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“Rather than being on the margins (of an ecosystem), fungi are. ..
central to it, interconnecting and influencing the lives and deaths of
plants and animals in countless, diverse and often surprising ways.

To disregard them is to misunderstand the system”

Rayner (1993)
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1 INTRODUCAO GERAL

A Mata Atlantica é uma floresta tropical que abriga uma das maiores
biodiversidades do planeta e constitui uma das 34 areas prioritarias para a conservagao
mundial, em virtude da grande diversidade biologica e niveis de ameaca (Myers et al.
2000). Atualmente resta cerca de 11% da floresta com a maioria dos remanescentes
fragmentados em pequenas areas e separados geograficamente, levando a reducdo da
biodiversidade (Ribeiro et al. 2009). Vérios estudos foram realizados sobre a diversidade
de espécies de plantas (Amorim et al. 2005; Nascimento et al. 2012; Tabarelli &
Mantovani 1999) e animais (Cetra et al. 2012; Reis et al. 2013) que compdem a Mata
Atlantica com o propdsito de criar estratégias para a conservagdo e protecdao da floresta.
Entretanto, estudos sobre os micro-organismos presentes neste ambiente sao escassos e ha

poucas informacdes (Carvalho 2012; Fraga et al. 2012; GieRelmann 2011).

Dentre os micro-organismos que constituem o ecossistema florestal, os fungos séo
componentes importantes, pois garantem a ciclagem de carbono e nutrientes durante a
decomposicdo da serapilheira, disponibilizando-os aos vegetais e promovendo a
manutencdo da fertilidade dos solos (Hattenschwiller et al. 2011), que sdo naturalmente
pobres em funcdo da lixiviacdo (Silva & Filho 1982). Além de atuarem em processos
ecoldgicos globais, os fungos saprdébios sdo importantes elementos da diversidade visto
gue novas espécies sdo constantemente descritas (Cruz & Gusmdo 2009; Monteiro &
Gusmado 2013; Xia et al. 2013), e sdo fontes potenciais de novos compostos bioativos
(Morath et al. 2012). Apesar da sua grande importancia ecoldgica e econdmica, os fungos
sdo organismos pouco estudados principalmente em regides tropicais. As estimativas da
diversidade alcancam valores de 1.5 a 3.3 milhdes de fungos, sendo que apenas 100.000

espécies sdo conhecidas (Hawksworth 2012).

As comunidades de fungos associados aos substratos vegetais da serapilheira
sofrem variacOes espaciais e temporais e sdo afetadas por numerosos fatores bioticos e
abioticos, como as caracteristicas da espécie da planta, variagbes sazonais e
heterogeneidade espacial (Allegrucci et al. 2014; Hyde et al. 2007; Lodge 1997; Lodge &
Cantrell 1995). Alguns aspectos metodoldgicos empregados para a coleta de dados também
tém influéncias significativas sobre a diversidade da comunidade, no entanto 0s seus
efeitos foram pouco avaliados. Entre estes aspectos incluem o esforgo amostral (Magurran

1988), processo de acondicionamento do material vegetal (Paullus et al. 2003a), técnicas



de deteccdo e isolamento dos fungos (Collado et al. 2007; Unterseher et al. 2009) e
métodos de caracterizacdo e identificacdo dos isolados (Bills & Polishook 1994).

O conhecimento dos fatores que influenciam a distribuicdo espacial e temporal dos
fungos saprobios é fundamental para entender o papel regulatorio que desempenham nos
ecossistemas, além de ajudar a fornecer subsidios para politicas de conservacdo e
manutencdo de areas com elevado nivel de ameaca. O presente estudo teve como objetivo
principal avaliar a diversidade e distribuicdo de fungos associados ao folhedo em trés
remanescentes de Mata Atlantica, na regido semiarida do Brasil: Brejo Paraibano-PB,
Serra da Ibiapaba-CE e Serra da Jibdia-BA; bem como avaliar os efeitos de aspectos
metodoldgicos (como o tempo e temperatura de acondicionamento das folhas) e o uso de
diferentes meios de cultura, sobre a micobiota. Amostras de folhedo de Clusia nemorosa
G. Mey e Vismia guianensis (Aubl) Choisy foram coletadas em duas estacdes climaticas,
chuvosa e seca, e processadas utilizando a técnica de filtracdo de particulas para o
isolamento dos fungos.

Os resultados obtidos foram distribuidos em trés capitulos:

I. Effects of storage conditions and culture media on the saprobic fungi diversity in
tropical leaf litter.

Neste capitulo foram avaliados os efeitos do tempo (material fresco e 07, 15, 21 e 28 dias)
e temperatura (ambiente e 4°C) no acondicionamento das folhas de C. nemorosa, além do
uso de dois meios de cultura (DRBC e MYE) sobre a diversidade de fungos. Sao
apresentados a riqueza de espécies e 0 numero de isolados obtidos para cada variavel
analisada; testes comparativos entre as comunidades isoladas e indices de diversidade; e o

padrdo de distribuicdo das comunidades investigadas.

I1. Saprobic fungi on decaying leaf litter of two trees in the Atlantic Forest, Brazil.

O capitulo apresenta uma comparacdo entre as comunidades de fungos de C. nemorosa e
V. guianensis durante as estagdes chuvosa e seca. Sdo apresentadas as comparacgdes da
riqueza, através das curvas de rarefacdo e estimador de riqueza, e diversidade, por meio do
indice de diversidade, entre as comunidades; similaridades na composicdo de espécies

através da analise de agrupamento, teste de significancia para avaliar as diferencas entre as



comunidades, analise para determinar as espécies que mais contribuiram para as

dissimilaridades, e o padréo de distribuicdo dos fungos nos diferentes tipos de folhedo.

I11. Communities of saprobic fungi on leaf litter of Vismia guianensis (Aubl) Choisy in

remnants of the Brazilian Atlantic Forest.

O terceiro capitulo da tese investiga a distribuicdo espacial e temporal da comunidade de
fungos associada ao folhedo de V. guianensis presente nos trés remanescentes de Mata
Atlantica. Sdo apresentados os resultados das curvas de rarefacdo, indice de diversidade e
estimador de riqueza para comparag0es da riqueza e diversidade entre as comunidades;
similaridades na composicao de espécies entre as areas pela analise de agrupamento; teste
de significancia para avaliar as diferencas na comunidade entre as areas e estacdes e padrdo
de distribuicdo das comunidades, além da analise para determinar as espécies de fungos

que mais contribuiram para a dissimilaridade entre as comunidades.



2 REVISAO BIBLIOGRAFICA

2.1 A Mata Atlantica

As florestas tropicais representam um dos ambientes mais ricos em diversidade do
planeta, abrigando mais de 50% da diversidade existente (Myers et al. 2000). Entretanto,
ao longo do tempo vém sofrendo grandes mudancas devido & intensa degradacdo e
destruicdo pelas atividades antropicas (Tabarelli et al. 2010).

A Mata Atlantica é uma floresta tropical situada na América do Sul e se distribui ao
longo de trés paises: Brasil, Argentina e Paraguai (Tabarelli et al. 2010). No Brasil, é
constituida por um conjunto de formac6es florestais (ombroéfila densa, ombroéfila mista,
estacional semidecidual, estacional decidual e ombrofila aberta) e ecossistemas associados
como as restingas, manguezais e campos de altitude que se estendiam originalmente em
uma area de 1.300.000 km? em 17 estados, desde o Piaui até o Rio Grande do Sul (SOS
Mata Atlantica 2014).

Desde o periodo da colonizacdo a Mata Atlantica tem sofrido elevados niveis de
perda de habitat e outros disturbios, causados pelas atividades antropicas, eliminando
grande parte dos seus ecossistemas naturais (SOS Mata Atlantica 2014). Atualmente, a
area remanescente de todo o bioma corresponde apenas a 11.7% da sua vegetacdo original
e apresenta-se fragmentada com é&reas bastante reduzidas e separadas geograficamente
(Figura 1, Ribeiro et al. 2009). Este valor atualizado é superior aos 8% previamente
considerado pelo Ministério do Meio Ambiente (2000), em consequéncia da inclusdo das
florestas secundarias intermediarias e dos pequenos fragmentos de floresta, menores que
100 ha, no mapeamento da cobertura remanescente. Considerando as &reas remanescentes
na Argentina e Paraguai esse valor se eleva para 12.9% (Chebez & Hilgert 2003; Huang et
al. 2009).

Embora exista uma grande perda da cobertura original e elevada fragmentacdo da
Mata Atlantica, os indices de biodiversidade ainda sdo elevados incluindo mais do que
20.000 espécies de plantas, 263 espécies de mamiferos, 936 espécies de passaros, 306
espécies de répteis, 475 espécies de anfibios, além de outras espécies que ainda ndo foram
descritas (Mittermeier et al. 2005). As caracteristicas geograficas como a ampla faixa
latitudinal e longitudinal, que abrange toda a area de cobertura da Mata Atlantica, e a
distribuicdo de chuva que é bastante heterogénea, com diminui¢do da pluviosidade nas

areas costeiras (4.000 mm/ano) em direcdo ao continente (1.000 mm/ano), associada a



grande faixa de altitude, sdo os principais aspectos que favorecem a biodiversidade
existente (Ribeiro et al. 2009).
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Figura 1. Mapa da cobertura original da Mata Atlantica (cinza) e dos
remanescentes (preto). Fonte: Ribeiro et al. (2009).

A Mata Atlantica também apresenta elevados niveis de endemismo, alcancando
valores de 40% das plantas vasculares e 16-60% de toda a fauna incluindo os passaros,
mamiferos, répteis e anfibios (Mittermeier et al. 2005). Entretanto, as espécies endémicas
ndo sdo homogeneamente distribuidas em toda a extensdo da floresta encontrando-se

agrupadas em distintas areas sendo denominadas de unidades ou subregifes biogeograficas



da Mata Atlantica. Silva & Casteleti (2003) reconheceram 08 subregides das quais 05

foram definidas como centros de endemismo (Brejos Nordestinos, Pernambuco, Babhia,

Diamantina e Serra do Mar) e 03 como areas de transicdo (Araucaria, Interior e S&o

Francisco) (Figura 2).
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Figura 2. Mapa das subregifes biogeograficas da Mata Atlantica. Fonte:
Ribeiro et al. (2009).

Uma das hipéteses para a formacdo dos centros de endemismo leva em

consideracdo uma dindmica historia evolutiva da Mata Atlantica e propde uma conexao no

passado com a Floresta Amazodnica cuja biota era amplamente distribuida na regido (Silva



et al. 2004). Periodos posteriores de isolamento levaram a especiacao alopétrica originando
0s padrdes atuais de distribuicdo e diferenciacdo das espécies em ambas as florestas e nas
diferentes areas da Mata Atlantica, as quais constituem os centros de endemismo (Silva et
al. 2004; Silva & Casteleti 2003).

A Mata Atlantica é considerada uma das 34 areas prioritarias para a conservagao
mundial, em virtude da grande diversidade bioldgica (8.000 espécies vegetais endémicas) e
niveis de ameaca (cerca de 88% da sua extensdo perdida) sendo conhecida como hotspot
(Myers et al. 2000; Mittermeier et al. 2005). Uma area é designada como hotspot quando
apresenta no minimo 1.500 espécies de plantas vasculares endémicas (correspondendo a
0.5% do total de plantas vasculares do mundo) e perda de 70% ou mais da sua vegetacao
original (Myers et al. 2000). Diante das perdas significativas e com o intuito de preservar
0s remanescentes de Mata Atlantica, o Ministério do Meio Ambiente (2000) determinou
cerca de 160 areas prioritarias para a conservagao deste bioma caracterizando estas areas
desde “provavel importancia bioldgica” até “extrema importancia biolégica” de acordo aos

critérios da flora e fauna.

A éarea de protecdo florestal dentro da extensdo da Mata Atlantica € de
aproximadamente 22.600 km? correspondendo a 1.62% da regido. Considerando a floresta
remanescente, as reservas naturais representam 14.4%, entretanto, elas protegem apenas
9.3% visto que outros tipos de vegetacdo ou coberturas de terra também ocorrem dentro
dessas reservas. As unidades biogeogréaficas que apresentam maiores percentuais de areas
protegidas s@o a Serra do Mar (25.2%), seguido pelo Interior (6.8%) e Bahia (4.2%). Todas
as outras regides tém menos do que 4% de floresta remanescente sob protecédo (Ribeiro et
al. 2009).

2.2 A regido semidarida brasileira e os remanescentes de Mata Atlantica

A regido semiarida corresponde basicamente a delimitacdo do Bioma Caatinga, e
estd praticamente incluida na regido Nordeste compreendendo 1.133 municipios
distribuidos nos estados do Piaui, Ceard, Rio Grande do Norte, Paraiba, Pernambuco,
Alagoas, Sergipe, Bahia e norte de Minas Gerais na regido Sudeste (Ministério da
Integracdo Nacional 2005) (Figura 3). Ocupa uma area de aproximadamente 970.000 km?
e em grande parte de sua extensdo o clima é quente e semiarido, fortemente sazonal. As

médias anuais de temperatura (28°C) e evaporacdo (2.000 mm) séo elevadas com menos



de 1.000 mm de chuva por ano, distribuidos quase todos em um periodo de trés a seis
meses (Giulietti & Queiroz 2006). A mé distribuicdo das chuvas associada a alta
evapotranspiracdo sao os fatores responsaveis pelo fenémeno da seca que periodicamente

assola a regido (Ministério da Integracdo Nacional 2005).
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Figura 3. Limites da regido semiarida e os remanescentes de Mata
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Fonte: Velloso et al. (2002).



Apesar das condicGes severas, 0 semiarido apresenta uma surpreendente
diversidade de ambientes, proporcionados por uma variedade de tipos de vegetacdo
variando com 0 mosaico de solos e a disponibilidade de agua. A vegetacdo mais tipica € a
caatinga e se situa nas depressdes sertanejas (Cavalcante 2005; Giulietti & Queiroz 2006).
Os diferentes padrdes de caatingas estendem-se também por regifes mais altas e de relevo
variado, e incluem a caatinga arbustiva a arboOrea, a mata seca, o carrasco e as formagdes

abertas com dominio de cactaceas e bromeliaceas, entre outros (Giulietti & Queiroz 2006).

Nas serras do semiarido em altitudes mais elevadas, entre 600-1.000 m, podem ser
observadas as matas Umidas, Florestas Perenifdlias de Altitude, que constituem os
remanescentes da Mata Atlantica estabelecidos na regido e cercados pela caatinga, sendo
conhecidos localmente como brejos de altitude (Giulietti & Queiroz 2006; Tabarelli &
Santos 2004). A localizacdo geografica, altitude, disposicdo do relevo em relacdo aos
ventos do litoral e caracteristicas do solo, que abriga toda a matéria organica produzida
nesses remanescentes, sao fatores que possivelmente mantém o recobrimento florestal

nessas elevacdes e também responsaveis pelo alto grau de endemismo (Cavalcante 2005).

Segundo Vasconcelos Sobrinho (1971), existem 43 brejos distribuidos nos estados
do Cear4, Rio Grande do Norte, Paraiba e Pernambuco. Velloso et al. (2002) consideram
apenas nove fragmentos de tamanhos variados de Mata Atlantica no semiarido localizados
nas regides norte e sul do Ceard, leste da Paraiba, Pernambuco e Bahia (Figura 3),
enquanto que Cavalcante (2005) relata o montante de 20 fragmentos no semiarido. De
acordo a Tabarelli & Santos (2004) cerca de 85% dos brejos de altitude tém sido destruidos
e apenas 0.16% (30.05 km?) da area remanescente (2.626 km?) pertencem a unidades de

conservacéo.

A hipoétese proposta para a formacdo desses brejos de altitude remonta desde o
Cretacio Superior (entre 100-65 milhdes de anos atras) quando existia 0 supercontinente
chamado de Gonduana (Cavalcante 2005). Nas terras que formariam a América do Sul
havia uma formacédo florestal continua no litoral leste chamada de floresta Gonduénica,
precursora da floresta Amazonica, Mata Atlantica e dos brejos de altitude (Cavalcante
2005; Cavalcanti & Tabarelli 2004). Em consequéncia das intensas varia¢@es climaticas no
Pleistoceno (1.8 milhdo até 11 mil anos atrds), como as glaciacdes e a redugdo de agua
circulante na atmosfera, ocorreram expansdes do deserto e a vegetacdo adaptada a seca se
disseminou, circundou e isolou as florestas, para finalmente configurar os fragmentos de

florestas Umidas do semiarido brasileiro.
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Silva & Casteleti (2003) denominaram de Brejos Nordestinos os brejos de altitude
situados ao norte do Rio Sdo Francisco e esta regido torna-se mais distinta em relagéo aos
remanescentes situados ao sul do Rio S&o Francisco uma vez que ha grande influéncia da
Floresta Amazonica (Andrade-Lima et al., 1982; Santos et al., 2007; Cavalcanti &
Tabarelli, 2004).

2.3 Clusia nemorosa e Vismia guianensis: distribuicéo e caracterizacéo

O género Clusia, pertencente a familia Clusiaceae, é composto por
aproximadamente 300 espécies (Stevens 2012) que se distribuem em toda a regido
Neotropical, do sul dos Estados Unidos até o sul do Brasil, e ocorrem nos mais diversos
habitats como planicies, florestas montanhosas, cerrados e dunas (Bittrich 2009). No Brasil
hd em torno de 67 espécies com distribuicdo mais frequente na regido Amazonica
(Andrade et al. 2002; Bittrich 2009).

Dentre as espécies que ocorrem no Brasil, Clusia nemorosa tem ampla distribuicéo
ocorrendo nas regides Norte, Nordeste, Centro-Oeste e Sudeste. E popularmente conhecida
como mucugé-bravo, ceboleira e orelha-de-burro, na regido Nordeste, e como apui,
mangue-branco e manga brava, na regido Amazénica (Bittrich 2009). Apresenta o0 habito
arbustivo ou arbéreo, alcancando até 15 metros de altura com folhas oblongas e cartéaceas,
opostas e discolores, superficie adaxial mais escura do que abaxial, muitas vezes levemente
a fortemente brilhante (Cabral 2011; Figura 4A). E utilizada como planta ornamental,
devido a beleza e exuberancia das suas flores, além das folhas e casca terem propriedades
medicinais como anti-inflamatorio e analgésico (Farias et al. 2012), e na resina floral, bem
como nas folhas, raiz e frutos, ha compostos com atividades biologicas anti-HIV e

antimicrobiana (Oliveira et al. 1996).

Vismia guianensis, pertencente a familia Hypericaceae, € nativa da América do Sul
e ocorre na Colémbia, Venezuela, Guiana e Brasil, mais precisamente nas regides Norte e
Nordeste (Bittrich 2010). E conhecida popularmente como lacre, arvore da febre, goma-
lacre, pau-de-lacre ou lacre-branco. Apresenta habito arbéreo de pequeno porte, 3a 7 m de
altura, copa aberta e irregular, com ramos novos ferrugineos-pubérulos, cujas folhas sdo
verdes na regido superior e amareladas na regido inferior (Lorenzi & Matos 2002; Figura
4B).
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Figura 4. (A) Clusia nemorosa G. Mey. e (B) Vismia guianensis (Aubl.) Choisy.
Fotos: Eloina Neri

A madeira de V. guianensis é de boa qualidade e prdpria para construcdo civil,
marcenaria de luxo e carpintaria (Camelo 2010). Ha relatos do seu uso na medicina
popular, principalmente, no tratamento de dermatoses, apresentando-se como um potente
laxativo, além de suas folhas possuirem propriedades antipiréticas e antireumaticas e serem
empregadas como ténico (Lorenzi & Matos 2002). O seu latex de cor amarelo-alaranjado
tem sido utilizado para o tratamento de feridas, herpes e infec¢des por fungos na pele, por
algumas tribos do Amazonas (Pasqua et al. 1995), e para a obtengdo de esmaltes de unhas
(Lorenzi & Matos 2002).

No sistema de classificacdo de Cronquist (1981) a espécie V. guianensis pertence a
familia Clusiaceae, também conhecida como Guttiferae, e a ordem Theales por apresentar
caracteristicas como presenca de latex e frutos formando cépsulas. Este sistema considera
as caracteristicas morfoldgicas das espécies e é amplamente utilizado entre os botanicos.
Em classificagdes mais recentes, baseada na filogenia molecular, a familia Hypericaceae é
reconhecida como distinta de Clusiaceae. Ambas as familias pertencem a ordem

Malphiguiales pelo sistema de classificacdo APGIII (Angiosperm Phylogeny Group 2009)
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e na filogenia sdo grupos irmaos formando o clado designado de clusidide (Ruhfel et al.
2011).

2.4 Os fungos: classificacdo, caracterizacéo e diversidade

A classificacdo mais atual do Reino Fungi foi proposta por Hibbett et al. (2007),
baseada em dados moleculares e em estudos taxondmicos anteriores, que considera os filos
Microsporidia, anteriormente definido como protista, Chytridiomycota,
Neocallimastigomycota,  Blastocladiomycota, = Glomeromycota, = Ascomycota e
Basidiomycota - estes dois Ultimos formando o subreino Dikarya; e os subfilos segregados
de Zygomycota. Gryganskyi et al. (2012) erigiu o subfilo Entomophthoromycotina a filo
Entomophthoromycota, baseado na monofilia do grupo, ampliando a classificacdo proposta
por Hibbet et al. (2007). O grupo dos fungos conidiais, também conhecidos como
assexuais, é caracterizado pela reproducéo assexuada e relacionado ao subreino Dikarya,

no entanto ndo tem valor taxondmico.

Os fungos estdo presentes nos mais variados ambientes, principalmente os terrestres
e 0s aquaticos de aguas continentais. A grande maioria sao saprobios e a decomposicao € a
principal fungdo ecoldgica. Podem ainda viver associados a outros organismos como
parasitas, de vegetais, animais, algas e outros fungos; como mutualistas, formando
associacfes com raizes de plantas (micorrizas), rimen e ceco de mamiferos herbivoros
ruminantes (fungos anaerébios) e ninhos de formigas; e como predadores, algumas
espécies que habitam o solo tem a capacidade de imobilizar protozoarios e neméatodos
através de estruturas somaticas desenvolvidas no micélio. Existem ainda as associacdes
intermedidrias, caracterizadas como uma relacdo que ndo alcanca o parasitismo nem o

mutualismo estrito, como no caso de liquens e fungos endofitos (Alexopoulus et al. 1996).

Segundo Hawksworth (1991), os fungos estdo entre os organismos mais diversos
do planeta, perdendo apenas para os insetos. E um grupo pouco conhecido, com cerca de
100.000 espécies descritas (Kirk et al. 2008), no entanto as estimativas para o nimero total
de espécies alcangam valores em milhdes. Hawksworth (1991; 2001) propds uma
estimativa de 1.5 milhdo, com base na propor¢do fungo/planta vascular em regides
temperadas. Esta estimativa é considerada conservadora, uma vez que os fungos
associados aos insetos e, principalmente, a diversidade de plantas e habitats em regides

tropicais ndo foram avaliados. Hawksworth (2012) discute as estimativas propostas ao
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longo de 11 anos apos a sua publicacdo de 2001 e considera a estimativa minima de 1.5
podendo alcancar até 3 milhdes de fungos.

2.5 Fungos associados a serapilheira

Os fungos saprdbios sdo componentes importantes dos ecossistemas florestais, uma
vez que garatem a ciclagem de carbono e nutrientes disponibilizando-os aos vegetais e

promovendo a manutencéo da fertilidade dos solos (Hattenschwiller et al. 2011).

A matéria organica acumulada na superficie do solo, conhecida como serapilheira,
é constituida por restos vegetais, animais e excrementos. O componente vegetal (folhas,
madeira, raizes, galhos, frutos, flores) representa a maior fragdo da serapilheira, sendo 90%
da sua producdo priméria na floresta acumulada no solo (Graca et al. 2005). Dentre o
componente vegetal, as folhas constituem a parte mais significativa e a sua decomposi¢éo é
um processo vital para o ecossistema, ndo apenas por representar a maior biomassa na
serapilheira (cerca de 70%), mas também pelo seu vasto contetido de nutrientes organicos e
inorganicos (Graca et al. 2005).

A decomposicdo da serapilheira resulta na desintegracdo gradual da matéria
organica, liberacdo de seus nutrientes e moléculas de agua e dissipacdo de parte do didxido
de carbono, sendo um processo que mantém a fertilidade e produtividade do ecossistema
(Mason 1980). A taxa do processo de decomposicdo depende do ambiente fisico
(temperatura, umidade, sazonalidade e fatores pedoldgicos), composicdo do substrato
(teores de lignina, celulose, compostos fenodlicos, elementos minerais, substancias
estimulantes ou alelopaticas no material biolégico) e comunidade de organismos
decompositores (micro-organismos e fauna) (Meguro et al. 1980; Zhang et al. 2008). Os
fungos representam o0s principais agentes decompositores do material vegetal, por
possuirem um arsenal enzimatico com capacidade de degradacdo de compostos organicos
complexos como a celulose, hemicelulose, &cidos aromaticos, polifendis e algumas

proteinas (Mason 1980).

A maioria das espécies de fungos decompositores do substrato vegetal séo
microfungos caracterizados por apresentar estruturas reprodutivas diminutas, podendo
medir até 2mm, a microscopicas e sdo representados pelos fungos tradicionalmente
conhecidos como Zygomycota, os fungos conidiais, alguns ascomicetos e basidiomicetos
(Hawksworth et al. 1995; Cannon & Sutton 2004).
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Os fungos conidiais sdo 0s mais representativos e se reproduzem através de
propégulos assexuais produzidos por mitose ou a partir de estruturas originadas do miceélio
somatico (Alexopoulos et al. 1996). As estruturas especializadas para a reproducao
assexual sdo caracterizadas como conididforos, células conidiogénicas e conidios (esporos
produzidos por mitose), os quais apresentam grande diversidade morfologica e tém
importancia significativa na identificacdo das espécies (Gusmao et al. 2006). Quando a
identificacdo é baseada na analise de sequéncias de DNA, a maioria dos fungos parece

pertencer ao filo Ascomycota (Guo et al. 2000; Shenoy et al. 2007).

As alteracdes fisicas e quimicas ocorridas no substrato durante o processo de
decomposi¢do induzem a ocupacdo sequencial de espécies ou associacdes de fungos
(Kubartova et al. 2009). Essas mudancas na estrutura da comunidade, ao longo do tempo,
sobre um determinado substrato ¢ denominado de “sucessdo” ¢ tem sido o foco de varios
estudos (Kodsueb et al. 2008a; Prewitt et al. 2014; Votiskova & Baldrian 2013). O folhedo
fornece um habitat Unico para abrigar uma grande diversidade de espécies uma vez que 0
componente foliar apresenta diferentes morfologias e constituicbes quimicas. Isso talvez
justifique o fato da maioria dos trabalhos taxonémicos abordarem os decompositores de
detritos foliares (Castafieda-Ruiz et al. 2003; Cruz & Gusméo 2009; Gusmao et al. 2008;
Monteiro & Gusméo 2013; Rambelli et al. 2004).

2.6 Diversidade de fungos saprébios em florestas tropicais

O termo diversidade tem sido amplamente utilizado, nas multiplas &reas do
conhecimento (biologia, ecologia, antropologia e linguistica), e engloba varios conceitos
(Sarkar 2010). O termo biodiversidade tem sido adotado como uma contracdo da
“diversidade biodtica” e “diversidade biologica” (Hawksworth 1991). Segundo Melo
(2008), ambos os termos sdo usados para expressar uma série de significados que se
tornaram genéricos e superficiais, havendo uma necessidade de fornecer informacdes
adicionais. A diversidade biologica, em um sentido mais amplo, descreve a variabilidade
em todas as formas de vida e nos diferentes niveis, incluindo a diversidade de genes,
espécies e ecossistemas (Sarkar 2010). No presente trabalho o termo diversidade foi
aplicado no sentido mais restrito de “diversidade de espécies” para englobar os aspectos de

riqueza e equabilidade.


http://link.springer.com/search?facet-author=%22Lynn+Prewitt%22
http://www.ncbi.nlm.nih.gov/pubmed?term=Vo%C5%99%C3%AD%C5%A1kov%C3%A1%20J%5BAuthor%5D&cauthor=true&cauthor_uid=23051693
http://www.ncbi.nlm.nih.gov/pubmed?term=Baldrian%20P%5BAuthor%5D&cauthor=true&cauthor_uid=23051693
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A riqueza expressa 0 nimero de espécies presentes numa determinada comunidade
ou area e a equabilidade indica o quanto que as espécies sdo igualmente abundantes na
comunidade (Magurran 1988). Riqueza e equabilidade representam os atributos da
comunidade (Melo 2008) e, desta forma, sdo parametros para medir a diversidade, bem
como a combinagdo destes dois fatores (Magurran 1988). As medidas de diversidade
podem ser divididas em trés principais categorias: indices de riqueza de espécies, modelos
de abundéncia de espécies e indices de diversidade (Magurran 1988). A riqueza de
espeécies é a forma mais direta de se medir a diversidade e tem sido comumente utilizada
em Varios estudos (Magalhdes et al. 2011; Monkai et al. 2013; Paulus et al. 2006).

A diversidade de fungos em regiGes tropicais tem sido investigada mais
intensamente durante as Gltimas décadas devido ao fato destes organismos apresentarem
grande potencial para aplicacdes industriais e biotecnolégicas (Morath et al. 2012), serem
importantes elementos da diversidade uma vez que espécies sdo constatemente descritas
(Cruz & Gusméo 2009; Gusméo et al. 2008; Xia et al. 2013) e para melhor compreensao
do seu papel funcional nos ecossistemas (Hattenschwiler et al. 2011; Sayer 2006). Para
alguns fungos, como os endofitos, um gradiente latitudinal de diversidade tem sido
relatado, com as regides tropicais apresentando comunidades mais ricas em espécies
(Arnold & Lutzoni 2007). Embora esta tendéncia ndo tenha sido sistematicamente
verificada para fungos associados aos substratos vegetais em decomposi¢édo, varios estudos
tém demonstrado que este grupo € potencialmente diverso em areas tropicais (Hawksworth
2012; Piepenbring et al. 2012). Segundo Lodge (1997), a diversidade de plantas e habitats,
além da abundancia de substratos, presentes nas regides tropicais sdo fatores significativos

que contribuem para a maior diversidade de fungos.

Em uma floresta tropical em Porto Rico, Polishook et al. (1996) observaram uma
elevada riqueza de espécies, entre 101 a 173 taxons, associada a cinco gramas de folhedo
de Guarea guidonea e Manilkara bidentata. Na Africa, Rambelli et al. (2004) detectaram
184 espécies de fungos em folhas de 71 plantas. Paulus et al. (2006) obtiveram 419 taxons
isolados do folhedo de seis plantas pertencentes a quatro familias botanicas, na Australia.
Kodsueb et al. (2008b) isolaram 239 taxons de 150 amostras de substratos lignicolas de
Magnolia liliifera, Manglietia garrettii e Michelia baillonii, na Tailandia. Em outro estudo,
também na Tailandia, Monkai et al. (2013) detectaram 51 espécies de fungos de 20 folhas
da serapilheira de Magnolia liliifera e Cinnamomum iners, e consideraram os fungos

saprobios do pais como um grupo hiperdiverso. Considerando plantas individuais, Paulus
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et al. (2003a) detectaram 112 tdxons em cinco gramas de folhas de Neolitsea dealbata, na
Austrélia; Seephueak et al. (2011) isolaram 497 taxons de ramos de Hevea brasiliensis em
diferentes estagios de decomposicdo, na Tailandia; e Shanthi & Vital (2012) detectaram

142 taxons em folhas de Anacardium occidentale, na india.

Em todos os trabalhos relatados hd uma elevada diversidade de fungos e
aumentando o nimero de amostras ou de coletas, consequentemente, maior nimero de
espeécies poderia ser observado (Paulus et al. 2006). Outros fatores também tém influéncias
significativas na distribuicdo dos fungos e conhecer os efeitos que determinam sobre a
comunidade é fundamental para entender o papel regulatério que desempenham nos

ecossistemas.

2.6.1 Fatores que influenciam a distribuicéo dos fungos

Espécie da planta

Os fungos saprobios tém sido tradicionalmente considerados generalistas, ndo
apresentando qualquer nivel de especificidade ao substrato, devido ao fato de produzirem
enzimas nao especificas que degradam a maioria dos componentes da célula vegetal como
a celulose, hemicelulose e lignina (Hyde 2001). Entretanto, estudos recentes tém
demonstrado que hd um nivel de especificidade/recorréncia entre fungos saprébios e
taxons de plantas (Hyde et al. 2007), e parece estar mais relacionado as diferencas na
frequéncia relativa do que aos dados de presencga/auséncia de espécies (Lodge 1997; Zhou
& Hyde 2001).

Zhou & Hyde (2001) discutem os conceitos dos termos comumente aplicados para
interacdo fungo saprobio/planta e consideram “exclusividade” e “recorréncia” como os
mais apropriados. Segundo o0s autores, o termo exclusividade é a ocorréncia de um fungo
saprébio sobre substratos de uma determinada planta ou grupo de plantas relacionadas.
Enquanto que o termo recorréncia define a presenca frequente ou abundante de um fungo
saprobio sobre plantas particulares ou relacionadas, embora possa ocorrer, em menor
frequéncia, sobre diferentes plantas no mesmo ambiente. Ambos os termos definidos por

Zhou & Hyde (2001) foram considerados no presente trabalho.



17

Polishook et al. (1996) observaram uma similaridade maior entre comunidades de
fungos associadas ao folhedo de uma mesma espécie de planta (Guarea guidonea e
Manilkara bidentata) presente em diferentes areas de estudo, quando comparada as
comunidades de diferentes plantas na mesma area. Resultado semelhante foi encontrado
por Paulus et al. (2006) investigando a heterogeneidade espacial de fungos saprobios
associados ao folhedo de plantas pertencentes a diferentes familias boténicas. Hyde et al.
(2007) compilaram dados de diversos estudos demonstrando a recorréncia de fungos em
diferentes niveis taxondmicos de plantas, considerando espécies de um mesmo género,

géneros de uma mesma familia e diferentes familias de plantas.

Uma das hipoteses para a recorréncia de fungos sobre substratos de plantas em
decomposicdo é que endofitos, presentes nos tecidos internos das folhas vivas, persistem
na senescéncia e quando as folhas caem para formar a serapilheira, sdo 0s primeiros a
atuarem na decomposicdo (Allegrucci et al. 2014; Hyde et al. 2007; Promputtha et al.
2010; Unterseher et al. 2013). Muitos fungos endofitos sdo especificos as plantas
hospedeiras e quando o tecido vegetal entra em senescéncia poderiam alternar o seu modo
de vida, tornando-se saprobios (Zhou & Hyde 2001). Estudos recentes demonstraram a
sobreposicdo das comunidades de endéfitos e sapréfitas de uma planta a partir de dados
enzimaticos (Promputtha et al. 2010) e moleculares (Unterseher et al. 2013), indicando que

o0s endofitos continuam a colonizar os substratos mesmo em decomposicao.

Outros estudos tém sugerido que a recorréncia estd mais relacionada as
caracteristicas morfoldgicas (como o formato das folhas e das estruturas presentes na sua
superficie) e anatbmicas (como as diferencas nos conteudos de lignina e celulose) do que
ao conceito de especificidade de saprébios a plantas especificas, como ocorre em
interacdes estritamente especificas de patdgeno/hospedeiro (Lodge 1997; Polishook et al.
1996).

Embora as diferencas entre as comunidades de fungos associadas ao folhedo de
plantas tropicais sejam notdrias, os estudos sao incompletos e fragmentados e poucos tém

avaliado a questdo sistematicamente.

Variacao sazonal

A precipitagdo é considerada um fator ambiental essencial para a disperséo e

germinacdo dos propégulos dos fungos e para o processo de decomposicdo (Cannon &
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Sutton 2004). A disponibilidade de &gua favorece o crescimento dos fungos e desta forma,
tém importantes efeitos sobre a diversidade. Em substratos em decomposigéo o potencial
de agua é maior do que em folhas vivas, considerando o0 mesmo conteudo de agua, em
funcdo do potencial de soluto gerado pela grande disponibilidade de moléculas
hidrolisadas, por outro lado a perda de 4gua ocorre em maior velocidade (Dix 1985). As
alteracOes hidricas, dentre outros fatores, ao longo do tempo, proporcionam mudangas na

comunidade pois os fungos variam sua tolerancia ao estresse hidrico (Dix 1985).

As comunidades de fungos em periodos de elevada umidade tendem a ser mais
diversas embora alguns estudos tenha observado maior riqueza em periodos mais secos.
Paulus et al. (2006) encontraram comunidades de fungos associadas as diferentes plantas
com maior rigueza na estacdo Umida. Muthukrishnan et al. (2012) observaram
comunidades de fungos decompositores e tolerantes a alcalinidade mais diversas nos
periodos de mong&o na india comparado ao periodo p6s mongéo e no verdo. Kumar et al.
(2012), verificaram que além das comunidades serem mais ricas em espécies, as taxas de

decomposicdo também foram maiores durante o periodo mais umido.

Entretanto, Kodsueb et al. (2008) e Seephueak et al. (2011) observaram
comunidades associadas a substratos lignicolas apresentando maior riqueza durante a
estacdo seca. Segundo os autores, este resultado é, provavelmente, devido a elevada
umidade e baixa aeracdo durante o periodo mais chuvoso. Nessas circunstancias, a
temperatura se eleva e ndo se distribui uniformemente por todo o substrato e, entdo, o
crescimento de alguns fungos poderia ser restrito (Barcenas-Moreno et al. 2009). Yanna et
al. (2001) ndo verificaram nenhum padréo sazonal na comunidade de fungos em frondes de

palmeiras presentes em Brunei, Australia e Hong Kong.

Heterogeneidade espacial

A heterogeneidade espacial pode ser observada em diferentes escalas: nas
diferentes partes do substrato (Yanna et al. 2001), nos varios estratos da serapilheira
(Muthukrishnan et al. 2012) e em diferentes areas de estudo (Magalhdes et al. 2011; Paulus
et al. 2006; Polishook et al. 1996).

Yanna et al. (2001) encontraram comunidades de fungos distintas entre as varias
partes das frondes de palmeiras (folha, extremidade, meio e base da raque). As

comunidades obtidas da raque foram mais similares entre si, embora algumas espécies
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estavam presentes em todas as partes do substrato. Diferentes comunidades de fungos
também foram observadas nas diversas camadas da serapilheira: camada L (camada mais
superficial, consistindo de folhas senescentes, recentemente caidas); camada F1 (situada
logo apo6s a camada L); e camada F2 (abaixo da camada F1 e em contato com 0 solo)
(Muthukrishnan et al. 2012). Os autores encontraram uma elevada sobreposicdo de

espécies entre as trés camadas embora a camada F1 tenha apresentado maior riqueza.

Em areas de estudo distintas, separadas por 200 metros (Polishook et al. 1996) e 40-
70 Km (Magalhdes et al. 2011; Paulus et al. 2006) utilizando a mesma espécie vegetal, foi
observado comunidades de fungos bastante similares no folhedo, compartilhando um
grande numero de espécies. Considerando uma maior escala de heterogeneidade espacial,
Yanna et al. (2001) encontraram diferencas significativas entre as comunidades de fungos
associadas as frondes em decomposicdo de palmeiras coletadas na Australia, Brunei e
Hong Kong, com baixa sobreposicdo de espécies. Segundo Feinstein & Blackwood (2013)
as diferencas encontradas na composicdo da comunidade de fungos em fungdo da
heterogeneidade espacial (em maior ou menor escala) devem-se aos fatores associados,

principalmente, as condi¢des climaticas particulares em cada ambiente.

Aspectos metodoldgicos

A diversidade da comunidade de fungos saprobios é, em parte, dependente dos
aspectos metodoldgicos empregados para a coleta de dados, incluindo o esfor¢o amostral
(Magurran 1988), processo de acondicionamento do material vegetal (Paulus et al. 2003a),
técnicas de deteccdo e isolamento dos fungos (Collado et al. 2007; Unterseher et al. 2009)
e métodos de caracterizacdo e identificacdo dos isolados (Bills 1996; Bills & Polishook
1994).

A riqueza de espécies € positivamente correlacionada ao esforgco amostral, ou seja,
aumentando o numero de amostras analisadas um nimero maior de espécies podera ser
observado (Magurran 1988). Em grupos hiperdiversos como os fungos, o aumento do
esforco de coleta acrescenta novos taxons & comunidade e isto é devido a deteccdo
constante de espécies infrequentes ou raras. Nesses casos, a curva do coletor dificilmente
alcangara uma assintota até mesmo em locais intensivamente estudados, como as reservas

britanicas de Esher Common (Surrey, U. K.) e Slapton Ley (Devon, U. K.) que sao
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investigadas ha mais de 40 anos e anualmente novas espécies de fungos sdo acrescentadas
as listas de inventarios (Hawksworth 2012; Hawksworth & Mueller 2005).

O acondicionamento do substrato para posterior analise da diversidade tem sido
comumente realizado em muitos estudos devido a, principalmente, dois fatores: as areas de
coletas serem distantes e o volume de material a ser processado. Os efeitos deste
procedimento sobre a diversidade de fungos foram avaliados por Paulus et al. (2003a) em
folhas de Neolitsea dealbata acondicionadas por um periodo até 28 dias. Os autores
observaram que o nimero de isolados diferiu significativamente, enquanto que o numero

de taxons ndo foi efetivamente afetado por até trés semanas de acondicionamento.

A escolha do método de detecgdo e isolamento dos fungos € um passo importante
para os estudos de diversidade e deve ser baseada nos propoésitos do trabalho. Numerosos
métodos tém sido desenvolvidos e cada um deles apresentam limitagcdes para as estimativas
da diversidade. Métodos que se baseiam na observacgdo das estruturas reprodutivas sobre a
superficie do substrato (método direto) poderiam subestimar a diversidade em funcdo das
estruturas ndo estarem presentes no momento da observacdo (Paulus et al. 2003a). Outros
métodos baseados em cultivo e que detectam o micélio do fungo nos tecidos internos do
substrato (método indireto), fornecem uma maior diversidade de fungos por unidade de
substrato comparado ao método direto (Bills & Polishook 1994; Paulus et al. 2003a; Paulus
et al. 2006).

A técnica de filtracdo de particulas, como método indireto, tem se mostrado
eficiente em isolar um grande nimero de espécies de fungos associados aos substratos
vegetais. Por este método sdo geradas particulas diminutas do substrato que proporcionam
0 aumento da superficie de contato com o meio de cultura, favorecendo a chance de
recuperacdo de um maior nimero de isolados por unidade de area amostrada. Além do
aumento da superficie de contato, a pequena extensao da particula vegetal utilizada poderia
reduzir a competicdo entre os fungos permitindo o desenvolvimento daqueles fungos de
crescimento mais lento (Bills & Polishook 1994; Gamboa et al. 2002; Paulus et al. 2006).

Métodos de caracterizacdo e identificacdo de fungos também tém efeitos
significativos sobre a diversidade encontrada. Para a identificacdo dos fungos crescidos em
meio de cultivo é necessario a inducdo da esporulagdo, visto que a identificacdo
morfologica € baseada nas caracteristicas das estruturas reprodutivas. Varios

procedimentos foram relatados na literatura para a inducdo (Paulus et al. 2003b;
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Matsushima 1971) e muitos fungos esporulam facilmente sob condigOes artificiais,
enquanto outros permanecem estéreis e desta forma ndo sdo identificados pela taxonomia
formal. Nesses casos, os isolados estéreis podem ser agrupados em morfotipos baseados
em caracteristicas macro e microscopicas (Bills & Polishook 1994; Polishook et al. 1996;
Abreu et al. 2010).

A andlise de sequéncias do DNA tem sido utilizada para determinar a posi¢do
taxonémica dos fungos estéreis (Guo et al. 2000) alem de verificar se as similaridades
morfologicas, na auséncia de estruturas reprodutivas, refletem as similaridades no nivel
genético (Lacap et al. 2003). Guo et al. (2000) verificaram que fungos estéreis de Livistona
chinensi, foram predominantemente associados aos ascomicetos, usando a regido ITS do
DNA ribossomal. Lacap et al. (2003) validaram o conceito de morfotipos como grupos
taxonémicos, baseado na analise de sequéncia de DNA ribossomal, de micélios estéreis

isolados do Polygonum multiflorum.

2.7 Fungos associados a C. nemorosa e V. guianensis

Algumas espécies do género Clusia foram investigadas quanto a ocorréncia de
fungos saprobios e fitopatogénicos (Barbosa et al. 2009; Ellis 1976; Farr & Rossman 2014;
Mendes 1998): C. alba Jacq., C. domingensis Urb.; C. grisebachiana (Planch. & Triana)
Alain; C. gundlachii Stahl.; C. insignis Mart.; C. krugiana Urb.; C. melchiori Gleason; C.
minor L.; C. multiflora Humb., Bonpl. & Kunth; C. nemorosa e C. rosea Jacg.; C.

palmicida Rich. ex Planch. & Triana.

Para C. nemorosa ha o registro de 46 espécies de fungos relatados nos trabalhos de
Barbosa et al. (2009), Ellis (1976) e Gusméao (2004). Barbosa et al. (2009) investigaram 0s
fungos associados ao folhedo na Serra da Jiboia e os autores registraram 44 espécies.Ellis
(1976) relatou o fungo Stigmina clusiae atuando como decompositor de ramos em
Trindade e Tobago, e Gusmao (2004) registrou o fungo Ochroconis humicola sobre folhas
em decomposicdo em Lencois.

Sobre 0 género Vismia ha registros de fungos associados para as especies (Farr &
Rossman 2014; Viegas 1961): V. baccifera (L.) Reichardt, V. brasiliensis Choisy, V.
cearensis Huber, V. confertiflora Spruce ex Reichardt, V. dealbata Kunth, V. ferruginea
Kunth, V. guianensis (Aubl) Choisy, V. guineenses (L.) Choisy, V. hamanii S.F.Blake, V.
latifolia (Aubl) Choisy, V. lauriformis (Lam.) Choisy V. macrophyla Kunth, V. micranta


http://www.theplantlist.org/tpl1.1/record/tro-7800480
http://www.theplantlist.org/tpl1.1/record/kew-2452346
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Mart. ex A. St.-Hil, V. obtusa Spruce ex Reichardt e V. tomentosa Ruiz & Pav. Ha apenas
dois registros para V. guianensis: Pestalotia vismifolia, na Venezuela (Guba 1961) e

Phyllachora vismiae (Viegas 1961).
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3.1 Areas de estudo
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O estudo foi realizado em trés remanescentes de Mata Atlantica inseridos na regido
do semiarido: Serra da Ibiapaba (CE), Brejo Paraibano (PB) e Serra da Jibdia (BA) (Figura

5 e Figura 6).
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Figura 5. Localizacdo geografica dos remanescentes de Mata
Atlantica investigados no estudo: Serra da Ibiapaba (CE), Brejo

Paraibano (PB) e Serra da Jibdia (BA).
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Figura 6. Locais de coleta: (A, B) Visdo geral do Parque Nacional de Ubajara (Serra da
Ibiapaba) e interior da mata. (C, D) Visdo geral da Reserva Ecoldgica Mata do Pau
Ferro (Brejo Paraibano) e interior da mata. (E, F) Viséo geral do Monte da Pioneira
(Serra da Jibdia) e interior da mata. Fotos: Davi Almeida.
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3.1.1 Serra da Ibiapaba

A Serra da Ibiapaba inicia-se a 40 Km do litoral e atravessa de norte a sul o
extremo oeste do estado do Ceara, no limite com o estado do Piaui, representando a borda
oriental da bacia sedimentar do Parnaiba (Santos & Souza 2012). Abrange uma area de
aproximadamente 1.960 km? e altitude variando de 800-1.100 m acima do nivel do mar, a
Serra da Ibiapaba se estende ao longo dos municipios de Carnaubal, Croat4, Guaraciaba do
Norte, Ibiapina, Sdo Benedito, Tiangua, Ubajara, Vicosa do Ceara e outros lugarejos
(Figueiredo 1997) (Figura 7).

A r AMERICA
v S0

20 0 20

Figura 7. Localizacdo da Serra da Ibiapaba no estado do Ceara e delimitacdo da area de
coleta.

No que se refere ao relevo, a Serra da Ibiapaba é dissimétrico apresentando uma
feicdo custeiforme (constituida de reverso, frente e cornija) com um reverso suave em
direcdo oeste e um front escarpado para leste. A camada superficial da serra, cornija, é
constituida de rochas do tipo arenito. A partir dessas rochas formam-se os solos arenosos
profundos (Neossolos Quartzarénicos), e solos areno-argiolosos muito intemperizados
(Latossolos Vermelho-amarelos). Devido as chuvas orograficas no setor setentrional da

serra existe a formacdo de um enclave de mata imida. No sentido oeste para o sul, o clima



http://pt.wikipedia.org/wiki/Carnaubal_(Cear%C3%A1)
http://pt.wikipedia.org/wiki/Croat%C3%A1
http://pt.wikipedia.org/wiki/Guaraciaba_do_Norte
http://pt.wikipedia.org/wiki/Guaraciaba_do_Norte
http://pt.wikipedia.org/wiki/Ibiapina
http://pt.wikipedia.org/wiki/S%C3%A3o_Benedito_(Cear%C3%A1)
http://pt.wikipedia.org/wiki/Tiangu%C3%A1
http://pt.wikipedia.org/wiki/Ubajara
http://pt.wikipedia.org/wiki/Vi%C3%A7osa_do_Cear%C3%A1
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é semiarido e é determinante para 0s tipos vegetacionais de carrascos e caatingas (Santos &
Souza 2012).

As coletas foram realizadas no Parque Nacional de Ubajara (3°46’S e 40°54°0),
situado no municipio de Ubajara (Figura 6A e 6B). O Parque foi criado em 30 de abril de
1959, com éarea de 563 ha. Em 2002, seus limites foram ampliados e essa unidade de
conservagdo passou a contar com uma area de 6.288 ha (Instituto Chico Mendes de

Conservacao da Biodiversidade 2002).

Devido a sua localizacdo, na vertente leste da Serra da Ibiapaba e atingindo o topo
de uma encosta a barlavento, a area onde localiza o Parque caracteriza-se por apresentar
dois periodos climaticos bem distintos: um chuvoso e com temperaturas relativamente
mais baixas, que ocorre nos meses de janeiro a junho e outro, praticamente sem chuvas que
se prolonga de julho a dezembro. A média pluviométrica € considerada elevada para 0s
padrbes do Ceard: em 87 anos de observacdo (1912-1998) foi obtida média de 1 436.3 mm.
A temperatura média anual varia entre 20 e 22°C na Serra da Ibiapaba e em torno de 24 a
26°C na depressao periférica. Os meses de junho e julho apresentam, geralmente,
temperatura mais amena, enquanto que outubro e novembro destacam-se como 0s mais

quentes do ano (Instituto Chico Mendes de Conservacgéo da Biodiversidade 2002).

Segundo Fernandes (1998; apud Instituto Chico Mendes de Conservagdo da
Biodiversidade 2002) a vegetacdo do Parque € formada por duas unidades fitogeogréaficas:
floresta de mata umida serrana (arboreto climatico perenif6lio) e floresta de mata seca
(arboreto climético estacional semi-caducifélio). A floresta de mata imida esté localizada
sobre 0s setores mais elevados da serra, onde existem ainda remanescentes da primitiva
floresta tropical pluvial. A floresta de mata seca ocupa os niveis inferiores da vertente e
constitui o tipo de vegetacdo mais predominante no Parque (Instituto Chico Mendes de

Conservacao da Biodiversidade 2002).

A area do Parque Nacional de Ubajara apresenta-se conservada em meio a Serra da
Ibiapaba ja bastante devastada devido as acGes antrOpicas, principalmente com as
atividades da agricultura e o desmatamento indiscriminado (Instituto Chico Mendes de
Conservacdo da Biodiversidade 2002). Apesar da protecdo garantida por lei, na préatica ha
alguns problemas relacionados a coleta indevida de plantas, principalmente na éarea
entorno, e a presenca de lixo doméstico jogado nas trilhas ecoturisticas ou trazido pelo

vento de areas vizinhas. Esta area foi designada pelo Ministério de Meio Ambiente (2000)
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como sendo prioritdria para a conservacao da biodiversidade floristica da Mata Atlantica

presente na regiéo.

3.1.2 Brejo Paraibano

O Brejo Paraibano localiza-se predominantemente na borda umida oriental do
Planalto da Borborema, estendendo-se no sentido norte-sul, por 62 km, e no sentido leste-
oeste, por 40 km. Com uma éarea de aproximadamente 1 174 km? e altitude variavel entre
400-600 m acima do nivel do mar, o Brejo Paraibano distribui-se por oito municipios:
Alagoa Grande, Alagoa Nova, Areia, Bananeiras, Borborema, PilGes, Serraria e Matinhas
(Barbosa et al. 2004) (Figura 8).
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Figura 8. Localizacdo do Brejo Paraibano no estado da Paraiba e delimitacdo da area de
coleta.

O relevo da regido exerce forte influéncia sobre o clima, originando chuvas
orograficas que ocorrem de janeiro a agosto, sendo mais abundantes nos meses de junho e
julho. A temperatura média anual é em torno de 25°C, com os meses de inverno, chegando
a atingir temperaturas abaixo de 16°C e umidade relativa do ar entre 80% e 85%; e uma
estacdo seca curta, de 1 a 3 meses de duragdo (Moreira 1989). Os solos séo profundos e

variados, podendo ser encontrados desde os latossolos, os podzélicos, os litdlicos
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eutrdficos, os de terra roxa e 0s regossolos. A vegetacdo € composta por uma variedade de
formagdes vegetacionais alterando desde a caatinga, floresta estacional semidecidual,
floresta ombrofila aberta, floresta ombréfila densa e formacdes pioneiras (Tabarelli &
Santos 2004).

O local onde se realizou o estudo compreende parte da Reserva Ecologica Mata
Pau-Ferro, localizado no municipio de Areia (6°58’S e 35°42°0) e apresenta uma area com
cerca de 600 ha (Figura 6C e 6D). Sua criacdo foi realizada em 1992, constituindo-se de
uma unidade de conservacdo de dominio estadual e, segundo Barbosa et al. (2004), é a
mata de brejo de altitude mais representativa no estado da Paraiba, sendo considerada pelo
Ministério do Meio Ambiente (2000) como uma area de provavel importancia biologica

para a conservacdo da flora local de Mata Atlantica.

A area sofreu forte pressdo antropica, antes da criacdo da Reserva, principalmente
devido as atividades de agropecuéria (Barbosa et al. 2004; Silva et al. 2006). Atualmente,
os locais que sofreram elevada degradacdo estdo abandonados formando capoeiras em
diferentes estagios sucessionais, alguns deles tomados por gramineas que impedem ou

dificultam o processo de regeneracdo natural (Barbosa et al. 2004).

3.1.3 Serra da Jibodia

A Serra da Jibodia esta localizada na regido do Recéncavo Sul do estado da Bahia e
é representada por um complexo de morros que se estende ao longo de seis municipios:
Castro Alves, Elisio Medrado, Laje, Santa Terezinha, S8o0 Miguel das Matas e Varzedo
(Neves 2005) (Figura 9). A sua area é de, aproximadamente, 225 km?, com uma altitude
que varia entre 750-840 m acima do nivel do mar. As coletas foram realizadas no Morro da
Pioneira (localizado na parte norte da serra), municipio de Santa Terezinha (12°51°S e

39°28°0) (Figura 6E e 6F).

O seu relevo e bastante acidentado com morros profundamente escavados pela
drenagem, com vertentes ingremes e convexizadas, onde se observam afloramentos de
rochas de origem granitico-gnaissico. Os tipos de solo variam em fungdo da altitude, mas

predominam os latossolos e os podzélicos (Tomasoni & Santos 2003).

A Serra da Jiboia localiza-se em uma zona ecotona ou de transicdo, o que a confere
uma grande diversidade de climas, relevos, solos, vegetacdo e fauna. A crista da serra

marca o limite de uma transicdo climética na regido, com um clima variando entre o
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tropical imido, mais ao sudeste e ao leste, e o tropical semiimido, mais ao norte e a oeste.
A temperatura média anual é de 21°C, e o indice pluviométrico anual é de 1 200 mm,
apresentando variacdes em funcdo da altitude, sendo que as chuvas se concentram entre 0s

meses de abril a julho (Tomasoni & Santos 2003).

Castro Alves

1~
b

Elisio
Medrado

Figura 9. (A) Localizacdo do municipio de Santa Terezinha no estado da Bahia. (B)
Municipios que constituem a Serra da Jiboia, destacando o Morro da Pioneira.

A vegetacdo local € constituida por um mosaico de formacgdes vegetacionais
variando desde o que se desenvolve sobre o afloramento rochoso no apice; seguido de uma
floresta ombrofila densa na porcdo oriental, devido a influéncia das chuvas orogréficas;
floresta estacional semi-decidual e floresta estacional decidual na por¢do ocidental, por ser

menos Umida; e na base caatinga (Tomasoni & santos 2003).

A Mata Atlantica presente na serra é considerada a mais representativa do
Recdncavo Sul da Bahia, abrangendo 32% do remanescente florestal (7.200 ha), e esta area
foi determinada pelo Ministério do Meio ambiente (2000) como um remanescente de

extrema importancia para a conservacdo da biodiversidade da flora deste bioma.

A Serra da Jibdia abriga um nimero consideravel de espécies novas e endémicas de
plantas, animais e fungos, aléem de algumas destas espécies encontrarem-se na lista de

espéecies ameacadas de extingdo (Ministério do Meio Ambiente 2000). Devido a esta
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grande riqueza bioldgica foi criada em 1999 a Area de Protecdo Ambiental Municipal da
Serra da Jibdia, que abrange uma area de 3 540 ha, incluindo a parte da serra pertencente
ao municipio de Elisio Medrado. O local que foi realizado o estudo no presente trabalho
ndo constitui uma area com protecdo garantida por lei e desta forma vem sofrendo
constante degradacdo ocasionada pelas atividades humanas, principalmente com as

queimadas, o desmatamento irracional e o corte ilegal de arvores.

3.2 Expedicdes de coleta e procedimento de amostragem

Duas expedicdes de coleta foram realizadas em cada area de estudo, uma durante a
estacdo chuvosa e a outra na estacdo seca, nos seguintes periodos: abril e novembro/2012
na Serra da Ibiapaba; janeiro e outubro/2012 no Brejo Paraibano; e junho/2011 e
janeiro/2013 na Serra da Jibdia. Na primeira expedicao trés individuos de V. guianensis
foram escolhidos em cada uma das areas de estudo, levando em consideragdo a presenca e
quantidade de folhedo disponivel em sua base. Apenas na Serra da Jiboia, trés individuos
de C. nemorosa também foram amostrados. Todas as plantas foram devidamente marcadas

com lacres de seguranca (lacre para malote).

Dez folhas da serapilheira foram coletadas abaixo da copa de cada planta, e
designadas de uma amostra. Um total de 24 amostras foram coletadas (240 folhas), sendo
seis amostras provenientes de C. nemorosa e 18 de V. guianensis. Em um individuo de C.
nemorosa, amostrado na primeira expedicdo, 10 folhas adicionais foram coletadas para
avaliar os efeitos de aspectos metodoldgicos sobre a comunidade de fungos. Todas as
amostras foram acondicionadas individualmente em embalagens de papel Kraft e, em
seguida, transportadas para o Laboratério de Micologia da UEFS (LAMIC) para serem

processadas em um periodo de até 48 horas.

3.3 Avaliagéo das condicdes de acondicionamento das folhas sobre a comunidade de
fungos

Vinte folhas de um individuo de C. nemorosa foram divididas em dois tratamentos
com 10 folhas cada (Al e A2). Os tratamentos foram estocados em temperatura ambiente e
refrigerada (4°C) e amostras de cada tratamento foram obtidas apos 07, 14, 21 e 28 dias
(T1, T2, T3 e T4) para investigar o efeito do tempo de acondicionamento. As amostras em

cada intervalo de tempo consistiram de 10 fragmentos de 18 cm? (180 cm?), cada unidade
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sendo obtida por folha e tratamento. O folhedo fresco (folhas ndo acondicionadas) foi
nomeado de TO e observado em A2. Para comparacOes entre os tratamentos TO foi

considerado a amostra controle

3.4 Processamento das folhas e isolamento dos fungos

As folhas foram inicialmente lavadas em &gua corrente e em seguida foram
submetidas a um processo de desinfeccdo superficial com hipoclorito de sédio 5% por dois
minutos seguido por trés lavagens sucessivas em agua destilada estéril (Paulus et al.
2003a). As amostras foram postas para secar em fluxo laminar e posteriormente foram
processadas utilizando o protocolo de filtracdo de particulas descrito por Bills & Polishook
(1994) com algumas modificagdes.

Como as folhas de C. nemorosa e V. guianensis exibem tamanhos diferentes (folhas
maiores - C. nemorosa; folhas menores — V. guianensis), uma padronizacdo da area foliar
foi realizada apdés o procedimento de desinfeccdo superficial, para comparacdo das
comunidades de fungos das duas plantas. As folhas de C. nemorosa foram subdivididas em
cinco éareas, e por sorteio foi retirado um fragmento equivalente a area foliar de V.

guianensis (Figura 10).

Cada amostra foi triturada por 01 m em 100 mL de &gua destilada estéril em um
liquidificador (Figura 11A). O material particulado foi lavado com jatos de &gua destilada
e filtrado em um conjunto de cinco peneiras com diferentes aberturas de malha (1.0, 0.7,
0.5, 0.25, e 0.18 mm) (Figura 11B). As particulas retidas na peneira de menor abertura
foram transferidas para tubos de centrifuga e suspendidas em agua destilada estéril
(completando o volume de 50 mL) (Figura 11C e 11D), em seguida foram agitadas em
Vortex por um minuto e colocadas para decantar (Figura 11E). O sobrenadante foi
descartado e o tubo foi completado com agua destilada estéril até o volume de 50 mL. Este
procedimento foi realizado por quatro vezes e o material residual foi ressuspendido em 20
mL de &gua destilada estéril (Figura 11F). Aliquotas de 50ul da suspensdo foram
transferidas e homogeneizadas com o auxilio de uma al¢a de Drigalski em triplicatas em
placas de Petri de 90 mm de diametro (Figura 11G e 11H).



Figura 10. (A) Folha de Clusia nemorosa. (B) Folha de Vismia guianensis. (C)
Subdivisdo das areas na folha de C. nemorosa.
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Figura 11. Etapas do rocessamento das folhas para o isolamento
dos fungos saprébios segundo a metodologia de Bills &
Polishook (1994) com adaptagdes.
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3.5 Meios de cultura e incubagéo

Foram utilizados os seguintes meios de cultura: &gar dicloran rosa bengala e
cloranfenicol (DRBC) sem a adicdo do dicloran e agar extrato de malte e levedura (MYE)

suplementado por rosa bengala (25 mg/L) e cloranfenicol (100mg/L) (Paulus et al. 2003a).

Apos a transferéncia da suspensdo de particulas as placas foram incubadas em
condigdes de temperatura e luminosidade ambiente. O crescimento micelial dos fungos foi
observado diariamente, a partir do segundo dia até 30° dia de incubacdo, e uma vez
verificado o crescimento de hifas das particulas, estas foram transferidas para placas de
Petri contendo meio de cultura agar fubd de milho e cenoura descrito por Castafieda-Ruiz
(comunicacdo pessoal), acrescidos de fragmentos de folhas de bananeira esterilizadas
(Matsushima 1971; Paulus et al. 2003b). Este procedimento foi realizado para inducéo da
fase reprodutiva dos fungos isolados e/ou caracterizagdo em morfotipos (Lacap et al.
2003).

3.6 Caracterizacao e preservacao dos fungos

Apbs um periodo de, aproximadamente 10 dias, as culturas axénicas foram
analisadas sob estereomicroscopio e revisadas periodicamente até a deteccdo de estruturas
reprodutivas. Verificada as estruturas reprodutivas estas foram transferidas com o auxilio
de uma agulha fina para Iaminas contendo os meios de montagem: resina PVL (alcool
polivinilico + alcool latico + fenol) (Trappe & Schenck 1982) e/ou é&cido latico. A
identificacdo dos fungos foi efetuada por comparacdo morfolégica e mensuracdes das
estruturas de importancia taxonémica com dados presentes em literatura basica e

especifica.

Os isolados que ndo esporularam até o periodo de 20 dias foram cultivados em
meios agar agua (WA) e agar aveia (OA) com fragmentos de folhas de bananeira estéreis
(Paulus et al. 2003b). Aqueles isolados que mesmo assim ndo esporularam foram
agrupados em morfotipos baseado em suas caracteristicas morfolégicas como taxa de
crescimento, margem da colbnia, coloracdo da superficie e do reverso, elevacao e textura
do micélio e producédo de pigmentos no meio de cultivo (Bills & Polishook 1994; Lacap et
al. 2003). Isolados representativos de cada espécie identificada foram preservados pelos
métodos de 6leo mineral (Buell & Weston 1947) e Castellani (1967) e foram depositados
na Colegéo de Culturas de Microrganismos da Bahia (CCMB) da UEFS.
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3.7 Coleta dos dados ambientais

Os posicionamentos geograficos de cada planta amostrada foram determinados com
0 GPS (Global Positioning System).

Os dados mensais de precipitacdo pluviométrica, referente ao ano que foram
realizadas as expedigdes de coleta foram fornecidos pela Fundagdo Cearense de
Meteorologia e Recursos Hidricos (FUCEME 2010), para o Parque Nacional de Ubajara e
pelo Instituto Nacional de Meteorologia (INMET 1992), para a Reserva Ecoldgica da Mata
Pau-Ferro. Para 0 Monte da Pioneira os dados foram fornecidos pela Reserva Jequitiba,

com sede em Elisio Medrado.

3.8 Andlise dos dados

Todos os fungos isolados foram registrados em planilhas e quantificados por
espécie de planta, varidveis metodoldgicas (tempo e temperatura de acondicionamento e
meios de cultura), estagdo climatica e remanescente de Mata Atlantica. Para as analises dos
dados, conjuntos distintos de analises estatisticas foram utilizados segundo o0s objetivos

propostos em cada capitulo da tese.

No capitulo | foram avaliados efeitos de condi¢cdes de acondicionamento do
folhedo, como tempo e temperatura, e uso de dois meios de cultura, sobre a comunidade de
fungos por meio de testes de significancia (teste-t e ANOSIM); andlise de covaridncia
(ANCOVA); indices de diversidade (Shannon e Simpson); e pelo método multivariado por

escalonamento multidimensional ndo-métrico (NMDS).

No capitulo Il, para a comparacdo entre as comunidades de fungos de C. nemorosa
e V. guianensis além de verificar o efeito da sazonalidade sobre a diversidade, foram
realizados a construcdo de curvas de rarefacdo, analise de agrupamento, método
multivariado NMDS, teste de permutacdo ANOSIM e a analise de percentagem de
similaridade (SIMPER).

No capitulo 111 foi investigado a distribuicdo espacial e temporal da comunidade de
fungos de V. guianesis presente nos trés remanescentes por meio das curvas de rarefacéo,
indice de diversidade de Simpson, estimador de riqueza Chaol, andlise de agrupamento
utilizando o método UPGMA,; teste de permutacdo ANOSIM, metodo de ordenacao
NMDS e analise de porcentagem (SIMPER).
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As analises foram conduzidas nos programas Biodiversity Pro 2 (Mc Aleece, 1997),
PAST v. 3.01 (Harmer et al. 2013), R 3.01 (R Core Team 2013) utilizando o pacote vegan
(Okasen et al. 2013).
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Abstract

The effects of methodological aspects were observed in a community of fungi grown in
culture associated with leaf litter of Clusia nemorosa, collected in the state of Bahia,
northeast of Brazil. We examined the effects of variables as storage time (fresh leaf litter,
07, 14, 21 and 28 days) and temperature (room temperature and 4°C), and culture media
(MYE and DRBC) on the diversity of fungi. Protocol of particle filtration was used to
achieve the isolation of fungi. A total of 1.113 fungi belonging to 67 taxa were isolated.
The analysis of covariance (ANCOVA) indicated that richness and the number of isolates
decreased significantly with storage time, but did not vary in relation to culture media. The
differences between the communities related to the storage temperatures were not
significant based on the results of the t-test. The diversity analysis indicated that storage
samples up to 14 days showed no significant differences in the communities when
compared to fresh litter. Nonmetric multidimensional scaling (NMDS) shows a tendency
of separation between the communities observed in the different temperatures and between
the initial storage times and late. The results indicate that in the storage of leaves for up to
14 days no significant changes in the community were observed, however in longer storage

periods there was a notable loss in both richness and quantity of fungi.

Key words — diversity - leaf litter - methodological aspects - storage litter - tropical fungi
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Introduction

Fungi are hyperdiverse organisms and the global number of species is estimated to
range from 1.5 to 3.3 million (Hawksworth 2012). Tropical rainforests are home to a wide
diversity of species and leaf litter is one of the major reservoirs (Hawksworth & Rossman
1997). The leaf litter is the most significant part of the plant debris and its decomposition
contributes to the maintenance and balance of the ecosystem in the forest through nutrient
cycling (Xiaogai et al. 2013). The knowledge of factors that influence the composition and
community structure of fungi is important for understanding the dynamics of the
decomposition process since the diversity of fungi, associated with environmental
conditions and the characteristics of the substrate, has significant effects on the rate of
decay (Hattenschwiler et al. 2005, Hattenschwiler et al. 2011).

There are several factors that influence the diversity of the saprobe fungi community.
The most important ones seem to be related to the plant species (Paulus et al. 2006,
Monkai et al. 2013), intrinsic factors to the study area, such as vegetation composition and
climate (Polishook & Bills 1996, Yanna et al. 2001), and the seasonality (Kodsueb et al.
2008, Voriskova et al. 2014). Methodological aspects, used to access the saprobic fungi,
also have significant influence on the diversity of the community. For example the
sampling effort (Magurran 1988, Bills & Polishook 1994a), methods of pretreatment,
storage of plant debris (storage time until processing) (Paulus et al. 2003a), methods for
detection and isolation of culturable fungi (Collado et al. 2007, Unterseher et al. 2009) as
well as methods used for characterization and identification, are all factors to consider.
(Bills & Polishook 1994a, Bills 1996).

The storage of the substrate for subsequent diversity analysis has been commonly
performed in many studies, mainly due to the fact that collection areas are in remote sites
(Talley et al. 2002) and because of the high volume of material to be processed
simultaneously (Bills & Polishook 19944, Polishook et al. 1996, Parungao et al. 2002). The
effects of this procedure on diversity of fungi were assessed by Paulus et al. (2003a) in
Neolitsea dealbata leaves in a rainforest in Australia. The authors observed that diversity
was significantly affected since there was a decrease in richness and number of isolates

with the increase in storage time.
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The storage temperature may have a considerable influence on the conservation of
fungi present in the samples. The storage of the litter at temperatures below 0°C (-15 to -
20°C) did not affect the diversity of fungi (Kuter 1986), possibly, because the fungi are
adapted to freezing for long periods in their natural harsh winters. In tropical regions, the
effects of freezing on the diversity are unknown. In addition the refrigerated temperature
(4°C) seems to preserve the diversity of the community, since Bills & Polishook (1994a)
obtained high richness as well as quantity of fungal isolates in storage samples of 01 week

in Costa Rica. However, the effects on the community were not assessed by the authors.

The saprobe fungi are isolated and quantified using methods where selective culture
media are widely used (Paulus et al. 2006, Collado et al. 2007). Such approaches have
some advantages over other non-cultivable methods, based on molecular approaches,
(Liew et al. 1998, Cuadros-Orellana et al. 2013), since it is possible to perform taxonomic,
physiological, genetic and biotechnological studies with the fungal isolates (Morath et al.
2012, Gomes et al. 2013, Jeewon et al. 2013, Stadler et al. 2014). The use of a consortium
of different culture media, favoring the detection of a greater diversity of fungi has been

suggested by some authors (Cannon & Suton 2004, Paulus et al. 2006).

Studies on the effects of methodological aspects on fungal communities become
important because of the need to develop sampling methods efficient and consistent for
conducting inventories and diversity studies, allowing comparisons between leaf litter
fungal assemblages. In this paper, we evaluate the effects of storage time and temperature,
along with the influence of culture media on the diversity of fungi recovered from

decaying leaves in the rainforest.

Material and Methods

Collection of leaves and assessment of the effects of storage conditions

Twenty fallen leaves of a plant of Clusia nemorosa G. Mey. were collected in a
remnant of the Atlantic Forest in the state of Bahia, in northeastern Brazil (12° 51'S and
39° 28' W) in July/2011. The leaves were placed in paper bag, transported immediately to

the laboratory and processed up to 12 h after the collection.
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The leaves were divided into two treatment groups with 10 leaves each (Al and A2).
The treatments were stored at room temperature (Al) and 4°C (A2). Samples of each
treatment were obtained after 07, 14, 21 and 28 days marked as T1, T2, T3 and T4,
respectively to investigate the storage time. The samples in each time interval consisted of
10 pieces of 18 cm? (180 cm?), each unit being obtained by leaf and treatment method. The
leaves in each treatment were sampled continuously, in other words, after the removal of
samples per time interval the remaining material was stored again in the appropriate
treatment until the next sampling in the next time interval. Fresh material (leaf litter no
storage) was named TO and only seen in treatment A2. For comparisons among treatments,
TO from A2 was considered the control sample.

Processing of samples and particle filtration protocol

The leaves of C. nemorosa were initially washed in water to remove soil particles
and other organisms that are attached to the leaf surface and subjected to a process for
surface disinfection according to Paulus et al. (2003a). The samples were taken after this
pretreatment procedure and, then, were processed using the method of particle filtration
(Bills & Polishook 1994a).

Each sample was homogenized for 01 min in 100 mL of sterile distilled water in a
household blender and the particulate material was washed with distilled water jets in a
group of five stainless steel sieves with different mesh openings (1.0, 0.7, 0.5, 0.25, and
0.18 mm). The particles retained on the 0.18 mm sieve were transferred to a centrifuge
tube and suspended in sterile distilled water (up to a volume of 50 mL), and then were
stirred at Vortex for 01 min and allowed to settle. The supernatant was discarded and the
tube was filled with sterile distilled water to a volume of 50 mL. This procedure was
performed 04 times and the residual material was suspended in 20 mL of sterile distilled
water. Aliquots (50uL) of the suspension were transferred and homogenized with the aid of
a Drigalski handle in triplicate in Petri dishes of 90 mm diameter containing culture media.

Culture media

Two culture media were used for the isolation of the fungi: agar dichloran rose
bengal chloramphenicol (DRBC) without dichloran and agar malt yeast extract (MYE)
supplemented with rose bengal (25 mg/L) and chloramphenicol (100 mg/L) (Paulus et al.
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2003a). The plates were incubated at room temperature with ambient light after the transfer
of the particle suspension. The fungal growth was observed daily for 30 days, and once
verified that hyphae was present in the particles, they were transferred to Petri dishes
containing the culture media cornmeal and carrot agar (CCA) as described by Castafieda-
Ruiz (personal communication), together with sterilized fragments of banana leaves
(Paulus et al. 2003b). This procedure was performed to induce the reproductive stage of

fungi isolated and/or for the characterization of morphotypes (Lacap et al. 2003).

Data analyses

Caculations were made using the t-test in order to compare the number of fungi and
richness between treatments Al and A2. The evaluation of the effects of storage time and
culture media in relation to the number of isolates and richness of fungi obtained from each
treatment was performed by the analysis of covariance (ANCOVA, Quinn & Keough
2002). The significance level of 5% was established for both analyzes, t-test and
ANCOVA.

The diversity of fungal communities in each investigative time was evaluated by
Shannon and inverse Simpson indexes, the last one represented as 1-D (Magurran 1988).
The confidence interval of 95% in both indexes was calculated using the bootstrap method
(Grunwald et al. 2003). To search for general differences in composition among fungal
treatments, the date was analyzed using a multivariate method, specifically the nonmetric
multidimensional scaling (NMDS, Kruskal 1964), from the Bray-Curtis dissimilarity
matrix. The permutation test ANOSIM (Analysis of Similarity) was used to assess the
significance of the pattern indicated by the NMDS (Clarke 1993).

The statistical analyses were conducted using softwares: PAST v. 3.01 (Harmer et
al. 2013) and R 3.01 (R Core Team 2013) using the vegan package (Okasen et al. 2013).

Results

A total of 1.113 specimens, comprising 67 taxa, were isolated from the leaf litter of
C. nemorosa. The number of fungi and species richness decreased in relation to storage

time in both treatments. In treatment A1, the number of isolates ranged from 40 to 235, and
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in relation to richness, ranged from 14 to 43 taxa. In A2, the number of isolates and
richness varied from 62 to 235 and from 25 to 43 taxa, respectively. The culture medium
DRBC provide the growth of 595 fungi, belonging to 57 taxa, while in MYE 518

specimens represented by 51 fungal taxa were grown (Table 1).

The t-test revealed no differences between treatments (isolated, t=0.24, df=16,
P=0.81, richness, t=0.14, df=16, P=0.90). The ANCOVA revealed a negative correlation
between the number of isolates and richness of fungi with regards to storage time. The use
of both culture media as well as the interaction between the culture media and storage time

had no effect on the community of fungi (Table 2).

The Shannon diversity index obtained its maximum at TO (H#’'=3.16) and decreased
in relation to time of storage in both Al and A2 (H’=2.22 and H’'=2.68, respectively). In
Al the index values were higher compared to the values in A2, except on T4A2 (Table 3).
Comparisons of the confidence intervals between TO and each storage time showed
significant differences at T3 and T4. It was considered significant because there was no

overlap in values between the confidence intervals (Table 3).

The Simpson index was higher at TO and T1 having the same values (1-D=0.94)
and, similar to the Shannon index, decreased in relation to time of storage in both Al and
A2 (1-D=0.85 and 1-D=0.89, respectively) (Table 3). Significant differences between the
confidence intervals of indexes were found at T3A2 and T4A1l (Table 3).

Among all samples, only 25 shared taxa were found, between TO and Al, 31 taxa,
between TO and A2, 30 taxa, and between temperature treatments 32 taxa were observed. It
was found that 08 taxa were exclusive to TO, 07 to Al and 10 to A2 (Table 4). The
frequency of the most common taxa decreased with time of storage from 44% in TO to
24% and 28% in the treatments Al and A2, respectively (Table 4).

Assexual fungi (hyphomycetes 62.7% + coelomycetes 12% = 74.7%) were isolated
more frequently than the sexual stage (9%). Sterile mycelia were observed at a percentage
of 16.4%. Three connections of sexual-assexual stages were recorded: Pseudomassaria
carolinensis  (Beltraniella portoricensis), Glomerella cingulata (Colletotrichum
gloeosporioides complex) and Calonectria gracilipes (Cylindrocladium graciloideum).
Rare taxa, considering the singletons and doubletons, accounted for 32.8% of the fungi
community that were obtained mostly (81.8%) during the first time intervals of storage (TO
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and T1, in both treatments). The fungi more abundant were Dactylaria belliana (11%), P.
carolinensis (7.5%), Beltrania rhombica (7%) and Volutella minima (6.2%) (Table 4).

The distribution pattern of fungi community among the samples obtained by the
ordination method NMDS is shown in Figure 1. The graph shows a tendency of separation
between the treatments (A1, bellow, and A2, above) and between the initial storage times
(T1 and T2, left), along with TO, and late (T3 and T4, right). The result of ANOSIM
indicated that the differences between the communities were not significant (R= - 0.064,
P=0.635).

Discussion

Although the particle filtration protocol proved to be efficient in the isolation of a
significant amount of fungi associated with leaf litter, the richness obtained in this study
was lower when compared to other studies in tropical forests using the same technique.
Bills and Polishook (1994b) isolated 1.676 fungi and grouped it in 122 morphotypes, from
four samples of senescent leaves of Heliconia mariae. Polishook et al. (1996) isolated 101
and 173 taxa from a sample of five grams of leaf litter of Guarea guidonea and Manilkara
bidentata, respectively. Paulus et al. (2003a) investigated the fungi in leaf litter of
Neolitsea dealbata using four samples of five grams, and managed to isolate 736 fungi

distributed among 112 taxa.

Despite using the same technique mentioned above, a lower richness was obtained
(67 taxa), probably, due to the differences in sampling methods and the characteristics of
the substrates of the plants. The samples were determined by leaf area because the weight
parameter varies depending of the environmental conditions including the temperature, an
extremely important factor. Another fact to be taken into consideration are that the leaves
of C. nemorosa have a thick cuticle (Fernandes 2007) that acts as a physical barrier that
may hinder penetration and colonization of the leaf tissue by some fungi (Canhoto & Graga
1999).

In addition to the sampling method, other methodological factors could contribute
to the differences in composition and community structure of culturable fungi. Among the
parameters evaluated in the study, the use of distinct culture medium (DRBC and MYE)

did not differ in the isolation of fungi. This observation was not supported by Cannon &
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Sutton (2004), which reported that the use of selective media favored the detection of a
large number of fungi in leaf litter, while the spectrum of selectivity of these culture media
are not well known. The culture media used in this study were complex and it is possible
that the similarity of some chemical compounds and the final pH favored the growth of a

variety of quite similar fungi.

Although the temperature is an important factor that regulates the metabolic
activity of fungi (Pietikdinen et al. 2005; van der Wal et al. 2013), its effects on the
composition of communities are not well understood and little information is available.
The leaf litter stored at room temperature (A1), lost more humidity and was observed to be
more dry and brittle during the experiment when compared to the litter stored at 4° C (A2).
Although A2 showed a higher number of isolates and an increase in richness there were no
significant differences between treatments. These observations indicate that for the storage
time evaluated, the storage temperatures showed no different to obtain a higher number

fungi.

The parameter that strongly influenced the fungal community was the time of
storage of the substrate for further processing (Paulus et al. 2003a). In both treatments Al
and A2, the storage time of 28 days yielded a decrease in both number and richness of
fungal isolates. This result corroborated the findings of Paulus et al. (2003a) whose study
of fallen leaves of the Neolitsea dealbata used storage periods of 01, 07, 21 e 28 days and
found that the number of isolates differed significantly in relation to storage time. However
the richness was not affected for up to 21 days of storage. Considering that the same leaves
were continuously processed, the storage time interval (fresh material to 28 days) may also

have contributed to the lower richness found in this study.

The Shannon and Simpson's diversity indices indicated that the diversity of fungi
decreases with storage time. However, the Shannon index was more sensitive, indicating
that leaves stored up to 14 days had no significant effect on the community. As mentioned
above, Paulus et al. (2003a) found no differences in the richness up to 21 days of storage,
although the authors did not assess storage leaves for 14 days. The Shannon index values
are considered high, because for many studies the index usually ranges between 1.5 (low
diversity) and 3.5 (high diversity) (Margalef 1972).The lowest values of Simpson’s index
(0.85 to 0.89) indicate a community with a greater dominance of taxa.
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The result of the NMDS indicated that the observed differences in the number of
isolates and taxa richness between the storage time intervals (early and late) and treatments
(Al and A2) could separate communities of fungi, wherein storage initial periods showed
higher values compared to later periods. However, this pattern was not confirmed by the

ANOSIM test indicating that more samples could be analyzed.

Given the observed community, some species of fungi were detected early in the
process (initial storage) (ex. Fusarium lateridium, Lasiodiplodia theobromae and
Metarhizium anisopliaae), while others were found during the later periods of storage (ex.
Ardachandra selenoides, Trichoderma sp. e Volutella minima). The dynamics of the
species composition and structure of communities associated with litter indicate that some
fungi may be more resistant to water stress, which would be present in a dormant or less
physiologically state, giving considerable longevity to the fungus under conditions of
lower humidity (Dix 1985, Paulus et al. 2003a).

This study indicates that the storage time had a significant effect on the diversity of
fungi in leaf litter while the storage temperature and the use of different selective media
showed no significant differences in isolation. The diversity of stored leaves for up to 14
days, was substantially similar to the diversity of material no storage, however longer
storage periods showed a significant loss pertaining to both richness and abundance of
fungi saprobic. Based on these data is important to assess whether changes in fungal
diversity are acceptable for the proposed research or if just presence/absence data are
needed. If it is important to get a more diverse community, then the isolation of fungi
should be performed within 14 days after the collection of fallen leaves.
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Tables and Figures

Table 1 Numbers of isolated and richness of saprobic fungi on litter of Clusia
nemorosa at different storage time and temperature, and culture media

. Number of isolates Richness
Storage time/
. Al (room A2 Total Al (room A2 Total
culture media
temp.) (4°C) temp.) (4°C)

TO? (fresh material) 235 235 235 43 43 43
T1 (07 days) 152 207 359 35 35 49
T2 (14 days) 113 143 256 28 31 36
T3 (21 days) 60 101 161 20 23 27
T4 (28 days) 40 62 102 14 25 28

Total 600 748 1.113 57 60 67
DRBC 304 408 595 47 49 57
MYA 296 340 518 42 48 51
Total 600 748 1.113 57 60 67

¥The number of isolates and richness obtained at TO were repeated in Al and A2,
but the total amount was quantified only once.
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Table 2 Analysis of covariance (ANCOVA) of numbers of isolate and richness of saprobic
fungi on litter of Clusia nemorosa at different storage time and temperature, and culture
media

Number of isolates Richness
Treatment
df F P Df F P
Al (room temp.)
Culture media 1 0.017 0.901 1 5691 0.054
Storage time 1 29.847 0.002 1 172.035 0.012
culire media Tstorage 3 0126 0.735 1 0.844  0.394
Residual 6 6
A2 (4°C)
Culture media 1 3.560 0.108 1 0.043 0.842
Storage time 1 78.246 <0.001 1 36.186 <0.001
Culture media *storage 4 g g4 0.950 1 0232  0.647

time

Residual 6 6




Table 3 Diversity index Shannon and Simpson for
saprobic fungi on litter of Clusia nemorosa at different
storage time and temperature

Samples?® Shannon index (H') Simpson index (1-D)

TO 3.16 (3.03-3.27) 0.94 (0.92-0.95)
T1A1 3.15 (3.03-3.24) 0. 94 (0.93-0.95)
T1A2 3.11 (2.99-3.19) 0.94 (0.93-0.95)
T2A1 2.97 (2.83-3.07) 0.93 (0.91-0.94)
T2A2 2.96 (2.83-3.08) 0.93 (0.91-0.94)
T3A1L 2.73 (2.51-2.82) 0.92 (0.89-0.93)
T3A2 2.5 (2.43-2.75) 0.87 (0.84-0.91)
T4AL 2.22 (2.15-2.46) 0.85 (0.83-0.90)
T4A2 2.68 (2.56-2.93) 0.89 (0.85-0.93)

4TO (fresh material), T1 (07), T2 (14), T3 (21), T4 (28) days

of storage; Al (room temperarute) and A2 (4°C).



Table 4 Taxa and number of saprobic fungi on leaf litter of Clusia nemorosa at

different storage time and temperature?

Al A2
Taxa

TO T1 T2 T3 T4 T1 T2 T3 T4
Acremonium sp.1 4 0O 0 4 0 0O 0 0 O
Acremonium sp.2 0 0O 0 0 O 2 0 0 O
Ardhachandra cristaspora 3 0O 0 1 O 2 1 0 O
Ardhachandra selenoides 0 0 0 0 O 7 2 0 1
ascomycetes sp. 0 0O 0 0 O 7 0 0 O
Atrosetaphiale fragelliformis 0 0O 0 0 O 0O 0 0 1
Beltrania rhombica 29 15 3 1 0 20 8 1 1
Calonectria gracilipes 2 7 1 3 O 3 8 1 1
Chalara cf. paramontellica 0 0O 0 0 O 2 0 0 O
Dactylaria cf. biseptata 4 1 0 0 2 o 1 1 3
Gliocladiopsis cf. elgholli 21 1 2 1 0 0o 2 7 1
Gliocladiopsis cf. mexicana 0 10 0 0 O 0O 0 0 O
Idriella cf. cubensis 2 0O 0 0 O 0 0 0 O
Idriella cf. variabilis 3 2 2 6 1 2 2 2 3
Neofusicoccum sp. 0 0O 0 0 O 1 0 0 O
Scolecobasidiella cf. tropicalis 0 1 0 0 0 0O 0 0 O
Chaetosphaeria sp. 10 1 1 0 0 6 1 0 O
Cladosporium-like sp. 1 1 0 0 0 0O 0 0 O
coelomycete sp.1 0 0O 0 0 O 1 0 0 O
coelomycete sp.2 2 0O 0 0 O 0O 0 0 O
Cylindocladium gracile 5 6 5 8 O 1 7 8 3
Dactylaria belliana 30 9 1 8 7 25 20 5 16

65



Dictyochaeta novae-guineensis

Dictyochaeta simplex
Fusarium decemcellulare
Fusarium lateridium
Fusarium solani
Glomerella cingulata
hyphomycete sp.

Idriella lunata

Idriella ramosa

Idriella sp.1

Idriella sp.2

Idriella sp.3
Lasiodiplodia theobromae
Metarhizium anisopliae
Mycoleptodiscus terrestris
Nigrospora sphaerica
Ochroconis sp.
Ochroconis variabilis
Parasympodiella laxa
Penicillium brevicompactum
Penicillium mineoluteum
Pestalotiopsis spp.
Phomopsis sp.1
Phomopsis sp.2
Pseudomassaria carolinensis
Satchmopsis brasiliensis

Selenodriella fertilis

11

12




Speiropsis scopiformis 7 1 0 3 1 5 1 2 1
sterile mycelium sp.1 0 1 1 0 0 0 6 1 1
sterile mycelium sp.2 1 1 18 2 3 14 0 0 1
sterile mycelium sp.3 0 4 1 1 3 1 0 1 0
sterile mycelium sp.4 0 3 4 3 O 3 3 4 1
sterile mycelium sp.5 2 4 3 0 O 10 3 1 2
sterile mycelium sp.6 2 0O 1 0 O 3 2 0 1
sterile mycelium sp.7 1 3 6 0 1 0O 7 0 O
sterile mycelium sp.8 1 0O 0 0 O 0O 0 0 O
sterile mycelium sp.9 0 1 5 1 1 4 2 1 1
sterile mycelium sp.10 0 2 10 2 1 0O 5 1 0
sterile mycelium sp.11 1 9 2 0 O 24 5 2 1
Thozetella cristata 3 2 0 0 O 0 0 0 O
Trichoderma sp. 0 0 8 0 1 0 2 0 1
Verticillium sp. 1 3 4 1 O 10 1 13 8
Volutella minima 1 3 1 3 11 4 10 30 6
Wiesneriomyces laurinus 6 0O 0 0 O 0O 1 0 O
Xylariaceae sp. 0 1 0 0 0 0O 0 0 O
TOTAL 235 152 113 60 40 207 143 101 62

aTO (fresh material), T1 (07), T2 (14), T3 (21), T4 (28) days of storage; Al (room temperarute) and A2 (4°C)
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Fig. 1 Nonmetric multidimensional scaling (NMDS) ordination of
saprobic fungi comunity on leaf litter of Clusia nemorosa at different
storage time and temperature. Stress: 0.09
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Abstract

The composition and structure of fungal communities associated with leaf litter of Clusia
nemorosa G. Mey and Vismia guianensis (Aubl) Choisy were investigated. Both are plants
belonging to phylogenetically related botanical families and were present in the same
environment in a remnant of Atlantic Forest in Bahia, Brazil. The samplings were
conducted in June/2011 and January/2013 in Serra da Jiboia during the wet and dry
seasons, respectively. The isolation of fungi was determined by method of particle
filtration and a total of 1.832 isolated were obtained representing 92 taxa. The wet season
has provided the largest number of isolates (1.141) and number of taxa (76) compared to
the dry season (641 and 37, respectively). Regarding the plants studied, C. nemorosa
showed higher species richness and diversity (64 taxa, Simpson=0.95) while the lowest
values were represented in V. guianensis (59 taxa, Simpson=0.90). The analysis of
similarity (ANOSIM) indicated that variations in the composition and community structure
between plants and seasons were significant while the nonmetric multidimensional scaling
(NMDS) analysis showed seasonality as an important factor for the distribution of fungi.
However the saprobic fungi communities are dynamic and several factors could be

influencing such communities in the Atlantic Forest.

Keywords: fungal communities, seasonality, rainforest, diversity, fungal ecology.
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Introduction

The Atlantic Forest has a great diversity of plants, estimating about 20.000 species,
including 8.000 endemic (Myers et al., 2000; SOS Mata Atlantica, 2013). This biome is
home to one of the largest concentrations of species per square meter on the planet
(Thomas et al., 1998). Despite this plants megabiodiversity, the Atlantic Forest suffers
major threat, with only 11.7% of its original area remaining, it is considered one of the 34
global hotspots (Ribeiro et al., 2009; Morris, 2010).

As in other forest ecosystems, litter deposited on the soil of the Atlantic Forest is
composed of various plant debris of which leaves are the most significant part (Werneck et
al.,, 2001). The fungi, among other microorganisms contribute significantly to
decomposition through the ability to degrade a broad spectrum of compounds derived from
plants and thus the diversity of leaves in the litter allows the coexistence of various species
(Promputtha et al., 2010; Voftiskova and Baldrian, 2013). This plurality is due in part to the
recurrence of fungal species of certain host plants (Santana et al., 2005; Paulus et al.,
2006b; Pasqualatti et al., 2014) and particular stages of decomposition (Cornejo et al.,
1994; Yanna et al., 2001; Santhi and Vittal, 2012).

The term recurrence has been suggested by Zhou and Hyde (2001) to replace the
specific terms and preference commonly used to describe interactions of saprobic fungi
that occur most often associated with a plant species compared to other species in the same
environment. The reasons for the recurrence of fungi on different hosts could involve
characteristics of the structure and foliar chemistry (Santana et al., 2005; Paulus et al.,
2006b), or the fact that some endophytes, present in the tissues of living leaves, persist in
senescence and when they fall on litter, are the first to act in the decomposition (Hyde et
al., 2007; Promputtha et al., 2010; Unterseher et al., 2013; Allegrucci et al., 2014). Besides
the recurrence of fungi in particular plants, abiotic factors, such as climatic conditions of
collection sites and seasonality also influence the composition and structure of
communities (Polishook et al., 1996; Ormefio et al., 2006; Paulus et al., 2006b; Allegrucci
etal., 2014).

A considerable number of studies have demonstrated the recurrence of saprobic
fungi to substrates of decomposing plants and to a greater extent fungi tend to present

higher recurrence rate in the host genus level (Polishook et al., 1996; Paulus et al., 2006b;
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Kodsueb et al., 2008; Cheewangkoon et al., 2009; Magalhées et al., 2011; Allegrucci et al.,
2014). Paulus et al. (2006b) investigated the community of fungi associated to six plants
and found low overlap of species. The low overlap observed could be related to the fact
that the hosts belong to plants phylogenetically unrelated families. The authors analyzed
also the influence of seasonality (wet and dry season) on the distribution of fungi, and
taxonomy of the substrate was the most determining factor. Considering the leaf litter of
plants species belonging phylogenetically related families no studies have verified ift

saprobic fungi are recurring to the host or are presented more generalists.

Know if the fungi are recurrent or generalists is important for the estimatives the
number of species, particularly in tropical regions (Zhou and Hyde, 2001; Hawksworth,
2001). In this context, the present study aimed to assess the fungi associated with leaf litter
of Clusia nemorosa G. Mey (Clusiaceae) and Vismia guianensis (Aubl) Choisy
(Hypericaceae), plants locally abundant and belonging to phylogenetically related
botanical families, during the wet and dry season in a remnant of Atlantic Forest to
investigate (1) the composition and structure of the fungal community of both plants that
coexist in the same environment; and (2) evaluate the effects of plant species and

seasonality in the community diversity.

Material and Methods

The Serra da Jiboia is located in South Reconcavo in the state of Bahia (Figure 1),
with an area of approximately 225 km2 and altitude ranging between 750-840 m above sea
level. The mean annual temperature and rainfall are of 21°C and 1.200 mm, respectively,
and the rainfall is concentrated between the months of April to July (Neves, 2005;
Tomasoni MA, unpublished data). The remaining months are characterized by low levels
of precipitation, less than 100 mm, and thus are called dry months. In order to evaluate the
influence of seasonality on the community of fungi were carried out in each area two
samplings: one during the wet season and the other during the dry season (considering the
average rainfall of three months previous collection, respectively: 1145 mm and
53.16mm).

Expeditions were conducted in Morro da Pioneira, in the municipality of Santa
Teresinha (12°51'S and 39°28'W), in June/2011, during the wet season, and January/2013
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during the dry season. Both sampled plants are shrubs presenting up, approximately, three
meters in height. Three individual samples of C. nemorosa (C1: S 12° 51° 19” and W 39°
28 327; C2: S12°51° 21”7 and W 39° 28’ 31”; C3: S 12° 51° 18” and W 39° 28’ 32”) and
V. guianensis (V1: S 12° 50° 57,3” and W 39° 28’ 33,0”; V2: S 12° 50’ 53,8” and W 39°
28’ 31,47; V3: S 12° 50’ 51,77 and W 39° 28’ 30”) were chosen in populations, taking into
account the presence and amount of litter available at its base. These were marked for
subsequent collection. Ten leaves of each individual, called one sample, were collected in
each expedition, totaling 60 leaves of each plant species (30 in the wet season, and another
30 in the dry season) which were processed in a maximum of 24 hours. A sample of C.
nemorosa dry (C3d) was lost due to contamination and not considered in the analysis.

The leaves were first washed with running water and then subjected to a process for
surface disinfection according to Paulus et al. (2003a). As a result of the leaves of the two
species exhibiting different sizes (larger leaves - C. nemorosa; smaller leaves - V.
guianensis), a standardization of the leaf area was performed after the surface disinfection.
The leaves of C. nemorosa were subdivided into five areas, and were removed by drawing
a fragment equivalent the leaf area of V. guianensis (18 cm2). Then the technique of
particle filtration for the isolation of fungi described by Bills and Polishook (1994) was
applied with adaptations.

Each sample was homogenized for 1 min in 100 mL of sterile distilled water in a
blender. The particulate material was washed with distilled water and filtered jets in a
group of five stainless steel meshes with decreasing mesh openings (1.0, 0.7, 0.5, 0:25 and
0:18 mm). The particles retained on the mesh of the smaller opening were transferred to
centrifuge tubes and suspended in sterile distilled water (up to volume 50 mL), then were
vortexed for 1 min and allowed to decant. The supernatant was discarded and the tube was
filled with sterile distilled water to a volume of 50 mL. This procedure was performed four
times and the residual material was suspended in 20 mL of sterile distilled water. Aliquots
(50uL) of the suspension were transferred and inoculated with the aid of a Drigalsky
stirring rod in triplicate in Petri dishes of 90 mm diameter, containing dichloran rose
bengal chloramphenicol agar (DRBC - without the addition of dichloran) and malt yeast
extract agar (MYE) supplemented with rose bengal (25 mg/L) and chloramphenicol (100
mg/L) (Paulus et al., 2003a).

The plates were incubated under room temperature and light. The mycelial growth

of the fungi was observed daily from day two to day 30 of incubation, and after
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verification of hyphal growth in the particles, they were transferred to Petri dishes of 60
mm diameter culture medium containing corn meal carrot agar (Castafieda-Ruiz, personal
communication), plus fragments of sterilized banana leaves (3 cm2) to induce sporulation
(Paulus et al., 2003b).

Pure cultures were examined under a stereomicroscope and revised periodically
until the detection of reproductive structures. These were transferred with the aid of a fine
needle for slides with mounting means: PVL resin (polyvinyl alcohol lactic + alcohol +
phenol) (Trappe & Schenk 1982) and lactic acid. Identification of fungi was performed by
morphological measurements and comparison of the structures of taxonomic importance

with data present in basic and specific literature.

Isolates that did not sporulate were subsequently cultured in water agar (WA) and
oatmeal agar (OA) with fragments of sterilized banana leaves. Sterile mycelia were
grouped into morphotypes based on their macroscopic characteristics such as growth rate,
margin shape, surface staining and reverse, lift and texture of the mycelium and pigment
production in the culture medium (Lacap et al., 2003). Isolates of each species identified
were preserved under mineral oil (Buell and Weston, 1947) and Castellani (1967) and
deposited at the Colecdo de Culturas de Microrganismos da Bahia (CCMB), Universidade
Estadual de Feira de Santana.

The diversity of the communities of saprobic fungi of both plant species was
evaluated by Simpson's diversity index (Magurran, 1988). The number of taxa expected in

the communities was calculated with Chaol estimator (Chao, 1984).

The difference in richness of fungi of C. nemorosa and V. guianensis were
observed by rarefaction curves (Magurran, 1988). Similarities in species composition
between the leaf litter were verified by the ordering of the data performed using the NMDS
method (Nonmetric Multidimensional Scaling) (Kruskal, 1964) from the Bray-Curtis
dissimilarity matrix. The permutation test ANOSIM (Analysis of Similarity one way) was
used to assess differences/dissimilarity between groups of samples (Clarke, 1993). To
identify the most influential species and that best contributed to the dissimilarity between

groups, the SIMPER analysis (Similarity Percentages) was performed (Clarke, 1993).

The analyzes were conducted in the Biodiversity Pro 2 (Mc Aleece, 1997), PAST
v. 3.01 (Hammer et al., 2013) and R 3.0.1 (R Core Team, 2013).
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Results

A total of 1.832 fungi were isolated from leaf litter of C. nemorosa and V.
guianensis comprising 92 taxa. The greatest number of fungi (1.141) and richness of taxa
(76) was observed during the wet season compared to dry season (Table 1). The Simpson
diversity index (1-D) for communities of fungi reached values of 0.90 in V. guianensis, to
0.95 in C. nemorosa and the confidence intervals indicated that the difference between the
indexes, although small, is statistically significant since there was no overlap between the
values. Considering the same sampling effort, estimated richness obtained by Chaol for C.
nemorosa was 70 taxa and V. guianensis was 66 taxa (Table 1).

In C. nemorosa was isolated fewer number of fungi (869) with the highest richness
of taxa (64). The leaves of C. nemorosa during the wet season had more taxa while in the
dry season the leaves of V. guianensis showed greater richness of species (Table 1 and
Figure 2). Rarefaction curves showed no stability, however the curves of the samples
collected during the dry season showed lower inclination (Figure 2). Given the smaller
sample, 291 isolates, to perform a random resampling, the expected richness displayed by
the rarefaction curves were 45, 38, 28 and 20 for samples Cw, Vw, Vd and Cd,
respectively (Figure 2). However, the differences observed between Cw and Vw were not
significant since there was overlap between the confidence intervals (Cw: 41-49; Vw: 34-
42).

Among the sporulating isolates, 68 taxa were asexual (13 coelomycetes and 55
hyphomycetes) and nine produced sexual structures in culture. Four ascomycetes formed
connections  with their asexual forms: Calonectria gracilipes/Cylindrocladium
graciloideum, Glomerella cingulata/Colletotrichum  gloeosporioides, Guignardia
sp./Phyllosticta sp. and Pseudomassaria carolinensis/Beltraniella portoricensis. Taxa
Pestalotiopsis spp. (14.2%), P. carolinensis (12.5%), Chaetosphaeria sp. (6.6%), G.
cingulata (6.6%), Beltrania rhombica (6.3%), sterile mycelium sp.7 (6.1%), Penicillium
minioluteum (3.7%) and Phomopsis sp.2 (3.2%) were the most abundant and common in
both substrates (Table 2).

Clusia nemorosa showed 33 unique taxa and V. guianensis yielded 28 taxa. Thirty
two taxa were shared between the two plants, resulting in an overlap of 35% while the

percentage of non-overlapping (complementary) was 65%. Among shared taxa between C.
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nemorosa and V. guianensis, B. rhombica, Chaetosphaeria sp, G. cingulata, sterile
mycelium sp.7, P. carolinensis, P. minioluteum, Pestalotiopsis spp. and Phomopsis sp.2
were the most abundant. Some of these fungi, such B. rhombica, P. minioluteum and
Phomopsis sp.2 were isolated with the same frequency, while others like Chaetosphaeria
sp., G. cingulata, sterile mycelium sp.6 and P. carolinensis were more frequent in one of
the two kinds of leaves. Some fungi were unique, such as Gliocladiopsis sp., Phomopsis
sp.4 and Dactylaria belliana in C. nemorosa; and Satchmopsis brasiliensis, Beltraniella cf.

botryospora and sterile mycelium sp.13 in V. guianensis.

The ANOSIM indicated that there were significant differences in community
composition of fungi between leaves of C. nemorosa and V. guianensis and between
seasons (R=0.8, P=0.0004). The NMDS have displayed a strong tendency of separation
between the wet (right) and dry (left) seasons samples as well as between C. nemorosa

(top) and V. guianensis (lower) (Figure 3).

The SIMPER analysis indicated a greater dissimilarity between communities of C.
nemorosa of wet and dry seasons and the taxa that contributed most to this dissimilarity
were Pestalotiopsis spp. and sterile mycelium sp.7. The lowest dissimilarity was observed
between the communities of C. nemorosa and V. guianensis in the wet season and the

taxon Pestalotiopsis spp. had an important contribution to the dissimilarity (Table 3).

Discussion

Using the technique of particle filtering a large number of fungi has been isolated.
This approach favors the isolation of fungi with slow growth by reducing the plant
substrate to particles a few micrometers long, which theoretically will have a fungus per
particle, thereby decreasing competition between fungi and increasing the contact surface
of the substrate with the culture medium (Kirby et al., 1990; Bills and Polishook, 1994).

The leaves of C. nemorosa showed greater richness, even with a lower number of
samples analyzed (05 samples), relative to V. guianensis (06 samples). The characteristics
of both leaves are distinct and leaves of C. nemorosa are thicker leaves when compared to
V. guianensis which are thinner and brittle. Positive correlation between the richness of
fungi and leaf thickness, was demonstrated by Paulus et al. (2006b), where the authors

found a greater number of species of fungi associated with leaves of Cryptocarya
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mackinnoniana presenting greater leaf thickness compared to the other leaves analyzed.
This correlation could be related to the higher volume of available substrate for mycelial
growth. Other features that were not evaluated in the present study such as area and foliar
chemistry, contribute alone or together, for the growth of fungi in leaf litter (Santana et al.,
2005; Paulus et al., 2006b).

Regarding seasons, the wet season had more taxa compared to the dry season (76
and 37 respectively). Comparing the communities of fungi by climate season, it appears
that C. nemorosa showed a greater richness in the wet season (54), while in V. guianensis
richness was greater during the dry season (31). Precipitation is considered a key
environmental factor for the spread of fungi and the decomposition process (Cannon and
Sutton, 2004), under conditions of high humidity, the decaying plant debris are more
densely colonized by fungi (Paulus et al., 2006b), especially the leaves representing the
most significant part of the litter and, therefore, there is a greater biomass and nutrients

compared to other plant substrates (Votiskova and Baldrian, 2013).

Rarefaction curves did not reach a level of stability due to the large number of
fungi detected and isolated by the method. It can be observed that for the samples of the
dry season, the rarefaction curve showed a lower slope, demonstrating that the collection
effort was satisfactory. However, when we look at the results of the wet season, it appears
that new collections could increase taxa. Taking into consideration the data gathered,
regardless of the plant species, the community in the wet season tend to be always greater
in number of isolates and species richness compared to the dry season (Figure 2).
Considering the overall community of fungi, the richness estimated by Chaol approached
the number of taxa observed, indicating that sampling and methodology of isolating fungi

used were efficient.

Regarding the percentages of similarity and complementarity obtained in this study,
Polishook et al. (1996) observed similar levels (26-32% and 68-74% respectively) among
the communities of saprobic fungi of Manilkara bidentata and Guarea guidoni in tropical
rainforest in Puerto Rico. Santana et al. (2005) found distinct communities among five
plant species, with a complementary level of 68%, considering the 10 most frequent fungi.
Monkai et al. (2013) found very low levels of similarity between the communities of
Magnolia liliifera and Cinnamomum iners, reaching values of 1.92 to 8.51%, considering
species and genus, repectively. Investigating fungi of 17 tree species in Mediterranean

areas, Pasqualetti et al. (2014) observed communities with variable overlaps of species (6-
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47%). However, when the community of fungi is investigated in species of the same genus
the similarity between them is greater, as observed by Barbosa et al. (2009) between Clusia

nemorosa and Clusia melchiorii (60%).

This pattern has been commonly observed in the studies, in which some fungi are
generalists while others are restricted to one plant species, indicating a level of recurrence
in the colonization of decaying plant debris (Parungao et al., 2002; Rambelli et al., 2004;
Santana et al., 2005; Paulus et al., 2006b; Hyde et al., 2007; Monkai et al., 2013). The leaf
litter of different species can differ significantly in their constituents such as lignin,
cellulose and secondary compounds, as well as other components. Some of these
compounds could be inhibitory to the growth of fungi, whereas others require a variety of
enzymes for their degradation (Vofiskovd and Baldrian, 2013). These differences in the
components of the leaves could contribute to differences in the composition and frequency
of fungi that have been consistently reported among plant species in temperate (Ormefio et
al., 2006; Allegrucci et al., 2014; Pasqualetti et al., 2014) and tropical forests (Paulus et al.,
2003a; Rambelli et al., 2004; Paulus et al., 2006b; Magalhaes et al., 2011; Monkay et al.,
2013).

The spatial and temporal heterogeneity of the community is best viewed by NMDS,
which presents a tendency of separation between plant species (C and V), and especially
between the wet (w) and dry (d) (Fig 3). In the analysis by ANOSIM, it was demonstrated
that the composition and richness of fungal communities were statistically different
between plant species and seasons and the SIMPER analysis indicated that Pestalotiopsis
spp., P. carolinensis and sterile mycelium sp.7 were the taxa that contributed most to the

dissimilarity between communities.

The result of NMDS indicate that seasonality seems to have been an important
factor for the distribution of fungi when compared to the plant substrate factor. Clusia
nemorosa and V. guianensis belong to different botanical families, Clusiaceae and
Hypericaceae, but they are phylogenetically related (APG I11, 2009), and this fact seems to
favor the differences/similarities observed in fungal community. A different result was
observed by Paulus et al. (2006b) who investigated the distribution of fungi from four
phylogenetically unrelated botanical families (Elaeocarpaceae, Lauraceae, Moraceae and
Proteaceae) in a rainforest in Australia. The authors observed that the fungi community
were more related to plant species than seasonality, for the parameters of richness and

community composition, as they showed low values of overlapping species (13-22%).
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Allegrucci et al. (2014) obtained the same results investigating the fungi associated with
Scutia buxifolia and Celtis tala in a xeric forest in Argentina.

This study indicated that the leaf litter in Atlantic Forest contains a large number of
fungi, allowing the coexistence of various species. The fungal community was composed
of common taxa to both types of plants and confined taxa to one plant or another. Although
the highest differences in the communities were observed between the wet and dry seasons,
since there was a considerable number of shared fungi between the two plants, probably
because belong to phylogenetically related botanical families, the saprobic fungi
communities are dynamic and the factors that regulate such communities in the Atlantic

Forest are complex, involving more than one factor.
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Figure 1 — Location of the Serra da Jibodia in the state of Bahia, Brazil; and collection
site indicated by the black point on the map.



Table 1 — Richness, number of fungi, Simpson’s diversity and Chaol of the fungal
communities from leaves of Clusia nemorosa and Vismia guianensis during the
wet (w) and dry (d) seasons in the Serra da Jibdia, Bahia state, Brazil

Isolates Richness

Substrates — ———— Total ————— Total Simpson® Chaol2P
w d w d
0.95 70
C.nemorosa 578 291 869 54 20 64 (0.94-0.95)  (65-88)
. . 0.90 66
V.guianensis 563 400 963 45 31 59 (0.89-0.91) (57-101)
0.94 98

Total 1141 691 1832 76 37 92 (0.93-0.94)  (94-114)

a Numbers in brackets refer to 95% confidence intervals.

b Estimating richness for sampling 05 plants of C. nemorosa and V. guianensis.
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Fig 2 - Rarefaction curves of fungi isolated from leaves of Clusia nemorosa (C)
and Vismia guianensis (V) during the wet (w) and dry (d) seasons in the Serra da
Jibdia, Bahia state, Brazil.
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Table 2 - Number of fungi associated with leaf litter of Clusia nemorosa and Vismia
guianensis collected during the wet (w) and dry (d) seasons in the Serra da Jibdia,
Bahia state, Brazil

C. nemorosa V. guianensis
Taxa Total
w d w D
Pestalotiopsis spp. 86 0 174 0 260
Pseudomassaria carolinensis M.E. 930
Barr & Hodges 62 1 100 67
Chaetosphaeria sp. 24 1 65 31 121
Glomerella cingulata (Stoneman) 121
Spauld. & H. Schrenk 36 0 25 60
Beltrania rhombica Penz. 52 0 18 46 116
Sterile mycelium sp.6 5 91 14 2 112
Penicillium minioluteumDierckx 0 31 0 37 68
Phomopsis sp.2 4 31 3 20 58
Gliocladiopsis sp. 49 0 0 0 49
Phomopsis sp.4 22 24 0 0 46
Dactylaria belliana B.C. Paulus, a1
Gadek & K.D. Hyde 41 0 0 0
Satchmopsis brasiliensis B. Sutton 40
& Hodges 0 0 2 38
Guignardia sp. 0 28 0 7 35
Penicillium brevicompactum 34
Dierckx 16 0 18 0
Sterile mycelium sp.7 2 10 6 14 32
Phomopsis sp.1 0 18 5 8 31
Rare taxa® 179 56 133 70 438
Total 578 291 563 400 1832

a Fungal isolates in a frequency of less than 1.5%: Acremonium spp.1 and 2, Ardhachandra cristaspora,
ascomycetes spp.1-5, Aspergillus ochraceus, Atrosetaphiale fragelliformis, Bartalinia cf. robillardoides,
Beltraniella cf. botryospora, Calonectria gracilipes, coelomycetes sp., cf. Chaetosphaeronema sp.1,
Chalara alabamensis, Chalara cf. paramontellica, Cladosporium-like sp.1, Coleophoma sp.,
Cryptophialoidea fasciculata, Curvularia geniculata, Cylindrocladium candelabrum, Cylindrocladium
floridanum, Cylindocladium gracile, Cylindrocladium pauciramosum, Dactylaria cf. acerosa,
Dactylaria cf. biseptata, Dictyochaeta simplex, Dinemasporium sp., Fusarium lateritium, Fusarium
solani, Gyrotrix cf. pediculata, hifomiceto sp.1-3, Idriella cf. cubensis, Idriella lunata, Idriella ramosa,
Idriella cf. variabilis, Idriella spp.1 and 2, Lasiodiplodia theobromae, Menisporopsis theobromae,
Metarhizium anisopliae, sterile mycelia spp. 1-5 and 8-14, Ochroconis variabilis, Ochroconis spp.1 and
2, Paliphora intermedia, Parasympodiella laxa, Penicillium brevicompactum, Penicillium minioluteum,
Phomopsis sp.3, Pyrenochaeta sp, Sclerostagonospora sp., Scolecobasidiella cf. tropicalis, Speiropsis
scopiformis, Stachybotrys chartarum, Subulispora longirostrata, Thozetella cristata, Thozetella
gigantea, Vermicullariopsiella immersa, Verticillium sp., Volutella minima, Wiesneriomyces laurinus,
Zygosporium mansonii.



NMDS2

88

Cid
Lo
o Caw
Cldw cad
= - Vad
WV
Ty ] Viw vod Wid
<
V2w
[ [ [ [ [
-1.0 -0.5 0.0 0.5 1.0
NMDS1

Figure 3 - Ordering in two dimensions by NMDS communities of fungi
associated with leaf litter of Clusia nemorosa (C) and Vismia guianensis (V)
during the wet (w) and dry (d) seasons in the Serra da Jibdia, Bahia state,
Brazil. Stress = 0.06.



Table 3 - Analysis of similarity percentage (SIMPER) of fungal communities isolated
from Clusia nemorosa (C) and Vismia guianensis (V) during the wet (w) and dry (d)
seasons in the Serra da Jiboia, Bahia state, Brazil

Average dissimilarity

Promoting species

Contribution

Samples (SIMPER in %) dissimilarity (%)
CwxCd 91 Pestalotiopsis spp. 10.87
Sterile mycelium sp.6 10.87
P. carolinensis 7.7
Cw x Vw 50.4 Pestalotiopsis spp. 15.3
Gliocladiopsis sp. 8.5
D. belliana 7.1
Cw x Vd 62.1 Pestalotiopsis spp. 14.1
Gliocladiopsis sp. 8.1
D. belliana 6.7
Cd x Vw 90.4 Pestalotiopsis spp. 22.5
P. carolinensis 12.8
Sterile mycelium sp.6 10
Cd x vd 74.8 Sterile mycelium sp.6 17.2
P. carolinensis 12.7
G. cingulata 11.6
Vw x Vd 64.3 Pestalotiopsis spp. 28.1
P. minioluteum 6
S. brasiliensis 5.8
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Forest

Artigo a ser submetido a publicacdo na revista Journal of Forestry Research



91

Communities of saprobic fungi on leaf litter of Vismia guianensis (Aubl) Choisy in
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Abstract

This paper presents a comparative study of mycobiota associated with litter of V.
guianensis in three Atlantic Forest remnants in the Brazilian semiarid region. In two
remnants, the areas studied are made of protected forest reserves while in the third one
there exists a major influence of anthropogenic activities on the area studied. The
collections were performed in the wet and dry seasons from June 2011 to January 2013.
Eighteen samples were processed to isolate fungi using the particle filtration technique and
a total of 4.750 species identified in 142 taxa were obtained. A greater number of species
was isolated in the wet season. The forest reserves were richer in diversity and were more
similar. The multivariate analysis NMDS showed differences in the composition of the
communities of fungi in each area and climatic seasons. The analysis of similarity
(ANOSIM) showed that the differences were statistically significant (R=0.85; P=0.0001).
These data show that the spatial and temporal heterogeneity, and human activities have

significant effects on mycobiota associated with leaf litter of the same plant species.

Key-words: biodiversity, conservation, seasonality, spatial heterogeneity, tropical fungi.
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Introduction

The Atlantic Forest is considered one of the richest tropical forests of the world
since it possesses a great quantity of species, many of which are endemic (Tabarelli et al.
2010). It is constituted of a mosaic of forest formations and associated ecosystems that
originally covered an area of 1.300.000 Km?, distributed in an extensional latitudinal
amplitude (3-30 S) (SOS Mata Atlantica 2013). Due to the large scale of exploitation, the
Atlantic Forest was drastically reduced. Nowadays, 11.7% of the original canopy remains
and it is one of the 34 priority areas of conservation in the world. (Mittermeier et al. 2005;
Ribeiro et al. 2009).

The paramount levels of endemism produces a distinct biota in the Atlantic Forest
and highlights five well-defined centers of endemism, of which four are located in the
Northeast (Silva and Casteleti 2003). The Atlantic Forest of the Northeast occupies an area
of approximately 19.500 Km? (Tabarelli et al. 2006) and part of the remnants is
represented by fragments of rainforest in high areas established in the semiarid region and
surrounded by the caatinga, also known as Brejos de Altitude. Around 85% of the Brejos
de Altitude were destroyed and only 0.16% (30.05 Km?) of the remaining area (2.626
Km?) pertains to units of conservation (Tabarelli and Santos 2004). Only 9.3% of the
residual forests - 157.000 Km? - of the whole biome of the Atlantic Forest are protected

natural reserves (Ribeiro et al. 2009).

Several studies have been performed on the diversity of species of plants (Amorim
et al. 2005; Nascimento et al. 2012; Tabarelli and Mantovani 1999) and animals (Cetra et
al. 2102; Reis et al. 2013) that compose the Atlantic Forest with the purpose of creating
strategies for conservation and protection, though, there are few studies and little

information on microorganisms present in this site.

The fungi are important components to the functionalism and balance of forest
ecosystems by guaranteeing the cycle of carbon and nutrients during the decomposition of
organic matter disposing them to plants and promoting the manufacturing of the fertility of
the soils (Hattenschwiller et al. 2011). The studies performed in the tropics have
demonstrated a high diversity of fungi associated with plants substrates with variable
distribution among the species of plants (Paulus et al. 2006; Marques et al. 2008; Hyde et
al. 2007; Monkai et al. 2013; Allegrucci et al. 2014). Variations in the community have
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also been caused by other factors such as seasonality, with greater diversity usually
associated with wet seasons (Kumar et al. 2012; Muthukrishan et al. 2012); and spatial
heterogeneity, which is marked by the composition of vegetation and local climate
conditions where geographically contiguous areas present more similar communities.
(Paulus et al. 2006; Yanna et al. 2001).

The degradation of the habitat is another important factor that have influence on the
distribution of fungi in the enviroment. The effects of the anthropogenic intervention on
the fungi communities have been shown in diverse groups including the mycorrhizal fungi
(Carrenho et al. 2011), soil fungi (Saikia and Joshi 2012) macrofungi decomposers (Brown
et al. 2006) and microfungi associated with litter (Allisson et al. 2007). In all studies, a
substantial decrease in the richness and abundance of species compared to the associated
communities in the preserved areas could be verified. The loss of diversity may have
negative implications in the functionality of the ecosystem because species, groups or
functional genotypic may become extinct. (Handa et al. 2014).

Considering the importance of knowing the factors that influence the diversity of
saprobic fungi in tropical forests, the present study evaluated the aspects of the diversity
and the spatial-temporal distribution of mycobiota associated with leaves of V. guianenenis
(Aubl) Choisy in three remnants of the Atlantic Forest in the semiarid region, during the
wet and dry season. In two remnants, the collection areas are constituted of preserved
forests, and the third area of study endures a great anthropic influence. We expect to find
richness and composition of species similar between the fungal communities from the
areas belong to the same biome and present biotic and abiotic characteristics similar; with
the community associated to disturbed area having lower richness and diversity in relation
to protected areas. In relation to the plant studied, V. guianensis is a native species of the
tropics specifically of South America and it is broadly distributed in the investigated areas.
(Bittrich 2010).

Material and Methods

Areas of study and sampling

The study was done in three remnants of the Atlantic Forest in the semiarid: Morro

da Pioneira in the Serra da Jibdia (SJ), in the municipality of Santa Terezinha, Bahia;



94

Parque Nacional de Ubajara in the Serra da Ibiapaba (SI), in the municipality of Ubajara,
Ceard; and the Reserva Ecologica Mata Pau-Ferro in the Brejo Paraibano (BP), in the
municipality of Areia, Paraiba (Figure 1). In SI and BP the study areas are protected

environmentally and SJ area is altered by intense human activity.

The vegetation in the three areas consists of dense rain forest at higher elevations
and scrub occupying the lower levels in the mountainside. Rainfall is high reaching annual
average of more than 1.200 mm and the wet and dry seasons are well defined, with the
months focusing greater precipitation rates: SJ April to July; Sl January to June; and BP
from January to August. In relation to altitude, there is a variation between areas ranging
from 500-800 m above sea level (SI 800m; BP 500-600m; SJ 500-800m) (Tomasoni and
Santos 2003; Tabarelli and Santos 2004; Santos and Souza 2012).

Two expeditions were performed in each area, one in the wet season (w) and the
other in the dry season (d) totaling six expeditions in the field from June 2011 to January
2013. Three individuals were selected of V. guianensis in each area investigated, taking
into consideration the amount of available litter at its base. These were carefully marked
for subsequent collection. Ten leaves of each plant were collected in each expedition,

totaling 180 leaves, which were processed for isolation of fungi in a period of up to 48 h.

Isolation of fungi

The leaves were washed in fresh water to eliminate impurity on their surface and
then were submitted to the superficial disinfection second Paulus et al. (2003a). The
isolation of the fungi was done using the protocol of particle filtration described by Bills

and Polishook (1994) with some adaptations.

Each sample was homogenized for 1 min in 100 mL of sterile distilled water in a
blender. The particulate material was washed with jets of distilled water and was filtered in
a set of five stainless steel meshes with decreasing mesh openings (1.0, 0.7, 0.5, 0.25 and
0.18 mm). The retained particles on the mesh of the smaller opening were transferred to
centrifuge tubes and suspended in sterile distilled water (up to volume 50 mL), then were
vortexed during 1 min and allowed to decant. The supernatant was discarded and the tube
was filled with sterile distilled water to a volume of 50 mL. This procedure was done four
times and the residual material was suspended in 20 mL of sterile distilled water. Aliquots

of 50uL of the suspension were transferred and inoculated with the aid of a Drigalsky
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stirring rod in triplicate in Petri dishes of 90 mm diameter, containing dichloran rose
bengal chloramphenicol agar (DRBC, without the addiction of dichloran) and malt yeast
extract agar (MYE) supplemented with rose bengal (25 mg/L) and chloramphenicol (100
mg/L) (Paulus et al. 2003a).

The plates were incubated under room temperature and light. The mycelial growth
of fungi was observed daily from the second day to the thirtieth day of incubation. Once
the growth of hyphae in the particles was verified, they were transferred to Petri dishes of
60mm in diameter with corn meal and carrot agar (Castaneda-Ruiz personal

communication) added to fragments of sterilized banana leaves (Paulus et al. 2003b).

The isolates that did not sporulated were cultivated in water agar (WA) and oatmeal
agar (OA) with fragments of banana tree leaves. The sterile mycelia were grouped in
morphotypes based on macroscopic characteristics such as growth rate, type of margin of
colony, coloration of the surfaces and reverse, elevation and texture of mycelia and
production of pigments in the culture medium (Lacap et al. 2003). Representative isolates
of each species were preserved under mineral oil (Buell and Weston 1947) and Castellani
(1967) and deposited at the Colecdo de Culturas de Microrganismos da Bahia (CCMB) of
the Universidade Estadual de Feira de Santana.

Data analyses

Quantitative and binary data of isolated fungi were utilized in the statistical
analyses using the following programs: Biodiversity Pro 2 (Mc Aleece 1997), PAST v.
3.01 (Harmer et al. 2013) and R 3.01 (R Core Team 2013).

The comparison of richness of fungi obtained in SJ, SI and BP during the wet and
dry seasons was done by the construction of rarefaction curves (Magurran 1988). The
rarefaction method allows an important comparison of the richness of the species among
data groups of different sizes. The diversity of the mycobiota in the three areas was
evaluated by the Simpson's diversity index (Magurran 1988), represented as the inverse of
the dominance (1/D) and confidence intervals to 95% were calculated with the bootstrap
method (Grunwald et al. 2003). The expected number of taxa for the isolated communities

in each area was calculated with the Chaol estimator (Chao 1987).

Similarities in species composition between areas and seasons were verified by
NMDS method (Nonmetric Multidimensional Saling) (Kruskal 1964) from the similarity
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matrix of Bray-Curtis. The permutation test ANOSIM (Analysis of Similarity one way) was
used to assess differences/dissimilarities between the sample groups (Clarke 1993),
considering 5% of significance. To identify the most influential species that best
contributed to the divergence between groups was performed the analysis SIMPER
(Similarity Percentages) (Clarke 1993).

Results

Among a total of 4.725 specimens, 142 taxa were identified (124 fertile and 18
sterile mycelia) and isolated from the leaf litter of V. guianensis (Table 1). BP and SI were
the richest, both represented by the same number of taxa (82), and a greater number of
isolates (1.957 and 1.805, respectively) while the results in SJ yielded lesser quantities.
The Chaol richness estimator obtained for SJ, SI and BP were 67, 94 and 109 taxa,
respectively. Sl had the highest diversity using the Simpson index (1/D = 16.6) followed
by BP (1/D = 13.8). The fungal communities obtained during the wet season yielded a
higher richness in all areas (SJ = 45, BP = 58, SI = 68) compared to the dry season (Table
1).

Rarefaction curves did not form an asymptote (Figure 2). The curves show that for a
standard sample of 400 isolates (the total number of the isolates from smaller samples) the
expected number of taxa and the confidence intervals were 28 (27-29), 31 (30-32), 36 (31-
42), 41 (38-45), 49 (44-56) and 49 (45-55) for samples Sid, SJd, BPd, SJw, Slw and BPw,
respectively (Figure 2).

Thirty taxa (21.1%) were shared between the areas and 91 taxa were unique, and
distributed as follows: 37 in BP, SI 35 and 19 in SJ. (Figure 3). BP and Sl shared 11 taxa,
Sl and SJ 06 taxa, and BP and SJ 04 taxa (Figure 3). Considering the total of taxa obtained
(142), only 11 had abundance more than 100 specimens (7.7%) and among these
Pseudomassaria carolinensis, Pestalotiopsis spp., ascomycete sp.2, Glomerella cingulata,
Beltrania rhombica, Beltraniella botryospora, sterile mycelium sp.2-3 and Chaetosphaeria
sp. were detected in the three study areas. Taxa represented by few specimens, considering
a frequency < 0.5%, accounted most in the community (104 taxa) (Table 2). Thirty-six taxa
(25.3%) were singletons, represented by only one specimen. Highlighting the presence of
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singletons in the communities in each area the numbers decreased to 24, 17 and 12 in BP,
Sl and SJ, respectively (Table 2).

The fungi were isolated in higher frequency in the asexual stage (hyphomycetes
58.5% + 19.7% coelomycetes = 77.5%), and less frequently in the sexual phase (8.5%).
Among the sexual fungi, five formed connections with the asexual stage: P.
carolinensis/Beltraniella portoricensis, Pseudomassaria sp./Beltraniopsis sp., G.
cingulata/Colletotrichum gloeosporioides, Calonectria graciloideum/Cylindrocladium
gracilipis and Phyllosticta sp./Guignardia sp. The sterile mycelia were isolated at a
frequency of 16.7% (Table 2).

The graph obtained by the NMDS ordination method showed a separation between
the fungal communities by area and season (Figure 4). The communities in the areas Sl and
BP were the most similar to each other in relation to SJ community which presented more
distinct. Regarding the wet and dry seasons, the SId community was the most dissimilar.
The ANOSIM test showed significant differences between the pre-formed groups by
NMDS (R =0.85, P = 0.0001).

The SIMPER analysis showed greater dissimilarity between communities in the wet
and dry seasons in Sl, with an average of 83.82% and Immersidiscosia cf. eucalypti as the
most influential species related to dissimilarity. The comparison between the seasons
shows that in BP had the lowest average, 58.1% (Table 3). Taxa that showed a contribution
of over 10% to the dissimilarity between groups were ascomycete sp.2, l.cf. eucalypti,

sterile mycelium sp.1, P. carolinensis and Pestalotiopsis spp. (Table 3).

Discussion

The richness of fungi associated with leaf litter of V. guianensis was considerable
since 142 taxa were characterized. The temporal and spatial heterogeneity affected the
diversity of the species observed, due to the fact that some taxa are more frequent or
exclusive in one of the areas or seasons. Because the rarefaction curves did not reach
stability and the differences between observed and expected richness were representative
(difference of 35 taxa, considering the total richness), the results indicate that most
collections could increase the number of taxa and thus obtain a greater richness of fungi

associated with the plant investigated.
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Communities in the wet season had a higher species richness when compared to the
other season. The number of isolates seems to present the same trend, although in BP the
highest numbers were registered in the dry season. Moisture is an essential environmental
factor for the survival of fungi that influences different processes in the lifecycle, such as
spore germination, infection and colonization of plant substrate, as well as the development
of reproductive structures (Cannon and Sutton 2004). In circumstances of low water
availability, the decomposition process and the diversity of this mycobiota are affected
(Kumar et al. 2012), although some studies have found greater richness and occurrence of

fungi during the dry season (Kodsueb et al. 2008; Seephueak et al. 2011).

The species composition between seasons in each area proved to be distinct and Sl
showed greater dissimilarity, probably due to wide variation in rainfall between collections
(rainy season: 113.4 mm; dry season: 0.6 mm, data FUCEME). During the dry season the
litter proved to be very dry and brittle compared to the wet season. The low atmospheric
humidity in the dry season, possibly affected the populations of fungi and, consequently,
the community showed lower richness and number of isolates compared the wet season
(Lodge and Cantrell 1995).

The distribution of saprobes fungi species of V. guianensis follow a common
pattern in which few species are abundant and a large number of species are less common.
A group of fungi is common to mycobiota associated with V. guianensis, being present in
all investigated areas, and consists mainly of cosmopolitan species as B. rhombica,
Pestalotiopsis spp., P. carolinensis and G. cingulata. Among the most frequent taxa
ascomycete sp.2, I. cf. eucalypti, sterile mycelium sp.1, P. carolinensis and Pestalotiopsis
spp., had a greater contribution to the separation of communities on the area and season.
This result demonstrates the importance of these taxa to the similarity/dissimilarity
between mycobiotas. The presence of less abundant taxa could be related to recurrence
plant species (Collado et al. 2007) or spatial heterogeneity represented by the variability of
substrates that compose the litter, which allows the coexistence of different fungi and the

colonization these fungi in different substrates (Votiskova and Baldrian 2013).

The highest similarity observed between areas BP and Sl could be related to the
geographical location and similarities between the composition of the vegetation. BP and
Sl are the closest in proximity (~675 km), compared to BP-SJ (~781 km) and SI-SJ
(~1.020 km), and both comprise the same center of endemism located north of the S&o

Francisco river while SJ is located in another center and south of the river (Figure 1).
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Considering the centers situated in the north of the Sdo Francisco river, the biota
presents a greater similarity to each other, yet distinct from other areas of the Mata
Atlantica rainforest, because of the strong influence of the Amazon rainforest (Andrade-
Lima et al. 1982;. Santos et al. 2007; Tabarelli and Cavalcanti 2004). One hypothesis that
explains the exchange between biotas suggests that in the past the Amazon and Atlantic
Forest were connected presenting a unique biota that was widely distributed in the region.
However, the various periods of isolation has led to fragmentation of the ancestral biota
causing current patterns of distribution and differentiation of species present in each of the
forests (Andrade-Lima 1982; Santos et al. 2007).

The results obtained by ANOSIM, NMDS and SIMPER indicate that the spatial
and temporal heterogeneity have significant effects on the structure and composition of the
fungal community even if it is the same plant species investigated in areas of a single
biome that share biotic and abiotic characteristics. According to Feinstein and Blackwood
(2013) the differences in the composition in the community of fungi related to spacial
heterogeneity (to a greater or lesser extent) are due to particular "selective” factors within
of each environment for fungal species and the majority of these factors are associated with

climate conditions.

The lower species richness in SJ may be related to the effects of anthropogenic
impacts on the study area. In the Morro da Pioneira, the sampling location in SJ, the
original vegetation in many points, has been destroyed, mostly by illegal logging and
burning for agricultural cultivation. Studies have shown that environmental disturbances
caused by human activities modify the richness, structure and composition of the fungi
community (Allison et al. 2007; Sharma et al. 2011) and these changes affect the
decomposition process (Hattenschwiller et al. 2011) because it reduces or extinguish
functional species in the community (Santana et al. 2005). The decrease in the
decomposition rate results in a deficit between the rates input of substrate in the litter and
mineralization of nutrients (Sharma et al. 2011), consequently, causing significant effects
on plant growth, composition of vegetation and balance of the ecosystem (Hattenschwiller
et al. 2005).

The knowledge of how natural and anthropogenic factors influence in a fungal
community can provide subsidies in the search of strategies for the preservation and
conservation of threatened endangered ecosystems, such as the Atlantic Forest. The

preservation of remnants constituted of conserved relatively forests is of utmost
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importance for the maintenance of the diversity of fungi decomposers in this biome (Lodge
1997).

The results of this study indicate that spatial heterogeneity, temporal and
anthropogenic activities of degradation have significant effects on the richness, structure
and composition of fungal communities associated with leaf litter. The greatest similarities
were observed between the communities of two forests reserves, both located in the same
center of endemism, while the remainder with more dissimilar composition is in another
center of the Atlantic Forest. The lower diversity found in this remnant may be related to
the effects of human activities on the area. In these circumstances, species may be lost with
unknown functions within the ecosystem functionality. More taxonomic and ecological
studies of fungi associated with leaf litter in areas of the Atlantic Forest need to be

performed to assist in the policies of protection and management of these environments.
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Figure 1. Geographical location of Atlantic Forest remnants
investigated in the study: Serra da Ibiapaba (Ceard), Brejo
Paraibano (Paraiba) and Serra da Jibdia (Bahia).
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Table 1. Number of isolates, richness, Chaol and Simpson's diversity of the fungal
communities from leaves of Vismia guianensis during the wet (w) and dry (d) seasons in

the Serra da Jibdia (SJ), Serra da Ibiapaba (SI) and Brejo Paraibano (BP), Brazil

N° isolates Richness
Areas Total Total Chao1? (1/D)b
w d w d
Serra da Jiboia 563 400 963 45 31 59 67(56-79) 11.1
Serra de Ibiapaba 1.382 423 1805 68 29 82 94(76-107) 16.6
Brejo Paraibano 714 1243 1.957 58 52 82 109(75-116) 13.8
Total 2.659 2.066 4.725 112 76 142  177(133-182) 22.7

a Numbers in parentheses refer to 95% confidence interval.

b Simpson's diversity index.
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Figure 2. Rarefaction curves of fungi isolates from leaves of Vismia guianensis during

the wet (w) and dry (d) seasons in the Brejo Paraibano (BP), Serra da Ibiapaba (SI) and
Serra da Jibdia (SJ). n is the number of isolates and ES(n) is the o number of species.
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Figure 3. Number of fungi species associated with leaf litter of Vismia
guianensis unique and common to the areas of study: Serra da Jibdia (SJ),
Serra da Ibiapaba (SI) and Brejo Paraibano (BP).
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Table 2. Number of fungi associated with leaf litter of Vismia guianensis collected
during the wet (w) and dry (d) seasons in the Brejo Paraibano (BP), Serra da Ibiapaba
(SI) and Serra da Jiboia (SJ)

BP Sl SJ
Fungal taxa Total
w d w d w d
Pseudomassaria carolinensis M.E. 132 190 61 0 100 67 550
Barr & Hodges
Pestalotiopsis spp. 0 158 27 51 174 0 410
Immersidiscosia cf. eucalypti (Pat.) 0 0 349 0 0 0 349

Kaz. Tanaka, Okane & Hosoya
ascomycetes sp.2 52 219 0 11 0 2 284
Glomerella cingulata (Stoneman)

Spauld. & H. Schrenk 36 80 12 53 25 60 266
Beltrania rhombica Penz. 5 0 110 0 18 40 179
(B&e!ﬁgirsjlr«;l.la cf. botryospora Shirouzu 62 13 90 0 0 13 178
sterile mycelium sp.1 0 134 0 0 0 20 154
sterile mycelium sp.2 15 97 6 32 0 3 153
Chaetosphaeria sp. 30 9 65 31 146
sterile mycelium sp.3 33 36 27 3 108
Gyrotrix cf. pediculata J.L. Cunn. 13 0 77 0 5 95
Pseudorobillarda cf. texana Nag Raj 0 0 41 50 0 91
Penicillium minioluteum Dierckx 11 0 38 3 0 37 89
Phomopsis sp.2 13 28 17 4 3 20 85
Phomopsis sp.3 43 16 12 2 9 1 83
Idriella sp.2 3 5 62 0 9 2 81
Phomopsis sp.1 17 33 9 8 5 8 80
Thozetella cristata Piroz. & Hodges 20 20 32 0 6 1 79
Dactylaria cf. biseptata Matsush. 16 1 56 0 0 0 73
Other fungi® 213 204 347 198 141 89 1192

2 Fungi isolated in a lower rate of 1.5%: Acremonium sp.1, ascomiceto spp.1, 3 to 6, Aspergillus ochraceus, Bartalinia cf.
robillardoides, Beltraniella pirozynskii, Beltraniopsis sp., Calonectria gracilipes, Camposporium antennatum, coelomycetes
spp.1 to 4, Chaetospermum cf. camelliae, cf. Chaetosphaeronema sp.1, Chalara alabamensis, Chalara aurea, Chalara cf.
paramontellica, Cladosporium-like spp.1 to 3, Clonostachys setosa, cf. Coleophoma cylindrospora, Cryptophialoidea
fasciculata, Cylindrocladium candelabrum, Cylindrocladium floridanum, Cylindocladium gracile, Cylindrocladium
pauciramosum, Cylindrocladium scoparium, Dactylaria cf. acerosa, Dactylaria belliana, Dactylaria cf. fulva, Dactylaria
fusiformis, Dactylaria naviculiformis, Dactylaria cf. sparsa, Dictyochaeta simplex, Dictyosporium alatum, Dinemasporium
spp.1 to 3, Fusarium decemcellulare, Fusarium seccion Liseola sp., Fusicoccum sp., cf. Gilmaniella sp., Gliocladiopsis cf.
elgholli, Gliocladiopsis tenuis, Guignardia sp., Helicosporium virescens, hyphomycetes spp.1 to 6, Idriella lunata, Idriella
ramosa, ldriella cf. variabilis, Idriella spp.1-3 to 5, Lasiodiplodia theobromae, Menisporopsis pirozynskii, Menisporopsis
theobromae, Metarhizium anisopliae, sterile mycelium spp.4 to 18, Mycoleptodiscus brasiliensis, Ochroconis cf. variabilis,
Ochroconis spp.1 a 3, Penicillium brevicompactum, Penicillium purpurogenum, Penicillium rugulosum, Penicillium
viridicatum, Periconia-like sp., Periconia byssoides, Periconia sp., cf. Phialemonium sp., Phoma spp.1 to 3, Phomopsis spp.4
to 6, Pseudobotrytis terrestris, Pseudorobillarda cf. texana, Pseudotracylla dentata, Pyrenochaeta sp., Ramochloridium cf.
apiculatum, Satchmopsis brasiliensis, cf. Scleroconidioma sphagnicola, Sclerostagonospora sp., cf. Scolecobasidiella
tropicalis, Speiropsis scopiformis, Stachybotrys chartarum, cf. Stilbella bucidae, Subulispora longirostrata, Thozetella
gigantea, Tritirachium sp., Vermicullariopsiella immersa, Volutella minima, Xylaria sp., Xylariaceae sp., Wiesneriomyces
laurinus, Zygosporium gibbum, Zygosporium oscheoides.
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Figure 4. Ordering in two dimensions by NMDS communities of fungi
associated with leaf litter of Vismia guianensis during the wet (w) and dry
(d) seasons in the Brejo Paraibano (BP), Serra da Ibiapaba (SI) and Serra

da Jibdia (SJ). Stress = 0.19.
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Table 3. Analysis of similarity percentage (SIMPER) of fungal communities
isolated from leaf litter de Vismia guianensis during the wet (w) and dry (d)
seasons in the Brejo Paraibano (BP), Serra da Ibiapaba (SI) and Serra da

Jiboia (SJ)
Average . . e
Samples dissimilarity Pr?jri:‘s’itr':ﬁ:fi’te;'es Cont(ro'/i’)”t'on
(SIMPER in %)
BPw x BPd 58.1 ascomycete sp.2 14.7
Pestalotiopsis spp. 13.9
sterile mycelium sp.16 11.8
BPw x Slw 66.6 . cf. eucalypti 25
BPw x Sid 82.2 P. carolinensis 14.1
BPw x SJw 63.5 Pestalotiopsis spp. 21.4
BPw x SJd? 60.5 - -
BPd x Slw 79 . cf. eucalypti 16.8
ascomycete sp.2 10,5
BPd x Sld 76.1 ascomycete sp.2 16.4
P. carolinensis 15
sterile mycelium sp.1 10.6
BPd x SJw 62.6 ascomycete sp.2 194
sterile mycelium sp.1 11.9
BPd x SJd 72 ascomycete sp.2 18.3
Pestalotiopsis spp. 13.3
P. carolinensis 10.4
Slw x Slid 83.8 . cf. eucalypti 23.1
Slw x SJw 78.5 . cf. eucalypti 22.9
Slw x SJd 73.9 . cf. eucalypti 26.5
Sld x SJw 76.7 Pestalotiopsis spp. 16.3
P. carolinensis 13.2
Sld x SJd 76.7 P. carolinensis 10.6
SJw x SJd 64.3 Pestalotiopsis spp. 28.1
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5 CONCLUSOES GERAIS

- O folhedo de remanescentes da Mata Atlantica abriga uma grande diversidade de fungos

saprobios;

- Alguns aspectos metodologicos utilizados para a detecgdo e isolamento de fungos tém

influéncias significativas para as estimativas da diversidade;

- O tempo de estocagem do folhedo teve efeitos significativos sobre a diversidade de
fungos associados ao folhedo, enquanto que a temperatura de estocagem e 0 uso de

diferentes meios de cultura ndo apresentaram diferencas significativas para o isolamento;

- A diversidade de fungos encontrada no folhedo estocado por até 15 dias foi similar ao
folhedo fresco, ao passo que em periodos maiores de acondicionamento houve perdas
significativas da riqueza e nimero de isolados de fungos;

- A comunidade de fungos saprdbios se distribui diferentemente entre as espécies de

plantas estudadas, estacdes climaticas e areas de coleta;

- Entre as plantas investigadas, C. nemorosa e V. guianensis presentes no mesmo ambiente,
as comunidades foram distintas apresentando espécies comuns e exclusivas em ambas as

plantas;

- A sazonalidade parece ser o fator determinante, influenciando a estruturacdo e
composicdo da comunidade de fungos entre as plantas C. nemorosa e V. guianensis

possivelmente por pertencerem as familias boténicas filogeneticamente proximas;

- A comunidade de fungos de V. guianensis foi heterogénea no tempo e espaco, embora um

grupo “core” de espécies foi recorrente;

- A maior similaridade observada entre as comunidades de fungos das é&reas
ambientalmente protegidas do Brejo Paraibano e Serra da Ibiapaba pode estar relacionada
ao melhor estado de conservacao das areas e a proximidade geogréfica;

- A menor diversidade encontrada em Serra da Jibdia pode estar relacionada aos efeitos das

atividades antrdpicas sobre a area;
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- Os resultados indicam que as comunidades de fungos saprébios nos remanescentes de
Mata Atlantica ndo se distribuem aleatoriamente no ambiente, entretanto apresentam

diferencas entre as amostras de fungos que ocorrem em habitats similares.
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COMUNIDADES DE FUNGOS EM FOLHEDO DA MATA ATLANTICA NA
REGIAO SEMIARIDA DO BRASIL

Loise Araujo Costa
Resumo

A Mata Atlantica apresenta uma das maiores biodiversidade dentre as florestas tropicais
sendo uma das 34 areas prioritarias para a conservacao mundial. Atualmente resta cerca de
11% da sua area original, que é composto por remanescentes fragmentados e distantes
geograficamente. Dentre 0s micro-organismos que compdem os ecossistemas florestais, 0s
fungos sdo componentes importantes, pois promovem a ciclagem de carbono e nutrientes,
no entanto, sdo pouco estudados. O presente estudo teve como objetivo avaliar a
diversidade e distribuicdo de fungos associados ao folhedo de trés remanescentes de Mata
Atlantica na regido semiarida do Brasil: Brejo Paraibano-PB, Serra da Ibiapaba-CE e Serra
da Jibdia-BA; bem como os efeitos de aspectos metodoldgicos sobre a micobiota. Duas
expedicBes foram realizadas em cada area, uma durante a estagdo chuvosa e a outra na
estacdo seca, entre junho/2011 e janeiro/2013. Vinte e trés amostras de folhas da
serapilheira, cinco de Clusia nemorosa G. Mey e dezoito de Vismia guianensis (Aubl)
Choisy, foram coletadas e submetidas a técnica de filtracdo de particulas. O volume total
de 9.3 mL de suspensdo de particulas foi plagueado em dois meios de cultivo: agar
dicloran rosa bengala cloranfenicol (DRBC) e agar extrato de malte e levedura (MYE). A
partir da andlise desse material, 6.460 coldnias foram isoladas e identificadas em 168
taxons cujos dados foram distribuidos em trés capitulos. O primeiro capitulo avaliou os
efeitos do tempo (material fresco, 07, 14, 21 e 28 dias) e temperatura (ambiente e 4°C) no
acondicionamento das folhas de C. nemorosa além do uso dos dois meios de cultura sobre
a micobiota. A analise de covariancia indicou que a riqueza € o nimero de isolados
diminuiram com o tempo de acondicionamento, entretanto em relacdo ao meio de cultura
ndo houve diferenca significativa. A temperatura de acondicionamento ndo apresentou
influéncia significativa sobre a comunidade, segundo o teste-t. O segundo capitulo
comparou as comunidades de fungos de C. nemorosa e V. guianensis durante as estagoes
chuvosa e seca. Clusia nemorosa apresentou maior riqueza de espécies e diversidade de
fungos comparada a V. guianensis. A analise de similaridade indicou que as varia¢fes na
comunidade entre as plantas e estacGes foram significativas, enquanto que a analise de

agrupamento e a multivariada NMDS apresentaram a sazonalidade como fator
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determinante para a distribuicdo dos fungos. O terceiro capitulo investigou a distribui¢do
espacial e temporal da comunidade de fungos associada ao folhedo de V. guianensis
presentes nos trés remanescentes. A analise multivariada NMDS revelou diferencas na
composicdo das comunidades de fungos em cada area e estacdo climética e a analise de
similaridade indicou que as diferencas encontradas foram estatisticamente significativas.
Os resultados deste estudo apresentam uma grande diversidade de fungos associada ao
folhedo presente nos remanescentes de Mata Atlantica e indicam que a distribuicdo dos
fungos no ambiente ndo é aleatoria. O conhecimento dos efeitos dos fatores bioticos e
abidticos sobre a distribuicdo dos fungos saprobios é fundamental para entender o papel

que desempenham nos ecossistemas florestais.

Palavras-chave: fungos saprobios, floresta tropical, micobiota,serapilheira.
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COMMUNITIES OF FUNGI ON LEAF LITTER OF ATLANTIC FOREST IN THE
SEMIARID REGION OF BRAZIL

Loise Araujo Costa

Abstract

The Atlantic Forest has the highest biodiversity among tropical forests is one of the 34
priority areas for global conservation. Currently remains about 11% of its original area,
which is composed of fragmented and geographically distant remnants. Among the
microorganisms that compose forest ecosystems, fungi are important components because
ensure the cycling of carbon and nutrients, however are poorly studied. The present study
aimed to assess the diversity and distribution of fungi associated to leaf litter from three
Atlantic Forest remnants in the semiarid region of Brazil: Brejo Paraibano-PB, Serra da
Ibiapaba-CE and Serra da Jibdia-BA; and the effects of methodological aspects on
mycobiota. Two expeditions were conducted in each area, during the wet season and the
other in the dry season, between June/2011 and January/2013. Twenty-three samples of
leaf litter, five Clusia nemorosa G. Mey and eighteen Vismia guianensis (Aubl) Choisy,
were collected and submitted to the technique of particle filtration. The total volume of 9.3
mL of particle suspension was plated on two different culture media: dichloran rose bengal
chloramphenicol agar (DRBC) and malt yeast extract agar (MYE). The analysis of this
material yielded 6.460 colonies identified 168 taxa for which data were divided into three
chapters. The first chapter evaluates the effects of time (fresh material, 07, 14, 21 and 28
d) and storage temperature (room temperature and 4°C) of the leaves of C. nemorosa plus
the use of two culture media on mycobiota. Analysis of covariance indicated that the
richness and the number of isolates decreased with storage, however in relation to the
culture medium there was no significant difference. The storage temperature had no
significant influence on the community according to the t-test. The second chapter
compared the communities of fungi of C. nemorosa and V. guianensis during the wet and
dry seasons. Clusia nemorosa showed higher species richness and diversity of fungi
compared to V. guianensis. Similarity analysis indicated that variations in the community
between plants and seasons were significant while the cluster analysis and multivariate
NMDS showed seasonality factor as more decisive for the distribution of fungi. The third
chapter investigated the spatial and temporal distribution of fungi associated with leaf litter
community of V. guianensis present in the three remaining. Multivariate analysis NMDS
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revealed differences in community composition of fungi in each area and climate season
and the similarity analysis indicated that the differences were statistically significant. The
results of this study presented a great diversity associated with the leaf litter present in
remnants of Atlantic Forest and indicate that the distribution of fungi in the environment is
not random. Knowledge of the effects of biotic and abiotic factors on the distribution of
saprobic fungi is fundamental to understanding the role that they play in forest ecosystems.

Keywords: leaf litter, mycobiota, rainforest, saprobic fungi.
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ANEXOS

Anexol. Fungos saprébios associados ao folhedo de Clusia nemorosa (C) e Vismia guianensis (V)
presentes nos remanescentes de Mata Atlantica na regido semiarida: Serra da Jiboia, Brejo Paraibano e
Serra da Ibiapaba

SERRA DA BREJO SERRA DA

TAXONS JIBOIA PARAIBANO IBIAPABA TOTAL

C vV \Y \Y

Acremonium sp.1 11 0 0 0 11

Acremonium sp.2 0 2 0 0

Acremonium sp.3 2 0 0 0

Ardhachandra cristaspora (Matsush.) Subram.

& Sudha 7 0 0 0 7

Ardhachandra selenoides (de Hoog) Subram. &

Sudha 10 0 0 0 10

ascomiceto sp.1 0 2 271 11 284

ascomiceto sp.2 0 3 0 0 3

ascomiceto sp.3 7 3 0 0 10

ascomiceto sp.4 2 0 0 0

ascomiceto sp.5 0 2 0 0

ascomiceto sp.6 0 0 12 0 12

Aspergillus ochraceus G. Wilh. 1 1 0 9 11

Atrosetaphiale fragelliformis Matsush. 10 0 0 0 10

Bartalinia cf. robillardoides Tassi 1 1 0 0 2

Beltrania rhombica Penz. 101 64 5 110 280

Beltraniella botryospora Shirouzu & Tokum. 0 13 75 90 178

Beltraniella pirozynskii P.M. Kirk 0 0 2 0 2

Beltraniopsis sp. 0 0 0 2 2

Calonectria gracilipes Crous & Mchau 26 0 0 2 28

Camposporium antennatum Harkn. 0 0 1 0

celomiceto sp.1 1 0 0 5

celomiceto sp.2 8 4 0 0 12

celomiceto sp.3 0 0 0 6 6

celomiceto sp.4 0 0 4 0 4

cf. Chaetosphaeronema sp.1 0 0 1 6 7

cf. Chaetosphaeronema sp.2 1 0 0 0 1

cf. Coleophoma cylindrospora (Desm.) H6hn. 2 2 3 38 45

cf. Gilmaniella sp. 0 0 0 1

cf. Phialemonium sp. 0 0 0 1

Chaetospermum cf. camelliae Agnihothr. 0 0 2 0 2

Chaetosphaeria sp. 34 96 39 11 180

Chalara alabamensis Morgan-Jones & E.G.

Ingram 0 0

Chalara aurea (Corda) S. Hughes 0 7

Chalara paramontellica McKenzie 2 3 0

Chloridium virescens var. virescens (Pers.) W.

Gams & Hol.-Jech. 0 0 0 1 1

Cladosporium-like sp.1 3 0 10 0 13




120

Cladosporium-like sp.2
Cladosporium-like sp.3

Clonostachys setosa (Vittal) Schroers
Cryptophialoidea fasciculata Kuthub. &
Nawawi

Curvularia geniculata (Tracy & Earle) Boedijn
Cylindocladium gracile (Bugnic.) Boesew.

Cylindrocladium candelabrum Viégas
Cylindrocladium floridanum Sobers & C.P.
Seym.

Cylindrocladium pauciramosum C.L. Schoch
& Crous

Cylindrocladium scoparium Morgan

Dactylaria cf. acerosa Matsush.
Dactylaria belliana B.C. Paulus, Gadek & K.D.
Hyde

Dactylaria cf. biseptata Matsush.
Dactylaria cf. fulva R.Y. Roy & Gujarati,
Lloydia

Dactylaria fusiformis Shearer & J.L. Crane

Dactylaria cf. naviculiformis Matsush.
Dactylaria cf. sparsa R.F. Castafieda & W.B.
Kendr.

Dictyochaeta novae-guineensis (Matsush.) A.l.
Romero

Dictyochaeta simplex (S. Hughes & W.B.
Kendr.) Hol.-Jech.

Dictyosporium alatum Emden
Dinemasporium sp.1

Dinemasporium sp.2

Dinemasporium sp.3

Fusarium decemcellulare Brick
Fusarium incarnatum (Roberge) Sacc.
Fusarium lateritium Nees

Fusarium se¢do Liseola sp.

Fusarium solani (Mart.) Sacc.
Fusicoccum sp.

Gliocladiopsis cf. elgholli L. Lombard & Crous
Gliocladiopsis cf. mexicana L. Lombard &
Crous

Gliocladiopsis tenuis (Bugnic.) Crous & M.J.
Wingf.

Glomerella cingulata (Stoneman) Spauld. & H.
Schrenk

Guignardia sp.

Gyrotrix cf. pediculata J.L. Cunn.
Helicosporium virescens (Pers.) Sivan.
hifomiceto sp.1

hifomiceto sp.2

hifomiceto sp.3

hifomiceto sp.4
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hifomiceto sp.5
hifomiceto sp.6

hifomiceto sp.7
Idriella cubensis R.F. Castafieda & G.R.W.
Arnold

Idriella lunata P.E. Nelson & S. Wilh.
Idriella ramosa Matsush.

Idriella sp.1

Idriella sp.2

Idriella sp.3

Idriella sp.4

Idriella sp.5

Idriella variabilis Matsush.
Immersidiscosia cf. eucalypti (Pat.) Kaz.
Tanaka, Okane & Hosoya

Lasiodiplodia theobromae (Pat.) Griffon &
Maubl.

Menisporopsis pirozynskii Varghese & V.G.
Rao

Menisporopsis theobromae S. Hughes
Metarhizium anisopliae (Metschn.) Sorokin
micélio estéril sp.1

micélio estéril sp.2

micélio estéril sp.3

micélio estéril sp.4

micélio estéril sp.5

micélio estéril sp.6

micélio estéril sp.7

micélio estéril sp.8

micélio estéril sp.9

micélio estéril sp.10

micélio estéril sp.11

micélio estéril sp.12

micélio estéril sp.13

micélio estéril sp.14

micélio estéril sp.15

micélio estéril sp.16

micélio estéril sp.17

micélio estéril sp.18
Mycoleptodiscus brasiliensis B. Sutton &
Hodges

Mycoleptodiscus terrestris (Gerd.) Ostaz.
Neofusicoccum sp.

Nigrospora oryzae (Berk. & Broome) Petch
Nigrospora sphaerica (Sacc.) E.W. Mason
Ochroconis sp.1

Ochroconis sp.2

Ochroconis sp.3
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Ochroconis cf. variabilis (G.L. Barron & L.V.
Busch) de Hoog & Arx

Paliphora intermedia Alcorn & B. Sutton
Parasympodiella laxa (Subram. & Vittal)
Ponnappa

Penicillium brevicompactum Dierckx
Penicillium minioluteumDierckx
Penicillium purpurogenum Stoll
Penicillium rugulosumThom
Periconia byssoides Pers.
Periconia sp.

Periconia-like sp.

Pestalotiopsis spp.

Phoma sp.1

Phoma sp.2

Phoma sp.3

Phomopsis sp.1

Phomopsis sp.2

Phomopsis sp.3

Phomopsis sp.4

Phomopsis sp.5

Phomopsis sp.6

Pseudobotrytis terrestris (Timonin) Subram.
Pseudomassaria carolinensis M.E. Barr &
Hodges

Pseudorobillarda cf. texana Nag Raj
Pseudotracylla dentata B. Sutton & Hodges

Pyrenochaeta sp.
Ramochloridium apiculatum (J.H. Mill.,
Giddens & A.A. Foster) de Hoog

Satchmopsis brasiliensis B. Sutton & Hodges
Scleroconidioma cf. sphagnicola Tsuneda,
Currah & Thormann

Sclerostagonospora sp.

Scolecobasidiella cf. tropicalis R.F. Castafieda
& G.R.W. Arnold

Selenodriella fertilis (Piroz. & Hodges) R.F.
Castafieda & W.B. Kendr.

Speiropsis scopiformis Kuthub. & Nawawi

Stachybotrys chartarum (Ehrenb.) S. Hughes
Stilbella cf. bucidae R.F. Castafieda & W.B.
Kendr.

Subulispora longirostrata Nawawi & Kuthub.

Thozetella cristata Piroz. & Hodges
Thozetella gigantea B.C. Paulus, Gadek &
K.D. Hyde

Trichoderma sp.

Tritirachium sp.

Vermicullariopsiella immersa (Desm.) Bender
Verticillium sp.
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Volutella minima Hohn. 84 1 2 1 88
Wiesneriomyces laurinus (Tassi) P.M. Kirk 8 5 15 25 53
Xylaria sp. 0 0 0

Xylariaceae sp. 1 0 0

Zygosporium gibbum (Sacc., M. Rousseau & E.

Bommer) S. Hughes 0 0 2 0 2
Zygosporium masonii S. Hughes 1 0 0 0 1
Zygosporium oscheoides Mont. 0 0 3 0 3
TOTAL 1.735 963 1.957 1.805 6.460
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Anexo |1
RESERVA JEQUITIBA - Serra da Jibéia - Elisio Medrado - Bahia
Pluviosidade - 2011
mm
Dias Jan | Fev | Mar | Abr | Mai | Jun | Jul | Ago | Set | Out | Nov Dez
1 6
2
3 9
4
5
6
7 25 35
8 6 35
9 12
10 10 4
11 6 12
12 5 129
13 5 25
14 6 36
15 15 15
16 7 13
17 48 9
18 8 29
19 35
20 25
21
22 9 24 12 12
23 20 34 16 15
24 10 8
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25 15 10

26 18

27 10 20

28 18 12

29 18

30 10 40

31
Total Mensal 30 Si 54 | 146 | Si 83 | 113 34 60 | 93 111 177
Média Mensal 0.97 1.74 | 4.71 2.68| 3.65| 1.10 | 1.94| 3.00| 3.58 5.71
Sem
informacgdo Si Total Anual - mm 901

Média Anual - mm

0.97




RESERVA JEQUITIBA - Serra da Jibéia - Elisio Medrado - Bahia

Pluviosidade - 2012
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mm
Dias Jan | Fev | Mar | Abr | Mai | Jun | Jul Ago | Set | Out | Nov Dez
1
2
3 10 4
4 22 5 22
5 15 15 30 5 55,5
6 24 52
7 15
8 4 10
9 10
10 16 5 5
11 12 20 6 15
12 15
13
14 10
15 6 15
16 25
17
18 5
19
20
21 4 10
22 4 5 12
23 10 4
24 2 20
25 0
26 7
27 20
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28 8
29 36
30 7
31
Total Mensal 15 12 33 | 129 | 102 | 122 15 | 52 | 107,5 0
Média Mensal
Sem
informacao Si Total Anual - mm 587,5

Média Anual - mm




RESERVA JEQUITIBA - Serra da Jibéia - Elisio Medrado - Bahia

Pluviosidade - 2013
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mm
Dias Jan | Fev | Mar | Abr | Mai | Jun | Jul | Ago | Set | Out | Nov Dez
1 2
2 2 4
3 15 9
4 8 7
5 5 15
6 6.5 | 10 12
7 12 17
8 15 5
9 10 8 7
10 12
11
12 15
13 20 26
14
15
16 7.5 2
17 6
18 13
19
20 15 7 7 25
21 16
22 15
23
24 2
25 10 18
26 5 80
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27 6
28 2 8
29
30
31
Total Mensal 15 28 | 44 | 66 | 228 | 106
Média Mensal 0.48 1090 | 1.42| 2.13|7.35 | 3.42
Sem
informacao Si Total Anual - mm 487

Média Anual - mm

0.52
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INMET- Instituto Nacional de Meteorologia
Brejo Paraibano - Posto Meteoroldgico de Areia

Precipitagédo: 2005-2012

mm
ANO Jan | Fev | Mar | Abr | Mai | Jun | Jul Ago | Set | Out | Nov Dez
2005 15.5 | 45.2 | 25.7 | 57.1 |246.5| 342 | 90.7 | 232.1 | 35.7 | 10.2 | 6.5 53.7
2006 5.8 | 36.8 |130.8|165.5|122.1| 178 |117.2| 162.7 | 53.8 | 9.2 | 56.2 24.2
2007 49.4 |104.7|105.3|211.7| 151 |286.4|158.5| 156.8 | 159 | 20.7 | 30.9 60.4
2008 1141 | 4.7 |307.3(149.5|190.5|216.9|222.7| 238.1 | 76.4|21.3| 4.3 13.6
2009 489 |171.5| 83.2 |245.2|271.4|212.2|319.6| 183.4 | 40.4 | 3.6 | 13.6 36.5
2010 125.4 | 45.1 | 97.8 |137.2| 50.3 [180.6|136.4| 105.5 | 59.6 | 15.4 | 2.7 64.4
2011 140.7 | 48.5 | 82.6 [280.2|462.4|181.4| 363 | 156.9 | 19.9 | 13.8 | 48.3 29.9
2012 182.8 |154.4| 34.5 | 32.1 |102.5(302.2|163.3| 259 | 6.7 |13.9| 0.8 5.6




FUNCEME

FUNCEME Findagao Cearense de Meteorologia ¢ Recursos Hidricos

FUNCEME - Fundacdo Cearense de Metreologia e recursos Hidricos

Serra da Ibiapaba- Posto Meteorolégico de Uabjara

Precipitacdo: 2005-2012
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mm
ANO Jan | Fev | Mar | Abr | Mai | Jun | Jul Ago | Set | Out | Nov Dez
2005 87.2 |132.6|437.8|243.3|178.2| 104 0 Si Si Si Si 74.2
2006 14.4 1341.51496.6|238.1|261.5| 949 | 7.5 0 0 0 0 31.7
2007 67 |399.5|155.8|426.8| 49.9 | 89.6 | 13 Si 0 20 0 33
2008 274.6 | 209.2 |467.2|577.7| 267 | 583 | 23.2 Si 21 Si Si Si
2009 237.2 |357.5|598.2|553.6| 387 |266.2|109.5| 24 0 0 0 22
2010 96.8 | 40.4 | 97.6 |233.6|144.8| 82.8 | 1.6 0 0 |146.2| 4.2 94.4
2011 310.4 |155.8|271.6|576.6|259.3| 73.2 | 53.6 6 Si 38 Si Si
2012 86.2 [173.2|177.8|113.4| 24.4 | 36.2 | 0.4 Si Si 0.2 0.6 3.6

Si — Sem informacéo




