents the mean per capita production 

per year in a specific administrative unit (base year 2015) in billions of US dollars, i.e., it is a 

measure of economic performance (Bregar et al. 2008; Kummu et al. 2020). The parity of 

purchasing power (GDP-PPP) is calculated from the dollar purchasing power of each country 

and takes into consideration the cost of living and inflation rate (Bregar et al. 2008; Kummu et 

al. 2020). The human development index (HDI) measures basic human development 

calculated from health, education, and income data based on the year 2015. This index varies 

between 0 and 1, with values ≥ 0.8 in regions with high development, 0.8 to 0.5 with 

moderate development, and ≤ 0.5 with low human development (PNUD 2012). 



 

 

The measure of night lights refers to the year 2013 and represents lights in cities and 

other areas with constant artificial illumination. Short-lived events such as fires are not 

considered (NOAA - National Centers for Environmental Information 2020). The data are 

derived from an aggregation of pixels – a number varying from 1 (dark spot) to 63 (light spot) 

is attributed to each pixel (Addison & Stewart 2015). This variable is positively correlated 

with the degree of urbanization, which is estimated from population density and GDP 

(Mellander et al. 2013). 

The raster and vector files were obtained from the global databases WorldClim (bio1, 

bio4, bio5, bio6, bio12, bio13, bio14, bio15) (Fick & Hijmans 2017), Global Forest Watch 

(forest cover) (Hansen et al. 2013), Earth Resources Observation and Science - EROS 

(NDVI), Forest Observation (accessibility) (Nelson 2008), Center for International Earth 

Science Information Network (population density, human influence index) (CIESINa, 

CIESINb), NOAA - National Centers for Environmental Information (night lights) (NOAA 

2020), and Dryad (PIB, PIB PPC, IDH) (Kummu et al. 2020). 

 

Data analyses 

We built a generalized linear model (GLM) using the proportion of invasive non-

native plants in relation to the total number of species recorded at each site to verify which 

anthropogenic, climatic, and environmental variables influenced the richness of invasive non-

native woody plants, and the degree of their impact. Before building the model, collinearity 

was checked by excluding explanatory variables with variance inflation factor (VIF) >4 (Zuur 

et al. 2009). As a result, five variables were excluded: mean annual temperature, minimum 

temperature of the coldest month, rainfall of the wettest month, rainfall of the driest month, 

and night lights. Therefore, twelve explanatory variables were used in the full model (Table 

1). The full model underwent a backward simplification process in which we eliminated non-
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significant variables progressively, one at a time, until a final model containing only 

significant variables was achieved. This stepwise approach allowed for a more focused and 

interpretable model, as it removed variables that did not contribute significantly to the 

predictive power of the model. By iteratively assessing the statistical significance of each 

variable and discarding those with negligible impact, the resulting simplified GLM captured 

the essential relationships between the dependent and independent variables, providing a 

clearer understanding of the underlying dynamics influencing the outcome of interest. We 

assumed a binomial distribution once the response variable varied between 0 and 1, i.e., it 

represents the proportion of non-native species in relation to the total number of species 

recorded at each site. As the sampling area varied in each study, we used the sampling area as 

an offset term in the models (log transformed to correspond to the scale of the response 

variable). The model was validated using residual diagnostics through a simulation-based 

approach. We used Nagelkerke’s R² (Nagelkerke 1991) to verify the goodness of fit of the 

final model. An analysis of dominance was conducted to verify the relative importance of 

variables in the final model (Azen & Traxel 2009). The analyses were conducted in R 

software (R Development Core Team 2014) using the packages “car” (Fox & Weisberg 2019) 

to verify variable collinearity, “DHARMa” (Hartig 2021) for model validation, “visreg” 

(Breheny & Burchett 2017) to view the relation between explanatory variables in the response 

variable, and “dominanceanalysis” (Navarrete & Soares 2020) for analysis of dominance. 

 

Table 1. Climatic, environmental, and anthropogenic variables obtained for each sampling 

area in each study. Variables in bold were used to build the models after the variance inflation 

factor (VIF) was calculated. Resolution: measure of pixel size (Unit: kilometers). 

Variables Variable type Resolution Unit 



 

 

Climatic    

bio1: Mean annual temperature Raster 0.9 °C 

bio4: Temperature seasonality Raster 0.9 SD annual temp. x 100 

bio5: Maximum temperature of 

the hottest month 

Raster 0.9 °C 

bio6: Minimum temperature of the 

coldest month 

Raster 0.9 °C 

bio12: Annual precipitation Raster 0.9 Millimeters 

bio13: Rainfall of the wettest 

month 

Raster 0.9 Millimeters 

bio14: Rainfall of the driest month Raster 0.9 Millimeters 

bio15: Rainfall seasonality Raster 0.9 Coefficient of variation 

Environmental    

Canopy cover Raster 0.03 Percentage (%) 

RREL– NDVI Raster 0.25 Index (-1 to 1) 

Anthropogenic    

Accessibility Raster 0.9 Minutes 

Population density Raster 0.9 People/km² 

Human development index – HDI Raster 10 Index (0-1) 

Human influence index – HII Raster 0.9 Index (0-64) 

Per capita GDP Raster 10 Billion US$/2011 

GDP (PPC) Raster 10 Billion US$/2011 

Night lights Raster 0.9 Index (1-63) 
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Results 

We found 1,116 articles published between 1988 and 2019, of which 97 (Fig. 1, 

Supplementary Table 1) were selected for our analyses. Therefore, the total number of sites 

considered for this study was 121 (Fig. 1, Supplementary Table 1). 

 Among the 1,019 articles discarded, 140 focused on other biological groups (109 on 

animals, 18 on bryophytes, five on lichens, four on fungi, three on algae, and one on 

cyanobacteria); 313 articles focused on vascular plants but did not contain floristic data; 348 

articles on floristic surveys did not provide complete species lists, but only the list of species 

with higher importance values, or did not indicate the size of the sampling area; 113 articles 

were reviews (used other floristic studies or databases to compile species lists); and 123 

floristic survey articles focused on non-forest vegetation types.  

Thirty-two (26.6%) of the 121 sites contained at least one invasive non-native woody 

plant species. A list of 23 invasive non-native woody plant species was compiled from the 

articles reviewed (17 trees and six shrubs) (Supplementary Table 2). 



 

 

 

Figure 1. Heatmap representing the Neotropical region, with the location of the 114 sites 

considered in our study. Darker regions indicate recording of a greater number of 

invasive non-native woody plants. Figures B and C are an enlargement of the image (A) 

to better visualize Central America and southern South America, respectively. 

 

Which anthropogenic, climatic, and environmental factors best explain the richness of 

invasive non-native woody plants in different types of neotropical forests? 

The final model that explained the proportion of invasive non-native woody plants in 

relation to the total number of species contained four variables: accessibility, canopy cover, 

GDP per capita, and temperature seasonality (Table 2). The model residues were adequate. 

The final model explained 49% of data variation (R²Nagelkerke = 0.49).  
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Table 2. Result of the relation between explanatory variables of the model selected and 

their influence on the response variable. General contributions were calculated using 

Nagelkerke’s pseudo R². Significant p values are in bold. 

Explanatory 

variable 

Estimate Std. Error z p 

General 

contribution  

Temperature 

seasonality 

7.914e-3 1.465e-3 5.40 < 0.001 0.20 

Canopy cover -3.506e-2 5.513e-3 -6.36 < 0.001 0.09 

Per capita GDP 9.665e-10 1.782e-10 5.42 < 0.001 0.04 

Accessibility -6.256e-3 2.111e-3 -2.96 0.003 0.16 

 

The results of the dominance analysis showed that temperature seasonality and 

accessibility were the variables with higher general dominance in the final model, explaining 

20% and 16% of data variation, respectively (Table 2). The variables canopy cover and GDP 

per capita explained 9% and 4% of data variation respectively (Table 2).  

The proportion of invasive non-native species increased with higher temperature 

seasonality (temperature variation throughout the year) and GDP per capita (Figs. 2A and 2C, 

respectively; Tab. 2). On the other hand, the proportion of invasive non-native species 

decreased with increasing canopy cover and decreasing accessibility (distance to urban areas 

with more than 50,000 inhabitants) (Figs. 2B and 2D, respectively). 



 

 

 

Figure 2. Proportion of invasive non-native species (INNS) in relation to temperature 

seasonality, canopy cover, relative range NDVI, accessibility, population density, and GDP in 

neotropical forests. The blue line represents the linear adjustment of the selected model, the 

shaded areas represent the 95% confidence interval of the adjustment. Ticks at the bottom of 

each figure represent the frequency of studies in which the proportion of non-native species 
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(INNS) was = 0; ticks on the superior part of each figure represent the frequency of studies in 

which the proportion of non-native species (INNS) was ≠ 0. 

 

Discussion 

Climatic (Temperature seasonality), environmental (Forest cover), and anthropogenic 

(Accessibility, Gross Domestic Product per capita - GDP) factors explained the proportion of 

richness of invasive non-native woody plants in neotropical forests with different 

deciduousness levels. Richness of invasive non-native plants increased with higher 

temperature seasonality, accessibility, and Gross Domestic Product per capita (GDP), and 

decreased with the increase of canopy cover. Temperature seasonality and accessibility had 

the most significant effect on data variation. 

 

Which anthropogenic, climatic, and environmental factors best explain the richness of 

invasive non-native woody plants in different types of neotropical forests? 

There is a higher proportion of invasive non-native woody plants in areas with higher 

temperature variations throughout the year (higher seasonality). Higher temperature 

seasonality is common in subtropical regions, where the mean annual temperature may vary 

between 20° and 35 °C (Meteoblue 2021). In these regions, deciduousness in seasonal forests 

is due to cold winters (monthly mean ≤ 15 °C) determining partial foliage loss by some tree 

species. Higher temperature seasonality contributes to providing competitive advantages to 

invasive plants over native species (Castro et al. 2021). For example, in subtropical climates 

in the Neotropical region, some invasive non-native grasses and herbs such as Arundo donax 

L. and Tradescantia zebrina Bosse grow faster or increase seed germination rates when 

temperatures start to drop, in early autumn, at the time when native species reduce metabolic 



 

 

processes (Decruyenaere & Holt 2005; Castro et al. 2021). Therefore, conditions provoked by 

lower temperatures, such as lower rates of competition for resources and herbivore pressure 

(Mari & Galassin 2010; Castro et al. 2021), are potential explanations for the higher 

proportion of invasive non-native species in areas with higher temperature seasonality. 

Additionally, partial foliage loss by some species during cold winters in subtropical decidual 

forests leads to the formation of clearings that facilitate the arrival and establishment of 

invasive non-native plants (Spear et al. 2013; Dechoum et al. 2015). 

The richness of invasive non-native woody plants was higher in areas of greater 

accessibility (i.e., closer to cities) and in areas with elevated per capita Gross Domestic 

Product. This result shows the importance of anthropogenic influence on the increase of 

invasive plant richness, corroborating research that showed how invasive plant richness was 

higher in more densely populated areas, along roads, or in areas with higher GDP (e.g. Spear 

et al. 2013; Dimitrakopoulos et al. 2017; Essl et al. 2019; Galardo & Vilà 2019; Mungi et al. 

2021). Areas closer to cities or roads are also more prone to the arrival of propagules 

(Veldmam & Putz 2010; 2011; Padmanaba & Sheil 2014; Davis et al. 2016; Galardo & Vilà 

2019). Several studies have shown that the likelihood of occurrence of invasive non-native 

species increases with the proximity to propagule sources. For example, widely 

commercialized species used for ornamental purposes in residential areas may be dispersed to 

adjacent areas by animals as in the case of Ligustrum sinensis and Heptapleurum arboricola, 

(Davis et al. 2016; Padayachee et al. 2017; Marciniak et al. 2020), or by wind, such as 

Quercus rubra (Woziwoda et al. 2018). 

Proximity to roads is also an efficient dispersal pathway to surrounding natural 

tropical areas, as large amounts of propagules can be transported long distances adhered to 

tyres or through the flux of air generated by vehicles (Veldmam & Putz 2010; Padmanaba & 

Sheil 2014). Road margins also function as habitats for invasive non-native plants as 
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disturbance favours the establishment of many species (Joly et al. 2011). The absence of trees 

or shrubs along roads due to disturbance caused by frequent road maintenance generates 

conditions of lower competition and higher resource availability compared with natural areas 

(Joly et al. 2011; Speziale et al. 2018; Woziwoda et al. 2018; Khaniya & Sherestha 2020). 

Canopy cover also influenced non-native invasive plant richness. The higher the cover, 

the lower the richness, which corroborates other research on tropical forests in Asia (Khaniya 

and Shrestha, 2020; Mungi et al., 2021) and Central America (Lopez et al., 2012). This 

environmental variable might also be related to accessibility/road opening, considering that 

proximity to roads plays a fundamental role in the opening of areas for exploitation of forest 

resources, hunting, mining, and deforestation in tropical regions in South America and Asia 

(Laurence et al., 2002; Wilkie et al., 2000). Moreover, openings in the forest canopy can 

facilitate the entry of non-native invasive species propagules once the physical barrier posed 

by the canopy is broken (Joshi et al., 2015). Such clearings are important even for shade-

tolerant species which, despite surviving in low light conditions in the forest interior, grow 

better at higher light rates (Martin et al., 2010; Schuster et al., 2020). 

 

Limitations 

The review of floristic surveys conducted for this study highlighted the low inclusion 

of invasive non-native species in floristic surveys (26.6%). Non-native trees widely 

acknowledged as invasive in neotropical forests, such as Pittosporum undulatum, Spathodea 

campanulata, and Syzygium jambos were not reported in the studies reviewed, suggesting that 

floristic and phytosociological surveys as well as regional and state flora catalogues choose to 

omit invasive non-native species from compiled species lists, as pointed out by Moro et al. 

(2012). We highlight the relevance of including invasive non-native species in floristic survey 



 

 

lists for review studies such as this one and to provide managers with information on their 

presence in natural areas. Mapping invasive species improves distribution data and helps 

subsidize management in protected areas and other areas of relevance for biodiversity 

conservation (Moro et al. 2012).  

 

Conclusions 

Due to a higher temperature seasonality, subtropical forests are more susceptible to the 

establishment of invasive non-native woody plants than tropical forests in the neotropics 

especially due to an elevated temperature seasonality. Deciduousness in these forests may also 

favour the arrival of invasive plant propagules due to the decrease in the physical barrier 

represented by the canopy and to the increase in the incidence of light. Forests with higher 

accessibility are also more susceptible to invasion by invasive non-native plants because of 

the roads that facilitate invasive plant dispersion and a possible higher propagule arrival from 

species under cultivation in the surroundings. Neotropical forests are currently in a critical 

state of threat from anthropogenic impacts such as habitat loss, forest fragmentation, and 

climate change. Considering the synergic effects of anthropogenic pressure on the 

presence/increase of invasive plant richness, an increase in the richness of invasive non-native 

species is inevitable unless management policies are implemented both at the national and 

regional/international scales. 
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SUPPLEMENTARY MATERIAL 

 

S1 Table. List of the 121 sites considered for the statistical analyses. Articles repeated in the list had more than one sampled sites that 

were more than 5km apart.  

Author Title Year Country 

Sampled 

area lat long 

de Abreu et al 

Changes in plant community of seasonally 

semideciduous sorest after invasion by Schizolobium 

parahyba at southeastern Brazil 2014 Brazil 0.15 -22.7889 -50.788889 

 Abreu et al 

Tree species diversity of coastal lowland semideciduous 

forest fragments in northern Rio de Janeiro, Brazil 2014 Brazil 0.4 -21.5548 -41.20425 

Abreu et al 

Tree species diversity of coastal lowland semideciduous 

forest fragments in northern Rio de Janeiro, Brazil 2014 Brazil 0.2 -21.3358 -41.138417 

Abreu et al 

Tree species diversity of coastal lowland semideciduous 

forest fragments in northern Rio de Janeiro, Brazil 2014 Brazil 0.2 -21.3216 -41.119806 

Abreu et al 

Tree species diversity of coastal lowland semideciduous 

forest fragments in northern Rio de Janeiro, Brazil 2014 Brazil 0.2 -21.3255 -41.1 

Abreu et al 

Tree species diversity of coastal lowland semideciduous 

forest fragments in northern Rio de Janeiro, Brazil 2014 Brazil 0.2 -21.2969 -41.090333 

Abreu et al 

Tree species diversity of coastal lowland semideciduous 

forest fragments in northern Rio de Janeiro, Brazil 2014 Brazil 0.2 -21.4152 -41.077472 

Andrzejewski et al Floristic differentiation of a Deciduous Seasonal Forest 2019 Brazil 0.62 -29.403 -54.635 
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Author Title Year Country 

Sampled 

area lat long 

Tree Stratum, Jaguari, RS, Brazil 

Ariotti et al 

Estrutura do componente arbóreo e arborescente de um 

fragmento urbano no município de Sério, Rio Grande do 

Sul, Brasil  2016 Brazil 0.4 -29.3823 -52.267039 

Bongers et al 

 Structure and floristic composition of the lowland rain-

forest of Los-Tuxtlas, Mexico 1988 Mexico 1 18.62626 -95.08688 

Bordenave et al 

Quantitative botanical diversity descriptors to set 

conservation priorities in Bakhuis Mountains rainforest, 

Suriname 2011 Suriname 0.55 4.28 -56.780674 

Bordin et al 

Community structure and tree diversity in a subtropical 

forest in southern Brazil 2019 Brazil 1.2 -27.0889 -52.779806 

Boubli et al 

Structure and floristic composition of one of the last 

forest fragments containing the critically endangered 

northern Muriqui (Brachyteles hipoxanthus, primates) 2011 Brazil 3 -19.7234 -41.806691 

Braga and Jardim 

Florística, estrutura e formas de vida do estrato inferior 

de uma floresta ombrófila densa aluvial, Pará, Brasil  2019 Brazil 0.16 -1.5082 -48.4614 

Camargo et al 

Avaliação do impacto do fogo no estrato de regeneração 

em um trecho de floresta estacional semidecidual em 

Viçosa 2010 Brazil 0.025 -20.7551 -42.861657 



 

 

Author Title Year Country 

Sampled 

area lat long 

Campos and 

Martins 

Natural regeneration stratum as an indicator of restoration 

in area of environmental compensation for mining 

limestone, municipality of Barroso, MG, Brazil  2015 Brazil 0.016 -21.1803 -43.977719 

Campos and Souza 

Potencial for natural forest regeneration from seed bank 

in an upper Parana river floodplain, Brazil 2003 Brazil 0.996 -22.7563 -53.2647 

Cardoso-Leite 

Analysis of floristic composition and structure as an aid 

to monitoring protected areas of dense rain forest in 

southeastern Brazil 2013 Brazil 0.8 -24.3333 -48.05 

Carvalho et al 

Tree species distribution in canopy gaps and 

mature forest in an area of cloud forest of the Ibitipoca 

Range, south-eastern Brazil 2000 Brazil 5 -21.7119 -43.903269 

Cenci et al 

Composition of the tree flora in the botanical garden on 

Bento Gonçalves, Rio Grande do Sul, Brazil  2013 Brazil 2.5 -29.1772 -51.454444 

Chain-Guadarrama 

et al 

Determinants of rain-forest floristic variation on an 

altitudinal gradient in southern Costa Rica 2012 Costa Rica 9.25 8.8789 -83.119725 

Coelho et al 

Tree succession across a seasonally dry tropical forest 

and forest-savanna ecotone in northern Minas Gerais, 

Brazil 2017 Brazil 0.48 -16.7785 -43.6447 

Colmanetti et al 

Phytosociology and structural characterization of woody 

regeneration from a reforestation with native species in 2016 Brazil 0.45 -22.3745 -46.975282 

http://apps-webofknowledge.ez46.periodicos.capes.gov.br/full_record.do?product=WOS&search_mode=GeneralSearch&qid=1&SID=8BlIxPl6KkDm8bfCzaF&page=90&doc=897
http://apps-webofknowledge.ez46.periodicos.capes.gov.br/full_record.do?product=WOS&search_mode=GeneralSearch&qid=1&SID=8BlIxPl6KkDm8bfCzaF&page=90&doc=897
http://apps-webofknowledge.ez46.periodicos.capes.gov.br/full_record.do?product=WOS&search_mode=GeneralSearch&qid=1&SID=8BlIxPl6KkDm8bfCzaF&page=98&doc=977
http://apps-webofknowledge.ez46.periodicos.capes.gov.br/full_record.do?product=WOS&search_mode=GeneralSearch&qid=1&SID=8BlIxPl6KkDm8bfCzaF&page=98&doc=977
http://apps-webofknowledge.ez46.periodicos.capes.gov.br/full_record.do?product=WOS&search_mode=GeneralSearch&qid=1&SID=8BlIxPl6KkDm8bfCzaF&page=98&doc=977
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Author Title Year Country 

Sampled 

area lat long 

Southeastern Brazil  

Condé and Tonini 

Phytosociology of a dense ombrophilous forest in the 

northern Amazon, Roraima, Brazil 2013 Brazil 9 1.8417 -60.933333 

Costa Filho et al 

Floristic and phytosociological description of a 

riparian forest and the relationship with the edaphic 

environment in Caiua Ecological Station - Parana - Brazil 2006 Brazil 2.25 -22.6062 -52.870313 

Couto-Santos et al 

The role of temporal scale in linear edge effects on a 

submontane Atlantic forest arboreal community 2015 Brazil 0.3 -12.4753 -41.387222 

Cysneiros et al 

Diversity, community structure and conservation status of 

an Atlantic Forest fragment in Rio de Janeiro State, 

Brazil 2015 Brazil 0.4 -22.5911 -43.70311 

Rocha et al 

Effect of selective logging on floristic and structural 

composition in a forest fragment from Amazon Biome 2017 Brazil 1.25 -12.4696 -56.55458 

Dallabrida et al 

Tree component demography in an upper montane mixed 

ombrophilous forest under chronic anthropogenic 

disturbances  2017 Brazil 1 -27.929 -50.105017 

Souza et al 

Regenerative potential of an ecotonal forest in the upper 

Uruguay region, Santa Catarina state  2018 Brazil 0.6 -28.1914 -50.759445 

http://apps-webofknowledge.ez46.periodicos.capes.gov.br/full_record.do?product=WOS&search_mode=GeneralSearch&qid=1&SID=8CjZJFDIrMe5xWrWafo&page=81&doc=803
http://apps-webofknowledge.ez46.periodicos.capes.gov.br/full_record.do?product=WOS&search_mode=GeneralSearch&qid=1&SID=8CjZJFDIrMe5xWrWafo&page=81&doc=803
http://apps-webofknowledge.ez46.periodicos.capes.gov.br/full_record.do?product=WOS&search_mode=GeneralSearch&qid=1&SID=8CjZJFDIrMe5xWrWafo&page=81&doc=803


 

 

Author Title Year Country 

Sampled 

area lat long 

Denslow et al 

Patterns in a species-rich tropical understory plant 

community 2019 Costa Rica 4.5 10.4348 -84.0342 

Dezzeo et al 

Estructura y composición floristica de bosques secos y 

sabanas em los Llanos orientales del Orinoco, Venezuela  2008 Venezuela 0.1 8.08 -64.741113 

Duivenvoorden 

Vascular plant species counts in the rain forests of the 

middle caqueta area, Colombian Amazonia  1994 Colombia 1 -0.58087 -72.171187 

Duran-Fernandez et 

al 

Structure of the high evergreen tropical forest of Naha, 

Chiapas, Mexico 2018 Mexico 1 16.9912 -91.558335 

Duran-Fernandez et 

al 

Floristic inventory of the lacandon community of Naha, 

Chiapas, Mexico 2016 Mexico 1 16.9815 -91.57617 

Dzib-Castillo et al 

Structure and composition of two tree communities of 

tropical deciduous and subdeciduous forests in 

Campeche, Mexico 2014 Mexico 1.35 19.2668 -90.58981 

Faxina et al 

Flora of inland Atlantic riparian forests in southwestern 

Brazil 2015 Brazil 1.12 -23.0973 -54.23168 

Fonseca and 

Carvalho 

Floristic and phytosociological aspects of the tree 

community in an urban atlantic forest fragment (Juiz de 

Fora, state of Minas Gerais, Brazil)  2012 Brazil 1 -21.7667 -43.320531 

Franco et al 

Estrato de regeneração natural de um trecho de floresta 

estacional semidecidual, Viçosa, Minas Gerais 2014 Brazil 0.06 -20.75 -42.85 

http://apps-webofknowledge.ez46.periodicos.capes.gov.br/full_record.do?product=WOS&search_mode=GeneralSearch&qid=1&SID=8CnVb6I4npDS7zJmaV4&page=11&doc=105
http://apps-webofknowledge.ez46.periodicos.capes.gov.br/full_record.do?product=WOS&search_mode=GeneralSearch&qid=1&SID=8CnVb6I4npDS7zJmaV4&page=11&doc=105


68 

 

 

Author Title Year Country 

Sampled 

area lat long 

Freitas et al 

Floristic, diversity and spatial distribuition of tree species 

in a dry forest in southern Brazil  2017 Brazil 1.4 -27.4261 -51.788333 

Gastauer and Neto 

Community dynamics in a species-rich patch of old-

growth forest in a global changing scenario 2013 Brazil 1 -20.7956 -42.847223 

Georgin et al 

Floristic and phytosociological aspects of a deciduous 

forest in the region of the Upper Uruguay - RS 2015 Brazil 0.15 -27.3979 -53.434211 

Gomes et al 

Diferenças florísticas e estruturais entre duas cotas 

altiduninais da floresta ombrófila densa submontana 

atlântica, do Parque Estadual da Serra do Mar, município 

de Ubatuba/SP, Brasil 2011 Brazil 2 -23.3704 -45.0822 

Gonzaga et al 

Floristic and structural diagnosis of the tree component of 

a forest at Serra de Sao Jose, Tiradentes, Minas Gerais 

State, Southeast Brazil 2008 Brazil 0.9 -21.0973 -44.179909 

Gonzalez et al 

Tropical dry forest recovery after long term Henequen 

(sisal, Agave fourcroydes Lem.) plantation in northern 

Yucatan, Mexico 2002 Mexico 0.05 21.15 -89.81669 

Gonzalez et al 

Tropical dry forest recovery after long term Henequen 

(sisal, Agave fourcroydes Lem.) plantation in northern 

Yucatan, Mexico 2002 Mexico 0.06 21.1501 -89.816496 

http://apps-webofknowledge.ez46.periodicos.capes.gov.br/full_record.do?product=WOS&search_mode=GeneralSearch&qid=11&SID=8F95N2guVVahOhyWKRX&page=75&doc=745
http://apps-webofknowledge.ez46.periodicos.capes.gov.br/full_record.do?product=WOS&search_mode=GeneralSearch&qid=11&SID=8F95N2guVVahOhyWKRX&page=75&doc=745
http://apps-webofknowledge.ez46.periodicos.capes.gov.br/full_record.do?product=WOS&search_mode=GeneralSearch&qid=11&SID=8F95N2guVVahOhyWKRX&page=75&doc=745


 

 

Author Title Year Country 

Sampled 

area lat long 

Gonzalez et al 

Tropical dry forest recovery after long term Henequen 

(sisal, Agave fourcroydes Lem.) plantation in northern 

Yucatan, Mexico 2002 Mexico 0.05 21.0833 -89.550004 

Gonzalez et al 

Tropical dry forest recovery after long term Henequen 

(sisal, Agave fourcroydes Lem.) plantation in northern 

Yucatan, Mexico 2002 Mexico 0.07 21.1667 -89.550004 

Gonzalez et al 

Tropical dry forest recovery after long term Henequen 

(sisal, Agave fourcroydes Lem.) plantation in northern 

Yucatan, Mexico 2002 Mexico 0.08 21.16666 -89.283335 

Gonzalez-Valdivia 

et al 

Indicadores ecológicos de hábitat y biodiversidad en un 

paisaje neotropical: perspectiva multitaxonómica 2011 Mexico 1.2 17.5806 -91.335687 

Grasel et al 

Fitossociologia do componente arborescente-arbóreo de 

uma floresta estacional no Vale do Rio Uruguai, sul do 

Brasil  2017 Brazil 1.02 -27.1011 -53.575556 

Grau et al 

Floristic and structural patterns along a chronosequence 

of secondary forest succession in Argentinean subtropical 

montane forests 1997 Argentina 6 -26.7732 -65.35124 

Hans et al 

Tropical rain forest types and soil factors in a watershed 

area in Guyana  1993 French Guiana 12.6 5.216667 -58.8 

Hermuche and Relação entre NDVI e florística em fragmentos de 2011 Brazil 1 -13.1899 -46.682138 

http://apps-webofknowledge.ez46.periodicos.capes.gov.br/full_record.do?product=WOS&search_mode=GeneralSearch&qid=1&SID=8BlIxPl6KkDm8bfCzaF&page=104&doc=1036
http://apps-webofknowledge.ez46.periodicos.capes.gov.br/full_record.do?product=WOS&search_mode=GeneralSearch&qid=1&SID=8BlIxPl6KkDm8bfCzaF&page=104&doc=1036
http://apps-webofknowledge.ez46.periodicos.capes.gov.br/full_record.do?product=WOS&search_mode=GeneralSearch&qid=1&SID=8BlIxPl6KkDm8bfCzaF&page=104&doc=1036
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Author Title Year Country 

Sampled 

area lat long 

Felfilli floresta estacional decidual no Vale do Paranã, Goiás  

Hermuche and 

Felfilli 

Relação entre NDVI e florística em fragmentos de 

floresta estacional decidual no Vale do Paranã, Goiás  2011 Brazil 1 -13.7336 -46.476361 

Hermuche and 

Felfilli 

Relação entre NDVI e florística em fragmentos de 

floresta estacional decidual no Vale do Paranã, Goiás  2011 Brazil 1 -14.0156 -46.449643 

Homeier et al 

Tree Diversity, forest structure and productivity along 

altitudinal and topographical gradients in a species-rich 

Ecuadorian montane rain forest 2010 Equador 0.68 -3.9666 -79.0667 

Jadan et al 

Forest communities in high Andean secondary forests 

(Azuay, Ecuador) 2017 Equador 0.4 -3.11461 -79.122238 

Jadan et al 

Forest communities in high Andean secondary forests 

(Azuay, Ecuador) 2017 Equador 0.35 -3.10205 -79.103427 

Jadan et al 

Forest communities in high Andean secondary forests 

(Azuay, Ecuador) 2017 Equador 0.25 -3.06658 -79.043773 

Jorge et al 

Diameter structure and spatial arrangement of the most 

abundant species in a seasonal semideciduous forest 

fragment in Botucatu, Southeastern Brazil 2015 Brazil 1.85 -22.8152 -48.394427 

Kalacska et al 

Species composition, similarity and diversity in three 

successional stages of a seasonally dry tropical forest 2004 Costa.Rica 1 10.8147 -85.615 

http://apps-webofknowledge.ez46.periodicos.capes.gov.br/full_record.do?product=WOS&search_mode=GeneralSearch&qid=1&SID=5BnXiOVnr8V9k8i7rQZ&page=87&doc=863
http://apps-webofknowledge.ez46.periodicos.capes.gov.br/full_record.do?product=WOS&search_mode=GeneralSearch&qid=1&SID=5BnXiOVnr8V9k8i7rQZ&page=87&doc=863


 

 

Author Title Year Country 

Sampled 

area lat long 

Kappelle et al 

Altitudinal zonation os montane Quercus forests along 

two transects in Chirripó National Park, Costa Rica 1995 Costa Rica 1.2 9.4653 -83.6032 

Kelly et al. 

Floristics and biogeography of a rain forest in the 

Venezuelan Andes 1994 Venezuela 0.864 8.5833 -71.1167 

Kukkonen e 

Hohnwald 

Comparing floristic composition in treefall gaps of 

certified, conventionally managed and natural forests of 

northern Honduras 2009 Honduras 0.46 15.6188 -86.862241 

Laska 

Structure of understory shrub assemblages in adjacent 

secondary and old growth tropical wet forests, Costa Rica 1997 Costa  Rica 0.08 10.4305 -84.007 

Ledo et al 

Forest biodiversity assessment in Peruvian Andean 

Montane cloud forest 2012 Peru 1.68 -4.62767 -79.770562 

Lieberman et al 

Tropical forest structure and composition on a large-scale 

altitudinal gradient in Costa Rica 1996 Costa Rica 23.4 10.1291 -84.0988 

Lima et al 

Short-term impact of a hydroeletric power plant's 

reservoir on the tree component in a ecotonal area in 

Santa Catarina  2017 Brazil 4.82 -27.6358 -50.993951 

Longhi et al 

Caracterização fitossociológica do estrato arbóreo em um 

remanescente de floresta estacional semidecidual, em 

Montenegro, RS 2008 Brazil 1.83 -29.8184 -51.420663 

Lopes et al Physiognomic-structural characterization of dry- and 2008 Brazil 2 -7.61675 -35.466682 
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Author Title Year Country 

Sampled 

area lat long 

humid-forest fragments (Atlantic Coastal Forest) in 

Pernambuco State, NE Brazil 

Marangon et al 

Phytosociological structure and sucession classification 

of the arboreous component in fragment of 

seasonal semideciduous forest in Vicosa - Minas Gerais  2007 Brazil 1 -20.75 -42.916667 

Marchiori et al 

Tree community composition and aboveground biomass 

in a secondary atlantic forest, Serra do Mar State Park, 

São Paulo, Brazil  2016 Brazil 1 -23.3161 -45.103248 

Martinez-Adriano 

et al 

Floristic survey of flowering plants in a tropical coastal 

ecosystem in Veracruz, Mexico  2016 Mexico 1.72 19.6145 -96.418381 

Martins et al 

Colonization of gaps produced by death of bamboo 

clumps in a semideciduous mesophytic forest in south-

eastern Brazil 2004 Brazil 0.2 -22.8271 -47.107544 

Milhomen et al 

Estrutura do estrato arbóreo e regenerativo de um 

fragmento de floresta estacional semidecidual em 

Itumbiara, GO  2013 Brazil 1 -18.3483 -49.073889 

Munguia-Rosas et 

al 

Continuous forest has greater taxonomic, functional and 

phylogenetic plant diversity than an adjacent naturally 

fragmented forest 2014 Mexico 0.68 20.1704 -90.43307 

http://apps-webofknowledge.ez46.periodicos.capes.gov.br/full_record.do?product=WOS&search_mode=GeneralSearch&qid=11&SID=8F95N2guVVahOhyWKRX&page=79&doc=785&cacheurlFromRightClick=no
http://apps-webofknowledge.ez46.periodicos.capes.gov.br/full_record.do?product=WOS&search_mode=GeneralSearch&qid=11&SID=8F95N2guVVahOhyWKRX&page=79&doc=785&cacheurlFromRightClick=no
http://apps-webofknowledge.ez46.periodicos.capes.gov.br/full_record.do?product=WOS&search_mode=GeneralSearch&qid=11&SID=8F95N2guVVahOhyWKRX&page=79&doc=785&cacheurlFromRightClick=no
http://apps-webofknowledge.ez46.periodicos.capes.gov.br/full_record.do?product=WOS&search_mode=GeneralSearch&qid=1&SID=5BnXiOVnr8V9k8i7rQZ&page=88&doc=880&cacheurlFromRightClick=no
http://apps-webofknowledge.ez46.periodicos.capes.gov.br/full_record.do?product=WOS&search_mode=GeneralSearch&qid=1&SID=5BnXiOVnr8V9k8i7rQZ&page=88&doc=880&cacheurlFromRightClick=no
http://apps-webofknowledge.ez46.periodicos.capes.gov.br/full_record.do?product=WOS&search_mode=GeneralSearch&qid=1&SID=5BnXiOVnr8V9k8i7rQZ&page=88&doc=880&cacheurlFromRightClick=no


 

 

Author Title Year Country 

Sampled 

area lat long 

Negrelle 

The Atlantic forest in the Volta Velha Reserve: a 

tropical rain forest site outside the tropics 2002 Brazil 1 -26.0828 -48.639957 

Nesheim et al 

Plant composition in the Maya Biosphere Reserve: 

natural and anthropogenic influences 2010 Guatemala 5 17.4792 -89.850311 

Norden et al 

Resilience of tropical rain forests: tree community 

reassembly in secondary forests 2009 Costa Rica 6 104.305 -84.007 

Oliveira et al 

Effect of flooding regime and understorey bamboos on 

the physiognomy and tree species composition of a 

tropical semideciduous forest in southeastern Brazil  1994 Brazil 1.59 -21.4884 -44.376164 

Orihuela et al 

Markedly divergent tree assemblage responses to tropical 

forest loss and fragmentation across a strong seasonality 

gradient 2015 Brazil 6 -27.2116 -53.877996 

Orihuela et al 

Markedly divergent tree assemblage responses to tropical 

forest loss and fragmentation across a strong seasonality 

gradient 2015 Brazil 6 -26.4908 -52.198889 

Orihuela et al 

Markedly divergent tree assemblage responses to tropical 

forest loss and fragmentation across a strong seasonality 

gradient 2015 Brazil 6 -27.8282 -48.857469 

Pedreira and Sousa 

Tree community of a permanent flooded forest and its 

adjacent vegetation area in Ouro Preto, Minas Gerais 2011 Brazil 0.42 -20.4273 -43.505019 

http://apps-webofknowledge.ez46.periodicos.capes.gov.br/full_record.do?product=WOS&search_mode=GeneralSearch&qid=1&SID=8BlIxPl6KkDm8bfCzaF&page=94&doc=939
http://apps-webofknowledge.ez46.periodicos.capes.gov.br/full_record.do?product=WOS&search_mode=GeneralSearch&qid=1&SID=8BlIxPl6KkDm8bfCzaF&page=94&doc=939
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Author Title Year Country 

Sampled 

area lat long 

state, Brazil  

Pereira et al 

Caracterização ecológica de espécies arbóreas ocorrentes 

em ambientes de mata ciliar, como subsídio a 

recomposição de áreas alteradas nas cabeceiras do Rio 

Grande, Minas Gerais, Brasil  2010 Brazil 0.4 -22.2334 -44.566679 

Pereira et al 

Caracterização ecológica de espécies arbóreas ocorrentes 

em ambientes de mata ciliar, como subsídio a 

recomposição de áreas alteradas nas cabeceiras do Rio 

Grande, Minas Gerais, Brasil  2010 Brazil 1.04 -22.2163 -44.533135 

Pereira et al 

Caracterização ecológica de espécies arbóreas ocorrentes 

em ambientes de mata ciliar, como subsídio a 

recomposição de áreas alteradas nas cabeceiras do Rio 

Grande, Minas Gerais, Brasil  2010 Brazil 0.4 -22.1667 -44.466671 

Pinheiro and 

Monteiro 

Florística de uma floresta estacional semidecidual, 

localizada em ecótono savanico-florestal, no município 

de Bauru, SP, Brasil 2008 Brazil 0.26 -22.3446 -49.013039 

Polisel et al 

Structure of the understory community in four stretches 

of Araucaria forest in the state of São Paulo, Brazil 2014 Brazil 1 -23.8369 -49.14052 



 

 

Author Title Year Country 

Sampled 

area lat long 

Polisel et al 

Structure of the understory community in four stretches 

of Araucaria forest in the state of São Paulo, Brazil 2014 Brazil 1 -24.4667 -49.016689 

Polisel et al 

Structure of the understory community in four stretches 

of Araucaria forest in the state of São Paulo, Brazil 2014 Brazil 1 -22.6833 -45.45 

Polisel et al 

Structure of the understory community in four stretches 

of Araucaria forest in the state of São Paulo, Brazil 2014 Brazil 0.86 -22.75 -44.300002 

Ribeiro et al 

Mixed rain forest in southeastern Brazil: tree species 

regeneration and floristic relationships in a remaining 

stretch of forest near the city of Itabera, Brazil 2013 Brazil 1 -23.8464 -49.144167 

Rocha and Amorim 

Altitudinal heterogeneity in northern Atlantic Forest: a 

case study in southeastern Bahia, Brazil 2012 Brazil 0.5 -15.3917 -39.564063 

Rocha et al 

Functional decay in tree community within tropical 

fragmented landscapes: Effects of landscape-scale forest 

cover 2017 Brazil 1 -15.4336 -39.246734 

Rodal et al 

Natural forest regeneration in abandoned sugarcane fields 

in northeastern Brazil: floristic changes 2012 Brazil 1.8 -7.78524 -34.993857 

Rode et al 

Comparação floristica entre uma floresta ombrófila mista 

e uma vegetação arbórea estabelecida sob um 

povoamento de Araucaria angustifolia de 60 anos 2008 Brazil 25 -25.4118 -50.573931 

Romero-Mieres et Recuperación natural del bosque siempreverde afectado 2014 Chile 0.135 -40.1328 -73.563978 
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Author Title Year Country 

Sampled 

area lat long 

al por tala rasa y quema en la Reserva Costera Valdiviana, 

Chile 

Ruschel et al 

Estrutura e composição florística de dois fragmentos da 

floresta estacional decidual do Alto-Uruguai, SC 2009 Brazil 1.12 -27.1904 -53.633889 

Ruschel et al 

Estrutura e composição florística de dois fragmentos da 

floresta estacional decidual do Alto-Uruguai, SC 2009 Brazil 1.12 -26.9368 -53.524989 

Saldana 

Relationship between species richness and functional 

diversity of leaf traits in two evergreen species 

assemblages in a temperate rainforest 2013 Chile 0.225 -40.6501 -72.183299 

Sanchez et al 

Changes in tree community composition and structure of 

Atlantic rain forest on a slope of the Serra do Mar range, 

southeastern Brazil, from near sea level to 1000 m of 

altitude 2013 Brazil 1.94 -23.3667 -44.800012 

Sansevero et al 

Natural regeneration in plantations of native trees in 

lowland brazilian atlantic forest: community structure, 

diversity, and dispersal syndromes 2011 Brazil 0.06 -22.3301 -42.280903 

Scipioni et al 

Distribuição do compartimento arbóreo em gradiente de 

relevo e solos na encosta Meridional da Serra Geral, RS 2019 Brazil 2 -30.0826 -52.41573 

Silva and Araujo Dinâmica da comunidade arbórea de uma floresta 2009 Brazil 0.5 -18.9507 -48.203935 



 

 

Author Title Year Country 

Sampled 

area lat long 

semidecidual em Uberlândia, MG, Brasil 

Souza and Batista 

Restoration of seasonal semideciduous forests in Brazil: 

influence of age and restoration design on forest structure 2004 Brazil 0.09 -22.5792 -52.853632 

Souza and Batista 

Restoration of seasonal semideciduous forests in Brazil: 

influence of age and restoration design on forest structure 2004 Brazil 0.09 -22.6409 -52.144485 

Souza et al 

Ecological outcomes and livelihood benefits of 

community-managed agroforests and second growth 

forests in Southeast Brazil 2017 Brazil 0.6 -28.1906 -50.758438 

Souza et al 

Floristic and structure of the arboreal community of an 

ombrophilous dense forest at 800 m above sea level, in 

Ubatuba/SP, Brazil 2018 Brazil 1 -23.3598 -45.108758 

Souza et al 

Regenerative potential of an ecotonal forest in the upper 

Uruguay region, Santa Catarina state  2018 Brazil 0.6 -28.1914 -50.759445 

Valdez-Hernandez 

et al 

Recovery and early succession after experimental 

disturbance in a seasonally dry tropical forest in Mexico 2014 Mexico 0.6 19.68309 -88.366684 

Van Breugel et al 

Succession of Ephemeral Secondary Forests and Their 

Limited Role for the Conservation of Floristic Diversity 

in a Human-Modified Tropical Landscape 2013 Panama 9.8 9.216525 -79.783332 

Velazco et al Floristic and Phytosociology in a semideciduous seasonal 2015 Argentina 0.48 -27.2665 -55.564667 

http://apps-webofknowledge.ez46.periodicos.capes.gov.br/full_record.do?product=WOS&search_mode=GeneralSearch&qid=1&SID=5BnXiOVnr8V9k8i7rQZ&page=89&doc=882
http://apps-webofknowledge.ez46.periodicos.capes.gov.br/full_record.do?product=WOS&search_mode=GeneralSearch&qid=1&SID=5BnXiOVnr8V9k8i7rQZ&page=89&doc=882
http://apps-webofknowledge.ez46.periodicos.capes.gov.br/full_record.do?product=WOS&search_mode=GeneralSearch&qid=1&SID=5BnXiOVnr8V9k8i7rQZ&page=89&doc=882
http://apps-webofknowledge.ez46.periodicos.capes.gov.br/full_record.do?product=WOS&search_mode=GeneralSearch&qid=1&SID=5BnXiOVnr8V9k8i7rQZ&page=89&doc=882
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Author Title Year Country 

Sampled 

area lat long 

forest - Osununu Private Reserve, Misiones, Argentina 

Viani et al 

Caracterização florística e estrutural de remanescentes 

florestais de Quedas do Iguaçu, Sudoeste do Paraná 2011 Brazil 0.61 -25.55 -52.966.693 

Viani et al 

Caracterização florística e estrutural de remanescentes 

florestais de Quedas do Iguaçu, Sudoeste do Paraná 2011 Brazil 0.52 -25.4829 -52.881951 

Viani et al 

Caracterização florística e estrutural de remanescentes 

florestais de Quedas do Iguaçu, Sudoeste do Paraná 2011 Brazil 0.5 -25.4678 -52.816524 

Weaver 

El Toro Wilderness, Luquillo Experimental Forest, 

Puerto Rico 2011 Puerto Rico 5.6 18.2696 -65.829077 

Zacarias-Eslava et 

al 

Composición, estructura y diversidad del cerro El Águila, 

Michoacán, México 2011 Mexico 0.64 19.65 -101.4 

Zamora-Crescencio 

et al 

Floristic composition and structure of the secondary 

vegetation in northern Campeche, Mexico 2011 Mexico 0.1 20.4 -90.0403 

Zanini et al 

Atlantic rain forest recovery: successional drivers of 

floristic and structural patterns of secondary forest in 

Southern Brazil 2014 Brazil 0.84 -29.6907 -50.17506 

 



 

 

Supplementary Table 2. Names of the 23 invasive non-native woody plant species compiled 

from the articles reviewed. 

Family - Species 

Anacardiaceae 

Mangifera indica L. 

Schinus molle L. 

Asparagaceae 

Dracaena fragrans (L.) Ker Gawl. 

Bignoniaceae 

Tecoma stans (L.) Juss. Ex Kunth 
 

Euphorbiaceae 

Hevea brasiliensis (Willd ex. A. Juss.) Mull. Arg. 

Ricinus communis L. 

Fabaceae 

Leucaena leucocephala (Lam.) de Wit 

Schizolobium parahyba (Vell.) S.F. Blake 

Ulex europaeus L. 

Lauraceae 

Cinnamomum verum J. Presl. 

Meliaceae 

Melia azedarach L. 

Moraceae 

Artocarpus heterophyllus Lam. 

Morus nigra L. 

Myrtaceae 

Psidium guajava L. 

Syzygium jambos (L.) Alston 

Syzygium malaccense (L.) Merr. & L.M. Everry 

Oleraceae 

Ligustrum lucidum W.T. Aiton 

Pinaceae 

Pinus elliottii Engelm. 

Rhamnaceae 
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Hovenia dulcis Thumb. 

Rosaceae 

Eriobotrya japonica (Thunb.)Lindl. 

Rubus rosifolius Stokes 

Rubiaceae 

Coffea arabica L. 

Solanaceae 

Solanum mauritianum Scop. 
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Invasiveness in Schefflera s.l.: do non-native species outperform phylogenetically related 

native species? 

Amanda Angélica Carmes1,5, Rafael Barbizan Sühs2, Pedro Fiaschi3, Michele de Sá Dechoum2,4 

 

1 Universidade Federal de Santa Catarina, Programa de Pós-Graduação em Biologia de Fungos, Algas e Plantas, 

CCB, Campus Universitário Reitor João David Ferreira Lima, Trindade, 88040-900, Florianópolis, Santa 

Catarina, Brazil. 

 

2 Universidade Federal de Santa Catarina, Programa de Pós-Graduação em Ecologia, CCB, Campus 

Universitário Reitor João David Ferreira Lima, Trindade, 88040-900, Florianópolis, Santa Catarina, 88040-900, 

Brazil 

 

3Universidade Federal de Santa Catarina, Departamento de Botânica, CCB, Campus Universitário Reitor João 
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ABSTRACT 

Can differences in biological attributes related to seed germination and seedling development between 

phylogenetically close native species and non-native invasive species help explain biological invasion potential 

in subtropical forests? Can the expression of these attributes vary according to different conditions of light when 

assessed experimentally? To answer these questions, we collected seeds of four phylogenetically close species, 

two of which are native to Brazil (Didymopanax angustissimus and Didymopanax calvus) and two non-native 

invasive species (Heptapleurum actinophyllum, Heptapleurum arboricola) on coastal regions of southern Brazil. 

The seeds were set to germinate under different light conditions (100% and 50%) for a period of 180 days. We 

compared seed germination, seedling survival and growth between the native and non-native species. 

mailto:amandacarmes@hotmail.com


 

 

Germination velocity and the proportion of germinated seeds were higher for non-native invasive species than 

for native species under both conditions of light. The rate of survival of the non-native invasive species was 

higher at 50% light. The higher germination velocity and proportion of non-native invasive species explain their 

invasive potential regardless of light intensity. Our results highlight the invasive potential of the species 

assessed, especially of H. arboricola, which may be classified as ‘superinvasive’. 

Key words: growth, invasive potential, non-native invasive plants, seed germination, shade tolerance, survival. 

 

Potencial de invasão em Schefflera s.l.: as espécies não nativas superam as espécies 

nativas filogeneticamente relacionadas? 

RESUMO 

As diferenças nos atributos biológicos relacionados à germinação de sementes e ao desenvolvimento de plântulas 

entre espécies nativas filogeneticamente próximas e espécies invasoras não nativas podem ajudar a explicar o 

potencial de invasão biológica em florestas subtropicais? A expressão desses atributos pode variar de acordo 

com as diferentes condições de luz quando avaliada experimentalmente? Para responder essas perguntas, 

coletamos sementes de quatro espécies filogeneticamente próximas, duas das quais são nativas do Brasil 

(Didymopanax angustissimus e Didymopanax calvus) e duas espécies invasoras não nativas (Heptapleurum 

actinophyllum, Heptapleurum arboricola) em regiões costeiras do sul do Brasil. As sementes foram submetidas 

a diferentes condições de luz (100% e 50%) por um período de 180 dias. Comparamos a germinação das 

sementes, a sobrevivência e o crescimento das mudas entre as espécies nativas e não nativas. A velocidade de 

germinação e a proporção de sementes germinadas foram maiores para as espécies invasoras não nativas, 

comparado às espécies nativas em ambas as condições de luz. A taxa de sobrevivência das espécies invasoras 

não nativas foi maior com 50% de luz. A maior velocidade de germinação e a maior proporção de espécies 

invasoras não nativas explicam seu potencial invasivo, independentemente da intensidade da luz. Nossos 

resultados destacam o potencial de invasão das espécies avaliadas, especialmente da H. arboricola, que pode ser 

classificada como “superinvasora”. 

Palavras-chave: crescimento, germinação de sementes, plantas invasoras não nativas, potencial de invasão, 

sobrevivência, tolerância à sombra 
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INTRODUCTION 

Invasion success by introduced plants has been explained by differences in ecological attributes of 

native and non-native species (Funk et al. 2008, Moodley et al. 2013, Leffler et al. 2014, Duffin et al. 2019). For 

example, seedlings of invasive species perform better in terms of germination, growth, and survival compared 

with co-occurring congener native species (Leicht-Young et al. 2007, Stricker and Stiling 2013). However, many 

comparisons do not take the phylogeny of compared species into account (Porté et al. 2011, Mathakutha et al. 

2017, Yu and He 2021). Phylogenetically close species have similar biological attributes because they share a 

recent common ancestral (Antúnez et al. 2001, Van Kleunen et al. 2010). In a global meta-analysis, it has been 

shown that attributes such as fitness, height, growth rate and shoot allocation differed more between 

phylogenetically close invasive and non-invasive species compared with phylogenetically more distant species 

(Van Kleunen et al. 2010). Therefore, comparisons between attributes of phylogenetically related species may be 

more robust to predict invasion success (Van Kleunen et al. 2010, Stricker and Stiling 2013).  

Invasion success may also be influenced by local environmental conditions such as water availability, 

nutrients in the soil, and light availability (Burns et al. 2006, Richards et al. 2006). Low light availability in 

forests my limit the survival of non-native species (Davis et al. 2000, Fridley et al. 2023). However, shade-

tolerant non-native plants may invade forests, using different strategies to persist under different conditions of 

light (Martin et al. 2009, Rejmánek 2014, Berg et al. 2016, Medvecká et al. 2018). For example, shade-tolerant 

non-native invasive species may combine low survival with rapid growth under intermediate to high light 

conditions, and high survival with slow growth in conditions of lower incidence of light (Martin et al. 2010). On 

the other hand, shade-tolerant native species have attributes that minimize breathing and tissue renovation, 

preventing rapid growth and competitive dominance in conditions of higher incidence of light (Lusk and 

Jorgensen 2013, Sendall et al. 2016).  

The hypothesis of existence of a special class of invasive woody plants, named ‘superinvasive’, is 

recent (Fridley et al. 2023). This group of species would require less light (lower whole-plant light compensation 

point) to balance loss of carbon and individual maintenance (i.e., growth, tissue renovation, response to 

herbivory) when compared with native species. Therefore, the ‘superinvasive’ plants would grow fast under high 

light conditions and maintain high survival rates under a closed canopy.  

Although the number of experimental studies comparing co-occurring non-native invasive and native 

plants has increased in recent years, many of the comparisons do not consider the phylogeny of compared 



 

 

species (Porté et al. 2011, Mathakutha et al. 2017, Yu and He 2021). Important attributes shared by 

phylogenetically close species might be left aside in the determination of invasion success (Yu and He 2021).  

Schefflera, for a long time considered the largest genus of Araliaceae, has been segregated in five 

geographically coherent groups: Pacific, which includes the generic-type, Melanesian, Afro-Malagasy, Asian, 

and Neotropical clades (Plunkett et al. 2005). All species of the former Asian clade of Schefflera s.l. are now 

treated under Heptapleurum (Lowry and Plunkett 2020), while species of Neotropical Schefflera are currently 

arranged in five genera, of which Didymopanax accounts for most Brazilian species (Fiaschi et al. 2020). 

Despite Heptapleurum and Didymopanax are not sister-groups, they both belong to the Asian-Palmate clade of 

Araliaceae (Plunkett et al. 2019), which includes all species of the Asian and Neotropical clades of Schefflera s.l. 

Both groups include non-prickly woody plants with palmately-compound leaves and ligulate stipules, and their 

preferential habitats are tropical and subtropical forests from the sea level to more than 3,000 m a.s.l. 

The general objective of our study was to verify how the biological attributes related to seed 

germination, seedling survival and growth differ between non-native invasive and native species of Schefflera 

sensu lato (Araliaceae), which currently belong, respectively, to Heptapleurum and Didymopanax, on coastal 

regions of southern Brazil. The questions posed were: (1) Can differences in biological attributes related to seed 

germination and seedling development between phylogenetically close native and non-native invasive species 

help explain biological invasion potential in subtropical forests? (2) Can the expression of these attributes vary 

according to different conditions of light?  

 

MATERIALS AND METHODS 

 

1. Native and non-native species contemplated in this study 

Four tree species in the genus Schefflera s.l. occurring in the study area were selected for the study 

(Figure 1), two of which are non-native and invasive (Heptapleurum actinophyllum and H. arboricola), and two 

native species (Didymopanax angustissimus and D. calvus). Recent studies confirm that Schefflera s.l. is a 

polyphyletic genus represented by five distinct clades (Plunkett et al. 2005, Plunkett et al. 2019). Species earlier 

acknowledged within the Asian Schefflera clade are currently treated as Heptapleurum, while Didymopanax 

species are part of the Neotropical clade, which also includes other four genera (Plunkett et al. 2019). 
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Heptapleurum actinophyllum is a tree species native to the South of New Guinea and Northeast of 

Australia (Lowry and Plunkett 2020). It is considered invasive in Singapore, the United States, Puerto Rico, 

Cuba, Brazil, and Australia (CABI 2020, Instituto Hórus 2022). It can be found invading pastures, coastal dunes, 

degraded areas, and secondary forests (Gucker 2011, CABI 2020). Heptapleurum arboricola occurs naturally in 

humid forests or along rivers in China and Taiwan (Lowry and Plunkett, 2020, Instituto Hórus 2022). It is 

acknowledged as invasive in the United States, the Reunion Islands, Brazil, Chile, and on several Pacific islands 

(Instituto Hórus 2022). When outside its native range, it can grow in open areas as well as in forests (Atlas of 

Living Australia 2020, Instituto Hórus 2022). Both Heptapleurum species are frequently used as ornamental 

plants in tropical and subtropical regions (Chen et al. 2003, Lowry and Plunkett 2020). The seeds are bird-

dispersed and germinate easily on several types of substrate, developing as epiphytes until the roots reach the 

ground (Marciniak et al. 2019).  

Didymopanax angustissimus is endemic to Brazil and occurs throughout the Atlantic Forest domain. It 

grows in direct sunlight (heliophilous), is fast-growing, and a prolific seeder, forming dense seedling banks with 

high mortality rates (Armelin 2005). Didymopanax calvus, also endemic to Brazil, occurs in subtropical and 

tropical Atlantic forests in the south and southeast (Fiaschi and Plunkett 2018). Both native species have low 

germination rates, possibly due to physiological or tegumentary dormancy or to the percentage of seeds injured 

by insect larvae (Franco and Ferreira 2002, Ohashi and Leão 2005, Vilarinho et al. 2019). None of the native 

species are considered invasive anywhere in the world. 

 

2. Seed collection and preparation 

Seeds of the native species were obtained from trees located in protected areas, registered in the 

Floristic and Forest Survey conducted in the state of Santa Catarina (Vibrans et al. 2013) and available from the 

CRIA database - SpeciesLink (2018). The seeds of the invasive species were collected from plants in urban and 

peripheral areas. Two populations were selected for each species, and three to four mother trees were selected for 

each population (Figure 1). A minimum number of three plants per population and six plants per species was 

selected. The selected plants were at least 10 meters apart in each population. The number of mother trees was 

low due to the difficulty in finding native individuals at the sites available for collection. Fruits were collected 

from the crown and from the ground. The seeds of the different plants and populations of the same species were 

mixed before being sowed. The seeds were processed for the pulp to be removed, disinfected with 70° alcohol, 



 

 

and dried at room temperature. Little developed seeds or seeds with granivory signs were discarded. In the case 

of native species, the rigid coat of the endocarp involving the seed was scarred in order to break the impermeable 

tegument (Carvalho 2008). The seeds of non-native invasive species were placed to germinate without prior 

treatment. 

 

Figure 1. Location map of the Schefflera s.l. species selected for the seed germination and seedling growth and 

survival experiments. A) Location of the state of Santa Catarina and the three municipalities in which the 

populations were sampled. B) Collection sites, different geographical shapes represent the different species, red 

shapes represent non-native invasive species, black shapes represent native species. 
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3. Experimental design 

The experiment was set up in the seedling nursery of Corrego Grande Municipal Park, in Florianopolis, 

Southern Brazil (27°35’53.35’’S; 48°30’39.88’’O). The local climate is Cfa type according to the Köppen-

Geiger classification, humid mesothermal with a hot summer and no defined dry season. The seeds were sown in 

pots, with a volume of two liters (20cm height x 15 cm diameter), using a mixture of sand and fertilized soil 

(1:1). The pots were placed in the open, in natural conditions of temperature and rainfall, irrigated when the 

substrate dried, as needed. Two treatments were defined: 100% light intensity (T100) and 50% light intensity 

(T50). In T100, the seeds were exposed to solar radiation without protection; in T50, 50% shading was used to 

filter direct sunlight. One seed was sown per pot. A total of 160 seeds of D. angustissimus and H. arboricola 

were sown, with 80 seeds per treatment (T50 and T100). In the case of H. actinophyllum, 122 seeds were sown, 

61 per treatment, and 200 seeds of D. calvus, with 100 seeds per treatment. Each pot was considered a replica. 

 

4. Data analysis 

4.1. Germination 

The accumulated germination curve and index of velocity of germination (IVG) were calculated for 

each of the species in each of the treatments. The accumulated germination curve describes the time needed for 

the seeds of a given treatment to germinate throughout the duration of the experiment (Aravind et al. 2019). The 

index of velocity of germination (IVG) considers the number of seedlings germinated per day during the 

experiment (Aravind et al. 2019). The final values of the proportion of germinated seeds used to produce the 

germination curves and the indices of velocity of germination were compared between species and treatments 

(fixed effects) by means of Generalized Linear Models using the normal distribution. Comparisons between the 

mean values obtained per species and per treatment were made by contrast analysis. p values for multiple 

comparisons were adjusted using the Holm-Bonferroni method (Holm 1979). Seed germination was evaluated 

for a period of 180 days. Hypocotyl height and diameter of the seedlings developed from the germinated seeds 

were measured every 30 days from the date of germination using a graduated ruler and pachymeter, respectively. 

4.2. Survival 

Survival functions were estimated per species and per treatment using the Kaplan-Meyer method for 

censored data (Rich et al. 2010). As a result, new data were added to the curve as more seedlings died throughout 

the duration of the experiment (180 days). The comparison between species survival curves was made using a 



 

 

Log-rank test (Kaplan and Meier 1958). Seedling survival was evaluated for a period of 180 days after 

germination. 

 

4.3. Growth 

Relative growth rate based on plant height was calculated based on the seedling height values measured 

weekly for 180 days. After 180 days since germination each live seedling was removed from the plastic bag and 

the aerial part (shoot: hypocotyl, cotyledons, and leaves) was separated from the subterranean part (roots). The 

shoot and root were weighed separately for records of fresh mass. Leaves were detached and scanned for 

measurement using Image software (Rasband 1997) to generate leaf area data. Dry mass was obtained after the 

seedling parts were oven-dried at 60°C for 48 hours, then weighed. The root/shoot ratio was obtained from the 

dried material.  

The values of total means were compared between species and treatments for each species using 

Generalized Linear Models (GLM), followed by contrast analysis for comparison of pairs. p values for multiple 

comparisons were adjusted using the Holm-Bonferroni method (Holm 1979). 

The analyses were conducted in R software (R Development Core Team 2014), using the “survival” and 

“survminer” packages (Therneau and Lumley 2013, Kassambara et al. 2017) for survival analysis, 

“germinationmetrics” (Aravind et al. 2019) to calculate index of velocity of germination, and “emmeans” and 

“lmeans” (Lenth and Lenth 2018) for the comparison of pairs. 

 

RESULTS 

Germination 

The total values of proportion of germinated seeds were higher for the non-native invasive species than 

for the native species. H. actinophyllum germinated 37 of 122 (30%) seeds, while H. arboricola germinated 23 

of 160 (15%). The native species D. angustissimus germinated 14 of 160 (9%) seeds, and D. calvus, 5 of 200 

(2%) (Tables 1 and 2). The non-native invasive species also performed better in terms of proportion of seeds 

germinated between treatments, with higher values in both treatments (Table 1). In the paired comparison, 

germination rates were higher for all species in treatment T50 (Table 2, Table1 –Supplementary material).  
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Table 1. Number of seeds sown and number and proportion of seeds that germinated of the native species 

Didimopanax angustissimus and D. calvus, and the non-native invasive Heptapleurum actinophyllum and H. 

arboricola, in two treatments, direct sunlight (T100) and 50% protection from direct sunlight (T50). The values 

of the proportions of germinated seeds were rounded to the closest integer. 

Species Seeds sown Germinated seeds 

 T50 T100 T50 T100 

Native species   

  
D. angustissimus 80 80 10 (9%) 7 (12%) 

D. calvus 100 100 3 (3%) 2 (2%) 

Non-native invasive species   

  
H. actinophyllum 61 61 23 (23%) 14 (38%) 

H. arboricola 80 80 13 (16%) 10 (12%) 

 

Table 2. Total germination proportion and per treatment at the end of 180 days of the native species 

Didimopanax angustissimus and D. calvus and the non-native invasive species Heptapleurum actinophyllum and 

H. arboricola, in two treatments, direct sunlight (T100) and 50% protection from direct sunlight (T50). Letters 

discriminate differences between proportions, verified by comparison in pairs (Table 1 –supplementary 

material).  

Species Total mean Standard deviation  T50 T100 

Native species 

D. angustissimus 0.087 ±0.053  0.087a 0.125b 

D. calvus 0.025 ±0.007  0.030c 0.020d 

Non-native invasive species 

H. actinophyllum 0.303 ±0.104  0.229e 0.377f 

H. arboricola 0.146 ±0.029  0.167g 0.125h 

 

Germination curve 

Mean time for germination was shorter in treatment T50 for H. arboricola and D. calvus [24 (±5) and 

27 (±0) days], while H. actinophyllum and D. angustissimus had higher mean values [65 (±37) and 77 (±19) 



 

 

days] (Figure 2). In treatment T100, D. calvus and H. arboricola had the lowest mean values for germination 

time [27 (±0) and 43(±39)], while H. actinophyllum and D. angustissimus had the highest mean values [45 (±17) 

and 169 (±56) days] (Figure 2). 

 

Figure 2. Cumulative germination curves of the non-native invasive species seeds H. 

actinophyllum and H. arboricola and the native species D. angustissimus and D. calvus in two 

treatments: direct sunlight (T100) and 50% protection from direct sunlight (T50). 

 

Index of velocity of germination 

The mean index of velocity of germination was four times higher for the non-native invasive species 

compared with the native species (Table 3). The four species germinated faster in treatment T50 compared with 

T100 (Table 3; Table 2– supplementary material). 
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Table 3. General indices of velocity of germination and per treatment of the native species D. angustissimus and 

D. calvus and of the non-native invasive species H. actinophyllum and H. arboricola in two treatments: direct 

sunlight (T100) and 50% protection from direct sunlight (T50). Different letters represent differences between 

the observed values per species in the two treatments (Table 2 -supplementary material). 

 Overall mean T50 T100 

Native species    

D. angustissimus 5.535 9.568a 1.501b 

D. calvus 4.703 5.644a 3.762b 

Non-native species    

H. actinophyllum 22.86 25.729a 20.010b 

H. arboricola 21.639 26.655a 16.624b 

 

Survival curve 

Survival rates in terms of the proportion of seedlings that survived in treatment T50 (0.82 and 0.70, 

respectively) were higher for H. actinophyllum and D. angustissimus, and lower for Didimopanax calvus and H. 

arboricola (0.66 and 0.23, respectively). In treatment T100, H. actinophyllum had the highest survival rate 

(0.92), followed by D. calvus and H. arboricola with 0.50, and D. angustissimus, with the lowest rate (0.42). The 

curves obtained by the Kaplan-Meier estimator differed between the four species and between treatments (X²= 

19.5, df= 7, p-value= 0.007; Figure 3).  

The survival rate of Heptapleurum actinophyllum was the highest in both treatments at the end of the 

experiment; however, in treatment T50, it was lower than in treatment T100. On the other hand, the survival rate 

of H. arboricola was low in both treatments. The native species had better survival rates in T50 compared with 

treatment T100. 



 

 

 

Figure 3. Survival curves of seedlings of the native species D. angustissimus and D. calvus and of the non-native 

invasive species H. actinophyllum and H. arboricola in two treatments: direct sunlight (T100) and 50% 

protection from direct sunlight (T50). NN: non-native, N: native. 

 

The survival rate of Didimopanax angustissimus was high during the first month of the experiment, but 

after 60 days it declined in both treatments. In the case of D. calvus, the survival rate declined after 90 days in 

treatment T50, and after 150 days in treatment T100. The survival rate of Heptapleurum actinophyllum was 

higher during the initial two months in treatment T100 and during the first three months in T50. The survival rate 

of Heptapleurum arboricola declined in the first month in both treatments, and continued to fall until the 150 th 

day of the experiment.  

In treatment T50, the mean life time was 141 and 150 days for the native species D. angustissimus and 

D. calvus, respectively. In this treatment, the mean life time was 165 and 120 days for the non-native invasive 

species H. actinophyllum and H. arboricola, respectively. In treatment T100, the mean life time was 137, 165, 

171, and 135 days for D. angustissimus, D. calvus, H. actinophyllum and H. arboricola, respectively 

(Supplementary material– Table 5). 
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Growth 

Given the low number of germinated seeds of the native species (D. angustissimum: 14; D. calvus: 5), it 

was not feasible to compare the results on growth parameters. The results are available from the supplementary 

material – Table 5. The root/soot ratio was higher for Heptapleurum arboricola than for H. actinophyllum 

(estimate=-0.18, SE=0.09, t value=-1.97, p=0.05). On the other hand, the leaf area means (estimate=-30.85, 

SE=18.05, t value=-1.70, p=0.09), total dry mass (estimate=-0.28, SE=0.19, t value=-1.49, p=0.14), and relative 

growth rate based on height (estimate=-0.0008, SE=0.005, t value=1.40, p=0.16) did not differ between species 

(Figure 4). No difference was found in the means between treatments T100 and T50 per species (Supplementary 

material – Table 5).   

 

Figure 4. A) RGRH - Relative growth rate based on height; B) Total dry mass; C) Total leaf area; D) Root/shoot 

ratio. The central line in the box indicates the median, the higher and lower lines, the quartiles 25 and 75%, 



 

 

vertical lines on top and at the bottom of each boxplot represent maximum and minimum values in the database. 

Outliers were verified using the “Dharma” package in R software; only the red dot in graph D represents an 

outlier for H. arboricola; the other dots are data away from the mean, but not considered outliers by the 

“Dharma” package. There is no significant difference between groups that share the same letter. 

 

DISCUSSION 

We found differences in the germination and survival parameters between native and non-native species 

of Schefflera s.l. Germination proportion was higher for non-native invasive species, which also germinated 

faster than native species. Germination proportion and velocity were higher in the 50% light treatment for all 

species. The non-native species had higher survival rates at 50% light, while survival was higher for H. 

actinopyllum in both conditions. The low germination proportion of the native species prevented the comparison 

of growth parameter between the native and non-native species. Root/shoot comparisons indicated that H. 

arboricola invested proportionally more in roots than H. actinophyllum, especially in the 100% light treatment.  

Germination rate was four times higher for the non-native invasive than for native species. This result is 

in line with other comparative studies between non-native invasive and native species (Dickson et al. 2012, 

Wainwright et al. 2012, Kardol et al. 2013, Wainwright and Cleland 2013, Gioria and Pysek 2017), and may 

indicate that germination advantage is a factor that may facilitate invasion by the non-native species in our study 

(Gioria and Pysek 2017). Early germination may benefit initial establishment of the invasive species because 

they are able to use available resources before other species, also developing faster in conditions of interspecific 

competition (Abraham et al. 2009, Grman and Suding 2010).  

The germination proportion of the non-native invasive species was higher compared with the native 

species. Even though the seeds of the native species were scarred and seeds damaged by granivory were 

discarded, less than 10% of the seeds germinated. The low germination rates may be a consequence of the low 

viability of seeds from native species, as demonstrated by Armelim (2005) for D. angustissimus (15% 

predictability), which is a limitation in the present study. Additionally, this result corroborates other studies in 

which low germination rates were observed for D. angustissimus (e.g. Armelin 2005, Anastácio 2010, Vilarinho 

et al. 2019), suggesting the possibility of physiological dormancy (Ohashi and Leão 2005). There were 

differences in germination percentage of the non-native invasive species between treatments, which were higher 

for both species at 50% light. This indicates higher shade tolerance, in turn enabling the species to invade the 

https://link.springer.com/article/10.1007/s10530-016-1349-1#ref-CR25
https://link.springer.com/article/10.1007/s10530-016-1349-1#ref-CR144
https://link.springer.com/article/10.1007/s10530-016-1349-1#ref-CR72
https://link.springer.com/article/10.1007/s10530-016-1349-1#ref-CR143
https://link.springer.com/article/10.1007/s10530-016-1349-1#ref-CR1
https://link.springer.com/article/10.1007/s10530-016-1349-1#ref-CR58
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forest undergrowth. Invasion by these species may thus be considered a threat to tropical and subtropical forests 

with closed or seasonally closed canopies (Olson 2001). Records of established populations of H. actinophyllum 

and H. arboricola in Brazil include degraded areas as much as undisturbed subtropical humid forest and coastal 

scrub (restinga) remnants (Instituto Hórus 2022). 

The non-native invasive species H. arboricola and H. actinophyllum are widely cultivated in Brazil for 

ornamental purposes (Lorenzi et al. 2003). Cultivated species undergo a breeding process and differ from wild 

species in ornamental characteristics and ecological attributes (Chrobock et al. 2011). Thus, human-mediated 

selection for certain characteristics may contribute to observed differences between invasive exotics and natives, 

such as traits that enhance germination potential (Chrobock et al. 2011). Some studies comparing individuals 

from cultivars and wild populations of the same species have shown that seeds from the cultivated group 

germinate more rapidly and in greater proportion compared to the wild group (Wilson and Mecca 2003, 

Chrobock et al. 2011). Therefore, targeted selection for plant cultivars, such as rapid and complete germination, 

may potentially increase the likelihood of becoming invasive (Chrobock et al. 2011). 

The results obtained from the evaluation of root/shoot ratio may indicate that H. arboricola has higher 

plasticity to different light conditions, investing more in roots at higher light exposure and more in the shoot 

when light is low. Changes in the allocation of  biomass to roots or shoot is possibly essential for seedling 

survival in the forest undergrowth. In general, changes in biomass allocation are commonly observed in the 

behavior of woody non-native invasive species under low light conditions in the forest undergrowth (Leicht-

Young et al. 2007, Granata et al. 2020). Fridley et al. (2023) suggest the existence of a particular class of woody 

invasive species, termed ‘superinvasives’. In comparison with co-occurring native species, the species in this 

group grow faster under abundant light, persist in the shade and allocate many resources to seed production 

(Fridley et al. 2023). Considering these criteria, and based on the results of our study, H. arboricola may be 

considered a ‘superinvasive’ species, once it grew faster under 100% light in comparison with the native species, 

and had more persistent seedlings under conditions of lower light (50%).  

Low light availability is a limiting condition to plant growth in forest ecosystems (Chazdon et al. 1996, 

Pattinson et al. 1998). Therefore, the ability to develop mechanisms to optimize light capture is an important 

determinant of competitive capacity of plants able to survive under low light (Chazdon et al. 1996, Pattinson et 

al. 1998). Phenotypical plasticity allows plants to occupy a high diversity of ecological niches, contributing to 

the success of biological invasions especially in the establishment phase (Matesanz et al. 2010, Godoy et al. 



 

 

2011). The results obtained from our study highlight the potential of the non-native species evaluated, especially 

H. arboricola, to invade forest borders, clearings, or the forest interior under closed canopies. 

 

CONCLUSIONS 

Differences in germination and survival were verified between non-native invasive and native species in 

the genus Schefflera s.l. The higher germination proportion and germination velocity of the non-native invasive 

species compared with the native species contribute to initial establishment as they benefit from reduced 

competition. Both non-native invasive species are shade-tolerant, therefore able to germinate in the forest 

undergrowth. Our results indicate possible plasticity of H. arboricola in the allocation of root/shoot biomass 

under different conditions of light availability. This attribute may contribute to establishment and invasion 

success in forests. Invasion success by H. arboricola in forest ecosystems is likely favored by attributes 

characteristic of ‘superinvasive’ species. Both H. actinophyllum and H. arboricola should be considered a threat 

to closed canopy forests.  
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SUPPLEMENTARY MATERIAL 

Table 1. Results of the comparison by pairs of germination proportions between treatments, per species. 

Abbreviations: T50 – treatment in which shading was used to maintain 50% light incidence; T100 –treatment in 

which seedlings were directly exposed to full light. p numbers in bold indicate significant values. 

Treatment: comparisons between species  Estimate SE ratio p value 

Treatment T100     

H. actinophyllus (T100)-D. angustissimus (T100) 0.16 0.004 32.73 <.0001 

H. actinophyllus (T100)-D. calvus (T100) 0.18 0.004 37.64 <.0001 

H.arboricola (T100)-D. angustissimus (T100)  -0.07 0.004 -15.50 <.0001 

H.arboricola (T100)-D.calvus (T100) 0.09 0.004 20.40 <.0001 

H. actinophyllus (T100)-H.arboricola (T100) 0.08 0.004 17.24 <.0001 

D. angustissimus (T100)-D.calvus (T100) 0.02 0.004 4.91 <.0001 

Treatment T50     

H. actinophyllus (T50)-D. angustissimus (T50) 0.15 0.004 32.73 <.0001 

H. actinophyllus (T50)-D. calvus (T50) 0.18 0.004 37.64 <.0001 

H.arboricola (T50)-D. angustissimus (T50)  -0.07 0.004 -15.50 <.0001 

H.arboricola (T50)-D.calvus (T50) 0.09 0.04 20.40 <.0001 

H. actinophyllus (T50)-H.arboricola (T50) 0.08 0.004 17.24 <.0001 

D. angustissimus (T50)-D.calvus (T50) 0.02 0.004 4.91 <.0001 

Comparison treatments T100 X T50     

H. actinophyllus (T50)-H. actinophyllus (T100) -0.04 0.003 -13.33 <.0001 

H. arboricola (T50)-H. arboricola (T100) -0.04 0.003 -13.33 <.0001 

D. angustissimus (T50)-D. angustissimus (T100) -0.04 0.003 -13.33 <.0001 

D. calvus (T50)-D. calvus (T100) -0.04 0.003 -13.33 <.0001 

 

Table 2. Results of the comparison by pairs between indices of germination velocity (IVG) between treatments, 

per species. p numbers in bold indicate significant values. 

Treatment: comparisons between species Estimate SE t ratio p value 

Treatment T100     



 

 

H. actinophyllus (T100) – D. angustissimus (T100) 16.96 0.36 46.93 <.0001 

H. actinophyllus (T100) - D. calvus (T100) 18.87 0.60 31.42 <.0001 

H.arboricola (T100) - D. angustissimus (T100)  -15.37 0.48 -32.00 <.0001 

H.arboricola (T100) - D.calvus (T100)  17.28 0.67 25.49 <.0001 

H. actinophyllus (T100) – H.arboricola (T100) 1.58 0.39 3.98 0.0009 

D. angustissimus (T100) - D.calvus (T100) 1.91 0.65 2.92 0.010 

Treatment T50     

H. actinophyllus (T50) – D. angustissimus (T50) 16.96 0.36 46.93 <.0001 

H. actinophyllus (T50) - D. calvus (T50) 18.87 0.60 31.42 <.0001 

H.arboricola (T50) - D. angustissimus (T50)  -15.37 0.48 -32.00 <.0001 

H.arboricola (T50) - D.calvus (T50) 17.28 0.67 25.49 <.0001 

H. actinophyllus (T50) – H.arboricola (T50) 1.58 0.39 3.98 0.0009 

D. angustissimus (T50) - D.calvus (T50) 1.91 0.65 2.92 0.010 

Comparisons T100 X T50     

H. actinophyllus (T50) – D. actinophyllus (T100) -6.57 0.28 -23.25 <.0001 

H. arboricola (T50) – H. arboricola (T100) -6.57 0.28 -23.22 <.0001 

D. angustissimus (T50) - D. angustissimus (T100) -6.57 0.28 -23;22 <.0001 

D. calvus (T50) – D. calvus (T100) -6.57 0.28 -23.22 <.0001 

 

Table 3. Mean total life time (days) and standard deviation per species and per treatment; and percentage of 

seedlings that survived until the end of the experiment (180 days). 

Species Mean total life time Mean life time T50 Mean life time T100 

Native    

D. angustissimus 139.41(±54.0) 141 (±63.3) 137 (±41.9) 

D. calvus 156.00 (±39.1) 150 (±51.9) 165 (±21.2) 

Non-native    

H. actinophyllum 167.83(±31.9) 165 (±32.4) 171 (±32) 

H. arboricola 126.52(±57.8) 120 (±60) 135 (±57) 
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Table 4. Comparisons between growth parameters means conducted by pairs between species by contrast. 

Abbreviations: RGRH–relative growth rate based on height. p numbers in bold indicate significant differences 

between the total means of the species compared. 

Comparisons between species RGRH 

(p value) 

Leaf area 

(p value) 

Dry mass 

(p value) 

Root/shoot 

ratio: 

(p value) 

Non-native x non-native     

H. actinophyllum - H. arboricola 0.16 0.09 0.14 0.05 

 

Table 5. Means and total standard deviation per species, and means and standard deviation per treatment and per 

species. p values represent the comparison between treatments for each species. Abbreviations: RGRH–relative 

growth rate based on height; SD–standard deviation; T50 – treatment in which shading was used to maintain 

50% light incidence; T100 –treatment in which seedlings were directly exposed to full light.  

 

Mean/SD total Mean/SD between treatments p value 

between 

treatments 

 

Mean SD T50 SD T100 SD 

RGRH (cm/day) 

Non-native   

 

 

 

  

H. actinophyllum 0.008 0.001 0.007 0.001 0.008 0.001 0.34 

H. arboricola 0.008 0.001 0.008 0.001 0.009 0.005 0.59 

LEAF AREA (cm²) 

Non-native   

 

 

 

  

H. actinophyllum 42.36 49.60 38.78 56.40 47.60 39.15 0.64 

H. arboricola 11.51 20.59 4.07 3.10 15.97 25.89 0.36 

DRY MASS (g) 

Non-native   

 

 

 

  

H. actinophyllum 0.46 0.51 0.41 0.58 0.53 0.39 0.57 

H. arboricola 0.18 0.28 0.05 0.061 0.25 0.034 0.29 

ROOT/SHOOT RATIO 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Non-native   

 

 

 

  

H. actinophyllum 0.19 0.07 0.21 0.08 0.17 0.06 0.20 

H. arboricola 0.37 0.52 0.13 0.08 0.52 0.63 0.22 
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CONSIDERAÇÕES FINAIS 

 

Florestas neotropicais encontram-se em um estado crítico de ameaça em virtude dos 

impactos antrópicos. No capítulo 1 verificamos que as florestas neotropicais subtropicais são 

mais susceptíveis ao estabelecimento de plantas lenhosas exóticas invasoras, comparado a 

florestas tropicais. A deciduidade foliar que ocorre nestas florestas, devido à diminuição de 

temperatura, promove a diminuição da barreira física do dossel e aumento de luminosidade, 

favorecendo a chegada e o estabelecimento de propágulos de plantas invasoras. Também 

verificamos que as florestas com maior acessibilidade são mais susceptíveis à invasão por 

espécies lenhosas exóticas invasoras, devido à maior disponibilidade de propágulos de 

espécies cultivadas nas regiões do entorno.  

No capítulo 2 verificamos que as espécies exóticas invasoras mostraram maior 

proporção e velocidade de germinação quando comparadas às nativas, característica que 

contribui para o estabelecimento inicial, uma vez que espécies que germinam 

antecipadamente se beneficiam da competição reduzida. Verificamos também uma maior 

proporção de germinação de espécies invasoras sob 50% de luz, resultado que pode indicar 

que ambas as espécies invasoras possuem tolerância à sombra, conseguindo germinar mesmo 

sob condições mais escuras do subosque florestal. Sugerimos também que a espécie exótica 

invasora Heptapleurum arboricola possui atributos de uma ‘superinvasora’ em potencial 

(crescimento superior sob luz e persistência de plântulas sob sombra). Somado a isto, a maior 

plasticidade na alocação de biomassa raiz:parte aérea em condições de diferentes 

luminosidades contribui para o sucesso no estabelecimento e invasão de florestas. 

Em síntese, os resultados obtidos neste estudo mostram que florestas de dossel 

fechado não limitam a ocorrência de espécies exóticas invasoras, como é o caso das espécies 

de Schefflera s.l. aqui estudadas. Somado a isto, a crescente pressão antrópica à qual as 

florestas neotropicais estão sujeitas contribuem para o aumento da riqueza das espécies 

exóticas invasoras, aumentando ainda mais a susceptibilidade destes ecossistemas à invasão 

por plantas.    
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