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Resumo

Diferentes formas de vida de plantas, por possuirem diferentes estratégias de alocacio de
recursos, podem apresentar aspectos fenologicos diferentes. Além disso, interagdes bidticas e
abidticas e perturbagdes antropicas podem influenciar a fenologia. Os objetivos deste trabalho
foram (a) invetigar a fenologia em arvores com (foréfito) e sem (controle) liana na borda e no
interior de um fragmento de cerrado denso em Itirapina, SP; e (b) investigar a sobreposicao das
fenofases reprodutivas e vegetativas entre lianas e for6fitos para o mesmo fragmento de
vegetacdo. Durante um ano, semanalmente foram coletados dados referentes as atividades e as
intensidades de lianas e arvores com e sem lianas na borda e no interior do fragmento de cerrado.
As espécies analisadas foram: Anadenanthera falcata, Dalbergia miscolobium, Miconia
rubiginosa, Qualea grandiflora, Vochysia tucanorum e Xylopia aromatica. Foram usadas
andlises envolvendo estatistica circular. A. falcata, D. miscolobium e X. Aromatica com lianas
investiram mais na producao de folhas e menos na reproducao que as mesmas espécies sem
lianas. M. rubiginosa, V. tucanorum, Q. grandiflora e X. Aromatica na borda alocaram mais
recursos para a reproducdo e menos para a troca de folhas que as mesmas espécies no interior,
uma vez que a borda possui mais luz disponivel. M. rubiginosa em ambiente estressante (lianas
no interior do fragmento) investiu na reproducdo como forma de escapar do estresse. A perda e o
ganho de folhas de A. falcata, M. rubiginosa e V. tucanorum e suas lianas associadas ocorreu na
transi¢do das estagdes secas e chuvosas, indicando que a dgua estd disponivel por meio de raizes
profundas para ambas as formas de vida. A competi¢cao por polinizador promoveu diferentes
padrdes de floracdo entre A. falcata e V. tucanorum e suas lianas associadas. M. rubinosa e X.
aromatica produziram didsporos carnosos no final da estacao chuvosa, provendo recursos para

animais e aumento a eficiéncia na sua dispersao.



Abstract
Different life-forms with different resources allocation strategies can show different phenologies.
Biotic and abiotic interactions and anthropogenic disturbance may additionally influence the
phenology. The aims of this study were (a) to test the phenology between trees with and without
lianas at the edge and in the interior of a dense cerrado fragment in Itirapina, Sdo Paulo state; and
(b) investigate the reproductive and vegetative phenophases overlap between lianas and their
support trees. Phenological data were taken weekly, during a year, activity and intensity of trees
with and without lianas at the edge and in the interior of the fragment were collected.
Anadenanthera falcata, Dalbergia miscolobium, Miconia rubiginosa, Qualea grandiflora,
Vochysia tucanorum and Xylopia aromatica were the analyzed species. The data were analyzed
with circular statistics. A. falcata, D. miscolobium and X. aromatica with lianas invested more on
leaf production e less on reproduction than the same species without lianas. M. rubiginosa, V.
tucanorum, Q. grandiflora and X. Aromatica at the edge allocated more resources for
reproduction and less to leaf change than these species in the interior, since at the edge more light
is available. M. rubiginosa in stressful environment (lianas in the interior of the fragment)
invested on reproduction as a way to escape from stress. Leaf flushing and fall of A. falcata, M.
rubiginosa and V. tucanorum e their associated lianas occurred on dry-wet seasons transitions,
indicating that the water is available by deep root system for both life-forms. Pollinators
competition promotes different flowering patterns among A. falcata and V. tucanorum and their
associated lianas. M. rubinosa and X. aromatica produced fleshy diaspores in the end of dry

season, providing resources for animals and increasing diaspore dispersal efficiency



Introducao geral

Fenologia

A disponibilidade dos recursos para um organismo estd relacionada com a habilidade do
organismo de obté-los e da época do ano em que a concentracao do recurso se torna maior ou
menor. Sendo assim, ao longo do tempo, 0s organismos apresentam eventos biolégicos mais ou
menos periddicos que se manifestam em mudancas externas visiveis e mensurdveis, chamadas
fenofases (Lieth 1974). Segundo Lieth (1974), o estudo do sincronismo da ocorréncia de eventos
bioldgicos entre diferentes espécies, das causas desse sincronismo, considerando forgas bidticas e
abidticas, e a inter-relacdo entre as fases de uma mesma ou de diferentes espécies, € chamado de
fenologia. Esta € uma importante linha de pesquisa ecoldgica utilizada para caracterizar
ecossistemas (Lieth 1974) e resulta de estratégias evolutivas das espécies (Monasterio &
Sarmiento 1976). Essas estratégias evolutivas indicadas pelos eventos bioldgicos periddicos de
muitas espécies de plantas representam mudancas adaptativas a elementos tanto biéticos, como
numero e sazonalidade de agentes dispersores e polinizadores, herbivoria, predadores, quanto
abidticos, como sazonalidade de chuvas (Schaik et al. 1993). Nas plantas, esses elementos
bidticos e abidticos podem atuar tanto como recursos, que permitem a sobrevivéncia dos
individuos envolvidos, quanto como fatores, que influenciam nos processos individuais,
populacionais e ou comunitdrios. A seqiiéncia temporal dos eventos bioldgicos que expressam
essas mudancas adaptativas recebe o nome de fenodinamica (Lieth 1974). A fenodinamica,
portanto, seria considerada fruto de um processo ativo de sele¢do, em que estratégias diferentes
de alocagdo de recursos para as diversas fases do ciclo de vida propiciariam taxas diferentes de
sucesso reprodutivo, e ndo seria apenas um ajuste fortuito das plantas as mudancas ambientais

(Oliveira 1998). A alocagdo de recursos estd intimamente relacionada com o crescimento das



plantas, que, por sua vez, € potencialmente limitado por um pequeno conjunto de recursos
abidticos: dgua, gds carbonico e minerais. Uma variagao sazonal significativa em qualquer desses
recursos abidticos assim como de fatores bidticos (como polinizadores e dispersores) pode

proporcionar uma forca seletiva nas respostas fenoldgicas (Schaik et al. 1993).

O estudo da fenologia

As fenofases comumente estudadas em estudos fenolégicos s@o a germinagao, a queda e a
rebrota de folhas, a floragao e a frutificacdo. Duas maneiras comuns pelas quais essas fenofases
sao apresentadas na literatura sdo a época de sua ocorréncia e sua duracdo (Singh & Kushwaha
2005). Outras variaveis, como a sincronia entre individuos de uma populagio, também podem ser
utilizadas, dependendo da abordagem do trabalho (Bencke & Morellato 2002). Os enfoques
podem ser no nivel individual, populacional ou de comunidade.

Observagoes - O intervalo e a duragdo das observacdes variam conforme o estudo. Miranda
(1995) realizou observagdes em intervalos de aproximadamente 20 dias, totalizando 20
observacdes em 14 meses em um cerrado do Pard. Batalha et al. (1997) realizaram 16 excursdes
de coleta, em intervalos de 20 a 30 dias em Pirassununga (Emas) no estado de Sao Paulo. Outros
autores realizaram coletas em intervalos de 30 dias: Frankie ef al. (1974) em uma floresta tropical
seca na Costa Rica, Monasterio & Sarmiento (1976) nos lhanos venezuelanos, Batalha & Martins
(2004) no cerrado do Parque Nacional das Emas (GO) e Willians et al. (1999) na savana
australiana. Por outro lado, Ribeiro ef al. (1982) realizaram suas observagdes em intervalos de
uma semana no cerrado de Brasilia, e Ferraz ef al. (1999) em intervalos de 20 dias num
fragmento florestal na cidade de Sao Paulo. Willians et al. (1997) realizaram observa¢des uma
vez por més para as espécies menos comuns € duas vezes por més para as mais comuns na savana

australiana. Essa variacao nos intervalos das observagdes provavelmente decorre dos objetivos do



trabalho. Estudos de fenologia reprodutiva populacional demandam viagens mais concentradas
em um determinado periodo do ano. J4 para estudos de comunidades, sdo comuns intervalos
maiores, como os mensais, por exemplo. Condicdes de financiamento e de acessibilidade ao local
de coleta também sdo aspectos importantes. Areas mais préximas facilitam mais viagens a campo
do que 4reas distantes e/ou de dificil acesso. Por esses motivos nao ha um padrao ou mesmo um
protocolo de estudos fenoldgicos.

Meétodos - Duas formas para quantificar cada fenofase foram reunidas e propostas por
Bencke & Morellato (2002). A primeira € o Percentual de Intensidade de Fournier, ou Indice de
Intensidade. Nesse método, proposto por Fournier (1974 apud Bencke & Morellato 2002), os
valores obtidos em campo por meio de uma escala intervalar semi-quantitativa de cinco
categorias (0 a 4), correspondendo respectivamente a 0%, 1%-25%, 26%-50%, 51%-75% e 76%-
100% permitem estimar a porcentagem de intensidade da fenofase em cada individuo. Em cada
coleta de dados, faz-se a soma dos valores de intensidade obtidos para todos os individuos de
cada espécie e divide-se pelo valor maximo possivel (nimero de individuos multiplicado por
quatro). O valor obtido, que corresponde a uma proporcao, € entao multiplicado por 100, para
transformé-lo em um valor porcentual. J4 o Indice de Atividade é um método mais simples, no
qual é observada somente a presenca ou auséncia da fenofase no individuo, ndo estimando
intensidade ou quantidade. Sendo assim, o Indice de Atividade é expresso como uma propor¢io
de individuos que apresentam a fenofase em relagc@o ao niimero total de individuos observados.
Segundo Bencke & Morellato (2002), esses métodos fornecem informagdes essencialmente
diferentes. O Indice de Atividade é uma medida mais objetiva, que indica sincronismo e que pode
até ser usado em dados de herbdrios. O Indice de Intensidade é uma medida subjetiva e que s6
pode ser estimado por meio de viagens a campo (Benke & Morellato 2002). Além disso, o pico

do Porcentual de Intensidade da fenofase pode estar mais relacionado a fatores bidticos, tais



como presenga, atividade ou abundancia de polinizadores e dispersores, uma vez que guarda
relacdo direta com a abundancia do recurso (flores ou frutos) disponivel para esses animais. O
Indice de Atividade, por sua vez, pode estar mais relacionado com caracteristicas endégenas e
com fatores abidticos que atuam sobre a fisiologia da planta, determinando ou restringindo o
periodo de ocorréncia da fenofase considerada (Bencke & Morellato 2002). Por fornecerem
informacdes diferentes e complementares, € recomenddvel que os trabalhos enfoquem ambas as
abordagens.

Andlise dos dados - A representacdo dos picos de intensidade e atividade referentes a
ocorréncia de cada fenofase pode ser realizada por meio de graficos de distribuicao circular dos
dados. Nesse tipo de distribuicao, os dados estdo dispostos em circulo: cada coleta possui um
ponto no circulo, de modo que todos os pontos se distribuem de forma eqiiidistante entre si. O
valor referente a cada coleta (como nimero de frutos zoocéricos) € representado por um ponto
sobre o raio (Zar 1999). Os dados sdo considerados circulares quando ndo € possivel estabelecer
um referencial absoluto do inicio e do fim do periodo de observag¢do. Podem ser temporais,
incluindo hora, dia, ano, portanto aplicdveis a dados fenoldgicos; ou mesmo espaciais, quando ha
uma dire¢do cartografica (ver exemplos em Davis 1986, Upton & Fingleton 1989, Zar 1999). Ao
pressupor que os dados sejam circulares, testes e andlises da estatistica linear (ndo circular) ndo
podem ser usados (Zar 1999). Apesar de a andlise incluir cdlculos bem simples, hd um programa
em versao demonstrativa chamado Oriana (Kovach 2004), o qual permite realizar os principais
testes de maneira mais rapida. Para realizar os testes em uma planilha de dados do tipo Excel, os
angulos precisam ser transformados em radianos antes de realizar os cdlculos. Uma vez tendo os
angulos e suas respectivas freqiiéncias, € possivel calcular os principais pardmetros andlogos a
estatistica linear (desvio padrdao, mediana, variancia, intervalo de confianca, por exemplo),

incluindo o vetor médio (composto do dngulo médio e do seu comprimento, ou seja, sua direcao e



concentracdo, respectivamente). Cada parametro possui um significado fenolégico. Por exemplo,
o angulo médio representa a data média de ocorréncia de determinada fenofases. Ja o
comprimento do vetor médio, ¢ uma medida de concentragao dos dados: quanto maior o valor do
comprimento do vetor médio, maior a concentragdo de determinada fenofase ao redor do angulo
médio. Com esses parametros, € possivel analisar a uniformidade dos dados (por meio do teste de
Rayleigh, por exemplo), ou mesmo se os dados possuem distribuicao de Von Mises, andloga a
distribuicao normal (por meio do teste de Watson U2, por exemplo). Se, por exemplo, uma
distribuicao € estatisticamente uniforme, implica dizer que ela ocorre o ano todo, ou seja, a
fenofase analisada ndo € sazonal. De forma semelhante a estatistica linear, a estatistica circular
possui testes que comparam distribui¢des, sejam elas paramétricas (como o teste F de Watson-
Williams) ou nao-paramétricas (como o teste U2 de Watson). Andlises de correlagdes circulares-
circulares ou circulares-lineares também podem ser realizadas, entre outras anélises. Para
detalhes dos testes e a apresentacdo de outros testes, veja Davis (1986), Upton & Fingleton
(1989), Zar (1999) e Kovach (2004). Apesar dessa gama de ferramentas simples e verséteis,
muitos trabalhos utilizam apenas anélise visual de graficos (Mantovani & Martins 1988, Batalha
et al. 1997, Batalha & Mantovani 2000) e alguns propdem outros métodos de andlise de dados
fenolégicos (Schirone et al. 1990). Entretanto a andlise visual dos graficos ndo mostra diferencas
estatisticamente significativas e € uma andlise essencialmente subjetiva. Ja outros métodos de
andlise de dados fenolégicos podem ndo ser aplicdveis a todos os trabalhos. Por exemplo,
Schirone et al. (1990) aplicou seu método apenas para uma espécie de floresta temperada. J4 a
estatistica circular dos dados € relativamente simples e facil, além de ser similar a estatistica
linear, ou seja, uma série de andlises pode ser escolhida, dependendo do objetivo do trabalho.
Guildas ou sindromes - E comum autores agruparem as espécies em guildas ou sindromes

de acordo com a fenofase como forma de facilitar o estudo fenoldgico. Guildas podem ser



definidas como um grupo de espécies que usam determinado recurso de forma similar (Morin
1999). Por exemplo, podem ser representadas como um grupo de espécies de plantas que atraem
dispersores a polinizadores semelhantes por possuirem os recursos (frutos/sementes e flores)
semelhantes morfologicamente (Wheelwright 1985). As sindromes sdo um consjunto de
caracteristicas que podem ser mais amplas e gerais ou mais restritas e precisas (Pijl 1972).
Sindromes referem-se ao conjunto de caracteristicas e guildas, ao efeito desse conjunto de
caracteristica para, no caso, dispersor e polinizador. Sao termos complementares e préximos,
muitas vezes usados como sindnimos. No presente estudo preferimos usar sindromes, uma vez
que a interacao (polinizador e dispersor) é apenas inferida a partir de caracteristicas morfolégicas
de didsporos e flores.

Cada fenofase possui uma sindrome. As fenofases vegetativas brevidecidua, semidecidua e
sempre-verde (Singh & Kushwaha 2005) estao relacionadas a queda e rebrota de folhas.
Entretanto nao foi usado qualquer classifica¢do das fenofases vegetativas no presente estudo. As
sindromes de polinizac@o usadas nesse estudo sdo baseadas nos critérios propostos por Fegri &
Pijl (1972): anemofilia (polinizagcdo pelo vento), cantarofilia (besouros), miiofilia (moscas),
melitofilia (abelha), psicofilia (borboleta), falenofilia (mariposa), ornitofilia (aves) e
quiropterofilia (morcegos). A classifica¢do das sindromes de dispers@o seguiu os critérios
propostos por Pijl (1972): anemocoria (didsporos dispersos pelo vento), zoocoria (por animais) e
autocoria (sem as adaptacdes anteriormente citadas, incluindo as dispersdes barocoria e
explosiva). Mesmo havendo outras formas de classificacdo, o sistema colocado acima baseia-se
em critérios relativamente simples, usando caracteristicas morfoldgicas basicamente. Muitos
trabalhos consideraram sindromes de dispersdo de didsporos nos estudos fenolégicos de cerrado
(Ribeiro et al. 1982, Mantovani & Martins 1988, Miranda 1995, Batalha et al. 1997, Batalha &

Mantovani 2000, Batalha & Martins 2004), entretanto nenhum considerou sindromes de



polinizacdo. Oliveira & Gibbs (2000) e Silverbauer-Gottsberger & Gottsberger (1988)
trabalharam com polinizacao de plantas de cerrado em nivel de comunidade, mas ndo analisaram
aspectos fenoldgicos. Apenas realizaram observagdes sobre visitantes nas espécies encontradas
nas dreas de estudo. A observacao direta dos visitantes florais levou a algumas diferencgas na
classificac@o de guildas de polinizacdo nos trabalhos de Silverbauer-Gottsberger & Gottsberger
(1988) e o de Oliveira & Gibbs (2000). Vochysia thyrsoidea, por exemplo, pode ser visitada por
mariposas, borboletas ou abelhas (Oliveira & Gibbs 2000). Enquanto a andlise direta do
polinizador e dispersor d4 uma visao mais precisa da interacao, as sindromes permitem uma
melhor andlise comparativa com outros trabalhos, uma vez que hd uma padronizagao dos critérios
utilizados. Além disso, apesar de as sindromes de dispersao e de poliniza¢ao nao informarem
com exatiddo qual o agente de dispersao de didsporos e de polinizagdo, a representacdo de
sindromes oferece uma visao geral da maneira como uma comunidade funciona (Howe &
Westley 1998). Por esse motivos, bem como por uma questao de tempo e prazos na realizagao do
presente trabalho, optou-se pela andlise de sindromes e ndo na observacao direta de polinizadores

e dispersores.

Fenologia no cerrado

O cerrado no estado de Sao Paulo apresenta uma forte sazonalidade de clima, marcada pela
presenca de uma estac@o seca, compreendida grosseiramente entre maio e agosto, e de uma
estacdo chuvosa entre setembro e abril (Mantovani & Martins 1988, Batalha et al. 1997, Batalha
& Mantovani 2000). Durante a estacdo seca, independentemente da forma de vida, muitas
espécies de cerrado perdem as folhas. A rebrota esta associada ao inicio da estacao chuvosa
(Ribeiro et al. 1982, Mantovani & Martins 1988, Miranda 1995 e Batalha et al. 1997). Ja as

espécies arboreas possuem maior pico de floragdo no inicio da estacao chuvosa, mas o pico de



frutificagdo varia conforme a sindrome de dispersdao (Mantovani & Martins 1988, Batalha et al.
1997, Batalha & Mantovani 2000 e Batalha & Martins 2004). Frutos ou sementes dispersos pelo
vento s@o encontrados maduros em maior propor¢do durante a estacio seca, quando a pouca
folhagem permitiria maior facilidade na dispersao dos didsporos. Durante a estacdo chuvosa, ha
predominio de didsporos carnosos, dispersos por animais, pois, segundo Mantovani & Martins
(1988), sob alta umidade relativa do ar os didsporos carnosos se manteriam atraentes por mais
tempo. Oliveira & Gibbs (2000) analisaram também guildas de polinizagdo em uma comunidade
de cerrado em Brasilia (DF), mas nao consideraram a fenologia de cada guilda ao longo do ano.

Na estag@o seca, muitos recursos escasseiam para a vegetacao do cerrado, como, por
exemplo, a disponibilidade de d4gua no solo, e muitos fatores tornam-se restritivos, como, por
exemplo, a diminuicao da umidade do ar. Segundo Oliveira (1998), é possivel identificar picos de
vdrias fenofases, sempre relacionados com o final da estagdo seca e com a época de germinacao.
Por outro lado, as espécies lenhosas de cerrado apresentam raizes profundas, permitindo o acesso
a dgua e a nutrientes durante a estagdo seca (Franco 2002, Oliveira et al. 2005). Entretanto,
durante a estac@o seca, a concentra¢ao de nutrientes no solo € alterada (Mantovani & Martins
1988; Williams et al. 1997). Portanto, as fenofases podem ser influenciadas fortemente pelo
clima, mas outros fatores podem exercer grande influéncia, como a concentracio de solutos no
solo (Mantovani & Martins, 1988; Williams et al. 1997), ou mesmo fatores endégenos das

plantas (Williams et al. 1997).

Efeitos de borda e de lianas sobre a fenologia das arvores
Trepadeiras sdo plantas cujo crescimento em altura depende da sustentacdo mecanica
fornecida por outras plantas (Morellato 1991), pois ndo podem sustentar-se liviemente em altura

por causa de seu peso (Putz & Mooney 1991) em relacdo ao pequeno didmetro do caule. Alguns
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autores dividem as trepadeiras em lenhosas ou lianas (Putz & Windsor 1987, Gentry 1991, Putz
& Mooney 1991) e herbaceas (Gentry 1991), enquanto outros sinonimizam lianas e trepadeiras,
como, p. ex., Morellato & Leitdo-Filho (1996), que chamaram de lianas tanto as lenhosas quanto
as herbéceas. Todas as trepadeiras tém em comum a necessidade de usar, em algum estadio da
sua vida, um suporte chamado de fordfito, para crescer em altura (Kersten & Silva 2002).

As lianas s@o um grupo de plantas abundante e bastante diverso nas florestas do mundo,
particularmente nos trépicos (Schnitzer 2005). Mais recentemente, tem-se descoberto que as
lianas possuem um papel muito importante na dinamica de florestas, podendo suprimir a
regeneracao de arvores e ou aumentar sua mortalidade. Alguns estudos tém ressaltado a
importancia das lianas nas florestas tropicais, como na estruturacdo da diversidade e regeneracao,
contribuindo com uma média de 25% na densidade de individuos lenhosos (Schnitzer & Bongers
2002). Sao também uma fonte de recursos alimentares valiosos para animais, além de manterem
fisicamente as arvores juntas, desse modo providenciando acesso as copas de drvores para
animais arboricolas. Entretanto, trepadeiras podem causar injdrias e morte das arvores, tornando
sua copa mais pesada, aumentando a tensio e, conseqiientemente, os danos mecanicos ao caule e
araiz (Putz 1980, Putz 1984a). As defesas das arvores contra o ataque de lianas incluem o
aumento no diametro do caule, tronco flexivel, crescimento rdpido do caule, presencga de espinhos
e aculeos no cauke e associagdo com simbiontes, como formigas (Putz 1980, Putz 1984b). Se os
modelos baseados em competi¢do entre vizinhos assumem que uma planta focal apenas
responderd ao nimero de competidores encontrados em um certo raio da planta, afetando sua
sobrevivéncia e fecundidade (Tilman 1997), entdo a interacao foréfito-liana predominante é
caracterizada como um tipo de competi¢do interespecifica por recursos, como luz, nutrientes e
agua (Putz 1980, Dillenburg et al. 1993a, 1993b, 1995). Stevens (1987) afirmou que a liana

também pode ser considerada um parasita estrutural do foréfito, uma vez que ela diminui a
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formacao de frutos formados (fecundidade) da arvore suporte. Dessa maneira, podemos
generalizar o tipo de interagdo entre lianas e foréfitos como negativa para o foréfito (Putz 1980,
1984a, Putz 1984b, Stevens 1987, Hegarty 1991, Dillenburg et al. 1993a, Dillenburg et al. 1993b
Schnitzers & Bongers 2002). Dentre os efeitos fisiol6gicos causados nas arvores, estd a
diminui¢do da drea basal do caule (Putz 1984a), a diminuicao na producdo de frutos (Stevens
1987) e o aumento da biomassa vegetativa da arvore (Friedland & Smith 1982, Dillenburg et al.
1993a). Esses efeitos sdo conseqiiéncia da competicao da parte aérea por luz e da parte
subterranea por nitrogénio (Dillenburg et al. 1993b), dgua (Pérez-Salicrup & Barker 2000) e
carbono (Wright et al. 2005).

Nao apenas fatores bidticos, no caso a presenca de lianas, podem afetar a fenologia de
arvores, mas também fatores abidticos sdo importantes (Schaik et al. 1993). O processo de
fragmentacao cria dois ambientes bem distintos fisicamente: a borda e o interior do fragmento de
vegetacdo. Estudos em florestas tropicais demonstraram que a borda apresenta uma diminui¢ao
na umidade, aumento da temperatura do ar e da luz, e alteracdo na composi¢ao de substancias
quimicas no solo e no ar (Lovejoy et al. 1986, Kapos 1989, Williams-Linera 1990, Camargo &
Kapos 1995, Murcia 1995, Kapos et al. 1997, Turton & Freiburger 1997, Newmark 2001).
Conseqilientemente, o crescimento das plantas, a herbivoria e a preda¢do sdo aumentadas na borda
(Lovejoy et al. 1986, Murcia 1995), bem como a abundancia de lianas (Laurance 1997, Laurance
et al. 2001). Se para as plantas tropicais, a influéncia de borda implica em mudancas drasticas no
ambiente fisico e nas intera¢des, para o cerrado essas mudancas parecem nao ser tao drasticas. As
espécies de cerrado sdo adaptadas a um ambiente mais aberto, com alta radiagdo (Coutinho 1978,
Goodland & Ferri 1979, Oliveira-Filho & Ratter 2002, Franco 2002). Entretanto, para um cerrado
mais denso, mudangas relativas a fragmentagdo podem ser importantes. O cerrado denso € uma

transicao do cerrado sensu stricto para o cerraddao. Nessa fisionomia, a densidade de drvores é
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semelhante a do cerraddo, mas a altura das arvores € semelhante aquelas presentes no cerrado
sensu stricto (Ribeiro & Walter 1998).

O primeiro capitulo deste trabalho busca a compreensao de dois fatores que podem atuar na
fenologia de arvores de cerrado. Um desses fatores € a presenca de lianas. Se lianas alteram a
forma como arvores alocam recursos, seria esperado que alterassem a fenologia de arvores
também. Da mesma maneira, o conjunto de diferencas fisicas encontradas na borda e no interior
de um fragmento de vegetacao de cerrado denso pode influenciar a fenologia das arvores e de

lianas.

Interacoes entre trepadeiras e forofitos

Lianas tropicais possuem sistema subterraneo profundo e, conseqiientemente, possuem um
crescimento mais rapido quando comparadas com arvores tropicais (Mooney & Gartner 1991;
Schnitzer 2005). Dessa forma, lianas alocam suas reservas para a formacao de folhas e o
crescimento, enquanto as arvores, para o caule (Mooney & Gartner 1991). Entretanto, arvores de
cerrado s@o adaptadas a uma forte sazonalidade relacionada a precipitagdo e a um ambiente mais
aberto e com forte insola¢do. Além disso, a disponibilidade de nitrogé€nio € baixa e o estoque de
carbono, alto. Esse excesso de carbono € estocado nas raizes e estruturas secundarias das folhas,
como tricomas e ceras (Franco 2002). Arvores de cerrado, portanto, possuem um sistema
subterraneo profundo, diminuindo o estresse hidrico durante a estagcdo seca (Oliveira et al. 2005).

Os poucos estudos que buscaram investigar a interacdo liana-foréfito focando a fenologia
dessas formas de vida foram realizados em florestas tropicais. Croat (1975), Putz & Windsor
(1987) e Ibarra-Manriquez et al. (1991) encontraram divergéncias nos picos de frutificacdo entre
lianas e drvores. Apenas o trabalho de Morellato & Leitdao-Filho (1996) com tal enfoque foi

realizado no Brasil, para uma mata semidecidua. Os picos de floragdo e frutificacao de
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trepadeiras nao coincidiram com os de arvores, mas houve coincidéncia nos picos relativos a
dispersdo pelo vento. A dispersdo de didsporos por animais nas arvores ocorreu durante todo o
ano; ja nas lianas, houve um pico no final da estacao chuvosa (Morellato & Leitao-Filho 1996). A
divergéncia ou convergéncia de picos das fenofases pode ser resultado de forcas seletivas.
Espécies de plantas podem competir na atragdo de polinizadores e dispersores, o que pode
resultar em fenodindmicas que minimizem a sobreposi¢ao de fenofases entre as plantas que
dependem dos mesmos vetores de transporte de pdlen e de dispersdo de didsporos. Ja a
coincidéncia de eventos fenoldgicos pode ser resultado de vérios fatores, como, por exemplo,
uma estratégia para saciar predadores e herbivoros (Schaik et al. 1993).

Nos cerrados brasileiros, nao ha trabalhos que comparem de forma direta a fenologia de
arvores e trepadeiras. Batalha et al. (1997), Batalha & Mantovani (2000) e Batalha & Martins
(2004) consideraram lianas em levantamentos fenoldgicos realizados no cerrado, mas as
incluiram no componente herbaceo-subarbustivo. A floracdo e a frutificacdo desse componente
ocorreram no final da estagao chuvosa, somente apds o periodo de acimulo de carboidratos, mas
a frutificagcdo foi também significativa durante a estag¢do seca. Isso pode ser explicado pela maior
propor¢ao de individuos com sindromes anemocoricas e autocoricas nesse estrato. Entretanto, por
considerarem as lianas como pertencentes ao componente herbaceo-subarbustivo, esses dados
nao necessariamente sdo representativos da fenodinamica dessas trepadeiras. No tnico trabalho
que compara a fenologia de lianas e drvores em savana, Ramirez (2002) encontrou picos de
floracao divergentes e de frutificacio coincidentes entre arvores e lianas de savana venezuelana.
Entretanto, ele ndo considerou lianas e drvores em intima associagao.

O segundo capitulo deste trabalho busca a compreensdo da interag@o entre liana e arvore-
suporte com relac@o a suas fenologias. Conforme encontrado em outras dreas de cerrado,

diferentes formas de vida possuem fenodinamica diferenciada, uma vez que possuem estratégias
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de alocagdo de recursos diferenciadas. Essa divergéncia entre fenofases semelhantes seria

potencializada em lianas e drvores com intima associagao.

Objetivos
Enquanto que no primeiro capitulo buscou-se analisar o efeito da liana e a influéncia da

borda nas arvores usando parametros fenoldgicos, no segundo capitulo buscou-se a comparagao
da fenologia de lianas e foréfitos. Portanto, ambos os capitulos sdo independentes em seu
embasamento tedrico e em sua abordagem. Dessa maneira, os objetivos desta tese foram:

1. Avaliar a parametros fenolégicos em arvores com e sem liana na borda e no interior de
um fragmento de cerrado denso.

2. Investigar a sobreposi¢do das fenofases reprodutivas (floracao e frutificacio) e
vegetativa (queda e ganho de folhas) entre lianas e for6fitos no mesmo fragmento. Como ha
algumas sindromes de dispersao e de polinizacdo que sdo iguais entre as formas de vida, também

foi possivel comparar a sobreposic@o dessas sindromes entre lianas e foréfitos.
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Summary

1 Considering that tree phenology is largely influenced by abiotic and biotic factors, we aimed:
(a) testing the increased reproductive and decreased vegetative phenophases’ duration, activity
and intensity, as well the differences of intervals among phenophases of trees without lianas
when compared to those trees with lianas; and (b) testing the similar phenological parameters of
trees at the edge when compared to those trees in the interior of a cerrado fragment.

2 We compared the phenology of five individuals with and five individuals without lianas of
Anadenanthera falcata, Dalbergia miscolobium, Miconia rubiginosa, Qualea grandiflora,
Vochysia tucanorum and Xylopia aromatica at the edge and an equal number in the interior of a
dense cerrado fragment in SE Brazil. We subsequently recorded leaf fall, leaf flushing, flowering,
and fruiting weekly during a year.

3 A. falcata, D. miscolobium and X. aromatica with lianas invested more on leaf production and
less on reproduction than same species trees without lianas. Trees might change resource
allocation when lianas are associated. However, A. falcata, Q. grandiflora and V. tucanorum with
lianas invested on reproduction and leaf change. The higher duration of leaf flushing might
proportionate more resource allocation to reproductive organs. M. rubiginosa with lianas in the
interior invested on reproduction, what may indicate a way to these trees escape from stress.

4 M. rubiginosa, V. tucanorum, Q. grandiflora and X. aromatica at the edge allocated more
resources (reflected on phenology parameters analyzed) to reproduction, and less do vegetative
organs than that ones in the interior. Along edges, where light is abundant, trees can invest more
in reproduction. However, A. falcata invested on reproduction and leaf change in the interior.
New leaves production proportionate more resource acquisition, allowing investment on

reproduction.

Key-words: activity index, edge influence, intensity index, liana effect, phenodynamics.
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Resumo

1 Considerando que a fenologia das drvores € fortemente influenciada por fatores biéticos e
abidticos, os objetivos desse trabalho foram: (a) testar o aumento e a diminui¢do da duragao,
atividade e intensidade das fenofases reprodutivas e vegetativas respectivamente para arvores
sem lianas, bem como a diferenca no intervalo entre fenofases de arvores com e sem lianas; e (b)
testar parametros fenoldgicos semelhantes de drvores na borda e no interior de um fragmaneto de
cerrado.

2 No6s comparamos a fenologia de cinco individuos com e cinco individuos sem lianas de
Anadenanthera falcata, Dalbergia miscolobium, Miconia rubiginosa, Qualea grandiflora,
Vochysia tucanorum e Xylopia aromatica na borda e o mesmo nimero no interior de um
fragmento de cerrado denso no SE do Brasil. N6s amostramos a queda e a robrota de folhas,
floracao e frutificagcdo semanalmente durante um ano.

3 A. falcata, D. miscolobium e X. aromatica com lianas investiram mais na producao de folhas e
menos na reprodugdo que as mesmas espécies sem lianas. As drvores podem mudar a alocacdo de
recursos quando as lianas estdo presentes. Entretanto A. falcata, Q. grandiflora e V. tucanorum
com lianas investiram na reproducao e na troca de folhas. A maior duragdo no surgimento de
folhas novas pode proporcionar mais alocacdo de recursos para 6rgdos reprodutivos. J4 M.
rubiginosa com liana no interior investe em reproducdo, o que pode indicar uma forma dessa
espécie fugir de ambientes estressantes por meio da producao de didsporos.

4 M. rubiginosa, V. tucanorum, Q. grandiflora e X. Aromatica na borda alocaram mais recursos
(refletido nos paramétros fenoldgicos analisados) para o crescimento reprodutivo € menos para a
a troca de folhas que as mesmas espécies no interior. Na borda, onde a luz € abundante, as

arvores podem investir mais no na reproducio que no interior. Entretanto, A. falcata investiu na

26



reprodugdo e mudanga de folhas no interior. A producdo de folhas novas proporciona mais

aquisicao de recursos, permitindo investimento em reproducao.

Palavras—chaves: efeito da liana, fenodinimica, indice de atividade, indice de intensidade, influéncia da borda.
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Introduction
Community structure is determined by synergistic interactions among stochastic processes,
species response to abiotic conditions, and positive and negative direct and indirect interactions
among plants and other organisms (Lortie et. al. 2004). Negative (or antagonistic) interactions,
such as competition and parasitism, are especially important and may affect plant growth,
reproduction, survival, and phenology (Aarssen & Keogh 2002).

Lianas are traditionally seen to engage in antagonistic interactions with trees (Putz 1980;
Putz 1984a; Putz 1984b; Stevens 1987; Hegarty 1991, Dillenburg et al. 1993a; Dillenburg et al.
1993b; Schnitzers & Bongers 2002). During evolutionary time, trees have developed defenses
such as fast stem thickening, spiny stems, flexible main stems (Putz 1984a; Hegarty 1991), and
harboring protective insects that make it more difficult for lianas to climb (Janzen 1966; Janzen
1969). Lianas may cause mechanical damage, and compete with trees for light, nutrients, and
water (Putz 1980; Dillenburg et al. 1993a; Dillenburg et al. 1993b; Dillenburg et al. 1995).
Consequently, lianas affect tree growth and mortality rates (Putz 1984b). Lianas may also
increase allocation for tree vegetative biomass (Friedland & Smith 1982, Dillenburg et al.
1993a), as well as decrease tree fruit production (Stevens 1987), tree reproduction (Wright et al.
2005) and growth (Clark & Clark 1990). Therefore, lianas may affect tree fitness and its
phenology (Schaik et al. 1993). If lianas increase tree allocation to vegetative biomass, we expect
an increased duration, intensity and activity of leaf fall and flushing in trees with associated
lianas when compared to trees without lianas. Flowering and fruiting duration, intensity and
activity would be increased for trees without lianas. Consequently, intervals among the
phenophases would be different among trees with and without lianas.

Abiotic factors are also important for plant phenology (Schaik ez al. 1993) and life history

(Tilman 1997). Tropical forest edge, for example, has higher temperatures and light levels, and
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lower humidity and water availability than tropical forest interior (Lovejoy et al. 1986, Kapos
1989, Williams-Linera 1990, Camargo & Kapos 1995, Murcia 1995, Kapos et al. 1997, Turton &
Freiburger 1997, Newmark 2001). These microclimatic differences are reflected in biotic traits,
such as increased plant growth, herbivory (Lovejoy et al. 1986, Murcia 1995), reproduction
(Harper et al. 2005) and liana abundance at tropical forest edge (Laurance 1997, Laurance et al.
2001). However, cerrado plant species are adapted to an open environment, with high radiation
and light regime (Coutinho 1978, Goodland & Ferri 1979, Oliveira-Filho & Ratter 2002, Franco
2002), as we can found at the tropical forest edge. In open habitats, edge influence might be less
pronounced than in closer habitats, like tropical forests (Harper et al. 2005). Thus, edge influence
is more difficult to detect and probably less important ecologically in these open habitats (Harper
et al. 2005). We suppose that edge would not influence tree phenology when compared to trees in
the interior of the fragment.

The aim of this study are to evaluate the hypothesis that trees with associated lianas show
decreased reproductive and increased vegetative investments using phenology parameters. A
second aim is compare the similar phenological parameters at the edge and in the interior of a

cerrado vegetation fragment.

29



Material and Methods

STUDY AREA

Our study was conducted in a 30 year-old fragment of dense cerrado with approximately 1340 ha
located in the municipality of Itirapina, Sdo Paulo state, Brazil (22°13'S e 47°51°W, 762 m
altitude). Dense cerrado is dominated by 5-8 m tall arboreal component (50-70% tree cover)
relative to the herbaceous component. It is a transition from cerrado sensu stricto (scrubby
woodland) to cerradao (tall woodland) (Ribeiro & Walter 1998). Pinus sp. and Eucalyptus sp.
plantations surround the study site. The fragment is surrounded by a 30-m-wide firebreak. The
climate is Koeppen’s Cwa, i.e., macrothermic temperate, with dry winter and rainy summer; or
ZB 1I following Walter (1971), tropical with summer rains. The mean annual rainfall is 1394.3
mm with rain concentrated between October and May, and the mean annual temperature is

21.4°C (Fig. 1).

SAMPLING

We analyzed leaf fall, leaf flushing, flowering, and fruiting patterns of six cerrado tree species:
Anadenanthera falcata (Benth.) Speg. and Dalbergia miscolobium Benth. (Leguminosae),
Miconia rubiginosa (Bonpl.) DC. (Melastomataceae), Qualea grandiflora Mart. and Vochysia
tucanorum Mart. (Vochysiaceae), and Xylopia aromatica (Lam.) Mart. (Annonaceae). We choose
these species because they are abundant in the area and reach the upper stratum of the
community. We tagged ten trees of each species (five with and five without lianas) in the interior,
and did the same at the edge of the fragment. Thus, 30 trees without lianas (controls) and 30 with
lianas (support trees) were tagged at the fragment edge, and the same was done in the interior.
We carefully chose only mature, reproductive and healthy canopy trees with trunk diameter at

soil level equal to or greater than 3 cm. We chose only support trees with lianas reaching their
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crowns. The edge comprised the margin along the firebreak. Trees in the interior were 50 m or
more from the edge.

Every week from May 2004 to April 2005, we recorded the tagged trees that were
flowering and fruiting, and estimated the crown percentage cover of leaf, flowers, and fruits. For
the later, we estimated the proportion of each phenophase cover in five categories of a semi-
quantitative interval scale (scores of O to 4), corresponding respectively to intervals of 25% (0%,
19%-25%, 26%-50%, 51%-75%, and 76%-100%). We used the number of tagged trees to
calculate duration, interval and activity parameters and the crown estimation to calculate the
Intensity Index (or Fournier Index). In the data analysis, we considered only open flowers and
ripe fruits. To calculate the leaf change, we checked the increased or decreased of plant leaf
coberture from one week to another. For example, if the Intensity Index increased from one week

to another for the same plant, that tree was in leaf flushing.

DATA ANALYSIS

Each week, we counted the number of tagged trees shedding or flushing leaves, flowering, and
fruiting, as well as the intensity of each phenophase, expressed in crown percentage cover. We
compared the data distribution of these phenophases between trees: (a) with and without lianas at
the edge; (b) with and without lianas in the interior of the fragment, (c) without lianas at the edge
and in the interior; and (d) with lianas at the edge and in the interior of the fragment. From here
on, we refer to these comparisons (a to d) as situations. To compare each distribution, we
performed the analyses following four approaches.

Duration
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We defined the duration as the number of weeks of each phenophase. We compared the
duration of each phenophase for plant species in each situation. We used the t-test to compare the
distributions (Zar 1999).

Interval

We defined interval as the number of weeks between the activity of two consecutive
phenophases (leaf fall-flushing and flowering-fruiting). We analyzed these data with circular
statistics. To calculate the basic circular statistics parameters, we converted weeks into angles
from 6.92° = end of the 1™ week/May 2004 to 360° = end of the 52" week/April 2005. For
circular statistical analysis, the beginning and the end of data is irrelevant for data analyses
(Davis 1986, Upton & Fingleton 1989, Zar 1999). We estimated the following parameters for
each situation: mean angle (n), length of mean vector (r), and circular standard deviation (CSD)
following Davis (1986), Upton and Fingleton (1989) and Zar (1999). The mean angle p is the
week of the year a phenophase occurs. The length of the mean vector (r) may be considered a
measure of degree, amount, or level of the seasonality, and varies from O to 1 (Morellato et al.,
2000). The CSD is equivalent to its linear counterpart (Kovach, 2004) and it is a measure of
dispersion. When r is high, CSD tends to be low; hence, CSD may also be considered as a
measure of seasonality and is complementary to the mean vector.

We also used Rao’s Spacing Test (U) to attest data uniformity. The hypotheses tested
were: Ho = data are uniformly distributed around the circle, i.e., there is no seasonality; and Ha =
data are not distributed uniformly around the circle, i.e., there is seasonality (Zar, 1999; Kovach,
2004). This test is more powerful than the commonly used Rayleigh’s test, because Rao’s
Spacing test is appropriate when circular data tends to be bimodal (Kovach, 2004). To test for
difference of intervals in each situation we used the Mann-Whitney test adapted to the smallest

difference of the mean angle of each distribution (Zar 1999).
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Intensity

We used the Fournier Index to estimate the phenophase intensity in each tree. Leaf fall,
leaf flushing, flowering, and fruiting were estimated on a scale from 0O to 4, corresponding
respectively to 0%, 1%-25%, 26%-50%, 51%-75% and 76%-100%. (Bencke & Morellato 2002).
We used the G -test instead of circular statistics since data are categorical (Zar 1999).

Activity

We define the Index of Activity as the proportion of the trees expressing a given
phenophase on a particular survey date (Bencke & Morellato 2002). We analyzed these data with
circular statistics as described above (Davis 1986, Upton & Fingleton 1989, Zar 1999). We tested
the normality of each distribution with Watson’s U? adapted test (Zar 1999, Kovach 2004). This
is a goodness-of-fit test against the von Mises distribution, a unimodal distribution similar to the
normal distribution in linear data (Zar 1999, Kovach 2004). We tested differences in each
situation with the Watson’s U? test, where two sets of data are compared using mean square
deviations. This test is non-parametric and compares two ranked distributions. Tied data, when
present, were corrected. The hypotheses were: Ho = both samples have the same distribution; Ha
= the two samples differ in some way (Zar 1999, Kovach 2004). Significant differences were

interpreted by inspection on basic circular statistic (Kovach 2004).
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Results
DURATION
Leaf fall and flushing duration were longer for D. miscolobium, Q. grandiflora, V. tucanorum and
X. aromatica with lianas than for the same species without lianas at the edge (Table 1). Only leaf
flushing duration was longer for A. falcata with lianas than that ones without lianas at the edge
(Table 1). There was no difference for M. rubiginosa at the edge, but in the interior of the
fragment, leaf fall duration was longer for trees with lianas than for trees without lianas (Table 1).
Similar results were found for Q. grandiflora and X. aromatica’s leaf flushing in this situation. A.
falcata’s and D. miscolobium’s leaf fall and flushing durations were longer for trees with than
trees without lianas in the interior of the fragment (Table 1). V. tucanorum’s leaf fall and flushing
durations were similar among trees with and without lianas in the interior of the fragment (Table
1). However, V. tucanorum’s flowering duration was longer for trees with lianas than for trees
without lianas at the edge (Table 1). A. falcata’s without lianas had a longer fruiting duration than
that ones with lianas (Table 1). Q. grandilfora’s with lianas had a longer fruiting duration than
that ones without lianas. In the interior, flowering and fruiting duration were longer for A. falcata
and M. rubiginosa with lianas than for that ones without lianas (Table 1).

Leaf fall and flushing durations were longer in the interior than at the edge for A. falcata,
V. tucanorum and X. aromatica trees without lianas (Table 1). Leaf fall duration was longer for
D. miscolobium without lianas in the interior than at the edge (Table 1). However, for D.
miscolobium without lianas, leaf flushing duration was longer at the edge than in the interior
(Table 1). A. falcata and X. aromatica with lianas’ leaf fall and flushing duration was longer at
the edge than in the interior (Table 1). Leaf fall duration of D. miscolobium and V. tucanorum
was longer at the edge than in the interior too (Table 1). Leaf fall duration for M. rubiginosa with

lianas was longer at the edge than in the interior (Table 1). Flowering and fruiting of M.
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rubiginosa and Q. grandiflora, flowering of V. tucanorum and fruiting of X. aromatica had a
longer duration at the edge than in the interior of the fragment for trees without lianas (Table 1).
Flowering of X. aromatica and A. falcata and fruiting of V. tucanorum trees with lianas had a
longer duration at the edge than in the interior of the fragment (Table 1). However, V. tucanorum

with lianas in the interior fruited for a longer time than at the edge (Table 1).

INTERVAL

The vegetative and reproductive intervals of all situations had non-significative differences for all
species. The only exception was V. tucanorum. In the interior the interval between leaf fall and
leaf flushing was significant different among trees with and without lianas (Table 2). Leaf change
interval of V. tucanorum without lianas was also different between edge and the interior of the

fragment (Table 2).

ACTIVITY

Only the vegetative activity between the edge and the interior of the fragment was significant
different for the species (Table 3). Leaf fall and flushing were more concentrate (more seasonal)
at the edge than in the interior of the fragment for A. falcata (Table 4). Besides, leaf flushing
occurred in the beginning of the wet season at the edge, whereas occurred in the mid-rainy season
in the interior for A. falcata (Table 4). Leaf fall was no seasonal in the interior for A. falcata with
lianas and D. miscolobium without lianas (Table 4). Q. grandiflora and D. miscolobium with
lianas leaf flushing was seasonal at the edge and not seasonal in the interior (Table 4). The
significative differences of D. miscolobium with lianas leaf flushing between edge and interior is
due the low number of trees flushing at the edge (Table 4). Besides, those trees had leaf flushing

more concentrated and occurred in the beginning of the rainy season, whereas in the interior, in
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the mid-rainy season (Table 4). Leaf flushing of V. tucanorum with lianas was different between

edge and the interior of the fragment (Table 3).

INTENSITY
Intensity had non-significative differences for all species in all situations (table 5). The only
exception is A. falcata’ fruiting at the edge (Table 5). Trees without lianas fruited more intensely

than trees with lianas at the edge (Fig. 2).
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Discussion

LIANA INFLUENCE

Resource allocation for most species of higher plants includes the relationship between the
investment in one or another function, in the context of costs and benefits for the plant (Bazzaz et
al. 1987). One example is the relationship between investment on reproduction and leaf
production, reflected on plant phenology (Ratchke & Lacey 1985).

The presence of lianas may affect plant resource allocation. Climbers increased the
allocation to leaf biomass and decreased the allocation to reproductive biomass of A. falcata, D.
miscolobium and X. aromatica trees with lianas, confirming our initial hypothesis. Lianas may
compete with trees for light, thereby slowing tree growth and causing a longer period of leaf
changing (Putz 1984b). Therefore, reproduction was reduced because of the increased allocation
for vegetative biomass (Friedland & Smith 1982, Dillenburg ef al. 1993a).

According to Putz (1984b), lianas affect tree growth and mortality rates in several ways,
such as by competing for light and increasing mechanical strain and instability of the individual
tree. Climbers may decrease stem basal area (Putz 1984b), as well increase allocation for
vegetative biomass of a tree (Friedland & Smith 1982, Dillenburg et al. 1993a). Dillenburg et al.
(1993b) confirmed that lianas compete for light (aboveground) and nitrogen (belowground) with
trees, thus reducing tree fitness. Tree physiology response to liana competition may be reflected
in lower allocation to leaves compared with stems, and reduced leaf photosynthetic capacity,
photosynthetic nitrogen-use and growth (Dillenburg et al. 1995). Consequently, carbon (Wright
et al. 2005) and water competition (Pérez-Salicrup & Barker 2000) between liana and tree
reduces the probability of tree reproduction (Stevens 1987, Wright et al. 2005) and growth (Clark

& Clark 1990).

37



However, Q. grandiflora (at the edge), V. tucanorum (at the edge), A. falcata (in the
interior) and M. rubiginosa (in the interior) invested on reproduction and leaf change equally. A
higher duration of leaf flushing proportionate more resource acquisition, what may increase
reproduction duration. However, increased duration of leaf flushing is not associated to increased
duration of reproductive organs for M. rubiginosa in the interior. Contrary to our initial
hypothesis, M. rubiginosa with lianas in the interior trees invest on reproduction in spite of
vegetative organs. The benefit-cost model predicted by Loehle (1987) attest that increased
allocation to sexual reproduction is associated to seed dispersal to sites that are more favorable or
persist in the soil. Evasion from stress by intensive reproduction was suggested for several plants
in, for example, pollution stress (Zvereva & Kozlov 2005), water stress (Volis et al. 2004,
Piovesan & Adams 2005), salinity (Van Zandt et al. 2003), and competition (Rautiainen et al.

2004).

EDGE INFLUENCE

The fragment edge is generally a distinct environment from the fragment interior (Murcia 1995).
For example, air vapor pressure deficit, air temperature, and light intensity are higher at the edge
than in the interior of tropical forest fragments (Lovejoy et al. 1986, Kapos 1989, Williams-
Linera 1990, Camargo & Kapos 1995, Murcia 1995, Kapos et al. 1997, Turton & Freiburger
1997, Newmark 2001). Reduction of light intensity, as it occurs in a closed forest, may affect
physiological and ecological traits of the plants. The ultraviolet (UV) part of the spectrum is
almost completely absorbed at the canopy, as well as most of the visible wavelengths with the
exception of those between 520 and 620 nm, and a larger proportion of the infra-red (IR) is
reflected and transmitted by leaves (Théry 2001). At the edge, plants have to deal with the high

UV radiation (Kapos 1989). Related to light, temperature is higher at the edge and causes
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structural alterations of proteins, enzymes and membranes, resulting in necrotic lesions, chlorotic
mottling of leaves and fruits and, finally, death. At the edge, water deficit is more critical and
drought has profound effects on growth and plant quality (Hale & Orcutt 1987, Taiz & Zeiger
2002). As a result, the tropical forest fragmentation is a radical mechanism of habitat alteration
for plant fitness.

Cerrado species are adapted to open environments with high radiation and light regime,
dystrophic well-drained soils, with low pH, calcium and magnesium, and high aluminum, where
fires are recurrent (Coutinho 1978, Goodland & Ferri 1979, Oliveira-Filho & Ratter 2002, Franco
2002). For example, many species have wax or hairs on their leaves as an adaptation to radiation,
as well to water and nutrient deficit. Actually, these scleromorphic, nutrient-poor leaves of,
cerrado trees and shrubs maintain relatively high photosynthetic rates, similar to those of tropical
canopy trees (Franco 2002).

The cerrado vegetation is a gradient from openness (like an grassland) to closeness (like a
forest) physiognomies (Coutinho 1978). Our study area, a dense cerrado, seems like a forest, but
the trees are shorter than a real forest (Ribeiro & Walter 1998). The species from a dense cerrado
are the same of cerrado domain, i.e., adapted to an open environment (Ribeiro & Walter 1998).
Consequently, the shady environment of the interior may be more limiting than the edge of the
cerrado fragment studied, which is a more illuminated and hotter environment. Therefore, M.
rubiginosa, V. tucanorum, Q. grandiflora, and X. aromatica invested on reproduction at the edge
and on leaf production in the interior of the fragment. Laurance et al. (2003) found little support
for the increased tree reproduction along edges in tropical rain forests. Similarly, increased
reproduction and decreased leaf production at the edge is not a pattern for all species analyzed. A.
falcata had and increased leaf fall, leaf flushing, flowering and fruiting durations in the interior.

More leaves indicate more energy for reproduction. Leaf flushing duration for D. miscolobium
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without lianas and activity for that ones with lianas were higher at the edge. However, D.
miscolobium did not flower during the study period. The lighter environment may promote
increased leaf production at the edge. These results do not confirm our initial hypothesis that
edge does not influence tree phenology, probably due the open environment adapted species in a

dense characteristic of the cerrado analyzed.
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Table 1. Number of the days (duration) that the phenophases occur for each species. (*p<0.05).

N of trees N of trees N of trees N of trees Trees with vs.  Trees with vs. Edge vs. interior Edge vs. interior
without lianas with lianas at without lianas with lianas in without lianas at without lianas for trees without  for trees with

at the edge the edge in the interior  the interior the edge in the interior lianas lianas
Leaf fall
A. falcata 4.2(1.3) 4.2 (0.8) 5.4(0.9) 9(2.3) 0.00 -3.20* -1.69%* -4.31*
D. miscolobium 3.4(1.6) 8.0(2.2) 7.4 (2.0) 8.6 (2.5) -3.68* -0.82%* -3.35% -0.39%
M. rubiginosa 7.2 (1.1) 5.8(2.2) 6.0 (1.2) 6.4 (1.9) 1.23 -0.38* 1.63 -0.44%*
Q. grandiflora 4.0 2.1 7.2 (2.8) 7.2 (2.3) 7.2 (3.1) -2.00%* 0.00 -2.24% 0.00
V. tucanorum 1.6 (0.5) 5(3.0) 8.8 (2.5) 7.2 (3.7) -2.42% 0.79 -6.08* -1.02%*
X. aromatica 4.6 (0.9) 5.0 (1.8) 6.4 (3.6) 6.4 (1.6) -0.43* 0.00 -1.07* -1.24*
Leaf flushing
A. falcata 3.8 (1.3) 4.8 (2.7) 7 (1.8) 9.2 (1.7) -0.74%* -1.90* -3.13* -3.05*
D. miscolobium 4.8 (2.5) 10.2 (2.3) 8.6 (1.8) 9(1.5) -3.57* -0.37* -2.775% 0.96
M. rubiginosa 8.2 (1.1) 6.8 (2.1) 7.6 (2.5) 6.8 (0.8) 1.29 0.68 0.49 0.00
Q. grandiflora 54(2.2) 8.2 (1.3) 8.0 (2.3) 8.2 (4.1) -2.45% -0.09* -1.81%* 0.00
V. tucanorum 2.0(1.2) 6.2 (4.1) 8.0 (2.9) 5.8(1.4) -2.17% 1.50 -4.24% 0.20
X. aromatica 5.0 (1.0) 6.4 (3.4) 6.4 (2.2) 7.4 (2.3) -0.87* -0.70* -1.29% -0.54*
Flowering
A. falcata 2.0(1.2) 1.4 (1.9) 1.6 (1.5) 2.4(0.5) 0.58 -1.10* 0.45 -1.10*
D. miscolobium 0(0) 0 (0) 0 (0) 0 (0) 0.00 0.00 0.00 0.00
M. rubiginosa 4.6 (1.3) 4.4(1.1) 0.6 (0.8) 4.0 (2.0) 0.25 -3.47* 5.54%* 0.38
Q. grandiflora 2.2(1.4) 1.0 (1.4) 0 (@) 0 () 1.30 0.00 3.31% 1.58
V. tucanorum 4.4 @3.3) 5.6 (2.8) 0.2 (0.4) 00 -0.60* 1.00 2.76% 4.34%
X. aromatica 4.4 (4.8) 2.6 (1.8) 0(0) 0(0) 0.78 0.00 2.03 3.20*
Fruiting
A. falcata 21.4 (2.3) 10.4 (9.5) 10.0 (12.3) 15.6 (10.7) 2.50% -0.76* 2.03 -0.81*
D. miscolobium 2.8 (4.2) 0.2 (0.4) 0 (@) 00 1.37 0.00 1.48 1.00
M. rubiginosa 12.8 (4.4) 12.6 (3.4) 0.6 (0.8) 9.4 (4.8) 0.07 -4.00%* 6.02% 1.20
Q. grandiflora 0@ 0.2 (0.4) 1.8 (4.0) 00 -1.00* 1.00 -1.00* 1.00
V. tucanorum 0.6 (1.3) 0(0) 0.2 (0.4) 0.2 (0.4) 1.00 0.00 0.63 -1.00*
X. aromatica 3.0 (1.7) 2.4 (1.5) 0.6 (1.3) 0 (0) 0.58 1.00 2.44% 3.53%
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Table 2. Interval between leaf fall and leaf flush and between flowering and fruiting (*p<0.05;

**it is not possible to calculate).

With vs. With vs. without  Edge vs. interior  Edge vs. interior
without lianas lianas in the for trees without for trees with
at the edge interior lianas lianas
Leaf fall = Leaf flushing
A. falcata 1.36 0.73 1.15 0.31
D. miscolobium 1.15 0.52 0.31 1.78
M. rubiginosa 0.73 1.78 0.52 1.78
Q. grandiflora 1.15 0.31 0.31 0.31
V. tucanorum 1.47 2.61% 2.19* 0.49
X. aromatica 1.15 1.57 1.78 0.94
Flowering - Fruiting
A. falcata *ok 0.15 0.71 *k
D. miscolobium ok wk ok ok
M. rubiginosa 0.10 wk ok 0.52
Q. grandiflora ok Fk ok ok
V. tucanorum w* ok w* w*
X. aromatica 0.22 x w* w*
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Table 3. Watson U2 test for all situations (*p<0.05; **it is not possible to calculate).

Trees with Edge vs. Edge vs.
Trees with vs. vs. without interior for interior for
without lianas  lianas in trees without trees with

at the edge  the interior lianas lianas
Leaf fall
A. falcata 0.08 0.01 0.07 0.29*
D. miscolobium 0.12 0.07 0.24%* 0.04
M. rubiginosa 0.02 0.07 0.14 0.07
Q. grandiflora 0.17 0.06 0.18 0.06
V. tucanorum 0.05 0.05 0.05 0.12
X. aromatica 0.06 0.06 0.16 0.14
Leaf flushing
A. falcata 0.07 0.05 0.15 0.23%
D. miscolobium 0.16 0.05 0.31%* 0.08
M. rubiginosa 0.04 0.13 0.07 0.06
Q. grandiflora 0.18 0.06 0.25* 0.08
V. tucanorum 0.06 0.08 0.15 0.24%
X. aromatica 0.07 0.12 0.16 0.06
Flowering
A. falcata 0.05 0.01 0.01 0.11
D. miscolobium ok wk wk wk
M. rubiginosa 0.03 o o 0.11
Q. grandiflora ok Fk Fk Fk
V. tucanorum 0.01 wk wk Hk
X. aromatica 0.13 o o x
Fruiting
A. falcata 0.08 0.02 0.07 0.04
D. miscolobium ok *k *k *k
M. rubiginosa 0.01 wk wk 0.15
Q. grandiflora ok Fk Fk Fk
V. tucanorum w% x x o
X. aromatica 0.13 Hk Hk Hk
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Table 4. Results of circular statistic analyses for all situations in a cerrado fragment of SE Brazil. Between the parenthesis, the

approximate month that the phenophase occur for seasonal phenophases (*p<0.05, i.e, phenophase is seasonal; **it is not possible to

calculate).
Trees with lianas Trees without lianas
Leaf Leaf
Leaf fall flushing Flowering Fruiting Leaf fall flushing Flowering Fruiting
Anadenanthera falcata
Edge
Observations (N) 21 24 7 58 21 19 10 120
73.19° 125.78° 140.43° 54.04° 44.87° 146.02° 145.38° 57.77°
Mean angle (u) (jul) (oct) (sep) (jun) (jun) (sep) (sep) (jun)
Length of mean vector
(1) 0.58 0.47 0.99 0.57 0.41 0.37 0.99 0.64
Circular standard
deviation 59.38° 70.14° 7.13° 60.76° 76.04° 80.77° 5.36° 53.79°
Rao's spacing test (U) 187.91*  165.00* 287.80* 198.62* 191.20* 190.93* 310.15* 282.00*
Interior
Observations (N) 44 45 12 78 27 35 8 50
242.02° 147.11° 61.82° 126.40° 146.25° 69.34°
Mean angle (u) 359.94° (jan) (sep) (dec) 15.16° (ago) (sep) (jul)
Length of mean vector
(r) 0.22 0.09 0.99 0.59 0.29 0.07 0.99 0.57
Circular standard
deviation 99.49° 125.05° 4.99° 58.02° 90.01° 130.18° 5.40° 60.74°
Rao's spacing test (U) 152.3 202.77* 316.15* 226.15% 150.51 191.47* 301.15% 165.60*
Dalbergia miscolobium
Observations (N) 40 53 0 1 17 24 0 14
Mean angle () 29.74° 168.12° 110.65° 146.08° 107.63°
(mai) (oct) w® 131.53° (oct) (sep) w® (ago)
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Continuacdo Table 4.

Trees with lianas

Trees without lianas

Leaf

Leaf

D. miscologium/edge Leaf fall flushing Flowering Fruiting Leaf fall  flushing Flowering Fruiting

Length of mean vector

(1) 0.12 0.11 *ok 1 0.47 0.48 *ok 0.72

Circular standard

deviation 117.07° 118.19° ok ok 70.42° 69.36° *ok 46.39°

Rao's spacing test (U) 161.99*%  156.22* ok ok 177.55% 215.76%* ok 208.68*

Interior
Observations (N) 43 43 0 0 37 43 0 0
355.89° 270.27°

Mean angle (u) 304.87° 245.00° w* w* (apr) (jan) w* w*

Length of mean vector

(1) 0.1 0.21 *ok *ok 0.2 0.14 *ok ok

Circular standard

deviation 121.91° 100.92° *ok *ok 101.51° 113.09° *ok ok

Rao's spacing test (U) 143.29 151.66 ok *ok 161.47* 155.69* *ok ok

Miconia rubiginosa

Edge

Observations (N) 29 34 23 75 36 41 24 72
9.56° 50.87° 210.88° 331.60° 21.91° 36.07° 206.72° 328.98°

Mean angle (u) (mai) (jun) (dec) (apr) (mai) (jun) (nov) (mar)

Length of mean vector

(1) 0.22 0.1 0.91 0.8 0.25 0.18 0.79 0.81

Circular standard

deviation 98.99° 121.00° 24.65° 37.69° 94.749 105.11° 39.13° 36.99°

Rao's spacing test (U) 159.70*  167.37* 264.58%* 264.00%* 176.92%* 171.55% 230.76%* 260.00%*

Interior
Observations (N) 32 34 20 47 30 38 3 3
93.22° 222.71° 320.51° 346.47° 342.17°

Mean angle (u) 14.08° (jul) (dec) (mar) (apr) (apr) 228.496° 359.02°

Length of mean vector

(1) 0.25 0.18 0.92 0.89 0.41 0.21 0.985 0.77
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Continuacdo Table 4.

Trees with lianas

Trees without lianas

Leaf Leaf
M. rubiginosallnterior Leaf fall flushing Flowering Fruiting Leaf fall  flushing Flowering Fruiting
Circular standard
deviation 94.56° 104.72° 22.81° 26.72° 75.85° 100.77° 9.809° 41.43°
Rao's spacing test (U) 154.9 184.88* 271.38% 254.68* 189.69* 161.41* ok ok
Qualea grandiflora
Edge
Observations (N) 36 41 4 0 20 27 11 0
81.38° 208.60° 223.27° 117.38° 160.09° 220.35°
Mean angle (u) (jul) (nov) (dec) w* (ago) (oct) (dec) ok
Length of mean vector
(1) 0.03 0.24 0.99 *x 0.59 0.53 0.98 ok
Circular standard
deviation 147.69° 95.73° 5.74° ok 58.90° 63.72° 9.68° *x
Rao's spacing test (U) 166.15*  185.91* 256.15* ok 164.76* 211.28* 292.65% ok
Interior
Observations (N) 36 38 0 0 36 40 0 0
203.08° 81.55°
Mean angle () 171.70° (oct) *ok *ok (jul) 192.45° ok *ok
Length of mean vector
(1) 0.13 0.4 *ok *ok 0.15 0.17 *ok *ok
Circular standard
deviation 115.77° 76.69° *ok *ok 111.26° 107.87° ok ok
Rao's spacing test (U) 149.99 175.26* ok ok 170.77* 150.23 ok ok
Vochysia tucanorum
Edge
Observations (IN) 25 31 28 0 8 10 22 3
261.29° 265.31°
Mean angle () 93.73° 134.63° (jan) *ok 87.69° 116.32° (jan) 173.07°
Length of mean vector
(1) 0.28 0.2 0.94 *ok 0.35 0.41 0.94 0.99
Circular standard deviation 90.86° 101.43° 18.54° ok 82.92° 75.65° 18.55° 5.65°
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Continuacdo Table 4.

Trees with lianas

Trees without lianas

Leaf

Leaf

V. tucanorum/edge Leaf fall flushing Flowering Fruiting Leaf fall  flushing Flowering Fruiting
Rao's spacing test (U) 134.58 146.94 277.91% ok 121.15 139.84 274.40* ok
Interior

Observations (N) 34 25 0 1 44 40 1 1
168.23° 335.45°

Mean angle (n) (oct) 216.98° ok 96.92° 336.71° (apr) 152.308°  34.615°

Length of mean vector

(1) 0.03 0.15 *ok 1 0.13 0.16 1 1

Circular standard

deviation 151.46° 110.70° ok ok 114.39° 108.82° ok *ok

Rao's spacing test (U) 174.29% 139.84 ok ok 127.76 159.92* ok ok

Xylopia aromatica

Edge

Observations (IN) 25 32 14 13 23 25 24 17
90.57° 189.16° 191.84° 353.18° 78.99° 153.60° 206.81° 347.05°

Mean angle (u) (jul) (nov) (nov) (apr) (jul) (sep) (nov) (apr)

Length of mean vector

(1) 0.12 0.18 0.97 0.87 0.27 0.14 0.73 0.95

Circular standard

deviation 116.02° 104.52° 13.72° 30.10° 91.84° 112.15° 44.72° 17.07°

Rao's spacing test (U) 176.12*  162.69* 285.82% 235.38%* 181.20* 204.92* 231.92% 269.18*

Interior

Observations (N) 32 36 0 0 32 32 0 3
11.10° 260.93°

Mean angle (u) (mai) 346.50° ek ek 5.27° (jan) ek 346.05°

Length of mean vector

(1) 0.39 0.39 ok ok 0.27 0.22 ok 0.96

Circular standard

deviation 78.57° 78.29° ok ok 92.71° 98.89° ok 15.02°

Rao's spacing test (U) 157.49%* 153.84 ok ok 141.92 217.21% ok *ok
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Table 5. G-test with Williams correction for all situations’ Intensity Index analyses (¥p<0.05;

**it is not possible to calculate).

Trees with vs. Trees with vs.  Edge vs. Interior Edge vs. Interior
without lianas at the without lianas in  for trees without  for trees with

edge the interior lianas lianas
Leaf fall
A. falcata 0.00 0.00 0.00 0.00
D. miscolobium 4.58 0.00 1.84 7.55
M. rubiginosa 0.00 2.02 4.25 0.00
Q. grandiflora 0.00 0.00 0.00 0.00
V. tucanorum 0.00 1.64 0.98 0.00
X. aromatica 0.00 0.00 0.00 0.00
Leaf flushing
A. falcata 0.00 0.00 0.00 0.00
D. miscolobium 2.24 0.00 2.52 0.00
M. rubiginosa 0.00 0.00 0.00 0.00
Q. grandiflora 0.00 0.00 0.00 0.00
V. tucanorum 0.00 3.21 348 0.00
X. aromatica 0.00 0.00 0.00 0.00
Flowering
A. falcata 1.17 7.09 0.92 1.05
D. miscolobium ek * * *
M. rubiginosa 3.44 0.00 0.00 6.45
Q. grandiflora 0.00 wk 0.00 0.00
V. tucanorum 0.00 0.00 0.00 0.00
X. aromatica 0.00 o 0.00 0.00
Fruiting
A. falcata 10.34* 2.14 23.42 1.42
D. miscolobium 0.00 o 0.00 0.00
M. rubiginosa 4.42 0.00 0.21 0.00
Q. grandiflora ok Fk Fk Fk
V. tucanorum 0.00 0.00 0.00 0.00
X. aromatica 0.00 0.00 0.00 0.00
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tirapina (22°13'S and 47°51°W; 765 m)
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Fig. 1 Climatic diagram for Itirapina, Sdo Paulo, Brazil (22°13"S; 47°51°W, 762 m altitude,

Ripasa Climatic Station).
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Fig. 2 Intensity index for A. falcata fruiting at the edge (G = 10.34; f.d. = 3; p < 0.05).
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Abstract

Whereas tropical trees allocate resources to stem and root, tropical forest lianas allocate
their resources to elongate stem in order to climb and keep themselves on trees. If cerrado lianas
are ecophysiologically similar to tropical forest lianas, we expect that they reproduce and change
leaves during the wet season. Since cerrado trees can store nutrients, we expect that they change
leaves and reproduce during the dry season. The aim of this study was to investigate phenophase
divergence between trees and lianas in a cerrado fragment. Since different pollinators and
dispersers are present in different seasons, another aim was to investigate phenophase divergence
between lianas and trees with the same and different pollination and dispersal syndromes. This
study was carried out in a dense cerrado fragment in SE Brazil. Weekly during one year, we
recorded leaf fall, leaf flushing, flowering, and fruiting of 60 trees (six species) and 60 associated
lianas (nine species). We used circular statistics analyses to compare liana to tree phenophase
distributions and Spearman rank coefficient correlation to compare phenophase to rainfall
distributions. Anadenanthera falcata, Miconia rubiginosa and Vochysia tucanorum’s leaf fall and
flush of trees and associated lianas occurred in the transition from dry to rainy seasons, indicates
the water is available by deep roots. Lianas changed leaves more intensely than Q. grandiflora’s
trees. The only phenological divergence for all species analyzed referred to flowering, which
occurred in different seasons among trees and lianas and depends of the pollinator. Competition
for pollinator promote different bee flowering patterns between A. falcata and V. tucanorum trees
and associated lianas. Nevertheless, predator’s avoidance promotes bee pollination convergence
among M. rubiginosa trees and their associated lianas. Anemochory occurred during dry season
for both life-forms, when low water availability allows dry diaspore dispersal. M. rubinosa and X.
aromatica trees produced fleshy fruits in the end of the wet season, providing resources for

animals and increasing diaspore dispersal efficiency.
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Resumo

Enquanto que arvores tropicais alocam recursos para caule e raiz, lianas tropicais alocam seus
recursos para o alongamento do caule, como forma de atingir o topo das arvores. Se lianas de
cerrado s@o ecofisiologicamente semelhantes as lianas tropicais, nds esperamos que elas se
reproduzam e troquem folhas durante a estagdo chuvosa. Como arvores de cerrado podem estocar
nutrientes, nds esperamos que elas troquem de folhas e se reproduzam durante a estacao seca. O
objetivo desse trabalho foi investigar a divergéncia de fenofases entre lianas e drvores em um
fragmento de cerrado. Como diferentes polinizadores e dispersores estdo presentes em diferentes
estacdes, outro objetivo foi investigar a divergéncia de fenofases entre lianas e drvores com
sindromes de dispersdo e polinizacdo semelhantes. Este estudo foi realizado em fragmento de
cerrado denso no sudeste brasileiro. Semanalmente durante um ano nés amostramos a perda e o
ganho de folhas, a floracdo e a frutificagao de 60 arvores (seis espécies) e 60 lianas (nove
espécies). NOs utilizamos andlise estatistica circular para comaprar a distribuicao das fenofases de
lianas e arvores e o coeficiente de correlacdo de Spearman para comparar a ocorréncia das
fenofases com a precipita¢do. A perda e o ganho de folhas de Anadenanthera falcata, Miconia
rubiginosa e Vochysia tucanorum e suas lianas associadas ocorreu na transicao das estacdes secas
e chuvosas, indicando que a 4gua estéd disponivel por meio de raizes profundas. As lianas
trocaram de folhas mais intensamente que as arvores para Qualea grandiflora. A tinica
divergénica fenoldgica para todas as espécies analisadas foi a floragdo, a qual ocorreu em
diferentes épocas entre lianas e drvores e que depende do polinizador. A competi¢dao por
polinizador promove diferentes padrdes de floracdo entre A. falcata e V. tucanorum e suas lianas
associadas. Entretanto, a evitagdo de predadores promove a convergéncia de poliniza¢do por
abelhas entre M. rubiginosa e suas lianas associadas. A anemocoria ocorreu durante a estacao

seca para ambas as formas de vida, pois a baixa disponibilidade de 4gua permite a dispersao de
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didsporos secos. M. rubinosa e X. aromatica produzem didsporos carnosos no final da estacao
chuvosa, provendo recursos para animais e aumento a eficiéncia na sua dispersao.
Palavras-chaves. Cerrado, Fenologia, Flor, Fruto, Interacdo liana-arvore, Liana, Queda de folhas,

Surgimento de folhas novas.
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Introduction

Phenology and life-form are key aspects of plant strategies because they are related to the
ability of plants to explore different resources (Golluscio et al., 2005). Area, age and structure of
leaves, size and distribution of roots, and stem water status are different among life-forms and
may affect plant phenology (Singh and Kushwaha, 2005). Therefore, different life-forms may
have different phenophases at different times in the same plant community (Rathcke and Lacey,
1985). Distinct life-forms spatially close would experience a greater divergence for the same
phenophase, since the competition for resources would be greater than spatially distant life-forms
(Bolker et al., 2005).

Lianas are plants that depend on a support, generally a tree, to reach the upper stratum
of a forest (Putz and Mooney, 1991). Adult lianas of tropical forests have deep root and efficient
vascular systems and therefore, have higher growth rates when compared to tropical trees
(Mooney and Gartner, 1991; Schnitzer, 2005). Tropical forest lianas allocate their reserves to
leaves and growth, whereas tropical trees invest in the construction of a massive stem (Mooney
and Gartner, 1991).

Whereas tropical forest trees suffer from drought during dry season loosing leaves and
decreasing metabolism, cerrado woody species are adapted to severe dry-wet regime (Franco,
2002). Cerrado species are adapted to an open environment and have high photosynthetic
capacity (Franco, 2002). Nevertheless, the availability of nitrogen and other nutrients is generally
low, thus favoring carbon storage and biomass partitioning to roots rather than leaves (Franco,
2002). Most of the assimilated carbon is not used for growth, but is stored in underground
structures or diverged for leaf structural components (Franco, 2002; Hoffmann et al., 2005).
Therefore, for cerrado woody species, deep roots avoid drought stress: during the dry season,

deep soil compartments can contribute to as much as 83% of the total water used in a tree-
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dominated cerrado community (Oliveira et al., 2005). Nevertheless, there are no studies about
ecophysiology of cerrado lianas.

If cerrado lianas behave like tropical forest lianas, fast growth may decrease allocation to
sink organs, such as flowers, fruits, and seeds. Low resource abundance during dry season would
not favor investment in new organs, such as leaves, flowers and fruits. Consequently, lianas
would concentrate their phenophases when resources are abundant, i.e., during the wettest period
of the year. If cerrado trees store nutrients, we expect that they reproduce and change leaves in
the driest season, after resource allocation (Oliveira, 1998). Moreover, seasonal communities tend
to have heterochronic flowering and fruiting as a way to minimize phenological overlap with
other plants that depend on the same animal vector (Schaik et al., 1993). This phenophase
heterochrony should be greater for spatially closer plants (Bolker et al., 2005). If pollinator or
disperser of lianas and trees are similar, we expect different flowering or fruiting season between
lianas and trees in close association.

We aim to test the hypothesis that phenological divergence occurs between lianas and
their respective tree support in a cerrado fragment. If this divergence occurs, we expect that trees
change leaves and reproduce during the dry season, whereas cerrado lianas behave like tropical
forest lianas and concentrate their phenophases during the rainy season. Since different
pollinators and dispersers are present in different seasons, we also aim to investigate reproductive
phenophase divergence between lianas and trees with the same and different pollination and
dispersal syndromes. We expect that liana and their tree support with the same syndromes
diverge in their reproductive phenology, whereas the pairs with different syndromes may show

synchronic phenophases.
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Materials and Methods
Study area

Our study was conducted in a fragment of dense cerrado in the city of Itirapina, Sao Paulo
state (22°13°S and 47°51°W, 762 m mean altitude). Dense cerrado is characterized by the
predominance of the arboreal component (50-70% tree cover, 5-8 m average tree height) over the
herbaceous component. It is a transition from cerrado sensu stricto (savanna woodland) to
cerradao (tall savanna woodland), according to Ribeiro and Walter (1998). This 30 year-old
fragment is surrounded by Pinus sp. and Eucalyptus sp. plantations. Separating the fragment from
the surrounding plantations is a clean land-strip firebreak 30 m wide. The climate is Koeppen’s
Cwa, i.e., macrothermic temperate with dry winter and rainy summer; or ZB II following Walter
(1971), tropical with summer rain. The mean annual rainfall is 1394.3 mm concentrated from
October to May, and the mean annual temperature is about 21.4°C (Fig. 1).
Sampling

We analyzed leaf fall, leaf flushing, flowering, and fruiting patterns of six cerrado tree
species (Table 1). These species are abundant in the area and reach the upper stratum of the
community. We tagged ten trees of each species together with their associated lianas. We found
nine species of associated lianas (Table 1). Therefore, 60 trees and 60 lianas were tagged in the
fragment as a whole. We carefully chose only mature, reproductive, and healthy canopy trees
with trunk diameter at soil level equal to or greater than 3 cm. The species of lianas were not
previously chosen, i.e., we considered any apparently adult lianas that reached the previously
selected tree crown. We selected trees with only one liana per tree.

Every week from May 2004 to April 2005, we recorded the number of tagged trees and
associated lianas with leaf fall, leaf flushing, flowering, and fruiting. For each vegetative

phenophase, we also recorded the Intensity Index (or Fournier Percentual Index) by attributing a
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scored percentage from O to 4, i.e., 0, 1-25, 26-50, 51-75, and 76-100% (Bencke and Morellato,
2002). In the data analysis, we considered only open flowers and ripe fruits. We followed Fagri
and Pijl (1979) system for pollination syndromes, and Pijl (1972) system for dispersal syndromes.
We determined the syndromes by flower and fruit morphologies, besides field observation.

Data analysis

To calculate the basic circular statistics parameters, we converted weeks into angles from
6.92° = end of the 1 week/May 2004 to 360° = end of the 52" week/April 2005 (Davis, 1986;
Upton and Fingleton, 1989; Zar, 1999). The activity of each phenophase (percentage of trees or
lianas in each phenophase) on each angle was calculated, and the following parameters estimated
for each life-form: mean angle (n), length of mean vector (r), and circular standard deviation
(CSD) (Davis, 1986; Upton and Fingleton, 1989; Zar,1999). The mean angle 1 may correspond
the week of the year a phenophase occurs more frequently. The length of the mean vector (r) may
be considered a measure of degree, amount or level of the seasonality, and varies from O to 1
(Morellato et al., 2000). The CSD is equivalent to its linear counterparts (Kovach, 2004), i.e., it is
a measure of dispersion. When r is high, CSD tends to be low; hence, CSD may also be
considered as a measure of seasonality, and is complementary to the mean vector.

We also used Rao’s Spacing Test (U) for uniformity. The hypotheses tested were: Hy =
data are uniformly distributed around the circle, i.e., there is no seasonality; and H, = data are not
distributed uniformly around the circle, i.e., there is seasonality (Zar, 1999; Kovach, 2004). This
test is more powerful than the more used Rayleigh’s test, because it is appropriate when circular
data seems to be bimodal (Kovach, 2004). We verified visually the apparently bimodal
distribution in the graphics.

The normality of each distribution was tested according to Watson’s U? adapted test. This is a

goodness-of-fit test against the von Mises distribution, a unimodal distribution similar to the

66



normal distribution in linear data (Zar, 1999; Kovach, 2004). We tested differences in each
situation with the Watson’s U? test, in which two sets of data are compared using mean square
deviations. This test is non-parametric and compares two ranked distributions. Tied data, when
present, were corrected. The hypotheses were: Hy = both samples have the same distribution; H,
= the distributions differ in some way between the two samples (Zar, 1999; Kovach, 2004).
Consequently, we used basic statistics parameters to investigate the differences between
distributions (Kovach, 2004). We used circular statistics to test for differences of phenophase,
and pollination and dispersion syndromes between lianas and trees species.

We investigated the possible correlation between rainfall average (from 1989 and 2005)
and the number of trees and lianas on each phenophase. We used Spearman rank coefficient
correlation, since the data are categorical (Zar, 1999). We tested for difference in the distribution
of the intensity index of vegetative phenophases between trees and their lianas by G-test with
Williams Correction, since the module of observed less expected was smaller than the expected

(Zar, 1999).

Results

Only leaf flushing of D miscolobium, Q. grandiflora and X. aromatica’s associated lianas
was correlated to precipitation (Table 2). Leaf flushing was positively correlated in these cases,
1.e. occurred in the wet season (Table 2). Leaf fall of all species and leaf flushing of A. falcata, M.
rubiginosa and V. tucanorum occurred in the transitions of the seasons (Table 2). The absence of
similarity on leaf fall and flushing among lianas and trees’ distributions for others species (Table
3) indicates that leaf change occur in the same time for both life-forms. There was divergence
among trees and associated lianas on leaf fall only for Q. grandiflora and V. tucanorum; and on

leaf flushing for Q. grandiflora (Table 3). Q. grandiflora’s leaf fall occurred in the beginning of
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the wet season, whereas leaf fall of their associated lianas occurred in the beginning of the dry
season (Table 3). The leaf flushing occurred in the mid-rainy season for the these species and
occurred the end of dry season for Q. grandiflora’s associated lianas (Table 3). Besides Q.
grandiflora’s lianas changed leaves more intensely than trees (Table 4, Fig. 2). Leaf fall of V
tucanorum was not seasonal, whereas their associated lianas’ leaf fall occurred in the wet season
(Table 3). Nevertheless as a general rule, our results did not corroborate our initial hypothesis.

Only M. rubiginosa and V. tucanorum trees and their associated lianas’ flowering were
correlated do rainfall (Table 2). Whereas M. rubiginosa trees and their associated lianas flower in
the wet season, V. tucanorum trees flowered in the wet, and their associated lianas, in the dry
season (Table 2), contrary to our initial hypothesis. M. rubiginosa differences with their
associated lianas probably is due their differences on the number of individuals, since the data are
concentrated in similar seasons (Table 3). However, A. falcata and V. tucanorum trees and lianas
flowered in different seasons: trees flowered in the wet season, whereas lianas, in the dry season
(Table 3), as we not predicted.

A. falcata, pollinated by bees, flowered in the beginning of the wet seasoon, whereas
ornitophilous associated lianas, in the end of wet season (Tables 5 and 6). V. tucanorum trees,
pollinated by bees, flowered in the middle of wet season, whereas bird pollinated lianas, in the
middle of dry season (Tables 5 and 6). Mellitophilous lianas associated to V. tucanorum flowered
in the middle of dry season (Table 5). Therefore, trees and lianas pollinate by bees flowered in
different seasons. However M. rubiginosa, bee pollinated, flowered in the middle of December,
whereas their bee pollinated lianas, in February, i.e. both in the wet season (Table 5), as we not
predicted.

A. falcata was the only tree with fruiting associated to rainfall and this correlation was

negative (Table 2), i.e., they fruited mainly in the dry season. Associated lianas of D.

68



miscolobium and X aromatica also fruited in the dry season (Table 2). X aromatica and M.
rubiginosa trees fruited in the end of wet seasons (Table 3). Animals disperse both trees species’
diaspores (Table 1).

All lianas that fruited were dispersed by wind. The only liana which diaspore was
dispersed by animal not fruited during the observed period (Table 1). However, the low number
of anemochory events for lianas and trees made impossible the comparison among trees and
lianas with this kind of dispersal (Table 3). For different dispersal syndromes, the distribution
among lianas and trees were different, as the case of M. rubiginosa and X. aromatica. These trees
are zoochoricous (birds mainly disperse their diaspores) and fruited in the end of the wet season

(Table 3). Their associated lianas, anemochoricous, fruited in the dry season (Table 3).

Discussion

The similar phenology on leaf change among A. falcata, D. miscolobium, M. rubiginosa,
X. aromatica trees and their lianas reflect that both life-forms may have similar resource
allocation strategies. This result may be similar to tropical forest. At the beginning of the dry
season, the sap flux in a dry tropical forest is similar in lianas and trees of equivalent stem
diameter (Andrade et al., 2005). Tropical forest lianas produce new leaves during all year long,
and most of that lianas are evergreen (Putz and Windsor, 1987). The result of a continuum
production of leaves is a higher leaf cover of climbers during the wet season, when tropical trees
produce new leaves (Avalos and Mulkey, 1999). However, we observed that leaf fall and flushing
for A. falcata, M, rubiginosa and V. tucanorum trees and their associated lianas occurred in the
transition of dry to wet seasons. Although cerrado tree species have deep root system, leaf fall
and flushing on the transition of wet-dry seasons are common in almost all species (Mantovani

and Martins, 1988; Miranda, 1995; Oliveira, 1998). This pattern leaf change on the transition of
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the dry to wet seasons is common in other cerrado areas (Mantovani and Martins, 1988; Miranda,
1995; Oliveira, 1998; Damascos et al., 2005) and Australian savanna (Williams et al., 1997).
According to Bie et al. (1998), leaf flushing just before rainy season indicates that not only water
resource is available to deep root system, but also provides the plant with a fully operating
photosynthetic apparatus when favorable conditions arrive. Besides, this may be a consequence
of climatic variation and soil solution variation. For example, leaf fall would be adjusted to high
soil solution concentration during dry season, decreasing the absorption of some nutrients, such
as phosphorous (Mantovani and Martins, 1988; Williams et al., 1997), although endogenous
factors are also considered (Williams et al., 1997). Leaf flushing during the wet season for D.
miscolobium, Q. grandiflora and X. aromatica trees and their associated lianas may be related to
the earlier and mid-rainy season flowering period (Oliveira 1998). These plants may also avoid
the production of new leaves during unfavorable periods, like drought period and during the
periods of higher insolation, i.e., higher diffuse light assimilation potential (Schaik et al., 1993).
Lianas and trees compete for light and nitrogen (Dillenburg et al., 1993a), carbon (Wright
et al., 2005), and water (Pérez-Salicrup and Barker, 2000). This competition reduces the
probability of tree reproduction (Wright et al., 2005) and growth (Clark and Clark, 1990).
Dillenburg et al. (1993b) found increased tree allocation to leaves when they compete
aboveground with lianas. Competition belowground increased allocation to stem by trees
(Dillenburg et al., 1995). We suggest that this interaction may change leaf fall and flushing
seasons for Q. grandiflora and their associated lianas, as well the leaf flushing of V. tucanorum
trees and their lianas. Consequently, Q. grandiflora’s trees changed leaves in the wet season,
whereas their associated lianas, in the dry season, contrary to our hypothesis. V. tucanorum, trees
and lianas would have different leaf fall strategies, since leaf fall of the trees was not seasonal,

whereas lianas’ leaf fall occurred in the wet season. These differences on leaf fall strategies may
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reflect differentiation in resource requirements, which permit to the coexistence of species
(Tilman 1988). Hence, we propose that the close association between lianas and their support
trees may be possible thanks to different resource requirements between them. This difference is
reflected in different phenologies among lianas and trees.

However, lianas produce more leaves with low mass than trees, since leaf mass is lower in
lianas than in trees (Hegarty, 1990; Kazda and Salzer, 2000). Kazda and Salzer (2000) attested
that liana leaves have lower nitrogen concentration than trees in higher light conditions, reflecting
higher photosynthetic rates per leaf mass in climbers. We suppose that these differences on mass
and production of leaves are recognizable for Q. grandiflora trees and their associates’ lianas. Q.
grandiflora’s lianas produced lighter and more leaves than trees.

Flowering time is strongly influenced by life-form (Kochner and Handel 1986) but is also
influenced by particular characteristics of the study site for tropical forests. In a Brazilian
seasonal tropical forest, lianas flower during the transition of dry to wet season, and trees, at the
beginning of the wet season (Morellato and Leitdao-Filho, 1996). In Barro Colorado Island, lianas
have two flowering peaks, one in the mid-dry, and another in the mid-rainy season, whereas trees
flowered during the rainy season (Putz and Windsor, 1987). Based on herbarium and field
observations in the same Barro Colorado Island, Croat (1975) concluded that lianas and trees
flower during the driest period of the year. These differences for the same study site are probably
due to different study methods. Nevertheless, flowering time divergence is not found in all
tropical forests. In a seasonal tropical rain forest in Mexico, lianas and trees flower during the dry
season (Ibarra-Manriquez et al., 1991).

However, in Neotropical savannas, as in the cerrado, flowering divergence among life-
forms is evident. In a Venezuelan savanna, lianas flowered during the wet, and trees during the

dry season (Ramirez, 2002). Batalha et al. (1997), Batalha and Mantovani (2000), and Batalha
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and Martins (2004) considered lianas as belonging to the cerrado herbaceous component, and
concluded that trees flowered in the transition of dry-wet seasons, whereas the herbaceous
component flowered in the end of wet season, after resource allocation. Janzen (1967) states that
leaf fall, associated with dry season, could make flowers more conspicuous, and lack of heavy
rains, which could damage flowers and dilute nectar. On the other hand, plants may adjust their
flowering time when resources are abundant, as in wet season, for example (Rathcke and Lacey,
1985). Our study showed that V. tucanorum’s and A. falcata’s lianas flowered during the dry
season and these trees species flowered in the rainy season, when both life-forms was leafy. V.
tucanorum trees could adjust their flowering time when lianas were on leaf fall. However, trees
flowered before lianas’s leaf fall. Our result was not similar to other cerrado studies, and we did
not corroborate our hypothesis that lianas would flower in the wet, whereas trees, in the dry
season. Our results suggested different flowering strategies and pollinator-usage by lianas and
trees. For example, A. falcata and V. tucanorum adjusted their flowering to the transition of dry-
wet seasons, whereas their ornitophilous lianas, to the transition of wet-dry seasons.

Batalha and Martins (2004) claimed that bee pollination in cerrado would be important in
the beginning of dry season. However, we found that species with melittophilous flowers were
more abundant during wet season, although they were present in the dry season for V.
tucanorum’s lianas. Since our sample included lianas and trees in close association, we suggest
that competition for pollinators may be strong, favoring liana and tree with different flowering
strategies. According to Tilman (1997), competition among plants would be stronger in spatially
closer plants. Generally, two or more sympatric plant species with synchronic flowering
phenodynamics and similar flower structures may compete for the same pollinator (Levin and
Anderson, 1970). This competition may lower the quantity and quality of pollen deposited on

conspecific stigmata and may reduce reproductive success and outcrossing rates (Bell et al.,
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2005). Different species flowering in the same season may result in competitive exclusion of one
species, generally the less attractive one, or alternatively the species may be selected to flower in
different seasons (Waser, 1978; Ishii and Higashi, 2001). Therefore, lianas and trees may
compete for pollinators, thus having different flowering strategies (Waser, 1978; Ishii and
Higashi, 2001) as we found for V. tucanorum trees and their associated lianas pollinated by bees.
However, M. rubiginosa trees and their associated lianas flowered in the same season. They may
adjust their flowering time to bee abundance (Rathcke and Lacey, 1985; Becker et al. 1991) and
specialized bees (Sargent and Otto, 2006), during the wet season. Wet season may be associated
to nesting behavior of some bees (Santos and Garofalo, 2994; Pereira et al., 1999; Augusto and
Garofalo, 2004). Besides the synchronic production of flowers among trees and lianas may be a
strategy to decrease predation (Rathcke and Lacey, 1985; Schaik et al., 1993).

Tropical forest lianas fruit mainly during dry season (Putz and Windsor, 1987; Morellato
and Leitdo-Filho, 1996) or in the beginning of wet season (Croat 1975). In the cerrado, fruiting
occurs during all year long, and dry diaspores (autochorous and anemochorous diaspores) are
available especially during the dry season, whereas fleshy (zoochorous) diaspores are abundant
during the rainy season (Mantovani and Martins, 1988; Miranda, 1995; Batalha et al., 1997,
Batalha and Mantovani, 2000; Batalha and Martins, 2004). In our study, lianas and trees with dry
diaspores fruited mainly in dry season. Our results confirmed literature data, but not our
hypothesis that cerrado lianas would fruit in wet season. Plant phenology is shaped mainly by
abiotic selective factors, whereas biotic factors are frequently less pervasive (Schaik et al., 1993).
Anemochory as a whole seems to be under climate influence, whereas zoochory is more affected
by dispersal agent and germination time. For anemochory and autochory, drought during the dry
season, related to leaf fall, facilitates dry diaspores dispersal, as well the dehydration of the

pericarp (Augspurger and Franson, 1987). Zoochorous species fruit especially during the wettest
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and hottest season, when their fleshy fruits can be maintain attractiveness for a longer time
(Mantovani and Martins, 1988; Batalha et al., 1997; Batalha and Mantovani, 2000; Batalha and
Martins, 2004). Our results showed X. aromatica and M. rubiginosa trees produced fleshy fruits
during in the end of the wet season. Fleshy and colorful fruits in the dry season may become
more conspicuous and may increase diaspore dispersal. Plants producing fleshy fruits during the
period of minimum fruit availability provide resources for primary consumers (Schaik et al.,
1993). Besides, if fruit pulp is an adaptation against predation, as Mack (2000) proposed, and
cerrado species germinate in the beginning of the wet season (Oliveira, 1998), dispersal in dry
season would decrease the time of exposition to predators.

Contrary to our expectation, the liana phenophases neither were not concentrated in the
wet season nor were the tree phenophases concentrated in the dry season. Lianas and trees
species, as close associated life-forms, did not show phenophase divergence in all cases, as we
expected. The tree-liana pair behaves mainly synchronically for leaf change in almost all species.
The only phenological divergence for all species analyzed referred to flowering, which occurred
in different seasons among trees and lianas. As in tropical forests, biotic and abiotic factors may
be selective factors for cerrado liana and tree phenodynamics. We suggest that low rainfall is
determinant to wind-dispersed diaspores and leaf change in cerrado lianas and trees. However,
biotic factors may be more important for dispersal and pollination by animals. We also suggest
that competition for pollinator promote different bee flowering patterns between lianas and trees.
Nevertheless, predator’s avoidance promotes bee pollination convergence among M. rubiginosa

trees and their associated lianas.
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Table 1. Dispersal and pollination syndromes of liana and tree species of a dense cerrado

fragment in Brazil.

Dispersal  Pollination

Dispersal

Pollination

Tree species syndrome syndrome N Liana species syndrome syndrome N

Arrabidaea pulchra ~ @emochory  gmithophily 2

Banisteriopsis stellaris  anemochory  melitophily 1

Anadenanthera autochory  melitophily 10 F orsteronia‘ glabrescens anemochory me.litophi.ly 2

falcata Pyrostegia venusta anemochory ornithophily 2

Secondatia densiflora  anemochory phalaenophily 1

Serjania lethalis anemochory  melitophily 2

Arrabidaea pulchra anemochory ornithophily 1

Banisteriopsis anisandra anemochory melitophily 1

l.)alberg.la anemochory  melitophily 10 F. orsteroma. glabrescens anemochory me‘htophllly 2

miscolobium Pyrostegia venusta anemochory ornithophily 2

Secondatia densiflora  anemochory phalaenophily 1

Serjania lethalis anemochory melitophily 3

Banisteriopsis stellaris  anemochory — melitophily 1

Dicstella elongata anemochory melitophily 1

L Forsteronia glabrescens anemochory melitophily 4
Miconia . . . . .

. zoochory  melitophily 10 Pyrostegia venusta anemochory ornithophily 1
rubiginosa . . .

Rhynchosia melanocarpa  zoochory melitophily 1

Secondatia densiflora  anemochory phalaenophily 1

Serjania lethalis anemochory  melitophily 1

Banisteriopsis stellaris  anemochory  melitophily 1

Forsteronia glabrescens anemochory melitophily 4
Qualea . . . )

randiflora anemochory phalaenophily 10 Pyrostegia venusta anemochory ornithophily 1

§ Secondatia densiflora  anemochory phalaenophily 1

Serjania lethalis anemochory melitophily 3

Banisteriopsis anisandra anemochory melitophily 1

. Banisteriopsis stellaris  anemochory  melitophily 3
Vochysia . . . . }

anemochory melitophily 10 Forsteronia glabrescens anemochory melitophily 2
tucanorum . . i

Pyrostegia venusta anemochory ornithophily 3

Serjania lethalis anemochory melitophily 1

. Forsteronia glabrescens anemochory melitophily 5
Xylopia . . . )

. zoochory  cantharophily 10 Pyrostegia venusta anemochory ornithophily 2
aromatica .9 . . .

Serjania lethalis anemochory melitophily 3

81



Table 2. Spearman rank correlation between phenophases and the average of precipitation.

(*p<0.05; **it is not possible to calculate).

Trees Associated lianas
rs t rs t
Leaf fall
A. falcata -0.25 -1.79 -0.25 -1.82
D. miscolobium 0.05 0.33 -0.08 -0.56
M. rubiginosa -0.13 -0.90 -0.15 -1.06
Q. grandiflora -0.01 -0.03 -0.27 -2.01
V. tucanorum -0.20 -1.43 0.26 1.91
X. aromatica -0.09 -0.64 -0.01 -0.05
Leaf flush
A. falcata 0.09 0.64 -0.15 -1.09
D. miscolobium 0.32 2.42% 0.19 1.36
M. rubiginosa -0.19 -1.37 -0.01 -0.08
Q. grandiflora 0.38 2.93% -0.11 -0.80
V. tucanorum 0.06 0.45 0.25 1.79
X. aromatica 0.09 0.62 0.36 2.72%
Flowering
A. falcata -0.02 -0.14 -0.24 -0.18
D. miscolobium wk ok -0.25 -0.19
M. rubiginosa 0.41 0.32% 0.43 0.34%
Q. grandiflora 0.25 0.18 -0.24 -0.18
V. tucanorum 0.70 0.70%* -0.69 -0.66*
X. aromatica 0.18 0.13 -0.20 -0.15
Fruiting
A. falcata -0.82 -0.10* -0.21 -0.15
D. miscolobium  -0.01 -0.07 -0.82 -0.10*
M. rubiginosa 0.20 0.14 -0.20 -0.14
Q. grandiflora
V. tucanorum -0.22 -0.16

X. aromatica -0.18 -12.96 -0.80 -96.54*




Table 3. Results of circular statistic analyses for phenophase dynamics of trees and their lianas in

a cerrado fragment of SE Brazil. Between the parenthesis, the approximate month that the

phenophase occur for seasonal phenophases (*p<0.05, i.e, phenophase is seasonal; **it is not

possible to calculate).

. Watson
Tree Liana U2 test
N A r CSD U N a r CSD U U2
Leaf fall
A facara 66 00T 026 92920 169.09¢ 41 2T 028 9056° 162.77% 0.13
(mai) (ul)
D. miscolobium 83 270917 007 120030 203.85¢ 49 7 008 128.18° 169.68% 0.06
(apr) (mai)
M. rubiginosa 61 o2 024 96.62° 15344% 68 200 028 9030° 180.00% 0.04
(mai) (mai)
0. grandifiora 72 39 006 132370 180.00% 72 397 020 90070 180.00% 023+
(sep) (jun)
. . 318.18° .
V.mcanorum 61 8389° 0.1 12082 14163 95 ° W 022 98310 21221 023*
X aromatica 57 5377 023 98250 16221% 81 2% 012 11725° 191.11% 007
(mai) (mat)
Leaf flushing
A falcata 70 P07 012 116130 20057% 42 12O gous 962080 179.01%  0.09
(sep) (ago)
D. miscolobium 96 220837 01 121600 221.25% 48 2% 143 113.075° 16038*%  0.07
(dec) (nov)
M. rubiginosa 68 52%% 013 11457° 20647¢ 70 1247 0069 132.561° 164.57%  0.03
(ul) (ago)
. 212.32° . . o 117.68° . . .
0. grandiflora 82 %(17% 028 914" 215.12¢ 69 | 70N 0151 111381° 166.95% 034
V. tucanorum 60 2¥97 006 132550 186.00¢ 89 1087 019 1044520 21033% 0.14

(sep) (nov)
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Continuacdo Table 3.

. Watson
Tree Liana U2 test
Leaf flushing N A r CSD U N a r CSD U U2
X. aromatica 69 344.79 0.13 114.41° 166.95* 76 236.64 0.14 113.685° 189.47* 0.10
(apr) (dec)
Flowering
A. falcata 19 144.66 099 6.70° 320.28*% 6 24'4.5 0.87 29.176  230.77*% 0.47*
(sep) (mai)
. } 30.59° o
D. miscolobium 0 Hk *k Hk *k 30 ;i 0.65 52.88 227.07* Hk
(mai)
M. rubiginosa 43 216.42 091 24.53° 272.57* 14 295.42 0.67 51.26° 199.78* (.69*
(dec) (feb)
) 223.27° o o o
Q. grandiflora 4 (dec) 099 5.74° 256.15*%* 4 61.89 0.77 41.41 173.07 Hk
V. tcanorum 24 0% 096 15060 27791% 23 992 073 45240 23177%  1.02%
(jan) (ul)
X aromatica 14 O18% 097 13700 08508 4 1739 99 7740 24923¢  wx
(nov) (mai)
Fruiting
A. falcata 136 58'60 0.58 59.31° 283.23*% 5 81.'14 0.73 44.65° 195.23*  0.08
(jun) (jul)
D. miscolobium 1 131.53 1 kK Hek 23 76.'15 0.7 47.58° 192.04*
(sep) (ul)
M. rubiginosa 123 327.05 0.83 34.04° 300.98* 6 20'98 0.7 48.20° 198.46*% (0.22%
(mar) (mai)
Q. grandl'fzora O skek kk skek kk O kk kk kk kk skek
V tucanorum 1 96920 1 ksk skek O skek skek skek skek ksk
(ago)
X. aromatica 13 356.18 0.87 30.10° 235.38*% 22 79.'61 0.73 45.36° 198.25*% 0.40%
(apr) (jul)
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Table 4. G-test with Williams correction for leaf change (*p<0.05).

A. falcata  D. miscolobium M. rubiginosa Q. grandiflora V. tucanorum X. aromatica

Leaf fall 0 0.99 0 11.36%* 0 0
Leaf flushing 0 0 0 16.49* 0 0
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Table 5. Results of circular statistic analyses for pollination syndromes of trees and their lianas in

a cerrado fragment of SE Brazil. Between the parenthesis, the approximate month that the

phenophase occur for seasonal phenophases (*p<0.05, i.e, phenophase is seasonal; **it is not

possible to calculate).

A. falcata A. falcata's lianas  A. falcata's lianas A. falcata's lianas
polination syndrome melitophily melitophily phanaelophily ornitophily
Number of Observations 19 1 0 5
Mean Vector (u) 144.66° (sep) 6.92° * 28.45° (mai)
Length of Mean Vector (r) 0.99 1.00 ok 0.87
Circular Standard
Deviation 6.702° ok ok 30.79°
Rao's Spacing Test (U) 320.28%* ok ok 218.76*

D. D. miscolobium's  D. miscolobium's D. miscolobium's

miscolobium lianas lianas lianas
polination syndrome melitophily melitophily phanaelophily Ornitophily
Number of Observations 0 3 0 25
Mean Vector (u) ek 36.81° * 31.60° (mai)
Length of Mean Vector (r) ok 0.55 ok 0.64
Circular Standard
Deviation *x 62.60° ok 54.09°
Rao's Spacing Test (U) ok Hk Hk 234.27*

M. rubiginosa's

M. rubiginosa's

M. rubiginosa's

M. rubiginosa lianas lianas lianas
polination syndrome melitophily melitophily ornitophily phanaelophily
Number of Observations 43 12 0 0
Mean Vector (u) 216.42° (dec) 295.75° (feb) o wk
Length of Mean Vector (r) 0.91 0.61 ok ok
Circular Standard
Deviation 24.53° 56.44° o o
Rao's Spacing Test (U) 272.57* 200.76* ok ok

Q. grandiflora's

Q. grandiflora's

Q. grandiflora's

Q. grandiflora lianas lianas lianas
polination syndrome phanaelophily melitophily phanaelophily ornitophily
Number of Observations 4 2 0 1
Mean Vector (u) 223.27° (dec) 34.61° o 83.07°
Length of Mean Vector (r) 0.99 0.66 o 1
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Continuacdo Table 5.

Q. grandiflora's

Q. grandiflora's

Q. grandiflora's

Q. grandiflora lianas lianas lianas
Circular Standard
Deviation 5.74° 51.93° wk ok
Rao's Spacing Test (U) 256.15%* wk wk wk

V. tucanorum's

V. tucanorum's

V. tucanorum lianas lianas
polination syndrome melitophily melitophily ornitophily
Number of Observations 28 7 16
Mean Vector (u) 261.29° (jan) 83.12° (jul) 63.62° (jun)
Length of Mean Vector (r) 0.94 0.70 0.75
Circular Standard
Deviation 18.54° 47.71° 42.86°
Rao's Spacing Test (U) 277.91%* 222.52% 223.26*

X. aromatica's

X. aromatica's

X. aromatica lianas lianas
polination syndrome cantharophily ornitophily melithophily
Number of Observations 14 3 0
Mean Vector (u) 191.84° (nov) 18.47° o
Length of Mean Vector (r) 0.97 0.98 o
Circular Standard
Deviation 13.72° 8.64° o
Rao's Spacing Test (U) 285.82%* ok ok
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Table 6. Watson U? test to pollination syndromes (¥*p<0.05, i.e, phenophase is seasonal; **it is

not possible to calculate).

Tree Liana Ntree Nliana U2
Melitophilous liana 19 1 ok
A. falcata
(melitophily) vs.  Phalaenophilous liana 19 0 ok
Ornitophilous liana 19 5 0.40%*
Melitophilous liana 0 3 ok
D. miscolobium
(melitophily) vs.  Phalaenophilous liana 0 0 ok
Ornitophilous liana 0 25 ok
Melitophilous liana 43 12 0.58%*
M. rubiginosa
(melitophily) vs.  Phalaenophilous liana 43 0 ok
Ornitophilous liana 43 0 ok
Melitophilous liana 4 2 ok
Q. grandiflora
(phalaenophily) vs. Phalaenophilous liana 4 0 ok
Ornitophilous liana 4 1 ok
Melitophilous liana 28 7 0.04*
V. tucanorum
litophil . . . .
(melitophily) vs. itophilous liana 28 16 0.83%
Melitophilous liana 14 0 ok
X. aromatica
tharophil .
(cantharophily) vs. ) itophilous liana 14 3 s
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Legends for figure

Fig. 1 Climatic diagram (Walter 1971) constructed with data from the Ripasa Climatic Station at
Itirapina.

Fig. 2. (a) Number of occurrence of leaf fall on Qualea grandiflora and associated lianas on each
intensity index (G = 11.36; f.d. = 3; p<0.05), (b) number of occurrence of leaf fall on Qualea

grandiflora and associated lianas on each intensity index (G = 16.49; f.d. = 3; p<0.05).
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Consideracoes finais

Com base nos dois capitulos apresentados, € possivel apresentar cinco inferéncias gerais:

1. As plantas da borda do fragmento de cerrado denso estudado investiriam mais em
alocacao de recursos para a reproducao, provavelmente resultado da alta luminosidade e,
portanto, recurso, nesse ambiente.

2. A presenca de lianas pode ser um fator importante na alocacdo de biomassa vegetativa
para as arvores, como o que encontramos para A. falcata, D. miscolobium e X. aromatica.

3. Pelo menos para uma espécie (M. rubiginosa), o ambiente denso do interior mais a
presenca de lianas podem proporcionar um ambiente mais estressante. Sob essa condicdo, M.
rubiginosa investe reproducao.

4. De acordo com estudos previamente realizados, lianas e arvores de cerrado alocam
recursos de maneira diferente. Propomos que a forma como arvores alocam recursos, ou seja,
para o caule e raiz, pode ser uma adaptacdo contra lianas.

5. Apesar de lianas e arvores de cerrado alocarem recurso de forma diferente (como estudos
anteriores apontam), ndo podemos precisar de que forma isto € feito. Ambas as formas de vida
possuem sistema subterraneo profundo, de forma que a 4gua na estacdo seca nao seria um fator
limitante. Dessa maneira, ambas as formas de vida poderiam trocar de folhas no final de estacao
seca.

6. A divergéncia entre as fenofases de lianas e arvores ocorreu apenas para a floragao para
todas as espécies analisadas, possivelmente resultado da competicao por polinizadores. Ja a
saciedade de predadores € plausivel no caso da floracdo conjunta de M. rubiginosa e suas lianas

polinizadas por abelhas.
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H4 poucos trabalhos que abordam fenologia de lianas e a comparam com a das arvores. E
nao ha nenhum que compare a fenologia de arvores e lianas com intima associacdo. Também nao
ha nenhum que aborde a influéncia da borda em cerrado em seus aspectos basicos, como
alteracao fisica e composi¢ao de espécies. Os trabalhso que enfocam a influéncia da liana nas
arvores foram realizados em florestras tropicais ou de modo experimental. Portanto, o presente
trabalho apresenta uma abordagem e resultados inéditos. Por esse motivos, vdrias questdes nao
puderam ser bem elucidadas, por falta de dados em literatura. Dessa maneira, algumas questoes
surgem do presente trabalho e podem ajudar a elaboragcao de novos estudos que visem a uma
melhor compreensao da fenologia de lianas e arvores de cerrado:

1. Como € a alocagdo de recursos de lianas de cerrado? Sua alocacao é semelhante aquela
de lianas de florestas?

2. Como € a fenologia em diferentes fisionomias de cerrado? Como varia a fenologia
conforme a forma de vida?

3. Qual o impacto da fragmentagao na vegetacao do cerrado, no que diz respeito a
influéncia da borda? Pelos resultados apresentados, parece que o impacto € menor do que a
dinamica de fisionomias de cerrado. A influéncia da borda em diferentes fisionomias de cerrado
difere em quais aspectos quando comparamos aos estudos anteriores realizados em florestas?

4. Por que as espécies respondem de forma diferente quando estio sob influéncia de lianas e
em ambientes distintos, como borda e interior? Ao analisar mais espécies, diferentes padroes
podem surgir?

5. Como ambientes estressantes como o interior do fragmento estudado mais a presenga de

lianas afetam a alocacao de recursos das drvores?

93



