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RESUMO

O objetivo dessa pesquisa foi investigar quais os fatores ambientais mais contribuem
para determinar o padrao de composi¢ao e riqueza de samambaias e licofitas ocorrentes
nas Florestas Serranas do Nordeste ao Norte do rio Sdo Francisco. Além disso, foi
investigado se essas formacdes florestais apresentam evidéncias de refiigios de
diversidade para esses grupos de plantas. Foram avaliadas as variagdes nas riquezas e
composi¢des de samambaias e licofitas (epifitas e terrestres) relacionadas a atributos
fisicos de 28 fragmentos florestais. A riqueza foi avaliada através de andlises de
regressoes multiplas e Anova dois-fatores, e para a composicao foi aplicada uma analise
de correspondéncia candnica. Para detectar evidéncias de refugios, 28 fragmentos de
Florestas Serranas tiveram os seus residuos das analises de regressao da relagao espécie-
area comparados com os residuos de 23 fragmentos de Florestas de Terras Baixas.
Foram registradas 273 espécies de samambaias e licofitas, sendo a riqueza e a
composicao influenciadas pelo tamanho do fragmento, precipitacdo sazonal e tipo
florestal. Foi verificada uma forte correlagao entre as condigdes ambientais e a distancia
geografica, mas a distancia geografica mostrou fraco efeito sobre a similaridade
floristica. As Florestas Serranas apresentaram residuos com valores maiores € positivos
com mais frequéncia que os residuos observados para as Florestas de Terras Baixas.
Isso indica uma riqueza maior que a esperada pela relagdo espécie-area. A interacao
entre fatores climaticos, tipo florestal e tamanho do fragmento sdo determinantes para as
condi¢des microclimaticas das areas estudadas e o papel do ambiente ¢ provavelmente
mais restritivo que qualquer processo de dispersdo ou flutuagdes aleatorias, indicando o
determinismo ambiental como atuante na distribuicdo das samambaias e licofitas nas
Florestas Serranas. Além disso, os resultados trazem evidéncias de que as Florestas
Serranas podem ser refugios de diversidade de samambaias e licofitas e compdem um
elemento de grande relevancia para a manuten¢do da diversidade desses grupos na
Floresta Atlantica Nordestina. Nesse sentido, as estratégias de conservagao precisam ser
de abrangéncia regional, devido a existéncia de complementaridade entre as

composigdes de espécies ocorrentes nas Florestas Serranas.

Palavras-chave: Plantas vasculares sem sementes, florestas tropicais imidas, ecologia

vegetal, refugios de diversidade, determinismo ambiental, conservacao de criptdégamos.
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ABSTRACT

The aim of this study was to investigate which environmental variables most contribute
to shaping the pattern of species diversity and composition of seedless vascular-plant in
the rain montane forests in Northeast Brazil. Moreover, we investigated evidence that
montane rainforests are diversity refuges for seedless vascular plant. We analysed the
variation of the richness and composition of seedless vascular-plants (terrestrials and
epiphytes) related to environmental attributes in 28 forest fragments. For richness a
multiple regression and Two-Way ANOVA tests were carried out. A canonical
correspondence analysis (CCA) was used to examine the composition variation. For to
investigate refuges evidences, 28 forest fragments had their residuals of regression
analyzes of species-area relationship compared with residuals of 23 fragments of
lowland forests. Were found 273 seedless vascular-plant species, being the richness and
composition species correlated with fragment size, precipitation seasonality and forest
type. There was a significant correlation between environmental conditions with
geographic distance. But geographic distance showed weak effect on the similarity of
floristic composition. The montane forests showed higher and positives residuals than
lowland forests. This fact indicates greatest richness than to expect by specie-area
relationship. The interaction between climatic factors, forest type and fragment size
seem to be determinant to microclimatic conditions of the studies sites and the role of
the environment is probably more restrictive than any dispersion processes or random
fluctuations due to chance, indicating a consistent role for environmental determinism
of seedless vascular-plant distributions across spatial scales. Moreover, the results
provide evidence that montane forests can be diversity refuges diversity for ferns and
lycophytes and comprise an element of great importance to maintaining the diversity of
these plant groups in the Northeast Atlantic Forest. Thus, conservation strategies need
to be regional in scope, due to the existence of complementarity between the

compositions of species occurring in montane forests.

Key-words: seedless vascular-plants, Tropical rain forest, plant ecology, diversity

refuges, environmental determinism, cryptogams conservation
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APRESENTACAO

As samambaias e licofitas constituem um grupo parafilético anteriormente
tratadas como um s6 grupo vegetal: as pteridofitas. Sao plantas com representatividade
relevante, estimando-se o total de espécies no mundo como sendo 12.240 para
samambaias e 1.300 licofitas (Moran 2008). Cerca de 3.250 espécies de samambaias e
licofitas ocorrem na América do Sul (Moran 2008), onde, segundo Prado & Sylvestre
(2010), compilagoes de dados recentes indicam o registro de 1.053 espécies de
samambaias e 123 espécies de licofitas para o Brasil, com 450 espécies endémicas deste
pais.

Essas plantas ocorrem em todo o mundo, podendo ser encontradas nas latitudes
correspondentes as regides subtropicais e temperadas, até préximo aos circulos polares
(Windisch 1992). Apesar de cosmopolitas, as samambaias ilustram bem o Gradiente
Latitudinal da Diversidade Bioldgica, apresentando aumento da diversidade especifica
nas regides em dire¢do aos tropicos (Moran 2002).

Cerca de 12% das samambaias e licofitas podem ser encontradas em territorio
brasileiro, sendo o principal ecossistema de ocorréncia dessas espécies a Floresta
Atlantica (Prado & Sylvestre 2010), um dos oito hotspots de diversidade bioldgica mais
ricos e ameagados do planeta (Myers et al. 2000). Na Floresta Atlantica Nordestina,
Santiago (2006) estimou a ocorréncia de aproximadamente 233 espécies, com a
presenca de duas espécies endémicas desta regido.

No Nordeste brasileiro, a flora pteridofitica tem sido estudada principalmente em
Pernambuco, Alagoas, Ceard e Bahia, onde se percebe uma significativa diversidade,
principalmente nas Florestas Montanas que existem na regiao.

Samambaias e licofitas sdo bem documentadas como eficientes indicadoras de
ambiente (Page 1979; Marquez et al. 2001; Guo et al. 2003). Esses grupos de plantas
apresentam uma intima relacdo com os fatores fisicos do ambiente onde vivem, sendo
comumente associados a qualidade ambiental, como boas indicadoras de solo, clima e
topografia. Essa caracteristica bioindicadora, especialmente das samambaias e licofitas
epifitas, ¢ atribuida a dependéncia direta aos fatores abioticos, sendo grupos vegetais
independentes de vetores bioldgicos para sua reproducdo e capazes de se dispersar por
longas distancias (Kessler 2001; Lehmann et al. 2002; Ferrer-Castan & Vetaas 2005;
Bickford & Laffan 2006; Arcand & Ranker 2008).
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Diante disso, esta pesquisa tem se proposto a utilizar esses grupos vegetais para
identificar padrdes de respostas a gradientes fisicos, assim como para contribuir com o
conhecimento da dindmica das Florestas Serranas do Nordeste do Brasil. A Tese ¢
composta por dois capitulos: O primeiro aborda a identificacdo de padrdes de riqueza e
composi¢ao das samambaias e licéfitas ao longo de um gradiente regional de mudancas
fisicas. Explora o potencial desses grupos em responder as variagdes de clima, solo, tipo
florestal e area. O segundo capitulo evidencia a funcionalidade das Florestas Serranas
como refugios do Pleistoceno com direcionamento conservacionista para os grupos
biologicos e, consequentemente, para essas formagdes vegetais regionalmente tao

importantes para o contexto historico, biologico e de qualidade de vida.

FUNDAMENTACAO TEORICA

Dados floristicos de samambaias e licofitas em Florestas Serranas do Nordeste do Brasil

Existem poucos grupos de pesquisa que trabalham levantando informagdes a
respeito da flora de samambaias e licofitas na regido Nordeste do Brasil. Como
consequéncia, existe uma assimetria na distribuicdo de dados por Estado na regido.
Dentre os cinco Estados nordestinos, ao Norte do Rio Sao Francisco, que possuem
remanescentes de Floresta Atlantica, o estudo das samambaias do Rio Grande do Norte
¢ o mais deficiente em informagdes, Pernambuco destaca-se como o mais representativo
em numero de trabalhos especificos, enquanto Paraiba, Alagoas e Ceara possuem
poucos trabalhos (Santiago 2006).

Na Paraiba, Pernambuco e Ceara, muitos dos estudos floristicos com
samambaias e licofitas foram desenvolvidos nos remanescentes de Florestas Serranas,
principalmente de cunho floristico. As Florestas Serranas destacam-se como uma das
fisionomias de Floresta Atlantica mais estudadas no Nordeste, tanto devido ao seu
historico de formagdo quanto pela diversidade dos mais variados grupos de organismos.
Entre os pesquisadores que deram inicio aos estudos com essas formagdes
vegetacionais, vale mencionar Dardano de Andrade-Lima que desenvolveu estudos com
abordagens floristicas, ecoldgicas, fitofisiondmicas e fitogeograficas (Andrade-Lima
1960, 1966, 1970, 1982).

Brade (1940) foi um dos pioneiros em levantamentos floristicos na regido
Norddeste, reunindo consideravel nimero de espécies de samambaias e licofitas. O

autor estudou as espécies ocorrentes na Serra do Baturité, no Ceard, onde registrou 67
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espécies, distribuidas em oito familias. O autor comentou que a serra possuia uma flora
extraordinariamente rica e apresentava uma vegetacdo de carater higrofilo, constituindo
uma verdadeira ilha de diversidade no meio da regido, extremamente seca.

Pontual (1969) fez um levantamento das espécies ocorrentes em oito municipios
(Recife, Cabo de Santo Agostinho, Escada, Frexeiras, Rio Formoso, Brejo da Madre de
Deus, Vicéncia e Taquaritinga do Norte), trés deles de Florestas Serranas (Frexeiras,
Brejo da Madre de Deus e Taquaritinga do Norte), apresentando uma lista de 158
espécies de samambaias e licofitas. Paula (1993) aprofundou informagdes sobre a
riqueza e a taxonomia das espécies de samambaias e licofitas ocorrentes em Baturité,
dando maior énfase aos municipios de Guaramiranga e Pacoti. Identificou 86 espécies,
sendo seis novas referéncias para o Nordeste do Brasil e oito novas referéncias para o
Cearad. As familias com maiores representatividades especificas foram: Pteridaceae
(30,4%), Polypodiaceae (13%) e Aspleniaceae (11,9%). Foram apresentadas chaves
para familias, géneros e espécies, além de comentérios sobre a ecologia e a distribuicdo
geografica dos taxons. Mais tarde, a mesma autora (Paula-Zarate 2004) retomou os
estudos aumentando para 143 o numero de espécies ocorrentes na Serra do Baturité.

Ainda no Ceara, Conde (1999) determinou a floristica das samambaias e
licofitas do municipio de Pacatuba, em regido pertencente a Serra de Aratanha, e citou a
ocorréncia de 34 espécies. O autor ja chamava a atengdo para o grau de impacto
ambiental que a regido apresentava. Um ano depois, Lopes (2000) estudou a mesma
regido, acrescentando areas da Serra de Maranguape, e registrou 66 espécies,
distribuidas em 40 géneros e 19 familias, sendo a familia Dryopteridaceaec a mais
representativa (12 spp.). Enfatizou a presenca de elementos das Florestas Atlantica e
Amazonica e indicou a presenca de sete novas referéncias para o Nordeste.

Em Pernambuco, Santos & Barros (1999) estudaram fragmentos florestais do
Bituri Grande, no municipio de Brejo da Madre de Deus, registraram 35 espécies e trés
variedades, distribuidas em 11 familias, sendo Polypodiaceae a mais representativa,
com nove espécies. O trabalho apresentou cinco novas referéncias a nivel especifico
para o Estado, e uma a nivel genérico (Hymenophyllum J.Sm.).

Pietrobom & Barros (2003) realizaram levantamento das samambaias ocorrentes
na Mata do Estado, municipio de Sao Vicente Férrer em Pernambuco e registraram 17
familias, 38 géneros e 64 espécies, das quais 14 foram novas referéncias para o Estado e
duas para o Nordeste. Os autores afirmam que a riqueza das samambaias parece estar

relacionada a um gradiente de umidade existente no remanescente florestal, onde os
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fatores ambientais, como a altitude e o regime de chuvas tém importancia fundamental
para a vegetacao local.

No mesmo ano, Lopes (2003) trabalhou no municipio de Jaqueira, Pernambuco,
realizando um levantamento de 138 espécies, das quais abordou a distribuicao
altitudinal e ecologia. J& Luna (2003) analisou um fragmento de Floresta Serrana no
municipio de Bonito e revelou a ocorréncia de 57 espécies, distribuidas em 31 géneros e
14 familias. As familias com maior numero de tédxons foram Pteridaceae e
Polypodiaceae, sendo os géneros mais representativos Adiantum L. e Thelypteris Schm.

Xavier & Barros (2003) estudaram as samambaias e licofitas ocorrentes na Serra
Negra de Bezerros em Pernambuco e registraram 32 espécies para os Sitios Vertentes e
Freixeiras, destacando-se a familia Polypodiaceae e os géneros Microgramma C. Presl.
e Asplenium L. Os aspectos ecologicos das espécies também foram abordados, tendo
predominado o habitat rupicola, o habito herbaceo, o tipo de ambiente mesoéfilo, a forma
de vida hemicriptofita e os afloramentos rochosos como ambientes preferenciais.

Santiago et al. (2004) realizaram estudo em trés fragmentos de Florestas
Serranas no municipio de Bonito (Pernambuco), registrando 91 espécies e duas
variedades, das quais sete ndo haviam sido referidas para a regidao Nordeste e 12 para o
Estado. As familias mais representativas foram Polypodiaceae, Thelypteridaceae e
Pteridaceae. O género Thelypteris Schm. apresentou o maior nimero de espécies,
seguido por Asplenium L.. Com relagao aos aspectos ecologicos, a maioria das espécies
foi herbacea, terricola e hemicriptofita, e de ocorréncia no interior da mata.

Também em Bonito, Lira (2004) realizou um levantamento da flora de
samambaias das Matas da Azuada, Engenho Verdinho e Barra Azul e indicou a
ocorréncia de 73 espécies, distribuidas em 41 géneros e 14 familias. As familias mais
representativas foram Polypodiaceae, Dryopteridaceaec e Pteridaceae. O género
Thelypteris Schm. apresentou o maior nimero de espécies, seguido por Polypodium L.
Os aspectos ecologicos das espécies também foram abordados, predominando o habitat
terricola, o habito herbaceo, a forma de vida hemicriptofita, ocorrendo
preferencialmente no interior da mata.

Xavier & Barros (2005) registraram a ocorréncia de 66 espécies de samambaias
e licofitas distribuidas em 29 géneros e 13 familias, sendo a familia Pteridaceae a mais
representativa, no Parque Ecoldgico Jodo Vasconcelos Sobrinho, em Caruaru,

Pernambuco e abordaram, também, aspectos ecoldgicos dos dois grupos, observando o
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predominio de espécies herbaceas, hemicriptofitas, terricolas, ciofilas e de interior de
mata.

Na Paraiba, sdo poucos os estudos floristicos com samambaias e licofitas. Em
relacdo a levantamentos floristicos realizados em Florestas Serranas, pode ser citado o
trabalho de Braga (2010), na Mata de Goiamunduba, do municipio de Bananeiras, onde
foi registrada a ocorréncia de 19 espécies, sendo as familias mais representativas
Pteridaceae e Thelypteridaceae. O trabalho de Barros (2013) citou 28 espécies na Mata
do Pau-Ferro, municipio de Areia, sendo as familias mais representativas Pteridaceae e
Polypodiaceae.

No que diz respeito a Floresta Atlantica ao norte do Rio Sao Francisco, Santiago
(2006) tragou um panorama das samambaias e licofitas e observou o registro de 254
espécies e cinco variedades. O autor destacou a grande representatividade de
samambaias e licofitas em Florestas Serranas em Pernambuco, que apresentaram 66
espécies exclusivas, quando comparadas as Florestas de Terras Baixas da mesma regido.
Ressaltou também que 25% das espécies encontradas no Nordeste sdo raras e, em

Pernambuco, um tergo das espécies estdo ameagadas de extingao.
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Ecologia de samambaias e licofitas: respostas a fatores fisicos e gradientes ambientais

As samambaias e licofitas apresentam uma longa historia evolutiva, sendo
principalmente associadas as baixas latitudes e condigdes umidas dos tropicos e
subtropicos (Smith 1972; Parris 1985). Dada a necessidade da agua para os gametofitos
completar sua fertilizagao (Page 2002) e os elementos traquedfitos simples que esses
grupos apresentam (Sharma 1988), ndo ¢ de se estranhar que samambaias e licofitas
tenham distribuicdo associada a disponibilidade hidrica. Entretanto, existe um debate
constante entre pesquisadores sobre a importancia dos fatores abioticos e da dispersao
para a distribui¢do de espécies de samambaias e licofitas (Tuomisto et al. 2003).

Nesse sentido, Karst et al. (2005) confrontaram as caracteristicas ambientais
abioticas contra a dispersdo para investigar o papel desses fatores sobre a assembleia de
comunidades de samambaias em Québec, Canada. Dois niveis de escala foram
definidos: escala intermediaria (135-3515 m) e fina escala (4-134 m), e foram
examinadas as correlacdes entre a localizacdo geografica dos pontos de amostragem, os
fatores abidticos e a composicdo de samambaias. Verificaram que a distribuicdo de
samambaias estava associada ao gradiente de umidade do solo em ambas as escalas
espaciais. Em escalas intermedidrias, o ambiente fisico teve papel dominante sobre o
padrdo de distribuicdo; ja em escalas finas, foi dificil dissociar as contribui¢des
ambientais e da dispersdo devido a forte autocorrelagao espacial no ambiente fisico. Os
autores destacam que em escalas finas existe uma convergéncia entre os pressupostos da
teoria neutra (fundamentada no limite de dispersdo) e da teoria de nicho (enraizada na
adaptacdo ambiental) e sugeriram a relevancia do desenvolvimento de uma teoria que
considere os efeitos conjuntos do determinismo ambiental e da dispersdo na distribui¢ao
e abundancia de espécies de plantas.

Explicacdes tradicionais para a distribui¢do de plantas tém assumido que as
diferengas interespecificas nos requerimentos de nicho enfatizam o papel do meio
abidtico nos padrdes de distribuicdo de espécies (Whittaker 1967; Silvertown et al.
1999; McKane et al. 2002; Potts et al. 2004). Para samambaias e licofitas esse
argumento tem se tornado cada vez comum, devido a algumas caracteristicas
compartilhadas entre esses dois grupos: ambos apresentam grande capacidade de
dispersdo, por esporos pequenos e leves, aptos a viajarem por longas distancias; sdo
independentes de qualquer vetor bioldgico para a reproducdo; e apresentam um
conjunto de adaptagdes ecofisiologicas especificas aos habitas de ocorréncias (Tryon

1972; Barrington 1993).
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Essas caracteristicas tornam as espécies desses grupos intimamente relacionadas
aos fatores fisico-ambientais e tém despertado o interesse da comunidade cientifica em
entender como a dindmica biologica das samambaias e licofitas se comporta frente as
condi¢des ambientais. Richard et al. (2000) afirmaram que a atual distribuicdo da
maioria das espécies de samambaias parece ser altamente influenciada pelos fatores
fisicos do ambiente. J4 Karst et al. (2005) e Cardenas et al. (2007) afirmaram que
samambaias e licofitas servem como boas ferramentas para investigar a influéncia do
meio abiodtico sobre riqueza e distribui¢do de espécies. Inclusive, de acordo com Moran
(2002), diversidade de habitats, elevacao, neblina, precipitagdo, temperatura, exposicao,
sazonalidade e solo explicam a riqueza e a distribui¢do desses dois grupos de plantas
nos ambientes.

Ja Barrington (1993) citou que a riqueza de samambaias ¢ alta nos tropicos
devido a um conjunto de condi¢des que incluem a estabilidade de longa data, a grande
variagdo altitudinal, o baixo déficit de pressdo de vapor e uma vasta gama de
microhabitats terrestres e epifitos que promovem condigdes ideais para
desenvolvimento. Na verdade, muitos estudos tém avaliado e comprovado a influéncia
de fatores abioticos para samambaias e licofitas. Como citado anteriormente, o regime
de 4gua ¢ o fator que mais aparece como importante para esses grupos, € tem sido
positivamente correlacionado com a riqueza local e regional de espécies (Lwanga et al.
1998; Kessler 2001; Bickford & Laffan 2006). A presenca dessas plantas também tem
sido negativamente relacionada ao potencial de evapotranspiracdo ambiental, devido a
influéncia que essa variavel apresenta sobre a disponibilidade hidrica e a duracdo da
estacdo de crescimento (Bhattarai & Vetaas 2003).

A temperatura ¢ outro fator que aparece como determinante no padrido de
distribuicdo de samambaias e licofitas, especialmente quando se trata de algum
gradiente acentuado (Lehmann et al. 2002), provavelmente porque essas plantas estdo
geralmente associadas a condigdes tropicais quentes e imidas (Parris 1985). Um fator,
ndo diretamente climatico, mas que também apresenta importancia para as espécies
desses grupos ¢ a fertilidade do solo e suas variagdes fisico-quimicas. Tuomisto &
Poulsen (2000) afirmaram que diferencas entre as diversidades de comunidades de
samambaias tém sido atribuidas as variagdes quimicas dos solos. Solos férteis
incrementam a riqueza de espécies de samambaias, provavelmente porque oferecem

condi¢des adequadas para o estabelecimento de gametéfitos (Saiz & Lobo 2008).
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Algumas das mais importantes varidveis ambientais abidticas para os grupos das
samambaias e licofitas foram discutidas neste texto. Porém, muitos sdo os atributos
abioticos que podem influenciar a dinamica bioldgica e o padrao de diversidade dos
grupos das samambaias e licofitas. Esses atributos podem atuar em conjunto e
exercerem influéncias uns sobre os outros, possibilitando o desenvolvimento de
pesquisas com diferentes abordagens. Diante disso, a seguir serdo comentados trabalhos
que trazem andlises com fatores abidticos importantes para esses grupos de plantas,
muitos ainda nao discutidos, como os tipos florestais e os gradientes altitudinais.

Kessler (2001) avaliou a magnitude e a distribuicdo da riqueza de espécies de
samambaias e licofitas ao longo de um gradiente de altitude em Floresta Montana
Umida dos Andes na Bolivia. A analise de correlagdo de riqueza de espécies para 14
parametros ambientais (entre eles temperatura, precipitacao, altitude, area e cobertura de
bridfitas) revelou uma correlagdo altamente positiva dessa variavel biologica com a
precipitagdo média anual e a cobertura briofitas em galhos de arvores (um método de
medida para umidade). O autor afirmou que apesar da falta de dados sobre as
comunidades samambaias e licofitas em grande parte dos Andes bolivianos, a
diversidade desses grupos pode ser protegida através da prioridade de conservagdo em
areas mais umidas das florestas andinas.

Também em gradiente altitudinal, Bhattarai et al. (2004) testaram a influéncia de
variaveis climaticas sobre a riqueza de samambaias no Himalaia, Nepal. A variacao de
altitude existente na regido ¢ de 60 a 8000 m, e foi observada maior riqueza de espécie
de samambaias na faixa correspondente a 2000 m. O estudo confirmou a importancia da
umidade para a riqueza de espécies ao longo do gradiente de altitudinal, tendo o
potencial de evapotranspiracdo um papel importante nas regides mais altas.

Kluge & Kessler (2007) compilaram dados de distribuigao de 477 espécies de
samambaias e licofitas ocorrentes ao longo de um gradiente de altitude em florestas
tropicais da Costa Rica. Os autores analisaram os padrdes morfologicos das assembleias
de espécies e os relacionaram aos fatores ambientais predominantes na regido.
Sugeriram que em altitudes elevadas os altos valores de espessura laminar, combinados
com limitada dissecacdo, sdo estratégias defensivas contra extremos climaticos. Ainda,
a alta densidade estomatica € relacionada aos locais com baixas concentragdes de CO,,
também nas maiores altitudes. Os autores destacaram que os resultados para
samambaias e licofitas corroboraram os relatados para as angiospermas, no que diz

respeito as funcdes dos caracteres morfoldgicos. Assim, concluiram que as correlagdes
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entre as caracteristicas morfologicas e os determinantes ambientais, entre grupos de
plantas de diferentes linhagens, aumentam a plausibilidade das funcdes atribuidas a tais
caracteres. No entanto, para as samambaias e licofitas ainda sdo necessarios mais
estudos, abordando tipos de vegetagdo por inteiro, ao longo de gradientes ambientais.

Saiz & Lobo (2008) usaram a topografia, o clima, a geologia, a diversidade
ambiental, o uso da terra e varidveis espaciais para explicar a variagdo no numero de
espécies de samambaias e licofitas na Peninsula Ibérica. Constataram que, entre as areas
estudadas, a riqueza de espécies ¢ positivamente correlacionada com a faixa altitudinal
(inclusive altitude maxima), precipitacdo e areas com solos ricos em silicio. Entretanto,
destacaram que algumas das regides estudadas, as localizadas na costa, sdo mal
explicadas pelo modelo aplicado, exibindo correlagdo negativa com os fatores causais
selecionados e sugeriram que esse fato pode ser explicado pelos efeitos historicos
persistentes, que podem desempenhar um papel na determinagao das assembleias locais
de espécies nessas regides.

Hernéndez et al. (2013) utilizaram uma area de vegetacdo mista influenciada por
altitude, no México, para avaliar o papel do gradiente altitudinal sobre a riqueza de
samambaias e licofitas. A regido, coberta principalmente com vegetacdo xerodfila,
apresenta uma paisagem acidentada com 4areas umidas nas maiores altitudes. Entre o
gradiente ambiental foi verificado que a riqueza de espécies de samambaias e licofitas
foi positivamente correlacionada com elevagao devido a maior disponibilidade de dgua
e temperatura mais baixa. A taxa de substituicdo de espécies entre locais foi alta,
indicando que ambos os grupos crescem em diferentes associagdes ao longo do
gradiente de altitude. Os autores ressaltaram que tais associacdes podem ser
consideradas como indicadores de variagcdo ambiental (principalmente temperatura e
umidade) e/ou tipos de vegetacdo na area estudada.

Kromer et al. (2013) estudaram os efeitos da altitude e do clima sobre seis
grupos de plantas herbaceas, Araceae, Bromeliaceae, Orchidaceae, Piperaceae,
samambaias e licofitas, em Florestas Tropicais Montanas no México. Foram avaliados
os efeitos de temperatura, precipitagdo, umidade do ar e area das faixas altitudinais
sobre a diversidade dos grupos. Juntas, as samambaias e licofitas formaram o maior
nimero de espécies, com as maiores riquezas observadas nas médias latitudes, o que
refletiu um padrao do tipo “hump-shaped” (pardbola com concavidade para baixo).

Além disso, os autores utilizaram a cobertura de briofitas como uma variavel de medida
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indireta da umidade e verificam que as samambaias apresentavam uma correlagdo
positiva com esta variavel.

Passando agora para uma abordagem que diz respeito a influéncia do tipo de
vegetacao, Beukema & van Noordwijk (2004) compararam a riqueza de samambaias ¢
licofitas entre diferentes tipos florestais: floresta primdria, agroflorestas com
seringueira, Hevea brasiliensis (Willd. ex A.Juss.) Miill.Arg., ¢ monoculturas de
seringueira. O estudo foi desenvolvido em Jambi, na Sumatra. Os autores nao
encontraram diferengas entre o numero de espécies nas parcelas nos trés tipos de
floresta. No entanto, a analise de composi¢ao das espécies por tipo florestal mostrou que
as areas de floresta primdria possuem maior nimero de espécies ambientalmente
exigentes, as agroflorestas apresentam numeros intermedidrios de exigentes e
generalistas e as areas de monocultura mostraram-se capazes de abrigar o0 maior nimero
de espécies generalistas. O estudo mostra que espécies de samambaias terrestres podem
servir como indicadores de perturbacdo ou de qualidade florestal, e que a riqueza de
espécies sozinha, sem um conhecimento ecoldgico a priori das espécies envolvidas, ndo
fornece esta informacdo de qualidade de habitas. Por fim, os autores destacam a
importancia da priorizacao de conservacdo de remanescentes de florestais primarias.

As estreitas relagdes que as samambaias e licofitas apresentam com o meio
abiotico fazem dessas plantas importantes indicadores ambientais e elas tém sido
utilizadas por alguns estudos para identificar qualidade ambiental, grau de preservacao
de ecossistemas, condi¢des de solo, climaticas e topograficas e a presenca de outros
grupos de plantas (Kessler 2001; Salovaara et al. 2004; Ferrer-Castan & Vetaas 2005;
Karst et al. 2005; Bickford & Laffan 2006; Cardenas et al. 2007; Arcand & Ranker
2008). Por exemplo, Oldekop et al. (2012) avaliaram a coocorréncia de espécies comuns
e raras de taxons considerados bioindicadores (samambaias epifitas, sapos de
serrapilheira e besouros) ao longo de um gradiente de perturbagdo antrdpica na
Amazodnia equatorial. Os resultados mostraram que a riqueza de espécies varia com o
gradiente de perturbacdo, mas foram observadas variagdes nas respostas entre os taxons
e entre as espécies raras e comuns. Os autores ressaltaram que, embora as relagdes de
respostas de coocorréncia tenham sido complexas, espécies ou taxons podem atuar
como confidveis indicadores, contanto que as relagcdes entre cada um deles sejam bem
estabelecidas.

A area, assim como para muitos outros organismos, também ¢ um fator bastante

documentado como determinante para a riqueza € a composi¢do de samambaias e
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licofitas. De acordo com a Teoria de Biogeografia de Ilhas, o nimero de espécies de
uma 4rea ¢ influenciado pelo equilibrio entre as taxas de colonizacdo e extingdo; areas
grandes sdo capazes de sustentar maiores populacdes, o que diminui a probabilidade de
extingao de espécies, mantendo maior riqueza (MacArthur & Wilson 1967). Por outro
lado, pequenos habitats podem resultar em significativas taxas de extingdao de espécies,
uma vez que abrigam pequenas populagdes que sdo vulnerdveis as mudangas do
ambiente, a demografia e a estocacidade genética (Hobbs & Yates 2003; Matthies et al.
2004). Além disso, a area ¢ diretamente proporcional a heterogeneidade ambiental, que
¢ positivamente relacionada a variedade de habitats responsavel pela maior coexisténcia
de espécies (Williams 1964; Connor & McCoy 1979).

Cagnolo et al. (2006) analisaram os efeitos da fragmentacdo de habitats na
riqueza de espécies vegetais (samambaias, ervas, arbustos, trepadeiras e arvores) em
remanescentes do Chaco Serrano, na Argentina. Eles avaliaram a importancia da area do
fragmento, do isolamento e da formac¢ao de borda. Verificaram que a area do fragmento
foi o fator com maior determinagdo para a riqueza de espécies, principalmente as raras,
indicando que a preservagao de maiores areas ¢ importante na manutencao de espécies
com baixa abundancia. Ja em relacdo aos efeitos de borda, perceberam que espécies
nativas e arbustivas s3o mais susceptiveis na borda, apresentando menor polinizagdo e
maior freqliéncia de espécies exaticas.

Paciencia & Prado (2004), através do método de transectos, estudaram florestas
continuas e pequenos fragmentos na regido de Una, Bahia, para verificar como variam a
riqueza e abundancia das samambaias quando se comparam éreas de interiores e bordas
dos fragmentos. Eles ndo encontraram diferencas nas riquezas e abundancias das
samambaias entre as matas continuas e os fragmentos pequenos. Porém, notaram que o
efeito de borda causa diminui¢do na riqueza de espécies desse grupo € o aumento de
areas de borda pode extinguir espécies florestais da regido. J4 em relagdo a abundancia
das espécies, ndo existiu diferenca entre os dois ambientes (interior e borda).

Ja Murakami et al. (2005), ao estudar em diversos fragmentos florestais da
cidade de Kyoto, Japao, verificaram a existéncia de correlacdo positiva entre a
diversidade de samambaias ¢ o tamanho do fragmento. Verificaram que a diversidade
correlaciona-se, também, com o grau de isolamento dos fragmentos em relagdo as
florestas montanas da regido, onde manchas florestais mais proximas das vegetacdes

montanhosas apresentavam maiores nimeros de espécies.
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Barros et al. (2006), ao estudarem 12 fragmentos florestais de tamanhos e
estagios de conservacdo diferentes, observaram a existéncia de correlacdo entre a
riqueza de espécies de samambaias dos fragmentos e o tamanho dos fragmentos.
Verificaram ainda, que na area estudada predominaram as espécies de interior de
floresta. O estudo foi realizado no Centro de Endemismo Pernambuco, com fragmentos
pertencentes a areas de Pernambuco e Alagoas.

Finalmente, fatores histéricos, como proximidades aos refugios do Pleistoceno,
por exemplo, também tém sido apontados para explicar o nimero de espécies em
determinadas regides. Lwanga et al. (1998) analisaram a influéncia de fatores fisico-
ambientais, além da proximidade a areas de refigios, sobre a riqueza de samambaias em
Uganda, na Africa. Os autores testaram 14 atributos abidticos (entre eles 4area,
precipitacdo anual média, média de duracao da estacdo seca, nimero de tipos florestais,
fertilidade do solo) e verificaram que 75% da variag@o na riqueza do grupo poderia ser
prevista pela fertilidade do solo e pela distancia do refiigio do Pleistoceno. Entretanto,
os autores ressaltaram que a grande influéncia do solo nos resultados estd associada a
autocorrelacdo dessa variavel com os indices de chuva.

Similarmente, Aldasoro et al. (2004) avaliaram os fatores determinantes na
composicio e riqueza de samambaias e licofitas na Africa Sub-Saariana, Madagascar e
algumas ilhas do Atlantico Sul e encontraram que area, altitude e distancia de refugios
dirigem o padrao de composicao das espécies nessas regioes. Ja para a riqueza, os
fatores determinantes foram as grandes areas associadas as elevadas altitudes e a
umidade. Os autores concluiram que os refiigios exercem grande influéncia sobre a flora
de samambaias e licofitas das trés regides, e que provavelmente muitas espécies foram

capazes de recolonizar areas vizinhas apés as extingdes do Pleistoceno.
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Patterns of composition and species richness of seedless vascular-plant in montane
rainforests of the Northeast of Brazil: assessing the regional environmental
gradient

Ivo Abrado Araujo da Silva

Abstract

Aim To investigate which environmental variables most contribute to shaping the
pattern of species diversity and composition of seedless vascular-plant in the rain
montane forests.

Location Northeast Brazil, South America.

Methods We analysed the variation of the richness and composition of seedless
vascular-plants (terrestrials and epiphytes) related to environmental attributes in 28
forest fragments. For richness a multiple regression using continuous variables was
carried out. The residuals of this regression were evaluated with a Two-Way ANOVA
for categorical variables. A canonical correspondence analysis (CCA) was used to
examine the relationship between composition and continuous environmental variables
and the resulting scores of the CCA were evaluated with Two-Way ANOVA for
categorical variables.

Results Were found 273 seedless vascular-plant species (244 ferns and 29 lycophytes).
The total number of species and the number of terrestrial species were correlated with
fragment size and their precipitation seasonality and forest type. The richness of
epiphytes was only influenced by these two first variables. The composition (general,
terrestrial and epiphyte) was correlated with fragment size, forest type and variables
related to temperature and precipitation. There was a significant correlation between
environmental conditions with geographic distance (r = 0.72). But geographic distance
showed weak effect on the similarity of floristic composition (R? = 0.09). The
compositions are highly complementary since only five species were recorded in more
than twenty study sites

Main conclusions The interaction between climatic factors, forest type and fragment
size seem to be determinant to microclimatic conditions of the studies sites. The low
similarity in species composition between sites, even among fragments able to support

high richness, emphasizes the fact that the role of the environment is probably more
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restrictive than any dispersion processes or random fluctuations due to chance,
indicating a consistent role for environmental determinism of seedless vascular-plant

distributions across spatial scales.

Keywords
Ferns and licophytes, Tropical rain forest, plant ecology, species-area relationship,

climatic variables, habitat diversity.

Introduction

Many different, and often related, explanatory variables account for the variation
in species richness or floristic composition (Ricklefs & Schluter, 1993; Whittaker et al.,
2001; Hawkins et al., 2003; Lomolino et al., 2005; Grytnes & McCain, 2007; McCain,
2009). According to Rahbek & Graves (2001), over 100 different hypotheses have been
put forward to explain the variety of patterns of richness and composition of biological
communities. However, the hypotheses currently considered may be grouped around six
partly interlinked aspects: area, climatic variables, energy availability and ecosystem
productivity, historical and evolutionary processes, randomness and neutral theories,
and population-level processes such as source-sink and mass effects (Kessler, 2009).

Several studies have focused on the relative importance of the abiotic
environment and dispersal in affecting the distributions of plant species (e.g. Hubbell &
Foster, 1986; Bell, 2001; Chave et al., 2002; Tuomisto et al., 2003; Gilbert &
Lechowicz, 2004; Mota de Oliveira et al., 2009; Mota de Oliveira, 2010). Statistical
models that contrast environmental determinism and dispersal hypotheses, have shown
that the environment appears to be more important than dispersal at large spatial scales
(Tuomisto et al., 2003; Mota de Oliveira et al., 2009; Mota de Oliveira, 2010). This
approach has drawn ecologists to investigate patterns of species response to
environmental gradients, especially of animals and woody plants and bryophytes (e.g.
Bennett, 2004; Wittmann et al., 2006; Werner et al., 2007; Mota de Oliveira et al.,
2009; Mota de Oliveira, 2010; Toledo et al., 2011; Gibson & Kdhler, 2012).

By contrast, few studies have examined seedless vascular-plant with this
approach, and most of them have considered richness and composition variation in
elevational gradients (e.g. Bhattarai et al., 2004; Watkins et al., 2006; Kluge & Kessler,
2006; McCain, 2009; Kessler et al., 2011; Kromer et al., 2013). According to Kamau
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(2012), seedless vascular-plant form a group inadequately understood and their
contribution towards the understanding of ecological processes is rudimentary. The
highest diversity of seedless vascular-plant occurs in tropical rain forests, where
approximately 65% of the extant this group species are found, a fact that might be
related to the importance of moisture or rainfall in these regions, a necessary resource
for their life history (Page, 1979; Parris, 1985).

Seedless vascular-plant (Ferns and lycophytes), despite their paraphyletic origin,
share similar ecology and evolutionary history, being characterized as highly
dependents of environmental conditions mainly due to the physiological requirements
of the free-living gametophytic phase, their low rate of photosynthesis, and water
transport and storage in the sporophyte phase (Marquez et al., 2001; Guo et al., 2003;
Watkins et al., 2007; Hietz, 2010).

Approximately 350 species of seedless vascular-plant are cited for the Northeast
Brazil, more than 80% of them in montane forests of Paraiba, Pernambuco and Ceara
(Barros, 2006). Similarly to some tropical forests in Africa (Lwanga et al., 1998; Roux,
2009), the majority of montane forest of the Northeast Brazil are thought to be
disjunctions of the tropical rainforests, originated during the dry (glacial) periods of the
Pleistocene, when the humid forest was replaced by xerophytic vegetation, except in
regions of higher altitudes (Andrade-Lima, 1960, 1966, 1970; Andrade & Lins, 1964;
Coimbra-Filho & Camara, 1996; Bigarella et al., 1975; Prance, 1982).

Thus, the montane forests located in the Northeast Brazil make up a large
landscape of “islands” of humid vegetation, being the forest humid enclaves separated
from each other by Caatinga (xerophytic vegetation). This scenario allows the testing of
correlations between richness, the environment, and the spatial proximity of other forest
islands (Duivenvoorden et al., 2002; Gilbert & Lechowicz, 2004). The environmental
heterogeneity existing among these montane forests, caused by abiotic variations in
habitats occupied by the species, may be decisive to the turnover of species between
forest fragments, driving richness and composition patterns.

Seedless vascular-plants serve as a good model for investigating the influence of
the abiotic environment on species richness and distribution patterns. Their general lack
of co-evolved relationships with pollen or seed vectors suggests that seedless vascular-
plant biogeography may be straightforwardly linked to abiotic factors (Barrington,
1993; Karst et al., 2005; Cardenas et al., 2007). Additionally, their high species
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richness, their comparatively well-known taxonomy, their small size and certain
physiological adaptations also make these two groups good biogeographyc investigative
tools (Barrington, 1993; Kornas, 1993). As well as the dispersal by means of small
spores, which allows them the establishment of new populations in distant localities
(Tryon, 1970; Smith, 1972; Kramer, 1993).

In this study, we investigated which environmental variables most contribute to
shaping the pattern of species diversity and composition of seedless vascular-plant in
the montane forests of Northeast Brazil, and we also asked whether dispersal processes
leave a signal in species composition of the different montane forests that is related to
the distance between them. It is expected that species richness and composition show
strong relation to species-area relationship and climatic variables (e.g. precipitation)

regardless of the geographic distance.

Methods
Study area

The study sites correspond to 28 Tropical Rain Montane Forest fragments (up
600 m altitude) in Northeast Brazil (Table 1). These forests fragments belong to what is
called the “Pernambuco Endemism Center” which encompasses all tropical rain forests
located north of the Sao Francisco River, between Rio Grande do Norte and Alagoas,
plus the enclaves of Ceard (Sensu Prance, 1982, 1987) (Figure 1). The Pernambuco
Endemism Center includes lowland (0-100 m), submontane (100-600 m) and montane
(600-2000 m) forests divided into three types: Dense Rain Forest, Open Rain Forest e
Seasonal Semideciduous Forest (Veloso et al., 1991).

Of the 28 selected fragments, 25 are forest enclaves located in the west of the
Northeast Brazil, surrounded by the semi-arid biome which is predominantly covered
by scrub vegetation as well as by tropical dry forests, the “Caatinga”. The Caatinga
forest enclaves are called "Brejos Nordestinos" and make up a collection of small-to-
medium patches of Tropical Rain Forest that cover the slopes of some isolated within
the large Caatinga depression (Santos et al., 2007) with altitude ranging from 600 to
1100 m, and because of this receive rainfall of more than 1200 mm year" (Tabarelli &

Santos, 2004).
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The study sites are distributed over an area of approximately 280.000 km? in

three states of the Northeast Brazil: Ceara (4), Paraiba (2) and Pernambuco (22) (Figure
1).

Data set

Species composition of the forest fragments was obtained from published
literature, unpublished databases formed between 1997 and 2003 in the Pteridophytes
Laboratory of the Universidade Federal de Pernambuco (Recife, Brazil) and new
floristic surveys carried out by the author. In addition, we have studied collections of
several herbaria in Pernambuco and Paraiba States notably PEUFR, UFP, IPA, EAN
and JPB (Thiers, 2012), in order to record and identify material. The data set comprised
a matrix of presence and absence of species per study site, which is the basis of
biological data of this research.

In order to standardize sampling effort, the new floristic surveys followed the
same methodology used in the old surveys, from which data were compiled (except for
the three fragments in Ceard, taken into account in our discussion). The methodology
consisted of three excursions of six days each to each site studied. The floristic survey
was carried out on foot and priority was given to the habitats where seedless vascular-
plants are most representatives (Ambrosio & Barros, 1997). For the epiphytes, only
those species that could be identified and collected without climbing were considered in
this study. Thus, included in the floristic survey species were those found on trunks or
fallen trees and those that were visible up to a height of 6 m. Specimens were collected
and prepared using the standard techniques for vascular plants (Mori et al., 1989).
Voucher specimens were deposited at UFP Herbarium (Thiers, 2012).

The specimens were identified in accordance with a specialized bibliography for
each family. The classification system adopted followed Smith ez al. (2006, 2008), with
modifications by Rothfels et al. (2012) for the treatment of family Athyriaceae, and by
Moran et al. (2010), for the genus Mickelia. The species of the genus Pleopeltis were
named according to Prado & Sylvestre (2012). The authors’ names were abbreviated
according to the International Plant Names Index (IPNI) available at www.ipni.org.

Physical data gathered for the sites included:
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e Geographical location (longitude, latitude, altitude and geographical distance
between all the areas) and area of each site, calculated with ArcView 3.2a (ESRI,
2001) and LANDSAT ETM+ 2000 satellite images of 30-m resolution;

e Climatic variables: Annual mean temperature, Annual precipitation, Isothermality,
Mean temperature of driest quarter, Mean temperature of wettest quarter,
Precipitation of driest quarter, Precipitation of wettest quarter, Precipitation
seasonality and Temperature seasonality;

e Forest type and soil type.

The basis of climate data was obtained from BIOCLIM (Global Climate Data;
available at http://www.worldclim.org/bioclim). BIOCLIM is a correlative modeling
tool that interpolates up to 35 climatic parameters for any location for which latitude,
longitude, and elevation are known (for a full description of BIOCLIM, see Nix, 1986;
Houlder et al., 2001). Among the main climatic parameters provided by BIOCLIM,
were selected the most important for the group of seedless vascular-plant cited in
literature. Autocorrelation among them was tested in order to avoid redundant analysis
variables.

The forest type assigned for each study site followed the IBGE (2012). The
categories of forest types considered in this study are as follows: Type 1, “Open
Montane Rain Forest (A)”; type 2, “Seasonal Montane Semideciduous Forest (F)”; type
3, “Open Montane Rain Forest (A) + Seasonal Montane Semideciduous Forest (F)”;
type 4, “Seasonal Montane Semideciduous Forest (F) + Ecotone Area (TE)”; and type 5,
“Ecotone Area (TE)”. “Ecotone Area” is considered a mixel vegetation of Savana and
Seasonal Semideciduous Forest. Since Open Montane Rain Forest canopies are denser
than those of Floresta Estacional Semidecidual Montana that, in turn, are denser than
those of Area de Tensdo Ecolégica, in this study the following humidity gradient was
considered: type 1 > type 3 > type 2 > type 4 > type 5.

Soil types followed the classification of EMBRAPA, available in
http://www.uep.cnps.embrapa.br/solos. The categories of soil types considered in this
study are as follows: Type 1, “Red Yellow Argisol (PVA)”; type 2, “Yellow Latosol
(LA)”; type 3, “Red Yellow Argisol (PVA) + Yellow Latosol (LA)”; type 4,
“Quartzarenic Neosol (RQo) + Litholic Neosol (RL) + Yellow Latosol (LA)”; and type
5, “Litholic Neosol (RL) + Yellow Latosol (LA)”. Geographical distances between all
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pairs of sites were calculated using geographical coordinates to generate a distance

matrix in the PC-ORD 6 program (McCune & Mefford, 2010).

Data analysis

Species richness and composition were analysed according to 13 explanatory
environmental variables, being twelve continuous independent variables (Size, Altitude,
Annual mean temperature, Annual precipitation, Isothermality, Mean temperature of
driest quarter, Mean temperature of wettest quarter, Precipitation of driest quarter,
Precipitation of wettest quarter, Precipitation seasonality and Temperature seasonality)
and two categorical independent variables (Forest type and Soil type). All analyzes were
carried out in three separate steps (both for richness and species composition): all
species, terrestrial species, and epiphytes.

For richness analysis, first, a multiple linear regression using the independent
continuous variables was carried out. Then, the residuals of this regression were
evaluated with a Two-Way ANOVA in order to examine the influence of the categorical
variables (forest type and soil type). Both analysis were carried out using Statistica 8.0
program (StatSoft, 2007), after the data were checked for normality (considered
significant when p < 0.05).

Mantel tests were performed in order to test the relationship between geographic
distance and similarity of composition of the study sites by comparing a similarity
matrix based on Jaccard’s similarity Index (presence or absence of species) with a
matrix containing the pair-wise log-distance (Km) between study sites measured from
PC-ORD 6 Program (McCune & Meftford, 2010).

A canonical correspondence analysis (CCA) was used to examine the
relationship between species composition and environmental variables (ter Braak, 1995;
Legendre & Legendre, 1998). CCA is a direct gradient analysis method which forces
the ordination axes to be linear functions of the environmental variable reflect the
variation of biotic communities (Lep§ & Smilauer, 2003).

Initially, all study sites were used in the ordinations. Examination of the
resulting ordination diagrams showed that two sites were as outliers, strongly distorting
the ordination. Thus, the outliers were removed from the dataset to allow for a good
separation of the other study sites. These outliers correspond to the sites located in

Floresta e Taquaritinga do Norte municipalities.
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Initially the CCA was performed with all continuous explanatory variables, in
the final analysis the environmental variables were reduced to a set of eight variables by
removing those variables that were either weakly correlated to the CCA axes or
autocorrelated with other variables that demonstrated stronger correlations with the
CCA axes. The eight variables in the final analysis were: Size, Altitude, Annual mean
temperature, Annual precipitation, Mean temperature of driest quarter, Precipitation of
driest quarter, Precipitation seasonality and Temperature seasonality.

Monte Carlo permutation tests were performed to determine the accuracy of
every relationship (999 randomizations) between the two data sets. The relationship
between the two data sets was considered significant when p < 0.01. The CCA and
Monte Carlo permutation tests were carried out in PC-Ord 6 program (McCune &
Meftford, 2010). Finally, a Two-Way ANOVA with the resulting scores of the first two
CCA axes (as dependent variables) was carried out in order to examine the influence of
the categorical variables forest type e soil type on species composition pattern found

(Belote et al., 2004).

Results

Taxonomic and spatial richness distribution

In all 28 areas 273 seedless vascular-plant species (244 ferns and 29 lycophytes)
were found, representing 70 genera within 25 families (Appendix S1). The families with
highest species richness were Pteridaceae (56 species), Polypodiaceae (48 species),
Dryopteridaceae (26 species) e Thelypteridaceae (19 species). Of all species found, 62%
were terrestrial species, 34% epiphytes and 4% terrestrial and epiphytes.

The number of seedless vascular-plant species per forest fragment varied strongly,
from 11 to 140 (Table 2). The number of species restricted to only one site was 98
(36%); occurring in 2 -10 sites were 138 species (50.5%), and only 37 (13.5%) species

were recorded in more than 10 sites.

Species richness and environmental correlates

The total number of species and the number of terrestrial species per study area
were correlated with size of the forest fragment and their precipitation seasonality and
forest type. The richness of epiphytes species was also influenced by the two first

variables, but not by forest type (Table 3). Temperature seasonality, altitude and soil
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type did not show any significant effect on the species richness (Table 3). Thus, in
general, richness of species increased with increasing fragment size and humidity
(precipitation seasonality), regardless of their terrestrial or epiphytic habitat (Figure 2).
Terrestrial species richness was sign affected by forest type, with the highest values in
the most humid forests: Open Montane Rain Forest (type 1) > Open Montane Rain
Forest + Seasonal Montane Semideciduous Forest (type 3) > Seasonal Montane

Semideciduous Forest (type 2) (Figure 3).

Species composition and environmental correlates

There was a significant correlation betwee environmental conditions with
geographic distance (Mantell test; r = 0.72, P < 0.001). As expected, this was also
reflected in the floristic composition. Floristic similarity (Jaccard) showed a significant
negative correlation with geographical distance (r = 0.304, P = 0.005) (Figure 4). The
same result was observed when terrestrial (r = 0.291, P = 0.002) and epiphytes (r =
0.308, P=10.014) species were tested separately.

In the Canonical Correspondence Analysis (CCA), the variables fragment size,
temperature seasonality, precipitation seasonality, precipitation of driest quarter, mean
temperature of driest quarter, annual mean temperature and altitude explained 25% of
the variance in species composition in the axis 1 and axis 2 (Table 4). Annual
precipitation variable was not decisive in the pattern obtained. Altitude was the only
variable correlated with the third axis (7= -0.68).

The pattern obtained in the total species composition analysis was also observed
in analyses of terrestrial and epiphytes species alone (Table 4 and Figure 5), where the
values of the explained variance were 27% and 26%, respectively. Altitude had no
influence on the composition patterns of terrestrial and epiphytes species (was not
correlated to any axis).

Precipitation seasonality, temperature seasonality, annual mean temperature,
fragment size and mean temperature of driest quarter were correlated to axis 1 (Figure
5). Already the axis 2 separates the study areas to according to fragment size.
Correlation values for each explanatory variable can be seen in Table 4.

Of the categorical variables forest type and soil type only the forest type was

correlated with the floristic composition gradient (Table 5 and Figure 5).
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Discussion

The total of species found in the 28 studies sites (273) was representative for the
Northeast Brazil region, because it includes 78% of the seedless vascular-plant species
recorded, where according to floristic and taxonomic studies approximately 350 species
of seedless vascular-plant occur (Barros et al., 2006). The number of seedless vascular-
plants species recorded from various tropical regions indicates that more than 13.000
species occur worldwide, being 3.250 recorded in South America (Moran, 2008) and
1.176 in Brazil (Prado & Sylvestre, 2012).

In relation to most representative families, Pteridaceae, Polypodiaceae,
Dryopteridaceae e Thelypteridaceae represented 54% of species in this study, being
frequently highlighted in floristic surveys in the northeastern Atlantic Forest, such as
those conducted by Salino (1996), Melo & Salino (2002), Pietrobom & Barros (2007),
Pereira et al. (2007) and Pereira et al. (2011). Smith et al. (2006) commented that
Pteridaceae is of a typically tropical group, whereas Polypodiaceae is defined by Tryon
& Tryon (1982) as comprising plants that commonly occur in the neotropics. Both
families are adaptively distributed in tropical biomes which display recent geological
alterations (Morley, 2000), being considered phylogenetically recent in the evolution of
the seedless vascular-plant group (Rothwell & Stockey, 2008). Salino (1996) correlated
the species richness of the Thelypteridaceae with the diversity of microhabitats
available in the vegetation. The Thelypteris species occur in varied environments, from
open localities outside forest fragments to marshes and well-shaded areas in the forest
interior.

The predominance of terrestrial over epiphytic species is commonly observed in
studies of seedless vascular-plant, as reported in other areas of northeastern Atlantic
Forest (Barros et al., 2006; Pietrobom & Barros, 2007; Pereira et al., 2007), Andes
(Kessler, 2001), México (Williams-Linera et al., 2005) and tropical Africa (Kamau,
2012). Opposed to this general pattern, Watkins et al. (2006) found a proportion of 23%
and 87% of terrestrial and epiphytes species, respectively, in areas of Costa Rica. In this
case, the results were strongly influenced by two peculiarities of the sampling carried
out: specific methodology for the sampling of canopy and trunk epiphytes and the
random choice of the transect location. Terrestrial seedless vascular-plants are not
randomly distributed in the environment, because this is a group that has restricted

distribution to preferred habitats and is not dominant in any ecosystem. As shown by
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Kessler (2001), there were more terrestrial than epiphytic species in an overall survey,
while at randomic plots there were generally more epiphytic taxa, being clear that
epiphytic species are more regularly and evenly distributed than terrestrial taxa.

The strong variation in the number of sites occupied per each specie
corroborates Kessler (2001), which verified that most of the species were found at few
study sites: of 755 species distributed among 65 study sites, 255 species (34%) were
recorded at only one study site. In the same work, the number of the species with
restricted occurrence to only one site was 119 (16%), lower than the number observed
in the current study (98 species - 36%).

The existence of rare and/or localized species seems to be common in the
seedless vascular-plant group. In Bolivia, for example, there is difficulty of assessing
the total species number of seedless vascular-plant in the Andes due to the fact that the
majority of the species are rare and/or localized occurrence (Kessler & Helme, 1999;
Kessler, 2001). Parris (1997) found the same pattern, since on Mount Kinabalu, Borneo,
where despite the accumulation of over 3500 collections of seedless vascular-plant, 22%
of the species remain known from just one collection or one locality.

This high number of species with restricted occurrence is curiously interesting
when contrasted with the dispersal ability of most seedless vascular-plant, which small
spores are dispersed over large distances (Tryon, 1970, 1972) and should allow them to
colonise almost any suitable habitat. Some studies have suggested that the availability
of suitable habitats is more important than dispersal for the distribution of seedless
vascular-plant, since many taxa have specific ecological requirements (e.g., Guo ef al.,
2003), whereas others have suggested limited dispersal as limiting in regions where
there was no evidence for habitat limitations (e.g., Wild & Gagnon, 2005). Certainly
there is no general answer, and the relative roles of habitat suitability and dispersal on
the large scale patterns will depend on the taxa, spatial scale, biome, etc. studied.

In our study, fragment size was the best explanatory variable to explain species
richness and composition, while variables related to water availability appeared always
as second best. Also all models analyses with residuals showed forest type variable as
determining to species richness and composition.

A determinant and commonly considered driver of species richness is the area
effect (Williams, 1964; MacArthur & Wilson, 1967; Connor & McCoy, 1979;
Rosenzweig & Sandlin, 1997; Crawley & Harral, 2001; Whittaker et al., 2001; Karger
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et al., 2011). One of the explanations invoked is that area is related to species richness
through habitat diversity, larger areas being more diverse because they contain more
habitat types (Williams, 1964; Gignac & Dale, 2005). Moreover, larger areas are able to
sustain bigger populations reducing the species extinction risk (MacArthur & Wilson,
1967). For seedless vascular-plant, several studies have shown richness increasing with
area, both at local (Murakami et al., 2005; Barros et al., 2006; Cagnolo et al., 2006) and
regional scale (Aldasoro et al., 2004; Beukema & van Noordwijk, 2004; Kromer et al.,
2013).

It was expected a distinct species composition between large and small areas
(Aldasoro et al., 2004; Paciencia & Prado, 2005; Pardini et al., 2009). The establishment
and persistence of seedless vascular-plant in the natural environment is related to the
existence of specific habitats. Larger areas likely encompass a higher proportion of
primary and old secondary forests, which are more mature and stable with canopy
diversely represented by a range of microsites (Kamau, 2012). Small fragments have a
set of habitats distinct from those found in the larger fragments, are easy accessible to
the surrounding human population and presents a climatic instability due the influence
of edge effects (Laurance, 1991; Primack & Rodrigues, 2001; Tonhasca Jr., 2005).

The interaction between climatic factors, forest type and fragment size seem to
be determinant to microclimatic conditions of the studies sites. Although the annual
precipitation did not show any influence on floristic similarity, its distribution along the
year (a precipitation seasonality) might determine the richness and composition of the
seedless vascular-plant communities (Wolf & Flamenco, 2003). Jones et al. (2013)
reported that dry season length was the best climatic predictor for turnover in seedless
vascular-plant species in rainforests in Panama.

The correlation of species richness and precipitation seasonality found in our
study reflected the general relationship of seedless vascular-plant species richness and
water availability, frequently reported in literature (Dzwonko & Kornés, 1994; Marquez
et al., 1997, Wolf & Flamenco, 2003; Bhattarai et al., 2004; Aldasoro ef al., 2004; Kreft
et al., 2004; Ferrer-Castan & Vetaas, 2005; Dittrich et al., 2005; Kromer et al., 2005;
Saiz & Lobo, 2007; Poltz & Zotz, 2011). Kessler ef al. (2011) and Kromer et al. (2013),
for instance showed this relationship by measuring humidity through bryophyte cover
and precipitation. It is not surprising that seedless vascular-plant richness is strongly

linked to water regime, given the moisture demand of gametophytes to complete
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fertilization (Page, 2002) and the simple tracheary elements present in most seedless
vascular-plant (Sharma, 1988).

In a local and a regional scale, the humidity influence is reflected through forest
type. First, across Pernambuco sites it is possible to notice that there is a forest gradient
that goes from less to more humid. Then, in a regional scale, this pattern is maintained,
except for areas of the Ceard (5, 6 and 9) that appear more displaced because in these
areas there is a mix of seasonal vegetation (occurring in the intermediary altitude bands)
and evergreen vegetation (in the higher altitude bands). Nevertheless, studies have been
shown that species composition of these areas in Ceara is more related to Amazon
Forest than Montane Forest of the Northeast Brazil (Andrade-Lima, 1982; Santos et al.,
2007). This fact may be explained by the proximity between Ceara and Amazonia, and
by a possible connectivity of these forests during wet phases of the Quaternary (Auler et
al.,2004).

The relation between forest structure and microclimate is common in seedless
vascular-plant composition analyses, being in many cases suggested that different forest
types vary in terms of species richness and composition due to the influence of local
factors that determine the microenvironment humidity (Tuomisto & Poulsen, 2000;
Barthlott et al., 2001; Wolf & Flamenco, 2003; Kromer et al., 2005; Moorhead et al.,
2010; Kamau, 2012; Hernandez et al., 2013). For example, Moorhead et al. (2010)
found that polyculture coffee was more similar to native forest than monoculture,
relative to epiphytes composition. For the authors, microclimatic conditions
(appropriate humidity conditions and temperature) found in the polyculture sites were
responsible for these results, being monoculture areas better represented by drought-
tolerant species.

Hernéndez et al. (2013) evaluated the seedless vascular-plant distribution in one
region dominated by semiarid climate in Mexico and, with a assembly dominated by
terrestrial and rupicolous species, found results that corroborate to current research:
maximum values of species richness were closely related to the high humidity found at
intermediate and high elevations, except at intermediate elevations with sparse
vegetation cover. This is very interesting, since current study was also performed in a
semiarid domain where high seedless vascular-plant richness is possible only at greater

altitudes.
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Kamau (2012), assessed seedless vascular-plant communities in Kakamega and
Budongo forests (both in Africa) 72.9% and 64.6% of terrestrial species, respectively,
where the absolute value of species richness was highest in primary forest type followed
closely by old secondary forest, swamp forest and finally young secondary forest type
showed the least species diversity. The authors highlights that primary and old
secondary forests are mature and stable with high canopy cover and diverse range of
microhabitats and microsites, supporting growth and establishment of high diversity of
terrestrial species due to microclimatic conditions. Regarding to epiphytes species,
forest type was not a determinant variable where greater richness of epiphytes seedless
vascular-plant is explained by amount of rainfall related to high altitudes rather than to
canopy density (Wolf & Flamenco, 2003).

Watkins et al. (2007) performed a study about richness and density of seedless
vascular-plant gametophyte in one tropical forest in Costa Rica and showed that
disturbance and light seem to have little influence on canopy gametophyte density. In
tropical rainforest, light is significantly higher in canopy environment than in terrestrial
one, being the canopy less buffered if compared to understory habitat and has larger
temperature and humidity extremes (Cardelis & Chazdon, 2005). Thus, the lack of a
density response to light in habitats where light may not be limiting is not surprising,
being reports by Hietz & Briones (1998) who demonstrated that the distribution of
seedless vascular-plant sporophytes within the canopy was largely a function of
relations species/water.

These studies provide a set of interesting informations that help explain the
different patterns found in this study for terrestrial and epiphytes species in relation to
forest types. The lack of response of epiphyte seedless vascular-plant relative to forest
type probably is linked to tolerance to light. Furthermore, due to the montane
characteristic of forests of this study, many fragments have (regardless of forest type),
in some year parts, the presence of a cloud zone where large amount of water is
deposited directly onto the canopy, known as horizontal precipitation or cloud stripping
(Hamilton et al., 1994). This is favorable to richness of epiphytes, whereas the
terrestrial seedless vascular-plant are not directly favored and have greater richness
associated to specific conditions as has already been previously mentioned.

Despite the importance of temperature and its influence on water availability,

temperature was not a determinant of the richness pattern found in this study, possibly
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due to its low variation among the montane forests fragments studied. Already at local
scale, several studies confirmed the contribution of temperature to increase richness
seedless vascular-plant, mainly those turned to assess altitudinal gradients (Leathwick et
al., 1998; Lehmann et al., 2002; Saiz & Lobo, 2007; Kromer et al., 2013). In the current
study, since located in altitude able to provide conditions to maintain humid vegetation,
the fragments studied show a pattern of temperature stable.

Soil type showed no influence on species richness and composition and we
believe that the variation captured by the scale is not broad enough. In tropical regions
with relatively uniform climatic conditions there is strong evidence of the influence of
edaphic factors on seedless vascular-plant richness and composition, as reposted by
Tuomisto & Poulsen (2000) in Amazonia. Thus, the soil becomes an important
component of variation in regions with climatic stability and, compared to rainforests on
richer substrates, tend to have lower nutrient budgets. Lwanga et al. (1998) highlighted
that the number of seedless vascular-plant species present in a forest was positively
related to local variations in soils chemistry. In the case of the current study,
comparison of results with those from other studies is frustrated by differences in (1)
methods of soil classification, without local determinations (2) spatial scales and (3)
climate, since the studied region presents larger variation in rainfall seasonality.

In our case, it is possible that soil did not have any influence on seedless
vascular-plant richness due to the spatial scale and the different relations soil
type/fertility/humidity. Generally, fertile soils are related to rainfall and are associated
with relatively dense stands of trees, where deep shade, high humidity and readily
available stumps and fallen logs offer ideal conditions for gametophyte establishment
(Kornas, 1993; Dwzonko & Kornas, 1994; Clinebell et al., 1995; Lwanga et al., 1998).
Indeed, many places visited in the current study, where there was a higher concentration
of species per space, represented the situation described above.

Altitude also did not contribute to explain richness and composition variation.
However, the influence of altitude is intrinsic to the origin of forest formations studied.
It is reported that the maintenance of majority of montane forests of the Northeast Brazil
was favored through of climatic differences provided by higher altitudes. In lower
regions dominated by semiarid climate, seedless vascular-plant are represented by only
41 species, 20 genera and 11 families, distributed in the northeastern states and Minas

Gerais in Caatinga forest (Xavier et al., 2012).

34



Silva, I. A. A. Composicdo e riqueza de samambaias e licéfitas de Florestas Serranas...

Moreover, the altitude variation between studies areas was low, but it well
known the importance of the altitude on seedless vascular-plant richness in local
(elevational gradients) and regional scale (e.g., Kessler, 2001; Wolf & Flamenco, 2003;
Aldasoro et al., 2004; Ferrer-Castan & Vetaas, 2005; Watkins et al., 2006; Kromer et
al., 2013). For example, in a regional scale, Aldasoro et al. (2004) verified that the
variables most related to seedless vascular-plant species richness were area and
elevation among forests with altitudes varying from 613 m to 5895 m.

Differential composition of seedless vascular-plant species in contrasting
environments or ecological zones has been documented as a natural phenomenon
around the world (Salovaara et al., 2004; Ferrer-Castan & Vetaas, 2005; Karst et al.,
2005; Kluge et al., 2006; Sanchez-Gonzalez et al., 2010; Hernandez et al., 2013; Jones
et al., 2013). To unambiguously assess the role of environmental factors in determining
plant distributions, physical variables of the sites must be independent of location
(Legendre & Legendre, 1998; Gilbert & Lechowicz, 2004). However, spatial
autocorrelation is an inherent property of the environment and is apparent at many
scales, which makes it difficult to disentangle environmental variables from the plant
distributions in nature (Bell, 1992; Bell ef al., 1993; Karst et al., 2005).

As have been showed in the current study, environmental variables were able to
explain richness and composition variation among the study areas. However, regarding
the geographical distance the results of this study indicate weak effect on the similarity
of floristic composition (Figure 4; R* = 0.09), although there was a high correlation
between environmental conditions with geographic distance (Mantell test; r = 0.72, P <
0.001).

The low similarity in species composition between sites, even among fragments
able to support high richness, emphasizes the fact that the role of the environment is
probably more restrictive than any dispersion processes or random fluctuations due to
chance, indicating a consistent role for environmental determinism of seedless vascular-
plant distributions across spatial scales (Tuomisto et al., 2003; Karst et al., 2005; Hietz,
2010; Hernandez et al., 2013; Jones et al., 2013). Indeed, the results show that the
compositions are highly complementary since only five species were recorded in more
than twenty study sites (Blechnum occidentale, Lygodium venustum, Pityrogramma
calomelanos, Pleopeltis astrolepis and Serpocaulon triseriale). This complementarity

on pattern of seedless vascular-plant richness and composition is also consistent with
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previous studies (Paciencia & Prado, 2005; Williams-Linera et al., 2005; Jones et al.,
2013) which have shown that smaller or drier fragments do not simply have subsets of
species occurring in larger or wetter fragments and have their own composition.

Thus, the complementarity on pattern of seedless vascular-plant species must be
considered as a focus to regional conservation approach which should include many
reserves, regardless of size, and also consider the threatened species categories. In
accordance with Gaston (1996), the potential value of an area to overall plant
biodiversity conservation may depend on which plant species that area contains, not

how many.
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Table 1: Characteristics of the twenty-eight forest fragments studied in three states of the Northeast Brazil (Ceara, Paraiba and Pernambuco): geographical
coordinates (UTM system); altitude (maximal elevation in metres); size of the fragment forest (ha); forest types - where: A = Open Montane Rain Forest, F =
Seasonal Montane Semideciduous Forest and TE = Ecotone Area (Savana and Seasonal Semideciduous Forest); Soil types - where: PVA = Red Yellow
Argisol, LA = Yellow Latosol, RQo = Quartzarenic Neosol and RL = Litholic Neosol. The climatic variables used in this study were originated from
BIOCLIM: Annual mean temperature (AMT), Annual precipitation (AP), Isothermality (IT), Mean temperature of driest quarter (MTD), Mean temperature of
wettest quarter (MTW), Precipitation of driest quarter (PD), Precipitation of wettest quarter (PW), Precipitation seasonality (PS) and Temperature seasonality

(TS). More details available in http://www.worldclim.org/bioclim.

Municipality Site  Latitude  Longitude Altitude Size Forest type Soil type AMT AP IT MTD MTW PD PW PS TS

Jaqueira 1 -8.7038 -35.8506 713 630 A PVA 223 1073 70 230 209 84 484 59 1324
L. Gatos 2 -8.7434 -35.8940 750 360 A PVA; LA 223 1073 70 230 209 84 484 59 1324
S. V. Férrer 3 -7.6142 -35.4041 890 600 A PVA; LA 240 1155 72 247 226 93 498 57 1289
Crato 4 -7.2242 -39.4745 900 50 F; TE PVA; RL 252 1108 72 246 250 24 673 95 1108
Maranguape 5 -3.8811 -38.7070 890 >1000 A; F PVA 258 1408 78 261 256 47 829 90 562
Aratanha 6 -3.9890 -38.6408 778 >1000 A; F PVA 258 1408 78 261 256 47 829 90 562
Areia 7 -6.9790 -35.7508 618 300 F PVA 222 730 72 228 227 42 332 65 1235
Bananeiras 8 -6.7389 -35.6125 550 67.5 F LA 232 844 74 238 236 47 381 63 1241
Baturité 9 -4.2633 -38.8961 1114 >1000 A; F PVA 235 1245 75 238 234 47 719 &9 548
Bezerros 10 -8.1586 -35.7535 950 150 A PVA; RL 229 574 71 228 235 39 256 64 1297
Bonito 11 -8.5247 -35.7029 720 50 A LA 237 1542 70 242 226 121 717 61 1137
Bonito 12 -8.4832 -35.7269 700 30 F PVA; LA 213 1059 70 219 200 82 481 59 1207
Bonito 13 -8.4874 -35.7179 720 30 A PVA; LA 213 1059 70 219 200 82 481 59 1207
Bonito 14 -8.5209 -35.7131 720 150 F LA 237 1542 70 242 226 121 717 61 1137
Bonito 15 -8.5037 -35.6946 800 70 A LA 237 1542 70 242 226 121 717 61 1137
Bonito 16 -8.4944 -35.6860 750 50 A LA 213 1059 70 219 200 82 481 59 1207
Bonito 17 -8.5021 -35.6877 750 50 A LA 237 1542 70 242 226 121 717 61 1137
Caruaru 18 -8.3693 -36.0218 900 360 A PVA 213 555 69 215 218 41 231 59 1495
Buique 19 -8.5562 -37.1943 800 30 TE LA; RQo; RL 216 790 67 221 219 62 336 54 1668
Floresta 20 -8.6508 -38.0384 1020 200 A; F LA; RL 231 506 67 220 246 20 281 85 1827
B. M. Deus 21 -8.2050 -36.3937 1050 110 F PVA 217 611 69 219 221 36 300 70 1518
T. Norte 22 -7.8693 -36.0413 800 40 F PVA; LA 228 497 70 228 233 23 228 66 1337
Gravatd 23 -8.3014 -35.5959 700 6 F LA 213 1059 70 219 200 82 481 59 1207
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Gravata 24 -8.2659 -35.5439 700 25 F PVA 213 1059 70 219 200 82 481 59 1207
Gravata 25 -8.2821 -35.5503 700 20 F PVA; LA 213 1059 70 219 200 82 481 59 1207
Gravata 26 -8.2722 -35.5502 700 44 F PVA; LA 213 1059 70 219 200 82 481 59 1207
Gravata 27 -8.2994 -35.5922 700 13 F LA 213 1059 70 219 200 82 481 59 1207
Sanhard 28 -8.2884 -36.5405 850 20 F PVA; RL 217 639 67 220 220 47 292 61 1595
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Table 2: Ferns and lycophytes species in areas of montane forest fragments in Northeast Brazil.

Municipality Site All Terrestrial Epiphytes Restricted
species species species to one site
Jaqueira 1 140 87 51 28
L. Gatos 2 88 59 26 3
S. V. Férrer 3 92 65 23 6
Crato 4 24 21 1 2
Maranguape 5 88 58 28 16
Aratanha 6 67 39 24 5
Areia 7 28 21 6 2
Bananeiras 8 19 13 5 1
Baturité 9 85 60 19 14
Bezerros 10 31 10 19 0
Bonito 11 44 21 21 0
Bonito 12 28 16 10 0
Bonito 13 37 23 13 0
Bonito 14 53 34 17 1
Bonito 15 68 35 31 0
Bonito 16 43 24 18 0
Bonito 17 52 30 19 0
Caruaru 18 72 50 20 5
Buique 19 27 17 7 3
Floresta 20 11 2 9 1
B. M. Deus 21 45 31 14 3
T. Norte 22 32 11 19 6
Gravata 23 22 10 12 2
Gravata 24 21 11 8 0
Gravata 25 12 7 5 0
Gravata 26 13 7 5 0
Gravata 27 13 8 4 0
Sanhar6 28 12 8 4 0
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Table 3: Richness analysis of ferns and lycophytes in the montane forest fragments studied in

the Northeast of Brazil.

Variables General Terrestrial Epiphytes
Multiple Regression
Total results R? P R? P R? P
0.66 <0.001 0.68 <0.001 0.45 0.005
Continuous explanatory t P t P t P
Fragment size 5.35 <0.001 5.65 <0.001 3.47 0.002
Temperature seasonality -0.01 0.985 0.186 0.853 -0.07 0.943
Precipitation seasonality -2.84 0.009 -2.67 0.013 -2.25 0.034
Altitude 0.81 0.428 0.74 0.461 0.51 0.614
Categorical explanatory Anova two way for residuals
F P F P F P
Forest type 7.80 0.001 1091  <0.001 2.84 0.063
Soil type 1.44 0.258 2.62 0.079 0.45 0.713
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Tabela 4: Influence of the continuos explanatory variables on the axes of a CCA of ferns and

lycophytes occurring in the montane forest fragments studied in Northeast Brazil.

Variance General Terrestrial Epiphytes

Total 3.525 3.411 3.451
Constrained 0.902 0.922 0.902

Axis 1 Axis 2 Axis1 Axis2 Axis1  Axis?2
Eigenvalue 0.377 0.276 0.395 0.282 0.395 0.285
% of variance explained 10.7 7.8 11.6 8.3 11.4 8.3
Pearson correlation 0.993 0.966 0.985 0.971 0.984 0.947

Explanatory variable Correlations

Fragment size 0.71 0.65 0.71 0.58 -0.60 0.60
Temperature seasonality -0.86 -0.19 -0.86 -0.18 0.75 -0.25
Precipitation seasonality 0.89 0.04 0.87 -0.01 -0.86 0.14
Annual mean temperature 0.73 0.09 0.67 -0.06 -0.78 0.25
Mean temperature of driest quarter 0.69 0.17 0.63 0.01 -0.73 0.32
Annual precipitation 0.29 0.18 0.28 0.08 -0.30 0.30
Precipitation of driest quarter -0.54 -0.13 -0.57 0.12 0.50 0.13
Altitude 0.37 0.12 0.44 0.35 -0.27 -0.19
P value of Monte Carlo test (1000 runs) 0.001 0.001 0.001
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Tabela 5: Influence of the categorical explanatory variables on the axes of a CCA of ferns and

lycophytes occurring in the montane forest fragments studied in the Northeast Brazil.

Explanatory General Terrestrial Epiphytes
variable
Axis 1 Axis 2 Axis 1 Axis 2 Axis 1 Axis 2
F P F P F P F P F P F P
Forest type 23.74 <0.001 | 7.64 0.002 | 23.26 <0.001 | 7.18 0.002 | 19.14 <0.001 | 1.72 0.198
Soil type 0.17 0912 | 1.62 0218 | 031 0.813 | 1.84 0.175 - - - -
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Figure 1: Location of the study area. The 28 fragments of the montane forests studied are

distributed in three states of northeast Brazil: Ceara (CE), in the municipalities of Aratanha (site

6), Baturité (site 9), Crato (site 4) and Maranguape (site 5); Paraiba (PB), in the municipalities

of Areia (site 7) and Bananeiras (site 8); and Pernambuco (PE), in the municipalities of Jaqueira

(site 1), Lagoa dos Gatos (site 2), Sdo Vicente Férrer (site 3), Bezerros (site 10), Bonito (sites

from 11 to 17), Buique (site 19), Caruaru (site 18), Floresta (site 20), Gravata (sites from 23
27), Brejo da Madre de Deus (site 21), Sanharo (site 28) and Taquaritingua do Norte (site 22).

to
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Figure 2: Relationship between precipitation seasonality and fragment size with terrestrial (R? =
0.78 and P< 0.001) and epiphytic (R? = 0.45 and P= 0.005) ferns and lycophytes species

richness in the montane forest fragments in Northeast Brazil.
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Figure 3: Variation of the terrestrial richness in the different forest types occurring in the
montane forest fragments studied in Northeast Brazil (F = 10.91 and P< 0.001). Forest types:
Type 1 = Open Montane Rain Forest, type 2 = Seasonal Montane Semideciduous Forest,
type 3 = Open Montane Rain Forest + Seasonal Montane Semideciduous Forest, type 4 =
Seasonal Montane Semideciduous Forest + Ecotone Area and type 5 = Ecotone Area.
Where the formation “Ecotone Area” is considered a mixel vegetation of Savana and

Seasonal Semideciduous Forest.
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Figure 4: Relationship between similarities in ferns and lycophytes species composition and
geographical distance (km) for 26 montane forest fragments studied in Northeast Brazil (R? =
0.09, P<0.001; Y = 0.2334-0.0001X).
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Figure 5: Ordination diagram of the first two axes of Canonical Correspondence Analysis
(CCA) of the composition of 26 montane forest fragments studied in Northeast Brazil.
Significant (p<0.05) environmental parameters: fragment size, annual mean temperature
(AMT), mean temperature of driest quarter (MTD), precipitation of driest quarter (PD),
precipitation seasonality (PS) and Temperature seasonality (TS)) are shown as vectors. The

forest types were indicated by different symbols that can be observed on top part of graph.
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Appendix S1. Ferns and lycophytes recorded in the 28 sites of montane rainforest in Northeast

Brazil according to ecological aspects.

Grupos/Taxons Ecological Aspects

Form Growth habit
LICOPHYTES
LYCOPODIACEAE
Phlegmariurus christii (Silveira) B. Ollg. Herbaceous Epiphytic
Phlegmariurus erythrocaulon (Fée) B.Qllg. Herbaceous Epiphytic
Phlegmariurusheterocarpon (Fée) B.Qllg. Herbaceous Epiphytic
Phlegmariuruslinifolius (L.) B.Qllg Herbaceous Epiphytic
Phlegmariurus mandiocanus (Raddi) B.Qllg. Herbaceous Epiphytic
Phlegmariurus martii (Wawra) B.Qllg Herbaceous Epiphytic
Phlegmariurus mollicomus B.Qllg. Herbaceous Epiphytic
Phlegmariurusregnellii (Maxon) B.Gllg. Herbaceous Epiphytic
Phlegmariurus taxifolius A. Love & D. Love Herbaceous Epiphytic
Phlegmariurustreitubensis (Silveira) B.Ollg. Herbaceous Epiphytic
Lycopodiella alopecuroides (L.) Cranfill Herbaceous Terricolous
Palhinhaea cernua (L.) Franco & Vasc. Herbaceous Terricolous
SELAGINELLACEAE
Selaginella amazonica Spring Herbaceous Terricolous
Selaginella arenaria Baker Herbaceous Terricolous
Selaginella bahiensis Spring Herbaceous Terricolous
Selaginella conduplicata Spring Herbaceous Terricolous
Selaginella decomposita Spring Herbaceous Terricolous
Selaginella erythropus (Mart.) Spring Herbaceous Terricolous
Selaginella flagellata Spring Herbaceous Terricolous/ Rupicolous
Selaginella flexuosa Spring Herbaceous Terricolous/ Rupicolous
Selaginella marginata (Humb. & Bonpl. ex Willd.) Spring Herbaceous Terricolous/ Rupicolous
Selaginella microphylla (Kunth) Spring Herbaceous Terricolous/ Rupicolous
Selaginella muscosa Spring Herbaceous Terricolous/ Rupicolous
Selaginella producta Baker Herbaceous Terricolous
Selaginella simplex Baker Herbaceous Terricolous
Selaginella stellata Spring Herbaceous Terricolous
Selaginella sulcata (Desv. ex Poir.) Spring Herbaceous Terricolous
Selaginella tenuissima Fée Herbaceous Terricolous
Selaginella valida Alston Herbaceous Terricolous
FERNS
ANEMIACEAE
Anemia flexuosa Sw. Herbaceous Terricolous
Anemia hirta (L.) Sw. Herbaceous Terricolous
Anemia mandiocana Raddi Herbaceous Terricolous
Anemia nervosa Pohl Herbaceous Terricolous
Anemia oblongifolia (Cav.) Sw. Herbaceous Terricolous
Anemia pastinacaria Moritz ex Prantl Herbaceous Terricolous
Anemia phyllitidis (L.) Sw. Herbaceous Terricolous
Anemia villosa Humb. & Bonpl. ex Kunth Herbaceous Terricolous
ASPLENIACEAE
Asplenium abscissum Willd. Herbaceous Terricolous/ Rupicolous
Asplenium auriculatum Sw. Herbaceous Rupicolous
Asplenium auritum Sw. Herbaceous Rupicolous
Asplenium claussenii Hieron. Herbaceous Terricolous/ Rupicolous
Asplenium cristatum Lam. Herbaceous Terricolous/ Rupicolous
Asplenium feei Kunze ex Fée Herbaceous Terricolous/ Rupicolous
Asplenium formosum Willd. Herbaceous Rupicolous
Asplenium inaequilaterale Willd. Herbaceous Terricolous/ Rupicolous
Asplenium juglandifolium Lam. Herbaceous Epiphytic
Asplenium laetum Sw. Herbaceous Epiphytic
Asplenium martianum C.Chr. Herbaceous Terricolous
Asplenium otites Link Herbaceous Terricolous/ Rupicolous
Asplenium praemorsum Sw. Herbaceous Epiphytic/ Rupicolous
Asplenium pumilum Sw. Herbaceous Terricolous/ Rupicolous
Asplenium raddianum Gaudich. Herbaceous Epiphytic
Asplenium salicifolium L. Herbaceous Epiphytic
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Asplenium serra Langsd. & Fisch.

Asplenium serratum L.

ATHYRIACEAE

Diplazium celtidifolium Kunze

Diplazium cristatum (Desv.) Aslton

Diplazium expansum Willd.

Diplazium plantaginifolium (L.) Urb.

Diplazium sp.

BLECHNACEAE

Blechnum brasiliense Desv.

Blechnum gracile Kaulf.

Blechnum fraxineum Willd.

Blechnum occidentale L.

Blechnum serrulatum Rich.

Salpichlaena volubilis (Kaulf.) J. Sm.
CYATHEACEAE

Alsophila setosa Kaulf.

Alsophila sternbergii (Sternb.) D.S.Conant
Cyathea abreviata 1.Fern.

Cyathea atrovirens (Langsd. & Fisch.) Domin
Cyathea corcovadensis (Raddi) Domin

Cyathea delgadii Sternb.

Cyathea glaziovii (Fée) Domin

Cyathea microdonta (Desv.) Domin

Cyathea phalerata Mart.

Cyathea praecincta (Kunze) Domin

Cyathea pungens (Willd.) Domin
DENNSTAEDTIACEAE

Dennstaedtia cicutaria (Sw.) T.Moore
Dennstaedtia globulifera (Poir.) Hieron.
Hypolepis repens (L.) C.Presl

Pteridium arachnoideum (Kaulf.) Maxon
DRYOPTERIDACEAE

Bolbitis serratifolia Schott

Ctenitis distans (Brack.) Ching

Ctenitis falciculata (Raddi) Ching

Ctenitis sloanei (Poepp. ex Spreng.) C.V.Morton
Ctenitis submarginalis (Langsd. & Fisch.) Ching
Cyclodium heterodon (Schrad.) Moore
Cyclodium meniscioides (Willd.) C. Presl var. meniscioides
Didymochlaena truncatula (Sw.) J.Sm.
Elaphoglossum discolor (Kuhn) C.Chr.
Elaphoglossum glabellum J.Sm.

Elaphoglossum herminieri (Bory & Fée) T.Moore
Elaphoglossum iguapense Brade

Elaphoglossum lingua (C.Presl) Brack.
Elaphoglossum macrophyllum (Mett. ex Kuhn) Christ
Elaphoglossum nigrescens (Hook.) T.Moore ex Diels
Elaphoglossum tamandarei Brade

Lastreopsis amplissima (C.Presl) Tindale
Lastreopsis effuse (Sw.) Tindale

Megalastrum eugenii (Brade) A.R.Sm. & R.C.Moran
Mickelia guianensis (Aubl.) R.C. Moran et al.
Olfersia cervina (L.) Kunze

Polybotrya cylindrica Kaulf.

Polybotrya sorbifolia Mett. ex Kuhn

Rumohra adiantiformis (G.Forst.) Ching
Stigmatopteris brevinervis (Fée) R.C.Moran
Stigmatopteris heterocarpa (Fée) Rosenst.
GLEICHENIACEAE

Dicranopteris flexuosa (Schrad.) Underw.
Dicranopteris linearis (Burm.f.) Underw.
Gleichenella pectinata (Willd.) Ching

Sticherus bifidus (Willd.) Ching
HYMENOPHYLLACEAE

Herbaceous
Herbaceous

Herbaceous
Herbaceous
Herbaceous
Herbaceous
Herbaceous

Herbaceous
Herbaceous
Herbaceous
Herbaceous
Herbaceous
Climbing

Arborescent
Arborescent
Arborescent
Arborescent
Arborescent
Arborescent
Arborescent
Arborescent
Arborescent
Arborescent
Arborescent

Herbaceous
Herbaceous
Climbing
Herbaceous

Herbaceous
Herbaceous
Herbaceous
Herbaceous
Herbaceous
Herbaceous
Herbaceous
Herbaceous
Herbaceous
Herbaceous
Herbaceous
Herbaceous
Herbaceous
Herbaceous
Herbaceous
Herbaceous
Herbaceous
Herbaceous
Herbaceous
Climbing
Herbaceous
Climbing
Climbing
Herbaceous
Herbaceous
Herbaceous

Herbaceous
Herbaceous
Herbaceous
Herbaceous

Terricolous/ Rupicolous/

Epiphytic
Epiphytic/ Rupicolous

Terricolous
Terricolous
Terricolous
Terricolous
Terricolous

Terricolous
Terricolous
Terricolous
Terricolous
Terricolous
Hemiepiphytic

Terricolous
Terricolous
Terricolous
Terricolous
Terricolous
Terricolous
Terricolous
Terricolous
Terricolous
Terricolous
Terricolous

Terricolous
Terricolous
Terricolous
Terricolous

Terricolous
Terricolous
Terricolous
Terricolous
Terricolous
Terricolous
Terricolous
Terricolous
Terricolous
Epiphytic/ Terricolous
Epiphytic
Epiphytic/ Terricolous
Epiphytic
Epiphytic/ Terricolous
Epiphytic/ Terricolous
Epiphytic/ Terricolous
Terricolous
Terricolous
Terricolous
Hemiepiphytic
Terricolous
Hemiepiphytic
Hemiepiphytic
Terricolous
Terricolous
Terricolous

Terricolous
Terricolous
Terricolous
Terricolous
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Didymoglossum angustifrons Fée

Didymoglossum hymenoides Hedw.
Didymoglossum krausii Hook. & Grev
Didymoglossum ovale E.Fourn.

Hymenophyllum abruptum Hook.

Hymenophyllum hirsutum (L.) Sw.
Hymenophyllum polyanthos (Sw.) Sw.
Trichomanes arbuscula Desv.

Trichomanes crispum L.

Trichomanes pellucens Kunze

Trichomanes pilosum Raddi

Trichomanes pedicellatum Desv.

Trichomanes pinnatum Hedw.

Trichomanes plumosum Kunze

Trichomanes polypodioides Raddi

Trichomanes punctatum Poir.

Trichomanes robustum E.Fourn.
LINDSAEACEAE

Lindsaea guianensis (Aubl.) Dryand.

Lindsaea lancea (L.) Bedd. var. Lancea

Lindsaea lancea var. falcata (Dryand.) Rosenst.
Lindsaea ovoidea Fée

Lindsaea pallida Klotzsch

Lindsaea quadrangularis Raddi

Lindsaea stricta (Sw.) Dryand.
LOMARIOPSIDACEAE

Lomariopsis japurensis (Mart.) J. Sm.

Nephrolepis biserrata (Sw.) Schott

Nephrolepis cordifolia (L.) C.Presl

Nephrolepis exaltata (L.) Schott

Nephrolepis rivularis (Vahl) Mett. ex Krug
LYGODIACEAE

Lygodium venustum Sw.

Lygodium volubile Sw.

MARATTIACEAE

Danaea leprieurii Kunze

OLEANDRACEAE

Oleandra articulata (Sw.) C.Presl
POLYPODIACEAE

Campyloneurum angustifolium (Sw.) Fée
Campyloneurum phyllitidis (L.) C. Presl
Campyloneurum repens (Aubl.) C. Presl
Cochlidium linearifolium (Desv.) Maxon ex C.Chr.
Cochlidium serrulatum (Sw.) L.E. Bishop
Dicranoglossum desvauxii (Klotzsch) Proctor
Dicranoglossum furcatum (L.) J. Sm.
Dicranoglossum polypodioides (Hooker) Lellinger
Lellingeria apiculata (Kunze ex Klotzsch) A.R.Sm. & R.C.Moran
Lellingeria limula (Christ) A.R.Sm. & R.C.Moran
Lellingeria suspensa (L.) AR.Sm. & R.C.Moran
Microgramma crispata (Fée) R M.Tryon & A.F.Tryon
Microgramma geminata (Schrad.) R M.Tryon & A.F.Tryon
Microgramma lycopodioides (L.) Copel.
Microgramma persicariifolia (Schrad.) C.Presl
Microgramma squamulosa (Kaulf.) de la Sota
Microgramma tecta (Kaulf.) Alston
Microgramma vacciniifolia (Langsd. & Fisch.) Copel.
Micropolypodium nanum (Fée) A.R.Sm.
Niphidium crassifolium (L.) Lellinger

Pecluma camptophyllaria (Fée) M.G. Price
Pecluma hygrometrica (Splitg.) M.G.Price
Pecluma paradiseae (Langsd. & Fisch.) M.G.Price
Pecluma pectinata (L.) M.G.Price

Pecluma pectinatiformis (Lindm.) M.G.Price
Pecluma pilosa (A.M.Evans) M.Kessler & A.R.Sm.
Pecluma plumula (Willd.) M.G.Price

Herbaceous
Herbaceous
Herbaceous
Herbaceous
Herbaceous
Herbaceous
Herbaceous
Herbaceous
Herbaceous
Herbaceous
Herbaceous
Herbaceous
Herbaceous
Herbaceous
Herbaceous
Herbaceous
Herbaceous

Herbaceous
Herbaceous
Herbaceous
Herbaceous
Herbaceous
Herbaceous
Herbaceous

Climbing
Herbaceous
Herbaceous
Herbaceous
Herbaceous

Climbing
Climbing

Herbaceous
Herbaceous

Herbaceous
Herbaceous
Herbaceous
Herbaceous
Herbaceous
Herbaceous
Herbaceous
Herbaceous
Herbaceous
Herbaceous
Herbaceous
Herbaceous
Herbaceous
Herbaceous
Herbaceous
Herbaceous
Herbaceous
Herbaceous
Herbaceous
Herbaceous
Herbaceous
Herbaceous
Herbaceous
Herbaceous
Herbaceous
Herbaceous
Herbaceous

Rupicolous
Epiphytic/ Rupicolous
Epiphytic/ Rupicolous
Epiphytic/ Rupicolous

Epiphytic

Epiphytic

Epiphytic
Terricolous/ Epiphytic

Terricolous
Epiphytic/ Rupicolous

Terricolous

Epiphytic

Terricolous
Terricolous/ Epiphytic
Epiphytic/ Rupicolous

Epiphytic
Terricolous/ Epiphytic

Terricolous
Terricolous
Terricolous
Terricolous
Terricolous
Terricolous
Terricolous

Hemiepiphytic
Terricolous
Terricolous
Terricolous
Terricolous

Terricolous
Terricolous

Terricolous
Epiphytic/ Rupicolous

Epiphytic/ Rupicolous

Epiphytic/ Rupicolous

Epiphytic/ Rupicolous
Epiphytic
Epiphytic
Epiphytic
Epiphytic
Epiphytic
Epiphytic
Epiphytic
Epiphytic
Epiphytic
Epiphytic
Epiphytic
Epiphytic
Epiphytic
Epiphytic
Epiphytic
Epiphytic
Epiphytic
Epiphytic
Epiphytic
Epiphytic
Epiphytic
Epiphytic
Epiphytic
Epiphytic
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Pecluma ptilodon (Kunze) M.G.Price
Pecluma ptilodon var. robusta (Fée) Lellinger

Phlebodium areolatum (Humb. & Bonpl. ex Willd.) J.Sm.

Phlebodium aureum (L.) J.Sm.

Phlebodium decumanum (Willd.) J.Sm.
Phlebodium pseudoaureum (Cav.) Lellinger
Pleopeltis angusta Humb. & Bonpl. ex Willd.
Pleopeltis astrolepis (Liebm.) E. Fourn.

Pleopeltis hirsutissima (Raddi) de la Sota
Pleopeltis macrocarpa (Bory ex Willd.) Kaulf.
Pleopeltis polypodioides (L.) Andrews & Windham
Polypodium brasiliense Poir.

Polypodium dissimile L.

Polypodium dulce Poir.

Polypodium loriceum L.

Polypodium pectinatum L.

Serpocaulon catharinae (Langsd. & Fisch.) A.R.Sm.
Serpocaulon fraxinifolium (Jacq.) A.R.Sm.

Serpocaulon meniscifolium (Langsd. & Fisch.) A.R.Sm.

Serpocaulon triseriale (Sw.) A.R.Sm.
PSILOTACEAE

Psilotum nudum (L.) P.Beauv.
PTERIDACEAE

Acrostichum danaeifolium Langsd. & Fisch.
Adiantopsis radiata (L.) Fée

Adiantum abscissum Schrad.

Adiantum arguntum Splitg.

Adiantum cajennense Willd. ex Klotzsch
Adiantum concinnum Willd.

Adiantum cuneatum Langsd. & Fisch.
Adiantum curvatum Kaulf.

Adiantum deflectens Mart.

Adiantum diogoanum Glaz. ex Baker
Adiantum dolosum Kunze

Adiantum giganteum J.Prado

Adiantum glareosum Lindm.

Adiantum glaucescens Klotzsch

Adiantum humile Kunze

Adiantum intermedium Sw.

Adiantum latifolium Lam.

Adiantum lucidum (Cav.) Sw.

Adiantum macrophyllum Sw.

Adiantum obliguum Willd.

Adiantum petiolatum Desv.

Adiantum pulverulentum L.

Adiantum raddianum C.Presl

Adiantum serratodentatum Willd.
Adiantum tenerum Sw.

Adiantum terminatum Kunze ex Miq.
Adiantum tetraphyllum (Humb. & Bonpl.) Willd.
Adiantum villosum L.

Ceratopteris thalictroides (L.) Brong
Cheilanthes eriophora (Fée) Mett.
Doryopteris collina (Raddi) J.Sm.
Doryopteris concolor (Langsd. & Fisch.) J.Sm.
Doryopteris ornithopus (Hook. & Baker) J.Sm.
Doryopteris pedata (L.) Fée

Doryopteris pedata var. multipartita (Fée)
Doryopteris pentagona Pic.Serm
Doryopteris sagittifolia (Raddi) J.Sm.
Doryopteris varians (Raddi) J.Sm.
Doryopteris sp.

Hecistopteris pumila (Spreng.) J.Sm.
Hemionitis palmata L.

Hemionitis tomentosa (Lam.) Raddi
Pityrograma calomelanos (L.) Link var. calomelanos

Herbaceous
Herbaceous
Herbaceous
Herbaceous
Herbaceous
Herbaceous
Herbaceous
Herbaceous
Herbaceous
Herbaceous
Herbaceous
Herbaceous
Herbaceous
Herbaceous
Herbaceous
Herbaceous
Herbaceous
Herbaceous
Herbaceous
Herbaceous

Herbaceous

Herbaceous
Herbaceous
Herbaceous
Herbaceous
Herbaceous
Herbaceous
Herbaceous
Herbaceous
Herbaceous
Herbaceous
Herbaceous
Herbaceous
Herbaceous
Herbaceous
Herbaceous
Herbaceous
Herbaceous
Herbaceous
Herbaceous
Herbaceous
Herbaceous
Herbaceous
Herbaceous
Herbaceous
Herbaceous
Herbaceous
Herbaceous
Herbaceous
Herbaceous
Herbaceous
Herbaceous
Herbaceous
Herbaceous
Herbaceous
Herbaceous
Herbaceous
Herbaceous
Herbaceous
Herbaceous
Herbaceous
Herbaceous
Herbaceous
Herbaceous

Epiphytic
Terricolous
Epiphytic
Epiphytic
Epiphytic
Epiphytic
Epiphytic
Epiphytic
Epiphytic
Epiphytic
Epiphytic
Epiphytic
Epiphytic
Epiphytic
Epiphytic
Epiphytic
Epiphytic
Epiphytic
Epiphytic
Epiphytic

Epiphytic

Terricolous
Terricolous
Terricolous
Terricolous
Terricolous
Terricolous
Terricolous
Terricolous
Terricolous
Terricolous
Terricolous
Terricolous
Terricolous
Terricolous
Terricolous
Terricolous
Terricolous
Terricolous
Terricolous
Terricolous
Terricolous
Terricolous
Terricolous
Terricolous
Terricolous
Terricolous
Terricolous
Terricolous
Terricolous
Terricolous/ Rupicolous
Terricolous
Terricolous/ Rupicolous
Terricolous/ Rupicolous
Terricolous/ Rupicolous
Terricolous/ Rupicolous
Rupicolous
Rupicolous
Rupicolous
Rupicolous
Epiphytic
Rupicolous
Terricolous
Terricolous
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Polytaenium cajenense (Desv.) Benedict
Polytaenium guayanense (Hieron.) Alston
Pteris biaurita L.

Pteris brasiliensis Raddi

Pteris decurrens C.Presl

Pteris denticulata Sw. var. denticulata
Pteris leptophylla Sw.

Pteris schwackeana Christ

Pteris splendens Kaulf.

Pteris vittata L.

Vittaria costata Kunze

Vittaria graminifolia Kaulf.

Vittaria lineata (L.) J.E. Smith
SACCOLOMATACEAE

Saccoloma elegans Kaulf.

Saccoloma inaequale (Kunze) Mett.
SCHIZAEACEAE

Schizaea elegans (Vahl.) Sw.
TECTARIACEAE

Tectaria heracleifolia (Willd.) Underw.
Tectaria incisa Cav.

Triplophyllum boliviensis J. Prado & R.C. Moran
Triplophyllum dicksonioides (Fée) Holttum
Triplophyllum funestum (Kunze) Holttum
THELYPTERIDACEAE
Macrothelypteris torresiana (Gaudich.) Ching
Thelypteris abrupta (Desv.) Proctor
Thelypteris biolleyi (Christ) Proctor
Thelypteris conspersa (Schrad.) A.R.Sm.
Thelypteris crysodioides (Fée) C.V.Morton
Thelypteris decussata (L.) Proctor
Thelypteris dentata (Forssk.) E.P.St.John
Thelypteris hispidula (Decne.) C.F. Reed
Thelypteris interrupta (Willd.) K. Iwats
Thelypteris jamesonii (Hook.) R.M.Tryon
Thelypteris kunthii (Desv.) Morton

Thelypteris leprieurii (Hook.) R M.Tryon var. leprieurii

Thelypteris longifolia (Desv.) R.M.Tryon
Thelypteris macrophylla (Kunze) C.V. Morton
Thelypteris mexiae (C.Chr. ex Copel.) Ching
Thelypteris patens (Sw.) Small

Thelypteris poiteana (Bory) Proctor
Thelypteris polypodiodes (Raddi) C.F. Reed
Thelypteris serrata (Cav.) Alston

Herbaceous
Herbaceous
Herbaceous
Herbaceous
Herbaceous
Herbaceous
Herbaceous
Herbaceous
Herbaceous
Herbaceous
Herbaceous
Herbaceous
Herbaceous

Herbaceous
Herbaceous

Herbaceous

Herbaceous
Herbaceous
Herbaceous
Herbaceous
Herbaceous

Herbaceous
Herbaceous
Herbaceous
Herbaceous
Herbaceous
Herbaceous
Herbaceous
Herbaceous
Herbaceous
Herbaceous
Herbaceous
Herbaceous
Herbaceous
Herbaceous
Herbaceous
Herbaceous
Herbaceous
Herbaceous
Herbaceous

Epiphytic
Epiphytic
Terricolous
Terricolous
Terricolous
Terricolous
Terricolous
Terricolous
Terricolous
Terricolous
Epiphytic
Epiphytic
Epiphytic

Terricolous
Terricolous

Terricolous

Terricolous
Terricolous
Terricolous
Terricolous
Terricolous

Terricolous
Terricolous
Terricolous
Terricolous
Terricolous
Terricolous
Terricolous
Terricolous
Terricolous
Terricolous
Terricolous
Terricolous
Terricolous
Terricolous
Terricolous
Terricolous
Terricolous
Terricolous
Terricolous
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Manuscrito 11

Samambaias e licofitas de Florestas Montanas do Nordeste do Brasil: evidenciando

refugios de diversidade

Artigo a ser enviado a Revista

Biodiversity and Conservation
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Samambaias e licofitas de Florestas Montanas do Nordeste do Brasil: evidenciando

refugios de diversidade

Ivo Abrado Araujo da Silva

Resumo

Tem se sugerido que a alta biodiversidade observada nas Florestas Serranas do
Nordeste do Brasil apresenta relacdo com a teoria de refiigios, que sdao formagdes
florestais que mantiveram estabilidade climatica ao longo de periodos geoldgicos.
Segundo alguns autores, os refugios devem apresentar um niimero de espécies superior
ao esperado pela relagdo espécie-area, sendo o excedente explicado por fatores
histéricos e especificidade ambiental. O objetivo dessa pesquisa foi verificar se existem
evidéncias da teria de refiigio para as Florestas Serranas do Nordeste ao Norte do rio
Sdo Francisco. Para isso, 28 fragmentos de Florestas Serranas tiveram os seus residuos
das analises de regressao comparados com os residuos de 23 fragmentos de Florestas de
Terras Baixas. E foram verificadas as relagdes entre os residuos da relagdo espécie-area
e a representatividade de samambaias e licofitas epifitas, restritas e riqueza de licofitas.
As Florestas Serranas apresentaram residuos com valores maiores e positivos com mais
frequéncia que os residuos observados para as Florestas de Terras Baixas. Isso indica
uma riqueza maior que a esperada pela relagdo espécie-area. Além disso, o nimero de
espécies epifitas, restritas e a riqueza de licofitas mostraram correlagdo positiva com os
residuos das andlises da relacdo espécie-area. Estes resultados trazem evidéncias de que
as Florestas Serranas podem ser refuigios de diversidade de samambaias e licofitas e
compdem um elemento de grande relevancia para a manutengao da diversidade desses
grupos na Floresta Atlantica Nordestina. Nesse sentido, as estratégias de conservagdo
precisam ser de abrangéncia regional, devido a existéncia de complementaridade entre

as composicdes de espécies ocorrentes nas Florestas Serranas.

Palavras-chave: plantas vasculares sem sementes, brejos de altitude, relagao espécie-

area, ecologia vegetal, conservacao de criptogamos.
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Introducio

A Floresta Atlantica ¢ considerada um hotpost mundial de prioridade para a
conservagao devido ao seu alto grau de degradagao ambiental e sua alta biodiversidade
(Myers et al. 2000). Dentre as variagdes de Floresta Atlantica ocorrentes no Nordeste do
Brasil, mas precisamente ao norte do rio Sao Francisco, existem as Florestas Montanas
ou, como denominadas regionalmente, Florestas Serranas (Andrade-Lima 1966) que
possuem altitude a partir de 600 m e podem estar situadas tanto em tabuleiros proximos
ao litoral (em conectividade com Florestas Umidas Submontana e/ou de Terras Baixas)
quanto ao oeste da regido, dentro do dominio do semiarido, nesse caso, podendo ser
chamadas de Brejos Nordestinos (Sales et al. 1998). As Florestas Serranas estdo
inseridas no Centro de Endemismo Pernambuco e possuem elevada importancia
biologica devido a diversidade e endemismo de plantas e animais, nascentes aquiferos e
complexidade ecossistémica (Prance 1982; Silva et al. 2004).

A teoria de refugios (Haffer 1969) sustenta uma das hipdteses existentes na
literatura para explicar a alta diversidade e as altas taxas de endemismo observadas nas
Florestas Serranas (Andrade-Lima 1982; Borges-Nojosa e Caramaschi 2003). Refugios
sdo remanescentes florestais dos ciclos de expansao e retragdo das florestas imidas que
foram iniciados durante o Pleistoceno e sdo representados por Florestas Montanas que
mantiveram estabilidade climatica ao longo do tempo geoldgico (Fjedsa e Lovett 1997),
por tanto, tém alta diversidade e endemismo, sendo areas a partir das quais as espécies
se dispersaram quando as condi¢des climaticas se tornaram mais favoraveis (Aldasoro
et al. 2004).

Um dos fatores considerados determinantes para a riqueza de espécies ¢ a
relacdo espécie-area (MacArthur e Wilson 1967; Ricklefs 2001; Whittaker et al. 2001;
Karger et al. 2011). Aldasoro et al. (2004) destacam que os residuos das andlises de
regressdo entre a relagdo espécies-area expressam as diferencas entre o numero de
espécies por localidade, e o numero de espécies esperado caso a localidade estivesse na
linha de regressdao. Assim, areas com altos valores de residuos positivos indicam uma
riqueza maior que a esperada pela relacdo espécie-area, e essa parcela da variacao na
riqueza ndo explicada pode ser atribuida a outros fatores, como fatores historicos e
especificidade ambiental, por exemplo.

Nesse sentido, alguns trabalhos tém utilizado os residuos resultantes das analises

de regressdao espécies-area para identificar localidades como potenciais refugios (e.g.
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Hobohm 2000; Aldasoro et al. 2004). Embora existam criticas a teoria de refugios (ver
Colinvaux et al. 2000), muitos estudos tém sugerido sua funcionalidade, baseados em
estudos de distribui¢dao de plantas e animais, direcionando para uma abordagem pratica
de conservagdo bioldgica, pois os refugios além de possuirem maior diversidade de
espécies possuem também maior diversidade genética, ecossistémica e historica (Mayr e
O’Hara 1986; Lwanga et al. 1998; Harcourt 2000; Haffer 2001; Linder 2001; Aldasoro
et al. 2004; Borges 2007).

Para as samambaias e licofitas, as Florestas Serranas do Nordeste do Brasil,
apresentam grande relevancia no panorama da conservacdo, pois de cerca de 350
espécies desses grupos registradas para a regido, mais de 80% s3o encontradas em
Florestas Serranas distribuidas na Paraiba, Pernambuco e Ceara (Barros 1997). Embora
grupos evolutivamente distintos, samambaias e licofitas apresentam ecologia e historia
de vida similares, compartilhando nichos semelhantes, normalmente associados a
disponibilidade hidrica (Marquez et al. 2001; Guo et al. 2003; Watkins et al. 2007;
Hietz 2010). Estes grupos de plantas apresentam dependéncia direta aos fatores
abioticos, tendo em vista serem independentes de vetores biologicos para sua
reproducdo e capazes de se dispersar por longas distancias, caracteristicas que fazem
das samambaias e licofitas, especialmente as epifitas, boas indicadoras de solo, clima e
topografia (Kessler 2001; Lehmann et al 2002; Ferrer-Castan e Vetaas 2005; Bickford e
Laffan 2006; Arcand e Ranker 2008).

A alta representatividade de samambaias e licofitas em Florestas Serranas
quando comparadas as Florestas Submontanas e de Terras Baixas ¢ uma questdo que
sempre despertou curiosidade entre pesquisadores e que, do ponto de vista da biologia
da conservagdo, compde uma abordagem pratica para avaliar e definir areas estratégicas
para prote¢do da biodiversidade. Além disso, ¢ nas Florestas Serranas que ocorre a
maior representatividade de licofitas na regido ao norte do rio S3o Francisco (Santiago
2006). As licofitas constituem um grupo de origem muito antiga, cerca de mais de 350-
410 milhdes de anos atras (Kenrick e Crane 1997), que atualmente representam menos
de 1% de todas as plantas vasculares (Smith et al. 2006) e apresentam baixa
representatividade ao norte do rio Sdo Francisco (Centro de Endemismo Pernambuco)
quando comparadas a outras regides de Floresta Atlantica do Brasil (Santiago 2006).

Considerando as premissas da analise dos residuos, as Florestas Serranas teriam

maior diversidade que a esperada pela relagdo espécie-area, quando comparadas as
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Terras Baixas, devido aos fatores historicos do tempo de formacgao e da especificidade
de habitat. Para as samambaias e licofitas isso pode ser associado a longa historia
evolutiva e a especificidade ambiental. Nesse sentido, esse trabalho se propos analisar:
(1) as areas de Florestas Serranas possuem maior excedente de espécies ndo explicado
pela relagdo espécie-drea que as areas de Terras Baixas? (2) existe ligacdo entre a
riqueza de espécies ndo explicada pela relagdo espécie-area e a representatividade de
espécies epifitas, restritas e de licofitas? (3) as variagdes floristicas entre as areas de
Florestas Serranas (beta-diversidade) estdo relacionadas com a distancia geografica e as

mudangas fisicas do ambiente?

Métodos

Area de estudo

Os locais selecionados para a pesquisa correspondem a 28 fragmentos de
Florestas Serranas (a partir de 600 m altitude), localizadas no Nordeste do Brasil, nos
estados do Ceara (4), Paraiba (2) e Pernambuco (22) (Figure 1). Desses fragmentos, 25
sao brejos de altitude: disjuncgdes de florestas tropicais imidas com precipitagdes de até
1200 mm year" (Tabarelli e Santos 2004) que cobrem os topos de alguns platds
isolados dentro da grande depressao da Caatinga, vegetagdo xerofila adaptada ao clima
quente e seco (Santos et al. 2007).

Todos os fragmentos de Florestas Serranas analisados estdo inseridos no
chamado “Centro de Endemismo Pernambuco” que abrange todas as florestas tropicais
umidas (Floresta Atlantica) ocorrentes no Nordeste, ao norte do rio Sdo Francisco
(Sensu Prance 1982, 1987). O “Centro de Endemismo Pernambuco” ¢ formado por
Florestas de Terras Baixas (0-100), Submontanas (100-600) e Montanas (600-2000)
com trés tipos florestais: Ombrofila Densa, Ombrofila Aberta e Estacional Semidecidual
(Veloso et al. 1991). Esta subregido ja cobriu uma area composta por um bloco continuo
de floresta de 56.000 km? da costa até as escarpas do Planalto do Borborema (Silva et
al. 2004) e tem sido identificada como um importante centro de endemismo para muitos
grupos de plantas e outros organismos (Prance 1982; Andrade-Lima 1982; Borges-
Nojosa e Caramaschi 2003; Silva et al. 2003).
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Conjunto de dados

Os dados referentes a riqueza e a composi¢ao das samambaias e licofitas foram
obtidos a partir de publicagdes da literatura; do banco de dados do Laboratorio de
Pteridofitas da Universidade Federal de Pernambuco; e¢ de novos levantamentos
floristicos realizados pelos autores. Adicionalmente, foram visitados os herbérios dos
estados de Pernambuco e Paraiba, PEUFR, UFP, IPA, EAN ¢ JPB (Thiers 2012) com o
intuito de ampliar a base de dados, registrar e identificar material. O conjunto de dados
foi utilizado para a elaboracdo de uma matriz de presenga e auséncia de espécies de
samambaias e licofitas por fragmento.

Para padronizar o esforco amostral, os novos levantamentos floristicos seguiram
a mesma metodologia usada nos levantamentos anteriores. A metodologia consistiu de
trés excursdes para cada area de estudo, com duracdo de seis dias cada uma delas. Para
cada fragmento, o levantamento floristico foi realizado através de caminhadas
sistematizadas, com prioridade aos habitats preferenciais de ocorréncia das samambaias
e licofitas (Ambrosio e Barros 1997). Em relagdo as epifitas, foram incluidas apenas as
espécies que puderam ser coletadas e identificadas sem técnicas de arvorismo, ou seja,
as que foram encontradas em troncos ou arvores caidas, além daquelas que puderam ser
visualizadas até uma altura de 6 m.

Os espécimes foram coletados e preparados de acordo com a metodologia
padrao utilizada para as plantas vasculares (Mori et al. 1989). O material testemunho foi
depositado no Herbario UFP (Thiers 2012). As espécies foram identificadas através do
uso de literatura especializada para cada familia ou género. O sistema de classificacao
adotado seguiu Smith et al. (2006, 2008), com modificagdes de Rothfels et al. (2012)
para o tratamento da familia Athyriaceae e de Moran et al. (2010) para o género
Mickelia R.C. Moran et al. e as espécies do género Pleopeltis Humb. & Bonpl. ex
Willd. foram consideradas de acordo com Prado & Sylvestre (2012). Os nomes dos
autores foram abreviados conforme o International Plant Names Index (IPNI),
disponivel em www.ipni.org.

Foram utilizados os seguintes dados para o conjunto dos fragmentos analisados:
e A localizagao geografica (longitude, latitude e altitude), a area de cada fragmento e

as distancias entre eles. A area de cada fragmento foi calculada através do ArcView
3.2a (ESRI 2001) utilizando mapas digitalizados e imagens de satélite LANDSAT

ETM+ 2000, com 30 m de resolugdao. As distancias geograficas entre pares de

69



Silva, I. A. A. Composicdo e riqueza de samambaias e licéfitas de Florestas Serranas...

fragmentos foram calculadas através das coordenadas geograficas usadas para gerar
matriz de distancia no programa PC-ORD 6 (McCune e Mefford 2010);

As variaveis climaticas temperatura média anual, precipitacdo anual, isotermalidade,
média de temperatura do quartil mais seco, média de temperatura do quartil mais
umido, precipitagdo do quartil mais seco, precipitacio do quartil mais umido,
precipitacdo sazonal e sazonalidade térmica. Esses dados climaticos foram obtidos
através do  BIOCLIM (Global  Climate  Date), disponivel em
http://www.worldclim.org/bioclim. BIOCLIM ¢ uma ferramenta de modelagem
correlativa que interpola até 35 parametros climéaticos para qualquer localidade onde
latitude, longitude e elevag¢ao sdo conhecidas (ver Nix 1986; Houlder et al. 2001).
Entre os principais parametros climaticos oferecidos pelo BIOCLIM, foram
selecionados os mais importantes para os grupos das samambaias e licofitas, segundo
informacodes de literatura. Entre esses parametros, foram realizados testes estatisticos
para identificar variaveis autocorrelacionadas com o intuito de evitar analises com
varidveis redundantes. Assim, no modelo final de andlises estatisticas utilizadas para
investigar a influéncia de pardmetros climaticos sobre os dados bioldgicos, apenas as
variaveis sazonalidade térmica e precipitacao sazonal foram incluidas;

Os tipos florestais e tipos de solos. Os tipos florestais considerados para cada area de
estudo seguiram o “Manual técnico da vegetacdo brasileira” (IBGE 2012). A partir
disso, foram criadas as categorias de tipos de floresta dadas a seguir: Tipo 1, Floresta
Ombroéfila Aberta Montana (A); tipo 2, Floresta Estacional Semidecidual Montana
(F); tipo 3, Floresta Ombrofila Aberta Montana (A) + Floresta Estacional
Semidecidual Montana (F); tipo 4, Floresta Estacional Semidecidual Montana (F) +
Area de Tensdo Ecolégica (TE); e tipo 5, Area de Tensdo Ecologica (TE). A “Area
de Tensao Ecoldgica” foi considerada como uma regido de ocorréncia de vegetagao
mista de Savana e Floresta Estacional. Como a Floresta Ombrofila Aberta Montana
apresenta dossel mais denso que a Floresta Estacional Semidecidual Montana, a qual,
por sua vez, é mais densa que a Area de Tensdo Ecologica; nesse estudo, foi adotado
o seguinte gradiente de umidade para as para as categorias de tipos florestais: tipo 1
> tipo 3 > tipo 2 > tipo 4 > tipo 5. Os tipos de solo seguiram a classificagdo do
EMBRAPA para os solos do Nordeste do Brasil, disponivel em
http://www.uep.cnps.embrapa.br/solos. As categorias dos tipos de solo consideradas

foram: Tipo 1, Argissolos Vermelho-Amarelos (PVA); tipo 2, Latossolos Amarelos
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(LA); tipo 3, Argissolos Vermelho-Amarelos (PVA) + Latossolos Amarelos (LA);
tipo 4, Neossolos Quartzarénicos (RQo) + Neossolos Litélicos (RL) + Latossolos
Amarelos (LA); e tipo 5, Neossolos Litolicos (RL) + Latossolos Amarelos (LA).

Hipodteses e analise dos dados

Para testar a hipotese de que as Florestas Serranas sdo potenciais refugios,
possuindo maior excedente de espécies ndo explicado pela relacdo espécie-area, foram
selecionados 23 fragmentos de Floresta Atlantica de Terras Baixas a Submontanas, com
variacao de tamanhos similar aos das Florestas Serranas. Analises de regressdao foram
realizadas entre as areas e os numeros de espécies e, em seguida, os residuos resultantes
dessa regressao foram analisados comparativamente entre Florestas Serranas e Florestas
de Terras Baixas através de um teste-t. As analises de regressdo e o test-t foram
realizados no programa Statistica 8.0 (StatSoft 2007). Os dados referentes a riqueza
(nimero de espécies por fragmento) e ao tamanho de cada fragmento foram
transformados em logl0 para atender aos pré-requisitos de normalidade e
homogeneidade das variancias.

Como mencionado anteriormente, samambaias e licofitas epifitas e de
ocorréncia restrita sdo apontadas como indicadoras ambientais, com muitas espécies
apresentando especificidade a determinadas condigdes de habitats. Similarmente, a
maioria das licofitas apresentam essas caracteristicas € compdem um grupo antigo de
plantas basais, pouco diversas, fiéis aos seus ambientes originais de ocorréncia. Assim,
se altos valores de residuos positivos estdo associados a parte da variacdo da riqueza nao
explicada pela area, mas sim por fatores historicos e/o de especificidade ambiental,
espera-se que a representatividade de espécies de samambaias e licofitas epifitas e
restritas e de espécies de licofitas seja positivamente relacionada a esse excedente de
riqueza nao explicado pela relacio espécie-area.

Assim, as relagdes ente os residuos das analises de regressao da relagdo espécie-
area e o numero de espécies epifitas, espécies restritas e a riqueza de licofitas foram
verificadas através de testes de correlacdo de Spearman (ndo-paramétrico), realizados
no programa Statistica 8.0 (StatSoft 2007). Foram consideradas como espécies restritas
aquelas com ocorréncia observada em apenas uma ou duas das areas de Florestas

Serranas estudadas.
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A andlise da diversidade beta foi desenvolvida através da decadéncia da
similaridade pela distancia entre as areas (Condit et al. 2002). Para isso, foi aplicada
uma analise de regressao linear simples, no programa Statistica 8.0 (StatSoft 2007),
entre os indices de similaridade de Jaccard e a matriz de distancia geografica entre os
fragmentos, ambos calculados no programa PC-ORD 6 (McCune e Mefford 2010). No
mesmo programa, testes de Mantel foram aplicados para verificar a relagdo entre a
distancia geografica e a variacdo ambiental, utilizando a matriz de distancia entre os
fragmentos e a matriz de dados fisicos de cada fragmento.

Foram consideradas significantes as relagcdes em que p < 0,05.

Resultados

Breve apresentacao floristica

O levantamento floristico das 28 areas de Florestas Serranas analisadas resultou
no registro de 273 espécies de plantas vasculares sem sementes, 244 delas samambaias e
29 licofitas (Apéndice 1). Ao todo, as espécies estao distribuidas entre 70 géneros e 25
familias, sendo mais representativas em espécies as familias Pteridaceae (56 espécies),
Polypodiaceae (48 espécies), Dryopteridaceae (26 espécies) e Thelypteridaceae (19
espécies). No total de espécies, 62% sdo terrestres, 34% epifitas e 4% terrestres e
epifitas.

Houve grande variagao entre as areas quanto ao numero de espécies, que foi de 11
a 140 (Tabela 2). O numero de espécies com ocorréncia restrita a apenas uma area foi
98 (36%), ocorrendo entre 2 e 10 areas foram 138 (50%) e em mais que 10 areas foram

37 (13%) espécies.

Relacio espécie-area: evidéncias de refiigios

Os resultados das andlises de regressdo confirmaram a relagdo positiva existente
entre a extensdo da area e a riqueza de espécies (R? = 0,55; P < 0,001), independente do
tipo de formacgdo florestal, se de terras baixas, submontana ou montana (Figura 2). No
entanto, as Florestas Serranas apresentaram residuos com valores maiores € positivos
com mais frequéncia que os residuos observados para as Florestas de Terras Baixas (¢
=3,07; P < 0,003) (Figura 3), indicando que Florestas Serranas apresentam maiores
variagdes na riqueza, com numeros de espécies maiores que os esperados pela reta da

regressao.
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A riqueza especifica de licofitas e os residuos das andlises de regressdo para as
Florestas Serranas apresentaram correlagdo positiva (» = 0,52; P < 0,003), quanto mais
residuos positivos com maiores valores, maior a ocorréncia de espécies desse grupo
(Figura 4). Similarmente, os mesmos residuos também mostraram correlagdes positivas
com a representatividade de espécies epifitas (» = 0,77; P <0,001) e de espécies restritas

(r=0,43; P=0,01) (Figura 5).

Diversidade beta

A analise da diversidade beta mostrou que a similaridade entre os fragmentos
diminui com a distancia geografica (R? = 0,09; P< 0,001) (Figura 6), o que indica uma
substitui¢do de espécies, provavelmente, relacionada ao gradiente ambiental detectado
pelos testes de Mantel, que mostrou uma significante mudanga nas condi¢des

ambientais com o aumento da distancia geografica (r = 0,72; P <0,001).

Discussao

Breve apresentacao floristica

No Brasil ocorrem 1.176 espécies de samambaias e licofitas (Prado e Sylvestre
2012), das quais cerca de 350 estdo presentes na regido Nordeste (Barros et al. 2006).
Diante disso, o numero total de espécies registradas nas 28 areas de Florestas Serranas
analisadas (273) ¢ bastante representativo, uma vez que corresponde a 78% das espécies
de samambaias e licofitas da regido.

As familias mais representativas foram Pteridaceae, Polypodiaceae,
Dryopteridaceae e Thelypteridaceae, abrangendo 54% do total de espécies encontradas
nesse estudo. Elas sdo frequentemente destacadas em outros estudos na Floresta
Atlantica nordestina como predominantes (Salino 1996; Melo e Salino 2002; Pietrobom
e Barros 2007; Pereira et al. 2007; Pereira et al. 2011). Pteridaceac é um grupo
tipicamente tropical (Smith et al. 2006) e Polypodiaceae comumente ocorre nos
neotropicos (Tryon e Tryon 1982). Thelypteridaceae tem sua riqueza de espécies
relacionada com a diversidade de microhabitats disponiveis na vegetagdao, ocorrendo
desde locais abertos ou fora da floresta até areas sombreadas no interior da floresta
(Salino 1996).

Comparando os nossos resultados a outros trabalhos que utilizaram metodologia

similar para o censo das espécies epifitas, a predominancia de espécies terrestres ¢ um
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padrdo comumente observado em estudos com samambaias e licofitas, tanto em outras
arcas do Nordeste do Brasil (Barros et al. 2006; Pietrobom ¢ Barros 2007; Pereira et al.
2007), quanto em areas nos Andes (Kessler 2001), no México (Williams-Linera et al.
2005) e na Africa tropical (Kamau 2012).

A tendéncia observada de apenas poucas espécies conseguirem alcancar ampla
distribuicdo entre os fragmentos parece ser um padrdo comum entre as samambaias e
licofitas (Paris 1997; Kessler ¢ Helme 1999; Kessler 2001). Kessler (2001), por
exemplo, observou que a maioria das espécies registradas tinha distribui¢ao restrita a
poucas areas, de modo que, de um total de 755 espécies distribuidas entre 65 areas de

estudo e 255 (34%) foram observadas em apenas uma localidade.

Relacdo espécie-area: evidéncias de refugios

Os resultados mostraram que a riqueza de samambaias e licofitas responde as
variagdes no tamanho dos fragmentos florestas. Como citado anteriormente, essa
resposta era esperada e estudos t€m mostrado que o numero de espécies de samambaias
¢ positivamente relacionado ao tamanho do fragmento florestal, pois fragmentos
maiores sdo capazes de oferecer maior complexidade ambiental, com maior
disponibilidade de nichos e, assim, estdo aptos a abrigar maior nimero de espécies
(Gignac e Dale 2005; Barros et al. 2006; Cagnolo et al. 2006).

Em relacdo as andlises dos residuos, os resultados apoiam a hipdtese de que as
Florestas Serranas podem ser consideradas potenciais refugios de diversidade para
samambaias e licofitas. Mesmo depois da andlise da influéncia da area, que ¢ um dos
principais parametros para explicar riqueza de espécies, os fragmentos florestais
apresentaram residuos grandes e positivos, indicando que boa parte do nimero de
espécies observado para a regido ¢ resultante de outros fatores (além do tamanho
florestal), inclusive historicos. Esses resultados corroboram os estudos de Aldasoro et
al. (2004) e Hobohm (2000) que verificaram que algumas ilhas que eram citadas como
refligios apresentavam valores altos e positivos dos residuos das analises da regressao
espécies-area, em detrimento de outras ilhas que apresentaram residuos com valores
negativos.

Lwanga et al. (1998) estudaram areas de refugios e outras localidades na Africa
e surpreenderam-se por perceber que um dos principais fatores que influenciava a

riqueza de espécies era a distancia entre areas de estudo e o refiigio mais préoximo.
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Similarmente, Saiz ¢ Lobo (2008) ao estudarem a flora de samambaias ¢ licéfitas na
Peninsula Ibérica perceberam que as areas mais ricas eram aquelas associadas as
“paleoregioes”, areas montanhosas que mantiveram estabilidade climéatica ao longo do
tempo. A questdo levantada pelos autores foi: Por que nao hé recolonizagao de novas
espécies para as areas menos ricas se as distdncias entre as localidades ndo formam
barreira geografica para esses grupos vegetais que apresentam elevada eficiéncia em
dispersao?

Para Lwanga et al. (1998), as samambaias e licofitas tornaram-se adaptadas as
condi¢des do proprio refugio, durante os periodos de contracdo das florestas, e
possivelmente a distribuigdo atual dessas plantas é restringida pela incapacidade de
sobreviver em diferentes ambientes ¢ ndo pela dispersdo. Saiz e Lobo (2008)
completaram que ndo ¢ s6 o fato de ser refugio que proporciona a maior riqueza de
espécies, mas também o fato da altitude auxiliar na preservagcao ambiental, uma vez que
a antropizacao alterou drasticamente as planicies de baixas altitudes. No caso do atual
estudo, esse argumento ¢ um pouco questionavel, pois a maioria das Florestas Serranas
esta situada em regides semidridas e sofrem variadas pressdes antropicas.

A area de Floresta Serrana localizada no municipio de Sanhard estava entre as
mais alteradas. Por ser uma regido onde a economia ¢ movida pela producdo de
derivados animais, durante os periodos mais secos muitos criadores sobem com seus
rebanhos para fazerem pastagens nas areas de florestas imidas, além de ser comum a
alteracdo de areas florestais para o desenvolvimento agricola. Consequentemente, nessa
regido foram observadas apenas 12 espécies de samambaias, todas comuns e tolerantes
a ambientes alterados, como Blechnum occidentale, Microgramma Vacciniifolia e
Thelypteris interrupta, por exemplo.

Samambaias e licofitas sdo sensiveis aos impactos humanos (Grime 1985) e,
segundo Pardini et al. (2009), dependem da disponibilidade de refigios para dispersao.
Refugios sdo locais que apresentam estabilidade de longa data, e, devido a fatores
histéricos, climaticos, ecologicos e geograficos, apresentam particularidades intrinsecas
a cada area, sendo, inclusive, diferentes entre si. Provavelmente ¢ essa caracteristica que
diferencia os refugios das demais localidades, pois mesmo apds o retorno da
estabilidade climatica em suas adjacéncias, essas formagdes permanecem com distinta
composi¢ao e riqueza de espécies (Lwanga et al. 1998; Saiz e Lobo 2008; Aldasoro et

al. 2004).
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Talvez essas informagdes expliquem o padrdo encontrado para as licofitas e as
espécies epifitas e restritas encontradas no atual estudo. As licofitas constituem um
grupo de linhagem antiga (Pryer et al. 1995), sendo boa parte das suas espécies
consideradas bioindicadoras ambientais, pois sdo muitos especificas em relagdo aos seus
habitats de ocorréncia e sensiveis as alteracdes ambientais (Sharpe et al. 2010). Em
relagdo as espécies epifitas e restritas, essa teoria de espécies indicadoras também se
aplica.

Samambaias epifitas podem ser boas indicadoras de degradagdo ambiental e
estrutura florestal, pois sdo sensiveis as condi¢des climaticas, perturbacdo e mudangas
nos fatores ambientais, e, em muitos casos, sdo mais vulneraveis que outras plantas
(Hietz 1998; Kromer e Gradstein 2003; Oldekop 2012). Ja o grupo das espécies restritas
observadas nesse estudo ¢ constituido por muitas espécies conhecidas por apresentarem
especificidade ambiental, como as arborescentes do género Cyathea, as espécies do
género Trichomanes e algumas do género Diplazium (Hietz e Briones 1998; Williams-
Linera et al. 2005; Silva et al. 2011; Kamau 2012). O género Trichomanes, por
exemplo, ¢ composto por espécies que possuem frondes constituidas por apenas uma
camada de célula, sendo sensiveis a dessecagdo ¢ com ocorréncia restrita a areas com
condigdes microclimaticas ideais aos seus desenvolvimentos, como sombreamento,

umidade elevada e preservacao ambiental, por exemplo (Santiago et al. 2004).

Diversidade beta

Em relagdo a andlise de diversidade beta, a substituicdo de espécies de
samambaias e licofitas ao longo de ambientes ou zonas ecoldgicas contrastantes ¢ um
fendomeno comum, dadas as caracteristicas comportamentais que esses grupos
apresentam em relacdo aos fatores fisico-ambientais (Salovaara et al. 2004; Ferrer-
Castan e Vetaas 2005; Karst et al. 2005; Sanchez-Gonzalez et al. 2010; Kluge e Kessler
2011; Hernandez et al. 2013; Jones et al. 2013). A baixa similaridade entre os
fragmentos sugere um padrdo deterministico na composicdo das espécies, pois o
ambiente parece ter papel mais restritivo que o limite de dispersdao ou qualquer
flutuacdo aleatoria (Karst et al. 2005; Hietz 2010).

Além disso, a substitui¢do de espécies ao longo do gradiente ambiental sugere
diferencas nas exigéncias ambientais das espécies, o que ¢ refor¢ado pelo grande

numero de espécies restritas a apenas uma localidade (Tuomisto et al. 2003; Kluge et al.
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2006). Neste estudo, isso ¢ confirmado pela baixa observagdo de espécies tolerantes a
todas as faixas de variacdo ambiental, sendo representadas por espécies poiquilohidricas
e/ou com adaptacdes xerofiticas, Anemia hirta, Blechnum occidentale, Lygodium
venustum, Hemionitis tomentosa, Microgramma vacciniifolia, Pleopeltis astrolepis,
Pteridium arachnoideum, Serpocaulon triseriale (Kluge et al. 2006; Hietz 2010; Silva
et al. 2011; Hernandez et al. 2013).

A dissimilaridade floristica observada entre as areas sugere uma
complementaridade na composicao de samambaias e licofitas, e corrobora os resultados
encontrados por Williams-Linera et al. (2005) e Kessler (2001). O conceito de
complementaridade tem como finalidade encontrar uma combina¢do com o menor
numero de locais que inclua todas as espécies em uma regido (Hunter e Gibbs 2007).
Devido ao elevado numero de espécies restritas, a conservagdo mais eficaz para a
riqueza das samambaias e licofitas em Florestas Serranas abrange uma preservagao a

nivel regional.

Conclusoes

Entre as formagdes de Floresta Atlantica ocorrentes no Nordeste ao Norte do rio
Sao Francisco (Florestas de Terras Baixas e Florestas Montanas), as Florestas Serranas
apresentam maior riqueza de espécies de samambaias e licéfitas e compdem um
elemento de grande relevancia para a manutencdo da diversidade de samambaias e
licofitas na Floresta Atlantica Nordestina, especialmente para as licofitas, que tém
pouca representatividade no Nordeste.

Este estudo traz evidéncias de que as Florestas Serranas sao potenciais refugios
de diversidade de samambaias e licofitas. Com base nas comparacdes feitas entre as
variagdes de riqueza desses grupos vegetais nos fragmentos de Florestas Serranas e de
Terras Baixas que nao sdo explicadas pela relagdo espécie-area.

As relagdes existentes entre os residuos da relagdo espécie-drea e as
representatividades de samambaias e licofitas epifitas, restritas e de espécies de licofitas
sugerem que essas plantas podem explicar parte do nimero de espécies nao explicada
pelo tamanho do fragmento florestal, dadas as caracteristicas de especificidade
ambiental e longa historia evolutiva desses grupos.

A protecdo da diversidade de samambaias e licofitas nas Florestas Serranas

depende de estratégias de conservagdo de abrangéncia regional, uma vez que existe
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complementaridade entre as composi¢des de espécies ocorrentes nas Florestas Serranas,
evidenciada pelo fato de muitas espécies apresentarem distribuigdes restritas a poucas

areas.
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Tabela 1: Atributos fisico-ambientais dos 28 fragmentos florestais estudados nos trés estados do Nordeste do Brasil (Ceara, Paraiba e Pernambuco):
Coordenadas geograficas (sistema UTM); altitude (elevagdo maxima em metros); tamanho do fragmento (ha); Tipos de floresta - onde: A = Floresta
Ombrofila Aberta Montana, F = Floresta Estacional Semidecidual Montana e TE = Area de Tensdo Ecoldgica (Savana/Savana Estépica/Floresta Estacional);
Tipos de solo - onde: PVA = Argissolos Vermelho-Amarelos, LA = Latossolos Amarelos, RL = Neossolos Litolicos e RQo = Neossolos Quartzarénicos. As
variaveis climaticas usadas nesse estudo foram obtidas através do BIOCLIM: Média de temperatura anual (AMT), Precipitagdo anual (AP), Isotermalidade
(IT), Temperatura média do quartil mais seco (MTD), Temperatura média do quartil mais umido (MTW), Precipitagdo do quartil mais seco (PD), Precipitagdo

do quartil mais imido (PW), Precipitacdo sazonal (PS) e Sazonalidade térmica (TS). Mais detalhes disponiveis em http://www.worldclim.org/bioclim.

Municipio Area  Latitude Longitude Altitude Tamanho Tipo Tipodesolo  AMT AP IT MTD MTW PD PW PS TS

Florestal

Jaqueira 1 -8.7038 -35.8506 713 630 A PVA 223 1073 70 230 209 84 484 59 1324
L. Gatos 2 -8.7434 -35.8940 750 360 A PVA; LA 223 1073 70 230 209 84 484 59 1324
S. V. Férrer 3 -7.6142 -35.4041 890 600 A PVA; LA 240 1155 72 247 226 93 498 57 1289
Crato 4 -7.2242 -39.4745 900 50 F; TE PVA; RL 252 1108 72 246 250 24 673 95 1108
Maranguape 5 -3.8811 -38.7070 890 >1000 A; F PVA 258 1408 78 261 256 47 829 90 562
Aratanha 6 -3.9890 -38.6408 778 >1000 A; F PVA 258 1408 78 261 256 47 829 90 562
Areia 7 -6.9790 -35.7508 618 300 F PVA 222 730 72 228 227 42 332 65 1235
Bananeiras 8 -6.7389 -35.6125 550 67.5 F LA 232 844 74 238 236 47 381 63 1241
Baturité 9 -4.2633 -38.8961 1114 >1000 A; F PVA 235 1245 75 238 234 47 719 89 548
Bezerros 10 -8.1586 -35.7535 950 150 A PVA; RL 229 574 71 228 235 39 256 64 1297
Bonito 11 -8.5247 -35.7029 720 50 A LA 237 1542 70 242 226 121 717 61 1137
Bonito 12 -8.4832 -35.7269 700 30 F PVA; LA 213 1059 70 219 200 82 481 59 1207
Bonito 13 -8.4874 -35.7179 720 30 A PVA; LA 213 1059 70 219 200 82 481 59 1207
Bonito 14 -8.5209 -35.7131 720 150 F LA 237 1542 70 242 226 121 717 61 1137
Bonito 15 -8.5037 -35.6946 800 70 A LA 237 1542 70 242 226 121 717 61 1137
Bonito 16 -8.4944 -35.6860 750 50 A LA 213 1059 70 219 200 82 481 59 1207
Bonito 17 -8.5021 -35.6877 750 50 A LA 237 1542 70 242 226 121 717 61 1137
Caruaru 18 -8.3693 -36.0218 900 360 A PVA 213 555 69 215 218 41 231 59 1495
Buique 19 -8.5562 -37.1943 800 30 TE LA; RQo; RL 216 790 67 221 219 62 336 54 1668
Floresta 20 -8.6508 -38.0384 1020 200 A; F LA;RL 231 506 67 220 246 20 281 85 1827
B. M. Deus 21 -8.2050 -36.3937 1050 110 F PVA 217 611 69 219 221 36 300 70 1518
T. Norte 22 -7.8693 -36.0413 800 40 F PVA; LA 228 497 70 228 233 23 228 66 1337
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Gravata 23 -8.3014 -35.5959 700 6 F LA 213 1059 70 219 200 82 481 59 1207
Gravata 24 -8.2659 -35.5439 700 25 F PVA 213 1059 70 219 200 82 481 59 1207
Gravata 25 -8.2821 -35.5503 700 20 F PVA; LA 213 1059 70 219 200 82 481 59 1207
Gravata 26 -8.2722 -35.5502 700 44 F PVA; LA 213 1059 70 219 200 82 481 59 1207
Gravata 27 -8.2994 -35.5922 700 13 F LA 213 1059 70 219 200 82 481 59 1207
Sanhar6 28 -3.2884 -36.5405 850 20 F PVA; RL 217 639 67 220 220 47 292 61 1595
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Tabela 2: Numero de espécies de Samambaias e licofitas em areas de Florestas Serranas no Nordeste

do Brasil.

Municipio Area Tamanho do  Numero de Espécies Espécies Espécies restritas a

fragmento espécies terrestres epititas uma ou duas areas
Jaqueira 1 630 140 87 51 40
L. Gatos 2 360 88 59 26 6
S. V. Férrer 3 600 92 65 23 10
Crato 4 50 24 21 1 4
Maranguape 5 >1000 88 58 28 28
Aratanha 6 >1000 67 39 24 14
Areia 7 300 28 21 6 3
Bananeiras 8 67.5 19 13 5 1
Baturité 9 >1000 85 60 19 17
Bezerros 10 150 31 10 19 1
Bonito 11 50 44 21 21 2
Bonito 12 30 28 16 10 0
Bonito 13 30 37 23 13 1
Bonito 14 150 53 34 17 3
Bonito 15 70 68 35 31 5
Bonito 16 50 43 24 18 0
Bonito 17 50 52 30 19 2
Caruaru 18 360 72 50 20 11
Buique 19 30 27 17 7 3
Floresta 20 200 11 2 9 4
B. M. Deus 21 110 45 31 14 6
T. Norte 22 40 32 11 19 10
Gravata 23 6 22 10 12 3
Gravata 24 25 21 11 8 0
Gravata 25 20 12 7 5 0
Gravata 26 44 13 7 5 0
Gravata 27 13 13 8 4 0
Sanharo 28 20 12 8 4 0
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Figura 1: Localizacdo da area de estudo. Os 28 fragmentos de Florestas Serranas estudados estdo
distribuidos em trés Estados do Nordeste do Brasil: Ceara (CE), nos municipios de Aratanha (area 6),
Baturité (area 9), Crato (4rea 4) e Maranguape (4rea 5); Paraiba (PB), nos municipios de Areia (area
7) e Bananeiras (area 8); e Pernambuco (PE), Nos municipios de Jaqueira (area 1), Lagoa dos Gatos

(area 2), Sdo Vicente Férrer (area 3), Bezerros (area 10), Bonito (areas de 11 a 17), Buique (area 19),

Caruaru (area 18), Floresta (area 20), Gravata (areas de 23 a 27), Madre de Deus (area 21), Sanhar6
(area 28) e Taquaritingua do Norte (area 22).
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Figura 2: Relacdo entre riqueza de espécies de samambaias e licofitas e tamanho dos
fragmentos (R? = 0,55; P < 0,001) estudados no Nordeste do Brasil. O grafico mostra a

relacdo para as duas formacgoes florestais (Montana e Terras Baixas).
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Figura 3: (A) Comparagdo entre os residuos resultantes da anélise de regressdo da relagao
entre o nimero de espécies de samambaias e licofitas e o tamanho dos fragmentos florestais
de Florestas Montanas e de Terras Baixas no Nordeste do Brasil. (B) Diferengas entre os

residuos da observadas através do test-t (¢ =3,07; P <0,003).
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Figura 4: Correlacdo entre o numero de espécies de licofitas e os residuos das Florestas
Montanas (» = 0,52; P < 0,003). Os residuos sao resultantes da anélise de regressao da relagao
entre o numero de espécies de samambaias e licofitas e tamanho dos fragmentos de Florestas

Montanas analisadas no Nordeste do Brasil.
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Figura 5: Correlagdo entre os residuos das Florestas Montanas ¢ o numero de espécies
epifitas (» = 0,77; P < 0,001) e de espécies restritas (» = 0,43; P = 0,01) de samambaias e
licofitas. Os residuos sdo resultantes da analise de regressdao da relacdo entre o numero de

espécies e tamanho dos fragmentos de Florestas Montanas analisadas no Nordeste do Brasil.
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Figura 6: Relacdo entre a distancia geografica (km) e a similaridade floristica da composigao

de samambaias e licofitas ocorrentes em 28 fragmentos de Floretas Serranas no Nordeste do Brasil

(R?=10.09, P<0.001).

94



Silva, I. A. A. Composicdo e riqueza de samambaias e licéfitas de Florestas Serranas...

Apéndice 1. Samambaias e licofitas nas 28 areas de Florestas Serranas no Nordeste do Brasil de

acordo com seus ascpectos ecoldgicos.

Grupos/Taxons Aspectos ecolégicos

Forma de vida Habitat de crescimento
LICOPHYTES
LYCOPODIACEAE

Phlegmariurus christii (Silveira) B. Qllg.
Phlegmariurus erythrocaulon (Fée) B.Ollg.
Phlegmariurusheterocarpon (Fée) B.Qllg.
Phlegmariuruslinifolius (L.) B.Qllg
Phlegmariurus mandiocanus (Raddi) B.Qllg.
Phlegmariurus martii (Wawra) B.Qllg
Phlegmariurus mollicomus B.Qllg.
Phlegmariurusregnellii (Maxon) B.Qllg.
Phlegmariurus taxifolius A. Love & D. Love
Phlegmariurustreitubensis (Silveira) B.Qllg.
Lycopodiella alopecuroides (L.) Cranfill
Palhinhaea cernua (L.) Franco & Vasc.
SELAGINELLACEAE

Selaginella amazonica Spring

Selaginella arenaria Baker

Selaginella bahiensis Spring

Selaginella conduplicata Spring
Selaginella decomposita Spring
Selaginella erythropus (Mart.) Spring
Selaginella flagellata Spring

Selaginella flexuosa Spring

Selaginella marginata (Humb. & Bonpl. ex Willd.) Spring
Selaginella microphylla (Kunth) Spring
Selaginella muscosa Spring

Selaginella producta Baker

Selaginella simplex Baker

Selaginella stellata Spring

Selaginella sulcata (Desv. ex Poir.) Spring
Selaginella tenuissima Fée

Selaginella valida Alston

FERNS

ANEMIACEAE

Anemia flexuosa Sw.

Anemia hirta (L.) Sw.

Anemia mandiocana Raddi

Anemia nervosa Pohl

Anemia oblongifolia (Cav.) Sw.

Anemia pastinacaria Moritz ex Prantl
Anemia phyllitidis (L.) Sw.

Anemia villosa Humb. & Bonpl. ex Kunth
ASPLENIACEAE

Asplenium abscissum Willd.

Asplenium auriculatum Sw.

Asplenium auritum Sw.

Asplenium claussenii Hieron.

Asplenium cristatum Lam.

Asplenium feei Kunze ex Fée

Asplenium formosum Willd.

Asplenium inaequilaterale Willd.
Asplenium juglandifolium Lam.
Asplenium laetum Sw.

Asplenium martianum C.Chr.

Asplenium otites Link

Asplenium praemorsum Sw.

Asplenium pumilum Sw.

Asplenium raddianum Gaudich.
Asplenium salicifolium L.

Asplenium serra Langsd. & Fisch.

Herbacea
Herbacea
Herbacea
Herbacea
Herbacea
Herbacea
Herbacea
Herbacea
Herbacea
Herbacea
Herbacea
Herbacea

Herbacea
Herbacea
Herbacea
Herbacea
Herbacea
Herbacea
Herbacea
Herbacea
Herbacea
Herbacea
Herbacea
Herbacea
Herbacea
Herbacea
Herbacea
Herbacea
Herbacea

Herbacea
Herbacea
Herbacea
Herbacea
Herbacea
Herbacea
Herbacea
Herbacea

Herbacea
Herbacea
Herbacea
Herbacea
Herbacea
Herbacea
Herbacea
Herbacea
Herbacea
Herbacea
Herbacea
Herbacea
Herbacea
Herbacea
Herbacea
Herbacea
Herbacea

Epifita
Epifita
Epifita
Epifita
Epifita
Epifita
Epifita
Epifita
Epifita
Epifita
Terricola
Terricola

Terricola
Terricola
Terricola
Terricola
Terricola
Terricola
Terricola/ Rupicola
Terricola/ Rupicola
Terricola/ Rupicola
Terricola/ Rupicola
Terricola/ Rupicola
Terricola
Terricola
Terricola
Terricola
Terricola
Terricola

Terricola
Terricola
Terricola
Terricola
Terricola
Terricola
Terricola
Terricola

Terricola/ Rupicola
Rupicola
Rupicola

Terricola/ Rupicola

Terricola/ Rupicola

Terricola/ Rupicola
Rupicola

Terricola/ Rupicola

Epifita
Epifita
Terricola
Terricola/ Rupicola
Epifita/ Rupicola
Terricola/ Rupicola
Epifita
Epifita

Terricola/ Rupicola/ Epifita
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Asplenium serratum L.

ATHYRIACEAE

Diplazium celtidifolium Kunze

Diplazium cristatum (Desv.) Aslton
Diplazium expansum Willd.

Diplazium plantaginifolium (L.) Urb.
Diplazium sp.

BLECHNACEAE

Blechnum brasiliense Desv.

Blechnum gracile Kaulf.

Blechnum fraxineum Willd.

Blechnum occidentale L.

Blechnum serrulatum Rich.

Salpichlaena volubilis (Kaulf.) J. Sm.
CYATHEACEAE

Alsophila setosa Kaulf.

Alsophila sternbergii (Sternb.) D.S.Conant
Cyathea abreviata 1.Fern.

Cyathea atrovirens (Langsd. & Fisch.) Domin
Cyathea corcovadensis (Raddi) Domin
Cyathea delgadii Sternb.

Cyathea glaziovii (Fée) Domin

Cyathea microdonta (Desv.) Domin
Cyathea phalerata Matrt.

Cyathea praecincta (Kunze) Domin
Cyathea pungens (Willd.) Domin
DENNSTAEDTIACEAE

Dennstaedtia cicutaria (Sw.) T.Moore
Dennstaedtia globulifera (Poir.) Hieron.
Hypolepis repens (L.) C.Presl

Pteridium arachnoideum (Kaulf.) Maxon
DRYOPTERIDACEAE

Bolbitis serratifolia Schott

Ctenitis distans (Brack.) Ching

Ctenitis falciculata (Raddi) Ching

Ctenitis sloanei (Poepp. ex Spreng.) C.V.Morton
Ctenitis submarginalis (Langsd. & Fisch.) Ching
Cyclodium heterodon (Schrad.) Moore

Cyclodium meniscioides (Willd.) C. Presl var. meniscioides

Didymochlaena truncatula (Sw.) J.Sm.
Elaphoglossum discolor (Kuhn) C.Chr.
Elaphoglossum glabellum J.Sm.

Elaphoglossum herminieri (Bory & Fée) T.Moore
Elaphoglossum iguapense Brade

Elaphoglossum lingua (C.Presl) Brack.

Elaphoglossum macrophyllum (Mett. ex Kuhn) Christ
Elaphoglossum nigrescens (Hook.) T.Moore ex Diels

Elaphoglossum tamandarei Brade
Lastreopsis amplissima (C.Presl) Tindale
Lastreopsis effuse (Sw.) Tindale

Megalastrum eugenii (Brade) A.R.Sm. & R.C.Moran

Mickelia guianensis (Aubl.) R.C. Moran et al.
Olfersia cervina (L.) Kunze

Polybotrya cylindrica Kaulf.

Polybotrya sorbifolia Mett. ex Kuhn
Rumohra adiantiformis (G.Forst.) Ching
Stigmatopteris brevinervis (Fée) R.C.Moran
Stigmatopteris heterocarpa (Fée) Rosenst.
GLEICHENIACEAE

Dicranopteris flexuosa (Schrad.) Underw.
Dicranopteris linearis (Burm.f.) Underw.
Gleichenella pectinata (Willd.) Ching
Sticherus bifidus (Willd.) Ching
HYMENOPHYLLACEAE
Didymoglossum angustifrons Fée
Didymoglossum hymenoides Hedw.

Herbacea

Herbacea
Herbacea
Herbacea
Herbacea
Herbacea
Herbacea
Herbacea
Herbacea
Herbacea
Herbacea
Herbacea
Trepadeira

Arborescente
Arborescente
Arborescente
Arborescente
Arborescente
Arborescente
Arborescente
Arborescente
Arborescente
Arborescente
Arborescente

Herbacea
Herbacea
Trepadeira
Herbacea

Herbacea
Herbacea
Herbacea
Herbacea
Herbacea
Herbacea
Herbacea
Herbacea
Herbacea
Herbacea
Herbacea
Herbacea
Herbacea
Herbacea
Herbacea
Herbacea
Herbacea
Herbacea
Herbacea
Trepadeira
Herbacea
Trepadeira
Trepadeira
Herbacea
Herbacea
Herbacea

Herbacea
Herbacea
Herbacea
Herbacea

Herbacea
Herbacea

Epifita/ Rupicola

Terricola
Terricola
Terricola
Terricola
Terricola

Terricola
Terricola
Terricola
Terricola
Terricola
Hemiepifita

Terricola
Terricola
Terricola
Terricola
Terricola
Terricola
Terricola
Terricola
Terricola
Terricola
Terricola

Terricola
Terricola
Terricola
Terricola

Terricola
Terricola
Terricola
Terricola
Terricola
Terricola
Terricola
Terricola
Terricola
Epifita/ Terricola
Epifita
Epifita/ Terricola
Epifita
Epifita/ Terricola
Epifita/ Terricola
Epifita/ Terricola
Terricola
Terricola
Terricola
Hemiepifita
Terricola
Hemiepifita
Hemiepifita
Terricola
Terricola
Terricola

Terricola
Terricola
Terricola
Terricola

Rupicola
Epifita/ Rupicola
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Didymoglossum krausii Hook. & Grev
Didymoglossum ovale E.Fourn.

Hymenophyllum abruptum Hook.

Hymenophyllum hirsutum (L.) Sw.
Hymenophyllum polyanthos (Sw.) Sw.
Trichomanes arbuscula Desv.

Trichomanes crispum L.

Trichomanes pellucens Kunze

Trichomanes pilosum Raddi

Trichomanes pedicellatum Desv.

Trichomanes pinnatum Hedw.

Trichomanes plumosum Kunze

Trichomanes polypodioides Raddi

Trichomanes punctatum Poir.

Trichomanes robustum E.Fourn.
LINDSAEACEAE

Lindsaea guianensis (Aubl.) Dryand.

Lindsaea lancea (L.) Bedd. var. Lancea

Lindsaea lancea var. falcata (Dryand.) Rosenst.
Lindsaea ovoidea Fée

Lindsaea pallida Klotzsch

Lindsaea quadrangularis Raddi

Lindsaea stricta (Sw.) Dryand.
LOMARIOPSIDACEAE

Lomariopsis japurensis (Mart.) J. Sm.

Nephrolepis biserrata (Sw.) Schott

Nephrolepis cordifolia (L.) C.Presl

Nephrolepis exaltata (L.) Schott

Nephrolepis rivularis (Vahl) Mett. ex Krug
LYGODIACEAE

Lygodium venustum Sw.

Lygodium volubile Sw.

MARATTIACEAE

Danaea leprieurii Kunze

OLEANDRACEAE

Oleandra articulata (Sw.) C.Presl
POLYPODIACEAE

Campyloneurum angustifolium (Sw.) Fée
Campyloneurum phyllitidis (L.) C. Presl
Campyloneurum repens (Aubl.) C. Presl
Cochlidium linearifolium (Desv.) Maxon ex C.Chr.
Cochlidium serrulatum (Sw.) L.E. Bishop
Dicranoglossum desvauxii (Klotzsch) Proctor
Dicranoglossum furcatum (L.) J. Sm.
Dicranoglossum polypodioides (Hooker) Lellinger
Lellingeria apiculata (Kunze ex Klotzsch) A.R.Sm. & R.C.Moran
Lellingeria limula (Christ) A.R.Sm. & R.C.Moran
Lellingeria suspensa (L.) AR.Sm. & R.C.Moran
Microgramma crispata (Fée) R M.Tryon & A.F.Tryon
Microgramma geminata (Schrad.) R M.Tryon & A.F.Tryon
Microgramma lycopodioides (L.) Copel.
Microgramma persicariifolia (Schrad.) C.Presl
Microgramma squamulosa (Kaulf.) de la Sota
Microgramma tecta (Kaulf.) Alston
Microgramma vacciniifolia (Langsd. & Fisch.) Copel.
Micropolypodium nanum (Fée) A.R.Sm.
Niphidium crassifolium (L.) Lellinger

Pecluma camptophyllaria (Fée) M.G. Price
Pecluma hygrometrica (Splitg.) M.G.Price
Pecluma paradiseae (Langsd. & Fisch.) M.G.Price
Pecluma pectinata (L.) M.G.Price

Pecluma pectinatiformis (Lindm.) M.G.Price
Pecluma pilosa (A.M.Evans) M.Kessler & A.R.Sm.
Pecluma plumula (Willd.) M.G.Price

Pecluma ptilodon (Kunze) M.G.Price

Pecluma ptilodon var. robusta (Fée) Lellinger

Herbacea
Herbacea
Herbacea
Herbacea
Herbacea
Herbacea
Herbacea
Herbacea
Herbacea
Herbacea
Herbacea
Herbacea
Herbacea
Herbacea
Herbacea

Herbacea
Herbacea
Herbacea
Herbacea
Herbacea
Herbacea
Herbacea

Trepadeira
Herbacea
Herbacea
Herbacea
Herbacea

Trepadeira
Trepadeira

Herbacea
Herbacea

Herbacea
Herbacea
Herbacea
Herbacea
Herbacea
Herbacea
Herbacea
Herbacea
Herbacea
Herbacea
Herbacea
Herbacea
Herbacea
Herbacea
Herbacea
Herbacea
Herbacea
Herbacea
Herbacea
Herbacea
Herbacea
Herbacea
Herbacea
Herbacea
Herbacea
Herbacea
Herbacea
Herbacea
Herbacea

Epifita/ Rupicola
Epifita/ Rupicola
Epifita
Epifita
Epifita
Terricola/ Epifita
Terricola
Epifita/ Rupicola
Terricola
Epifita
Terricola
Terricola/ Epifita
Epifita/ Rupicola
Epifita
Terricola/ Epifita

Terricola
Terricola
Terricola
Terricola
Terricola
Terricola
Terricola

Hemiepifita
Terricola
Terricola
Terricola
Terricola

Terricola
Terricola

Terricola
Epifita/ Rupicola

Epifita/ Rupicola

Epifita/ Rupicola

Epifita/ Rupicola
Epifita
Epifita
Epifita
Epifita
Epifita
Epifita
Epifita
Epifita
Epifita
Epifita
Epifita
Epifita
Epifita
Epifita
Epifita
Epifita
Epifita
Epifita
Epifita
Epifita
Epifita
Epifita
Epifita
Epifita
Epifita

Terricola
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Phlebodium areolatum (Humb. & Bonpl. ex Willd.) J.Sm.

Phlebodium aureum (L.) J.Sm.

Phlebodium decumanum (Willd.) J.Sm.
Phlebodium pseudoaureum (Cav.) Lellinger
Pleopeltis angusta Humb. & Bonpl. ex Willd.
Pleopeltis astrolepis (Liebm.) E. Fourn.

Pleopeltis hirsutissima (Raddi) de la Sota
Pleopeltis macrocarpa (Bory ex Willd.) Kaulf.
Pleopeltis polypodioides (L.) Andrews & Windham
Polypodium brasiliense Poir.

Polypodium dissimile L.

Polypodium dulce Poir.

Polypodium loriceum L.

Polypodium pectinatum L.

Serpocaulon catharinae (Langsd. & Fisch.) A.R.Sm.
Serpocaulon fraxinifolium (Jacq.) A.R.Sm.

Serpocaulon meniscifolium (Langsd. & Fisch.) A.R.Sm.

Serpocaulon triseriale (Sw.) A.R.Sm.
PSILOTACEAE

Psilotum nudum (L.) P.Beauv.
PTERIDACEAE

Acrostichum danaeifolium Langsd. & Fisch.
Adiantopsis radiata (L.) Fée

Adiantum abscissum Schrad.

Adiantum arguntum Splitg.

Adiantum cajennense Willd. ex Klotzsch
Adiantum concinnum Willd.

Adiantum cuneatum Langsd. & Fisch.
Adiantum curvatum Kaulf.

Adiantum deflectens Mart.

Adiantum diogoanum Glaz. ex Baker
Adiantum dolosum Kunze

Adiantum giganteum J.Prado

Adiantum glareosum Lindm.

Adiantum glaucescens Klotzsch

Adiantum humile Kunze

Adiantum intermedium Sw.

Adiantum latifolium Lam.

Adiantum lucidum (Cav.) Sw.

Adiantum macrophyllum Sw.

Adiantum obliguum Willd.

Adiantum petiolatum Desv.

Adiantum pulverulentum L.

Adiantum raddianum C.Presl

Adiantum serratodentatum Willd.
Adiantum tenerum Sw.

Adiantum terminatum Kunze ex Miq.
Adiantum tetraphyllum (Humb. & Bonpl.) Willd.
Adiantum villosum L.

Ceratopteris thalictroides (L.) Brong
Cheilanthes eriophora (Fée) Mett.
Doryopteris collina (Raddi) J.Sm.
Doryopteris concolor (Langsd. & Fisch.) J.Sm.
Doryopteris ornithopus (Hook. & Baker) J.Sm.
Doryopteris pedata (L.) Fée

Doryopteris pedata var. multipartita (Fée)
Doryopteris pentagona Pic.Serm
Doryopteris sagittifolia (Raddi) J.Sm.
Doryopteris varians (Raddi) J.Sm.
Doryopteris sp.

Hecistopteris pumila (Spreng.) J.Sm.
Hemionitis palmata L.

Hemionitis tomentosa (Lam.) Raddi
Pityrograma calomelanos (L.) Link var. calomelanos
Polytaenium cajenense (Desv.) Benedict
Polytaenium guayanense (Hieron.) Alston

Herbacea
Herbacea
Herbacea
Herbacea
Herbacea
Herbacea
Herbacea
Herbacea
Herbacea
Herbacea
Herbacea
Herbacea
Herbacea
Herbacea
Herbacea
Herbacea
Herbacea
Herbacea

Herbacea

Herbacea
Herbacea
Herbacea
Herbacea
Herbacea
Herbacea
Herbacea
Herbacea
Herbacea
Herbacea
Herbacea
Herbacea
Herbacea
Herbacea
Herbacea
Herbacea
Herbacea
Herbacea
Herbacea
Herbacea
Herbacea
Herbacea
Herbacea
Herbacea
Herbacea
Herbacea
Herbacea
Herbacea
Herbacea
Herbacea
Herbacea
Herbacea
Herbacea
Herbacea
Herbacea
Herbacea
Herbacea
Herbacea
Herbacea
Herbacea
Herbacea
Herbacea
Herbacea
Herbacea
Herbacea

Epifita
Epifita
Epifita
Epifita
Epifita
Epifita
Epifita
Epifita
Epifita
Epifita
Epifita
Epifita
Epifita
Epifita
Epifita
Epifita
Epifita
Epifita

Epifita

Terricola
Terricola
Terricola
Terricola
Terricola
Terricola
Terricola
Terricola
Terricola
Terricola
Terricola
Terricola
Terricola
Terricola
Terricola
Terricola
Terricola
Terricola
Terricola
Terricola
Terricola
Terricola
Terricola
Terricola
Terricola
Terricola
Terricola
Terricola
Terricola
Terricola/ Rupicola
Terricola
Terricola/ Rupicola
Terricola/ Rupicola
Terricola/ Rupicola
Terricola/ Rupicola
Rupicola
Rupicola
Rupicola
Rupicola
Epifita
Rupicola
Terricola
Terricola
Epifita
Epifita
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Pteris biaurita L. Herbacea Terricola
Pteris brasiliensis Raddi Herbéacea Terricola
Pteris decurrens C.Presl Herbéacea Terricola
Pteris denticulata Sw. var. denticulata Herbécea Terricola
Pteris leptophylla Sw. Herbéacea Terricola
Pteris schwackeana Christ Herbéacea Terricola
Pteris splendens Kaulf. Herbacea Terricola
Pteris vittata L. Herbacea Terricola
Vittaria costata Kunze Herbacea Epifita
Vittaria graminifolia Kaulf. Herbacea Epifita
Vittaria lineata (L.) J.E. Smith Herbéacea Epifita
SACCOLOMATACEAE

Saccoloma elegans Kaulf. Herbécea Terricola
Saccoloma inaequale (Kunze) Mett. Herbéacea Terricola
SCHIZAEACEAE

Schizaea elegans (Vahl.) Sw. Herbacea Terricola
TECTARIACEAE

Tectaria heracleifolia (Willd.) Underw. Herbacea Terricola
Tectaria incisa Cav. Herbécea Terricola
Triplophyllum boliviensis J. Prado & R.C. Moran Herbéacea Terricola
Triplophyllum dicksonioides (Fée) Holttum Herbéacea Terricola
Triplophyllum funestum (Kunze) Holttum Herbécea Terricola
THELYPTERIDACEAE

Macrothelypteris torresiana (Gaudich.) Ching Herbacea Terricola
Thelypteris abrupta (Desv.) Proctor Herbacea Terricola
Thelypteris biolleyi (Christ) Proctor Herbacea Terricola
Thelypteris conspersa (Schrad.) A.R.Sm. Herbéacea Terricola
Thelypteris crysodioides (Fée) C.V.Morton Herbéacea Terricola
Thelypteris decussata (L.) Proctor Herbéacea Terricola
Thelypteris dentata (Forssk.) E.P.St.John Herbéacea Terricola
Thelypteris hispidula (Decne.) C.F. Reed Herbacea Terricola
Thelypteris interrupta (Willd.) K. Iwats Herbacea Terricola
Thelypteris jamesonii (Hook.) RM.Tryon Herbacea Terricola
Thelypteris kunthii (Desv.) Morton Herbacea Terricola
Thelypteris leprieurii (Hook.) R M.Tryon var. leprieurii Herbéacea Terricola
Thelypteris longifolia (Desv.) R M.Tryon Herbéacea Terricola
Thelypteris macrophylla (Kunze) C.V. Morton Herbéacea Terricola
Thelypteris mexiae (C.Chr. ex Copel.) Ching Herbéacea Terricola
Thelypteris patens (Sw.) Small Herbacea Terricola
Thelypteris poiteana (Bory) Proctor Herbacea Terricola
Thelypteris polypodiodes (Raddi) C.F. Reed Herbacea Terricola

Thelypteris serrata (Cav.) Alston Herbacea Terricola
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CONCLUSOES

Entre as formagdes de Floresta Atlantica ocorrentes no Nordeste ao Norte do rio
Sao Francisco (Florestas de Terras Baixas e Florestas Montanas), as Florestas Serranas
apresentam maior riqueza de espécies de samambaias e licofitas e compdem um
elemento de grande relevancia para a manutencdo da diversidade de samambaias e
licofitas na Floresta Atlantica Nordestina, especialmente para as licofitas, que tém
pouca representatividade no Nordeste.

A flora de samambaias e licofitas das areas de Floretas Serranas analisadas ¢
fortemente influenciada pelo tamanho do fragmento florestal, com maior niemro de
espécies ocorrendo em fragmentos maiores. Além disso, o tamanho florestal também
influencia na flora em termos de composicdo das espécies, de modo que fragmentos
pequenos apresentam floras distintas dos fragmentos grandes, existindo uma relacao de
complementaridade floristica.

A disponibilidade hidrica foi outro fator determinante para a riqueza e
composicao de samambaias e licofitas nas Florestas Serranas. A interacdo entre fatores
climaticos (sazonalidade da precipitacdo, sazonalidade térmica, média anual de
temperatura) e o tipo florestal refletem a importancia da umidade para esses grupos de
plantas que apresentam maiores riquezas em fragmentos mais Umidos, sendo esta
condicdo capaz de explicar, também, as variacdes nas composi¢des de espécies entre as
Florestas Serranas.

Existe relagdo entre a similaridade da composicao floristica e a distancia
geografica, sendo areas mais distantes com menor afinidade floristica. Isso se deve,
provavelmente, a relacdo positiva observada entre as mudangas fisicas nos fragmentos
florestais e as distancias entre eles. No entanto, a variagdo na composi¢ao de espécies
responde mais fortemente aos fatores fisicos do ambiente que a distdncia geografica,
evidenciando que o papel do ambiente ¢ provavelmente mais restritivo que qualquer
processo de dispersdo ou flutuagdes aleatorias, indicando o determinismo ambiental
como atuante na distribui¢do das samambaias e licofitas nas Florestas Serranas.

Este estudo traz evidéncias de que as Florestas Serranas sao potenciais refugios
de diversidade de samambaias e licofitas. Com base nas comparagdes feitas entre as
variagdes de riqueza desses grupos vegetais nos fragmentos de Florestas Serranas e de

Terras Baixas que ndo sao explicadas pela relagcdo espécie-area.
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As relagdes existentes entre os residuos da relacdo espécie-area e as
representatividades de samambaias e licofitas epifitas, restritas e de espécies de licofitas
sugerem que essas plantas podem explicar parte do nimero de espécies ndo explicada
pelo tamanho do fragmento florestal, dadas as caracteristicas de especificidade
ambiental e longa historia evolutiva desses grupos.

A prote¢do da diversidade de samambaias e licofitas nas Florestas Serranas
depende de estratégias de conservagdo de abrangéncia regional, uma vez que existe
complementaridade entre as composi¢des de espécies ocorrentes nas Florestas Serranas,
evidenciada pelo fato de muitas espécies apresentarem distribui¢des restritas a poucas

areas.
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ANEXOS
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ANEXO 1
NORMAS PARA PUBLICACAO NO JOURNAL OF BIOGEOGRAPHY
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viewpoints in the discipline. Authors are particularly encouraged to submit concise,
clearly written papers focused on precisely framed questions or hypotheses of broad
interest to the wide international readership of the Journal. The Journal was established

in 1974 and is published in 12 issues a year.

Review policy. To avoid unnecessary delay for authors, papers submitted to the Journal
are first assessed editorially, and either are rejected outright at this stage or are entered
into a full peer review process. We aim to reach an editorial decision on each
manuscript in a timely fashion and to do so for first submissions in all cases within three
months of receipt. As of January 2013, the mean time to first decision for the previous

12-month period was 34 days.
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Requirements for submission

1. Manuscripts submitted to Journal of Biogeography must not be under consideration
for publication elsewhere.

2. The corresponding author must ensure that for each round of submission each author
named on the manuscript has approved the final version and consented to being named
as an author on the manuscript, exactly as submitted to the journal.

3. All manuscripts submitted to the journal will be scanned using software designed to
detect plagiarism. Where plagiarism is found, the submission may be rejected and/or
authors' institutions may be notified.

4. Authors must disclose any conflict of interest that might be perceived as affecting the
objectivity of conclusions, even if the conflict is only apparent.

5. Manuscripts must have been read and edited by someone whose first language is

English.

Article types and guidelines for layout The Journal publishes articles under the
following main headers: 1) Guest Editorials, 2) Commentaries, 3) Original
Articles, 4) Syntheses and 5)Correspondence. All submissions are subject to peer
review. All submissions must be concisely and clearly written in grammatically correct

English.

1) Guest Editorials

The Guest Editorial section is intended for stimulating and reflective essays providing
personal perspectives on key research fields and issues within biogeography.
Contributions are by the invitation of the editors, and authors wishing to contribute to
this section should therefore contact the editorial office in advance. When published,
guest editorials should be of no more than eight printed pages (main text maximum
5000 words), and they should include a short, single-paragraph abstract, and a set of 6—
10 keywords.

Manuscripts should be presented in the following order: title page, giving the article
type: Guest Editorial, article title, author names, author research addresses,
correspondence author’s name, address and e-mail, and short running head (maximum

of 8 words); a single-paragraph abstract of up to 250 words; 6—10 keywords; main text;
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references (using the standard referencing system of the journal); tables with their
legends above; list of figure legends; and embedded figures. A biosketch (see below)
may be included after the references providing the overall paper length limit is not
exceeded. The word count, inclusive of abstract, main text and references, should

be stated on p1 of the manuscript.

2) Commentaries

Commentary submissions should provide readily intelligible comment on the latest
original research in biogeography. The prose style should be light, and the article should
be written with the minimum of technical language and jargon, so as to be
understandable to a general audience or an undergraduate taking an introductory course
in biogeography. Contributions will be subject to rapid peer review. Commentaries
should occupy a maximum of two pages of the journal, and should have a maximum of
10 references. No biosketch is included for commentaries. Manuscripts should be
presented in the following order: article type header: Commentary; article title
(maximum of 10 words); main text (if headers are used within the text, keep them to a
minimum); author names; author research addresses; correspondence author’s name,
address and e-mail; and the references (using the standard referencing system of the
journal). The overall word count, inclusive of all of the above (i.e. text, title, author
details, references), should be stated on p1 of the manuscript and should not exceed
1600 words. Should you wish to include a small figure or other illustration, this can be

accommodated by a reduction in the number of words on a pro rata basis.

3) Original Articles

Standard research papers are classed as Original Articles. Authors should prepare their
manuscript so that, when published, the article will comprise not more than 10 to 12
published pages. A single page of the journal can carry one of the following: (1) the
article title, author list, abstract, and keywords; (2) about 1000 words of text (including
subheadings); (3) about 30 references. For a typical Original Article, in which
illustrative material (Tables and Figures) occupies about 3 pages of the journal when
printed at final journal sizing, the text, inclusive of abstract and reference list, should
not exceed 7000 words. The word count, inclusive of abstract, main text and

references, should be stated on p1 of the manuscript.
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Manuscripts should be presented in the following order: title page, giving the article
type: Original Article, the article title, author names, author research addresses,
correspondence author’s name, address and e-mail, and short running head (maximum
of 8 words); a structured abstract (as detailed below); 6-10 keywords (in alphabetical
order); main text; references (using the standard referencing system of the journal);
biosketch (see below); tables with their legends above; list of figure legends; and
embedded figures. The main headers for Original Articles should normally be
Introduction, Materials and Methods, Results, Discussion, Acknowledgements,

References.

Structured abstracts. Abstracts should be of no more than 300 words, presented as a
series of factual statements under the following headings: Aim, Location, Methods,
Results, and Main conclusions. The Aim should give a clear statement of the principal
research question(s) or hypotheses, the Methods should give details of
materials/sampling/methods of analysis, and the Main conclusions should give the main

take-home message.

Biosketch/Biosketches. A short Biosketch/Biosketches entry (30-100 words for one
author/150 words for the first three authors, respectively) describing the research
interests of the author(s) should be provided. For papers with four or more authors,
biosketch details should be supplied for the first author only and/or a general statement
of the focus of the research team (which may include a link to a group web page) plus,
in all cases, a statement of author contributions, e.g. Author contributions: A.S. and K.J.
conceived the ideas; K.J. and R.L.M. collected the data; R.L.M. and P.A.K. analysed
the data; and A.S. and K.J. led the writing.

4) Syntheses Papers that have the character of a theoretical synthesis/review, even if
incorporating an element of original analysis within them, should use the strapline
Synthesis. Guidelines are as for Original Articles but submissions to the Synthesis
section may be of up to 10,000 words providing such length is fully justified. In all
cases, the word count, inclusive of abstract, main text and references, should be

stated on p1 of the manuscript.
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5) Correspondence The Journal welcomes short items of correspondence prompted by
papers previously published in this or occasionally in other journals. The text should not
normally exceed 2500 words, inclusive of a short one-paragraph abstract (up to 150
words), and a list of 6-10 keywords. No biosketch is necessary for Correspondence
papers. The word count, inclusive of abstract, main text and references, should be

stated on p1 of the manuscript.

Pre-submission English language editing Authors for whom English is a second
language may choose to have their manuscript professionally edited before submission
to improve the English. A list of independent suppliers of editing services can be found
athttp://authorservices.wiley.com/bauthor/english_language.asp Japanese authors can
also find a list of local English improvement services

at http://www.wiley.co.jp/journals/editcontribute.html.

Submission

Submission to the Journal of Biogeography is via an online submission process
athttp://mc.manuscriptcentral.com/jbi. It is strongly recommended that before
submission authors download and then complete our Author Checklist, which is
intended to assist authors in preparing a potentially successful submission. It is available
from the ScholarOne Manuscripts site, where it can be found in the tab ‘Instructions and

Forms’ at the top right hand corner of the main screen.

When submitting, authors should upload a single word file (.doc, .docx or .rtf)
containing in sequence the text, tables with legends above, list of figure legends, and
embedded figures. If the paper has Supporting Information (for online publication only),
this material should be uploaded as separate editable files or, preferably, as one
combined file, with embedded figures if applicable. Any explanatory notes, companion
papers etc. for the attention of reviewers should be uploaded under 'Comments to
reviewers'. Once the files have been uploaded, the system automatically creates a single
PDF file for review purposes, combining the files designated as being for review. An

optional cover letter for the editor may be uploaded separately.
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Full instructions and support for authors can be found on the ScholarOne Manuscripts
site. To use the site you will need a user ID and password. Go to the Journal's
submission homepage (http://mc.manuscriptcentral.com/jbi) and click New user' if you
have not registered as an author before. If you require technical assistance with
ScholarOne Manuscripts, you will find details of how to contact ScholarOne Support
directly by clicking the GET HELP NOW link that appears at the top of every
ScholarOne Manuscripts page. Alternatively, please contact the Editorial Office by e-

mail.

The text

Manuscripts should bear the title of the contribution, names of the authors and complete
addresses of the place(s) where the work was carried out. The full postal and e-mail
address of the author who will receive correspondence and check the proofs should also
be included, as well as the present address of any author if different from the place
where the work was carried out. The title page should state the word count for the
abstract and also for the main body of the text (inclusive of the abstract and references).
Manuscripts must be written in English (we use UK spellings following the Oxford
English Dictionary); where this is not the author's first language they should be

carefully checked by a scientifically competent English speaker before submission.

Manuscripts should be formatted as A4 with ample margins and double line spacing
with continuous line numbers. All pages should be numbered in the top right hand
corner. A range of three different headings levels may be used and authors should
indicate the level of each heading by formatting them as bold—capital, bold—lower case
or italics—lower case for main, second and third level heading, respectively.

The correct nomenclatural authorities for the main study species must be given on their
first mention in the main body of text, or reference must be made to an appropriate
nomenclatural source reference covering the taxa mentioned in the paper. Where
specific equipment or software is mentioned, please give the manufacturer/company's

name, town and country.

Conflict of Interest
Journal of Biogeography requires that all authors disclose any potential sources of

conflict of interest. Any interest or relationship, financial or otherwise, that might be
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perceived as influencing an author’s objectivity is considered a potential source of
conflict of interest. These must be disclosed when directly relevant or indirectly related
to the work that the authors describe in their manuscript. Potential sources of conflict of
interest include but are not limited to patent or stock ownership, membership of a
company board of directors, membership of an advisory board or committee for a
company, and consultancy for or receipt of speaker’s fees from a company. The

existence of a conflict of interest does not preclude publication in this journal.

It is the responsibility of the corresponding author to review this policy with all authors
and to collectively list in the manuscript (under the Acknowledgment section) and in the

online submission system ALL pertinent commercial and other relationships.

Corresponding authors will be asked to confirm whether or not a conflict of interest

exists as part of the submission process.

Journal of Biogeography is a member of and subscribes to the principles of the

Committee on Publication Ethics.

Abbreviations and units

ST units (m, km?, kg, etc.) are preferred. Statistics and measurements should always be
given in figures, i.e. 10 km, except where the number begins the paragraph. When the
number does not refer to a unit of measurement, it is spelt out (e.g. three samples),
except where the number is greater than or equal to 10 (e.g. 25 samples). Use: negative
exponents (e.g. t year', not t/year); L for litres; 24 hour clock format (e.g. 10.00 h); and
format dates as 31 March 1999. The word 'Figure' should be abbreviated in the text, e.g.

Fig. 1, Figs 2 & 3. All acronyms/abbreviations should be given in full at first mention.

Tables

Tables should be cited consecutively in the text and included in the file at the end of the
paper with the legends above. They should be editable and constructed using 'tabs' (not
spaces or software options). Legends should be explicit and informative and should
‘stand alone’ from the main text, giving the study organism and study location and '»'

values where applicable. Column headings should be brief, with units of measurement
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in parentheses. All abbreviations should be defined.

Figures
Prepare figures such that, after reduction to print size, all lettering and symbols will be
clear and easily read, and such that each figure makes effective use of space. If using

colour please see the section on Colour figures, below.

For review purposes, figures should be embedded at the end of the text file. All
illustrations (including photographs and maps) are classified as figures and they should
be numbered consecutively as first cited in the text. Panels should be labelled (a), (b),
(c), etc. rather than (A), (B), (C) etc. and referred to in the text as, for example, Fig. 1a.
Figure legends should be listed at the end of the paper before the embedded figures.
Legends should be explicit and informative and should ‘stand alone’ from the main text,
giving the study organism and study location where applicable. All abbreviations should

be defined.

Bar scales for maps and photographs are preferred to numerical scales and must be
given on all such items. Maps that display area data and organism distribution at a
continental, hemispheric, or world scale must always use an equal-area map
projection (e.g. Mollweide or Aitoff's). Note especially that Mercator's projection is not
acceptable for such data. Please indicate the precise projection employed in the caption.
On these maps, the equatorial scale should be indicated, while scale information
should be provided, preferably as a scale bar within the figure, for all maps of
whatever size and area; use ‘km’ or ‘kilometres’, not ‘kilometers’. Maps should include

adequate geo-referencing information.

If and when your paper is accepted for publication, the editorial office will request you
to upload your figures as separate files in the format(s) specified below. When
supplying these files, use the following naming convention: manuscript number, figure

number and then the appropriate file extension e.g. 'JBI-08-0500 Figl.tif".

Photographic figures should be saved in .tif format at 300 d.p.i. (or failing that in .jpg

format with low compression). Line figures should be saved as vector graphics (i.e.
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composed of lines, curves, points and fonts) in .eps or .pdf format, as this enhances their
display when published online. Combination figures (those composed of vector and
pixel/raster elements) should also be saved in .eps or .pdf format where possible. If line
figures and combination figures cannot be saved in vector graphics format, they should
be saved in .tif format at high resolution (i.e. 600—800 d.p.i.) (do not save them in .jpg
format). If you are unsure about the resolution of your .tif files, please zoom in and

check that fonts, curves and diagonal lines are smooth-edged and do not appear blocky.

Note that .tif files are downsampled for online publication and so authors should
preferentially opt for vector graphic formats for line and combination figures (full
resolution .tif files are used for print publication). Colour figures should be saved in

CYMK rather than RGB.

Cover images
Authors are encouraged to submit potential cover illustrations. These should be scanned

to be 300 d.p.i. when enlarged/reduced to reproduction size (typically 11 x 16 cm).

References

Authors must use the system illustrated below. Unpublished data, works in preparation
and papers submitted but not yet accepted may be cited in the text, giving the author's
initials and surname, but should not be included in the reference list. It is the author's
responsibility to obtain permission from colleagues to include their work as a personal
communication. Please add the person’s initials, surname and institute for personal

communications.

In the text, references should be made by giving the author's name with the year of
publication, as follows: (Bush & Rivera, 1998). When reference is made to a work by
three or more authors the first name followed by et al., is used on all occasions. If
several papers by the same author and from the same year are cited, a, b, c, etc. should
be put after the year of publication, as follows (Schoener & Schoener, 1983a,b). When
citing a list of papers, place them in date order (alphabetically when within a year) and
separate them with semi-colons as follows (Schoener & Schoener, 1983a,b; Bush &

Rivera, 1998, 2003; Collins, 1998, 2002; Whittaker et al., 2007).
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In the list, references should be sorted alphabetically by first author, then by number of
authors (one, two, three or more), then chronologically within the one-author group,
alphabetically within the two-author group, and chronologically within the > three-
author group. For multi-authored works with more than 20 authors, list only the first
three authors followed by et al. Page extents of single-volume works are not

required. Titles of journals should be given in full. Check the Journal for reference

style. Some examples are given below:

Prentice, I.C., Guiot, J., Huntley, B., Jolly, D. & Cheddadi, R. (1996) Reconstructing
biomes from palaeoecological data; a general method and its application to European

pollen data at 0 and 6 ka. Climate Dynamics, 12, 185-194.

Cox, C. B. & Moore, P. D. (1999) Biogeography: an ecological and evolutionary
approach, 6th edn. Blackwell Science Ltd, Oxford.

Guo, Q. (1994) Dynamic desert Puccinellia maritima plant community ecology.: changes

in space and time. PhD Thesis, University of New Mexico, Albuquerque.

May, R.M. (1994) The effects of spatial scale on ecological questions and
answers. Large-scale ecology and conservation biology (ed. by P.J. Edwards, R.M. May
and N.R. Webb), pp. 1-17. Blackwell Scientific Publications, Oxford.

StatSoft Inc. (2003) STATISTICA (data analysis software system), version 6.1. StatSoft,
Inc., Tulsa, OK.

Appendices and Supporting Information

Additional materials and results (including supporting tables and figures) that are
necessary but do not need to be included in the main paper must be compiled into
Appendices, which will be provided to readers as online Supporting Information. No
more than three supplementary appendices are permitted (labelled Appendix S1 to
Appendix S3). Such supporting information should be referred to in the text as, for

example, 'see Appendix S1 in Supporting Information'; subsequent mention should be in
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the form 'see Appendix S2'. Authors should then include a 'Supporting Information'
section immediately after their References section (i.e. before the Biosketch entry),

which should be in the following form:

Supporting Information

Additional Supporting Information may be found in the online version of this article:

Appendix S1 Short title here.
Appendix S2 Short title here.

For reasons of space, only short titles to Supporting Information should be given in this
section; full titles should be given with the Supporting Information itself and should

include a fuller description of content, definition of abbreviations, etc.

Supporting Information files are hosted by the Publisher in the format supplied by the
author and are not copy-edited by the Publisher. It is the responsibility of the author
to supply Supporting Information in an appropriate file format and to ensure that
it is accurate and correct. Authors should therefore prepare Supporting
Information with the same rigour as their main paper, including adhesion to
journal style (e.g. formatting of references). Sources cited only in the Supporting
Information should be listed in a reference section within the supplementary files and
not with the main paper. Supporting Information can be provided as separate editable
files or, preferably, as one combined file. Authors are discouraged from supplying very
large files or files in non-standard file formats, both of which may reduce their use to
the readership. At the point a paper is accepted, these files should be prepared without

line numbers or wide line spacing, and with all track-change edits accepted.

At proof correction stage authors will be given access to their Supporting Information
(via the web) and should check it for accuracy and updates. If changes are required,
corrected versions of the files that were received with the proof must be emailed to the
Production Editor, with a brief description of the changes made. Supporting
Information must be checked alongside the main proof and corrections for both

returned to the Production Editor at the same time.
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Data Accessibility

Authors who wish to provide a consolidated statement of how other readers can access
the data used in their paper may wish to refer to outside data repositories where they
have deposited their data, e.g. Dryad, Pangaea, or others. If so, this statement should be
included after the Supporting Information section and before the Biosketch entry. A

typical entry might read as follows:

DATA ACCESSIBILITY
All topographic and environmental GIS layers, the habitat suitability model and BTM
results generated for this study are available as raster grids from the Pangaea

database: http://doi.pangaea.de/10.1594/PANGAEA.808540.

Policy on the use of RAPD markers

The appropriateness of RAPD markers for population genetic inference is increasingly
questioned by our reviewers and editors because of concerns about reproducibility,
dominance, and homology. Given these worries, and the ready availability of other
kinds of markers that do not suffer from all of these problems, studies based primarily
on RAPDs only rarely pass the scrutiny of peer review in the Journal of Biogeography.
There may be situations in which RAPDs are appropriate, such as in genetic mapping
studies or in searches for diagnostic markers for a given species or trait. These latter

kinds of studies will continue to be reviewed by the journal.

Policy on data publication, molecular sequences and vouchers

Consistent with widely adopted conventions in the field, it is a condition of publication
that papers using new molecular sequences must place the sequences in an appropriate
database (e.g. GenBank). Relevant accession numbers should be provided in the final
manuscript. Accession numbers are required for all sequences used in analyses,
including existing sequences in databases. Museum voucher numbers should also be
provided where doing so constitutes the appropriate best practice and/or where this
information could be of real value to future researchers. More generally, the journal
recognizes that what is considered appropriate best practice regarding data

publication/deposition may vary depending on factors such as the nature of the data, the
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funding sources involved, complexities of prior intellectual ownership issues, etc. We
therefore strongly encourage (where appropriate) but do not require (where it may not
be) authors to publish/deposit data sets in conjunction with papers being published in

this journal.

Copyright, OnlineOpen and colour figure charges

Journal of Biogeography operates two publication models: (1) our standard model for
which no page charges apply; and (2) a pay-to-publish OnlineOpen model. Publication
is conditional on authors completing and returning an Copyright Transfer Agreement
Form or the online Open Access form (see links above), respectively. In addition, all
papers including colour artwork are subject to charges (see 'Colour figures' below). The
relevant forms must be completed and returned to the Production Editor on acceptance:

papers will not be sent for typesetting until then.

Copyright Transfer Agreement Form

If your paper is accepted, the author identified as the formal corresponding author for
the paper will receive an email prompting them to login into Author Services; where via
the Wiley Author Licensing Service (WALS) they will be able to complete the license

agreement on behalf of all authors on the paper.

For authors signing the copyright transfer agreement

If the OnlineOpen option is not selected the corresponding author will be presented with
the copyright transfer agreement (CTA) to sign. The terms and conditions of the CTA
can be previewed in the samples associated with the Copyright FAQs below:

CTA Terms and Conditions http://authorservices.wiley.com/bauthor/faqs copyright.asp

For authors choosing OnlineOpen
If the OnlineOpen option is selected the corresponding author will have a choice of the
following Creative Commons License Open Access Agreements (OAA): Creative

Commons Attribution License OAA
Creative Commons Attribution Non-Commercial License OAA

Creative Commons Attribution Non-Commercial-NoDerivs License OAA
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To preview the terms and conditions of these open access agreements please visit the

Copyright FAQs hosted on Wiley Author

Services http://authorservices.wiley.com/bauthor/fagqs _copyright.asp and

visit http://www.wileyopenaccess.com/details/content/12f25db4c87/Copyright--
License.html. If you select the OnlineOpen option and your research is funded by The
Wellcome Trust and members of the Research Councils UK (RCUK) you will be given
the opportunity to publish your article under a CC-BY license supporting you in
complying with Wellcome Trust and Research Councils UK requirements. For more
information on this policy and the Journal’s compliant self-archiving policy please
visit: http://www.wiley.com/go/funderstatement.

Colour figures

Charges apply for the reproduction of colour figures in the hard copy of the journal. So,
if your paper contains colour figures, the Colour Work Agreement form

(available here), which outlines the charges, must be completed by the corresponding
author and sent to Wiley Blackwell at acceptance. If using a limited colour palette we
ask that authors avoid using red with green as this is a common colour-blindness
combination. If you are not prepared to pay for colour in print, figures will be produced
in colour in electronic versions of the paper, but black and white in the print copy. For
the convenience of readers, we ask that you design your colour artwork so that it can be
understood as best as possible in greyscale. Note that the same figure file must be used
for both the print and online versions (we do not accept differing colour and black-and-
white versions of the same figure). Authors must complete the Colour Work Agreement
form even if they opt for colour online/black and white in print. Articles received by
Wiley Blackwell with colour work will not be published until the form has been
received. Please send a scanned copy of the form to our production editor
(jbi@wiley.com) for information and, if paying for colour, post the hard copy of the
form to: Customer Services (OPI), John Wiley & Sons Ltd, European Distribution
Centre, New Era Estate, Oldlands Way, Bognor Regis, West Sussex, PO22 9NQ.

Referrals to the Open Access Journal "Ecology and Evolution"
This journal works together with Wiley’s Open Access journal, Ecology and Evolution,

to enable rapid publication of good quality research that we are unable to accept for
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publication. Authors may be offered the option of having their paper, along with any
related reviews, automatically transferred for consideration by the Editor of Ecology
and Evolution. Authors will not need to reformat or rewrite their manuscript at this
stage, and publication decisions will be made a short time after the transfer takes place.
The Editor of Ecology and Evolution will accept submissions that report well-conducted
research and which reach the standard acceptable for publication. Accepted papers can
be published rapidly, typically within 15 days of acceptance. Ecology and Evolution is a
Wiley Open Access journal and article publication fees apply.

Archive policy
Please note that unless specifically requested, the Publisher will dispose of all hardcopy

or electronic material submitted 2 months after publication.

Proofs

PDF proofs will be sent to the corresponding author by e-mail and they should

be returned to the Production Editor within two weeks of receipt. Where this is not
possible authors should e-mail the Production Editor (jbi@wiley.com) to advise of the
delay. We strongly encourage corresponding authors to circulate their proof (including
supporting information) for checking to all co-authors. Major alterations to the text and
illustrations are only accepted when absolutely necessary; the additional costs may be
charged to the author.

Offprints

Free access to the final PDF offprint of your article will be available via Author
Services only. Please therefore sign up for Author Services if you would like to access

your article PDF offprint and enjoy the many other benefits the service offers.
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ANEXO 2

NORMAS PARA PUBLICACAO NA REVISTA BIODIVERSITY AND
CONSERVATION
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Biodiversity and conservation

Editor-in-Chief: David Haw ksw orth
ISSN: 0960-3115 (print version)
ISSN: 1572-9710 (electronic version)
Journal no. 10531

Instructions for Authors

GENERAL
Language

The journal‘s language is English. British English or American English spelling and
terminology may be used, but either one should be followed consistently throughout the
article. Authors are responsible for ensuring the language quality prior to submission.

Is there an existing module for this? It should probably be made clear on submission to all
journals.

Spacing
Please double—-space all material, including notes and references.
Nomenclature

This is not a taxonomic journal and does not publish new scientific names of species or other
ranks except in exceptional circumstances. The correct names of organisms conforming with
the international rules of nomenclature must be used. Descriptions of new taxa should not be
submitted unless a specimen has been deposited in a recognized collection and it is
designated as a type strain in the paper. Biodiversity and Conservation uses the same
conventions for the genetics nomenclature of bacteria, viruses, transposable elements,
plasmids and restriction enzymes as the American Society for Microbiology journals.

MANUSCRIPT SUBMISSION

Submission of a manuscript implies: that the work described has not been published before;
that it is not under consideration for publication anywhere else; that its publication has been
approved by all co-authors, if any, as well as by the responsible authorities — tacitly or explicitly
— at the institute where the work has been carried out. The publisher will not be held legally
responsible should there be any claims for compensation.

PERMISSIONS

Authors wishing to include figures, tables, or text passages that have already been published
elsewhere are required to obtain permission from the copyright owner(s) for both the print and
online format and to include evidence that such permission has been granted when
submitting their papers. Any material received without such evidence will be assumed to
originate from the authors.
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ONLINE SUBMISSION

Authors should submit their manuscripts online. Electronic submission substantially reduces
the editorial processing and reviewing times and shortens overall publication times. Please
follow the hyperlink “Submit online” on the right and upload all of your manuscript files
following the instructions given on the screen.

ARTICLE TYPES

Original Research (9,000):

Manuscripts which are based on newly generated data which has not previously been
published or new analyses of existing data sets. Topics which are likely to be of interest to a
wide range of biodiversity scientists and conservationists are given priority, although local
studies or ones restricted to one or a few species may be considered if they serve as case
studies or include some novel approach. Articles dealing with several groups of organisms
and wide geographical areas are generally welcome. Ecological or genetic papers will be
considered only where they contribute to the core themes of the journal. Also, this is not a
taxonomic journal, and papers which describe new species or propose new systematic
arrangements will not normally be considered. In addition, author citations of scientific names
are not to be included. The title page should be organized as in the section "Title page". This
should be followed by an Abstract (300-500 words) and Key words (ones not in the title). The
Introduction should place the work in a broader context and make the objectives clear.
Methods and Results sections normally follow, and articles close with a Discussion of the
results. Subheadings and alternative headings may be used where appropriate. References
must follow the style given in "References”, and be followed by Figure captions, Figures, and
Tables (in that order).

Review Article (12,000):

Unsolicited reviews are encouraged, generally should have a global or regional perspective,
and may concern particular groups of organisms or methodologies. They are generally
prepared by experienced researchers with special in-depth knowledge of the topic. Extensive
lists of references are expected. The general guidance given for Original Research
submissions should be followed, but the system of headings and subheadings generally
varies depending on the topic. Reviews generally include indications of outstanding issues to
be addressed, and directions future work could take to elucidate those issues. If in doubt
whether a review topic might be suitable, please contact the Editor-in-Chief prior to
preparation and submission.

Invited Reviews (12,000):

Invited Reviews are ones which the Review Editor has invited, and are generally on subjects
of wide or topical interest, or which may be controversial. The Reviews Editor makes
invitations on the basis of her own experience with inputs from the journal's Associate Editors.
Otherwise, the guidance given under "Review Article" above applies.

Book Review (12,000):

The journal no longer publishes individual book reviews as separate items, but combines
book reviews and notices into batches which are issued one or two times each year. Authors
wishing to submit reviews of books they have received should first check with the Editor-in-
Chief whether the titles are already being covered. Publishers wishing to have titles
considered for inclusion should send them to the Editor-in-Chief.

Commentary (2,000):

Remarks on particular topical issues or criticisms of published work in this or other journals,
often controversial and bringing attention to matters of concern. They should follow the
general guidance under "Original Articles", and require an Abstract, but the internal structure
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will depend on the topic. Commentaries do not generally include original previously unpublished

data.
Letter to the Editor (1,000):

Opinions or criticisms drawing attention to issues of concern, or pointing out errors or
inadequacies in Original Research articles published either in this journal or in other
journals, are now welcome. They can be controversial, but need to cite supporting evidence
for views expressed. No Abstract is required, no headings or subheadings are generally
necessary, and References should normally not exceed 10-15.

TITLE PAGE

The title page should include:

The name(s) of the author(s)

A concise and informative title

The affiliation(s) and address(es) of the author(s)

The e-mail address, telephone and fax numbers of the corresponding author

ABSTRACT

Please provide an abstract of 150 to 250 words. The abstract should not contain any
undefined abbreviations or unspecified references.

KEYWORDS
Please provide 4 to 6 keywords which can be used for indexing purposes.
TEXT

Text Formatting

Manuscripts should be submitted in Word.

Use a normal, plain font (e.g., 10-point Times Roman) for text.

Use italics for emphasis.

Use the automatic page numbering function to number the pages.

Do not use field functions.

Use tab stops or other commands for indents, not the space bar.

Use the table function, not spreadsheets, to make tables.

Use the equation editor or MathType for equations.

Save your file in docx format (Word 2007 or higher) or doc format (older Word
versions).

HEADINGS

Please use no more than three levels of displayed headings.

ABBREVIATIONS

Abbreviations should be defined at first mention and used consistently thereafter.
FOONOTES

Footnotes can be used to give additional information, which may include the citation of a
reference included in the reference list. They should not consist solely of a reference citation,
and they should never include the bibliographic details of a reference. They should also not
contain any figures or tables.

Footnotes to the text are numbered consecutively; those to tables should be indicated by
superscript lower-case letters (or asterisks for significance values and other statistical data).
Footnotes to the title or the authors of the article are not given reference symbols.

Always use footnotes instead of endnotes.
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before the reference list. The names of funding organizations should be written in full.

REFERENCES

CITATION

Cite references in the text by name and year in parentheses. Some examples:
Negotiation research spans many disciplines (Thompson 1990).

This result was later contradicted by Becker and Seligman (1996).

This effect has been widely studied (Abbott 1991; Barakat et al. 1995; Kelso and
Smith 1998; Medvec et al. 1999).

REFERENCE LIST

The list of references should only include works that are cited in the text and that have been
published or accepted for publication. Personal communications and unpublished works
should only be mentioned in the text. Do not use footnotes or endnotes as a substitute for a
reference list.

Reference list entries should be alphabetized by the last names of the first author of each
work.

Journal article

Gamelin FX, Baquet G, Berthoin S, Thevenet D, Nourry C, Nottin S, Bosquet L
(2009) Effect of high intensity intermittent training on heart rate variability in
prepubescent children. Eur J Appl Physiol 105:731-738. doi: 10.1007/s00421-008-
0955-8

Ideally, the names of all authors should be provided, but the usage of “et al” in long
author lists will also be accepted:

Smith J, Jones M Jr, Houghton L et al (1999) Future of health insurance. N Engl J
Med 965:325-329

Article by DOI

Slitka MK, Whitton JL (2000) Clinical implications of dysregulated cytokine production. J Mol Med.
doi:10.1007/s001090000086

Book

South J, Blass B (2001) The future of modern genomics. Blackwell, London

Book chapter

Brown B, Aaron M (2001) The politics of nature. In: Smith J (ed) The rise of modern
genomics, 3rd edn. Wiley, New York, pp 230-257

Online document

Cartwright J (2007) Big stars have weather too. IOP Publishing PhysicsWeb.
http://physicsweb.org/articles/news/11/6/16/1. Accessed 26 June 2007

Dissertation

Trent JW (1975) Experimental acute renal failure. Dissertation, University of
California

Always use the standard abbreviation of a journal’s name according to the ISSN List of Title
Word Abbreviations, see

www.issn.org/2-22661-LTWA-online.php
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TABLES

All tables are to be numbered using Arabic numerals.

Tables should always be cited in text in consecutive numerical order.

For each table, please supply a table caption (title) explaining the components of
the table.

Identify any previously published material by giving the original source in the form
of a reference at the end of the table caption.

Footnotes to tables should be indicated by superscript lower-case letters (or
asterisks for significance values and other statistical data) and included beneath
the table body.

ARTWORK AND ILLUSTRATIONS GUIDELINES

For the best quality final product, it is highly recommended that you submit all of your artwork —
photographs, line drawings, etc. — in an electronic format. Your art will then be produced to the
highest standards with the greatest accuracy to detail. The published work will directly reflect
the quality of the artwork provided.

FIGURE LETTERING

To add lettering, it is best to use Helvetica or Arial (sans serif fonts).

Keep lettering consistently sized throughout your final-sized artwork, usually about
2-3 mm (8-12 pt).

Variance of type size within an illustration should be minimal, e.g., do not use 8-pt
type on an axis and 20-pt type for the axis label.

Avoid effects such as shading, outline letters, etc.

Do not include titles or captions within your illustrations.

FIGURE NUMBERING

All figures are to be numbered using Arabic numerals.

Figures should always be cited in text in consecutive numerical order.

Figure parts should be denoted by lowercase letters (a, b, c, etc.).

If an appendix appears in your article and it contains one or more figures, continue

the consecutive numbering of the main text. Do not number the appendix figures, "A1, A2, A3, etc."
Figures in online appendices (Electronic Supplementary Material)

should, however, be numbered separately.

FIGURE CAPTIONS

Each figure should have a concise caption describing accurately what the figure
depicts. Include the captions in the text file of the manuscript, not in the figure file.
Figure captions begin with the term Fig. in bold type, followed by the figure number,
also in bold type.

No punctuation is to be included after the number, nor is any punctuation to be
placed at the end of the caption.

Identify all elements found in the figure in the figure caption; and use boxes,
circles, etc., as coordinate points in graphs.

Identify previously published material by giving the original source in the form of a
reference citation at the end of the figure caption.

FIGURE PLACEMENT AND SIZE

When preparing your figures, size figures to fit in the column width.

For most journals the figures should be 39 mm, 84 mm, 129 mm, or 174 mm wide
and not higher than 234 mm.

For books and book-sized journals, the figures should be 80 mm or 122 mm wide
and not higher than 198 mm.

PERMISSIONS
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If you include figures that have already been published elsewhere, you must obtain
permission from the copyright owner(s) for both the print and online format. Please be aware
that some publishers do not grant electronic rights for free and that Springer will not be able to
refund any costs that may have occurred to receive these permissions. In such cases,
material from other sources should be used.

ACCESSIBILITY

In order to give people of all abilities and disabilities access to the content of your figures,
please make sure that:

All figures have descriptive captions (blind users could then use a text-to-speech
software or a text-to-Braille hardware)

Patterns are used instead of or in addition to colors for conveying information
(color-blind users would then be able to distinguish the visual elements)

Any figure lettering has a contrast ratio of at least 4.5:1
DOES SPRINGER PROVIDE ENGLISH LANGUAGE SUPPORT?

Manuscripts that are accepted for publication will be checked by our copyeditors for spelling and
formal style. This may not be sufficient if English is not your native language and substantial editing
would be required. In that case, you may want to have your manuscript edited by a native speaker
prior to submission. A clear and concise language will help editors and reviewers concentrate on the
scientific content of your paper and thus smooth the peer review process.

The following editing service provides language editing for scientific articles in all areas Springer
publishes in.

Use of an editing service is neither a requirement nor a guarantee of acceptance for publication.
Please contact the editing service directly to make arrangements for editing and payment.
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