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Figura 1. Mapa de localizagdo das &reas de estudos das restingas do Maranh&o. informagdes
sobre as referéncias bibliograficas das areas, coordenadas geogréaficas, siglas dos estados e de
cada éarea, tipo de vegetacdo, além do numero de espécies utilizadas no presente estudo.
Legenda: dnp = dados ndo publicados.

Figura 2. Anélise Candnica de Coordenadas Principais (CAP), obtida por meio da comparacédo
da influéncia das varidveis ambientais temperatura (Temp.Min. e Temp. Max.) e precipitacdo
(Prec.) sobre a composicao de espécies em 23 areas de estudo

Figura 3. Analise Canénica de Coordenadas Principais (CAP), obtida por meio da comparacéo
da influéncia das varidveis ambientais temperatura (Temp.Min. e Temp. Max.) e precipitacdo
(Prec.) sobre a distribuicdo de espécies.

Figura 4. Diagrama de Venn elaborado a partir da particdo dos valores encontrados na analise
Analise Canbnica de Coordenadas Principais (CAP) X1 = variaveis ambientais temperatura

(Temp. Min. e Temp. Max.) e precipitacdo (Prec.) e X2 = variavel espacial.
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RESUMO

A heterogeneidade ambiental é considerada um dos principais fatores que atuam nas
mudancas dos padrdes de composi¢ao das espécies, podendo estar relacionada com
caracteristicas climaticas, edaficas e topograficas. A distribuicdo das espécies
também pode ser influenciada pelos mecanismos de disperséo, pelas interacdes
bidticas e por motivos historicos, mostrando assim que diferentes fatores atuam como
filtros em diferentes escalas espaciais e interagem para resultar na composicao de
uma comunidade ecologica. A variagdo climatica e a estrutura do habitat séo
proponentes para caracterizar as areas de tensdo ecoldgica entre os biomas
Amazonia e Cerrado, proporcionando a formacao de diferentes fisionomias. Dentre
estas areas de tensao ecoldgica, as restingas limitam-se a um ecossistema de
transicéo, por apresentar vegetacdo dos biomas que a margeiam, recobrindo estreitas
faixas da zona costeira de solos quartzarénicos de origem marinha. O estado do
Maranhdo estd em uma posi¢cdo geografica singular, que o caracteriza em zona
ecotonal por apresentar vegetacado dos biomas da Floresta Amazonica e do Cerrado.
O presente estudo teve como objetivo verificar a influéncia dos biomas adjacentes as
restingas maranhenses bem como se os efeitos de variaveis climéticas (precipitacédo
e temperatura) e distancia geografica tem relagcdo com a distribuicdo da vegetacao.
Para testar as hipéteses, foi realizado um banco de dados com estudos floristicos das
restingas do litoral amazénico do Maranhdo e do Pard, das restingas do litoral
setentrional do Ceara e Piaui e dos biomas Amazénico e Cerrado contemplando 23
areas. Foi realizada uma analise canbnica de coordenadas principais para medir a
distancia na similaridade das espécies entre diferentes areas e avaliar a influéncia das
variaveis climaticas de precipitacédo e temperatura e variavel espacial. Posteriormente
foi feito uma andlise de particdo de variancia, gerando um diagrama de Venn para
apresentar graficamente os efeitos individuais das variaveis espaciais na composi¢cao
das espécies. As variaveis de temperatura e precipitacao e distancia geografica ndo
influenciaram as restingas, apesar do diagrama de Venn demonstrar que as variaveis
climaticas apresentaram valor maior quando atuam juntas, ao invés de isoladas.
Portanto, apesar das restingas maranhenses estarem entre os biomas Amazonico e
do Cerrado a analise demonstrou que sua composicao floristica ndo recebeu
influéncia da flora desses biomas, sendo explicada pela teoria da neutralidade onde a
limitacdo de dispersao é fator preponderante independente das diferencas ambientais.

Palavras-chave: teoria da neutralidade; varidveis climaticas; restingas; biomas.
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ABSTRACT

Environmental heterogeneity is considered one of the main factors that act on changes
in species composition patterns and may be related to climatic, edaphic and
topographic characteristics. Species distribution can also be influenced by dispersal
mechanisms, biotic interactions, and historical reasons, thus showing that different
factors act as filters at different spatial scales and interact to result in the composition
of an ecological community. Climate variation and habitat structure are proposed to
characterize the areas of ecological tension between the Amazon and Cerrado biomes,
providing the formation of different physiognomies. Among these areas of ecological
tension, the restinga vegetation of Maranhao is limited to a transitional ecosystem, as
they present vegetation of the surrounding biomes, covering narrow strips of the
coastal zone of soils of the quaternary period of marine origin. The state of Maranh&o
IS in a unique geographical position, which characterizes it in the ecotonal zone for
presenting vegetation of the Amazon Forest and Cerrado biomes. The present study
aimed to verify if there is an influence of the adjacent biomes of restinga vegetation of
Maranhéao as well as if the effects of climatic variables (precipitation and temperature)
and spatial variable are related to the vegetation distribution. To test the hypotheses,
a database with floristic studies of restinga vegetation of the Amazonian coast of
Maranhdo and Para, restinga vegetation of the northern coast of Ceara and Piaui and
of the Amazon and Cerrado biomes covering 23 areas was performed. A canonical
analysis of principal coordinates was performed to measure the distance in species
similarity between different areas and to evaluate the influence of precipitation and
temperature climate variables and spatial variable. Subsequently, a variance partition
analysis was performed, generating a Venn diagram to graphically present the
individual effects of spatial variables on species composition. It was observed that the
temperature and precipitation variables and the spatial variable did not influence the
restinga vegetation of Maranh&o, although the Venn diagram shows that the climatic
variables presented higher value when acting together, instead of isolated. Therefore,
although restinga vegetation of Maranh&do is between the Amazon and Cerrado
biomes, the analysis showed that their floristic composition was not influenced by the
flora of these biomes, being explained by the theory of neutrality where dispersion
limitation is a major factor independent of environmental differences.

Key-words: neutrality theory; climatic variables; restinga vegetation of Maranhao; biomes.
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INTRODUCAO

A heterogeneidade ambiental, as condi¢des do habitat e as variaveis ambientais sdo as
principais caracteristicas que influenciam a distribuicdo das espécies e os padrdes de
organizacdo biologica (PIRES et al., 2014). De modo particular, as variaveis ambientais
contribuem para a formacdo de um gradiente de distribuicdo do componente floristico e
estrutural possibilitando o estabelecimento das espécies em ambientes especificos para seu
desenvolvimento (OLIVEIRA-FILHO & FONTES, 2000; ENGELBRECHT et al., 2007;
EISENLOHR et al., 2013; MATOS & FERREIRA, 2013; SAITER et al., 2015; SANTOS,
2017). Dentre essas variaveis, a precipitacdo e temperatura sdo consideradas como os principais
influenciadores pelo desenvolvimento da vegetacdo e pela variagdo floristica e estrutural em
ecossistemas tropicais (OLIVEIRA-FILHO & FONTES, 2000).

A variacdo climatica e a estrutura do habitat sdo proponentes para caracterizar as areas
de tensdo ecoldgica entre os biomas Amazénia e Cerrado, proporcionando a formacédo de
diferentes fisionomias (SILVA et al., 2006; HAIDAR, et al., 2013). Dentre estas areas de tenséo
ecologica, as restingas podem ser consideradas como um ecossistema de transicdo, por
apresentar vegetacdo dos biomas que a margeiam (SCARANO, 2002), recobrindo estreitas
faixas da zona costeira de solos quartzarénicos de origem marinha (FERNANDES, 1998).

O estado do Maranh&o estd em uma posicdo geografica singular, que o caracteriza em
zona ecotonal por apresentar vegetacdo dos biomas da Floresta Amazénica e do Cerrado
(HAIDAR, et al., 2013). No entanto, os estudos floristicos ja desenvolvidos nas restingas do
Maranhdo tem destacado apenas a colonizacdo de espécies oriundas do bioma amazénico,
(CABRAL-FREIRE & MONTEIRO, 1993; SERRA; LIMA & ALMEIDA JR., 2016) sem
mencionar a influéncia da vegetacdo de cerrado neste ecossistema. Sendo assim, a presente
pesquisa delimitou-se em analisar se a proximidade geografica dos ecossistemas adjacentes e
as variaveis climéticas e espacial influenciam na composicdo floristica das restingas do

Maranhao.
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REVISAO BIBLIOGRAFICA

Restingas

As restingas compreendem as planicies costeiras datadas do Quaternario apresentando
distintas associag0es vegetais em mosaicos que lhes conferem uma flora e fauna diversificada
distribuida em diferentes ambientes (ESTEVES, 1998; LIMA & ALMEIDA JR., 2018).

Por ser um ecossistema de formacdo geomorfologica recente, a vegetacdo que coloniza
as restingas € oriunda dos ecossistemas adjacentes como Mata Atlantica, Amazonia, Cerrado e
Caatinga (RIZZINI, 1997; CERQUEIRA, 2000; ROCHA et al., 2004; SCARANO, 2002).

Por ocupar cerca de 80% do litoral brasileiro, aproximadamente 7.360 km de extenséo
(MEDEIROS; LOPES & ZICKEL, 2007), as restingas distribuem-se em todos estados da costa
brasileira (Rio Grande do Sul, Santa Catarina, Parana, S&o Paulo, Rio de Janeiro, Espirito Santo,
Bahia, Sergipe, Alagoas, Pernambuco, Paraiba, Rio Grande do Norte, Ceard, Piaui, Maranhéo,
Pard e Amapa), obtendo maior extensdo para a regido Nordeste com 3.306 Km (PINHEIRO et
al., 2008).

A vista disso, estudos floristicos que utilizaram andlises de similaridade, tem
corroborado para comprovar a influéncia dos ecossistemas adjacentes na riqueza especifica das
areas de restingas da costa brasileira.

Deste modo, a partir de um inventario floristico desenvolvido nas restingas do litoral do
Piaui (Parnaiba e Luiz Correia), Santos-Filho et al. (2013) compararam seus dados com outras
listagens floristicas desenvolvidas em restingas do Nordeste. Os autores encontraram uma
maior semelhanca das restingas piauiense com as demais do Nordeste brasileiro, que estdo
intrinsecamente relacionadas a Floresta Atlantica em sua composi¢do. Também no Piauli,
Amaral e Lemos (2015) destacam que o complexo vegetacional da Zona Costeira do estado
apresenta uma flora com espécies tipicas da Caatinga, Cerrado e Restinga, sugerindo que a
comunidade vegetal apresenta carater transitorio. Este carater transitorio ou ambiente de
transicdo encontrado nas restingas do litoral piauiense tem uma relacéo direta com a proposta
de Rizzini (1997), que considera a planicie costeira como rota migratéria de plantas para as
formacdes da Floresta Amazonica e Atlantica, uma vez que a expansédo de espécies da Floresta
Amazonica para a Floresta Atlantica ocorreu através do litoral.

Pressup8em-se que durante o periodo mais imido do Quaternario, houve conexdes entre

as florestas Umidas do Atlantico e da Amazénia pela expansdo dessas florestas e/ou pelo
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surgimento de corredores ecologicos (BIGARELLA & ANDRADE-LIMA, 1982;
FERNANDES & QUEIROZ, 2015). Diante deste fato, Fernandes e Queiroz (2015) relataram
que a composicdo floristica das florestas de restingas do sul do estado da Bahia sdo
influenciadas pelas florestas pluviais. Os autores corroboraram a hipo6tese, uma vez que 0s
estoques floristicos das florestas pluviais tém efeito sob as florestas de restingas, em virtude da
proximidade geografica entre ambas. Os autores também explanaram que algumas espécies da
floresta de restinga ocorrem desde florestas de dominio do Atlantico até os dominios da
Caatinga e do Cerrado, chegando ocasionalmente & regido amazonica (FERNANDES &
QUEIROZ, 2015).

A composicao floristica das restingas do Ceara foram definidas como regiao ecotonal
devido a flora local apresentar elementos floristicos que utilizam das condi¢6es climaticas para
se estabelecerem, conferindo-lhe uma mistura de espécies de distintos dominios fitogeograficos
(CASTRO et al., 2012). Além disso, a costa setentrional do Nordeste brasileiro foi considerada
como corredor ecolégico por ter o Cerrado de um lado e Mata Atlantica do outro, sendo
contornado pela Caatinga (CASTRO et al., 2012).

Restingas do Maranhéo

O estado do Maranhdo é caracterizado como regido ecotonal pela transitoriedade da
flora e da fauna dos biomas da Amazoénia, Cerrado e Caatinga (MUNIZ, 2006) conferindo-lhe
uma diversidade Unica para o Estado. Considerado o segundo maior litoral do pais, a costa
maranhense possui aproximadamente 640 Km de extensdo (EL-ROBRINI et al., 2006) e
abrange duas vertentes: o litoral Amazonico e o litoral Nordestino Setentrional (VILLWOCK
et al., 2005).

O Litoral Amazonico conhecido como regido das reentrancias e localizado na porcao
oeste do estado é formado por manguezais, cord@es litoraneos, ilhas, profundos estuarios e
falésias, apresentando um regime tropical tipico da floresta Amazénica com pluviometria total
acima de 2.000 mm por ano (IBAMA, 2002). Ja o Litoral Nordestino Setentrional, localizado
na porcao leste, caracteriza-se por apresentar uma costa retilinea com restingas, formacdes de
dunas fixas e moveis, manguezais, ilhas, baias, sistemas deltaicos e estuarinos, e assume carater
de transicdo de areas mais secas com pluviometria inferior a 1.800 mm (IBAMA, 2002).

Tendo em vista a grande peculiaridade da costa litoranea do Maranhdo, estudos

floristicos foram delineados para o conhecimento da vegetacdo local e entender as relagdes da
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influéncia dos ecossistemas adjacentes (MUNIZ, 2006). Em um levantamento da composicao
floristica em Dunas, foram avaliados os dominios fitogeogréaficos das espécies, conferindo-lhes
a presenca dos biomas da Amazonia, Caatinga, Cerrado, Floresta Atlantica, Pampas e Pantanal
nos taxons, apresentando ampla distribuicdo em todos os biomas brasileiros (AMORIM;
AMORIM e ALMEIDA JR., 2016).

Em um estudo realizado em uma restinga do Maranhdo, observou-se semelhanca
floristica com as restingas do estado Pard, e possivelmente os fatores associados a semelhanca
entre estas areas seria as condigdes climéticas e proximidade geografica (SERRA; LIMA &
ALMEIDA JR., 2016; LIMA & ALMEIDA JR., 2018) que podem ter um peso chave em
relacdo as variacOes floristicas e estruturais em distintos ecossistemas tropicais (OLIVEIRA-
FILHO & FONTES, 2000), sugerindo que a vegetacdo costeira pode fornecer corredores
ecoldgicos em ambientes ecétonos (CASTRO et al., 2012).

Areas Ecotonais

As é&reas ecotonais ou zonas de transicdo sdo caracterizadas por dois ou mais
ecossistemas que se conectam (TANNUS, 2004), conferindo-lhe espécies comuns aos
ecossistemas adjacentes e com condic¢des climaticas semelhantes, que propiciam a formacéao de
gradientes ambientais que interagem e simultaneamente mantém as particularidades ecologicas
(ODUM, 2007; GUILHERME & NAKAIJIMA, 2007; HAIDAR et al., 2013). Os ecotonos,
frequentemente, ocorrem ao longo de um gradiente ecoldgico resultante de mudancas espaciais
das elevacdes, clima, solo e outros fatores ambientais (KARK, 2013).

Ambientes ecotonais que sdo ocupados por mais de um tipo de vegetacao ou formacdes
fitofisionbmicas tendem a ter uma riqueza de espécies relativamente mais elevada, devido a sua
heterogeneidade que é comumente maior (BOTREL et al., 2002). Estas areas desempenham
papel fundamental na especiacdo, além de apresentarem uma diversidade bioldgica mais ampla
do que os ecossistemas vizinhos (SCHILTHUIZEN, 2000). Os ecétonos sdo considerados
“laboratdrios naturais” para estudar os processos evolutivos, por evidenciarem a divergéncia
entre espécies, sugerindo que areas de transicdo podem servir como centro de especiacdo
(KARK, 2013).
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No Brasil, as areas que apresentam vegetacgdo de transicdo sdo denominadas de “Floresta
Estacional Perenifolia” (Floresta Estacional/ Floresta Ombroéfila) (HAIDAR et al., 2013).
Alguns estudos desenvolvidos em areas de transicdo ecologica, estacam a biodiversidade
encontrada nestas areas (KUNZ et al., 2009; HAIDAR et al., 2013). As areas de transi¢do no
Brasil podem ser encontradas em trés regides: Centro Oeste (Mato Grosso); Norte (Amazonas,
Para e Tocantins); e Nordeste (Maranhdo). No Mato Grosso, Tocantins e Maranhdo as areas
sdo marcadas pela influéncia dos dominios da Amazénia e Cerrado (MUNIZ, 2006; KUNZ et
al., 2009; HAIDAR et al., 2013).

No Centro Oeste, a regido de transicdo é denominada de “Floresta Associada ao Planalto
dos Parecis”, caracterizada como um ecétono que apresenta formagoes florestais ombrofilas e
estacionais que se misturam aleatoriamente, havendo uma enorme dificuldade em delimitar as
areas de contato entre areas de Floresta Ombrofila, Floresta Estacional e Cerrado (KUNZ et al.,
2009). No Norte, as areas de transicdo no Estado do Tocantins (Florestas Estacionais
Semideciduais e Deciduais) estdo condicionadas a sazonalidade climatica e variacdes
ambientais locais, responsaveis pelo grau de deciduidade do componente arbdreo durante a seca
(HAIDAR et al., 2013). No Nordeste, a regido ecotonal do Maranh&o é formada por uma
alternancia de Floresta densa e aberta, com uma transi¢éo gradual (MUNIZ, 2011), refletindo
0s aspectos transicionais de clima e condic¢des edaficas do Estado (MUNIZ, 2006). No entanto,
sd0 escassos 0s estudos que foram desenvolvidos para o Estado elucidando as relacGes da flora

dessas areas transicionais.

Variaveis Ambientais

Investigar o padrdo da vegetacdo tem sido crucial para providenciar bases tedricas para
conservacao da biodiversidade (EISENLOHR et al., 2013). A classificacdo da vegetacdo nao
depende somente da sua composicdo de espécies, mas também das variaveis ambientais que as
influenciam (PIRES et al., 2014). As variaveis apresentam influéncias importantes para regides
ecotonais, embora outros processos também possam influenciar a estrutura da vegetacéo
(PASSOS et al., 2018), podendo se manifestar em varias escalas, sendo uma tarefa complexa
analisar a interacdo entre os fatores ambientais e o padrdo vegetacional (TOREZAN;
SILVEIRA, 2002).

A relacdo entre o componente vegetal de uma area e as varidveis ambientais tem sido o
foco de vérios estudos (BOTREL et al., 2002; SCUDELLER et al., 2011; HIGUCHI et al.,
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2012; EISENLOHR et al., 2013; PIRES et al., 2014; FRANCOSO et al. 2016). Segundo
Scudeller et al. (2011), a altitude, a precipitacdo e a temperatura podem propiciar a distin¢ao
entre areas como a provincia e a costa Atlantica. Eisenlohr et al. (2013) afirmam que além das
variaveis ambientais, a distancia geografica entre localidades, distirbios de origem humana e
natural e a topografia também podem influenciar na composicdo e no padrdo da vegetacao.
Esses disturbios humanos podem interferir de forma indireta, ao afetar as condi¢Ges de dgua e
temperatura.

Para Pires et al. (2014) as principais caracteristicas do ambiente que influenciam na
distribuicdo das espécies e os padrdes de organizacao bioldgica sdo heterogeneidade, qualidade
de habitat e complexidade estrutural. Enquanto Kunz et al. (2009) afirmam que clima,
precipitacdo, temperatura e condicdes edéaficas influenciam a distribui¢do das espécies e atuam

diretamente na similaridade floristica entre as areas.
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OBJETIVOS

Objetivo Geral

Verificar se 0os biomas Amazoénico e Cerrado influenciam na colonizagéo da vegetacédo
do ecossistema do litoral setentrional brasileiro e se a proximidade geografica e as variaveis
ambientais (precipitacdo e temperatura) contribuem para a composic¢do e distribuicdo das

espécies nas restingas.

Objetivos Especificos
e Investigar se a distancia geogréafica influencia na composicéao floristica das restingas
do litoral setentrional em relagdo aos ecossistemas adjacentes.
e Analisar se as varidveis ambientais (precipitacdo e temperatura) estdo associadas a

distribuicdo de espécies entre as areas analisadas.
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RESUMO

Questdo: Os fatores abioticos (temperatura e precipitacao), distancia geografica e os biomas
adjacentes influenciam na distribuicdo e composicdo das espécies vegetais das restingas
maranhenses?

Localizacdo: Litoral Setentrional Brasileiro.

Objetivos: nosso objetivo foi avaliar a influéncia dos biomas Amazodnico e Cerrado no
ecossistema do litoral setentrional brasileiro bem como, o efeito de variaveis climaticas
(Temperatura e Precipitacdo) e espaciais (distancia geogréafica) na composigédo de espécies das
restingas maranhenses.

Métodos: trabalhamos com um banco de dados contendo 1.090 espécies em trés formacdes
florestais (Amazonia, Cerrado e restingas). Foi realizada uma Analise Canbnica de
Coordenadas Principais (CAP) para verificar o efeito das variaveis ambientais e espaciais na
composicao de espécies.

Resultados: a flora das restingas maranhenses ndo esta associada a flora de nenhum dos biomas
adjacentes e as varidveis ambientais ndo foram responsaveis por explicar a variacdo na

composigdo de espécies entre as areas de restinga. O diagrama de Venn mostrou que as
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varidveis ambientais e espaciais apresentaram baixas influéncias na mudanca da composicéo
das espécies mesmo quando analisadas em conjunto.

Conclus@es: no estudo foi possivel perceber que as restingas apresentam uma composicdo
vegetal independente dos biomas adjacentes; destacando assim a heterogeneidade vegetal, que
podem estar sendo gerados por fatores como endemismo, intensos processos evolutivos ou até
pela presenca de espécies invasoras. Os dados mostraram também que nédo houve relacéo entre
as variaveis testadas (ambientais e espaciais) com os padrdes de distribuicdo encontrados nas
restingas maranhenses. Dessa forma outras variaveis podem explicar os padrdes de distribuicdo

de espécies nas restingas do estado do Maranhéo.

Palavras-Chave: variaveis climaticas, Amazoénia, Cerrado, restinga, composicdo floristica,

ecossistema, padrdes de distribuigdo, distancia geogréfica.

INTRODUCAO

A heterogeneidade ambiental é considerada um dos principais fatores que atuam nas
mudancas dos padrGes de composicdo das espécies, podendo estar relacionada com
caracteristicas climaticas, edaficas e topograficas (Eisenlohr et al., 2013; Sanchez, Pedroni,
Eisenlohr, & Oliveira-Filho, 2013; Thuiller, 2013; Oliveira-Filho, Budke, Jarenkow, Eisenlohr,
& Neves, 2015). A distribuicdo das espécies também pode ser influenciada pelos mecanismos
de dispersao, pelas interacdes bidticas e por motivos histéricos (Whittaker et al., 2001; Cottenie,
2005; Diniz-Filho et al., 2012), mostrando assim que diferentes fatores atuam como filtros em
diferentes escalas espaciais e interagem para resultar na composi¢cdo de uma comunidade
ecologica (Whittaker et al., 2001; ter Steege, & Zagt, 2002).

Em ambientes tropicais, os fatores abidticos exercem importante influéncia na
determinacdo das variagdes floristicas (Parmentier, Stévart & Hardy, 2005). Estas zonas de
transicdo, geralmente apresentam taxons raros, tendem a possuir elevados indices de riqueza e
abundancia de espécies, alem de serem consideradas como centros de importantes processos
evolutivos (Schilthuizen, 2000; Kark, & van Rensburg, 2006).

No Brasil, existem trés principais areas ecotonais: a transicdo Cerrado-Amazénia que
ocupa 4,85% do territério brasileiro, Caatinga-Amazénia com 1,7% e Cerrado-Caatinga com
1,3% (IBAMA, 2003). As areas de contato entre estes biomas séo reconhecidas pelas variagoes

climaticas e pelo ambiente fisico, que proporcionam a formacéo de fitofisionomias distintas
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(Silva, Farinas, Felfili, & Klink, 2006; Haidar et al., 2013). Particularmente, o estado do
Maranhdo possui uma extensa area de transicdo entre a Floresta Amazénica e o Cerrado,
caracterizada pela alta diversidade de ecossistemas (Silva et al., 2016).

Dentre 0s ecossistemas que estdo localizados no contexto desta zona transicional no
Maranh&o, as restingas se destacam pelas questdes inerentes a origem da sua composic¢ao de
espécies, sendo um grande potencial para testes de hipoOteses ecoldgicas relacionadas a
fitogeografia (Machado, & Almeida Jr., 2019). Este ecossistema litordneo € comumente
formado por espécies oriundas dos dominios fitogeograficos adjacentes (Rizzini, 1997;
Cerqueira, 2000; Scarano, 2002; Araujo & Pereira, 2009). A caracteristica da colonizacdo da
restinga por espécies vegetais oriundas de outros ecossistemas ou biomas, a tipificam também
como um ambiente de transicdo (Freire, 1990; Rizzini, 1997; Cerqueira, 2000).

Para 0 Maranhdo, estudos desenvolvidos no litoral tém sugerido que a zona costeira do
Estado, por se encontrar nesta faixa de contato entre o bioma Amazonico e o Cerrado,
provavelmente sofre influéncia dos mesmos na formacéo da sua composic¢ao floristica (Cabral -
Freire & Monteiro, 1993; Amorim, Amorim & Almeida Jr., 2016; Serra, Lima, & Almeida Jr,
2016). No entanto, essas suposi¢Oes carecem de mais pesquisas e embasamentos para apresentar
afirmac6es mais consistentes (Machado & Almeida Jr., 2019).

Diante do exposto, o presente estudo analisa a flora das restingas maranhenses e verifica
se suas relac@es floristicas provém da proximidade geografica com outros biomas adjacentes,
bem como se fatores abidticos também possuem influéncia na montagem das comunidades.
Assim, buscou-se responder 0 seguinte questionamento: a) as restingas maranhenses sdo
influenciadas pelos biomas adjacentes e por fatores abidticos e distancia geografica na

composicdo e distribuicdo das espécies vegetais?

METODOS
Compilagéo de dados

Para a realizacdo desta pesquisa foi elaborado um banco de dados utilizando a listagem
de quatro estudos floristicos de restinga ja desenvolvidos na llha do Maranhdo: Serra et al.
(2016); Silva, Araujo & Almeida Jr. (2016); Amorim et al. (2016); Lima & Almeida Jr. (2018).
Para expandir os pontos de amostragem para outras areas do litoral do estado, foram realizadas
coletas na praia de Itatinga (02°24°46.6”S, 44°24°01.7°W) localizada no municipio de
Alcantara (Correia et al., dados ndo publicados) e na llha Grande do Paulino (02°43°58.2”S,



31

42°11°23.4”W), localizada no municipio de Tutodia (Correia et al., dados ndo publicados)

(Figura 1).
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Figura 1: Areas analisadas do litoral do Estado do Maranh3o. Sistema de Projecdo: UTM;
Datum: WGS 84; Fonte: ESRI National Geographic e IBGE. Autoria: David Muniz.

Para comparar a flora das restingas do Maranhdo com biomas adjacentes foram
utilizados estudos floristicos da Floresta Amazoénica e Cerrado. Além disso, foram incluidos
dados das restingas dos estados do Para (Litoral Amazonico), Piaui e Ceara (Litoral Nordestino
Setentrional) (Tabela 1). Deste modo, o banco de dados das espécies foi composto por 23 areas,
representando os tipos de vegetacdo da Floresta Amazonica (2 locais), Cerrado (8 locais) e
Restinga (13 locais).

A listagem das espécies seguiu a classificacdo do APG IV (2016) e para a verificacdo
correta da grafia do nome das espécies e dos autores utilizamos o banco de dados do Tropicos
(http://www.tropicos.org/) e da Flora do Brasil 2020 em constru¢do (www.floradobrasil.

jbrj.gov.br/).
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Anélises de similaridade

Para verificar a influéncia dos biomas Amazonico e Cerrado na colonizacdo da
vegetacdo do Litoral Maranhense foi utilizada uma analise de similaridade de Jaccard. Deste
modo, foi montada uma matriz binaria (presenca e auséncia) com as respectivas listagens
floristicas das &reas de restingas do litoral maranhense, do litoral nordestino setentrional e do
litoral amazonico, Floresta Amazénica e Cerrado (Tabela 1). Como critério de inclusdo para
analise foram consideradas apenas espécies lenhosas e taxons identificados até epiteto
especifico. As analises foram executadas por meio do pacote vegan (Oksanen et al. 2016) do
programa R versdo 3.5.1 (R Development Core Team 2016).

Analise do efeito da distancia geografica

Para verificar a relagdo entre a distancia geografica e os padrdes de distribuicdo de
espécies, utilizamos os valores das coordenadas para realizar uma Andlise Canénica de
Coordenadas Principais (CAP) a fim de medir o efeito da distancia na similaridade das espécies
entre as areas. As analises foram executadas com auxilio do pacote vegan (Oksanen et al. 2016)

do programa R versédo 3.5.1 (R Development Core Team 2016).

Anélise das variaveis ambientais

A influéncia das variaveis ambientais (Temperatura e Precipitacdo) foi avaliada em
relacdo a distribuicdo de espécies ao longo das areas de estudo e areas adjacentes, foi realizada
a Analise Candnica de Coordenadas Principais (CAP), e utilizado o indice de similaridade de
Jaccard com base nos dados de auséncia e presenca das espécies das areas estudadas. Foram
utilizados dados de Precipitacdo (Precipitacdo total) e Temperatura (média maxima e média
minima) ao longo de um intervalo de um ano (variagéo diaria), referentes ao ano de realizacao
de cada levantamento obtido através da base de dados disponiveis no site do Instituto Nacional
de Meteorologia - INMET (www.inmet.gov.br), e utilizamos posteriormente os valores de
desvio padrdo de cada uma dessas trés variaveis em cada area. Foi realizado uma analise de
particdo da variancia para verificar os efeitos individuais das varidveis ambientais e espaciais
na variacdo da composicdo de espécies, sendo esta representada graficamente através de um
diagrama de Venn. A analise foi executada pelo pacote vegan (Oksanen et al. 2016) do
programa R versdo 3.5.1 (R Development Core Team 2016).
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Tabela 1. Listagem dos estudos desenvolvidos nos biomas da Amazénia e Cerrado e em diferentes restingas do litoral Nordestino Setentrional e

litoral Amazonico, com as informac6es sobre as referéncias bibliograficas das areas, coordenadas geogréaficas, siglas dos estados e de cada area,

tipo de vegetacéo, além do nimero de espécies utilizadas no presente estudo. Legenda: dnp = dados ndo publicados.

N° de
Area Coordenadas Geograficas Estado Vegetacdo Sigla spp. Referéncia
utilizadas
Itatinga 2°24'46.60"S/44°24'1.70"W MA Restinga R1 137 Correia et al. dnp
Tutoia 2°43'58.20"5/42°11'23.40"W MA Restinga R2 86 Correia et al. dnp
Aracagy 2°27'56.00"S/44°10'55.00"W MA Restinga R3 113 Amorim et al. (2016)
Sitio Aguahy 2°38'54.25"S/44° 7'35.03"W MA Restinga R4 102 Serra et al. (2016)
Sao Marcos 2°29'7.00"S/44°15'59.00"W MA Restinga R5 102 Silva et al. (2016)
Panaquatira 2°28'23.00"S/44° 3'13.80"W MA Restinga R6 164 Lima e Almeida Jr. (2018)
Praia do Crispim 0°35'3.34"S/47°39'7.97"W PA Restinga R7 207 Amaral et al. (2008)
Ilha de Algodoal 0°36'31.44"S/47°34'54.44"WN PA Restinga R8 286 Amaral et al. (2009)
Ilha Grande 2°50'54.00"S/41°47'39.00"W Pl Restinga R9 62 Santos-Filho et al. (2015)
Parnaiba 2°56'0.65"S/41°41'37.67"W Pl Restinga R10 107 Santos-Filho et al. (2013)
Luiz Correia 2°56'36.34"5/41°29'25.34"W Pl Restinga R11 104 Santos-Filho et al. (2013)
Pecém 3°33'7.05"S/38°48'32.35"W CE Restinga R12 176 Castro et al. (2012)
Jericoacoara 2°50'8.97"S/40°29'22.00"W CE Restinga R13 82 Matias e Nunes (2001)
Parque Estadual do Mirador 6°26'45.82"S/45°20'5.45"W MA Cerrado C1 91 Conceicdo e Castro (2019)



Parque Estadual do Mirador

Carolina
Urbano Santos
Parque Nacional de Sete
Cidades
Chapada Grande Meridional
Chapada do Araripe
Rio Fogo
Parque Estadual do Bacanga

Buriticupu

6°13'9.21"S/44°51'20.18"W

7°16'7.80"S/47°29'35.77"W
3°18'60.00"S/43°12'0.00"W
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Rodriguez e Conceicgéo
(2014)
Medeiros e Walter (2012)
Silva et al. (2008)

Mesquita e Castro (2007)

Lindoso et al. (2009)
Costa et al. (2004)
Oliveiraet al. (2012)
Muniz e Monteiro (1996)
Muniz (2011)
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RESULTADOS

Apbs as analises observou que ndo houve uma relagdo forte das variaveis ambientais
(precipitacdo e temperatura) e da distancia espacial (CAP1: Rz= 0.5981 e CAP2: R?= 0.5416)
na composicao de espécies das areas de restingas. No entanto, apesar das variaveis ambientais
ndo terem valor muito alto na anélise de particdo, elas estdo bem relacionadas a composicao
das espécies.

As correlagdes das variaveis com o primeiro eixo de ordenagdo em valor absoluto foram:
Temperatura Min.=0.5001, Temperatura Max.=-0.3112 e Precipitacdo =0.4626. As variaveis
Temperaturas Min. e Precipitacdo apresentaram-se mais correlacionadas ao eixo CAP 1;
enguanto a Temperatura Max. apresentou uma fraca correlagdo com o eixo CAP1 e o eixo CAP
2.

As restingas do Para (R7 e R8) tiveram a estrutura de suas comunidades correlacionadas
com a precipitacdo, enquanto as demais restingas apresentaram baixa relacdo com as variaveis
ambientais utilizados em nosso estudo (Figura 2). As restingas do Pard foram as que
apresentaram menor proximidade com as demais areas de restingas analisadas e maior

proximidade com areas da Amazonia maranhense (Al e A2).
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Figura 2: Anélise Candnica de Coordenadas Principais (CAP), obtida por meio da comparacéo

da influéncia das variaveis ambientais temperatura (Temp. Min. e Temp. Max.) e precipitacdo
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(Prec.) sobre a composigdo de espécies em 23 &reas de estudo Al-A2=Amazobnia; C1-C8=
Cerrado; R1-R13= Restingas.

Com base na estrutura das comunidades estudadas e nas caracteristicas ambientais
encontras pudemos perceber que maioria das restingas maranhenses (R1, R3, R4, R5 e R6) foi
agrupada com uma restinga do Ceard (R12) e uma area de Cerrado (C2). Contudo, em
especifico as comunidades encontradas na restinga de Tutdia (R2), agruparam-se com as
restingas do Piaui (R9, R10 e R11) e Ceara (R13) e as areas do Cerrado do Maranhédo (C1 e
C3).

Ja para a distribuicdo das espécies nas areas estudadas, ndo foi possivel encontrar um
padrdo de distribuicdo condicionado pelas variaveis climaticas abordadas no presente estudo
(Fig. 3). Mostrando que as espécies podem ter sua distribuicdo explicada por outras variaveis

além das variaveis analisadas no estudo.
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Figura 3: Analise Canonica de Coordenadas Principais (CAP), obtida por meio da comparacéo
da influéncia das variaveis ambientais temperatura (Temp. Min. e Temp. Max.) e precipitacdo

(Prec.) sobre a distribuicdo de espécies.
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O diagrama de Venn (Fig. 4), a partir da particdo dos valores da CAP, demonstrou que
qguando as varidveis ambientais de Temperatura Min e Max e Precipitacdo (=0,05) e variavel
espacial (=0,04), atuam de forma isolada apresentam pouca influéncia na composicdo das
espécies. Em contrapartida, 0 eeito conjunto das duas varidveis pode apresentar maior
influéncia (= 0.07) na composi¢do, ou seja, o efeito conjunto das duas varidveis aumenta a
variacdo especifica. O diagrama de Venn também mostrou altos valores residuais (= 0.84), que
equivalem a outras variaveis que podem estar influenciando a variacdo da composicéo floristica

das areas estudadas.

X1 X2

Residuals = 0.84

Figura 4: Diagrama de Venn elaborado a partir da particdo dos valores encontrados na analise
Anélise Canbnica de Coordenadas Principais (CAP) X1 = variaveis ambientais temperatura

(Temp. Min. e Temp. Max.) e precipitacdo (Prec.) e X2 = variavel espacial.

DISCUSSAO

As variages climaticas sdo consideradas como preditores de padrdes fitogeograficos
(Saiter et al., 2013), no entanto, a flora das restingas maranhenses ndo respondem as variages
climaticas ou distancia geografica dos biomas circundantes. Deste modo, podemos inferir que
a distribuicao das especies de restinga pode ser influenciada por outros fatores ambientais, tais
como disponibilidade hidrica (Scarano, 2002), condi¢des edaficas (Scarano, 2002), topografia
(Santos, 2013), salinidade (Scarano, 2002), entre outros que atuam no estabelecimento e
desenvolvimento das espécies (Junior & Cuzzuol, 2009; Ter Steege, 2013).

As propriedades fisico-quimicas do solo sdo fatores ambientais que representam grande
importancia na distribuicdo espacial e estrutural das florestas tropicais (Santos, 2013). No caso
dos solos arenosos das restingas, ocorre o processo de podzolizacdo que torna o solo acido e
pobre devido a baixa capacidade de troca catidnica (CTC), ocasionado pela auséncia de cations

e aumento da saturacdo por aluminio. Desse modo, o processo de CTC limita o crescimento e
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desenvolvimento da vegetacdo (Santos, 2013), ou seja, a composic¢ao de florestas tropicais e a
distribuicdo geografica de plantas podem estar sujeitas as relagdes nutricionais do solo (Espirito
Santo et al. 2002; Carvalho et al. 2005; Rodrigues et al. 2007; Junior & Cuzzuol, 2009).

No caso da floresta Amazodnica, a disponibilidade hidrica, ciclagem de nutrientes,
precipitacdo e fertilidade do solo agem como fatores seletivos que determinam a riqueza,
abundancia e distribuicdo de espécies nestes ambientes (Hoffmann & Franco, 2008), assim, o
padrdo de composicdo das espécies deve ser determinado por caracteristicas ambientais que
relacionam as espécies capazes de se estabelecer em certo local (Matos et al., 2013). Este fato
corrobora com os dados do presente estudo, onde as restingas do litoral amazénico do Para (R7
e R8) mostraram-se mais associadas as areas amazonicas devido a estas estarem bem
relacionadas a variavel climética precipitacdo e estarem inseridas praticamente no bioma
amazoénico. As espécies de florestas tropicais Umidas apresentam maior disponibilidade hidrica
devido a ocorréncia de chuvas distribuidas ao longo de todo ano (Kunz et al., 2009).

Entretanto, as areas do Para (R7 e R8) ficaram disjuntas das demais areas de restingas.
O que pode ser explicado pela teoria da neutralidade, que destaca que a distancia geografica €
inversamente proporcional a similaridade floristica, ou seja, a medida que a distancia aumenta,
a semelhanca floristica tende a diminuir independente das diferencas ambientais das areas. Esta
relacdo ocorre devido a limitacdo no processo de dispersdo (Hubbell, 2001; Matos et al., 2013),
no qual a capacidade dos individuos de se dispersarem esta ligada as diferencas nos padrées de
composicdo de espécies (Hubbell, 2001; Chave, 2004; Hubbell, 2006; Ferreira et al., 2011,
Matos et al., 2013) e por consequéncia, gera um decréscimo nas trocas de individuos entre
locais.

O valor da alta fracdo ndo explicada (84%) da variacdo floristica estd relacionado a
variaveis que ndo foram incluidas nas analises. Estas variaveis também podem explicar a
distribuicdo das espécies ao longo de gradientes vegetacionais, como um conjunto de
caracteristicas peculiares ligadas a fatores ambientais como altitude, tipo de solo, pluviometria,
salinidade entre outros, que provavelmente serdo responsaveis pela semelhanca ou diferenga
entre as areas (Oliveira et al. 2018).

Dentre os gradientes ambientais citados anteriormente, cabe destacar a influéncia da
salinidade no estabelecimento da vegetacdo em areas de restingas (Machado e Almeida Jr.
2019). A elevada salinidade encontrada na regido costeira é considerada um dos principais

fatores que limitam o estabelecimento e crescimento de determinadas espécies (Arruda et al.
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2009). Deste modo, podemos inferir que a elevada salinidade associada ao limite de disperséo
ocasionado pela distancia geogréafica que podem ser citados como fatores que contribuem para
que as areas do bioma amazonico sejam distintas das restingas do litoral setentrional.

Segundo Machado & Almeida Jr. (2018) a semelhanga da flora das restingas do
Maranhdo com a do Ceara podem estar relacionadas a fatores como dispersdo de diasporos e
nutrientes do solo, além de possuir caracteristicas climéaticas semelhantes que possibilita a
colonizacao de espécies semelhantes.

Em contrapartida, uma Unica restinga do litoral maranhense, Tutdia (R2) que fica a leste
do Maranhdo, agrupou-se com as restingas do Piaui (R9, R10 e R11) e Ceara (R13). Isso pode
ser explicado quanto a proximidade geogréafica destas areas e com estudos do Cerrado do
Maranhdo (C1 e C3). Destacando que as areas do litoral setentrional nordestino possuem
registros de espécies da Caatinga, Cerrado, Mata Atlantica e Amazonia além de espécies de
restinga, que pode ter contribuido por este agrupamento (Amaral & Lemos, 2015).

Apesar das restingas maranhenses estarem entre os biomas Amazonico e do Cerrado a
sua composicao floristica ndo recebeu influéncia da flora desses biomas (Figura 2), refutando
a nossa hipotese de que haveria influéncia dos biomas na composicao de espécies nas restingas

maranhenses.

CONCLUSAO

Diante dos dados apresentados, observamos que a composicao floristica das restingas
maranhenses estiveram mais relacionadas as restingas do Piaui, Ceara e areas do Cerrado
Maranhense. As variaveis climaticas e espacial isoladamente ndo contribuiram diretamente para
a composicdo floristica das restingas, no entanto, o efeito entre essas duas variaveis mostrou
maior contribuicdo. Outras variaveis também podem estar agindo direta ou indiretamente na
variacdo floristica entre as areas e essas variaveis podem apresentar maior influéncia quando
atuam em conjunto. Portanto, o presente estudo fornece subsidios para que as préximas analises
sejam realizadas com um maior nimero de variaveis em conjunto, uma vez que analisadas

isoladamente apresentam pouca influéncia.
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1. AIMS AND SCOPE

Applied Vegetation Science publishes studies of plant communities that are relevant for human
interaction with vegetation, including topics such as conservation, management and restoration of plant
communities and natural habitats, effects of global change on plant communities, and the planning of
semi-natural and urban landscapes. The journal also publishes vegetation classification and survey
studies of international interest. Papers on plant communities which do not fit to this scope (do not have
an applied aspect and are not vegetation classification or survey) should be directed to our associate
journal, the Journal of Vegetation Science. Papers on the ecology of a single species can be considered
only if this species plays a key role in structuring plant communities. Papers based on remote sensing
and papers on ecosystem functions of vegetation can be considered if they focus on species or functional
diversity or composition of plant communities.

2. MANUSCRIPT CATEGORIES AND REQUIREMENTS
Article types

Research Article. This category includes description of vegetation patterns or processes, experiment,
simulation, theory, description of a new method, or any combination of those. The typical length of
ordinary papers is about 8-11 printed pages. The submission of longer papers can be accepted on the
basis of a sound explanation given in the cover letter. Shorter papers may be managed and published
faster. Vegetation classification and survey papers that need to include description of several vegetation
types can be longer. To estimate the article length, note that an average journal page with text only can
contain about 950 words. For instance, a manuscript with 7500 words and tables and figures fitting
together two A4 pages would use ten journal pages, which is fine for a Research Article. Within this
limit, authors are free to distribute the space among text and display items. Online supplementary files
may be used for less essential text, tables or figures.

Synthesis. Reviews of a topic that produce new ideas or conclusions (and are not merely summaries of
the previous literature) can be published as Syntheses, which may be longer than Research Articles, but
the length must be justified by the content of interest. Authors having ideas for potential Synthesis papers
can contact the Chief Editors to discuss the suitability of the topic.

Forum. Forum papers are essays with original ideas / speculations / well-sustained arguments, with no
new data. They usually contribute to free debate of current and sometimes controversial ideas in
vegetation science. They may include criticism of papers published in Applied Vegetation Science, or
(if interesting to our readers) of papers published elsewhere. An abstract is required, but otherwise the
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sectional format is flexible. The length of the Forum papers is normally 2—4 printed journal pages. The
submission of longer Forum papers can be accepted on the basis of a sound explanation given in the
cover letter. Forum papers, especially short ones, have high priority in publication.

Report. This article type can provide information on new tools, databases, software for vegetation
science or research initiatives. The length of the Report papers is normally 2—3 printed pages; additional
material can be put in electronic appendices. Longer Report papers can be accepted on the basis of a
sound explanation given in the cover letter.

Commentary. This article type provides a broader context to a Research Article published in the same
issue of the journal. Commentaries are solicited by the journal editors.

3. BEFORE SUBMISSION

Authors should kindly note that submission implies that the content has not been published or submitted
for publication elsewhere except as a brief abstract in the proceedings of a scientific meeting or
symposium. Prior posting of a manuscript on an online preprint archive such as ArXiv or bioRxiv is
acceptable, as is posting of the preprint on a private website or online publication as a component of a
thesis or dissertation. The journal does not consider for publication articles permanently posted in
preprint archives associated with specific journals.

Before submitting a paper, please read the 'Aims and Scope' and 'Manuscript Acceptance Criteria'
sections to find out whether the manuscript is potentially suitable for the journal.

Once the submission materials have been prepared in accordance with the Author Guidelines,
manuscripts should be submitted online at https://mc.manuscriptcentral.com/avsci

Click here for more details on how to use the ScholarOne manuscript submission system. If you need
help with submissions, please contact Ms. Karen Russell from the Editorial Office at
avsci@editorialoffice.co.uk

4., PREPARING THE SUBMISSION
Cover Letter

Cover letter is not mandatory; however, it may be supplied at the author’s discretion.
Manuscript formatting and style

. Parts of the manuscript. The manuscript should be submitted in separate files: (1) main text file
with embedded figures and tables; (2) supplementary information.

. Language. Manuscripts must be written in English (either British or American throughout).
They should be concise, because concise papers often make more impact on the reader.

. Formatting. Number all pages and all the lines continuously. Use a single-column format.

. Footnotes. Footnotes to the text are not allowed and any such material should be incorporated
into the text as parenthetical matter.

. Abbreviations: In general, terms should not be abbreviated unless they are used repeatedly and

the abbreviation is helpful to the reader. Initially, use the word in full, followed by the abbreviation in
parentheses. Thereafter use the abbreviation only. Country abbreviations are by two-letter code (but note
UK, not GB).

. Taxon nomenclature. Refer to a source for unified scientific nomenclature of plant taxa or
vegetation units (e.g. standard flora, checklist, vegetation monograph or a well-established online
database such as Euro+Med PlantBase or USDA Plants, with accession date) in Methods. Do not use
author citation for taxon names in the text unless it is really needed for disambiguation.

. Common plant names. Use scientific (not English) taxon names throughout the paper.
Exceptions are the well-known names of species that constitute dominants of the studied vegetation
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types, provided they are often mentioned in the text (e.g. oak, black spruce). Also for these species,
scientific name has to be given on the first mention.

. Units of measurement. Measurements should be given in SI or SI-derived units,g. mg.m-2.yr-1.
The time unit for contemporary phenomena can be 's', 'min’, 'hr', ‘week’, 'mo’ or 'yr'. For palaeo-time use
'ka' or 'Ma'; make always clear whether 14C years or calendar (calibrated) years BP (before present) are
used. Dates should be in the format: 2 Sep 2017, i.e. with the month as three letters. Months on their
own should be in full: September.

. Numbers. Numbers in the text of up to ten (integers) should be spelt out, e.g. ‘ten quadrats’,
‘five sampling times’; above ten in digits, e.g. ‘11 sampling times’. Exceptions are measurements with
a unit (8 g); age (6 weeks old), or lists with numbers higher than ten (11

oaks, 9 birches, 4 poplars). Use ".' for a decimal point. Thousands in large numbers (10 000 and higher)
should be indicated by a space, e.g. 10 000, but 2000.

. Symbols. Symbols for variables and parameters should be in italics (e.g. p for probability).
Main Text File

The information in the main text file should be presented in the following order:
1 Title;

2 A short running title of less than 40 characters;

3 The full names of the authors, possibly with ORCID codes;

4. The author's institutional affiliations;

5. Funding information

6 Abstract and keywords;

7 Main text;

8 Acknowledgements;

9 Author contributions (optional);

10. Data accessibility;

11. References;

12. Tables with legends;

13. Figures with legends;

14, Appendices (only for mathematical formulas or descriptions of new syntaxa; any other
appendices should be in electronic Supplementary Information).

Title

The title should be short and informative, containing major key words related to the content. The title
should not contain abbreviations and author names for scientific names of organisms. Use words rather
than symbols in the Title (and also in Abstract and Keywords), e.g. 'beta’ rather than 'p', in order to
ensure correct transfer to bibliographic databases.

The author's institutional affiliations

Follows the current format of the journal, e.g.:

Peter B. Bushl, George Smith2, E. Fred Wang2

1Department of Ecology, University of the South, Southend-on-Sea, UK
2Botany Department, Little Marsh University, Little Marsh, CA, USA
Correspondence

Fred Wang, Botany Department, Little Marsh University, Little Marsh, CA, USA.

Email: wang@little-marsh.edu
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Funding information

Provide funding information as a separate section to be placed in the left column on the first page of the
article. Indicate the names of the funding sources, each followed by brackets with grant codes and, if
necessary, with initials of the author who received this particular funding. Do not mention funding
information in the Acknowledgements section.

Abstract

The Abstract of a Research Article should be divided into the following named sections: 'Questions',
‘Location’, 'Methods', 'Results’, and 'Conclusions'. The first section should also briefly explain the
context and motivation of the study, before stating the questions; alternatively, this section can be called
'‘Aims' if it is not appropriate to start the Abstract with questions (e.g. in papers presenting new methods).
Section titles in singular (‘Question’, 'Aim") can be used if appropriate. The 'Location’ section is not used
in studies unrelated to a specific area. The 'Methods' section can be omitted in Synthesis papers. The
article types Forum, Report and Commentary use shorter abstracts not divided into sections. The
Abstract length should not exceed 300 words for Research Article and Synthesis papers, 200 words for
Forum and Report papers, and 60 words for Commentary papers. If possible, avoid using abbreviations
in the Abstract. Do not use references (except for Commentary papers) and authors of scientific names
of organisms in the Abstract.

Keywords

There should be 8-12 keywords, separated by commas. Keywords may be keyword phrases rather than
just single words. To optimize the article for search engines, the Keywords section may repeat the most
important words from the title (see Wiley's best practice SEO tips).

Main Text

The main text is typically divided into Introduction, Methods, Results, Discussion and (optionally)
Conclusions. Methods, Results and Discussion can be further divided into subsections. Introduction
should provide the broader context of the current study, briefly describe current state of knowledge,
explain why the topic of the paper is important or interesting, and end with questions, hypotheses or a
clear statement of the paper’s aims.

Acknowledgements

Contributions from anyone who is not an author of the paper should be mentioned, with permission from
the contributor. Financial and material support should be mentioned here only if more details are needed
than in the brief format used in the Funding section. Thanks to anonymous reviewers should be avoided.

Author contributions

In multi-author papers, the authors are encouraged to specify contributions of individual authors in a
concise statement, e.g.: A.B. conceived of the research idea; C.D. and E.F. collected data; A.B. and G.H.
performed statistical analyses; A.B., with contributions from C.D. and G.H., wrote the paper; all authors
discussed the results and commented on the manuscript.

Data accessibility

The authors should make a statement where the primary data, datasets prepared as a part of the study
and original program source codes are stored unless they are stored in Supporting Information related
to the paper.
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References should be prepared in the APA style, i.e. according to the Publication Manual of the
American Psychological Association (6th edition). For more information about APA referencing style,
please refer to the APA FAQ.

In-text citations should follow the author-date method. One work by one author should be cited as:
In a previous study (Smith, 1990), vegetation was sampled ...
In the study by Smith (1990), vegetation was sampled ...

When a work has two authors, cite both names every time you reference the work in the text. When a
work has three to five authors cite all the author names the first time the reference occurs and then
subsequently include only the first author followed by et al. For example:

First citation: Masserton, Slonowski, & Slowinski (1989) state that...
Subsequent citations: Masserton et al. (1989) state that...
For six or more authors, cite only the name of the first author followed by ‘et al. > and the year.

Unpublished sources should be indicated as ‘unpubl.’” or ‘pers. comm.’ (the latter with date and
description of the type of knowledge, e.g. ‘local farmer’). Submitted papers may be cited only if they
are in some journal's editorial process, and the reference will have to be removed if the item has not
been published (at least in early online view) by that journal by the time proofs are corrected for the
citing paper.

The References section should provide a complete reference list ordered alphabetically by name at the
end of the paper. For references with up to seven authors, all authors are listed. If there are eight or more
authors, only the first six and the last one are listed, while the others are replaced by °...”. Always give
the full name of the journals. Please note that for journal articles, issue numbers are not included unless
each issue in the volume begins with page 1, and a DOI should be provided for all references where
available.

Reference examples follow:

Journal article

. Wilson, J. B., Sykes, M. T., & Peet, R. K. (1995). Time and space in the community structure
of a species-rich limestone grassland. Journal of Vegetation Science, 6, 729-740. https://doi.org/
10.2307/3236444

Book

. van der Maarel, E., & Franklin, J. (Eds.) (2013). Vegetation Ecology (2nd ed.). Chichester, UK:
Wiley-Blackwell.

Book chapter

. Peet, R. K. (2000). Forests and meadows of the Rocky Mountains. In M. G. Barbour & W. D.

Billings (Eds.), North American terrestrial vegetation (2nd ed., pp. 75-122). Cambridge, UK:
Cambridge University Press.

Internet document

. Oksanen, J., Blanchet F. G., Friendly, M., Kindt, R., Legendre, P., McGlinn, D., ... Wagner, H.
(2017, December 17). Vegan: community ecology package. Version 2.4-5. Retrieved from https://cran.r-
project.org/web/packages/vegan/index.html

. Euro+Med (2017, December 17). Euro+Med PlantBase — the information resource for Euro-
Mediterranean plant diversity. Retrieved from http://ww2.bgbm.org/EuroPlusMed/query.asp
References in other languages than English

1. References in the languages that use the Latin alphabet are cited in the original language.
Optionally, titles of papers, book chapters of books can be followed by an English translation in square
brackets. Titles of the journals or books in the citations of book chapters are not translated. The use of
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translations should be consistent within each paper (e.g. for all citations in the paper, or all citations in
less known languages translated and all citations in widespread languages not translated).

Example:
. Mucina, L. (1985). Pouzivat’ ¢i nepouzivat’ Ellenbergove indika¢né hodnoty? Bioldgia, 40, 511—
516.
. Mucina, L. (1985). Pouzivat’ ¢i nepouzivat’ Ellenbergove indikacné hodnoty? [To use or not to

use Ellenberg's indicator values?]. Bioldgia, 40, 511-516.

2. References in the Cyrillic and Greek alphabets are cited in the original language but
transliterated to Latin alphabet. Optionally, titles of papers, book chapters of books can be followed by
an English translation in square brackets. Titles of the journals or books in the citations of book chapters
are not translated. At the end of the citation, the original language is indicated in square brackets.

Example:

. Kholod, S. S. (2007). Klassifikatsiya rastitel nosti ostrova Vrangelya. Rastitel'nost' Rossii, 11,
3-15. [In Russian.]

. Kholod, S. S. (2007). Klassifikatsiya rastitel nosti ostrova Vrangelya [Classification of Wrangel
Island vegetation]. Rastitel'nost' Rossii, 11, 3—15. [In Russian.]

3. References in the languages that use other alphabets than Latin, Cyrillic and Greek: Titles of
papers/chapters/books including book titles in the citations of chapters and also the titles of the journals
are translated to English. At the end of the citation, the original language is indicated in square brackets.

Example:

. Chiu, C.-A., Lin, H.-C., Liao, M.-C., Tseng, Y.-H., Ou, C.-H., Lu, K.-C., & Tzeng, H.-Y.
(2008). A physiognomic classification scheme of potential vegetation of Taiwan. Quarterly Journal of
Forest Research, 30: 89-112. [In Chinese.]

Tables

Tables should be self-contained and complement, not duplicate, information contained in the text or
figures. They should be supplied in editable format embedded in the main text file, not pasted as images.
Please avoid using vertical lines in the tables. If some part of the table needs to be highlighted (e.g.
groups of important species), use background shading (not framing or boldface). For large tables with
many empty cells, fill the empty cells with dots to facilitate reading.

The legend of each table should be above the table on the same page. Legends should be concise but
comprehensive — the table, legend, and footnotes must be understandable without reference to the text.
The first sentence of the legend should comprise a short title for the table. Units should appear in
parentheses in the column headings, not in the body of the table.

Figures

Figures in the submitted manuscript should be embedded in the main text file and supplied at the size at
which they are intended to be printed: either one-column or full-page width, with all details readable at
this size. Any unnecessary lines (e.g. frames around the graph) should be avoided.

The definitions of symbols and lines should be given as a visual key on the figure itself, not as a word
key (e.g. 'solid bars', 'open circle', 'dashed line") in the legend. Sub-graphs within one figure should be
headed with a lowercase letter and a brief heading. Wherever space allows, full labels instead of
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abbreviations should be used in the figures; otherwise abbreviations should be explained in the caption.
Sans-serif fonts should be used in figures. Scale bars should be given on maps and microphotographs.

Figures submitted in colour may be reproduced in colour online free of charge, while published in black
and white in the printed journal version. If this option is selected, please make sure that the figure content
is still legible if printed in black and white. See the paragraph “Publication Charges for Colour Figures”
below.

Figure legends should be included within the manuscript text file on the same page as the figure to which
they refer, to ease the reading by editors and referees. The legend should contain sufficient information
for the figure to be understood without reference to the text of the paper. The first sentence of the legend
should comprise a short title for the figure.

The resolution and visual clarity of the images submitted for final publication should be high to achieve
best result in printed and electronic version of the article. Click here for the post-acceptance figure
requirements.

Printed Appendices

Printed appendices can only be used for more extensive materials containing mathematical formuls or
for descriptions of new syntaxa following the International Code of Phytosociological Nomenclature.
Appendices have to be referred to in the text. Any other appendices should be included in electronic
Supporting Information.

Supporting Information

Supporting Information is information that is not essential to the article, but provides greater depth and
background. It is hosted online and appears without editing or typesetting. It may include tables, figures,
extra photographs, datasets, calculation examples, computer program source codes, etc. This material
will not appear in the printed paper, but will be freely available in the Wiley Online Library. Click here
for Wiley’s FAQs on supporting information.

Individual items of Supporting Information (electronic appendices) are called Appendix S1, Appendix
S2 and all of them must be referred from the main text. Each electronic appendix should start with a
reference to the original paper, followed by a detailed appendix caption, for example:

Supporting Information to the paper Smith, W. R. Assembly rules in a tropical rain forest of central
Amazonia. Journal of Vegetation Science.

Appendix S1. A list of palm species recorded in the study area.

All PDF files in electronic appendices should, so far as is practicable, should be prepared in a similar
style to the printed/PDF issues of the journal, using similar font types and sizes. Please use our Microsoft
Word template file for electronic appendices.

Electronic appendices with written text and short tables should be in PDF. Large tables of raw data that
the reader might wish to use, as well as computer program codes, should be in plain text (TXT or CSV)
format. Figures and photographs should be embedded in PDF files including captions. Groups of related
items (e.g. a set of tables, figures or photographs) should be included in a single appendix.

A list of all appendices with shortened captions must be provided at the end of the paper (after the
References section), e.g. ‘Appendix 2. Photographs of the main types of deciduous forest in the study
area’. These shortened captions should not include detailed technical explanations, which should only
appear in the captions within electronic appendices.
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Supplementary Information should be submitted for review with the first version of the manuscript, but
uploaded as a separate file.

If data, scripts, or other artefacts used to generate the analyses presented in the paper are available via a
publicly available data repository, authors should include a reference to the location of the material
within their paper.

Graphical Table of Contents

The journal’s table of contents will be presented in graphical form with a brief abstract. The table of
contents entry must include the article title, the authors' names (with the corresponding author indicated
by an asterisk), no more than 80 words or three sentences of text summarizing the key findings presented
in the paper and a figure that best represents the scope of the paper. Table of contents entries should be
submitted to Scholar One in one of the generic file formats and uploaded as ‘Supplementary material
for review’ with the first revision of the paper (they do not need to be included in the first submission
of the manuscript). The image supplied should fit within the dimensions of 50mm x 60mm, and be fully
legible at this size.

Cover images

Electronic artwork/original photographs of high quality suitable for the journal cover are welcome.
Potential cover images should be submitted to the Editorial Office (jvsci@editorialoffice.co.uk) after
paper acceptance. Images should be accompanied by a caption and include the name of the photographer
or artist. Images should be related to accepted papers. They can be identical with those used in the paper
or submitted for online Supporting Information, but they can be also different. Contributors are required
to assign copyright of photographs to the International Association for Vegetation Science by UK law.

Special guidelines for vegetation classification papers

In the section Vegetation Survey, Applied Vegetation Science publishes, inter alia, papers on vegetation
classification of plant communities based on species composition. For inclusion, such papers should be
of general interest to the journal’s international readership. They should:

. contain a synthetic, comparative treatment of the selected vegetation type over a large area,
based on a large comprehensive data set (international studies are particularly welcome), or

. describe vegetation which is unique for biogeographical reasons, or has a particularly interesting
ecology, and has been hardly ever described before, or

. apply a new method of data analysis, or evaluate the performance of such a method, or compare
different methods or approaches, or

. describe new applications of vegetation classification, e. g., for conservation management and
other applied approaches.

Methodological approach. Vegetation classification studies should clearly delimit the target vegetation
type, describe the methods of data sampling, or data selection from databases, and formally describe
each step of the classification process, in order to make the process of sampling (or data compilation)
and classification repeatable by other researchers. If classification is based on expert judgement,
unequivocal a posteriori criteria for assignment of vegetation samples to community types must be
given.

Data presentation. Plant community types described in the vegetation classification papers should be
documented by comparative tables with species abundance or frequency data and relevant
environmental variables, provided in electronic appendices. The printed version of the papers should
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only contain summarized versions of them, e.g. graphs or shortened versions of the most important
tables of species composition. Printed tables should normally occupy up to two printed pages, possibly
three pages if there are many vegetation types or very species-rich vegetation types. Tables with species
constancy (frequency) should contain percentages (not constancy classes). Species in these tables should
be sorted to indicate the floristic differentiation of community types. Differentiation criteria and
thresholds used for structuring the tables and defining diagnostic/character/differential/indicator species
should be formally described and strictly followed. Textual description of community types should be
as concise as possible and should not repeat information contained in the tables.

Photographs. Vegetation classification papers may also contain photographs of representative stands for
particular community types dealt with, arranged as plates with multiple panels, typically one panel for
each community type. One journal page with photographs of vegetation types can be included in the
printed version; more photographs can be included free of charge in electronic appendices.

Nomenclature of community types. Nomenclature of community types should be internally consistent,
typically following regional tradition. If the formal nomenclature of the Braun-Blanquet approach is
used, the rules of the current version of the International Code of Phytosociological Nomenclature
should be adhered to. If new syntaxa are published according to the Code, nomenclature types should
be included in a printed appendix. (Purely nomenclatural papers do not fall within the scope of the
journal.)

Wiley Author Resources

Manuscript Preparation Tips: Wiley has a range of resources for authors preparing manuscripts for
submission available here. In particular, we encourage authors to consult Wiley’s best practice tips on
Writing for Search Engine Optimization.

Editing, Translation, and Formatting Support: Wiley Editing Services can greatly improve the chances
of a manuscript being accepted. Offering expert help in English language editing, translation, manuscript
formatting, and figure preparation, Wiley Editing Services ensures that the manuscript is ready for
submission. Note that these paid services are entirely independent of the work of journal editors.

Video Abstracts

A video abstract can be a quick way to make the message of your research accessible to a much larger
audience. Wiley and its partner Research Square offer a service of professionally produced video
abstracts, available to authors of articles accepted in this journal. You can learn more about this paid
service by clicking here. If you have any questions, please direct them to videoabstracts@wiley.com.

5. EDITORIAL POLICIES AND ETHICAL CONSIDERATIONS
Manuscript Acceptance Criteria

The acceptance criteria for all papers are the quality and originality of the research and its significance
to journal readers. To be acceptable, a paper must be of interest to an international readership, even if
its immediate scope is local. A paper can be interesting by doing one or more of the following things:

. Developing new concepts in understanding vegetation;

. Testing concepts applicable to all plant communities;

. Adding a particularly well-executed empirical example that is part of a growing literature on a
general conceptual issue;

. Representing a particularly interesting combination of models, observational data and

experiments;
. Demonstrating a new and generally useful method;
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. Presenting a particularly exemplary or thorough analysis, even if the concepts and methods are
not novel, so long as it represents the state of the art in methods and presents a critical and definitive test
for an interesting hypothesis.

Peer Review

The journal uses a single-blind peer review procedure. Papers will only be sent to review if the Chief
Editor determines that the paper is within the scope of the journal (e.g. it deals with plant communities
or multispecies plant assemblages, not with single species) and meets the appropriate quality and
relevance requirements. If so, one of the Associate Editors will be selected as Co-ordinating Editor to
consider the submitted manuscript further, invite referees if appropriate, and make final decision on
acceptance. If your paper is not assigned to a Co-ordinating Editor, you will be advised by email, usually
within five days of submission. Wiley's policy on the confidentiality of the review process is available
here.
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Authors will be asked to provide a conflict of interest statement during the submission process.
Submitting authors should ensure they liaise with all co-authors to confirm agreement with the final
statement. Any interest or relationship, financial or otherwise that might be perceived as influencing an
author's objectivity is considered a potential source of conflict of interest. These must be disclosed when
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Authors should list all funding sources in the Funding section. Authors are responsible for the accuracy
of their funder designation. If in doubt, please check the Open Funder Registry for the correct
nomenclature: https://www.crossref.org/services/funder-registry/

Authorship

The list of authors should accurately illustrate who contributed to the work and how. All those listed as
authors should qualify for authorship according to the following criteria:

1. Have made substantial contributions to conception and design, or acquisition of data, or analysis
and interpretation of data; and

2. Been involved in drafting the manuscript or revising it critically for important intellectual
content; and

3. Given final approval of the version to be published; and

4, Have participated sufficiently in the work to take public responsibility for appropriate portions
of the content; and

5. Agreed to be accountable for all aspects of the work in ensuring that questions related to the

accuracy or integrity of any part of the work are appropriately investigated and resolved.

Contributions from anyone who does not meet the criteria for authorship should be listed, with
permission from the contributor, in the Acknowledgements section (for example, to recognize
contributions from people who provided technical help, collation of data, writing assistance, acquisition
of funding, or a department chairperson who provided general support). Prior to submitting the article
all authors should agree on the order in which their names will be listed in the manuscript.
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Data Sharing and Data Accessibility

The journal expects that data supporting the results in the paper will be archived in an appropriate public
repository or in Supplementary Information related to the paper. Whenever possible the scripts and other
artefacts used to generate the analyses presented in the paper should also be publicly archived.
Exceptions may be granted at the discretion of the editor for sensitive information such as the location
of endangered species. Authors are expected to provide a data accessibility statement, including a link
to the repository they have used, to accompany their paper.

Journal's policy on criticism

If a paper (Forum or otherwise) has a major element criticizing a particular paper or body of work of
(an)other scientist(s), the latter will be invited to comment on the manuscript (doing this does not prevent
the criticized scientist(s) from writing a reply). However, those comments will be taken in context, and
in addition there will be one or two referees who are outside the controversy. The author who has been
criticized will be offered a right of reply in the same journal issue, so long as the reply is received before
an indicated deadline, typically four weeks from acceptance of the criticism, especially since the
criticized author will already have seen the criticism. The reply will be refereed. It will be sent to the
author of the original criticism, to check there is nothing unreasonable or offensive. The criticizing
authors have no automatic right of further responses, but the editor may allow this. The sequence will
normally finish with the author(s) of the originally criticized paper, or when the participant next due to
submit does not do so, or submits a paper that says nothing that is both new and valid as judged by
referees. Such further responses will normally be published in a later issue. The editor will ensure that
the process is fair to all concerned, and that the readers of the journal can evaluate both sides and make
their own decision.

Errata

An author may of their own initiative submit an erratum note for an error in his/her paper previously
published in Applied Vegetation Science that is likely to mislead readers. If a paper is submitted that
contains only a correction for a simple error in a paper published by another author, but one that is likely
to mislead readers, though it does not appear to affect the results (e.g. it is an error in a formula but the
correct formula was used in the original calculations), the original author will be offered the opportunity
to submit an erratum with an acknowledgement to the author who pointed it out. This erratum will be
published in place of the submitted critical paper.

Publication Ethics

This journal is a member of the Committee on Publication Ethics (COPE). Note this journal uses
iThenticate’s CrossCheck software to detect instances of overlapping and similar text in submitted
manuscripts. Read Wiley’s Top 10 Publishing Ethics Tips for Authors here. Wiley’s Publication Ethics
Guidelines can be found here.

ORCID

As part of the journal’s commitment to supporting authors at every step of the publishing process, the
journal requires the submitting author (only) to provide an ORCID ID when submitting a manuscript.
This takes around 2 minutes to complete. Other authors are encouraged (but not required) to provide
their ORCID IDs. Find more information here.

6. AUTHOR LICENSING

If a paper is accepted for publication, the author identified as the formal corresponding author will
receive an email prompting them to log in to Author Services, where via the Wiley Author Licensing
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Service (WALS) they will be required to complete a copyright license agreement on behalf of all authors
of the paper.

Authors may choose to publish under the terms of the journal’s standard copyright agreement, or
OnlineOpen under the terms of a Creative Commons License.

General information regarding licensing and copyright is available here. To review the Creative
Commons License options offered under OnlineOpen, please click here. (Note that certain funders
mandate a particular type of CC license be used; to check this please click here.)

Self-Archiving Definitions and Policies: Note that the journal’s standard copyright agreement allows
for self-archiving of different versions of the article under specific conditions. Please click here for more
detailed information about self-archiving definitions and policies.

Open Access fees: Authors who choose to publish using OnlineOpen will be charged a fee. A list of
Article Publication Charges for Wiley journals is available here.

Funder Open Access: Please click here for more information on Wiley’s compliance with specific
Funder Open Access Policies.

7. PUBLICATION PROCESS AFTER ACCEPTANCE
Accepted Article Received in Production

When an accepted article is received by Wiley’s production team, the corresponding author will receive
an email asking them to login or register with Wiley Author Services. The author will be asked to sign
a publication license at this point.

Accepted Articles

The journal offers Wiley’s Accepted Articles service for all manuscripts. This service ensures that
accepted ‘in press’ manuscripts are published online shortly after acceptance, prior to copy-editing or
typesetting. Accepted Articles are published online a few days after final acceptance, appear in PDF
format only, and are given a Digital Object Identifier (DOI), which allows them to be cited and tracked.
After publication of the final version article (the article of record), the DOI remains valid and can still
be used to cite and access the article.

Proofs

Once the paper is typeset, the author will receive an email notification with full instructions on how to
provide proof corrections. Please note that the author is responsible for all statements made in their
work, including changes made during the editorial process — authors should check proofs carefully. Note
that proofs should be returned within 48 hours from receipt of first proof.

Publication Charges for Colour Figures

Color figures may be published online free of charge; however, the journal charges for publishing figures
in colour in print. If the authors supply colour figures, they will be sent a Colour Work Agreement once
the accepted paper moves to the production process. If the Colour Work Agreement is not returned by
the specified date, figures will be converted to black and white for print publication. If the content of
figures is not readable after the black-and-white conversion, the paper will not be published until the
authors provide readable black-and-white version or pay charges for colour print.

Early View
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The journal offers rapid publication via Wiley’s Early View service. Early View articles are edited and
typeset articles published on Wiley Online Library before inclusion in an issue. Note there may be a
delay after corrections are received before the article appears online, as Editors also need to review
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