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RESUMO 

A busca por explicações de padrões de distribuição, abundância e interações entre espécies, 

que resultam na distribuição espacial e na coexistência dos organismos, está no cerne dos 

estudos ecológicos. Este trabalho visou investigar como diferentes tipos de vegetação 

influenciam os atributos da comunidade (i.e. riqueza, diversidade, composição e proporção de 

espécies raras) e das espécies (i.e. gradiente vertical e guildas de tolerância à luminosidade) 

em assembleias de briófitas epífitas de três tipos de vegetação na Amazônia Oriental; e como 

esses atributos podem estar relacionados com os padrões de distribuição espacial das espécies 

em escala local. Nas vegetações de Várzea, de Igapó e de Terra Firme foram amostradas 24 

árvores (oito por vegetação) e coletadas briófitas da base até a copa, em cinco zonas de altura. 

A composição, a riqueza, a diversidade, a distribuição de abundância e a proporção de 

espécies raras foram comparadas entre as vegetações e em relação à distribuição vertical ao 

longo dos forófitos arbóreos. Encontramos forte influência do tipo de vegetação e da zona de 

ocorrência no forófito na montagem de assembleias de briófitas promovendo variação, entre 

vegetações, de todos os atributos investigados. As florestas inundáveis diferem entre si em 

riqueza, diversidade, composição e gradiente vertical. Igapó apresentou a maior diversidade 

alfa e gradiente vertical mais evidente. Terra Firme representa um ambiente mais estável para 

o estabelecimento de briófitas que as florestas inundáveis. A Várzea apresentou composição 

de espécies mais homogênea e abundância semelhante à das outras duas vegetações, embora 

com menor riqueza e inexistência de gradiente vertical. Em escala local, as assembleias de 

briófitas epífitas são estruturadas principalmente em função do nicho das espécies. A riqueza, 

a diversidade e a similaridade foram maiores nas zonas extremas dos forófitos, enquanto que a 

distribuição das guildas explicou os principais padrões observados nas assembleias das 

vegetações. Na Terra Firme a maior diversidade foi encontrada no dossel externo; em Várzea 

e Igapó na base das árvores. Constatamos que além do nível de ocorrência (zona) no forófito 

o tipo de vegetação também regula a distribuição espacial de briófitas epífitas localmente, 

sendo as guildas de tolerância à luminosidade atributos importantes na explicação dos padrões 

de diversidade das espécies. Além disso, as características da vegetação afetam o gradiente 

vertical na composição de espécies, que pode ser inexistente mesmo em ambientes 

relativamente conservados, como na Várzea. 

 

Palavras-chave: Diversidade alfa. Diversidade beta. Heterogeneidade Ambiental 



 

 

ABSTRACT 

The search for explanations of the patterns of distribution, abundance and interaction of 

species which rule their spatial distribution and coexistence is at the heart of ecological 

studies. This work aimed to investigate how different vegetation types influence the 

attributes of the community (richness, diversity, composition, and proportion of rare species) 

and of the species (vertical gradient and guilds of tolerance to light incidence) of epiphytic 

bryophyte assemblages in three vegetation types in the Eastern Amazon, and how such 

attributes may be related to the spatial distribution patterns of species on a local scale. 

Twenty-four trees were sampled Várzea, Igapó and Terra Firme vegetation (eight trees per 

vegetation type) and bryophytes were collected from the base to the top of the trees, in five 

zones. The composition, richness, diversity, abundance distribution, and proportion of rare 

species were compared between the vegetation type and along the vertical gradient in the 

hosts. We found strong influence of vegetation type and height zone in the host tree over the 

assemblage of bryophytes promoting variation of all attributes investigated across vegetation 

types. Flooded forests differed in richness, diversity, composition and vertical gradient. 

Igapó presented the highest alpha diversity and the most evident vertical gradient of 

bryophytes. In turn, Terra Firme represented a more stable environment for the establishment 

of bryophytes than the flooded forests. And Várzea presented a more homogeneous species 

composition and abundance similar to other vegetation types, although with lower richness 

and absence of vertical gradient. On a local scale, the epiphytic bryophyte assemblages were 

structured mainly according to the niche of the species. Richness, diversity and similarity 

were greatest between the extreme zones of the hosts, while the distribution of guilds 

explained the main patterns observed in the assemblages of the vegetation types. In Terra 

Firme, the greatest diversity was found in the outer canopy, while in Várzea and Igapó, it 

was found at the base of the trees. We observed that not only the zone of occurrence in the 

host tree, but also the vegetation type regulates the spatial distribution of epiphytic 

bryophytes at a local level, and the guilds of tolerance to light are important attributes in 

explaining important attributes in explaining the diversity patterns of the species. 

Furthermore, the characteristics of the vegetation types affect the vertical gradient in terms of 

species composition, which may be non-existent even in relatively conserved environments 

such as Várzea. 

 

Keywords: Alpha diversity. Beta diversity. Environmental Heterogeneity. 
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1 INTRODUÇÃO 

O que controla a diversidade alfa ou o número de espécies que podem coexistir em 

pequenas escalas espaciais é uma questão chave em ecologia. As florestas tropicais úmidas 

constituem os ambientes terrestres mais diversificados do globo abrigando inúmeras formas 

de crescimento vegetal que inclui ervas, arbustos, árvores, cipós, epífitas e plantas parasitas 

(RICHARDS, 1952). A composição e a variabilidade espacial da estrutura florestal alteram o 

microclima nesses ambientes (PARKER, 1995) e consequentemente a distribuição vertical de 

epífitas (ALLEE, 1926; CORNELISSEN; TER STEEGE, 1989; OLIVEIRA et al., 2009). 

Nesse contexto, as briófitas persistem ao longo do tempo devido a sua adaptação para 

ocupar uma gama de substratos que reflete na ampla distribuição biogeográfica do grupo 

(GRADSTEIN; CHURCHILL; SALAZAR-ALLEN, 2001). Essas plantas apresentam 

elevado potencial de dispersão e predominância de padrão determinístico baseado no nicho 

das espécies (OLIVEIRA et al., 2009; SANTOS et al., 2011), relacionado a restrições a 

condições ambientais que envolvem luminosidade, umidade e temperatura (RICHARDS, 

1984). Esses fatores podem ser bastante limitantes em florestas tropicais a depender do 

microhabitat ocupado, como por exemplo, a menor luminosidade no subbosque (BRENES-

ARGUEDAS et al., 2011). Estudos apontam que ambientes heterogêneos tendem a abrigar 

uma elevada riqueza (ALLOUCHE et al., 2012; STEIN; GERSTNER; KREFT, 2014), tanto 

pela complementaridade de nicho quanto pela exclusão competitiva, que favorecem a 

coocorrência de espécies (LEVINE; HILLERISLAMBERS, 2009; VELLEND, 2010; 

HILLERISLAMBERS et al., 2012). 

Diferentemente de outros grupos, estas plantas apresentam inúmeras estratégias que 

as permitem contornar o princípio da exclusão competitiva (SLACK, 1977, 1982; DURING, 

1979; WATSON, 1980, 1981), a exemplo das espécies fugitivas (GLIME, 2017). Por essa 

razão, muitos trabalhos utilizam esse grupo como modelo para avaliar os efeitos de filtros 

ambientais sobre montagem de comunidades (SANTOS et al., 2014; BATISTA; SANTOS, 

2016; AMORIM et al., 2017; PEÑALOZA-BOJACÁ et al., 2018), uma vez que sua 

ocorrência reflete majoritariamente o nicho fundamental (SLACK, 1977) e o potencial de 

dispersão dos táxons (SANTOS et al., 2014). 

Estudos que possuem como objetivo entender regras de montagem de comunidades 

em florestas tropicais envolvem variações em condições ambientais nos habitats que 

influenciam padrões na distribuição das espécies. Na Amazônia ocorrem diversos gradientes  

como os de inundação e lençol freático (JUNK; PIEDADE, 2011; SCHIETTI et al., 2014), 

ou ainda, variação em microescala, de luz e umidade relativa, do sub-bosque até o dossel da 
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floresta (MAGALHÃES; MARENCO; CAMARGO, 2014) e outros (e.g. TUOMISTO et al., 

2002; TUOMISTO; ZUQUIM; CÁRDENAS, 2014; OLIVEIRA; TER STEEGE, 2015), que 

influenciam a diversidade de plantas em diferentes escalas. Apenas estudos pontuais 

compararam a riqueza e a composição de briófitas em diferentes habitats nessa região 

(BENAVIDES; IDARRAGA; ALVAREZ, 2004; BENAVIDES et al., 2006; LOPES et al., 

2016; CERQUEIRA; ILKIU-BORGES; FERREIRA, 2017). Esses resultados contribuem 

para o conhecimento da brioflora, mas subestimam a diversidade que pode estar associada a 

variedade de ambientes que compõem o mosaico amazônico por serem restritos à brioflora 

do subbosque. 

As vegetações de Terra Firme, Várzea e Igapó compõem a maior parte dos 

ecossistemas amazônicos (PIRES; PRANCE, 1985) e constituem um importante modelo de 

heterogeneidade a ser testado. As florestas de Terra Firme recobrem cerca de 90% da 

Amazônia, sobre terrenos, em geral, abaixo de 100 m, mas podendo se extender até mais de 

200 m, vegetações densas ou abertas, com árvores altas, elevada riqueza de espécies por área, 

solo sombreado, rápida ciclagem de nutrientes e matéria orgânica, e sub-bosque com 

arbustos, lianas e uma cobertura vegetal no solo a depender da entrada de luz  (PIRES; 

PRANCE, 1985). As vegetações inundáveis ocupam uma área de aproximadamente 20%, da 

Amazônia (JUNK et al., 2011). As Várzeas caracterizam-se pela alta fertilidade dos solos 

que reflete a deposição de sedimentos por suas águas brancas ou barrentas (MELACK; 

HESS, 2010), enquanto a vegetação de Igapó é banhada por rios de água preta ou clara, com 

baixa carga de nutrientes, de pH ácido, que associados com a baixa fertilidade do solo 

caracterizam essa vegetação (JUNK et al., 2012). A brioflora das planícies amazônicas é 

caracterizadas por baixo endemismo, predominância de espécies generalistas e de amplos 

padrões fitogeográficos (GRADSTEIN; CHURCHILL; SALAZAR-ALLEN, 2003). Estudos 

prévios em floresta de Terra Firme descreveram a brioflora epífita com um gradiente vertical 

na composição de espécies, que se mantém tanto em escala local quanto regional, com 

predomínio de táxons generalistas e maior riqueza de espécies raras (baixa frequência) 

(TAVARES, 2009; OLIVEIRA et al., 2009; OLIVEIRA; TER STEEGE, 2015). 

Devido à importância dos gradientes ambientais e das variações nas condições 

abióticas dos habitat nos quais as briófitas ocorrem na Amazônia vastamente documentada 

(ACEBEY; GRADSTEIN; KRÖMER, 2003; OLIVEIRA et al., 2009; SPORN et al., 2010; 

TAVARES-MARTINS; LISBOA; COSTA, 2014; OLIVEIRA; TER STEEGE, 2015) 

investigar como a heterogeneidade ambiental associada a diferentes tipos de vegetação atua 
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sobre essas plantas pode nos ajudar a compreender o que as tem tornado raras em florestas de 

planície (OLIVEIRA; TER STEEGE, 2013). 

Nesse contexto, essa tese foi norteada pela seguinte questão: Como diferentes tipos de 

vegetação influenciam a estrutura de assembleias de briófitas epífitas em escala local na 

Amazônia e qual a relevância dessa heterogeneidade para a distribuição espacial das 

espécies? Nossa principal hipótese de trabalho previa que as diferentes vegetações 

promoveriam heterogeneidade ambiental para as epífitas, modificando os atributos de 

comunidade e das espécies em função da preponderância das restrições de nicho sobre a 

distribuição das briófitas. Desse modo, os dados aqui apresentados visam preencher lacunas 

relacionadas aos aspectos da distribuição de briófitas epífitas em vegetações inundáveis, 

sobretudo da brioflora de dossel, comparando com padrões já observados em escalas local e 

regional em Terra Firme. 

Assumindo que a brioflora epífita na região da bacia Amazônica constitui uma 

metacomunidade em vegetação de Terra Firme (OLIVEIRA; TER STEEGE, 2015), com a 

intenção de reduzir o efeito da limitação de dispersão definiu-se uma pequena escala 

geográfica (Local) para analisar, como a distribuição espacial das espécies está associada à 

diferentes habitats adjacentes (escala de paisagem) e influencia a raridade local das briófitas, 

com ênfase, na tolerância ambiental das espécies (BARBÉ; FENTON; BERGERON, 2016). 

Os resultados encontrados estão apresentados nos itens 3.1 e 3.2 deste manuscrito 

organizados segundo as normas dos periódicos para os quais foram submetidos. No primeiro, 

investiga-se a influência da estrutura das vegetações nos atributos de comunidade (riqueza, 

diversidade, composição e proporção de espécies raras) comparando-os entre as vegetações. 

No segundo, analisa-se a influência das vegetações nos atributos de comunidade (riqueza, 

diversidade, composição) e das espécies (distribuição vertical e guildas de tolerância) 

comparando assembleias das zonas de altura dentro e entre vegetações. Os resultados 

poderão subsidiar não apenas estratégias de conservação de espécies mais suscetíveis ao 

desaparecimento, quanto predições sobre aquelas mais tolerantes às alterações nos habitats. 

 

1.1 OBJETIVOS 

1.1.1 Objetivo Geral 

Investigar como diferentes tipos de vegetação influenciam os atributos da 

comunidade (i.e. riqueza, diversidade, composição e proporção de espécies raras) e das 

espécies (i.e. gradiente vertical e guildas de tolerância à luminosidade) em assembleias de 

briófitas epífitas de três tipos de vegetação na Amazônia Oriental; e como esses atributos 
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podem estar relacionados com os padrões de distribuição espacial das espécies em escala 

local. 

 

1.1.2 Objetivos Específicos 

a) Analisar como a heterogeneidade ambiental, promovida por diferentes tipos de 

vegetação (Terra Firme, Igapó e Várzea), influencia os atributos de comunidade 

(riqueza, diversidade, composição e abundância) de briófitas epífitas na FLONA 

de Caxiuanã (Item 3.1). 

  

b) Investigar como a mudança na paisagem (tipo de vegetação) e a zona de altura 

influenciam atributos de comunidade (riqueza, diversidade e composição) e das 

espécies (gradiente vertical e guildas de tolerância) na distribuição vertical de 

briófitas epífitas (Item 3.2). 
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2 REVISÃO DE LITERATURA 

2.1 DISTRIBUIÇÃO ESPACIAL E MONTAGEM DE COMUNIDADES VEGETAIS 

À ecologia de comunidades compete à busca por explicações dos padrões de 

distribuição, abundância e interações entre espécies (LEIBOLD et al., 2004) sendo a 

distribuição e a coexistência dos organismos respostas à combinação de fatores históricos, 

ecológicos e evolutivos (WARREN et al., 2014). Além destes fatores, as comunidades 

vegetais, têm a sua composição de espécies resultante da interação de filtros ambientais, 

limitação de dispersão e eventos estocásticos (OLIVEIRA; TER STEEGE, 2015). 

Tradicionalmente, a montagem de comunidades está relacionada com processos 

determinísticos de nicho envolvendo filtragem abiótica ou competição interespecífica 

(CAVENDER-BARES et al., 2009), sustentados pela diferenciação ecológica entre espécies, 

que fundamenta a Teoria de Nicho (HUTCHINSON, 1957). No entanto, com o advento da 

Teoria Neutra da Biodiversidade e Biogeografia (HUBBELL, 2001), processos estocásticos 

de dispersão, extinção e especiação ganharam espaço, principalmente como mecanismos 

alternativos que assumem equivalência ecológica entre indivíduos de diferentes espécies. O 

embate conceitual e prático entre essas teorias tem derivado os principais avanços no 

desenvolvimento de abordagens e inferências teóricas sobre a montagem de comunidades 

(CAVENDER-BARES et al., 2009). Assim, a distribuição das espécies seria controlada por 

processos: 1) determinísticos, sendo desigual e delimitada por filtros ambientais 

(HUTCHINSON, 1957; TUOMISTO; RUOKOLAINEN; YLI-HALLA, 2003) e 2) 

estocásticos, onde a distribuição é aleatória embora, dependente espacialmente em 

consequência da limitação de dispersão  (HUBBELL, 2001). No entanto, esses processos nas 

montagens de comunidades podem não ser totalmente excludentes (KEMBEL, 2009; 

LALIBERTÉ et al., 2009). 

Entre as quatro perspectivas de metacomunidade identificadas por Leibold et al. 

(2004), estão a perspectiva do modelo neutro, relacionado à teoria Neutra de Hubbell (2001) e 

a perspectiva de “arranjo de espécies” (“Sorting-Species”/SS), que está intimamente 

relacionada à teoria de nicho, a qual pressupõe a interação entre a heterogeneidade ambiental, 

as diferenças de nicho das espécies e as taxas de dispersão adequadas. Uma metacomunidade 

pode ser definida como um conjunto de comunidades locais conectadas pela dispersão de 

indivíduos de diferentes espécies, as quais interagem entre elas e o arcabouço teórico para seu 

estudo é fortemente influenciado por ideias sobre dinâmicas de metapopulações (LEIBOLD et 

al., 2004; VELLEND, 2010). Um importante conceito que pode ser associado à dinâmica de 

metacomunidades é o de “pool regional de espécies” (i.e. conjunto) que compreende todas as 
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espécies disponíveis para dispersar e colonizar um determinado local (CORNELL; 

HARRISON, 2014), embora em ecologia de comunidades, dinâmicas locais e regionais sejam 

interdependentes (LEIBOLD et al., 2004). Nesse contexto, as comunidades biológicas seriam 

estruturadas tanto por colonização de espécies estrangeiras quanto por especiação, ambas 

podendo levar a padrões de distribuição não aleatórios de espécies em uma paisagem 

(WARREN et al., 2014). Assim, a montagem de comunidades refere-se em síntese a qualquer 

processo que impõe restrições a um banco regional de táxons (“pool” de espécies), limitado 

por um conjunto de filtros (WEIHER et al., 2011; HILLERISLAMBERS et al., 2012) que 

determinam a coexistência de espécies formando as comunidades locais (WEIHER et al., 

2011; GÖTZENBERGER et al., 2012; MENEZES; MARTINS; ARAÚJO, 2016). 

Uma antiga lei em ecologia prevê que cada comunidade exibe muitas espécies raras e 

apenas algumas espécies comuns. A distribuição de abundância de espécies (SAD) descreve a 

abundância de cada espécie em uma comunidade e os diferentes tipos de SADs podem ser 

eficientes para descrever padrões de diversidade, relações com a heterogeneidade espacial 

(MCGILL et al., 2007; HSIAO-PEI et al., 2015) e como as espécies particionam recursos nos 

habitats (SUGIHARA et al., 2003). Gradientes ambientais e habitats sob diferentes condições 

podem fornecer abordagens empíricas promissoras e uma base comparativa para SADs 

(MCGILL et al., 2006; SILVA; CIANCIARUSO; BATALHA, 2010). Entre os vários 

modelos propostos para explicar distribuições de abundância em comunidades biológicas, 

estão o logseries e o lognomal, que fazem previsões distintas sobre a proporção de espécies 

raras (MCGILL et al., 2007). O modelo lognormal está associado à conjuntos de espécies não 

perturbados e mais uniformes, com maior equidade na distribuição de abundâncias e por isso 

baixa proporção de espécies raras, enquanto o logseries descreve uma proporção maior, onde 

existem altas taxas de imigração e extinção local ou conjuntos sob efeito de perturbação 

(MAGURRAN; HENDERSON, 2003; MAGURRAN, 2004). É importante ressaltar que a 

semelhança no padrão não implica uma resposta a um mesmo mecanismo (MCGILL et al., 

2007). No entanto, dados empíricos para grandes conjuntos de diferentes linhas sustentam que 

comunidades mais abertas à imigração exibirão maior proporção de espécies raras 

(HUBBELL, 2001; MAGURRAN; HENDERSON, 2003; MAGURRAN, 2004; MCGILL et 

al., 2007). 

A elevada riqueza de espécies raras e/ou endêmicas é comum em ambiente tropical, o 

que as torna muito sensíveis às alterações nos habitats. Na Amazônia esse padrão é reportado 

para diversos grupos incluindo a comunidades de árvores (TER STEEGE et al., 2013) e de 

briófitas epífitas em Terra Firme (OLIVEIRA; TER STEEGE, 2013). No entanto, há 
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diferentes tipos de raridade de espécies de briófitas que variam de acordo com as escalas local 

e regional (core: regionalmente frequente e localmente abundante; rural: regionalmente 

frequente e localmente rara; urbana: regionalmente esparsa e localmente abundante; ou 

satélite: regionalmente esparsa e localmente rara) (SÖDERSTRÖM, 1989; SÖDERSTRÖM; 

DURING, 2005). Talvez por essa razão, espécies de florestas de planície que frequentemente 

exibem amplos padrões fitogeográficos (SCHUSTER, 1983; SANTOS; COSTA, 2010) 

possam ser raras nesses ambientes, uma vez que, a distribuição e a raridade de uma espécie 

estão intimamente ligadas a sua habilidade de dispersão (PÔRTO; SILVA, 2012). De acordo 

com Barbé, Fenton e Bergeron (2016), na dinâmica de metacomunidades de briófitas a 

tolerância ambiental das espécies durante o estabelecimento, aliada à capacidade de produzir 

grandes quantidades de esporos podem ser filtros mais importantes do que a distância de 

dispersão. 

Informações derivadas da dinâmica de populações explicam padrões na dispersão de 

briófitas considerando que as abundâncias das populações variam com a distribuição espacial 

do habitat e as características das espécies (LÖBEL; SNÄLL; RYDIN, 2006; JOHST et al., 

2011). Em florestas de Terra Firme, estudos sobre dinâmicas de populações de briófitas 

concentraram-se em entender a influência de paisagens fragmentadas em assembleias de 

epífilas (i.e. estabelecem-se sobre folhas) em escala local, concluindo haver um declínio na 

diversidade de briófitas em pequenos fragmentos (<10-ha) (ZARTMAN; NASCIMENTO, 

2006); baixa riqueza e diferenças na composição de espécies de fragmentos jovens (<25 anos) 

comparados à habitats contínuos (PHARO; LINDENMAYER; TAWS, 2004). Segundo Pharo 

e Zartman (2007), muitas briófitas provavelmente não se dispersam rotineiramente mais do 

que algumas dezenas de metros, e nesse contexto, a configuração espacial dos fragmentos e a 

qualidade da matriz, são fundamentais para a estrutura de comunidade e a dinâmica 

populacional. Quanto grupo biológico é importante ressaltar que as briófitas são 

cosmopolitas, no sentido de que ocorrem em todos os ambientes, exceto o marinho 

(GRADSTEIN; CHURCHILL; SALAZAR-ALLEN, 2001). Além disso, são plantas 

consideradas dispersoras superiores (TER STEEGE, 2010) por possuírem diversos 

mecanismos que permitem dispersão à curta e longas distâncias (TAN; PÓCS, 2000). Apesar 

dessas característisticas quando enfatizadas as espécies, percebe-se uma forte dependência de 

nicho determinando a presença destas nos microhabitats (OLIVEIRA; TER STEEGE, 2015). 

A colonização de novos habitats por briófitas pode ser afetada por reduções no 

potencial de dispersão ou alterações na qualidade do substrato (PHARO; ZARTMAN, 2007). 

A tolerância ao microhabitat que caracteriza as guildas de tolerância (especialistas de sol, de 
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sombra e generalistas) é determinada de acordo com a altura de ocorrência em um forófito 

arbóreo, considerando-se as variações microclimáticas (gradiente vertical) de umidade e 

temperatura (PÓCS, 1982; RICHARDS, 1984). Há indícios de que os táxons mais 

generalistas apresentam melhor efetividade de dispersão que os especialistas (VAN ZATEN; 

PÓCS, 1981; VAN ZATEN; GRADSTEIN, 1988). Os dados de Silva (2013) corroboram esta 

premissa, uma vez que todas as espécies abundantes, local e regionalmente, registradas em 

seu estudo, também eram generalistas quanto ao microhabitat. A predominância de 

generalistas foi documentada para epífitas com padrões que suportam a regulação da 

distribuição das espécies por meio de mecanismos determinísticos e estocásticos. Em escala 

local, as assembleias são reguladas pelo gradiente microclimático ao longo de forófitos 

arbóreos (OLIVEIRA et al., 2009) e regionalmente, se observa também a influência da 

elevação e da temperatura (OLIVEIRA; TER STEEGE, 2015), embora, ao longo da bacia 

Amazônica a composição de espécies seja similar e, por isso, considerada uma 

metacomunidade (OLIVEIRA; TER STEEGE, 2013). 

 

2.2 DIVERSIDADE BETA E HETEROGENEIDADE AMBIENTAL 

A diversidade engloba dois componentes, a variedade e a abundância de espécies 

(MAGURRAM, 1988). Várias hipóteses, com diferentes mecanismos são utilizadas nas 

tentativas de explicar os padrões de diversidade no globo (e.g. área, fatores históricos, energia 

disponível, estabilidade ambiental, perturbação e interações ecológicas/biológicas) 

(WHITTAKER; WILLIS; FIELD, 2001). Entender os mecanismos que atuam nos processos 

gerando padrões de riqueza e diversidade dos organismos tem concentrado o esforço de 

muitos pesquisadores. 

A diversidade beta corresponde a extensão da mudança na composição da 

comunidade, ou grau de diferenciação da comunidade, em relação a um gradiente ambiental 

complexo, ou um padrão de ambientes (WHITTAKER, 1960). Mais precisamente, ela 

quantifica o número de comunidades existentes em uma região (BASELGA, 2015) e pode 

refletir dois fenômenos, aninhamento e substituição (“turnover”) espacial de espécies 

(HARRISON; ROSS; LAWTON, 1992; BASELGA; JIMÉNEZ-VALVERDE; NICCOLINI, 

2007). O aninhamento ocorre quando biotas de locais com baixas riquezas são subconjuntos 

de biotas mais ricas de outro local (ULRICH; GOTELLI, 2007) refletindo um processo de 

perda de espécies, causado por um fator que promove a desagregação ordenada de 

assembleias. A substituição espacial implica na troca entre assembleias como consequência de 

seleção ambiental, ou restrições espaciais e históricas (BASELGA, 2010). Dessa forma, a 
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diversidade beta pode não apenas nos informar sobre como a composição de espécies varia 

entre locais ou regiões em respostas a mudanças ambientais (TUOMISTO; RUOKOLAINEN, 

2006), como também, fornecer inferências sobre quais espécies podem ser consideradas 

generalistas ou especialistas nos habitats e ainda, sobre semelhanças e diferenças de 

habilidades competitivas (PINEL-ALLOUL et al., 2013). 

A Heterogeneidade Ambiental (HA) favorece a diversidade garantindo coexistência e 

persistência de espécies pelo aumento da disponibilidade de nicho espacial ao longo de 

gradientes ambientais e diferentes tipos de habitats, que podem constituir refúgios diante de 

condições adversas e favorecer eventos de especiação, em resposta ao isolamento ou 

adaptação às condições ambientais distintas (STEIN; GERSTNER; KREFT, 2014). A HA, 

definida de uma maneira simplificada englobaria complexidade, diversidade, estrutura ou 

variabilidade nos ambientes, sendo considerada um preditor universal para riqueza de 

espécies (STEIN; KREFT, 2015). 

 

2.3 GRADIENTES AMBIENTAIS E DIVERSIDADE DE BRIÓFITAS NA AMAZÔNIA 

Nas florestas tropicais úmidas, as briófitas são principalmente epífitas (GRADSTEIN, 

1992), e a elevada diversidade do grupo tem sido creditada à heterogeneidade ambiental 

(SHAW; SZÖVÉNYI; SHAW, 2011). Ao longo da Bacia na Amazônica ocorrem diferentes 

tipos de vegetação, desde abertas como as campinaranas e savanas, até densamente 

florestadas, como a floresta de Terra Firme e as vegetações inundáveis de Várzea e Igapó 

(PIRES; PRANCE, 1985). As florestas inundáveis possuem composição florística distinta 

devido à taxa de sedimentação e a disponibilidade de nutrientes (FERREIRA et al., 2013) 

oriundos de diferentes origens geológicas (KEEL; PRANCE, 1979; FERREIRA; ALMEIDA; 

PAROLIN, 2010). As áreas ocupadas pelas vegetações inudáveis de Várzea e Igapó são 

repectivamente estimadas em, 300.000 km2 e 180.000 km2 (MELACK; HESS, 2010). Devido 

à extensão, representatividade e facilidade de acesso da vegetação de Terra Firme, os estudos 

sobre a diversidade de plantas na região têm se concentrado nesse ambiente, especialmente 

sobre a comunidade arbórea (TER STEEGE et al., 2006, 2013). Nesta vegetação, um 

gradiente vertical na composição de briófitas epífitas tem sido frequentemente reportado em 

escalas locais e regionais, onde predominam táxons generalistas e há maior riqueza de táxons 

raros (baixa frequência) (OLIVEIRA et al., 2009; OLIVEIRA; TER STEEGE, 2013; 

OLIVEIRA; TER STEEGE, 2015). Por outro lado, dados sobre a diversidade e a distribuição 

de briófitas epífitas em florestas inundáveis ainda são escassos e pontuais. 
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As briófitas são plantas avasculares que possuem a fase gametofítica como dominante 

no ciclo de vida e não apresentam cutícula epidérmica (SHAW, GOFFINET, 2000; 

GRADSTEIN; CHURCHILL; SALAZAR-ALLEN, 2001). Esses organismos são 

susceptíveis às flutuações e alterações ambientais, em função de suas particularidades 

morfofisiológicas e ocupam microhabitats e microclimas muito específicos (SCHOFIELD, 

1985; GRADSTEIN et al., 1996; HALLINGBÄCK; HODGETTS, 2000; GRADSTEIN; 

CHURCHILL; SALAZAR-ALLEN, 2001). Se comparadas às plantas de grande porte, a 

natureza poiquilohídrica das briófitas as torna eficientes no tocante a captação de água 

(PROCTOR, 2014) permitindo-lhes ocorrer em diferentes substratos e ambientes. Essas 

características explicam, em parte, os padrões não uniformes de distribuição da brioflora em 

florestas tropicais, onde há um incremento na biomassa e na diversidade com o aumento da 

altitude (PÓCS, 1982). Por sua vez, em áreas de planície, uma das hipóteses que explicaria a 

baixa cobertura de briófitas seria o efeito de temperaturas elevadas no balanço de carbono 

das espécies (WAGNER; ZOTZ; BADER, 2014). 

Na Amazônia Oriental, estudos recentes reportaram padrões de riqueza e diversidade 

de briófitas contrastantes com os documentados para plantas vasculares ao longo da Bacia 

Amazônica. Um exemplo é o padrão de maior riqueza de espécies em Várzea que no Igapó 

(JUNK et al., 2015), que não se manteve para briófitas, embora os estudos tenham reportado 

floras distintas entre elas (LOPES et al., 2016; CERQUEIRA; ILKIU-BORGES; 

FERREIRA, 2017). Esses resultados contribuem para o conhecimento da brioflora, mas 

subestimam a diversidade que pode estar associada, por exemplo, ao dossel, tendo em vista 

que os estudos prévios foram baseados exclusivamente em dados de sub-bosque. O dossel 

tem sido responsável por abrigar parte considerável da riqueza de briófitas em habitats de 

Terra Firme (TAVARES, 2009; OLIVEIRA et al., 2009; OLIVEIRA; TER STEEGE, 2015). 

Essas plantas possuem elevado potencial de dispersão e tem sua ocorrência fortemente 

influenciada pelo nicho das espécies (OLIVEIRA et al., 2009; SANTOS et al., 2011). 

Diferentemente de outros grupos, estas plantas apresentam inúmeras estratégias que as 

permitem contornar o princípio da exclusão competitiva (SLACK, 1977, 1982; DURING, 

1979; WATSON, 1980, 1981). Por essa razão, podem ser bons modelos para avaliar como 

filtros ambientais atuam na montagem de comunidades, uma vez que sua ocorrência reflete 

majoritariamente o nicho fundamental (SLACK, 1977) e o potencial de dispersão dos táxons 

(SANTOS et al., 2014).  
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de sacos de coleta, facão e equipamentos de seg
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 os objetivos dos trabalhos 

forófito como amostra 

unda avaliando diferentes 

das vegetações (Item 3.2), 

igura 1). 

 estabelecidas da base ao 

s 2 e 3 = tronco inferior e 

dossel expostos à luz solar 

 abundante, com casca 

otal, 24 árvores foram 

veram mensurados a altura 

ente. A primeira etapa das 

 auxílio de uma escada de 

leta de amostras das zonas 

l. Uma linha de nylon foi 

essasse entre ramos que 

um fio e em seguida pelas 

eira, sobre a qual o coletor 

de segurança, os detalhes 

 

os dessa tese (Itens 3.1 e 3.2). 



Figura 2. Ilustração dos métodos
coletas de briófitas epífitas na FLO
 

étodos utilizados para amostragem, equipamentos e metod
na FLONA de Caxiuanã. 
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2.5 CARACTERIZAÇÃO DAS ÁREAS DE ESTUDO 

Este estudo foi realizado na Floresta Nacional de Caxiuanã (FLONA de Caxiuanã) que 

ocupa territórios dos municípios de Portel e Melgaço, no estado do Pará, entre os interflúvios 

dos rios Xingu e Tocantins. Essa área é uma das mais bem conhecidas quanto à brioflora na 

Amazônia, com inúmeros estudos documentando a diversidade de briófitas, sobretudo de 

caráter florístico (ver ILKIU-BORGES et al., 2009, e ainda ILKIU-BORGES et al., 2013; 

MORAES; LISBOA, 2009; LISBOA et al., 2013; OLIVEIRA; TER STEEGE, 2013; 

CERQUEIRA et al., 2016; 2017) 

A vegetação predominante na FLONA de Caxiuanã é de floresta de Terra Firme 

embora ocorram também, vegetação savanoide, florestas inundáveis (Várzea e Igapó) e 

vegetação aquática. Na Amazônia as florestas inundáveis de Várzea e Igapó diferenciam-se 

entre si, em estrutura, diversidade e composição florística. Em razão dos regimes de 

inundação dessas vegetações as espécies tendem a apresentar adaptações para contornar os 

períodos de estresse à que são submetidas periodicamente (FURCH; JUNK, 1997; 

FERREIRA, 2000; PAROLIN, 2012).  

As Várzeas apresentam alta fertilidade nos solos como reflexo da deposição de 

sedimentos dos rios de águas brancas e inundam periodicamente (MELACK; HESS, 2010). O 

Igapó, por sua vez, é inundado por rios de águas preta ou clara, pobres em nutrientes e de pH 

ácido e são caracterizados por solos de baixa fertilidade (JUNK et al., 2012).  Na FLONA de 

Caxiuanã (Figura 3, a–e), as vegetações inundáveis são distintas, no que tange o grau de 

cobertura do dossel e a densidade de plantas no sub-bosque (MATOS et al., 2018), o Igapó 

possui um dossel mais fechado em relação ao da Várzea, assim como uma densidade de 

plantas maior no sub-bosque (FERREIRA et al., 2012). 

No entorno de cada forófito foi estabelecida uma parcela de 10 m². Em cada vértice foi 

tomada uma foto hemisférica, a média das medidas de abertura do dossel foi calculada para 

cada parcela a qual foi utilizada como uma medida da abertura dossel ao redor do forófito 

(Fig. 3f). 
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Figura 3. Margem e interior das vegetações estudadas na FLONA de Caxiuanã. (a) Margem da vegetação de 
Várzea na baía de Caxiuanã; (b) Sub-bosque de vegetação de Várzea; Margem (c) e sub-bosque (d) da 
vegetação de Igapó; (e) Sub-bosque de Terra Firme; (f) Procedimento de tomada de fotografias hemisféricas no 
entorno de forófito para medida de abertura do dossel. 
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3 RESULTADOS 

3.1 HOW DOES EPIPHYTIC BRYOPHYTE DIVERSITY RESPOND TO DIFFERENCES 

IN THE VEGETATION OF EASTERN AMAZON? 

 

Highlights 

 Igapó vegetation was the most richest and diverse habitat with many exclusive 
species. 

 Differences in the vegetation types increase environmental heterogeneity for the 
bryophytes. 

 Environmental filters influence the rarity of species in local assemblages. 
 Epiphytic bryophytes assemblages of flooded vegetation types are very different 

from each other. 
 

Abstract 

In this study epiphytic bryophytes were collected from the base to the canopy of 24 

host trees in Várzea, Igapó and Terra Firme vegetations. Measures of host trees and of canopy 

openness in their surroundings were used as proxies for vegetation structure and correlated 

with the composition of epiphytic bryophytes. Species richness, diversity and composition, 

and the proportion of rare species were compared among vegetation types. The floristic 

groups in each vegetation type were tested as to consistency and the dissimilarity between 

them was calculated. The alpha and beta diversity were analyzed for the total dataset. The 

richness, abundance, diversity and composition of species varied between vegetation types, 

mainly between the flooded forests, i.e. Várzea and Igapó. Igapó vegetation was the richest 

and most diverse, housing a large number of rare and exclusive species. Flooded forests 

contribute significantly to overall diversity and their species assemblages are not subsets of 

Terra Firme vegetation. The proportion of rare species was high in all vegetation types. The 

logseries model was the best-fit to describe the distribution of abundances in the flooded 

vegetation types, while the lognormal model described it better in Terra Firme vegetation. The 

environmental heterogeneity that results from the variation in vegetation types in the area 

promote a high diversity of epiphytic bryophytes and the rarity of these species seems to be a 

reflection of their requirements. Terra Firme vegetation constitutes a more stable environment 

for the establishment of bryophytes compared to flooded vegetations. 

 

Keywords: alpha diversity; beta diversity; flooded forest; environmental heterogeneity; 

species composition. 
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Introduction 

Larger areas are supposed to include higher environmental heterogeneity and, as 

consequence of it, higher number of species (Rosenzweig and Ziv, 1999). The staggering 

plant diversity of the Amazon, in this context, can be the result of a mosaic of environments 

shaped by, for instance, climatic and edaphic variability (Puig, 2007), flooding and water 

table gradients (Junk and Piedade, 2011; Schietti et al., 2014), hydrogeomorphological 

dynamics of migrating channels and evolving lakes (Wittmann et al., 2004) and microscale 

variation of light and relative humidity from the understory to the canopy of the forest 

(Magalhães et al., 2014). Still, most of the alpha and beta diversity patterns known for the 

region are related to a long history of studies in “terra firme” forests (e.g. Valencia et al., 

1994,  2004; Pitman et al., 2001; ter Steege et al., 2003, 2006, 2013; Cintra et al., 2005; 

Montufar and Pintaud, 2006; Honorio-Coronado et al., 2009;  Stropp et al., 2009; Guèze et 

al., 2012; Marra et al., 2014; Rodrigues et al., 2014; Tuomisto et al., 2014). This vegetation 

type is the most extensive in terms of total area as well as the most accessible to researchers. 

It is however expected that the change in community composition across vegetation types, 

i.e. beta diversity at a regional scale, adds to overall diversity (Whittaker, 1960). 

In eastern Amazon, vegetation types such as “Várzea” and “Igapó” are flooded daily 

and annually by fluctuations in river levels of different origins and sediment loads. Besides, 

the floristic differences in tree species composition lead to variations in forest structure in 

relation to canopy openness and height, tree diameter (at breast height), vegetation 

composition in understory (Ferreira et al., 2012, 2013) and types of soil (Piccinin and Ruivo, 

2012). The pattern of higher richness of white-water (“Várzea”) in relation to black-water 

(“Igapó”) floodplain forests (Junk et al., 2015) was not sustained in tree communities and in 

bryophytes at eastern Amazon, whereas a clear distinction between floristic compositions of 

trees and bryophyte in flooded forests was confirmed (Ferreira et al., 2005; Lopes et al., 

2016; Cerqueira et al., 2017). Despite of the differentiated species composition and high 

bryophyte richness of the canopy recorded in the Amazon (Oliveira and ter Steege, 2013; 

Tavares-Martins et al., 2014), the surveys in the flooded forests did not include it up to 

present date. 

In bryophytes, environmental heterogeneity is also put forward as the main driver of 

species diversity (Shaw et al., 2011), as these plants survive in a wide variety of habitats 

(Kürschner, 2004) and respond rapidly to variations in moisture, temperature, light and 

mineral deposition of substrates (Uniyal, 1999). The composition of Amazonian epiphytic 

bryophyte communities seems to be strongly influenced by the vertical microenvironmental 
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gradient from the understory to the canopy of the forest as well as site elevation (Oliveira and 

ter Steege, 2015). It is suggested that other local and even regional gradients play a lesser 

role in structuring communities. Again, data used to study these patterns are focused on Terra 

Firme forests and knowledge of other vegetation types is scarce. 

Similarities in alpha diversity patterns in epiphytic habitat were reported among 

bryophytes, ferns and lichens although beta diversity patterns have been different among 

them (Mandl et al., 2009). Studies with vascular plants in the Amazon have already observed 

some congruent patterns for diversity considering the different types of vegetation, e.g. the 

east-to-west gradient of increasing species diversity described for Terra Firme and Várzea 

(Wittmann et al., 2006). 

Beta diversity refers to the degree of differentiation between communities (Whittaker, 

1960) and may reflect two phenomena: spatial nesting or species turnover (Harrison et al., 

1992; Baselga et al., 2007). Nesting occurs when biota from low richness sites correspond to 

subsets of richer biota from another site (Ulrich and Gotelli, 2007), reflecting a non-random 

process of loss of species driven by a factor that promotes orderly disaggregation of 

assemblages. Spatial substitution implies the exchange between assemblages as a 

consequence of environmental selection or spatial and historical constraints (Baselga, 2010). 

Analyzing how the different vegetation types contribute to the overall diversity and the 

patterns of beta diversity of epiphytic bryophytes is fundamental to understand what has been 

made them rare in Amazonia lowland tropical forests (Oliveira and ter Steege, 2013), where 

they have low endemism (Gradstein et al., 2001), predominance of generalist taxa (Oliveira 

et al., 2009; Tavares, 2009; Oliveira and ter Steege, 2015) and which often exhibit wide 

phytogeographic patterns (Schuster, 1983; Tavares-Martins et al., 2014). 

Thus, our focus is to analyze the diversity of epiphytic bryophytes based on the 

distribution of species in the Caxiuanã National Forest (alpha diversity, local scale) and 

investigate to which extent different forest types contribute to epiphytic assemblage 

composition and structure (beta diversity, landscape scale). We hypothesize that species 

richness, composition, diversity and the proportion of rare species are different in the 

vegetation types and that Terra Firme forest exhibit a greater richness and proportion of rare 

species than flooded forests (Várzea and Igapó) (Oliveira and ter Steege, 2013). We expect 

that flooded forests contribute to overall diversity but showing significant lower diversity than 

Terra Firme forests, as the latter is dominant in the landscape and exhibits high similarity in 

the composition of epiphytic bryophytes on a regional scale (Oliveira and ter Steege, 2015). 
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Methods 

Study area 

The Caxiuanã National Forest (Caxiuanã FLONA) is located at the Eastern portion of 

the Brazilian Amazon, in the interfluve of Xingu and Tocantins rivers and occupies an area 

of 33,000 ha of tropical rain forest, on the west banks of the Caxiuanã bay, downstream 

Anapu river (Montag et al., 2008). According to Köppen classification, the region has 

characteristics of tropical monsoon climate (Am) (Alvares et al., 2014). The mean annual 

rainfall is between 2,000 and 2,500 mm, with a pronounced dry season between June and 

November (Costa et al., 2010), and the annual mean temperature is around 25.9 °C and air 

relative humidity around 82%, both with a small seasonal variation (Costa et al., 2013; 

Castro et al., 2013). The site elevation is 15 m above river level and a water table depth of 10 

m has been observed in the wet season (Fisher et al., 1943). Terra Firme vegetation occupies 

99% of the territory, while flooded vegetation approximately 0.2% (Ferreira et al., 2012). 

The annual flood pulse in this region presents smaller amplitude than in the Western 

Amazon, ranging from 1 to 1.5 m, under the influence of the seasonal precipitation regime 

and daily tidal movements that cause small variations of ca. 30 cm (Hida et al., 1999). 

 

 

Figure 1. Sampling methods and study area. 

 

Epiphytic bryophytes were collected in three forest habitats, recognized in the 

botanical literature as different Amazon vegetation types, namely, non-flooded "Terra Firme” 

vegetation, and flooded “Várzea” and “Igapó” vegetation. They have different nutrient levels 
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and origins: Várzea vegetation has greater richness of nutrients and is under the influence of 

daily and annual fluctuations in the levels of great white-water rivers, while Igapó vegetation 

is associated to black-water and clear-water rivers (Junk et al., 2011). The floristic 

differences in tree species composition, understory vegetation composition (Ferreira et al., 

2012, 2013) and soil types (Piccinin and Ruivo, 2012) are the main factors that lead to 

variations in the forest structure of these vegetation types, as for example different canopy 

openness and height and tree diameter at breast height (Ferreira et al., 2012). The main 

characteristics of the vegetation types analyzed in this study are described below. 

1) “Várzea” vegetation (VZ): seasonally flooded by annual fluctuation of the Amazon 

drainage and daily fluctuations of tides. The canopy is relatively open and tree height varies 

from 20 to 30m, with an understory characterized by the presence of individuals of tree 

species at natural regeneration and absent herbaceous community, with exception of 

Montrichardia arborescens (L.) Schott (Araceae) (Ferreira et al., 2012, 2013). Soils are 

Plinthosols submitted to temporary effect of excess moisture and poor drainage (Piccinin and 

Ruivo, 2012). 

2) “Igapó” vegetation (IG): seasonally flooded by annual fluctuation of black water 

rivers and streams and also by daily tidal fluctuations. The canopy is closed and tree height 

also varies from 20 to 30m and the understory is characterized by the presence of dense 

herbaceous vegetation (Ferreira et al., 2012). Soils are Gleysols submitted to permanent or 

periodic humidity, anaerobic environments, poor drainage and high fragility (Piccinin and 

Ruivo, 2012). 

3) "Terra Firme” vegetation (TF): non-flooded forest on slightly higher elevations, 

covering most of the study area. The canopy is closed and tree height varies from 30 to 35m 

with emergent trees reaching up to 45m. The understory is clean and shaded, with ferns and 

herbaceous plants found in more humid places (Ferreira et al., 2012). Soils are yellow 

Oxisols with a thick stone∕laterite layer at 3–4 m depth. Soil texture is composed of mixture 

of sand (75–83%), silt (6–10%) and clay (12–19%) (Ruivo and Cunha, 2003). 

 

Collection, identification and organization of the dataset 

Sampling was carried between September 2015 and July 2016. Samples of epiphytic 

bryophyte communities were taken from a total of twenty four host trees in Várzea and Igapó 

flooded vegetations and non-flooded Terra Firme vegetation. In each host tree, five botanical 

samples were collected from the base to the canopy (shaft, leaves and branches of canopy), to 

represent the total sampling of host tree. DBH and shaft height of each host tree were 
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measured with the metric tape and canopy height was visually estimated. Using each host 

tree as the central point of a 10 m² plot, hemispheric photographs were taken with a digital 

camera (Nikon Coolpix 5400) and 8mm fisheye lens (Nikon FC-E9) at the corners of each 

plot. The average of values of canopy openness of the four photographs constituted a 

measure for this variable in the areas surrounding of host tree. A tripod was adjusted so as to 

place the camera at 1m above the ground and the pictures were taken always after 4 pm to 

avoid direct incidence of solar radiation. Images were analyzed using the Gap Light Analyzer 

software version 2.0 to estimate canopy openness (Frazer et al., 1999). The elevation of area 

was obtained with “Google Earth” using the points of geographic localization of host trees. 

Bryophyte specimens present in the samples were identified to species level with aid 

of identification keys, illustrations and descriptions in specialized literature (Florschütz, 

1964; Reese, 1993; Reiner-Drehwald, 2000; Reiner-Drehwald and Goda, 2000; Dauphin, 

2003; Gradstein and Costa, 2003; Gradstein and Ilkiu-Borges, 2009; Moraes and Lisboa, 

2009; Elena Reiner-Drehwald and Grolle, 2012; Bordin and Yano, 2013; Ilkiu-Borges, 

2016). Materials were sent to taxonomists for confirmation and identification of species 

when necessary. The taxonomic classifications adopted were those of Goffinet et al., (2009) 

for Bryophyta and Crandall-Stotler et al., (2009) for Marchantiophyta. Vouchers were 

incorporated into the Geraldo Mariz (UFP) and João Murça Pires (MG) herbaria. 

 

Data analysis 

We compared the richness, diversity and composition of epiphytic bryophyte species 

to identify possible variations in these parameters between the different vegetation types. In 

order to compare the species richness of vegetation types, the variable “number of species” 

had its normality tested with the Shapiro–Wilks test and homogeneity of variances tested 

with the Levene's test of Car package (Fox and Weisberg, 2011). Mean species richness was 

therefore compared between vegetation types through One-way analysis of variance 

(ANOVA) at 5% level of significance. A sample unit corresponded to the whole host tree. 

Significant differences between groups were investigated through post hoc Tukey's honestly 

significant differences (HSD). 

Floristic diversity was assessed by calculating Fisher’s alpha (α) (Fisher et al., 1943) 

index using all individuals and species registered in each vegetation type. This index is little 

sensitive to sample size and can be considered a good measure of diversity (Magurran, 2004; 

Beck and Schwanghart, 2010). The multiplicative diversity partition method was used for the 

total dataset, being beta diversity (β) calculated as: qDβ = qDγ/
qDα (quotient of gamma 
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diversity and mean alpha diversity (α)), using the entropart package (Marcon and Hérault, 

2015). This measure can be interpreted as the ‘effective number of completely distinct 

communities’ (Jost, 2007), and can vary between 1 (when all communities are identical) and 

N (when all communities are completely different from each other). In this study, it varied 

from 1 to 3.  

A Canonical Correspondence Analysis (CCA) was performed to evaluate the 

correspondence between species composition and variables of each sample variables, i.e. 

DBH, height of tree (shaft height + canopy height), elevation of and canopy openness. This 

method restricts the ordination of a species matrix through multiple linear regressions 

performed on the variables of a given environment (McCune and Grace, 2002a). This 

analysis was performed in the Fitopac 2.1 software (Shepherd, 2010). 

A measure of dissimilarity the species composition in the vegetation types was 

calculated by Bray-Curtis index use the vegdist function of Vegan package (Oksanen et al., 

2018). Multi-Response Permutation Procedure (MRPP) was used to evaluate the consistency 

of the floristic groups, according to the vegetation type where host trees occurred. MRRP 

evaluates whether similarity between groups is greater than expected by chance (McCune, 

and Grace, 2002b). The Nestedness metric based on Overlap and Decreasing Fill (NODF) 

was used to analyze the species composition among vegetation types, in the context of local 

metacommunity. This is a metric for nestedness based on overlap and decreasing fill in the 

analysis of a species composition matrix (Almeida-Neto et al., 2008). These analyses were 

carried out using NODF function of Vegan package in R (Oksanen et al., 2018). 

The occurrence of few very abundant species and many rare species in natural 

systems is a common pattern (McGill et al., 2007). However, species shifts and adaptation to 

habitats may lead to changes in rarity patterns of species in different environments (Hanski, 

1982). For this reason, we analyzed the rarity and regional distribution patterns of species. 

The total number of records of the species was considered a measure of abundance in 

the vegetation types. To estimate the local rarity pattern of species, we used the rarity index 

(RI) = 1/n, where n is the number of host trees occupied by a given species. These RI values 

were square root transformed and normalized between 0 and 1 (Quinn and Keough, 2002). In 

each vegetation type, the RI values of the species were distributed in the 4th (upper) and 1st 

(lower) quartiles, to identify three classes of rarity (rare, frequent or common). Species in the 

first quartile (1st) were considered rare and in the fourth (4th), common; those in the 

intermediary quartiles were classified as frequent species (Appendix A). The number of 

vegetation types (Regional frequency), the rarity pattern and the number of host trees 
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occupied (Local frequency) by a species were used to determine its distribution pattern 

(adapted from Söderström, 1989): Core - species occurring abundantly (1 to 8 hosts, 

common, frequent and/or rare, one vegetation type) in the majority of the available sites (2 to 

3 vegetation types); Urban - species occurring abundantly (3 to 8 hosts, common or frequent) 

in few of the available sites (one vegetation type); Rural - species occurring in small 

populations (1 to 3 hosts, rare or common) in the majority of the available sites (2 to 3 

vegetation types); and Satellite - species occurring in small populations (rare or common) in 

few of the available sites (1 to 3 hosts, one vegetation type).  

In order to investigate the proportion of rare species and analyze whether species 

distribution and rarity patterns were associated with the different environments, species 

abundance distribution (SAD) models were compared and the occurrence of indicator species 

and the probability of taxa with more environmental plasticity in the vegetation types were 

tested. SAD describes the abundance of each species in a given community (McGill et al., 

2007) being can also be useful to describe diversity patterns, relations with spatial 

heterogeneity (Hsiao-Pei et al., 2014) and shed light on how the partitioning of resources 

among species takes place (Sugihara et al., 2003). The Akaike’s information criterion (AIC) 

method was used to compare SADs models logseries and lognormal (Burnham and 

Anderson, 2002), in the vegetation types. AIC is the most commonly used metric in SAD 

studies and provides an estimate of the loss of information when a certain model is used to 

represent a dataset (Matthews and Whittaker, 2014). 

Species can be used as ecological indicators of community or habitat types, 

environmental conditions, or environmental changes (Cáceres et al., 2010). Indicator Species 

Analysis (ISA) was carried out to explore the preference of species in the vegetation types. 

The indicator value index is based exclusively on within-species abundance and occurrence 

comparisons, not being affected by the abundance of other species. The significance value 

for IndVal is obtained via randomizations (Legendre and Legendre, 1998). 

Amazonian species may occur across wide geographical ranges, encompassing a 

number of vegetation types. We used the number of vegetation types in which a given 

species occur as a proxy for environmental plasticity. In order to test whether the bryoflora of 

each vegetation studied was formed by a set of species that showed similar levels of 

environmental plasticity, we used a permutation procedure based on the number of 

vegetation types in which each species was recorded in Brazil as well as in Caxiuanã 

FLONA. Data on the occurrence of species in other vegetation in Brazil were filtered from 

the site of the "Flora do Brasil 2020" (Flora do Brasil, 2020) while data on the occurrence of 
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species in other vegetation types within Caxiuanã were obtained from studies in the area 

(Ilkiu-Borges and Lisboa, 2002; Moraes, 2006; Oliveira and ter Steege, 2013; Cerqueira et 

al., 2017 and this study). After the construction of the dataset, the species abundance 

distribution of our complete dataset, a total of 100 random communities were built, with the 

same number of species and individuals as the real communities. From the random 

communities, average and standard deviation of the number of vegetation types occupied by 

the different species were calculated and compared, by vegetation type, to the field data in 

order to test for significant deviations. 

 

Results 

A total of 1,056 specimens were recorded in the samples collected from the base to 

the top of 24 host trees in the three vegetation types. The specimens belonged to 13 families, 

42 genera and 112 species (21 mosses and 91 liverworts) (Appendix A). The richness of 

epiphytic bryophytes varied between vegetation types and IG showed the highest total 

number of species and mean number of species per host tree, followed by TF and VZ (Tab. 

1). A significantly different (p > 0.05) species richness was recorded only between the 

flooded forests (ANOVA, F[2, 21] = 4.863, p = 0.018; HSD, p = 0.014), being IG the richest. 

The Fisher's alpha index indicated IG as the most diverse (Tab. 1). Total alpha diversity in 

the community was 62.33, and beta diversity was 1.79. In the analysis of the epiphytic 

bryophyte assemblages, no significant nested pattern was detected for the data, i.e. the 

bryophyte flora of different vegetation types were not restricted subsets of each other. 

Host tree variables presented a variation in line with the literature for these vegetation 

types. Significant differences were found only for shaft height and DBH averages (Tab. 2); 

the first was significantly different between TF and the flooded forests (F[2, 21] = 5.594, p = 

0.0013; HSD, TF-VZ p = 0.0401, TF-IG, p = 0.0141), and the second, only between flooded 

forests (F[2, 21] = 8.563, p = 0.0019; HSD, p = 0.0013). Average DBH, canopy height and 

canopy openness, were higher in VZ while TF had the highest average shaft height and total 

height of host trees. 

The Bray-Curtis dissimilarity index indicated a higher floristic separation between 

flooded forests (VZ/IG= 0.732; IG/TF = 0.615; TF/VZ= 0.607). The MRPP applied to the 

dissimilarity matrix confirmed a significant distinction between the three floristic groups (A 

= 0.2718, p = 0.001 for vegetation). It was also possible to observe a significant separation of 

forest types in terms of species composition in the direct gradient analysis (CCA) (Fig. 2). 
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Table 1. Attributes of epiphytic bryophyte communities. Total and average richness of the species per 
host tree and Fisher’s alpha (α) index of diversity per vegetation type. Comparison of Species 
Abundance Distribution (SAD) Log-series (ls) and Lognormal (ln) Models over best fits for the 
vegetation types using AIC. 
 
Variables  Igapó  Terra Firme Várzea 

Total and average richness per host tree 73; 27.87 ± 5.0 66; 24.25 ± 6.5 48; 19.25 ± 4.8 
Total frequency 380 347 329 
Fisher (α) 26.86 24.16 15.47 

AIC dAIC df AIC dAIC df AIC dAIC df 
Model SAD_ls 350 0.1 1 345 2.6 1 269 0.4 1 
Model SAD_ln 370 19.4 2 342 0 2 279 9.7 2 

 

 

Table 2. Average and standard deviation of host tree variables and canopy openness in each vegetation 
type. IG = Igapó vegetation; TF = Terra Firme vegetation; VZ = Várzea vegetation. 
 

Variables IG  TF VZ 

Average and 
standard deviation 

DBH 29.16 ± 5.8 36.21 ± 4.3 44.80 ± 10.8  
Shaft height  10.16 ± 2.5 13.96 ± 2.87 10.75 ± 1.83 
Canopy height  10.56 ± 3.3 9.62 ± 1.5 10.87 ± 2.1 

Total height 20.72 ± 2.2 23.58 ± 2.9 21.62 ± 2.4 
Canopy openness 12.50 ± 2.7 12.15 ± 1.8 12.89 ± 1.6 

 

 

Figure 2. Canonical Correspondence Analysis (CCA) for vegetation samples (host trees). The size of 
the symbol indicates the species richness of the host tree, the shapes represent the vegetation types (TF 
= Terra Firme vegetation; IG = Igapó vegetation; VZ = Várzea vegetation). 
 

Besides higher richness, IG also presented a larger number of occurrences of species 

and exclusive taxa (Fig. 3, Tab. 1), with highest proportion of satellites in this vegetation 

(Fig. 4a). Some of these species on the other hand were classified as urban because it was 
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very abundant in this vegetation. Another highlight is the rural species, that although they 

occur also in other vegetations present low frequency of colonizing, in only of one to two 

host trees. 

 

Figure 3. Overview of number of species and shared species per vegetation type. (a) - Horizontal bars 
represent the total richness per vegetation; Vertical bars represent number of species only found in 
one vegetation (points) and number of shared species between them (points connected by lines). (IG = 
Igapó vegetation; TF = Terra Firme vegetation; VZ = Várzea vegetation). 
 

Core species predominated in terms of richness and abundance, and were present in 

all vegetation types (Fig. 4a, b) with the exception of Rectolejeunea berteroana which was 

classified as rural, due to its low frequency in the habitats. Considering the total number of 

species, although only ca. 21% were shared among all vegetation types, they accounted for 

more than 43% of the occurrences in this study. Another important point was the alternation 

in the abundance of species among the vegetation types, mainly of the moss species 

Microcalpe subsimplex, Syrrhopodon ligulatus, and Mniomalia viridis (Tab. 3). Although 

these species contributed to the richness of core species in the VZ (Fig. 4b), they were more 

abundant in the other vegetation types, especially in TF. 

The total number of occurrences of epiphytes was very similar in the three vegetation 

types but the comparison of distribution models revealed difference in their best-fit models. 

Log-series distribution had the best AIC score in flooded forests, while lognormal 

distribution had the best score in non-flooded forest (Tab. 1). 
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Figure 4. Overview of richness (a) and occurrences (b) of species in the spatial distribution categories 
per vegetation type: IG = Igapó vegetation; TF = Terra Firme vegetation; VZ = Várzea vegetation). 
 

In the three vegetation types, a total of thirty species were pointed as indicators 

according to ISA (Tab. 3). Igapó vegetation showed the largest number of indicator species 

per vegetation type, most of them very frequent (Appendix A). Only three out of the 12 

species assigned as indicators in IG were also recorded in other vegetation types, but two of 

them had a low frequency. Most indicator species in this vegetation were recorded in at least 

30% of samples. Calymperes platyloma stood out in this vegetation type, occurring in 95% of 

the samples. 

In Várzea vegetation, eight indicator species were identified, among them four of the 

most frequent. Only one species, Acrolejeunea torulosa, was exclusive of this vegetation 

type; all the indicator species were registered in at least 30% of the samples. The other 
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indicator species that occurred also in TF and/or IG were uncommon in these vegetation 

types, occurring in less of 10% of the samples most of the time. 

 

Table 3. Epiphytic bryophytes evaluated as indicators per vegetation types. Oc. = Number of 
occurrences; Indicator species per vegetation types its highlighted in grey. IG = Igapó vegetation; TF = 
Terra Firme vegetation; VZ = Várzea vegetation; IV = indicator value given by indicator species 
analysis; pval = p value reference (P < 0,005). 
 

Family/Taxon IndVal val IG TF VZ  
Lejeuneaceae   
Acrolejeunea torulosa (Lehm. & Lindenb.) Schiffn. 0.9 0.001  .   .  22  
Archilejeunea auberiana (Mont.) A.Evans 0.5 0.029 4  .   .   
A. crispistipula (Spruce) Steph. 0.8 0.001  .  2 21  
A. fuscescens (Hampe ex Lehm.) Fulford 0.6 0.006  .  8  .   
A. parviflora (Nees) Schiffn. 0.5 0.014  .  15 4  
Ceratolejeunea coarina (Gottsche) Steph. 0.7 0.002 1 4 16  
C. cubensis (Mont.) Schiffn.  0.4 0.05 3 4 15  
C. minuta Dauphin 0.5 0.033 25 28 6  
Cheilolejeunea insecta Grolle & Gradst.  1 0.001 12  .   .   
Cololejeunea subcardiocarpa Tixier 0.5 0.027  .  5  .   
C. surinamensis Tixier 0.5 0.015  .  4  .   
Haplolejeunea amazonica Ilkiu-Borges & Gradst. 0.6 0.004  .  7  .   
Harpalejeunea tridens (Besch. & Spruce) Steph. 0.5 0.021 8  .   .   
Lejeunea asperrima Spruce 0.8 0.001 8  .   .   
L. boryana Mont. 0.8 0.001 10  .   .   
L. cerina (Lehm. & Lindenb.) Gottsche 0.6 0.001 8  .   .   
Mastigolejeunea auriculata (Wilson) Schiffn. 0.8 0.001 1  .  15  
Neurolejeunea seminervis (Spruce) Schiffn. 1 0.001 29 1  .   
Pictolejeunea picta (Gottsche ex Steph.) Grolle 0.6 0.003  .  9  .   
Prionolejeunea scaberula (Spruce) Steph.  1 0.001 16  .   .   
P. trachyodes (Spruce) Steph.  1 0.001 29  .   .   
Pycnolejeunea contigua (Nees) Grolle 0.8 0.002  .  1 20  
P. papillosa X.-L. He  0.7 0.002 1 5 23  
Symbiezidium barbiflorum (Lindenb. & Gottsche) 
A.Evans 0.6 0.002 12 2  .  

 

Calymperaceae   
Calymperes palisotii Schwägr. 0.4 0.041 5  .  12  
Calymperes platyloma Mitt. 1 0.001 32  .   .   
Syrrhopodon ligulatus Mont. 0.6 0.007  .  12 1  
Syrrhopodon simmondsii Steere 0.5 0.011  .  10  .   
Phyllodrepaniaceae   
Mniomalia viridis (Mitt.) Müll. Hal. 0.9 0.001 16  .  1  
Sematophyllaceae   
Microcalpe subsimplex (Hedw.) W.R. Buck 0.7 0.001  .  12 1  

 

As for TF, most of indicator species in this area were exclusive, but unlike most of 

indicators in other vegetation types, they were not so frequent. Six of the ten indicator 
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species occurred in less than 10% of the samples of this vegetation type. Ceratolejeunea 

minuta stood out because, although occurring in other vegetation types, it was an indicator 

only in TF, and it was very abundant and present in all strata. 

The bryophyte species found in the epiphyte flora of the Caxiuanã FLONA that 

occur in a greater number of vegetation types across Brazil had a probability above the 

average (4.61 ± 0.17) of occurring in VZ, whereas the opposite was observed for the species 

recorded in IG. Species of TF were close to the mean of the dataset (Fig. 5). 

 

Figure 5. Permutation analysis considering the number of vegetations in which the species were 
recorded in Brazil and in Caxiuanã FLONA. 
 

Discussion 

The prediction that differences between the vegetation types drive changes in the 

attributes of epiphytic bryophyte communities was confirmed. Unexpectedly and contrary to 

our predictions, Igapó vegetation was the richest and most diverse habitat, housing a large 

number of exclusive species, contributing significantly to overall diversity. 

We expected higher richness in TF which presents greater extension in the Amazon 

basin, this expectation was not confirmed in our data. Surprisingly, Igapó vegetation was very 

singular and showed the highest number of species, as well as the highest number of exclusive 

species and taxa little registered in the Amazon. Amazon basin is one of the most diverse 

areas where bryophytes occur in the Neotropics (Gradstein et al., 2001), and where epiphytes 

in TF operate as a meta-community (Oliveira and ter Steege, 2015). Thus, the rich bryophyte 

flora of IG may be a reflection of the geographical proximity to TF and possibly of a greater 

environmental heterogeneity, considering that diversity in local scale also depends on the 

regional diversity of species (Pärtel et al., 1996; Zobel et al., 1998; Brown et al., 2016). The 
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relatively higher richness of epiphytic bryophytes in IG was also pointed out in two recent 

studies (Lopes et al., 2016; Cerqueira et al., 2017), but the lack of canopy sampling resulted in 

a slightly different conclusion in the same study area i.e. how the not significant differences in 

species richness between flooded vegetations. We attribute this to particularities of the 

sampling method, because the upper forest stratum, was included in our study, where many 

species were recorded mainly in IG and TF. 

In general, the high epiphytic richness recorded is in agreement with the expectation 

for tropical environments (Gradstein, 1992; Gradstein et al., 2001; Gradstein and Costa, 

2003) and represents about 45% (250 spp.) of the bryophytes of the Caxiuanã FLONA, one 

of the areas in the Amazon were bryophytes have been most studied (unpubl.). This variation 

in richness across vegetation types corroborates with the suggested in the literature that 

microclimatic alterations caused by fine-scale differences between habitats are precursors of 

bryophyte richness and composition (Benavides et al., 2004, 2006; Mandl et al., 2009; Santos 

et al., 2011; Batista and Santos, 2016). 

The most diverse was Igapó vegetation according to the Fisher’s alpha index. The 

bryophyte flora of flooded forests has been previously reported to be richer than swamps, 

non-flooded forests and white-sand areas in western Amazon (Benavides et al., 2004, 2006). 

These results were mainly attributed to the availability of substrates and to the variation of 

abiotic conditions in these vegetation types. We argue that the variations in abiotic conditions 

among vegetation types are the main drives of richness in eastern Amazon, because this 

pattern was maintained even analyzing only the arboreal substrate. Thus, we corroborate the 

suggestion of the literature that variation in structure and floristic composition of vegetation 

types promotes heterogeneity of abiotic conditions and favors the diversity of species 

(Richards, 1984; Gradstein and Pócs, 1989; Gradstein, 1992; Vanderpoorten and Engels, 

2002; Márialigeti et al., 2009; Sanger and Kirkpatrick, 2015; Benítez et al., 2015; Valente et 

al., 2017). 

We documented a high turnover of species in epiphytic bryophyte assemblages 

between vegetation types (beta diversity), similarly to what occurs with vascular plants, 

whose composition and diversity in the Amazon basin change at all spatial scales (Campbell, 

1994). Although they exhibit similar patterns, we highlight that these groups of plants have 

important biological differences, implying also different mechanisms responsible for the 

observed patterns. The diversity of vascular plants in the Amazon has been credited to the 

existence of environmental gradients related mainly to climatic variation and soil and 

geological heterogeneity, together with an immense territorial extension (Willis, 1922; 
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Terborgh, 1973; Rosenzweig, 1995; Silman, 2011). Recently, the pre-Columbian 

anthropogenic contribution and the action of other organisms such as fungi have also been 

advocated as drivers of this diversity (Peay et al., 2013; Levis et al., 2017). 

This study showed that species composition of epiphytic bryophytes in the Amazon 

is driven by environmental differences in vegetation types. Our initial expectations that 

dispersal ability and ecological plasticity of bryophytes would contribute to the structuring of 

highly similar epiphytic assemblages on a local scale were not confirmed. Environmental 

heterogeneity associated with different vegetation type’s structures assemblies of epiphytic 

bryophytes with a remarkable degree of differentiation, mainly between the flooded forests 

(richness, diversity and composition). In addition, we found greater similarity between IG 

and TF, as did Lopes et al. (2016) who explained this similarity as a result of substrate 

availability in the understory. However, we believe that in our data, this similarity is 

primarily the result of proximity and the close microclimate. On the other hand, there is 

evidence that flood frequency and water level control the composition of bryophyte 

communities in flooded areas (Gillrich and Bowman, 2010). This could explain the greater 

dissimilarity between flooded vegetation types, also reported by Cerqueira et al. (2017). 

Environmental gradients represent variations in the abiotic conditions to which the 

bryophytes respond directly (Santos and Costa, 2010; Santos et al., 2014; Tavares-Martins et 

al., 2014; Oliveira and ter Steege, 2015; Oliveira and Oliveira, 2016). Thus, even at a local 

scale, variation in the structure and floristic composition of vascular plants favored the beta 

diversity of epiphytic bryophytes among vegetation types (Richards, 1984). The epiphytic 

bryophytes associated to Igapó vegetation seemed to be less tolerant to high temperatures and 

intense light incidence, as for example Prionolejeunea species, contrary to the 

Ceratolejeunea species, which were abundant in VZ. A clear change in floristic composition 

between bryophytes of distinct vegetation types was also documented in the western portion 

of the Amazon (Benavides et al., 2004, 2006) as well as in lowland vegetation in 

southeastern Brazil (Santos et al., 2011). 

Species with low abundance (i.e. 1 - 5 occurrences) predominated in all vegetation 

types and only a few species were very frequent (Appendix A), which is predicted by one of 

the earliest principles in community ecology (McGill et al., 2007). A similar pattern has been 

reported for trees and epiphytic bryophytes in TF in the Amazon (Oliveira et al., 2009; 

Oliveira and ter Steege, 2013), although these results are counter intuitive taking into account 

that bryophytes of tropical lowland forests are considered to be generalists (sensu Richards, 

1984) and of broad geographic distributions (Schuster, 1983; Santos and Costa, 2010; Santos 
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et al., 2011). Our data suggest that this rarity among bryophytes is mainly a response to 

environmental filters, because changes in the abundance of some species between vegetation 

types were observed, although on a small scale. As a matter of fact, bryophyte species can be 

rare in various forms and at different scales (Söderström and During, 2005) which is 

supported in our data for the fact some species, registered with low frequency, change your 

frequency becoming more abundant in one or another vegetation types (Core or Rural). 

These changes in abundance and patterns of spatial distribution may be directly related to the 

demands of each species, as bryophytes depend on specific light, temperature and humidity 

conditions (Gradstein and Pócs, 1989). The availability of these conditions can vary between 

vegetation types (Evans et al., 2012) limiting the occurrence and the abundance of species 

like those that were registered in only one vegetation (satellite) and with low frequency, 

mainly in the Igapó vegetation. 

In our data, the species abundance distribution in the two flooded forests differed 

from the non-flooded forest in terms of model fitting. A log-normal model better described 

the SAD of the TF, while log-series model better fitted the SADs of flooded vegetation types. 

The first is associated with undisturbed and more uniform assemblages and the second, with 

disturbed areas (Magurran, 2004). TF seems to present more stable conditions for the 

establishment of bryophytes, what may be related to habitat quality and structure and the 

history of the landscape. These are important factors for the probability of occurrence of 

species (Löbel et al., 2006). On the other hand, floodplains appear to be more dynamic, 

probably reflecting fluctuations in abiotic conditions related to daily and seasonal flooding of 

rivers and tides (Ferreira et al., 2012, 2013). These variations may even indirectly influence 

the abundance of species, which although have succeeded to get established, have not 

become abundant due to lack of optimal conditions. In the context of Amazonian vegetation, 

Benavides et al. (2006) consider that mosses depend more on moisture than liverworts, which 

in turn are mainly regulated by the availability of light. Perhaps for these reasons, in our 

dataset, mosses occurred only in the understory and with lower frequency, contrary to the 

liverworts, which were in general very abundant in these vegetation types (Benavides et al., 

2006). Thus, the occurrence of exclusive taxa and very frequents (Urban) in Igapó, and the 

change in abundance of rare species between vegetation types may be related to the specific 

requirements of the species and to the process of environmental filtering of community 

assemblages. 

A percentage of less than 30% of the surveyed species was found to be indicators. 

This finding was already expected because bryophytes of tropical lowland forests are usually 
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considered generalists (Oliveira et al., 2009; Garcia et al., 2014; Pantoja et al., 2015) and of 

broad geographic distributions (Schuster, 1983; Gradstein and Costa, 2003; Santos et al., 

2011). The species found in VZ also occur in a much larger range of vegetation in Brazil and 

belong mainly to genera considered generalists and sun specialists (Gradstein et al., 2001) 

these genera were very abundant in this vegetation type in the present study. On the other 

hand, indicator species in IG and TF occurred mainly in the understory and were restricted to 

one vegetation type. This suggests greater requirements for establishment, because specialists 

in this forest stratum are the first to disappear in of the case of disturbance (Acebey et al., 

2003; Alvarenga et al., 2010; Tavares-Martins et al., 2014). These species also have a 

distribution restricted to a smaller number of vegetation types in Brazil (Flora do Brasil, 

2020). Thus, we provide more evidence that the vegetation types investigated promote 

environmental heterogeneity, influencing the occurrence of species by determining 

environmental filters that play a preponderant role in the structuring of epiphyte bryophytes, 

even in a small local scale in the Amazon. 

 

Conclusions 

The varied vegetation types promoted remarkable environmental heterogeneity even 

at a small local scale, where abiotic conditions assembled epiphytic bryophyte communities 

with high diversity of species. Flooded vegetation types significantly contributed to the 

diversity of the local species pool, mainly the Igapó vegetation, due to the number of 

exclusive species. The distinction in the communities of flooded forests was more pronounced 

than expected, sheltering species of opposite extremes regarding tolerance to humidity, light 

incidence, and temperature variation. Thus, rarity in these assemblages appears to be 

influenced by environmental filters and TF constitutes a more stable environment for the 

establishment of bryophytes compared to flooded vegetations. Future research involving 

species attributes may clarify the mechanisms responsible for the patterns observed in tropical 

lowland forests. 
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3.2 VERTICAL GRADIENT OF EPIPHYTIC BRYOPHYTES IN THE AMAZON: THE 

RULE AND ITS EXCEPTION 

 

Abstract 

 

In Amazonian Terra Firme vegetation, epiphytic bryophytes present a deterministic 

distribution along height zones in host trees, at both local and regional scale. Recent findings 

about the influence of vegetation structure variation on epiphytic bryophyte assemblages 

suggest that the vertical gradient may also change among adjacent vegetation types. In order 

to analyze this influence, bryophytes were sampled in five zones from the base to the top of 

24 host trees in Várzea and Igapó (flooded) and Terra Firme (non-flooded) vegetation. The 

species richness and diversity, distribution of guilds of tolerance to light incidence, floristic 

similarity, and turnover of species composition were evaluated within and between 

vegetation types. The vertical gradient was observed only in Igapó and Terra Firme. Species 

richness and diversity were higher at the base in flooded forests, and at the outer canopy in 

non-flooded forests. These zones also showed higher floristic similarities among vegetation 

types. The distribution of guilds explained the main patterns observed in assemblages. The 

spatial distribution of epiphytes in the studied forests is regulated by the interaction between 

the height zone and vegetation type, and light tolerance is one of the most important 

attributes explaining the distribution patterns of epiphytes in the Amazon. 

 

Keywords: Amazonia. Canopy. Community assembly, Igapó vegetation. Beta diversity. 

Environmental Heterogeneity. Conservation Units. 
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Introduction 

Plant communities in the Amazon respond to different environmental gradients, both 

locally and regionally (Tuomisto & Poulsen, 2000; Tuomisto et al., 2002; Wittmann et al., 

2006; Oliveira & ter Steege, 2015; Quaresma et al., 2017). In this context, the assembly of 

epiphytic bryophytes is strongly influenced by local environmental filters, involving vertical 

zoning, successional stages and variation in vegetation types (Acebey et al., 2003; Oliveira et 

al., 2009; Tavares-Martins et al., 2014; Oliveira & ter Steege, 2015; Cerqueira et al., 2017). 

The vertical distribution of epiphytes in tropical forests is mainly determined by 

variations in environmental conditions that occur from the understory to the canopy (Allee, 

1926; Cornelissen & ter Steege, 1989). This gradient is one of the most consistently observed 

in bryophytes and reflects the environmental filtering associated to changes in the availability 

of light, water and temperature (Pócs, 1982; Richards, 1984; Acebey et al., 2003), however, 

without taking into account the interactions between species (Kraft et al., 2015). 

The vertical distribution of bryophytes in tropical forests has been mainly addressed 

in the context of effects of habitat loss and fragmentation in the natural environments of these 

plants (Alvarenga et al., 2010; Sporn et al., 2010; Silva & Pôrto, 2010; 2013). Particularly in 

the Amazon, studies on the vertical gradient of epiphytic bryophytes have been concentrated 

in Terra Firme vegetation (Oliveira et al., 2009; Tavares-Martins et al., 2014; Oliveira & ter 

Steege, 2015), while information about floodplains such as Várzea and Igapó is still missing. 

Among other characteristics, these forest types differ from each other by their arboreal 

vegetation structure and floristic composition as well as the periodic and seasonal flood flows 

ruled by regimes of adjacent rivers (Junk et al., 2011). In the eastern Amazon, the richness 

and composition of epiphytic bryophytes has been observed to vary among these vegetation 

types on a local scale (Cerqueira et al., 2017), where Igapó forests are richer and more 

diverse than those of Várzea, in agreement with the patterns found for vascular plants in the 

region (Ferreira et al., 2013). 

In Terra Firme vegetation of the Amazon basin, the vertical gradient of bryophytes 

has been observed both at local and regional scale: height zone is a significant element in 

these assemblages (Oliveira & ter Steege, 2015) while species composition per zone is 

relatively homogeneous across large distances (Oliveira & ter Steege, 2013). The pattern was 

attributed to the combination of strong niche assembly with high dispersal potential of 

bryophytes. In view of these patterns and the responses of bryophyte assemblages to changes 

in host tree structure and composition recently reported in the understory of flooded forested 
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areas (Cerqueira et al., 2017), it is possible that the vertical distribution of bryophytes also 

changes on a local scale even between preserved habitats. 

Thus, we hypothesized that: (1) the vertical gradient is present in the non-flooded 

(Terra Firme) and flooded (Igapó and Várzea) vegetation types, but weaker in the latter due 

to differences in landscape structure and the existence of flood dynamics in the understory; 

(2) the proportion of generalist taxa is greater in the flooded forests in response to their more 

intense dynamics, which filter species with wider niches; (3) the species richness and 

diversity, as well as the similarity between communities are higher at the base and outer 

canopy of host trees within and between vegetation types because these zones represent the 

two extremes of the microenvironmental gradient. 

 

Methods 

The study was conducted in the Caxiuanã National Forest (Caxiuanã FLONA), 

located in the eastern portion of the Amazon (01°42' 30” S and 51°31' 45” W, 62m altitude) 

(Montag et al., 2008). The climate of the region is tropical according to Köppen's 

classification (Köppen & Geiger, 1928; Alvares et al., 2014). The average annual 

precipitation varies between 2000 and 2500 mm, with a pronounced dry season from June to 

November (Costa et al., 2010), the annual average temperature is 25.9°C and the relative 

humidity of the air varies around 82% (Castro et al., 2013). 

 

Sampling and taxonomic identification 

Samples were collected in Terra Firme (TF, non-flooded), Igapó (IG, flooded) and 

Várzea (VZ, flooded) vegetation. Fieldwork was carried out between September 2015 and 

July 2016. Eight 20-25 meter-tall host trees, with diameter at breast height (DBH) ≥ 20 cm, 

and bark presenting intermediate roughness were selected in each vegetation type, totaling 24 

trees. The minimum distance between sampled trees was 20 m, and their canopies were not 

in contact with each other. To facilitate climbing, we selected trees with branches that could 

resist the weight of an adult person and upper branches that were visible from the ground 

(Gradstein et al., 1996). 

Bryophytes were collected in five height zones, namely: zone 1 = from the base up to 

1 m; zones 2 and 3 = lower and upper trunk, respectively; zone 4 = base of crown; and zone 5 

= outer sun-lit twigs/leaves (outer canopy). A set of four 10 cm² plots were collected in each 

height zone and pooled into a single sample (40 cm2) (Oliveira et al., 2009; Oliveira & ter 

Steege, 2013), thus totaling five samples per host tree (Fig. 1). DBH and shaft height of each 
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host tree were measured with a metric tape and canopy height was visually estimated. Each 

host tree served as the central point of a 10 m² plot, and hemispheric photographs were taken 

with a digital camera (Nikon Coolpix 5400) and 8mm fisheye lens (Nikon FC-E9) at the 

corners of each plot. The canopy openness of the areas surrounding each host tree 

corresponded to the average of the four photographs. The mean values and standard 

deviations (SD) of the samples in each vegetation type are listed in Table 1. 

 

Figure 1. Sampling methods and study area. 

 

Table 1. Mean and standard deviation (SD) of host tree variables and canopy openness per vegetation 
type. IG = Igapó; TF = Terra Firme; VZ = Várzea. 
 

Variables 
Vegetation Type 

IG  TF VZ 

DBH 29.16 ± 5.8 36.21 ± 4.3 44.80 ± 10.8  
Height of the shaft  10.16 ± 2.5 13.96 ± 2.8 10.75 ± 1.8 
Height of the canopy  10.56 ± 3.3 9.62 ± 1.5 10.87 ± 2.1 
Total height 20.72 ± 2.2 23.58 ± 2.9 21.62 ± 2.4 
Canopy openness 12.50 ± 2.7 12.15 ± 1.8 12.89 ± 1.6 

 

Bryophytes were identified with the aid of specialized bibliography and specimens of 

difficult determination were sent to taxonomists for confirmation and taxonomic 

identification. The most used works were Florschütz (1964), Reese (1993), Reiner-Drehwald 

(2000), Reiner-Drehwald & Goda (2000), Dauphin (2003), Gradstein & Costa (2003), 

Gradstein & Ilkiu-Borges (2009), Moraes & Lisboa (2009), Reiner-Drehwald & Grolle 
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(2012), Bordin & Yano (2013) and Ilkiu-Borges (2016). The classifications of Goffinet et al. 

(2009) for Bryophyta and Crandall-Stotler et al. (2009) for Marchantiophyta were adopted in 

this study. Taxonomic updates of some species were made based on recently published 

literature for the genera Microcalpe, Archilejeunea, Cheilolejeunea and Myriocoleopsis (YU 

et al., 2014; SHI et al., 2015; Bastos et al., 2017; Carvalho et al., 2017), the “World checklist 

of hornworts and liverworts” (Söderström et al., 2016), and Flora do Brasil 2020 database 

(Flora do Brasil, 2020). Vouchers were deposited in the collections of the Geraldo Mariz 

(UFP) and João Murça Pires (MG) herbaria. In this study, we use the following definition of 

guild “group of species that exploit the same class of environmental resources in a similar 

way” (Root, 1967; Blondel, 2003).  Also, the term guild was used as a synonymous of the 

synusia defined by Richards (1984). The considered resources for bryophytes were light and 

moisture. 

 

Data analysis 

Bryophyte assemblages were analyzed to evaluate the variation of richness, 

diversity, proportion of guilds of tolerance to light incidence, and species composition along 

height zones within and between vegetation types, as well as to check the existence of a 

vertical gradient in the assemblages of each vegetation type. All analyses were performed 

using R (R Core Team, 2019). 

Richness corresponded to the number of species recorded in each height zone or 

forest type. Species richness was compared between height zones in each vegetation type, 

and between each height zone in different vegetation types. These comparisons were tested 

by one-way analysis of variance (ANOVA) at 5% level of significance, whenever 

assumptions were met.  Species richness data were checked for normality using the Shapiro-

Wilk test, and the homogeneity of the variances was tested with the Levene's test of the Car 

package (Fox & Weisberg, 2011). The Tukey Honestly Difference Test (HSD) was applied a 

posteriori to verify the existence of significant differences between groups. 

The Fisher's alpha (α) was calculated to determine the species diversity per height 

zone in each vegetation type, as this index (S=a*ln(1+n/a) where S is number of taxa, n is 

number of individuals and a is the Fisher's alpha) is considered a robust measure, not so 

sensitive to sample size (Fisher et al., 1943; Magurran, 2004; Beck & Schwanghart, 2010). 

For this calculation, we considered the abundance and richness of species recorded per height 

zone in each vegetation type. Because of the impossibility of dissociating bryophyte 

individuals present in the samples, the incidence of each species in the plot was used to 
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define its abundance, which could vary along the different zones of the same host tree (1-5) 

and between host trees of the same vegetation type (1-8). 

The floristic composition of height zones within and between forest types was 

compared using the Sørensen’s similarity index, which attributes double weight to double 

presences (Legendre & Legendre, 1998), and the Bray-Curtis dissimilarity index (Bray & 

Curtis, 1957). Two matrices with presence-absence and abundance data per height zone of 

each vegetation type were created. The Sørensen and Bray-Curtis indexes were calculated by 

the betadiver function of the vegan package (Oksanen et al., 2018). 

The non-metric multidimensional scaling (NMDS) method was used to evaluate the 

variation of species composition between vegetation types and between height zones. For this 

purpose, a presence/absence matrix was created using samples from each height zone of the 

24 host trees. One of the samples had to be excluded due to low number of species. The 

metaMDS function of the vegan package was used to perform the NMDS (Oksanen et al., 

2018). This ordination (resizing) tries to represent objects by reducing them to a few 

dimensions and at the same time preserving the respective distance between them (Legendre 

& Legendre, 1998). 

A multivariate analysis by permutation - PERMANOVA ('Adonis' function) was 

used to test the existence of statistically significant differences in species composition 

between the three vegetation types in relation to the five height zones, whose groups were 

defined a priori. Changes in the composition of species with respect to the guilds of tolerance 

to light incidence (sensu Richards, 1984) were evaluated in the three vegetation types, 

correlating them with the height zones of occurrence. To this end, the species were classified 

according to the works of Richards (1984), Cornelissen & ter Steege (1989), Gradstein 

(1992a), Gradstein et al. (2001), Oliveira et al. (2009), and Tavares-Martins et al. (2014). 

The following literature-based classification was used: shade specialist epiphytes - Sha, 

present in the understory microhabitat; sun specialist epiphytes - Sun, present in the canopy; 

and generalist epiphytes - Gen, occurring in both microhabitats (Richards, 1984).  

The correlation between the occurrence of guilds in the height zones was checked 

with the chi-square test, analyzing the degree of association between categorical variables 

(height zone x guild). In this analysis, we used matrices of guild abundance per height zone 

in each forest type. The chi-square (X2) test assumes the null hypothesis that the observed 

frequencies are not different from those generated by chance, and there is therefore no 

difference between them due to the absence of association between the variables (Gotelli & 

Ellison, 2011). 
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Results 

A total of 112 species of epiphytic bryophytes, among 21 mosses and 91 liverworts, 

were recorded in Igapó (73 spp.), Terra Firme (66 spp.) and Várzea (48 spp.) (S1). The mean 

species richness per height zone increased in the outer canopy in Igapó and in Terra Firme, 

while the opposite occurred in Várzea (Fig. 2). The mean richness varied between zones in 

all forest types, but this variation was statistically significant only in Igapó (F[4, 35] = 6.48, p = 

0.0005) where the richest zones (base and outer canopy) differed from the upper trunk and 

the inner canopy (Fig. 2, lowercase letters). 

The base of the trunks was the richest zone in the flooded forests (Z1), while the 

outer canopy had the highest number of species in Terra Firme (Z5) (Fig. 3A-C). The mean 

species richness of height zones compared across the different vegetation types showed 

significant differences only in the case of the extreme zones, i.e. base and outer canopy (F[2, 

24] = 3.113, p = 0.065); this differences were slight between the base of Igapó and Terra 

Firme and consistent between the outer canopy of Igapó and Várzea (Fig. 2, uppercase 

letters). 

 

 

Figure 2. Mean and standard error of the richness of epiphytic bryophytes in the height zones per 
vegetation type. Lowercase letters are used to indicate differences between height zones and 
uppercase letters to indicate differences between height zones compared in the different vegetation 
types in Igapó. 

 

The base and the outer canopy were the zones with the greater number of exclusive 

species in the forests. In Igapó and Terra Firme, species that occurred exclusively in the 
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outer canopy stood out (Fig. 3A, B), while in Várzea, 25% of the species were restricted to 

the trunks and more than 50% of them occurred in all zones (Fig. 3C). 

The diversity of species followed the patterns observed for richness in the vegetation 

types. In Várzea, the recorded diversity was greatest at the base of the trunks and decreased 

towards the canopy; in Terra Firme, there was an increase towards the outer canopy, where 

the greatest diversity of all zones and vegetation types was observed (α 33.4); and in Igapó, 

although the base had the greatest diversity as in Várzea, both extremities concentrated a 

high diversity. The base was one of the least rich and diverse height zones in Terra Firme 

(Tab. 2).  

The composition of epiphytes between the intermediate height zones within each 

vegetation type was highly similar, always sharing more than 30% of the species (Tab. 2, 

Sørensen index). The extremities (base and outer canopy) of the host trees were more similar 

to the corresponding zones in Igapó and Terra Firme (base/Z1, 0.52; outer canopy/Z5 0.47, 

Sørensen index). The composition of bryophytes in the outer canopy (Z5) of Terra Firme 

also closely resembled that of the base (Z1) of Várzea (0.49). The floristic composition was 

less similar between the flooded forests (Fig. 4, Tab. 2), which was distant from that of Terra 

Firme, mainly in relation to the outer canopy and the understory (Igapó/Z5 - Terra Firme/Z1, 

0.90, Várzea/Z5 - Terra Firme/Z1, 0.94, Terra Firme/Z5 - Igapó/Z1, 0.88, Bray-Curtis 

index). 

In addition, the structure of the floristic composition in the ordination evidenced the 

influence of two factors shaping the assemblages (Fig. 4). The first one is related to the 

vegetation type (1st axis, colors) and the second to the height zone in the host tree (2nd axis, 

symbols). These factors (vegetation type and height zone) were tested and found to be 

consistent (Tab. 3). A turnover in the composition of species along height zones was 

observed in Terra Firme and Igapó, which characterized the vertical gradient of bryophytes. 

This pattern was not observed in Várzea, where species composition was very similar 

between zones (Fig. 4). 
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Figure 3. A-C: Overview of the number of species and shared species per vegetation type. Horizontal 
bars represent the total richness per zone; vertical bars represent the number of species found per each 
zone (points) and the number of species shared between zones (points connected by lines). D: Mean 
and standard error of species richness per guild in the zones. E-F: Association between zones and 
guilds based on the absolute frequency of taxa. Sun = Sun specialist epiphytes; Sha = Shade specialist 
epiphytes, Gen = Generalist epiphytes; Z = Zone.  
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Figure 4. Non-metric multidimensional scaling (NMDS) plot of samples per zone in the vegetation 
types (stress = 0.1942709) using Sørensen distance. (Z1 = base to 1 m, Z2 = lower trunk, Z3 = upper 
trunk, Z4 = inner canopy, Z5 = outer sun-lit twigs/leaves (outer canopy)). 
 

Table 3. PERMANOVA results for the different groups (height zones and vegetation types) of 
epiphytic bryophytes in the Caxiuanã FLONA. 
 

  Df Sums Sqs Mean Sqs F. Model R2 Pr (> F)   

Vegetation type 2 11.622 5.8109 23.471 0.28987 0.001 *** 
   Residuals 115 28.471 0.2476 0.71013 
   Total 117 40.093 1 
Heigth zone 4 4.063 1.01563 3.1852 0.10133 0.001 *** 
   Residuals 113 36.031 0.31885 0.89867 
   Total 117 40.093 1         

 

The distribution of specialist species varied between zones (Fig. 3D) and there was a 

reduction in the proportion of shade specialists and a concomitant increase of sun specialists 

and generalists towards the canopy. Specialist taxa were correlated with the height zones in 

the Igapó and Terra Firme vegetation (Igapó, X2 = 64.4, df = 8, p < 0.001; Terra Firme, X2 = 

68.5, df = 8, p < 0.001) (Fig. 3E-F). . The exception of this pattern was seen in Várzea, where 

generalist and sun specialist taxa predominated in all height zones, and there was no 

association between the distribution of guilds and height zones (X2 = 15.1, df = 8, p = 0.057) 

(Fig.3G). 
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Discussion 

Vertical gradient and turnover of epiphytic bryophytes in different Amazonian vegetation 

types 

The expectation that the composition of species would present a vertical gradient in 

the host trees was supported in Igapó and Terra Firme vegetation. On the other hand, the 

composition was more homogeneous along the height zones in Várzea. These data show that 

the turnover of species (vertical gradient) is consistent at local scale in Terra Firme, as 

previously reported (Oliveira et al., 2009), as well as in Igapó, and it is also regulated by the 

type of vegetation, since this pattern was observed in these vegetation types but not in Várzea. 

In Igapó and Terra Firme, the similarity in the composition of bryophytes found in the 

extreme height zones (base and outer canopy) of trees across vegetation types was higher than 

that among zones of host trees within the same vegetation type. This ratifies the relation 

between the height of occurrence and distribution of species, as previously observed in Terra 

Firme in the Amazon (Oliveira & ter Steege, 2015). Thus, the sharing of exclusive taxa of the 

understory (e.g., Prionolejeunea denticulata and P. muricatosserrulata) and the canopy (e.g., 

Diplasiolejeunea brunnea and D. rudolphiana) supports the fact that, regardless of the 

vegetation type, these species have typical niches adapted to these microhabitats. These 

results are in line with the literature, since bryophytes have been reported to have their 

occurrence strongly regulated by niche (Slack, 1990; Oliveira et al., 2009), responding 

efficiently to fluctuations in light incidence, humidity and temperature (Schofield, 1985; 

Gradstein et al., 1996; Hallingbäck & Hodgetts, 2000; Gradstein et al., 2001). These abiotic 

factors vary greatly from the base to the canopy in humid tropical forests (Allee, 1926; 

Cornelissen & ter Steege, 1989), establishing the well documented vertical gradient of 

bryophyte species (Pócs, 1982; Oliveira et al., 2009; Sporn et al., 2010; Oliveira & ter Steege, 

2015), although not observed in the Várzea forest in the present study. The floristic similarity 

between Terra Firme and Igapó has already been highlighted in previous studies (Lopes et 

al., 2016). In the present work, we further found that such similarity is associated with the 

extreme zones (base and outer canopy) of the host trees, thus not reflecting only the 

geographic proximity but also, and mainly, the niche of the species. Despite of correlation 

between the floristic composition of the samples and the spatial distance observed when 

considered the samples of all vegetation types, this effect disappears if analyzed specifically 

each vegetation types (Mantel tests performed additionally, supports independence of host 

trees). Thus, both spatial distance and species niche appear to determine the occurrence of 

species. At the local scale, similarity between height zones is well supported in the literature, 



74 
 

although the available data almost always consist of comparisons between zones of the same 

vegetation type (Cornelissen & ter Steege, 1989; Oliveira et al., 2009; Oliveira & ter Steege, 

2015). 

The weaker turnover across the height zones in Várzea can be a response to the more 

extreme conditions to which the species are subjected in this environment, which may be 

associated with greater canopy openness in this vegetation (Matos et al., 2019). According 

Richards (1984) differences in forest structure may cause changes in the internal 

microclimate, which in turn regulate the distribution of epiphytes (Cornellissen & ter Steege 

1989; Oliveira et al., 2009). The reduction of canopy cover has shown to negatively affect the 

composition and diversity of epiphytic bryophytes (Benítez et al., 2015). In our results, if 

greater canopy openness is taken as an indication of a less dense canopy, the absence of 

vertical gradient in Várzea may be related to the loss and/or shift of species with low 

tolerance to high levels of light incidence. Similarly, a homogenous floristic composition in 

the vertical distribution and predominance of sun specialists and generalists have been 

reported in the literature, almost always attributed to the state of conservation and the history 

of fragmentation of the area (Alvarenga et al., 2010; Silva & Pôrto, 2013; Oliveira & Oliveira, 

2016). 

The difference in the species composition of flooded vegetation types has been 

previously reported in other studies (Cerqueira et al., 2017), and our data indicates that it can 

be partly explained by the vertical distribution of species. According to Slack (1990), 

bryophytes do not disappear from the habitats due to competitive exclusion, but migrate to 

more favorable environments, thus being considered fugitive species. This would explain the 

greater similarity between species found in Várzea and those of the extreme zones of the 

canopy (outer canopy) in Igapó and Terra Firme, where more desiccation tolerant (Pardow et 

al., 2012) and light demanding taxa occur. In this case, the different vegetation types would 

act as reservoirs of species with distinct characteristics that occur in habitats better suited to 

their niche requirements. 

Our results suggest that variations in abiotic factors occur in the studied environment 

in relation to both height in the host tree and type of vegetation, causing a differentiation in 

the assemblages. The moisture content of the air, temperature and daily variation of UV 

radiation, as well as the structure of the substrates are ecological factors that determine local 

patterns in the composition of bryophytes in tropical forests (Richards, 1984; Wolf, 1993; 

Bader et al., 2013; Wagner et al., 2014). In this way, both can represent surrogates of abiotic 

filters that determine high beta diversity even on a small local scale. 
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Species composition: representation of guilds in the vegetation types 

The distribution of guilds in the different vegetation types confirmed the vertical 

gradient in terms of taxonomic composition of species in Terra Firme and Igapó, and 

explained the non-existence of such gradient in Várzea. Guilds are established according to 

their responses to microclimatic variations over the vertical gradient in the host trees (Pócs, 

1982; Richards, 1984). The patterns observed in our data followed the expectation for 

tropical forests, with a clear variation in the proportion of specialists (reduction of Shade 

specialist and increase of Sun specialist) from the base to the canopy of hosts in the forests 

(Cornelissen & ter Steege, 1989). 

In Várzea vegetation, generalist and sun specialist species prevailed in all zones, 

becoming gradually less represented towards the canopy. Taxa with these characteristics are 

common in open habitats such as rocky outcrops, fragmented areas, and secondary forests 

(Silva & Germano, 2013; Tavares-Martins et al., 2014; Pantoja et al., 2015). On the other 

hand, the displacement of sun specialists towards the understory, as well as the loss of shade 

specialists in this stratum is observed in areas with poor canopy coverage (Richards, 1984; 

Gradstein et al., 2001; Benítez et al., 2015). Because habitat quality affects practically all 

species and is relevant to the survival and reproduction of species (Kawecki, 2008) the 

change in the abundance of species among vegetation types is maybe a response to the strong 

restrictions imposed by habitats on the taxa. This was evident, for instance, in the occurrence 

of Pycnolejeuna papilosa Xiao L.He (Sunesp) (23 spp. in Várzea, 5 in Terra Firme, and 1 in 

Igapó), which was present and frequent in all zones in Várzea, but little frequent in the other 

vegetation types. Another example is Syrrhopodon ligulatus Mont. and S. incompletus 

Schwägr. (Shaesp), rare in Várzea but very common in Igapó and Terra Firme. On the other 

hand, of the 30 shade tolerant epiphytes recorded in this study, 10 occurred exclusively in 

Igapó vegetation, where taxa such as Prionolejeunea scaberula (Spruce) Steph. and P. 

trachyoides (Spruce) Steph. were very frequent and restricted to the understory. In spite of 

the lower richness found in Várzea, the number of occurrences of bryophytes was not much 

different between the vegetation types, being common or rare species frequently abundant in 

other vegetation types. These data indicate that rarity of bryophytes in the studied 

environments may be partially a result of the ecological restrictions imposed by availability 

of light and humidity. Therefore, guilds can be taken as an informative and robust measure of 

the ecological range of taxa that explain, at least in part, the abundance distribution of the 

species. 
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Species richness along the vertical gradient in host trees in the eastern Amazon 

In the flooded forests, the base of the trees (Z1) was richer and more diverse than the 

outer canopy. The outer canopy, in turn, stood out in Terra Firme. The diversity of species in 

this zone was also greater in relation to the zones of the other vegetation types. The canopy is 

commonly reported as the richest microhabitat for epiphytes in tropical forests (Gradstein, 

1992b), which is likely associated with the filtering of species at the extremes where 

establishment is more limited (Oliveira & ter Steege, 2015). It is important to highlight that 

the outer canopy (Z5) included canopy leaf and branch samples, but only in Terra Firme the 

leaves were colonized by bryophytes. Epiphyll species were mainly sun specialists and were 

also eventually found in other height zones of other vegetation types (e.g. Caudalejeunea 

lehmanniana, Cololejeunea cardiocarpa, C. subcardiocarpa, C. surinamensis, 

Pycnolejeunea gradsteinii and Vitalianthus sp.). Coverage of epiphylls in tropical forests can 

be considered a proxy for relative humidity because pronounced fluctuations have the 

potential to constrain the growth and occurrence of these species (Sonnleitner et al., 2009). 

The greater connectivity between the crown of the trees in Terra Firme may have contributed 

to minimize the effects of the increase of air temperature and decrease of humidity that takes 

place from the base towards the canopy, promoting better conditions for the establishment of 

epiphylls. Moreover, richness can be increased by means of colonization by foreign species 

to the community as well as by speciation (Warren et al., 2014) and may be more evident on 

a local scale (Oliveira & ter Steege, 2015). High canopy richness has been reported in 

previous studies carried out in the Amazon (Oliveira et al., 2009; Tavares-Martins et al., 

2014) and in the Brazilian Atlantic Forest (Costa, 1999). 

Although our expectations were confirmed, the greater diversity in the extreme zones 

in the forests reveals still other aspects yet to be analyzed, such as the fact that the base of the 

host trees was the zone with lower richness in Terra Firme, while it presented a major 

importance in the other vegetation types. Bryophytes are poiquilohidric and therefore unable 

to regulate the loss or storage of water (Vanderpoorten & Goffinet, 2009). For this reason, 

they are more susceptible to adjacent environmental fluctuations (Schofield, 1985; Gradstein 

et al., 1996; Hallingbäck & Hodgetts, 2000; Gradstein et al., 2001). Unlike in Terra Firme 

vegetation, the availability of substrates in Várzea and Igapó may be lower due to periodic 

flooding, making the base of the trees more suitable for the establishment of species. 

The high richness and diversity of bryophytes (Oliveira & ter Steege, 2015) and 

vascular epiphytes (Pos & Sleegers, 2010) in the vertical gradient had already been reported 

for Terra Firme vegetation in the study area of the present work. Here, we also highlight the 
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representativeness of these attributes in Igapó vegetation. Thus, variations in abiotic 

conditions along the hosts explain not only the diversity at the extremes of the gradient, but 

also the greater alpha diversity in this forest when compared to the others (Garcia et al., 

unpublished). Thus, the spatial distribution of epiphytic bryophytes in the zones reflected the 

assembly of species according to the distribution of guilds, because the differentiation of 

composition over the height zones (beta diversity) was shaped by the niche of the species. 

The vertical gradient in the composition of the epiphytic bryophytes along trees is 

consistent, but varies depending on the type of vegetation, and the local spatial distribution of 

the species is a combination of niche (height zone) and characteristics of the vegetation type. 

Species guilds are important attributes that indicate the processes that shape the epiphytic 

assemblages and regulate the vertical gradient, which may not exist even in forests with good 

conservation status. Due to changes in community and species attributes from one vegetation 

type to the other, we highlight the importance of investigations of the diversity patterns of 

epiphytes in the Amazon to include different habitats. In view of the responses of guilds to 

the environmental gradients, we emphasize the need for studies focused on traits of the 

species related to their environmental tolerance and also reproductive aspects, since the latter 

also regulate the distribution of the taxa. 
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4 CONCLUSÃO 

Essa tese evidenciou que diferentes tipos de vegetação na Amazônia Oriental 

promovem heterogeneidade ambiental, que influencia briófitas epífitas determinando 

variações nos atributos das assembleias entre as vegetações. A distribuição espacial em escala 

local é determinística, sendo regulada pelo nível de ocorrência no forófito (zona) e pelo tipo 

de vegetação que podem ser considerados substitutos para os filtros ambientais que moldam a 

composição de espécies. 

Os resultados ampliam o conhecimento sobre a diversidade de briófitas epífitas, 

sobretudo para habitats pouco estudados, como Igapó e Várzea que parecem ser menos 

estáveis para as espécies que a Terra Firme. As vegetações inundáveis constituem 

reservatórios de táxons com nichos distintos em relação às demandas por umidade, 

luminosidade e/ou tolerâncias à variação de temperatura, que explicam, pelo menos em parte, 

a raridade local e incrementam a diversidade do banco regional de espécies. 

O tipo de vegetação influenciou os atributos de comunidade e das espécies, como o 

gradiente vertical observado na Terra Firme e no Igapó e também, a homogeneidade da 

composição entre zonas na Várzea, ambos confirmados pela distribuição das guildas. Assim, 

as guildas de tolerância à luminosidade são atributos importantes no entendimento dos 

padrões de diversidade de briófitas epífitas.  

Em função da diversidade e do número de espécies exclusivas registradas no Igapó 

ressalta-se a importância desse ambiente em particular e de se representar a variedade de 

ambientes amazônicos em estudos sobre padrões diversidade e de distribuição espacial de 

espécies. Considerando as respostas das briófitas aos filtros ambientais sugere-se que estudos 

futuros enfoquem caracteres morfofisiológicos das espécies associados à tolerância nas 

variações de condições, além de aspectos reprodutivos que permitam mensurar a influência da 

limitação de dispersão na estruturação das assembleias locais. 
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