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“llha do verde mirto e das flores vistosas,
Venerada afinal por todas as nacgdes,

Onde suspiros de ardorosos coracdes
Flutuam como incenso entre jardins de rosas”
Charles Baudelaire

“A ciéncia é muito boa — dentro de seus
preciosos limites. Quando transformada na
Unica linguagem para se conhecer 0 mundo,
entretanto, ela pode produzir dogmatismo,
cegueira e, eventualmente, emburrecimento.”
Rubem Alves
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Resumo

A restinga € um ambiente heterogéneo, no qual etaefio pode formar
mosaicos de vegetacdo herbacea e arbustiva. Asc¢demdabioticas
severas encontradas neste ambiente podem impediabelecimento de
individuos. Por isso a propagacéo clonal, e asaipbes positivas (e.g.
sindrome da planta-bercario), sdo importantes pawasibilitar o
recrutamentoClusia criuvaé uma espécie lenhosa e didica, comumente
encontrada em restingas e que pode se reproduxialaiente. Os
objetivos deste estudo foram: analisar aspectosiesaografia deC.
criuva e a possibilidade da colonizacdo na area serteeainvestigar se
existem interacBes positivas e, se elas tém uml pagmrtante em
processos populacionais da espécie. Todos osdudiviem uma area de
38 ha foram marcados, medidos e georreferenciddtosano depois, a
permanéncia de individuos nos quatro estagios dengelvimento
(plantulas, juvenis, adultos vegetativos e aduttom flores) ou sua
passagem para 0sS estagios seguintes foi obser@deecrutamento
(clonal e sexual) também foi observado e uma mdgizefkovitch foi
construida. A distribuicao espacial foi analisadando a funcdo K de
Ripley. Para averiguar a existéncia de interacdesitipas, foram
pesquisadas as espécies vegetais que ocorrem eciagds comC.
criuva e suas frequéncias foram comparadas com as freigiéobtidas
na amostragem sistematica. Além disso, foram feitgmerimentos com
germinacdo de sementes e sobrevivéncia de plantelas quatro
tratamentos diferentes: areas abertas, na borbaixiedas Umidas, dentro
de bromélias e sob arbustos. Os resultados mast@ssociacdo espacial
positiva entreC. criuva e algumas espécies de arbustos, além de uma
espécie de bromélia. Os experimentos revelaramaggerminacdo de
sementes e a sobrevivéncia das plantulas nas seeas dependem da
presenca de outras espécies vegetais. Analisesatdees abibticos
sugerem que a disponibilidade de agua e a tempem@diusubstrato sao as
principais caracteristicas amenizadas pelos faddites, que também
podem estar agindo como poleiros, melhorando a&ifp de sementes.
Individuos estabelecidos parecem ser capazes deveay isoladamente
e podem ter eliminado seus antigos benfeitores qoonpeticdo. A
distribuicdo agregada dos individuos, encontradastado, também pode
ser resultado das intera¢des positivas e/ou adwirheterogeneidade
ambiental. Um padrao de distribuicdo similar fasetvado em individuos
jovens e maduros. O crescimento em diametro e éwnaafoi mais
expressivo em estagios pré-reprodutivos, mas aimt@stiram mais em
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folhas. A permanéncia dos adultos nos respectis@gi®s teve a maior
contribuicdo para a taxa de crescimento populatestemadaXes=1,02).
Foi observada a reproducgéo clonal dos adultos atyges, mas todos os
genetas recrutados sdo imigrantes. Quando compaEivalores das
taxas de crescimento populacional calculadag) (incluindo-se os
imigrantes Xca=1,53) ou o0s excluindoX{,=0,99) é possivel perceber que
0 crescimento desta populacdo depende de fontemagtide sementes.
Todavia esta reproducdo por sementes parece serfemdmeno
inconstante e a propagacdo clonal pode garantistabibdade desta
populagao.

Palavras-chave: associacdo espacial, mecanismoslitafiaces,
colonizacao, reproducéo clonal e sexual
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Abstract

Brazilian coastal sand dunes are heterogeneousoaments, in which
the vegetation can form mosaics of herbaceous lanth y¥egetation. The
harsh abiotic conditions found in this environmeah be prohibitive to
the establishment of individuals. Therefore clomabpagation and
positive interactions, (e.g. nurse plant syndroragg,important to enable
recruitment. Clusia criuvais a woody dioecious species, common in
coastal sand dunes that can reproduce clonally.gblaés of this study
were: to analyze aspects of the demography.afriuvaand to assess the
possibility of a recent colonization of the areagl 4o investigate whether
positive interactions exist and, if they have anpadmant role in
populational processes of this species. All indiaild in an area of 38 ha
were tagged, measured and their location was detedmwith a GPS.
One year later, the stasis of individuals in ther fdevelopmental stages
(seedlings, saplings, vegetative adults and flavgeradults) or their
passage to subsequent stages was recorded. Rerru(toth clonal and
sexual) was also observed and a Lefkovitch matras wonstructed.
Spatial distribution was analyzed using Ripley'duketion. In order to
asses the existence of positive interactions, wesiigated the plant
species occurring in association to C. criuva amangared their
frequency to a systematic sampling. Moreover, erpErts on seed
germination and seedling survival were performed,four different
treatments (open areas; in the border of humicksjdnside a bromeliad
and beneath shrubs). The results demonstrateCthatiuvais positively
associated to some shrub species and one broméledexperiments
performed revealed that germination and seedlimgival on dry areas
depend on milder on the presence of other plartiepeAnalyses of the
abiotic conditions in the experiments sites, sutggksthat water
availability and temperature of the substrate heerhain characteristics
ameliorated by the benefactors that can also b&imgpias bird perches,
improving seed dispersal. Established individuasns to be able to
survive in isolation and may have outcompeted theinefactors. The
clustered spatial distribution of the individualsund by the study, can
also be a result of the positive interactions andige to environmental
heterogeneity. A similar distribution pattern wasserved in young and
mature individuals. Growth in height and stem ditanewas more
expressive in pre-reproductive stages, but admltssted more in leaves.
Stasis of adults (which can reproduce clonally) hiheé greatest
contribution to the population growth rate={.02). Clonal reproduction
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of vegetative adults was observed, but all recduigenets were
immigrants. When the calculated growth rate ofgbpulation {.5) with
and without the immigrantsi{;=1.53 and 0,99, respectively) are
compared, it is possible to notice that this pojpatedepends on external
sources of seeds to grow. However, reproducticoutiit seeds appears to
be an inconstant phenomenon and clonal propagat@mnguarantee the
stability of the population.

Keywords: spatial association, facilitative meclsam, colonization,
clonal and sexual reproduction
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1. Introducao
1.1 Restinga

As restingas estdo inclusas no Dominio Mata AtanfLei n.°
11.428/2006). Muitas de suas espécies vegetaisosgmarias da
Floresta Ombroéfila Densa, mas se adaptaram as gémwiextremas
encontradas nos ambientes costeiros (Scarano,. Re&jngas e dunas
de areia cobrem cerca de cinco mil quildmetros (7% litoral
brasileiro (Aratjo e Lacerda, 1987). Na llha de t§a@atarina, a
restinga representava, originalmente, 7% da cafgenregetal, mas
22,4% deste total foi desmatado até 1978 (CECABIL9IWs restingas
catarinenses tém origem quaternaria e sao formpdasipalmente, por
dunas e suaves depressfes (Falkenberg, 1999). ddediuguio e
Tessler (1984), as planicies quaternarias breamslese formaram por
acao conjunta dos seguintes fatores: fontes da @gscarpas arenosas,
rios, escarpas cristalinas e areias que recobrenplagaforma
continental); correntes de deriva litoranea; véacdo nivel relativo do
mar e deposi¢cdo de sedimentos. Os agentes geddgiodificam a
fisionomia destes locais, tendo destaque a ac&erto.

Muitos sdo os fatores limitantes para o0 estabekdio de
plantulas em dunas. Os mais importantes sdo azsodeenutrientes e a
falta de 4gua no substrato. Alguns nutrientes miemes da agua do
mar sao superabundantes no solo durante um petétimpo, mas sdo
rapidamente lixiviados. A salinidade em forma dessol ou presente
no solo sé permite a sobrevivéncia de plantas eapde suportar o
excesso de cloreto de sddio. A baixa capacidadetdrcédo de dgua do
solo arenoso e a alta taxa de evaporacdo acaredaesse hidrico.
Além de altamente permeéavel, o solo arenoso éviglstd que causa
erosdo ou deposicao de sedimento por acdo das ewmdagento, muitas
vezes removendo as plantas ou promovendo o sotntarpor areia. O
vento também tem grande influéncia sobre a vegetdg&estinga, por
causar constante dessecacdo, além de manter etanteragitacdo as
partes aéreas das plantas. A intensa luminosidadeuté fator
prejudicial, pois oxida a clorofila e aumenta a penatura. Outros
fatores que podem inibir o estabelecimento de gtanestes locais séo:
a temperatura do solo, a competicdo, a herbivddancas e infec¢des
por fungos, além das atividades humanas. (Brest®in9; Hesp, 1991;
Maun, 1994).
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A restinga ndo € um ambiente uniforme. A existénde
diferentes condi¢cdes ambientais definidas, em ppeka disténcia do
oceano, forma um gradiente na vegetacdo que paubéta se
apresentar em forma de mosaico (Falkenberg, 1€8®)p ocorre no
Parque Municipal das Dunas da Lagoa da Conceicédicsidade de
Floriandpolis, Santa Catarina. Neste mosaico, dfiras, semifixas e
méveis sdo entremeadas por depressées que podescugardas por
corpos d'agua, formados a partir do afloramentdedgol freatico. Em
anos muito chuvosos, estas areas Umidas ou alagades ter até 60
cm de profundidade (Aradjo e Lacerda, 1987).

1.2 Reproducéo sexual e reproducéo clonal

Para resistir as adversidades impostas pelo atabias plantas
da restinga apresentam adaptacdes, como folhalestas) esclerdfilas,
pubescentes ou cobertas de cera, fotossintese QADY oesisténcia ao
sal, germinacdo de sementes em épocas favordeeimdibr umidade
ou de temperaturas mais amenas, por exemplo), entras (Hesp,
1991). Uma adaptacdo muito freqliente neste ambé&at@ropagacao
vegetativa, que possibilita as plantas superaremdifisuldades
associadas ao estabelecimento de plantulas e g&dnirde sementes
(Cordazzo e Seeliger, 1988; Cordazzo e Costa, 1989)

Em plantas, a reproducdo assexuada pode se @aésatde
agamospermia (i.e. producdo de sementes néo Zadils) ou pela
producdo de rametas (Crawley, 1997). Rametas séddades
potencialmente independentes fisiologicamente degemetae podem
ter todas as fungBes comuns aos individuos naa@isldiPan e Price,
2002). Genetas entdo, sdo compostos de tecidos provenientesnde u
zigoto (Eriksson e Bremer, 1993). Ha um espectrofatenas de
propagacao clonal que podem ser observadas. Enxtueme estdo as
espécies que se propagam espacadamente, seridfilina vegetacédo e
maximizando contatos interespecificos. Em outraeext estdo as
espécies com rametas muito proximos, excluindoasuplantas do
territério do clone. Estas estratégias sdo chamddasguerrilha” e
“falange”, respectivamente (Lovett Doust, 1981). &tanto, ambas as
estratégias apresentam limitada capacidade derséspeo que resulta
na distribuicdo agregada de individuos em pequeseaslas (Harada e
Ilwasa, 1996).

Como ressaltado por Pan e Price (2002), estudiégiaos com
plantas clonais devem levar em consideracdo n&o@oépagacao por
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sementesgenetay como também a clonatameta3, visto que ambas
colaboram para o sucesso reprodutivo e, conseguente, para a
adaptacdo da espécie. Esta visdo discorda da dt&ssica de que a
adaptacédo deve ser medida somente em nivel deagesstdb que o0s
rametas seriam partes do geneta e a reproducatatiegseria igual ao
crescimento vegetativo da planta (Harper, 1977kimgton, 2010).

No entanto, rametas podem colaborar para o aumdato
adaptacdo do geneta. A probabilidade de sobreva/édc geneta
aumenta com o crescimento no nimero de rametase(lPaice, 2002)
da mesma forma que aumenta com o0 crescimento emni@mdo
individuo (Harper, 1977). Além disso, em ambiertieterogéneos, os
rametas podem se expandir para areas com difereamesntracdes de
recursos e responder plasticamente, se espec@dizencaptacdo de um
recurso, que pode ser distribuido para os outmetes, aumentando a
producdo de biomassa (Stuefer et al., 1996; Fisehean Kleunen,
2002).

Silvertown et al. (1993) constataram que ha urargal de curto
prazo entre reproducdo vegetativa e sexual. Oy céfestimento em
propagacao clonal implica em um menor investimer@roducédo de
sementes e vice e versa. A reproducdo sexual é@jesatpara a
manutencao da diversidade genética da populac@aeapdispersdo a
longas distancias (Silvertown, 2008). Por isso, rap@gacio por
sementes poderia ser mais importante na coloniz#gawvos locais e
apos perturbagbes. Com o tempo, a reproducdo seruta menos
abundante e a reproducdo clonal predominaria (&nkse Bremer,
1993). Contudo, muitas espécies vegetais mant&praducdo sexual,
mesmo apos o periodo inicial de colonizagéo (eeggBR002; Weppler,
2006). Provavelmente, a manutencdo da propagagé&epmntes e sua
importancia dependem de diversas caracteristicasesipécies, como
habitat, capacidade de dispersdo das sementesngasloou curtas
distancias), forma de propagacdo (guerriiha ounfgp e de como
ocorre a propagacdo dommetas(abaixo ou acima do solo) (Eriksson,
1989).

Tendo em vista que a restinga é ambiente hetezogérmuito
restritivo ao estabelecimento de plantulas (Scar2®92), estudos
voltados aos mecanismos de recrutamento de indisidu estudos
detalhados de demografia tém grande importancia patender o
funcionamento da restinga como um todo.
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1.3 Facilitagéo

Facilitacdo ou interagdo positiva é a relagaceamtganismos que
beneficia pelo menos um dos participantes e njodica nenhum deles
(Bruno et al.,, 2003). A facilitacdo é um fendmenmpkamente
distribuido que afeta a produtividade, diversidadéstribuicdo e
reproducdo das plantas (Callaway, 1995). O conastdacilitagéo €
baseado nas idéias de Clements, de que a sucess@ feqiéncia de
desenvolvimento, no qual cada estagio prepara dnbampara o
préximo (Ricklefs, 2003).

A facilitacdo pode agir diretamente, através dalifitmcdo dos
recursos ambientais, como luz e temperatura, umjdadtrientes e
oxigenagcdo do solo. Indiretamente, pode ocorrer iffnaddo da
densidade (e.g. compactacdo) do substrato, protagéica herbivoros,
atracdo de polinizadores, concentracdo de propaginteracdo entre
raizes, micorrizas e alteragdo da microflora do &0hllaway, 1995).

A facilitagdo e a competicdo agem simultaneam@hdémgren et
al.,, 1997). Espera-se que a facilitacdo seja maipoltante em
condicbes abiodticas mais severas e que a compegtigitomine em
condicbes mais amenas (Bertness e Callaway, 19ekn teoria,
chamada deStress-gradient hypothesi¢SGH), tem sido objeto de
muitos estudos (Mulder et al.,, 2001; Tewksbury leyd, 2001;
Callaway et al.,, 2002; Franks, 2003a ; Caviereslgt2006) e sua
validade e generalidade foram discutidas em umée s#r artigos
(Maestre et al.; 2005; Lortie e Callaway, 2006; Bex et. al.; 2006)
que culminaram em um artigo de consenso entre tosesuMaestre et
al.; 2009). Os refinamentos da SGH propostos pélgoasugerem que o
balanco entre facilitacdo e competicdo depende s@o das
caracteristicas dos fatores abibticos (recurso:dm recursos) como
também da estratégiaehsuGrime, 1977) de cada uma das espécies
envolvidas.

A chamadanurse plant syndromg“sindrome das plantas-
bercéario”) destaca-se entre as formas de interpgéiiva e tem sido
frequentemente relatada para ambientes xerofitiohs. plantas
consideradas “bercérios” contribuem para a melrdagcondicbes para
germinacdo, estabelecimento e/ou crescimento deasoutspécies
vegetais (Zaluar e Scarano, 2000). Muitos estudosdéntificaram
espécies de plantas-bercario. Tewksbury e Lloy@ip@studaram uma
espécie arborea do deserto de SonOiadya tesotpe constataram que
a rigueza e a abundancia de espécies vegetais wnamnsob a
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influéncia desta espécie em ambientes xéricos. Maral. (1997)
constataram o mesmo paRetama sphaerocarpam um ambiente
semi-arido no sudeste da Espanha.

Em éareas de dunas costeiras, este processo g@rede grande
importancia para estruturar a comunidade, visto spreente algumas
espécies tém a capacidade de colonizar a areioldstr, onde a
temperatura pode alcanca’@QScarano, 2002). Neste ambiente,
sucessdo se da através de processos de nucleac@pieea espécie
nucleadora cria um ambiente favoravel para o elgieibgento de outras
espécies, que irdo, eventualmente, substituir geces iniciais
(Yarranton e Morrisson, 1974). Um experimento msald por Franks
(2003b), em dunas costeiras na Florida, mostrouaggeantidade de
sementes e a emergéncia de plantulas é maior aotapladultas do que
em areas abertas, 0 que pode explicar também dgadregado
observado na vegetacao. Outro estudo, realizadestingas (Martinez,
2003), mostrou a relevancia da facilitacdo em aamsdunas. Foi
observado que a densidade de adultos e de juvenigsatnineas nao-
pioneiras foi de duas a seis vezes maior sob ostrbpioneiro
Chamaecrista chamaecristoide’s temperatura da superficie arenosa,
velocidade do vento e o acréscimo de areia forgmifgiativamente
reduzidos pelo arbusto. Um resultado semelhantelfeérvado em um
outro trabalho, realizado nas dunas arenosas Esstl? South Wellfleet
(Shumway, 2000). O arbustdviyrica pensylvanica influenciou
positivamente o crescimento, a reproducdo e o t@oento das
herbaceasSolidago semperviren& Amnophila breviligulata Esta
facilitagdo ocorreu através do sombreamento e darmaantidade de
matéria organica presente sob seus arbustos.

Plantas do géne@lusia, comoClusia hilariana,séo vistas como
plantas-bercério (Scarano et al., 2004), pois secém positivamente
com juvenis de outras e de sua prépria espéciegngod também
aumentar a complexidade da vegetacdo ao longongjmoteEstudos de
campo demonstraram que as plantas do géblksia sdo encontradas
com o metabolismo 4cido das crassulaceas (CAM oCMbrigatorio,
fotossintese € obrigatoria e comportamento CAM/Gntermediério,
sendo as Unicas espécies arboreas e dicotiled@neasapresentam
fotossintese CAM (Scarano et al.,, 2005; Littge, 7200.0go, se
mostram bastante adaptadas ao ambiente ensolasiadstohga. Além
disso, possuem reproducdo assexuada bem suceditfeqigente
(Scarano et al., 2004).

a
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Apesar de algumas espécies do gérehaesia facilitarem o
estabelecimento de outras plantas da restinganslgstudos mostram
que as Clusia podem ser faciltadas por bromélias para seu
estabelecimento inicial. Devido as condicdes desfweis para
germinacdo de sementes oferecidas pela restingdartsas da familia
Bromeliaceae podem ser um excelente bercario parasocespécies. Foi
observada a presenca de sementes e plantulas doogdosia (C.
lanceolata e C. fluminensis no interior de bromélias, em trabalho
realizado na Restinga da Barra de Marica (RJ) (hMaae Monteiro,
1987). Plantulas também foram encontradas em maitde ndo havia
plantas adultas, o que indica que as sementes reineges bromélias
através de algum agente dispersor.

J& foi evidenciado o efeito facilitador da exétiacalyptus sp.
para o estabelecimento @ criuva e de outras espécies de plantas
arbustivas e arbdreas de restinga, no Parque Nyahidas Dunas da
Lagoa da Conceicdo (Simfes-Jesus e Castellani,).2@8&duschi e
Castellani (2008) também sugeriram ocorrer umditiagdio por parte
da bromélia Vriesea friburgensis Mez (Bromeliaceae) para o
estabelecimento de C. «criuva em areas de vegetacdo
herbacea/subarbustiva de dunas internas. Estaioelag entanto, nao
foi encontrada em area de vegetagéo herbacea/ssbeabem baixadas
e depressfes secas ou pouco alagadas.

1.4 Justificativa

Dada a grande diversidade de mecanismos ecol6gareentes
na restinga, a estabilidade dos ecossistemas depestebitamente da
preservacao de seus componentes bioldgicos (Aeligrerda, 1987).
Por este motivo, 0 estudo das estratégias de éstabento de espécies
em restinga e dos processos que atuam na estaAdurag
desenvolvimento das comunidades vegetais é eskedai@m melhor
compreensdo da singularidade das interagcbes emtraliferentes
organismos e da contribuicdo de cada espécie patméanica do
ecossistema pode embasar acdes de conservaciaueagin das areas
de restinga.

A supressdo da vegetacdo destes locais pode m@as@
formacdo de dunas moveis, afetando todo o ambienséeiro e a
populagéo litordnea. Ainda assim, este habitat wcgppdocado pelas
politicas nacionais de conservacdo, devido aosobaixndices de
endemismo e biodiversidade.
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2. Objetivos

2.1 Obijetivo geral

Com o objetivo de compreender a dindmica poputatiae

Clusia criuva e o funcionamento dos mecanismos facilitadores em
ambientes de restinga, o presente trabalho preteesieonder as
seguintes perguntas:

Qual é a escala de agregacéo espaci@l deiuvana area?

C. criuvaé favorecida, em seu estabelecimento, por espdeies
bromélias ou por espécies arbustivas?

Este favorecimento ocorre sob condicbes mais easede
héabitat?

Quais sdo os mecanismos facilitadores envolvidos?

Qual a contribuicdo da reproducéo clonal e da em&@o
sexual na dindmica desta populac¢do?

Qual a tendéncia de crescimento populacional atal
ambiente de duna em questao?

2.2 Objetivos especificos

Para responder estas perguntas, o presente tratesth como

objetivos especificos:

Descrever a abundéncia, o padrao espacial e agiespé
vegetais que ocorrem juntdCa criuvg

Avaliar se esta distribuicdo esta associada a @mcia de
bromélias ou a espécies arbustivas;

Testar se a germinacdo ou a sobrevivéncia dasufg@&ré maior
em associacdo a determinadas espécies vegetaisolmu s
condicbes ambientais especificas;

Avaliar os fatores abidticos (temperatura da sigerfio solo;
velocidade do vento, luminosidade; quantidade dééniaa
organica do solo, umidade relativa do ar e do solo)

Descrever a estrutura populacionalGlecriuvaem estadios de
desenvolvimento e avaliar a sobrevivéncia, crestiones
recrutamento atual na populacéo;

Projetar tendéncias atuais de crescimento atravésnd matriz
populacional de Lefkovitch;
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* Avaliar quais componentes da matriz tém maior indpaia
para a manutencdo da taxa de crescimento popuddicion

« Determinar qual a propor¢do de novos individuos progém
de reproducdo clonal e de reproducdo sexual e qual
importancia de cada tipo de reproducdo para a tixa
crescimento populacional.

3. Area e espécie de estudo
3.1 Area de estudo

O Parque Municipal das Dunas da Lagoa da Conceigéo se
localiza na Ilha de Santa Catarina e se estendsubda Lagoa da
Conceicao até a praia do Campeche com extensa@3dea5(Fig 1), foi
criado pelo Decreto Municipal’r231/1988 (CECCA, 1997). As dunas
estdo protegidas pelo Codigo Florestal Lei Federal4771, de
15/09/1965) e pela Resolucdbad3/2002 do CONAMA,

5°34'56"

‘Sameaa@aiariné :
1 L3

[35°33'40"

48°29'78" 48°25'24”

§ b7036'41"

Ilha de /U
Santa 7/

Campo ;
N Catarifa

de

Figura 1. Localizagdo do campo de dunas onde foi realizadstudo.
Parque Municipal das Dunas da Lagoa da Conceiflam,de Santa
Catarina, SC (Fonte: Google Earth, 2010).
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conseqiientemente, sdo consideradas Area de Pggsefarmanente
(CECCA, 1997). Estas dunas representam o prinagpaiplexo de
dunas méveis e semifixas da Ilha de Santa Cat@irsolin, 1979).

Neste Parque, Guttler (2006) dispbs a vegetacdd ziclasses
(Tabela 1) de acordo com o porte da vegetacdo dalutats de duna
presentes no local: duna frontal, dunas internaxatias e depressoes
secas e alagaveis e corpos d’'agua.

Tabela 1 Tipos e subtipos de vegetacdo mapeados no Plslupieipal
das Dunas da Lagoa da Concei¢éo, Florian6poligGsitler, 2006).
Tipos de Vegetagéo Subtipos

a- Herbacea/subarbustiva da duna frontal

b- Herbacea/subarbustiva de dunas internas
c- Herbacea/subarbustiva de baixadas e
depressbes secas ou pouco alagadas

d- Herbacea/subarbustiva de pequenos
corpos d’agua

a- Herbacea/subarbustiva/arbustiva de dunas

|. Herbacea/subarbustiva

Il. internas

Herb4cea/subarbustiva/ |b-  Herbacea/subarbustiva/arbustiva  de

arbustiva baixadas e depressdes secas ou poucos
alagadas

a- Arbustiva sem espécie dominante

b- Arbustiva da duna frontal dominada por
lll. Arbustiva Dalbergia

c- Arbustiva da duna frontal dominada por
Eucalyptus

IV. Arbustiva/arbdrea
V. Arbérea
VI. Descaracterizada (ou ocupacédo urbana)

O presente estudo foi realizado em uma regidoudasddo Parque,
selecionada, ndo pelo tamanho, mas sim pelo nudeindividuos e pela
representatividade da amostra em relacdo a populagasta
representatividade foi admitida com base em obeséesm prévias, que
identificaram dois grupos bastante distintos ensidede de individuos e na
morfologia dos mesmos (tamanho de folhas e numenahos e folhas).
Por este motivo, individuos dos dois grupos fomadluidos na amostra, de
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forma a retratar os diferentes aspectos da populagie seus individuos.
Esta area mede 38 ha e contétm os tipos de vegetaegando a
classificacao de Guttler (2006): herbacea/subariast
herbacea/subarbustiva/arbustiva e arbustiva (Fig 2)

4827'4" 4826'45"
| = g o i 2737'3"

e aall 273752
Figura 2. Foto de satélite do campo de dunas do Parquecidahdas
Dunas da Lagoa da Conceicao mostrando a areautiweha de Santa
Catarina, SC (Fonte: Google Earth, 2009).

A &rea ndo é homogénea. A porcao sul, mais prégimear é
mais seca, apresentando mais dunas e uma granddidgda de
broméliasVriesea friburgensigFig 3). Gradualmente, nas areas mais ao
norte, as baixadas alagaveis e corpos d'aguarsgmanais comuns e as
dunas menos freqiientes (Fig 4). Nesta avedriburgensisse torna
menos freqliente. Em toda a area de estudo saoterttas manchas
com vegetacao arbustivas, ora chamadas de ilhasgéeacao (Fig 5).
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Fiura 3. Prgéo sul da area de estudo, mostrando as demfxas e
as inflorescéncias dériesea friburgensisParque Municipal das Dunas
da Lagoa da Conceic¢éo, llha de Santa Catarina, SC.

e T
Figura 4. Porcao norte da area de estudo, mostrando ogscdifgua e
a predominancia de vegetacdo herbacea.. Parqueiphlndas Dunas
da Lagoa da Conceic¢do, llha de Santa Catarina, SC.

Figua 5. IIh de vegetacao enontrada a area. arqueclplahdas
Dunas da Lagoa da Conceic¢édo, llha de Santa Cat&®a
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3.2 Espécie de estudo

Clusia criuvaCambess. (Fig 6) pertence a familia Clusiaceae e é
conhecida popularmente como Mangue-bravo (Sampaib, 2005) ou
Mangue-formiga (Falkenberg, 1999). E uma planthaden, arbérea ou
arbustiva, podendo também adotar o comportamentai-dafitico,
tornando-se até estrangulante, o que deu origemrae de “mata-pau”,
pelo qual as clisias em geral sdo popularmenteecatds (Joly, 1985;
Zaluar e Scarano, 2000).

C. criuvaé uma espécie didica e que apresenta automimetismo
ou seja, as flores femininas (Fig 7a) mimetizanmasculinas (Fig 7b)
para atrair os polinizadores, que s&o principalmbesouros. Apesar da
agamospermia (producdo de sementes ndo fertiliggdaser sido
descrita para o géner@, criuvando apresenta este tipo de reproducéo
(Martins et al., 2007).

Os frutos deC. criuva(Figs 7c e 7d) sao globulares, deiscentes e
contém cinco diasporos, com 0 a 17 sementes cad®andidsporos
séo envoltos por um arilo, que contém um dos mgitgeres lipidicos
(83,4%) j& descritos na literatura. (Passos e diy2002). Na Mata
Atlantica, estas sementes ariladas sao dispensasriamente por aves
e secundariamente por formigas

E possivel encontra®. criuvaem diversos ambientes, como na
Mata Atlantica, na restinga, em florestas semidexdd em matas de
galeria e em costdes rochosos (Bresolin, 1979;jdm&carano, 2007).
Esta espécie s6 ocorre no Brasil e sua distribuisedestende da Bahia
até o Rio Grande do Sul, ocorrendo também em GoM&as Gerais,
em altitudes menores de 1800 metros (Araujo e BoaP®07).
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Figura 6. Aeo gral d€lusia crlv.Prque Municipal das Dunas
da Lagoa da Conceicéo, llha de Santa Catarina, SC.

Figura 7. Estruturas reprodutivas ddusia criuva (a) Flor feminina (b)
Flor masculina (c) Frutos verdes (d) Fruto maduro.
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Na llha de Santa Catarina, a analise da compofiigdstica das
areas de restinga realizada por Bresolin (1979trmwogjueC. criuva
pode ser encontrada com grande expressividade as régides: na
restinga arbustiva do Pantano do Sul, sendo uméciesfastante
abundante, e na restinga do Rio Vermelho, ondé& gomllex dumosa
e Myrcia multiflora, constitui cerca de 70% da cobertura superior da
matinha litoranea. Em estudo mais recente, Guiradg8®6) detectou a
presenca d&. criuvaem diferentes hébitats do Parque das Dunas da
Lagoa da Conceicdo. Sua ocorréncia foi considemssional em
baixadas eventualmente alagadas e rara em duaasefigemifixas. Em
baixadas secas h& ocorréncia da espécie, mas sndaabia nao foi
estimada. Nesta mesma localidade, exemplare€.deriuva foram
encontrados sob as moitas @&icalyptussp. por Simdes-Jesus e
Castellani (2007).
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Abstract

Brazilian coastal sand dunes are heterogeneousbaments, in which
the vegetation constitutes mosaics of herbaceodsslarub vegetation.
Clonal propagation is a common adaptation foundhase locations,
and enables the recruitment of new individuals,cesirthe harsh
conditions limit germination and seedling surviv@lusia criuvais a
woody dioecious species, common in coastal sancegiuthat can
reproduce vegetatively. In order to understandpibigulation dynamics
of this species and to determine whether its cabtian in this habitat is
recent. We have analyzed the spatial distributindividual growth,
demography and the importance of clonal and senegabduction taC.
criuva. All individuals in an area of 38 ha were tagged their location
was determined with a GPS. One year later, thésstdsndividuals in
the four developmental stages (juveniles, saplinggetative adults and
flowering adults) or their passage to subsequegestwas recorded. No
regressions were observed. Recruitment (both clandl sexual) was
also observed and a Lefkovitch matrix was constdictSpatial
distribution was analyzed using Ripley's K-functioResults showed
that this population is distributed in clustersapproximately 10 meters,
probably due to environmental heterogeneity andtipesinteractions
with other plant species. A similar distributionttean was observed in
young and mature individuals. Growth in height atein diameter was
more expressive in pre-reproductive stages, butsathvested more in
leaves. Stasis of adults (which reproduce clorelig sexually) had the
greatest contribution to the estimated populatioowgh rate 1=1.02).
Recruitment of genets only happened by immigratidnseeds, but
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contributed greatly to the growth of the populatioHowever,
reproduction through seed appears to be an inaganpteenomenon.
This population appears to be colonizing the arehsdill depends on
external input of seeds to grow, since the clonapagation only
compensates the mortality of individuals.

Keywords: Clusia criuva population, Lefkovitch matrix, colonization,
clonal and sexual reproduction

Introduction

Brazilian coastal sand dunes were formed by variatin the
sea level from the Quaternary period and subsequediment
deposition and are constantly transformed by thedw(Suguio and
Tessler, 1984). The vegetation that covers thikis@ mosaic of plant
communities, and “vegetation islands” of woody wagen can be
found within areas of herbaceous vegetation (Félgsm 1999;
Scarano, 2002). When compared to mesic ecosysspmasies diversity,
productivity and structural complexity are lowerthese communities,
as a result of the harsh conditions to which plaméssubjected (Kachi
and Hirose, 1983; Scarano, 2002). Burial, strongd®j substrate
erosion, flooding, salt sprays, drought, high $gliand lack of nutrients
are some of these limitations (Hesp, 1991; Mauf41$carano, 2002).
To endure in this environment, plants present adispis such as small
size, flexible stems, long and numerous roots, glaihds and leaves
resistant to desiccation (Bresolin, 1979; Waecht885; Hesp, 1991;
Maun , 1994).

The initial colonization of coastal sand dunescastrained
mainly by sand burial and absence of organic m&@#f et al., 1993;
Lichter, 2000). Therefore, species that can enguah conditions are
the first to establish. These species, which atmllysherbaceous, but
can also be shrubs, facilitate the establishmenfiefr- successional
species by gradually stabilizing the substrate amcteasing the
concentration of nitrogen in the soil (Connell 8&afyer 1977, Lichter,
1998, Martinez et al., 2001). However, this proégeswt homogeneous
and spatial variation in stress factors like sgliniirought and flooding
can lead to very different successional sequemcti same area (OIff,
1993). Similarly, evidences suggest that successiogoastal sand
dunes can occur through nucleation. That meanstikeagstablishment
of certain species brings changes in environmeotalditions that
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enable other species to colonize the area benéate tindividuals,
forming patches the later coalesce (Yarranton e ristor, 1974).
Additionally, nucleation can happen when certaiecgs accumulate
the propagules of other species, which are ableggdgoninate and
establish, also generating a patchy distributioindividuals (Day and
Wright, 1989; Franks, 2003; Martinez, 2003).

The spatial distribution of individuals is an inmfaot feature of
a population. Since most of the interactions amiogviduals happen
among neighbors (Harper, 1977), spatial distritutian be a key factor
in population dynamics (Girdler and Radtke, 2008patial patterns
reflect processes that took place in the past dhdietermine processes
occurring in the future (Law et al., 2009). A maegular pattern of
distribution could be evidence of self-thinninge tdensity-dependent
mortality that occurs progressively in cohortsrafividuals grow in size
(Begon and Mortimer, 1986; Wolf, 2005). Besides thecleation
processes mentioned above, clumped distributiomsbeaformed by
microsite mosaics, canopy gaps, vegetative reptmouor limited
dispersal of the members of the population (Wol02, Law et al.
20009).

One strategy, common in this environment, is dlona
reproduction (Cordazzo and Costa, 1989). In clgtahts, vegetative
reproduction produces new ramets (i.e. clonal setsheby budding
from roots, rhizomes, stems, storage organs sudiless, leaves or
inflorescences (Silvertown, 2008). This kind of naguction allows
plants to colonize limiting and heterogeneous emvitents (Stuefer et
al., 1996). Given that the ramets can remain cadedephotosynthates,
water and nutrients can be transported between esggmincreasing
biomass incorporation (Mantuano and Martinelli, 200 In
heterogeneous environments, where resources arerurstributed,
clonal plants can respond plastically by a spdaiikion of labour or by
growing to more favorable sites (Stuefer et al969Sampaio et al.,
2004). The expansion of clonal plants can occuwutin shortly spaced
ramets (phalanx strategy) or through widely dispgnramets (guerrilla
strategy) (Lovett Doust, 1981; Eriksson, 1989).h&it way, clonal
expansion limits long distance dispersal, as, ¢owee, their expansion
resembles that of an amoebae moving across thedape (Robinson et
al., 1992). Hence, it is hypothesized that sexejataduction prevails in
a clonal plant population during the initial colpafion or after
disturbance, but vegetative reproduction tends wmidate in
established populations, when long distance digpdass no longer
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needed. This model, however, is not valid for dinp populations
(Eriksson and Bremer, 1993).

Plants of the genu€lusia are dioecious and can reproduce
asexually. Some species can reproduce vegetativddly agamospermy
(seed production without fertilization) (Martins. etl., 2007), but this
last kind of asexual reproduction has never beestriteed toClusia
criuva Cambess. (Clusiaceae), which is the focus spatitdss study.
As many of the species found in the Brazilian calagegetation,C.
criuva originated in the montane Atlantic rainforest anigrated to the
younger coastal lowlands (Scarano, 2002). The stodly plant
populations that originated in mesic conditions addpted to a more
extreme environment has a growing importance, denisig the global
warming scenario (Scarano, 2002). To our knowletlys,is one of the
first studies describing the structure, distribatiand dynamics of a
species in such a situation. The exception is eésearch of Sampaio et
al. (2005) that studied the ramet demography obteneliadAechmea
nudicaulis (L.) Griseb, a bromeliad also originated in thelaAtic
rainforest.

To understand the dynamics ofGa criuva population in this
coastal dune environment, we have addressed togviiog questions:
1. In what scale are the individuals Gf criuva clumped and what
processes can be influencing the observed pattern?
2. How is the population structured and does thiactire varies
between years?
3. What components of the life-cycle contribute thmst to the
population growth rate?
4. What is the relative importance of clonal anduséreproduction?

Material and Methods

Study area and plant species

The study was carried out within the coastal s@unies of the
Parque Municipal das Dunas da Lagoa da Concei¢cdG31%5,
48°27'W). The climate of the region, according totggpen
classification, is humid subtropical, characterizbg humid hot
summers and mild winters (Caruso, 1990). Averagenthhp
temperature is 21°C, ranging from 16°C in July 58 in February.
Mean annual precipitation is 1700 mm, with great@ues in January
and February and smaller values from June to August
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The dune system was originated during the seal leve
oscillations from the Quaternary period and thesegent eolic sand
deposition (Suguio and Tessler, 1984, Falkenb&99)1 The study site
is composed by a central dunefield where semiftkaaes, humid slacks
and small temporary lakes form a mosaic of hab#aid vegetations.
The dunefield is composed mainly by herbaceoustaéige and some
shrubs, which can form clusters, called “vegetatistands”. This
central region is surrounded by two corridors dfoaeous vegetation.
Previous observations have detected two grouf ofiuvaindividuals
that differed in density and size. Therefore, thmgled area was placed
so that both these groups would be at least fdsriiatluded, what
resulted in an area of 38 ha located on the ceshinrzfield.

Clusia criuvais woody dioecious species that can be found in
semidecidous forests, gallery forests, coastal sdumks and in the
Atlantic forest. This species can be shrubby, aboes or hemi-epifhytic
stranglers. In the study site, all individuals weslerubs. However,
arboreous individuals can be found in the corridofsarboreous
vegetation mentioned above. The fruits are vemadtite to animals
and the seeds are primarily dispersed by birdss(Baand Oliveira,
2002). In the areaC. criuva flowers from December to March and
mature fruits can be found from January to March.

Population sampling

The field investigation was performed during 20@8-th the
first year, all the individuals o€. criuva (n=309) found inside the
delimitated area were tagged and mapped with a (GR8nim eTrex).
The height, number of leaves, number of branchdsstem diameter (at
soil level) were surveyed in every individual, usia digital paquimeter
(Digimess 150mm/6”). All measurements were madeluty/August
2008 and repeated one year later. New recruitnvesits searched for in
2009 and classified into seedlings or ramets. Ramete defined as all
new individuals connected to the adult through tbets, but other
characteristics could be used to differentiate thieom the newly
recruited seedlings. Size of the leaves, much biggemets was one of
those. Hardness and color of the stem was also rg ukear
characteristic. When vegetative reproduction wasenled, the source
individual was identified.
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Demographic model

Individuals were classified in four stages of depenent.
Their fate was recorded from one year to the o#drat a Lefkovitch
(Stage structured) matrix was constructed. A géneradel of the
matrix can be seen in Table Juvenileswere considered to have stem
diameters smaller than 2.7mm. Such small indivslwatre considered
to be less than 1 year old and, consequently, tigcegcruited. This
limit was set based on the maximum stem diamesshedd by seedlings
recruited in summer 2009 by the time the secondusenvas made.
Ramets recruited in the last year which had steameiers smaller than
2.7mm where also placed in this sta@aplings were non-branched
individuals, whose stem diameters where larger thA@mm.
Reproduction was not observed in either of theasselsVegetative
adults were branched and could reproduce clondlpwering adults
were observed flowering at least once during theatthn of the
research. Seeds were germinated in laboratory tomsli and no
dormancy was observed.

Table 1. Population matrix @lusia criuva F; indicates production of
new individuals (by clonal propagation z;&ndF;; - and by seeds -4F
and Ry); G; designates the passage from one stage to the anb&;
represents the permanence of individuals in theessiage.

Stage at time

; Juveniles Saplings Adults Flowering
g Juveniles 0 0 p Faz
'g Saplings ) S Fs2 Faz
g Adults G Gy Ss3 Ras
% Flowering 0 0 Gy S

The estimated population growth raig.f and the elasticities
(proportional sensitivities) were calculated by tpeogram Ramas
EcolLab 2.0 (Akgakaya and Root, 1999). Elasticities the percentual
variation ofieg caused by a proportional change in one of the eésn
of the matrix (Gurevitch et al., 2009), i.e., thaglicate the contribution
of demographic traits thes; (Caswell, 1989). To compare the population
growth rate with and without immigration, thg, was calculated for
both cases according to the following formula:
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Acat = Number of individuals in the population at time 1
number of individuals in the population atdim

A chi-square analysis was performed to compareribeality between
stages (Zar, 1984). Since there was only one fliogeandividual, this
stage was not included in this analysis to avaeg bi

Individual growth

A Kruskal-Wallis rank sum test and Wilcoxon paksimple test
were used to assess differences between develoginstages regarding
rates of growth in height, stem thickening and éase in the number of
leaves. These rates where calculated by the formula

Proportion of increase = final value (2009) — alitralue (2008)
initial lva (2008)

Also here, the flowering was left out of the amsaly and the
software R version 2.7.2 (R Development Core Ted)@8) was used.

Spatial distribution

Ripley’'s function K(d) was used to evaluate theatsp
distribution of C. criuva This function, also known as second-order
analysis, counts the number of points within aaertlistancel of each
point, with d taking a range of values (Dale, 1999). If indiatluare
aggregated, the observed K(d)-value will be laripan the expected
value found for complete spatial randomness (C&Ripiform Poisson
process. If individuals are uniformly distributethe observed K(d)-
value is smaller than the expected. In order t@utale the critical
values for the CSR, at a significance level of 0@%onte Carlo test
was performed (100 simulations) as proposed by &lagd(2008).
Ripley's K function assumes that the point pattdasn spatially
homogeneous, i.e. presents constant intensity.eSine coastal dune
environment does not exhibit such homogeneity, thedification
suggested by Baddeley et al. (2000) for inhomoges@oint-processes
was used (Kinhom(d)). To account for edge effectoaection was
applied. When the circle defined by the distadcis not completely
inside the study area, a weighting factor, propasl to the amount of
the circle situated within the area, is used (QhE883). In this analysis,
individuals found in the first census were separaia young
(juveniles+saplings) and mature (vegetative adtltisfering adults) in
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order to verify if the spatial distribution of indduals is different in
initial and more advanced stages. Analyses werfonpeed using the
software R version 2.7.2 (R Development Core Te2093) and the
package Spatstat (Baddeley and Turner, 2005).

Results

In the first census, 309 individuals were foundiagt 474 one
year later. Without immigration, the final numbdrindividuals would
be 306. The calculated., for the population was 1.53 when recruited
seedlings were taken into account and 0.99, anch wiesincrement by
migration was not considered. The estimated pojpulagrowth rate
(Aesy, that does not account for migration, was 1.0&tial and final
abundances in each stage can be seen in FigungribgRhe study year,
194 individuals were recruited in the area (188imjuvenile stage and
11 in the sapling stage).

The number of individuals in the first stage iraged greatly in
the second year (Figure 1). Recruitment by immigsaeds (168- 92%)
contributed the most to this increase. Since onhe dlowering
individual was found in the reproductive seaso2@d8/2009 and it was
a male, the source of all seedling recruitments egternal. Seeds
probably came from the arboreous corridors thatosmd the area,
located at least 200 meters away and all seedliregs considered to be
immigrants. Also, production of ramets by the floing individual was
not observed. Consequently the reproductive vabfethe flowering
stage were zero. Vegetative adults produced 15raewets in the first
stage (stem diameters smaller than 2.7mm) and tHeisecond stage.
The abundance of saplings and vegetative adultsatidhange greatly.

200 4
180 -
160 -
140 -
120 -
100 -
80 1
60 1
40 4
20 4
0

£ 2008
m 2009

Juveniles Saplings Adults Flowering

Figure 1. Number of individuals of. criuva in each stage of
development in two subsequent years.
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According to the stages defined, retrogression wasy
possible between vegetative and flowering adulis was not observed
during the period of the study (Figure 2).

Vegetative Flowering

adults adults

Sz Sa3

Gis

Figure 2. Life cycle graph dElusia criuva F; indicates production of
new individuals;G; designates the passage from one stage to the other
S represents the permanence of individuals in theesstage and ;R
represents the retrogression of individuals to ipre/stages.

The matrix contained the following components:

* Fj= Fecundity (number of individuals produced by sk&gei to
the stagg/ number of individuals in stagen timet.),

* Gj = Growth (number of individuals that grew to stagitial
number of individuals in stag®

e S = Stasis (humber of individuals that remainedhia stage/
initial number of individuals in stagg

* R; = Retrogession (number of individuals that retesged to
stagei/ initial number of individuals in stage

Considering that juveniles could not be older tbae year old
(i.e. were recruited in the last reproductive segsall individuals that
survived passed to the next stage. In the othgestehowever, there
were high survival and stasis rates (Table 2). @hregetative adults
became flowering adults in the second year (tweemahd one female)
and the one observed in the first year remainefibagering adult. By
the time the second census was made, 29 individuads died (3
seedlings, 16 saplings and 10 vegetative adultg)rtaiity was not
different among stageg’€1.556; p>0.05).
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Table 2. Transition matrix of a population Gfusia criuvaduring a
study performed in 2008/2009. Life cycle stagesputation growth
(Resy and abundance per stage (n=initial abundanceémandance) are
shown.

Aese= 1.02 Juveniles Saplings  Adults Flowering

n 25/183 142/126 141/161 1/4
Juveniles 0 0 0,11 0
Saplings 0,84 0,66 0,08 0
Adults 0,04 0,23 0,91 0
Flowering 0 0 0,02 1

Elasticity analysis revealed that changes in ttepqrtion of
vegetative adults remaining in the same stage ladighest effect on
Lest (Table 3). The stasis of saplings had the secoedtest relative
contribution to)es; followed by their passage to the subsequent stage
The stasis of the flowering individual, the prodoctof juveniles by
adults and the growth of juveniles into saplingstdbuted similarly.
Vegetative adults becoming Flowering adults hadsthallest effect on
7Mes,t-

Table 3. Elasticity matrix of a population @flusia criuvaduring a
study performed in 2008/2009
Juveniles Saplings  Adults Flowering

Juveniles 0,000 0,000 0,042 0,000
Saplings 0,039 0,135 0,035 0,000

Adults 0,030 0,074 0,626 0,000
Flowering 0,000 0,000 0,001 0,045

Regarding the spatial distribution, there was paswerable
difference between the pattern observed for theumaaind the young
individuals (Figure 3 a e b).

In both cases, there was significant clusterindigtances up to
approximately 30 meters. However, cluster sizerabably close to 10
meters, considering that after this level, the ewtabilizes, verging to
random and uniform distribution, sequentially. Thattern is
particularly clear with the young individuals. Régpan of clusters was
observed at distances greater than 40 meters. Taio clusters can be
seen in the area, separated by 500 meters (Figuas ddicated by the
UTM coordinates. Given that the spatial distribotivas similar for
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both classes, all individuals were pooled in thephgt The greatest
density is observed in the north of the area, &rffom the sea.
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Figure 3. Spatial pattern analysis using RipleyfuKction.(a) Mature
individuals (b) Young individuals. Solid lines represent the otsdr
distribution and dotted lines represent values othEkm (d) and the
95% confidence interval for CSR. The arrows matgk18 meters.
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Figure 4. Density o€. criuvaindividuals in the study area. Coordinates
(UTM) and density values are shown.

Individual growth was different between stagesg(Fé 5).
Proportionally, juveniles invested more in diameitecrease than the
other two stages (Figure 5a). Vegetative adultsvdess in height than
juveniles and saplings (Figure 5b), but had theatgsd proportional
increase in number of leaves (Figure 5¢). Somet antlividuals had an
enormous proportional increase in the number ofde43600%, 1671%

and 1249%). To improve clarity, some of these erglare not shown in
the graphs.
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Figure 5. Growth of individuals in each sta¢p.Proportion of increase
in stem diametefb) Proportion of increase in heigfd)Proportion of

increase in number of leaves. 1- Juveniles; 2-i8ggl 3- Vegetative
Adults. Central lines and boxes represent medianksfiast (1Q) and
third quartiles (3Q), respectively. Whiskers reprasl1.5 times the
extent of the boxes (3Q-1Q) plus the value of ttet &nd third quatrtile,
for the lower and upper whisker, respectively. Boioorrespond to
oultiers. To improve clarity, some outliers are slodbwn in the graphs.

Discussion

Based on field observations, the clusters obseatestales of
approximately 10 meters appear to be consistetit thi¢ “vegetation
islands” and with the scale of environmental hejereity observed in
coastal sand dune vegetation. Clusters can anse fandom variation
in the initial colonization or by favorable locarditions (Levin, 1976).
As few plants are able to colonize bare sand (wbahreach very high
temperatures) (Scarano, 2002), seedlings probalsgentrate in the
few favorable sites available. The presence anddémesity of some
plant species can alter the dune environment arildenrce the
distribution of other species as they provide mmildenditions for the
establishment of individuals (Shumway, 2000; Chepl2005). Thus,
these clusters are possibly formed by higher saddsaedling survival
in limited areas, created by buffering plants, acpss that can be
particularly important in dry areas (Franco and &lpli989; Leirana-
Alcocer and Parra-Tabla, 1999). As observed interattudy, seeds of
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C. criuvado not germinate and seedlings cannot establigheiropen

dry areas of the dunefield, but are able to surinvassociation to other
plant species (a shrub and a bromeliad) or in drddy of humid slacks,
where abiotic conditions are alleviated (Beduschid aCastellani,

unpublished data). Clumped seedlings are expectedcampete

intensively and exhibit nonrandom mortality as tlgrgw into larger

classes (Girdler and Radtke, 2006). Nonethelesgvitence of severe
self-thinning has been found in this study, sirfoe pattern of spatial
distribution did not differ greatly between youraysl matures.

Due to the small number of flowering individualthis
population depends on the established individuals fthe surrounding
arboreous areas to recruit new genets, which tworérito the population
growth Q.= 1.53). Without this input, the population is nigre
stabilized {.5 = 0.99). As observed by Lichter (2000), the insgedn
seed availability can be an important factor favgrthe establishment
of populations of late-successional species dutireg colonization of
coastal sand dune areas. Based on these fadspadtssible to suggest
that this population is still colonizing this area.

Considering the great difference in number of jles
between the years, recruitment was apparently rmane expressive in
the second year of the study, probably on accoluthieogreat amount of
seedlings. In many clonal plant populations, seegdlecruitment is an
infrequent and irregular event and depends on ‘“‘owsl of
opportunities”, such as favorable climatic condisoor disturbances
(Eriksson and Bremer, 1993; Eriksson and Frobo8$61 Holmgren
and Scheffer, 2001; Weppler et al., 2006). In facsimilar occurrence
has been described f@lusia hilariana Schitdl., another species found
in coastal dunes. Also for this species, abundageneration of
seedlings could be a periodic phenomenon, but vitheacurs, young
plants originated by seeds are much more commaonthuse originated
by vegetative propagation (Martins et al., 2007)isTpattern agrees
with the results obtained in the present study, dmuitrasts with what
was observed in other long-lived clonal plants, mheegetative
propagation predominates (Clark-Tapia et al., 208&mpaio et al.,
2005). This difference could be explained by theategy of each
population, since species with a phalanx growtmfowhich is the case
of C. criuva, are expected to rely more on seediiteeent than guerrilla
plants (Eriksson and Bremer, 1993). Also, the pdexnee of ramets over
genets tends to be more common in longer estadlisbpulations than
in younger populations (Silvertown, 2008). Clonapnoduction,
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although not very significant in the studied yeamay guarantee
population stability when sexual reproduction i¢ possible (Weppler
et al., 2006; Silvertown, 2008).

Although clonal reproduction may compensate forrtaiiby,
even when there is no immigration, the stasis ofetegive adults had
the greatest contribution 2o Even though one year is a short period for
conclusions about the dynamics of a long-lived platrtong support is
given in the literature to confirm that stasis dfiis tends to be critical
to the maintenance of population growth (de Krobalg 2000; Guedje
et al., 2003; Forbis & Doak, 2004; Weppler et 2006), especially for
woody long-lived plants (Silvertown et al., 1993ccordingly, longer
loops, such as those created by late reproduationld contribute less.

Vegetative adults clearly invested less in grogithheight and
in stem diameter) when compared to seedlings. 8gplexhibited an
even smaller rate of stem thickening, but investede in height. These
results suggest that individual growth rate is ootstant through the
stages and a tendency to stabilization in higregest can be observed.
A study performed with another Clusiacedgarcinia lucidg also
observed higher rates of growth (in this case,eimant in diameter) in
pre-reproductive stages (Guedje et al., 2003). ¥&tige adults ofC.
criuvawould, then, invest more in leaves or in the prdidncof ramets.
Those individuals with the greater values of inseea the number of
leaves were almost leafless in the first censusbably due to
herbivory. Therefore, any leaf found in the secoadsus represented a
great proportional increase.

Conclusions

This population ofC. criuvais distributed in clusters, possibly
because of the existence of few favorable sitegeomination provided
by other plants. There is a large proportion ofatea still not colonized
by this species. There is a dependence of the atiulon an external
source of seeds, since only vegetative reproduddiccurred. These
observations indicate that the colonization@fcriuvain the area is
recent. Large seedling recruitments appear toregufar episodes and
may depend on specific conditions. Therefore, dlgmapagation and
mainly stasis of vegetative adults, maintain thabitity of the
population.
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Abstract

Facilitation can have an important role in struictgr natural
communities. Possibly, the importance of facildatiincreases with
environmental severity and “nurse-plants” enabléeptspecies to
establish and survive. In this study, the existasfqgositive interactions
favoring germination and survival of the woody gpecClusia criuva
in a coastal dune environmental was examined. laraa of 38ha, we
investigated the plant species occurring in astioaido C. criuva and
compared their frequency to a systematic samplmgrder to verify
the existence of positive spatial association. Moeee, experiments on
seed germination and seedling survival were peddrrin four different
treatments (open areas, eventually covered by bedoa vegetation; in
the border of humid slacks; inside a bromeliad lagieath shrubs). The
results demonstrated th&. criuva is positively associated to some
shrub species and one bromeliad. The experimemntsrped revealed
that seeds o€. criuvado not germinate and seedlings are not able to
survive in open areas. Even though negative effgictee nurse plants
on the seedlings, caused probably by shading, cbelddentified,
establishment was improved and survival was enfthimcassociation to
other plant species or in milder conditions. Analyf the abiotic
conditions in the experiments sites, suggestedwhggr availability and
temperature of the substrate are the main chaistaterameliorated by
the benefactors that can also be working as birdhes and improving
seed dispersal. Established individuals, howeveemsto be able to
survive in isolation, which may indicate that thesgve outcompeted
their benefactors.
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Introduction

The concept of facilitation includes all processsswhich a
community, a population or an individual affects spiwely the
performance of another individual, what includeshamting its
establishment, productivity or reproduction (Berkawl995; Callaway,
1995).

Facilitative mechanisms can take place directhyough the
modification of environmental resources or condisiosuch as light,
temperature, water and nutrients availability and exygenation, or
indirectly, through the protection against herbasr removal of
competitors, concentration of propagules, roottgrahycorrhizae and
soil microbes (Callaway, 1995; Bruno et al., 20R8driguez, 2006).

Several studies have indicated, not without coetrsy, that the
importance of positive interactions increases ituasions of higher
“environmental severity” densuBrooker et. al., 2008), what is called
the stress-gradient hypothesis (SGH) (Bertness Galthway, 1994;
Mulder et al., 2001; Tewksbury and Lloyd, 2001; @ahy et al. 2002;
Cavieres et al., 2006, but see Maestre et al. 200005; 2009; Lortie and
Callaway, 2006 for a more elaborate discussion).cdastal dune
environments, plants are subjected to extreme tiondj namely
drought, nutrient-poor unstable soils, strong wjndsigh soil
temperatures and salinity (Bresolin, 1979; Hes11%aun, 1994). In
such an environment, many plant species dependhmnsoto work as
“nurse-plants” and improve the conditions of geration, establishment
and/or growth (Tewksbury and Lloyd, 2001).

Spatial association among species is frequentlyd ugs an
evidence of nurse effects and can result in pafdlpt communities
(Callaway, 1995; Fajardo et al., 2008). These mscre formed when
pioneer species accumulate seeds and/or shel@ingmseand adults of
other species under its canopies, in a procesdcallcleation, which is
very important for succession in coastal dunesr@fdgon and Morrison,
1974; Day and Wright, 1989; Franco and Nobel, 1#88nks, 2003).
Bromeliads are known to trap seeds of many specidsin some cases,
to make germination possible (Macedo and Montei287; Scarano,
2002). However, when facilitated plants do not hasteentitious roots,
which allows them to extend out of the bromeliagked accumulation
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can actually constitute competition, since the kegsl will not be able
to establish and will die inside the bromeliad (Bralion et al., 2009).
Shrubs have also been identified as facilitatorsomstal dunes. Simoes-
Jesus and Castellani (2007) found that under thehes of the exotic
shrubEucalyptussp. there was a greater establishment of woody species
when compared to open areas. Plants of the g€lussa, common in
coastal dunes, have been described both as nanmses-phnd as
facilitated plants (Dias and Scarano, 2007; Simlessts and Castellani,
2007). Evidences of the bromeliad/riesea friburgensis Mez
(Bromeliaceae) acting as a benefactor Gtusia criuva Cambess.
(Clusiaceae) were found by Beduschi and Castg241i8).

In order to understand how woody species colotizsstal dunes,
and based on previous evidences that indicate tflence of
facilitation on this population o€. criuva (Beduschi and Castellani,
2008), the objective of this study was to corrobmthe hypotheses that
facilitation influences the distribution of this way species and identify
the mechanisms by which benefactors may act impgovits
germination, establishment, growth and survivahc8ithe effect of
positive interactions can also depend on the sizequality of
benefactors (Butterfield, 2009), two species (ailshand a bromeliad)
with different size, shape and life-form were exagai.

The following questions were adressed: (1) Is ehepatial
association between individuals ©f criuvaand another plant species?
(2) Is recruitment more common in association tmeglant species?
(3) Is germination improved and survival of seegiirincreased under
any of the supposed benefactors studied or unddemgénvironmental
conditions? (4) What are the mechanisms of fatibit® (5) Are
established individuals dependent on facilitation?

Methods

Study site and species

The study took place at the Parque Municipal dama3 da
Lagoa da Conceicdo located in the state of SantariGa, Brazil
(27°37'S, 4827'W). The dune field is constituted by shrubbygbais on
a matrix of herbaceous vegetation and surroundetivbycorridors of
arboreous vegetation. Eight kinds of habitat cardbgtified in the area:
beach, frontal dune, internal moving dunes, intes@mifixed dunes,
internal fixed dunes, dry slacks, humid slacks, dlodded slacks
(Guimaraes, 2006).
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The study focused on the role @lusia criuva Cambess.
(Clusiaceae) as a beneficiary of facilitation. Tisisa woody dioecious
species that can also present clonal reproducTibis. species is widely
distributed in the Brazilian coast and also in soron-coastal states. Its
habitats include the Atlantic rainforest, semidaoids forests, gallery
forests and coastal environments (Araujo and Soaraf07). In the
study site, it can be observed on internal fixededy internal semifixed
dunes, dry slacks and on the border of humid slé@kémaraes, 2006).

The sampled area measured 38 ha and includedssldukes,
herbaceous and sub-shrubby vegetation and vegetatiands (i.e.
patches of shrubs). The corridors of arboreous te¢éiga were not
comprised in the sampled area. All the individudI€. criuva(n=301)
were counted and tagged and their location wasrdeted with a GPS
(Global Positioning System) device so that recraittrand mortality of
individuals could be identified. Only one reproduetindividual was
encountered, but, since it was a male one, alsdegls came from the
adult trees on the adjacent arboreous corridovgadt also observed, for
each individual, the kind of environment where @salocated: patches
of shrubs, open areas (eventually covered with sgpdrerbaceous
vegetation), humid slacks or inside a bromeliadmidluslacks were
defined as low-lying areas, in which the soil wasear dry and eventual
or permanent flood could be observed (Grootjarad. £1998).

Spatial association

By the time this part of the study was performE2l,individuals
were not found, probably because they were alrdadg. Recruitments
were considered separately. Therefore, a total88f $hecimens of.
criuvawere surveyed. All woody species occurring withil.5m radius
of aC. criuvaindividual were surveyed and measured as welllabhea
herbaceous species whose coverage reached a mirnfri2Brpercent of
the established area. Following the same procedeseribed above, a
systematic sampling of the same size (n=289) wadena order to
characterize the vegetation on the study area amghare the frequency
(i.e. number of samples were the species was féuathl number of
samples) of the woody and herbaceous species hdetdetected in
association withC. criuva Six transects were laid out in the area,
perpendicularly to the sea, and samples were talemh 20 meters,
summing 50 samples per transect. Eleven samples wardomly
chosen to be excluded from the sampling so thay @80 samples
remained. A PCA was performed to investigate whethe vegetation
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found associated wit. criuva differed from the one recorded in the
systematic sampling and what species contributed ntfost to this
differentiation. This analysis was made using thiéwsare MVSP v 3.1
(Kovach, 1999). Afterwards, a chi-square analysis d-isher's exact
test (Zar, 1984) was executed to test the null thgmis that the
frequency of the species associatedCtocriuva was equal to their
frequency of occurrence on the environment. Orer Yater, the sites
of recruitment were also surveyed and the frequesfcyeach plant
species was recorded as described above for eadlinge In the same
period, survival of the established individuals veasluated and a chi-
square analysis or a Fisher's exact test (Zar, 19&% performed to
identify differences in mortality between opensaargpatches of shrubs,
bromeliads and humid slacks.

Experiments on germination and survival

Mature fruits were collected at the time of theiatural
fructification (during summer, in January 2009).eTnuits are globular
capsules that dehisce to expose five diasporeb,@ee containing 0-17
seeds enveloped by a red aril (Passos and Oli&09GL2).The aril that
covers the diaspores was removed so that the seeds be
individualized. Twenty seeds were disposed unifgrinl each one of
the twenty plots (0.5m x 0.5m). The plots were ditzd equally in five
replicates of four treatments: (i) open areas,b@heath the canopy of
Guapira opposita(Vell.) Reitz (Nyctaginaceae) (the most frequent
species of shrub encountered associated @itlcriuvad, (iii) near a
humid slack and (iv) inside a specimen of the thrkmeliadVriesea
friburgensisMez (Bromeliaceae). In the bromeliad, seeds wéaeep
inside the rosette, uniformly distributed in the&dhand forth concentric
circle of leaves. Germination rate was measurdddaratory conditions
with the same amount of seeds and replicates.dardo measure the
germination rate, each plot was observed monthlg amaximum
germination was recorded. To facilitate readingeh#er the treatments
will be referred to as “open area”, “shrub”, “humglack” and
“bromeliad”. Both the shrub and the bromeliad ao¢ found in humid
slacks (Guimaraes, 2006). A Generalized Linear Md@M) was
used to detect the effect of the treatments on igation compared to
the open area. Error distribution was chosen aaugisgdto the lowest
AIC (Akaike Information Criteria). Analysis were @ using R version
2.7.2 (R Development Core Team, 2008).
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Additionally, seedlings were collected under thanapy of
reproductiveC. criuvg on April 2009, and transplanted in number of
twenty seedlings per plot. Five plots were set éach of the four
treatments described above. A control was creatdide laboratory and
watered daily in order to account for deaths dudraasplant stress.
Only seedlings with two cotyledons and approximaB8am height were
selected. Censuses of the surviving seedlings mxtwnce a month in
the course of six months, when all remaining segdliwere removed.
Their biomass and height was measured (using bquimeter with
150mm/6” accuracy) and the number of leaves counted

Survival curves were constructed using the Kaplaner
method. Survival data were analyzed using Cox Rtiopal-Hazard
model for covariate analysis of censored data. Tmalerlying
assumption of the model is that there is a basalizard function that is
modified multiplicatively by covariates (in this s& the treatments).
Diagnostics for proportional hazards were based tbe scaled
Schoenfeld residuals; while the effect of influahticases and
nonlinearity were assessed with differences in b@ébeta) and
Martingale-residuals, respectively (Schoenfeld, @t 98uterman, 1988;
Therneau et al., 1990). Efron’s approximation toe thisk set
permutations on tied data was used (Fox, 2002hitstudy, the time
when the individuals were last observed alive warssitered the time
of death. For that reason, the estimates of surniwees will be
somewhat conservative. Since nonparametrical salrénalysis cannot
explicitly incorporate information from replicatiprseedlings were
pooled across replicates, totalizing 100 individuagér treatment. Data
analysis was performed using the “survival’ pack#&@kerneau and
Lumley, 2008) in R version 2.7.2 (R Developmenté&deam, 2008).

Environmental conditions

Abiotic conditions were examined in the summer bfbary
2009). Measurements were made on five replicatesach treatment
(open area, shrub, humid slack and bromeliad), fidh30 to 12:00,
during Summer. Soil temperature was determinedguaithermometer
inserted 1.5 cm into the sand. Light intensity wasasured with a light
meter (Extech Instruments 401025) placed at seoiller inside the
bromeliads. Soil cores were taken in each placereviibe other
measurements were made. Soil moisture was assagshging 20g of
soil at 100C until the weight stabilized and calculating th#fedence
between fresh and dry weight. Since tank bromeliads filled with
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water and contain no soil, moisture in this envinemt was considered
to be 100%. The soil organic matter content waerdehed as the loss
of mass upon ignition (55Q, 2h). This measurement was not
performed for the bromeliad because there was idosbe collected.
Also here, Generalized Linear Models were used rialyae data,
comparing the results of the treatments to thosairmdd in open areas.

Results

Spatial association

Results revealed that the species observed at=btieC. criuva
do not coincide to those registered in the systensampling (Figure
1). Species that contributed the most to this dBfieation wereSmilax
campestris Griseb. (Smilacaceae)Vitex megapotamica(Spreng.)
Moldenke (Lamiaceaefuapira oppositeand Gaylussacia brasiliensis
(Spreng.) Meisn. (Ericaceae).

In fact, the species most commonly associated ®ittcriuva
was G. opposita followed by V. megapotamicaS. campestrisG.
brasiliensis and Vriesea friburgensisTheir frequency of occurrence
associated t&. criuvawas 35.8%, 35.4%, 34.4%, 32.6% and 26.0%,
respectively. Apart from the bromeliad. friburgensisand fromS.
campestris which is a climbing plant usually associated toody
plants, all the mentioned species are shrubs. Wioanpared to the
systematic sampling, most species had contrastinglts.G. opposita
was much less frequent (0.796=118.811; p<0.001) in the systematic
sampling than in association @ criuva as well asv. megapotamica
(7.3%;x°=71.680; p<0.001)G. brasiliensis(5.2%;*=70.621; p<0.001)
andV. friburgensig(1.7%;y"=71.129; p<0.001). The complete list, with
the frequencies of all species found in the stedy, be seen in appendix
1.

A great part of the individuals surveyed (45.3%¥301) was
associated with some species of shrub and/or wasdfanside a
vegetation island; 23.7% were associated only Withfriburgensis
(outside vegetation islands) and 31.0% were naicésed with either
(10.7 % located on open areas and 20.3% near halatls). Mortality,
however, was greater in the presence of shrubbghbers, where
11.7% of the individuals died (n=137). On humidckk and inside
bromeliads, 5.0% (n=61) and 4.2% (n=71) of the viiddials died,
respectively. No deaths were observed in open qres82). Statistical
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difference was observed only between the open anglathe shrubs
(Fisher's exact test, p<0.05).

0.09
19.4%

0.07
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-0.09- A. polyanthus

Axis 1
Figure 1. Ordination (PCA) species-samples diagram. Plots are

displayed as triangles (samples wih criuvg and rectangles (random
sampling). More information on the species candsmsn Appendix 1

In one year, 194 individuals were recruited. Segdiecruitment
occurred mainly beneath shrubs (n=184; 94.9%). Q&%) recruited
inside a bromeliad and nine (4.5%) recruited onnopeas. However,
all of those recruiting in open areas were cloridge most common
species under which seedlings recruited weremegapotamicaC.
criuva, Polypodium lepidopteris(Langsdorff & Fischer) Kunze
(Polypodiaceae). friburgensisandG. opposita.
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Environmental conditions

Substrate moisture was significantly differentnfropen areas in
all other three treatments (Figure 2a). In opemsgréhe percentage of
water was close to zero. Probably linked to themmults, substrate
temperature was the lowest inside bromeliads, @t by shrubs and
humid slacks (Figure 2b). Incidence of light wagnsicantly lower
only under the canopy of shrubs, but in humid Saaikd bromeliads a
tendency to reduction on the incidence of lightlddae noticed (Figure
2c). Organic matter content also differed only unithe shrub, in spite
of the great variation found in this treatment (Feg2d).

Experiments on germination and survival

Germination of seeds was low in all sites, as aglin laboratory
conditions, and nil in open areas (Table 1). Hertbere was no
difference in seed germination among treatments 0.05).
Nevertheless, the survivorship curves were differmerall cases (Figure
3, Table 2) No seedlings survived the first month dpen areas.
Mortality in the first month was very high, probgldue to transplant
stress, since the same pattern was observed lakibeatory, where, on
average, 2.8 (Std deviation =2.5) seedlings sudvitree first month.
Overall increment in survival was stronger in hursidcks and weaker
beneathG. opposita(Table 2). At the outset, most surviving seedlings
were inside bromeliads. However, this initial sgopositive effect
decreased gradually with time, what also happepethe shrubs. In
humid slacks, though, a steady rate of survival Wasupted by a
considerable mortality observed between SeptemizeOatober.
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Figure. 2. Abiotic conditions in each treatment. (a) Substratasture
(%), (b) Substrate TemperaturéC), (c) Light intensity (Fc), (d)
Organic Matter (%). OA= Open area, HS= Humid Sle€8k= Beneath
shrub, Br= Bromeliad. Central lines represent mesliand boxes
represent first and third quartiles. Whiskers repr¢ 1.5 times the
extent of the boxes (3Q-1Q) plus the value of ttet &nd third quatrtile,
for the lower and upper whisker, respectively. Esaepresent outliers.
Asterisks show the results of the generalized fingedels, and
represent significant statistical difference betweach treatment and
the open areas. *Significant at 5%; **Significantldo; ***Significant
at 0,1%.
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Table 1. Amount of germinated seeds d@lusia criuva in each
treatment and in laboratory conditions. Mean aaddard deviation per
plot (n=5) are shown. Twenty seeds were placedah @lot.

Treatment Germinated seeds
Total Mean (SD)
Open Area 0 0 (0)
Humid Slack 2 0.4 (0.5)
Shrub 7 1.4 (1.8)
Bromeliad 4 0.8 (1.9)
Laboratory 14 4.8 (2.1)
o |
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Figure 3. Survival curves ofClusia criuvaseedlings (n=100) for each
treatment. The x-axis represents the months whedliegs were last
seen alive (Kaplan-Meier estimator).
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Table 2. Results of Cox Proportional Hazard Model to idgntifie
effect of treatments oflusia criuva seedling survival compared to
open areas. *Significant at 5%; **Significant at 1%6*Significant at
0,1%.

95% Confidence

Treatment Hazard Ratio
Interval
Humid Slack 0.497*** 0.396-0.671
Shrub 0.758%*** 0.453-0.801
Bromeliad 0.602*** 0.572-1.005

Growth and final number of leaves was similar aghtreatments
(Table 3). Biomass, though, was much smaller inbideneliads, and
the highest value found in bromeliads was smahantthe minimum
values from the other treatments. Bendattopposita biomass had an
intermediate value and the greatest biomass waml fouhumid slacks.

Table 3. Number of Clusia criuva surviving seedlings and height,
number of leaves and biomass of individuals peattnent after six
months. Mean (min-max).

Treatment Numper of Height (cm) Number of Biomass (g)
survivors leaves

Open Area 0 - - -

Humid

Slack 12 42 (2.3-5.2) 4.2(3-6) 36 (27-51)

Bromeliad 2 5.2 (4.8-5.8) 3 (2-4) 9 (8-10)

Shrub 3 4.7 (4.1-5.1) 4 (2-6) 28 (18-41)

Discussion

As already thoroughly explored in literature, pwsi spatial
association, such as the one found betw€ercriuva and shrubby
species or the bromeliad, can be an evidence ditdtion, since the
beneficiated species will recruit preferably unddéwe benefactor
(Valiente-Banuet et al., 1991; Haase et al., 1986yksbury and Lloyd,
2001; Callaway et al., 2000; Tirado and Pugnai@®52. Nonetheless, it
can also represent spatial heterogeneity of ressuand plants may be
actually competing at a patch scale for resourdetitmited non-
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uniformly (Tirado and Pugnaire, 2003; Michalet, 8p0~or that reason
field experiments are required. Both recruited Begsd and established
individuals of C. criuvawere frequently associated to some species of
shrub, what suggests the occurrence of positiveeranotions.
Furthermore, survival of transplanted seedlings ingsoved undet.
oppositain comparison to open areas. The canopyGofopposita
diminished incidence of light and soil temperatared also increased
organic matter and water content. Indeed, amei@raif microclimatic
conditions has been reported as one of the mainhanéms of
facilitation, especially in extreme environmentgaffco and Nobel,
1989; Callaway, 1995; Armas and Pugnaire, 2005)cdastal dunes,
bare sand can reach temperatures as high®@sdif®ing mid-summer at
the peak of radiation, what makes germination imsjibs for most
species (Scarano, 2002). Besides shadow, canapigse litter, whose
slow decomposition adds nutrients to the soil araeases humidity,
tempering limiting factors typical of this kind ehvironment (Lichter,
2000; Zaluar and Scarano, 2000). Enhancing in ‘airviand
establishment of seedlings due to the presenchrabs has been seen
in other coastal sand dunes. Martinez (2003) hteciel the positive
influence of the early coloniz&€hamaecrista chamaecristoides the
establishment of the late colonizer grasSkizachyrium scopariuand
Trachypogon plumosuen the coast of the gulf of Mexico. Another
study showed that the shruldyrica pensilvanicabeneficiated two
herbaceous sand dune species through soil enrichf&mumway,
2000).

Besides seed and seedling desiccation, limited dispersal can
also constrain colonization by late-successionacigs (Day and
Wright, 1989; Lichter, 2000). On sand dunes, mogess are
inappropriate for seed germination and the accuiuleof seeds on
places that favor their establishment can be amitapt mechanism of
facilitation (Franks, 2003). As showed by experitaénresults,
germination, while low, could only happen in asation to another
species or in humid slacks. Since all seeds ardupeal outside the
study area and considering tl@tcriuvais dispersed primarily by birds
(Passos and Oliveira, 2002), shrubs and brometiadkl work as bird
perches accumulating these seeds and avoidingldissito open areas,
where germination would not be possible. Birds waten observed on
inflorescences df. friburgensisand on the branches Gf oppositaJoy
and Young (2002) had already determined that pesiinteractions
among two woody species could be mediated throhgmbn-random
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distribution of fleshy seeds by perching birds brotigh increased
seedling survival. All the most common shrub spedi& oppositaV.
megapotamicandG. brasiliensiy have fleshy fruits, what could attract
seed dispersers. However, to confirm this hyposhestudies that
analyzed seed rain under these species and contharado open areas
would be necessary.

Regarding all of the parameters measured, seadirgge more
successful in humid slacks, possibly due to theeloenvironmental
severity in comparison to open areas. These reswdtsupported by the
SGH (Bertness and Callaway, 1994). Even thoughtwlvedegrees of
environmental severity tested in this experimentrad constitute a
gradient of stress, it was possible to notice thabenefactor is
indispensable for the establishment of seedlingdryropen areas, what
did not happen in the milder environment of the humslacks. As
explained by Butterfield (2009), some species can dbligate
beneficiaries within the most severe part of trdistribution and be
facultative beneficiaries in more favorable enviremts. Therefore,
facilitation led to the expansion of the realizeidhe (Bruno et. al.,
2003) ofC. criuvg allowing the species to colonize greater arean th
what would be possible in the absence of inter§ipetiteractions.
Nonetheless, it was perceived a size-dependenteaserin the
importance of associations t6. criuva given that many of the
established individuals were found isolated in dmeas. In fact,
considering only survival of established individsjghe performance of
those in isolation was better than of those astartito other species,
what could indicate an ontogenetic shift from figafion to competition
(Miriti, 2006). Although seedlings need a nursenpka survive in drier
areas, established individuals are able to endursalation. In these
cases, theC. criuva individuals may have outcompeted their initial
benefactors, since they are not present anymoneilabiresults were
already obtained by several studies (e.g. Andegsah, 2001, Valiente-
Banuet et al., 1991; Gasque & Garcia-Fayos 20049s& observations
can be explained by the simultaneous occurrenceoofpetition and
facilitation and their delicate balance that magilgashift in response to
environmental variability in space and time (Bessmend Callaway,
1994; Armas e Pugnaire, 2005; Callaway, 2007 this balance that
determines the net effects of the nurse planthermtowth and survival
of seedlings (Berkowitz et. al., 1995) and, ultiehat the structure and
composition of plant communities (Armas and Pugn&005).
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Other negative effects could be identified. Thealdest biomass
on seedlings under the shrubs indicates that thdosh was probably
inhibiting photosynthesis, what could also explhia results obtained in
the bromeliads. Bromeliads increased substansaityival of seedlings
in the first month, probably because of water amlity. Regardless, by
the end of the experiment, seedlings transplamtdatdmeliads had the
lowest biomass in all three treatments. In drievi®mments, the net
result of the interplay between facilitation andmgetition is only
positive when the improvement of water availabilityceeds the costs
caused by lower light levels (Holmgren et al., 19%¥ence, the greatest
success of seedlings in humid slacks could alsdugeto the virtual
absence of competition. In these locations, whegestarce herbaceous
vegetation is not able to shade the seedlings #&ed superficial
groundwater increases water availability, the pasibet result is clear.
Under shrubs and inside bromeliads there was ajfsasitive net result,
since seedlings were able to survive.

Conclusions

While in moister areas, facilitation is not a regment, positive
interactions seem to enab criuvato colonize dry areas of coastal
sand dunes. Seeds do not germinate and seedlingstcastablish in
such areas without a benefactor, but, once edtablisndividuals are
able to live in isolation, competition may becomerenimportant than
facilitation in the adult stage. Most likely, medigms involved in the
positive interactions are: increase in water abdity, reduction of
substrate temperature and improvement of seed rdapeShadow
appeared to have a negative effect on seedlingtbrd®esults depended
of the species of the benefactors.
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Appendix 1. Relative frequencies of the plant spedound in association wit@i. criuvaand in the systematic
sampling. FA: relative frequency in associationhw. criuva FS: relative frequency in the systematic sampling
Family classification was made accordingly to ARGAPG 2003). Results of the chi-square analysiischer’'s
exact test (when the expected value was zero)tarers y’= NA (not applicable) when Fischer's exact test was
used. *Significant at 5%

Family Species Habit FA (%) FS (%) %2 p
Anacardiaceae | Lithraea brasiliensigvarchand Shrub 2.4 0.3 NA 0.6840
Apiaceae Centella asiaticgL.) Urb. Herb 0 0.7 NA 0.4991
Apocynaceae | Oxypetalum tomentosuvidight ex Hook. & Arn. Herb 0 0.3 NA 1.0000
Asteraceae Achyrocline satureioide@d.am.) DC. Herb 0 0.3 NA 1.0000

Baccharissp Herb 0 1.0 NA 0.2487
Baccharis radican®C. Herb 0 0.3 NA 1.0000
Eupatorium casarettqiB.L.Rob.) Steyerm. Shrub 28 7.3 6.137 0.0222
Noticastrum malmeZardini Herb 0 8.7 NA o*
Porophyllum ruderaléJacquin) Cassini Herb 0 0.3 NA 1.0000
Pterocaulonsp. Herb 1.7 2.1 0.093 1.0000
Blechnaceae Blechnum serrulaturRich. Herb 24 0 NA 0.0151*
Bromeliaceae | Vriesea friburgensi$lez Bromeliad 26.0 1.7 71.129 <0.0001f
Cyperaceae Androtrichum trigynun{Spreng.) H. Pfeiff. Herb 12.2 7.6 2.804 0.0940
Cyperus cf. sesquifloruéTorr.) Mattf. & Kuk. Herb 0 0.3 NA 1.0000
CyperusL. Herb 1.4 3.5 1.830 0.1761]
Unidentified 1 Herb 0.7 0 NA 0.4991
Unidentified 2 Herb 0 5.6 NA 0*
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L*

Unidentified 3 Herb 0.3 0 NA 1.0000
Dryopteridaceael Rumohra adiantiformigForster) Ching Herb 2.8 0 NA 0.0074*
Ericaceae Gaylussacia brasiliensiSpreng.) Meisn. Shrub 32.7 5.6 66.623 <0.0001
Eriocaulaceae | Actinocephalus polyanthBong.) Kunth Herb 21.2 16.3 2.234 0.1650
Euphorbiaceae | Alchornea triplinervia(Spreng.) Mull. Arg. Shrub 2.4 0 NA 0.0151*
Lamiaceae Vitex megapotamicéSpreng.) Moldenke Shrub 354 7.3 71.680 <0.0001
Lauraceae Ocotea pulchellfNees) Mez Shrub 2.4 0.3 NA 0.6840
Fabaceae - Fab.| Desmodium adscende(®w.) DC. Herb 24 1.7 0.340 0.7705
Sophora tomentosa Shrub 0.7 NA 0.4991
Stylosanthes viscogl.) Sw. Herb 0 4.2 NA 0.0004*
MelastomataceagTibouchina asperio(Cham.) Cogn. Herb 24 0 NA 0.0151*
Tibouchinasp Herb 2.8 1.0 2.317 0.2233
Unidentified 1 Herb 14 0 NA 0.1237
Myrsinaceae Myrsine cf. parvifoliaA. DC. Shrub 4.5 0 NA 0.0002*
Myrsine cf. umbellatdart. Shrub 3.1 0 NA 0.0037*
Myrsine coriacegSw.) R. Br. ex Roem. & Schult. Shrub 0.3 0 NA 1.0000
Myrtaceae Eucalyptussp Shrub 0 0.3 NA 1.0000
Eugenia catharina®. Berg Shrub 2.4 0 NA 0.0151*
Gomidesia palustri$DC.) Kausel Shrub 7.6 0 NA o*
Unidentified 1 Shrub 0.3 0 NA 1.0000
Nyctaginaceae | Guapira oppositgVell.) Reitz Shrub 35.8 0.7 118.811 <0.000
Orchidaceae Epidendrum fulgenBrongn. Herb 21 35 1.029 0.4469
Pinaceae Pinus elliottii Engelm. Shrub 2.1 0 NA 0.0304*
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Piperaceae Peperomia glabellgSw.) A. Dietr. Herb 0 07 NA 0.4991
Poaceae Andropogon selloanu@ack.) Hack. Herb 07 76 15.696 <0.0001*

Andropogorsp Herb 0 0.3 NA 1.0000
Aristida circinalisLindm. Herb 4.5 0 NA 0.0002*
Ischaemum minus Presl| Herb 125 4.9 9.658 0.0019
Panicumsp Herb 0 14 NA 0.1237
Paspalunmspl Herb 0 2.8 NA 0.0074*
Paspalumsp2 Herb 0.3 0 NA 1.0000
Spatrtina ciliataBrongn. Herb 0.7 10.1 NA 0.4991
Unidentified 1 Herb 4.2 0 NA 0.0004*
Unidentified 2 Herb 0 2.4 NA 0.0151*
Unidentified 3 Herb 0 2.4 NA 0.0151*
Unidentified 4 Herb 0 2.1 NA 0.0304*
Unidentified 5 Herb 0 0.3 NA 1.0000
Unidentified 6 Herb 0 0.3 NA 1.0000
Polypodiaceae | Polypodium lepidopterifLangsdorff & Fischer) Kunze Herb 21.9 2.1 53.495 <0.0007*
Rubiaceae Diodela radula(willd. & Hoffmanns. ex Roem. & Schult.) Delprete Herb 5.6 4.2 0.601 0.5611
Sapindaceae | Dodonaea viscosdacquin Shrub 10.8 15.6 2.971 0.1095
Smilacaceae Smilax campestriGriseb Climbing 34.4 3.8 87.018 <0.0001*
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Consideragoes finais

Na restinga herbacea/subarbustiva do Parque Nbahiclas
Dunas da Lagoa da Conceicdo, a populaca€ldsia criuvaesta em
crescimento e provavelmente a colonizagédo da &n€a asta em fase
inicial. A sobrevivéncia dos adultos, que se repreth clonalmente,
tem a maior importancia para a manutencao desseicrento. No ano
de estudo, o recrutamento de genetas, que deptridinente de fontes
externas de sementes, foi mais expressivo do guedacao de rametas.
No entanto, este fenbmeno parece ser irregularpender de anos
favoraveis, enquanto que a propagacdo clonal devecantinua,
garantindo a estabilidade nos anos que a propagac&ementes ndo &
possivel.

Em areas secas e abertas, desprovidas de vegatmgémentes
de C. criuva ndo germinam e as plantulas ndo conseguem sobreviv
Por isso, a presenca de plantas facilitadorasamemizam as condicdes
abidticas, especialmente diminuindo a temperatura sdbstrato e
aumentando a disponibilidade de &gua, sdo essengaia o
estabelecimento de novos individuos por sementexigténcia desta
interacdo positiva também ajuda a explicar o padi€distribuicdo
agregado encontrado em pequenas escalas. Provatelras espécies
facilitadoras formam nucleos ao seu redor, ondecaslicdes sao
propicias ao estabelecimento de espécies mengterdss, originando
as moitas de plantas arbustivas (ilhas de vegétagidservadas na
restinga. Espécies arbustivas foram as mais freguonemte encontradas
em associagdo cor@. criuvg mas a broméliavriesea friburgensis
também merece destaque, pois comprovadamente auangatminacao
das sementes e a sobrevivéncia das plantulas. @onesde ser dito
sobre a espécie arbusti@uapira opposita Estas espécies poderiam
também estar agindo como poleiros, estimulando posigio de
sementes em sitios adequados a germinacgao.

Contudo, ndo sO as interagbes positivas sao redpeis pelo
recrutamento de novos individuos genético€deriuva A restinga na
area de estudo é muito heterogénea, apresentamds demifixas,
entremeadas por baixadas, ilhas de vegetac@o escdipgua. Sendo
assim, apesar do estabelecimento de plantulasengmssivel em areas
abertas, as bordas de baixadas Umidas e alagdeisarebientes
propicios a este estabelecimento e espécies ddcitds ndo sao
necessarias. O padrdo agregado de distribuicdoétambode ser
decorrente do tamanho reduzido destas areas faiwrav
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Apesar da localizagdo de individuos jovens seritdioa a
pequenas areas onde a densidade é alta, ndo favatls um forte
efeito de mortalidade dependente de densidade, gist o padrdo de
distribuicdo espacial de plantas jovens e ja elgeidas é similar. Os
adultos apresentam o mesmo padrdo de distribuiggoirdlividuos
juvenis. Entretanto, os individuos ja estabelecidée precisam das
mesmas condi¢des que as plantulas, visto que nfaitsm encontrados
em é&reas abertas e a mortalidade nestes locaisndabr quando
comparada as moitas. Possivelmente, estes indiiski@stabeleceram
em areas Umidas ou na presenca de facilitadorespodem ter sido
eliminados posteriormente por competicao.

Neste ambiente, as interacdes positivas parecestarta
importantes, especialmente para o estabelecimenféagtulas, apesar
de alguns efeitos negativos poderem ser percebliftosestagios mais
avancados, a competicdo pode ter mais relevancia. d@mbinacéo
destas interacdes, positivas e negativas, quentdatea sobrevivéncia e
a distribuicdo das espécies e, consequentemecwepEosicao floristica
€ 0 aspecto da paisagem.
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