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RESUMO GERAL

Foi estudada a dindmica da comunidade arbérea (1993 a 1998) de uma floresta de
galeria ndo inunddvel situada no municipio de Itutinga, Minas Gerais. A area, com cerca de
7,55 ha, possui limites bem definidos com um campo limpo de altitude. Um total de 28
parcelas de 30 x 10 m foram distribuidas em quatro 4reas da floresta (repeticBes) (blocos A,
B, C e D) de forma a amostrar em cada uma destas 4reas a vegetacio arborea localizada
proxima ao corrego (setor Margem), préxima aos Bmites da floresta com o campo de
altitude circundante (setor Borda) e a situac8o intermediéria (setor Meio). Foram fettos dois
levantamentos na area, um em 1993-1994 e ¢ outro em 1998. O primeiro levantamento o}
realizado durante o Mestrado do autor da tese ¢ o segundo durante o Doutorado. Em cada
levantamento, identificaram-se e mediram-se o didmetro de todos os individuos nas
parcelas com DNS (didmetro ao nivel do solo) = 5 cm.

Também foram estudadas varidveis ambientais de solo (propriedades fisico-
quimicas, variacdo da umidade superficial durante um ano), topogréficas, bem como a
variagdo da penetragdio da luz (através de fotos hemisféricas) na area (Capitulo 1), de forma
a subsidiar as interpretag0es relativas a dindmica da comunidade. A partir dos dados dos
dois levantamentos da vegetac@o arborea, foram estudadas mudancas na estrutura vertical e
horizontal da comunidade como um todo (ndo discriminada por espécies) (Capitulo 2) e das
espécies (Capitulo 3), utilizando-se para isto as taxas de recrutamento, mortalidade,
mudanga em numerc de individuos, acréscimo, decréscimo e mudanca em area basal.

A maior variagdo ambiental na drea ocorreu no sentido do distanciamento das
margens do ribeir@c até os limites da floresta com o campo de altitude circundante. A

umidade e acidez do solo aumentaram com a proximidade do cérrego e distanciamento da
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borda da floresta. Os valores de abertura do dossel (luz) diminuiram com o distanciamento
da borda e aproximagdo das margem do cérrege (R*=0,340; P<0,001), sendo isto associado
a penetracio de luz pela drea onde a floresta se Hmita com o carmpo de altitude.

Os valores da densidade da comunidade como todo (nfo discriminada por espécies)
nos dois levantamentos foram estatisticamente iguais, mas houve um aumento sigrificativo
liquido em 4rea basal (P<0,05). As maiores variacies das taxas da comunidade, assim ¢como
as varidveis ambientais, ocorreram entre os setores, ou seja, em relagéio ao distanciamento
do corrego e proximidade dos limites da floresta com o campo de altitude. A Borda
apresentou uma dinimica da comunidade mais rapida, com maior mortalidade (-0,028),
mas também maior recrutamento (0,035). Isto foi correlacionado principalmente 4s maiores
intensidades luminosas deste setor, favorecendo possivelmente aguelas espécies mais
exigentes de luz e provavelmente menos longevas. Foram identificados indicios de
competicdo limitando o aumento da biomassa e levando ao decréscimo do recrutamento
(relagdo negativa significativa entre drea basal inicial e acréscimo em érea basal (R%=0,369;
P<0,001) ¢ entre area basal inicial e recrutamento (R*=0,177; P=0,026)). A area (repetico)
correspondente 20 Bloco C foi, entre as demais, a que apresentou maiores variacdes das
taxas populacionais, sendo isto ligado 2 um distirbio de data, origem ¢ natureza POUCo
conhecidos que atingiu esta drea no passado (h4 sinais deste distirbio como, por exemplo,
vestigios de carvio no solo).

A mortalidade e o recrutamento foram significativamente maiores entre as plantas
de menor porte (Teste y*; P<0,01). No entanto, as estruturas de tamanho, embora tenham
diferido entre os blocos (repetigGes) e enire os setores (Borda, Meio e Margem), parecem

ndo estar mudando significativamente dentro de cada bloco ou setor,
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A variabilidade ambiental da 4rea parece estar contribuindo para a manutencdo de
espécies com diferentes requisitos ecologicos. A Borda, em particular, parece estar
proporcionando um ambiente adequado 4 manutengio de espécies mais exigentes de luz
que, de outra forma, dependeriam exclusivamente do aparecimento de clareiras para 2 sua
permanéneia na area. Em termos de densidade, apenas duas das 41 espécies analisadas
(com 10 individuos ou mais) (4,9%) apresentaram taxas de mudanca superior a 0,05, sendo
esta propor¢do inferior aos resultados encomtrados em outras dreas comparadas, que
sofreram perturbac8es intensas no passado. Dentre estas 41 espécies analfisadas, 48,8%
aumentou em numero de individuos na drea, 14,6% nfio mudou e 36,6% decresceu em
numero de individuos. Por outro lado, 78,0% das espécies apresentou mudanca positiva em
area basal. Assim, a analise das espécies individuais seguiu a tendéncia também encontrada
para a comunidade como um todo (ndo discriminada por espécies), ou seja, pequena
mudanga em densidade, mas aumento em 4drea basal. Tais mudancas ocorridas
concentraram-se no Bloco C, sendo possivelmente ligadas ac j4 referido distiirbio.

O estudo das mudangas na estrutura horizontal e vertical das populacdes se
concentrou nas 1rés espécies dominantes na drea: Profium spruceanum, Copaifera
langsdorffii e Pera glabrata. Dentre estas espécies, Profium spruceanum foi,
provavelmente, a mais sensivel a variagdes ambientais, ja que foi a {nica espécie cuja
dindmica foi diferenciada entre os diferentes blocos de parcelas da floresta (repeticdes),
apresentando maiores taxas de mudanga em ndmero de individuos (0,032) e 4rea basal
{0,059) e maior recrutamento (0,040) no bloco C. Isto pode estar relacionado, pelo menos
em parte, aos efeitos do antigo distirbio que ocorreu neste bloco, que, de uma forma
desconhecida, podem estar favorecendo esta espécie. Protium spruceanum também

apresentou uma variabilidade das taxas populacionais significativamente maior na 4rea de



borda da floresta, sendo isto relacionado 2 alta heterogeneidade ambiental deste trecho da
floresta (em termos de luz por exemplo). Copaifera langsdorffii e Pera glabrata
praticamente ndo diferiram em termos de dinimica entre os diferentes blocos {repeticles)
ou em relagdio ao distanciamento do cérrego e proximidade da borda da floresta, indicando
que provavelmente esias espécies apresentam taxas populacionais menos sensiveis as
variaghes ambientais existentes na 4rea. Copaifera langsdorffii apresentou  baixo
recrutamento (0,001), mas também baixa mortalidade (-0,006). A taxa de mudanga de Perg
glabrata em termos de individuos foi negativamente relacionada com a densidade da
conmumidade (R*=0,248: P=0,050), indicando haver possivelmente um efeito da competicio
interespecifica difusa na densidade desta espécie.

As taxas médias de crescimento entre as espécies analisadas (50 individuos ou mais)
variaram de 0,007 a 0,018. As taxas de crescimento dos individuos dentro de cada espécie
foram muito varidveis, no entanto, de uma forma geral, as espécies estudadas {com mais de
50 individuos) possuiram trajetorias de crescimento que se adequaram aos modelos
propostos na literatura: linear, exponencial e sigmoidal.

A grande variabilidade espacial do ambiente, das taxas das comunidades e das taxas
das populacdes apomta para a necessidade de que, quando se objetiva compreender a
dindmica de sistemas como o da presente drea de estudos, a avaliacdo deve ir além de
valores médios supostamente representativos do sistema como um todo. Tal avaliagéo deve
também considerar as particularidades das diferentes sub-4reas para que a dindmica do todo
faca sentido. Entre as poucas generalizagBes possiveis para a presente area estd a relativa
estabilidade da densidade da comunidade como um todo e das populagdes em particular,

assim como a tendéncia destas a aumentar em 4rea basal. Além disto, as variagBes espaciais



das taxas da comunidade e das populagBes em particular foram correlacionadas, de uma

forma geral, 4 variag3o ambiental existente entre o corrego e a borda da floresta.

Introducio Geral

As florestas tropicais estdo entre os ecossistemas mundialmente mais ameacados
(Whitmore 1990}, resultando na necessidade premente de melhor compreender estes
sistemas para melhor conservé-los ou manejé-los. Diante deste contexto, quando se depara
com uma floresta tropical, ¢ freqliente vir 4 mente de um ecdlogo especializado em
vegetacdo a seguinte pergunta: Como esta floresta era no passado e como ela serd no
futuro? Por tras desta questio estdo subentendidos diversos aspectos (Silvertown 1987),
entre ©0s quais: Como € a dindmica da comunidade/populagdes vegetais na 4rea
{(mortalidade, recrutamento, crescimento em tamanho)? Que varidveis ambientais estio
ligadas a dindmica da comunidade/populagBes? As populagdes de espécies vegetais desta
floresta estdo mudando em termos de distribuicio espacial, abundéncia relativa e estrutura
vertical? Se estas mudangas esto ocorrendo, quais populagdes estio aumentando,
diminuindo ou alterando sua distribuicfio espacial ou estrutura vertical e de que forma?
Qual a razdo destas mudancas (distirbio antrépico, mudanga climatica, modificago natural
do meio, etc.)? Como isto esté afetando a diversidade de espécies vegetais da drea?

A regifio de Minas Gerais que engloba 0s municipios de Lavras, Itumirim, Itutinga,
Carrancas, Lumindrias, Ingaf ¢ Nazareno, em parte constitui-se, fisionomicamente falando,
uma disjun¢do das Savanas {cerrados) (IBGE 1993), onde encontram-se desde cerrados
mais densos até campos limpos. Esta disjungio das Savanas € permeada por florestas de
galeria. Constituindo-se estas florestas faixas estreitas de vegetagio riparia ao longo de
pequenos cursos d’agua, como as questdes anteriormente citadas se aplicariam a esta
vegetacdo? As extensas areas de contato com as savanas (bordas) e o fato de serem faixas
relativamente estreitas afetariam a dindmica interna destas florestas? Qual o papel da dgua
do solo na dindmica destas florestas?

Visando investigar as questdes acima, selecionou-se no municipio de Itutinga, MG,
uma érea de 7,55 ha de floresta de galeria nfo inundével (Ribeiro & Walter 1998) bastante

isolada e sem sinais de perturbacBes antrépicas que afetassem extensivamente toda a drea.



Nesta floresta, foi feito entre 1993 e 1994 o levantamento em 28 parcelas de 10 % 30 m de
todas as arvores com DNS (difmetro ao nivel do solo) = 5 cm, sendo tal levantamento
refeito em 1998, visando o estudo da dindmica da floresta. Também investigaram-se as
varidveis ambientais (solo, topografia, huz) que porventura estivessem ligadas 3 distribuicdo
e 2 dindmica das espécies na drea.

A andlise dos dados resultou na presente tese de doutorado. Optou-se pela
apresentacdo da tese na forma de trés capftulos complementares, cobrindo cada um deles
diferentes aspectos relativos 4 dindmica da floresta, mas intimamente interligados. O
primeiro capitulo analisa algumas varidveis ambientais da érea (solo, luz e topografia)
lancando as bases para a discussio das questdes relativas 4 dinémica da floresta. O segundo
capitulo enfoca a dindmica da floresta quanto ao seu aspecto estrutural, sem discrimina-la
por espécies, discutindo as variagBes de densidade e biomassa, assim como mortatidade,
recrutamento € crescimento das drvores. O terceiro capitulo aborda estes mesmos aspectos
enfocando as populagbes de drvores, investigando as espécies de acordo com sua
abundancia, distribuic@o espacial na 4rea e estratégia de crescimento. Cada capitulo &
precedido por um resumo dos principais aspectos abordados e, ao final da tese, encontra-se

wma conchisdo sucinta do assunto.
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CAPITULO 1

Estudo de aspectos da variacio ambiental em uma floresta de galeria em Itutinga,

MG, Brasil

RESUMO

As variacdes estruturais, a composigic e distribuicio de espécies vegetais € as
dinfmicas populacionais que ocorrem em uma floresta gualguer estdo intimamente lgadas
as variaveis ambientais na 4rea. Este capfiulo teve como objetivo investigar como as
variaveis de solo, topografia ¢ abertura de dosse! (luz) variam em uma floresta de galeria,
no municipio de Itutinga, Minas Gerais (21°21° S e 44°36’W), a fim de subsidiar a
discusséo da dindmica da comunidade e de populages dos capitulos posteriores,

As varidveis de solo foram investigadas a partir de coletas nas 28 parcelas {10 x 30
my) utilizadas para levantamento da vegetaco, entre 1993 e 1994 (periodo de Mestrado do
autor). Estas parcelas foram distribuidas em 4 blocos ou repeticdes (A, B, C e D), cada
bloco procurando amostrar os principais setores da floresta, Borda (4rea onde esta se limita
com o campo de altitude), Meio (4rea intermedidria) e Margem (4rea junto ao corrego). No
centro de cada parcela foram coletadas amostras de solo (0-10 e 10-30 cm de profundidade)
para andlise de suas caracteristicas estruturais e quimicas. Paralelamente, nestas parcelas,
foram coletadas mensalmente durante um ano amostras de solo nas profundidades acima
descritas para analise do contetido de 4gua superficial do solo e sua variagio. Também foi
realizado um levantamentio topografico da drea. A abertura do dossel foi avaliada em dois

transectos de 50 m de largura cruzando a floresta de borda a borda de forma perpendicular



a0 corrego, cortando os blocos do levantamento da vegetacdo. Estes transectos foram
estabelecidos em 1997 (durante o Doutorado do autor). Foram tomadas fotografias
hemisféricas ao longo destes transectos para avaliacio da abertura do dossel Os dados
foram analisados através de PCA (Andlise dos Componentes Principais), graficos de
tendéncia e regressfes lineares,

A maior variag8o ambiental na drea se deu entre os setores (Borda, Meio e
Margem), ou seja, no sentido do distanciamento dos limites da floresta com o campo e
aproximacgo do cirrego, e nic entre os diferentes trechos amostrados na floresta, que
corresponderam 2s repetigdes ou blocos (A, B, C e D). De uma forma geral, a2 umidade o
acidez do solo aumentaram com a proximidade do cérrego e distanciamento da borda da
floresta. Houve algumas diferencas menos marcantes entre os blocos e duas parcelas
isoladas apresentaram caracteristicas diferentes das demais. Também os valores de abertura
do dossel da floresta diminuiram da Borda para a Margem, sendo isto ligado 4 penetracio
lateral de luz pela area onde a floresta se limita com o campo de altitude. Este efeito atingiu
de 30 a 50 m do limite da floresta para o seu interior. A grande variacio ambiental ligada
ac gradiente topografico (Borda —» Meio -» Margem) certamente estd influenciando a

estrutura da floresta e a distribui¢fo das espécies.
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Resumo — Fol caracterizada a heterogeneidade ambiental em uma area de floresta de galeria (7,55
ha}, em Itutinga, MG, Brasil, através das variacdes das propriedades quimicas ¢ fisicas do solo, da
topografia ¢ da abertura de dossel. As propriedades do solo e a topografia foram estudadas em 28
parcelas de 10 x 30 m utilizadas em um levantamento da conmmnidade arbérec-arbustiva da drea,
Para a abertura do dossel utilizaram-se dois transectos de 50 m de largura, compostos por parcelas
contiguas de 10 x 10 m, cruzando a floresta de Iado a lado, perpendicularmente ac curso d’agua.
Fotos hemisféricas foram tomadas sobre estacas alternadas das extremidades das parcelas. Os dados
de solo e topografia foram analisados através de uma PCA (Analise dos Componentes Principais) ¢ 2
abertura do dossel através de graficos de tendéncia e regressio linear. A variacio mais importante
em termos de solos © abertura do dossel se deu no sentido do distanciamento da borda da floresta e
aproximacio do curso d’4gua. Neste sentido, 2 abertura do dossel diminuin {b=-0,096; R2=0,34) ea
umidade ¢ acidez do solo aumentaram (Eixo 1 do PCA, autovalor=9,713). Os maiores valores da
abertura do dossel proximo & borda foram explicados pela entrada de luz lateral através da borda da

floresta com o campo limpo circundante.
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INTRODUCAO

As florestas tropicais sfio comunidades altamente diversas em relacio a seus varios grupos
taxondmicos ¢ guildas. U dos principais objetivos dos estudos de ecologia vegeial em florestas
tropicais {¢ em ouwos tipos de vegetagHo) tem sido investigar as relacBes existentes entre 2
distribuigio das populacfes de espécies arboreas e as variaveis ambientais que possam afetar tal
distribuic3o (Austin & Gaywood 1994). Entre as questdes levantadas a respeito deste assunto pode
s¢ destacar: Quanto da diversidade de espécies arbdreas esta associada 4 heterogeneidade ambiental?
Como as variaveis ambientais influenciam na distribuicdo das populacfes das espécies arbéreas?
Varios trabalhos t€m sido produzidos neste sentido, abordando aspectos relacionados a gradientes
altitudinais/topograficos ¢/ou heterogeneidade ambiental relacionada a tipos de solo e 2 propriedades
destes, tais como drenagem, capacidade de armazenamento de agua, fertilidade, textura, dindmica de
inundagdes (ex. Johnston 1992, Medley 1992, Oliveira-Filho et al. 1994a, b, ¢, Oliveira-Filho et al.
1997 b, Pendry & Proctor 1997, Rodrigues et al. 1989, Sabatier et al. 1997), ¢ também relacionada
& presenca, tamanho ¢ origem de clareiras (Barik et al. 1992, Denslow 1980, 1987, 1995, Hartshorn
1980, Oliveira-Filho et al. 1998, Uhl et 21, 1988).

Sabe-se que mudancas no clima e/ou microclima, tais como a reducdo da pluviosidade em
uma determinada drea, € catistrofes recorrentes, tais como furacSes e secas intensas, podem levar a
mudangcas generalizadas em toda a comunidade (Allen et al. 1997, Condit et al. 1992, 1996, F rangi
& Lugo 1998).

Ja em uma escala mais detathada, a nivel interno das comunidades, o processo de formagio
de clareiras ¢ suas consegiiéncias ocupa um lugar de destague entre os fatores relacionados 3
dindmica das florestas tropicais. Este processo pode ser essencialmente aleatdrio, mas também pode

estar ligado a aspectos do ambiente, tais como declividade da area e propriedades de solo (Arriaga
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1988, Denslow 1980, 1987) ou acfo antrOpica. A abertura do dossel de uma floresta leva a
modificaces nas condigdes ambientais fortemente relacionadas 2 dindmica da comunidade (ver
Laurence et al. 1998, Oliveira-Filho et al. 1997a, Oliverra-Filho et al. 1998). No processo de
formacdo de uma clareira, a varidvel ambiental mais afetada € a luz. Tanto a intensidade guanto a
qualidade da luz sio modificadas com maior ou menor intensidade (Whitmore 1990) dependendo das
caracteristicas da clareira formada, basicamente sen tamanho e sua forma (Barik et al. 1992,
Denslow 1980, Trichon et al. 1998). Outras varidveis ambientais também podem se modificar com a
formacio de uma clareira, podendo estas estarem associadas ou nfio as mudancas na luz. Entre estas
variaveis podem-se citar g temperatura do solo e do ar, 2 umidade refativa do ar ¢ 2 umidade do sclo
{Barik et al. 1992, Denslow 1980, Veenendaal et al 1995). A huz e as varidveis associadas 2 ela
possuem wm comportamento altamente dindmico na floresta, sendo isto ligado & abertura e
reconstrugdo do dossel.

Varidveis topograficas ¢ de solo, tais como propriedades quimicas e fisicas, s3o
temporalmente mais constantes que a luz, embora possam apresentar uma variaclio espacial bastante
pronunciada (Denslow 1980). No caso de nutrientes do solo, a variaglo espacial/temporal pode se
tornar menos previsivel devido 2 relagfo entre o nivel destes nutrientes ¢ as taxas de ciclagem ligadas
a deposicio/decomposicio de serrapilheira (Burghouts et al. 1998). Niveis de umidade do solo nfo
sdo comstantes ac longo do ano, mas apresentam um comportamento previsivel ligado as
propriedades fisicas do solo, topografia da 4drea e distribui¢io das chuvas (van den Berg & Oliveira-
Fitho 1999). Em florestas riparias, as propriedades do solo {fisicas, quimicas e umidade do solo)
normalmente variam de acordo com o distanciamento do curso d’agua, seja devido ao gradiente
topografico (Oliveira-Filho 1989, Oliveira-Filho et al. 1990, Oliveira-Filho et al. 1994¢, Oliveira-
Fitho et al. 1994b, Oliveira-Filho, et al. 1998, van den Berg & Oliveira-Filho 1999) e/ou 3 dindmica

das enchentes (Oliveira-Filho et al. 1994b).



A dinérnica de uma comunidade florestal depende ultimamente da dindmica das populacdes
das especies gue a complem. Se as diferentes espécies de uma comunidade possuem distribuicdo
espacial diferenciada ligada acs fatores ambientais citados acima e estio sujeitas a dindmicas
diferenciadas ligadas 4 sua biclogia particular, é esperado que a dindmica da comunidade também
esteja altamente relacionada & distribuigBo destes fatores ambientais (ver Arriaga 1988, Basnet 1992,
Condit ct al. 1996). No caso de florestas ripérias, onde as varidveis seguem um gradienie
topogréfico, a dindmica da floresta também deve estar relacionads a este gradiente (ver Frangi &
Lugo 1998),

Erm um estudo prévio (van den Berg & Oliveira-Filho 1999), entre outras coisas, investigon-
s¢ a variacdo ambiental da floresta estudada, principalmente em termos de solo. O presente trabalho
teve como objetivo aprofundar e ampliar o conhecimento da distribuicio ¢ diversidade das varidveis
ambientais nesta floresta de galeria (riparia), enfocando inclusive aspectos novos, como a
distribuicdo da luz na floresta. Os resultados agui descritos fornecerfio importantes subsidios para a

investigagdo da dinimica da comunidade ¢ de populagfes de espécies arboreas da area.

AREA DE ESTUDO

A area estudada (Figura 1) apresenta-se como uma floresta alojada no fundo de um vale,
acompanhando um pequeno cérrego tributdrio do Reservatério de Camargos, no mumnicipio de
Itutinga, MG, préxima das coordenadas 21°21° S e 44°36” W, a cerca de 920 m de altitude. Este
reservatorio, formado pelo represamento do Rio Grande, pertence & Companhia Energética de Minas
Gerais (CEMIG). A floresta possui uma drea de 7,55 ha e sua vegetacio pode ser classificada,
segundo o sisterna do IBGE (IBGE 1993, Veloso et al. 1991), como uma Floresta de Galeria, uma

veZ que s encontra em uma regidc que constitui uma disjungio das Savanas {cerrados), acompanha
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um curso d’Agua ¢ possui limites bem definidos com uma formagio nio florestal (Mantovani 1989),
10 ¢aso, urn campo lmpo de altitude. Devido ao cérrego que coria a drea ser bastante encaixado e a
floresta ocupar areas com uma certa declividade, nehuma parte da floresta estd sujeita a inundacles
ou saturagZo do solo por dgua. O corrego em si ¢ bastante estreito, sendo iotalments recoberto peio
dossel da floresta. Embora seja uma Floresta de Galeria, a 4rea em estudo possui deciduidade e
composigio floristica semcthante 4s Florestas Estacionais Semideciduais Montanas da regifo (van
den Berg & Oliveira-Filho 1999).

O clima da regifo ¢ do tipo Cwb de Kippen, com verSes tumidos e invernos secos (Eidt 1968).

Dados provenies® da Estagio Meteorologica de Lavras (21°14°S, 45°00°W, 918 m de aftitude), no
periodo 1960-1992 revelam uma temperatura média anual de 19,6 + 0,6°C, com as médias mensais
variando de 16,0°C, em julho, a 21,8°C, em fevereiro; precipitacio anual médiz de 1517,0 £ 168 mm
concentrados {(93% do total) na primavera/verio (outubro-marco); ¢ precipitacdes médias mensais
variando de 19,2 mm (julho) a 293,3 mm (janeiro).

Os solos da érea foram classificados pelo sistema brasileiro de taxonomia de solos
(EMBRAPA 1999} como Cambissolos Haplicos Th Distroficos, nas areas mais declivosas {ex..
proximo aos blocos A, B ¢ D na Figura 1) e Latossolo Vermelho Amarelo Acrico, na drea mais plana
(area do bloco C). O material de origem predominante ¢ a mica-xisto pertencente ao Grupo

Andrelindia, formado no Proterozdico Superior (1,1 — 0,57 bilhdes de anos) (Pedrosa-Seares et al.

1964).



METODOS

Diesenho gmostral

Visando o levantamento fitossociologico ¢ estudo da dindmica da floresta, foram marcadas, em
1993, 28 parcelas de 30 x 10 m (300 m” cada), com o lado maior sermpre paralelo ao curso do
ribeirdo, distribuidas em quatro blocos ou repeticBes. Em cada bloco as parcelas foram dispostas da
borda da mata a margem do ribeirfio. Assim, os blocos A ¢ B possuiram, cada um, duas parcelas de
Borda, duas de Meic (drea intermedifria) ¢ duas de Margem. J4 os blocos C ¢ D possufram duas de
Borda, quatro de Meio ¢ duas de Margem (Figura 1). Os blocos A+B e C+D foram alocados a
aproximadamente 200 m um do outro, de forma a amostrar duas dreas diferentes da mata, uma mais

estretta {cerca de 90 m) € outra mais larga {cerca de 140 m), respectivamente.

Levantamento das feicdes topogrdficas e propriedades de solo

Foi realizado, em 1993, um levantamento topografico da drea amostrada com o auxilio de um
clindmetro ¢ uma bussola. Nas duas secdes da mata, blocos A e B e blocos C e D, foram tracadas
curvas de nivel a intervalos de 2 m a partir do corrego (Figura 1). Trés varidveis topograficas foram
definidas: cota, desnivel méximo ¢ declividade média. A cota foi considerada como a distdncia
vertical do centro da parcela & superficie do cdérrego. O desnivel maximo correspondeu 4 maior
distAncia vertical entre os vértices das parcelas (Oliveira-Filho et al. 1994a, b). A declividade média
foi calculada através da meédia simples das declividades das duas diagonais cruzando a parcela

retangular.
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As propriedades fisicas e quimicas ¢ teores de matéria orginica dos solos foram obtidos da
analise de amostras de 0,5 L coletadas, em 1993, no centro de cada parcela nas profundidades de 0 a
10 € 10 a 30 om. Estas profundidades foram escolhidas pare a verificagdo de possiveis diferencas
¢nire a camada mais superficial do solo, em contato maior com a serrapilheira da mats, ¢ a camads
mais profunda. As analises foram feitas no Laboratério de Fertidadade ¢ Laboratério de Fisica de
Solos da UFLA de acordo com os procedimentos recomendados pela EMBRAPA (1979). O pH foi
mensurado por meio de potencidmetre em uma suspensio de solo em dgua, 1:2.5. O fésforo e o
potassio foram extraidos pela solugio de Melish (7. SO, 0,025 N + HCI 0,05 M) e medidos por meio
de fotbmetro. O ciloio, magnésio e aluminio trociveis foram extraidos com uma solugdo de KC1 1
N; o aluminic foi titulado por meio de uma solucio de NaOH I M, 20 passo que o calcio mais o
magnesio ¢ o calcio, em separado, foram titulados com EDTA 0,025 N. Caleularars-se os indices:
H+AL t (CTC efetiva), T (CTC a pH 7,0}, m (saturagio de Al na CTC efetiva), 8 (soma de bases
trocaveis) ¢ V (saturagdo de bases da CTC a pH 7,0). O carbono orginico foi determinado pelo
meétodo de Tiurim e a percentagem de matéria organica foi obtida através da constante de Bremelen
(1,724). A textura foi obtida pelo método densimetro de Bouyoucos, sendo que a fragdo areia foi
separada em areia fina ¢ arcia grossa.

A umidade atual do solo foi medida para cada parcela durante 12 meses, de margo de 1993 3
feveretro de 1994, Préximo ao dia 15 de cada més (= 3 dias), em um ponto no centro de cada
parcela, foram coletadas e seladas em recipientes apropriados, amostras de aproximadamente 50 g
de terra em duas profundidades de solo, 0 a2 10 ¢ 10 a 30 cm. A umidade amal do solo foi
determinada por diferenca de peso apds secagem em estufa a 105-110 °C até peso constante. Os
valores obtidos foram relativos ao peso imido inicial,

As profundidades de solo escolhidas tanto para a amostragem para andlise de fertilidade e

granulometria, como para a de umidade, limitaram-se aos 30 cm superficiais devido ao fato de 2



maior parte das rajzes estar concentrada nesta camada, bem como 2 maior variagdo da umidade (ver
Lima 1983, Zahner 1967). Bazzaz (1979} e Causton {1988) salientam que € na fase de germinacio e
plantula que as espécies vegetais s¥o mais sensiveis ao estresse hidrico, sendo portanto a variaciio da

umicade na superficie do solo nesta fase um fator critico para o estabelecimento das planias.

Levantamento do grau de abertura do dossel da floresta

A variagdo da abertura do dossel da floresta foi avaliada a partir de uma malha de pontos
{estacas) delimitantes de parcelas contiguas de 10 x 10 m utilizadas para o estudo de populacfes de
algumas espécies florestais da ares (dados nfo publicados). Esta malha constituiu-se de dois
transectos de 50 m de largura (6 colunas de estacas), cortando respectivamente os biocos A-B ¢ C-B,
da borda da floresta com o campo & borda oposta, atravessando perpendicularmente o corrego
(Figura 1).

As fotografias hemisféricas foram tomadas sistematicamenie a 1,5 m do solo acima de
algumas das estacas delimitantes das parcelas, alternando-se as estacas, tanto nas colunas como nas
linhas de estacas {ver esquema na Figura 2). Na drea do bloco A foram tomadas fotos sobre todas as
gstacas.

Utilizou-se como equipamento uma maquina fotografica Nikon F-401S acoplada a2 uma
lente olho de peixe Nikkor 8 mm ¢ filme preto ¢ branco Kodak ISO 400 para papel. As fotos foram
tomadas nos dias 30/09 e 01/10 de 1997, aproveitando-se dias com céu homogeneamente nublado.
Em todas as fotos, a cdmara foi nivelada com um nivel de bolha e alinhada com o seu lado superior

voltado para o norte magnético.



ig

Os filmes foram revelados procurando maximizar o contraste entre os diferentes tons de
cinza. As fotos foram escaneadas utilizando-se um HP Scan Jet 5100C e os diferentes tons de cinza
das imagens foram transformados para branco e preto, correspondendo o branco 3 abertura do dossel
¢ o preto a cobertura do dossel. Apds isto as fotos editadas foram analisadas por meio do programa
para Windows Winphot versio 2.1 (ter Steege 1994), calculando-se 2 porcentagern de abortura do
dossel em cada ponto. A abertura do dossel foi escolhida como parfmetro para a avaliaco da

heterogeneidade espacial da luz na 4rea (Trichon et al. 1998).

Andglise dos dados

Solos e fopografia

Realizou-se uma anilise dos componentes principais (PCA) (Causton 1988), baseadz na
matriz de correlagBo, pois havia grande variacio das medidas das variaveis. Este método foi
escolhido por sua robustez ¢ facilidade de interpretacio. Além do mais, os dados se adequam ao
pressuposto  de distribuicfo linear das varidveis em relacio ao gradiente. Analises prévias (van den
Berg & Oliveira-Filho 1999), mostraram que o principal gradiente em termos de vegetagio e
ambiente esta ligado ao distanciamento do cOrrego ¢ aproximacio dos limmites da floresta com o
campo limpo circundante. Em relacfio a este gradiente as variaveis ambientais tendiam a ter
distribuicdo linear.

Todas as variaveis de solo ¢ topograficas, bemn como medidas de umidade de solo foram
incluidas nas andlises. Visando definir 2 melhor forma de estudar estes parfmetros, foi feita uma
analise preliminar onde incluiu-se, além das medidas brutas das duas profundidades amostradas, as

médias aritmeticas ¢ ponderadas destas profundidades de acordo com a amplitude de solo amostrada
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{0-10 e 10-30 cm). No caso da umidade do solo, calculou-se para cada més a média dos valores
relativos as duas profindidades amostradas. A adocio desta média ao invés dos valores absolutos
objetivou uma reducfo preliminar do niimero de variavieis. Ainda em termos de wmidade, zlém das
meédias ponderadas de cada més, incluiram-se medidas de variagdo deste fator a0 longo do ane, ou
sgja, valores minimos ¢ méximos para cada profundidade, os intervalos de variacdo ¢ a varidncia
para cada profundidade, as médias aritmética e ponderada dos valores mensais de umidade nas duas
profundidades, os valores minimoe e méximo e a varigncia para as médias ponderadas de cada més.
Isto tudo resultou em 120 varidveis. Apds anglises preliminares reduziu-se esie nimero parg 33
variveis, climinando-se aguelas aliamente redundantes. Foram mantidas a cota topogréfica das
parceias (valor médio dos vértices), as medidas brutas das varidveis quimicas ¢ fisicas do solo de 0-
10 cm e de 10-30 om, as médias, os valores minimos e méaximos, os intervalos absolutos de variacdo

¢ a varidncia dos teores de umidade do solo nas duas profundidades.

Abertura do dossel

A abertura do dossel foi analisada através dos graficos de tendéncia (de superficic).
Paralelamente, os valores da abertura do dossel foram analisados em relacio a distincia da borda
mais proxima da floresta, utilizando-se para isto analise de varidncia e regressdes lineares. Como os
dados de abertura sio expressos em porcentagens, eles foram previamente transformados pela funcio
arcosseno (Sokal & Rohlf 1995}, para que se adequassem sos pressupostos das analises paramétricas

a que foram submetidos:

X = ARCSEN{/ABERTURAJ100)



20

A partir dos dados transformados também realizou-se uma anslise de varidncia para
comparar 0s valores médios de abertura dos blocos, sendo posteriormente aplicado um teste de Tukey

néc balanceado para a comparagio das médias (Sokal & Rohlf 1995).

RESULTADOS

A Tabela 1 sumariza as médias e desvios padrdes das variaveis analisadas pelo PCA. Os
quatro primeiros eixos do PCA explicaram 68,7 % da varifncia relacionada as varidveis estudadas
(Tabela 2). Us ués primefros eixos s¥o mostrados na Figura 3. O primeiro eixo foi akamente
correlacionado com as variaveis ligadas 4 umidade do solo e H+AL em ambas as profundidades, 0-10
om ¢ 10-30 cm. Em uma analise superficial do grafico percebe-se apenas que este primeiro eixo
diferenciou o bloco A (mais seco e com menores teores de H+Al) do bloco D (mais timido e mais
acido), ocupando os outros blocos posigdes intermedidrias. No entanto, quando se analisa cada bloco
separadamente percebe-se que em cada um deles (principalmenie A, B e D) ha uma separacio entre
os setores da floresta (Borda, Meio e Margem) com relagfo ao primeiro eixo. De uma forma geral,
ha um aumento da umidade ¢ da acidez do solo no sentido Borda — Meio ~» Margem. Dentre cstes
setores 0 mais diferenciado foi a Margem, pelo menos para os blocos C e D. O segundo eixo do PCA
foi mais correlacionado com propriedades de solo da camada mais profunda estudada, 10-30 cm,
separando basicamente o bloco B do bloco C.  As parcelas do bloco B apresentaram, para esta
profundidade, uma maior porcentagem de areia fina, um maior intervalo de variacio da umidade do
solo, menores teores de Ca, K (e consequentemente S, soma de bases) € matéria orgénica que o bloco
C.

O terceiro eixo foi basicamente correlacionado com os niveis de Mg nos 10 primeiros

centimetros de solo. Este eixo separou dois grupos de parcelas, o primeiro a jusante do cdrrego,



correspondendo aos blocos A e B, o segundo grupo a montante, composto pelos blocos C e D. De
uma forma geral, as parcelas dos blocos A e B possufram teores mais altos de Mg que as do bloco C
e, particularmente, do bloco D.

Algumas parcelas apresentaram comportamentos extremos em relacio aos eixos analisados.
A parcela DG foi a parcela mais @mida ¢ mais 4cida dentre todas analisadas. Esta parcela também
apresenton niveis de Mg de 0-10 cm muito mmais altos que as demais parcelas, mostrando inclusive
wm comportamento oposto as demais parcelas do bloco D, que, como um todo, obtiveram valores
baixos para esta variavel

A parcela CE tambem apresentou-se 4 parte das demais, com teores elevados de matéria
organica, K, Ca (e consequentemente soma de bases), reduzida quantidade de areia fina e menor
variagdo da umidade do solo de 10 a 30 om de profundidade. CE foi a parcela mais seca dentre as do
bloco C, ¢ uma das mais sccas dentre todas as demais, embora estivesse relativamente proxima ao
corrego. Esta parcela também apresenton um dos mais altos teores de Mg 0-10 cm, s sendo inferior
a DG.

Desconsiderando as parcelas DG e CE, os blocos apresentaram variages internas (intervalo
de distribuigdc das parcelas em relac3o aos eixos) mais ou menos similares, exceto talvez o bloco B
que apresentou uma menor variagdo em relacdo ao eixo 2.

Assim, os blocos (repetigdes) podem ser sinteticamente caracterizados da seguinte forma: o
bloco A foi 0 mais seco e menos 4cido possuindo altos teores de Mg superficial, ao passo que o bloco
D fol o mais imido, 4cido € com menores teores de Mg superficial. O bloco B apresentou altos teores
de Mg 0-10 ¢m ¢ de arcia fina de 10 a 30 cm, ¢ baixos teores de K, Ca e matéria orgénica de 10 a 30
cm, com um maior intervalo de variacdo da umidade do solo a esta Gltima profundidade. O bloco C

mostrou caracteristicas opostas ao B.



22

O valor médio de abertura do dossel na drea como um todo foi de 9,91%. Houve diferengas
estatisticas entre 0s blocos em termos das médias da abertura do dossel {(F=7,11; P<0,01), sendo que
os blocos A e B (area mals estreita a jusante do cOrTego) apresentaram maiores valores, 11,75% e
11,71%, respectivamente, € os blocos C (8,08%) ¢ D (8,72%) (area mais larga a montante do
cOrrego) apresentaram menores valores (Tabelz 3). A dimmuicdo da abertura com o distanciamento
da borda da floresta f0i estatisticamente significativa (F igura 4, Tabela 3). No entanto, analisando-se
0s blocos separadamente verificou-se que os mais largos B, € e D também apresentaram redugdes
significativas da abertura do dossel com a penetracio na floresta {Tabela 3). Embora os valores de
abertura do dossel do bloco A tenham se mostrado estatisticamente independentes do distanciamento
da borda (Tabela 3}, tais valores agruparam-se com os pontos mais préximos da borda dos outros
blocos (Figura 4). A Figura 5 mostra a distribuicio da aberturs do dossel 20 Ionge dos dois
transectos que cortam os blocos A-B e C-D. Os valores de abertura variaram de 3,3% a 18,5% com
um valor médio de 9,9% (3.4 ¢ +4,0%) (média e desvios calculados a partir dos dados
transformados). Esta variabilidade apresenton um padrio bem definido, sendo os maiores valores de
abertura enconirados préximo a borda da floresta. Comparando-sc os blocos A-B e C-D verificou-se
que hd uma “regifio” interna no transecto C-D (4rea mais larga da floresta) onde os valores de
abertura foram mais ou menos constantes, sem grandes variacdes ligadas ao gradiente topografico.
J& nos blocos A-B (drea mais estreita da floresta), isto n3o ocorreu, sendo que os valores de abertura
decresceram, partindo-se de ambas as bordas até se encontrar no interior da floresta. A analise visual
da Figura 5 indica que a luz penetra 30 2 50 m através das bordas para o interior da floresta. Os
altos valores encontrados no bloco A como no bloco C corresponderam justamente 20s pontos onde
as fotos hemisféricas foram tomadas junto acs limites entre 2 floresta e o campo limpo circundante.
Mesmo ndo considerando estes pontos extremos o padriio do aumento da abertura do dossel com a

proximidade da borda € mantido. Em ambos 0s transectos, os menores valores de abertura do dossel
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foram encontrados proximo ac cOrrego. Além da variacio da asbertura ligada ao gradiente
topografico, houve também, em alguns pontos dos transectos, medidas elevadas das porcentagens de
abertura do dossel ligadas a formagio de clareiras. No entanto, o efeito destas clareiras nos valores
ac abertura fol bastante Jocalizado ou muito menos abrangente do que aquele ligado a0 gradiente

topografico.

DISCUSSAQ

A progressiva diminuicBc da umidade do sole com o distanciamento do clrrego
provavelmente estd correlacionada com a distribuico diferenciada das espécies dentro da floresta
acompanhando este gradiente e com a determinacio dos limites entre a floresta ¢ o campo limpo de
eltitude circundante (van den Berg & Oliveira-Fitho 1999). Outras florestas riparias tém mostrado
mudancas na vegetacio com o distanciamento do curso d’4gua, normalmente sendo isto associado a
mudangas no regime de agua no solo (Oliveira-Filho 1989, Cliveira-Filho et al. 1990, Oliveira-Filho
et al. 1994a, Oliveira-Fitho, et al. 1998) ou & dinfmica das inundacGes (Oliveira-Filho et al. 19941).
As propriedades fisicas e quimicas do solo, muitas vezes de forma associada ao gradiente topografico
¢ de wmidade de solo, tom sido também consideradas importantes para a distribuicdo das especics
vegetais em florestas riparias (Oliveira-Filho et al. 1994¢, Rodrigues & Shepherd 2000, van den Berg
& Oliveira-Filtho 199¢).

Com relagio & avaliagio da abertura do dossel da floresta, o aumento progressivo desta com
a proximidade da borda da floresta pode ser explicado de duas formas ndo excludentes. Em primeiro
lugar, a luz penetra no interior da floresta no s6 por aberturas no dossel em si, mas lateralmente

atraves da borda da floresta. Assim, parte da “abertura de dossel” captada pelas fotos hemisféricas



poderia ser simplesmente o resultado destas aberturas laterais, Aparentemente, estas “aberturas
laterais” permitiriam a entrada de luz adicional na floresta até um limite de 30 2 S0 m 2 partir da
borda. Em &reas mais estreitas isto poderia significar uma influéneia sobre toda 2 largura da
floresta, assim, nas éreas mais estreitas da floresta (blocos A ¢ B} foram obtidos valores médios de
aberturs mais elevados do que nas dreas mais largas (blocos C e D

Uma segunda explicacio para os menores valores de abertura presenies nas partes mals
internas da floresta poderia ser uma menor deciduidade nestas areas, visto as fotografias terem sido
tomadas no fmal de setembro e inicio do outubro, quando a deciduidade ¢ bastante acentuada
{Morellato, et al. 1989). As regies mais internas da floresta também 80 as mals Gmidas podendo
influenciar a deciduidade através da diferenciagiio de espécies arboreas ao longo do gradiente
topografico (van den Berg & Oliverra-Filho 1999), ou simplesmente através do efeito direto da
varia¢do da disponibilidade de 4gua a0 longo do gradienie topografico.

As areas de borda em florestas opicais, scjam elas de origem natural ou causadas pelo
homem modificam ndo s6 a quantidade/qualidade da luz que penetra na floresta, mas também outras
varidvels associadas, tais como a umidade e temperatura do ar ¢ do solo, implicando em mudancas na
distribuicio das espécies ¢ na dindmica da comunidade (ver Laurence et al. 1998, Oliveira-Filho et
al. 1994b). No entanto, a real influéneia das aberturas laterais existentes na floresta em estudo na
dinimica das plantas dependeria nfio apenas da distincia da borda, mas também da topografia da
arca ¢ angulo de incidéncia do sol, ambos influenciando na penetracio da luz na floresta.

Além do efetto de borda, houve picos de abertura do dossel na parte interna da floresta,
podendo tais aberturas serem caracterizadas genericamente como clareiras. Apesar destas clareiras
terem um efeito muito mais localizado que a borda, elas devem influenciar na dindmica da floresta,
visto algumas vezes terem sido encontradas no interior da florestas espécies consideradas exigentes

de luz, tais como Cecropia pachystachya Trécul. € Vochysia tucanorum Mart.. indicando a presenga
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de clareiras antigas. A primeira espécie, assim como outras do género Cecropia, tem sido
considerada caracteristica de dreas gque sofreram distirbio e onde 2 luminosidade ¢ mais intensa
{Olveira-Tilho et al. 1994a, Sanwos 2000). Também Vochysia tucanorum & bastante ewigenie de uz,
ocorrendo principalmente nas bordss mals luminadas da floresta estudada (Schiavini 1997, van den
Berg & Oliveira-Filke 1999).

Os valores de abertura observados na drea em estados {média 9,91%) foram de umsa forma
geral muito mais altos do que os observados por Trichon et al. (1998) em estudo semelhante nas
florestas tropicais de Sumatra (médias variando entre 2,8 2 4,3% dependendo da 4rea estudada), Isto
deve estar ligado as ja citadas aberturas laterais da érea em estudos, 3 deciduidade presente na €poca
das tomadas das fotos e a diferencas estruturais existentes entre as florestas comparadas. Se o
critério sugerido por Trichon et al. (1998) para fases silvigénicas fosse adotado, a floresta em estudo
seria considerada completamente tomada por clareiras (abertura maior que 7%), o gue nio € verdade.
Isto salienta a dificuldade em se estabelecer padrdes gerais para interpretacdo de valores de abertura
de dossel aplicaveis aos diferentes tipos de fisionomias florestais. Areas diferentes com
caracteristicas distintas devem possuir relagdes diferenciadas entre os valores de abertura e as

diversas fases silvigénicas, dificultando generalizacdes a este respeito.

Considerando que, embora luz ¢ umidade de solo tenham sido as variaveis gue mosraram
padrGes mais claros de variagio na 4rea ¢ aparentemente cstejam mais fortemente ligadas ao
gradiente principal de variacio da vegetagio (Borda — Meio —~ Margem), outras varidveis também
foram importantes, principalmente em relagdo a situagfo especifica de algumas parcelas.
Considerando tambeém que eventos histéricos, como catistrofes naturais ou antrépicas, localizadas

ou abrangentes, embora ndo tenham sido estudados no presente trabalho, também possam ser



importantes, € provavel que as relagdes entre a estrutura e a dindmica da comunidade em estudo e as
varigveis ambientais (individualmente ¢ interagindo entre si) sejam bastante complexas, implicando
em uma razoavel quantidade de variagio “ndo explicada” da vegetacio. Apesar disto, a maior
heterogencidade ambiental da drea em estudo foi, sem divida, ligada ao gradiente topogrifico
presente entre a margem do curso d’4gna ¢ a borda da mata, estando relacionada basicamente com a
umidade do solo ¢ luminosidade. Assim, ¢ provével que ndo s6 a distribuigdo das espécies, mas
também a dindmica ao nivel de comunidade e populacdes variem principalmente ao longo deste

gradiente.
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Tabela 1 — Mcdias (Méd.) e desvios padrdes (S) das varisveis ambientais analisadas pelo PCA por
blocos € setores, na floresta de galeria estudada (21°21' S e 44°36° W). HAI : H+Al (meq.100cc™),
P fosforo (ppm), K. potdssio (meq.100ce™), Ca: célcio (meq.100ce™), Mg: magnésio (meg. 108cc™),
S: soma de bases {meq.100cc™), MO: matéria organica (%), Afin: areia fina (%), Agr: areia grossa
(e}, 5i (%o silte (%), Arg: argila (%), Cota: cota topografica (m), ME: umidade média (%), MIN:
umidade minima (%), MAX: umidade mdxima (%), INT: intervalo de variagho (%), VAR: varidncia
da umidade, 10: profundidade de solo 0-10 cm, 30: profundidade de solo 10-30 om.

Bloco A Bicco B Bloco C Bloco D Setor Borda  Setor Meio  Set. Margem

Méd S Méd S ME S  Méd S8 M §  MEd 8 Wil §
TAIIG 823 206 1085 250 775 255 1451 2,00 7,86 257 1086 3.83 1243 574
HAIZ0 718 1,51 793 198 874 2,03 1274 282 724 188 10,17 2,84 1033 3,51
P10 1,50 0,55 283 147 1,38 052 288 099 1,50 0,76 2,25 129 2.63 1.06
P30 L50 055 217 098 1,63 074 2,00 0,53 1,38 0,52 1L75 062 238 074
K10 58,67 18,58 60,33 11,41 37,75 10,62 63,38 13,68 50,63 21,04 54,17 12,78 58,50 18,95
K30 43.67 1633 3400 690 6238 21,15 3575 7,74 4038 21,73 47.92 2032 44,13 10.92
Calo 028 008 035 012 021 0,10 044 028 028 014 028 010 044 028
Ca30 020 0,09 028 012 044 016 026 0,13 025 012 031 019 035 012
Mg 10 0,12 004 015 005 010 000 015 014 0,11 004 012 004 016 014
Mg30 0,10 000 012 004 013 005 011 004 010 000 0,11 003 014 005
310 0,55 015 0,65 022 041 010 075 043 051 020 053 0,16 075 044
530 0,43 012 050 014 071 022 048 0,16 046 014 055 024 060 0,15
MO10 410 0,70 465 0,55 321 038 465 1,23 3,76 055 401 097 465 121
MO30 332 046 293 076 428 0,70 308 0,76 335 101 3.55 088 336 074
AFINIO 2433 225 2467 3,01 1875 3,28 1925 1,67 22,50 4,60 20.83 233 21.00 4.66
AFIN30 23,00 4,56 28,50 2,74 1875 3,06 16838 491 2338 5,88 1917 610 2213 488
AGRI10 900 3,16 10,17 2,04 9,13 522 963 297 888 264 10,75 393 813 3727
AGR30 617 147 817 204 1238 292 625 358 938 250 900 3.8 650 424
SIL10 21,00 792 2733 516 21,00 421 21,75 3,96 2550 3,12 1092 4317 23.63 7.89
SIL30 2217 3,19 2317 299 2288 336 21,88 497 2288 136 20,58 421 2500 2.73
ARGIO 4567 6386 37,83 349 4863 501 4938 4,24 43,13 594 4683 510 4725 366
ARG30 4867 516 40,17 508 4600 2,93 5500 501 4438 3,66 5125 7,16 4638 7.39
COTA 495 2,70 832 539 11,33 554 979 640 1444 445 938 323 255 114
ME10 2238 1,01 2527 1,82 2431 156 27,23 230 24,15 2,04 2427 205 2672 2.66
ME30 2260 1,55 2345 224 23,90 221 2630 272 22,32 134 2374 203 2680 2.24
MINIO 1858 1,70 2144 203 20,69 103 22,65 238 1995 2,46 21,08 196 21,77 2.47
MAXI0 2794 1,91 3227 219 30,17 1,89 32,86 2,53 29,99 2,38 3020 274 3290 2.50
INT10 937 167 1082 1,76 948 144 1021 2,64 10,04 071 911 200 11,13 222
VARIO 990 4,04 12,09 371 1005 245 1220 4,26 11,94 348 970 361 1226 3.48
MIN30 19,13 1,81 1954 226 20,64 1,84 22,96 284 18,64 1,82 20,65 201 2299 2.46
MAX30 2723 182 29,16 2,65 2848 2,89 30,94 228 27,04 1,56 2849 216 3194 1.96
INT30 810 1,43 962 134 738 154 798 1,18 840 1,66 7.8 127 895 1.49

VAR30 799 277 10,17 140 787 2,70 874 281 880 320 796 212 949

2,49




Tabela 2 — Autovalores para os 10 primeiros eixos do PCA em relacio aos valores
das variaveis ambientais analisadas nas 28 parcelas da floresta de galma estudada
{21°21' § & 44°36° W). E mostrada a varidncia explicada por cada ¢ixo bem como
a percentagem osperada de varidneia esperada em um modelo aleatdrio (licha

quechradal.

Emo Autovalor Yaridncia Variincia Linha
cumulativa quebrada

1 8,713 29,433 29,43 4,089
2 5610 17,001 46,44 3,089
3 3,960 12,001 58,44 2,589
4 3.375 19,227 66,66 2,255
3 2,006 6,351 75,01 2,005
6 1,825 5,529 80,54 1,805
7 1,351 4,093 84,64 1,639
g 0,976 2,957 87,39 1,496
9 0,932 2,823 90,42 1.371
10 0,704 2,134 92,55 1,280




Tabela 3 — Analise de varifincia ¢ regressdes linearcs para a abertura de dossel na floresta de
galeria estudada (21°21' S ¢ 44°36° W) como um todo ¢ nos blocos individualizados. Analise de
varidncia para as médias dos blocos: F=teste F, P=nive] de significncia. Médias seguidas pela
mesma letra nfo diferem significativamente pelo weste de Tukey para P<0,05. Qs valores
percentuals de abertura foram transformados pelo método do arcosseno (ver Material e Métodos).
OUs wvalores percentuais entre parénieses correspondem  4s médias de abertura depois das
transformacdes serem revertidas. Equacgdes de regressdo linear da abertura do dossel em relacio 4
distancia da borda da floresia para cada Bloco: aberturs (transformada) = g + b*distincia (m).
P=mnivel de significlncia da inclinacsio (b) da regressio linear, R*=coeficiente de determinacdo da
equacio.

Bloco W Médias* a b P R
A 24 20,055 (11,76%) a 21,045 {3,059 0,2878 08,0512
B i6 20,016 (11,72%) ab 21,541 -0,654 5,0406 3,2676
C 24 16,518 (8,08%) ¢ 20,088 -5.087 0,0018 00,3636
D 20 17,179 (8,72%) he 20,831 ~{,091 0,0188 0.2703

{zeral 84 18,352 {9.91%) 21,356 -3,0%6 0,6000 0,3394

* ANOVA: F=7,11; P<0,0003
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Figura 1 — Mapa da é4rea de estudos indicando a localizac3o dos blocos de parcela {A, B, CeD)na
floresta de galeria (CM) estudada na regifo do Reservatério de Camargos, [tutinga, MG (21°21° S e
44°36° W). IT = {ragmento florestal estudadoe por Oliveira-Filho et al. (1994c¢) e referido no presente
trabalho. Cada parcela esta identificada por um cédigo de duas letras, onde a primeira representa o
bloco. Os a@meros junto aos mapas inferiores referem-se as cotas {m) a partir do nivel do curso
d’4gua. As linhas tracejadas correspondem aproximadamente aos limites dos transectos onde foi
estudada a abertura do dossel.
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Figura 3 — Eixos de ordenagio (1, 2 ¢ 3) do PCA para as parcelas na floresta de galeria estudada
(Z1°21' 5 ¢ 44°36° W). O cbdigos das varidveis correspondem aos da Tabela 1.
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Figura 4 — Relago entre abertura do dossel e distAncia (m) da borda da floresta de galeria estudada
(21°21" § e 44°36° W). Os dados percentuais de abertura do dossel foram transformados pelo
método do arcosseno (ver Material e Métodos).
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Figura 5 - Abertura do dossel da floresta ao longo de dois transectos cortando a floresta de galeria
estudada (21°21' § ¢ 44°36° W), Os limites aproximados dos transectos em relagio ao mapa da drea
sio apresentados na Figura 1. A superficie foi plotada baseando-se nos quadrados minimos
balanceados dos dados percentuais de abertura transformados (arcosseno). A legenda ¢ apresentada
para os dados transformados e seus valores reais correspondentes. Os circulos abertos
correspondem aos locais onde as medidas foram tomadas (N=85).
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CAPITULO I

Structural dynamics of a gallery forest in Itutinga, MG, Brazil

{DinAmica estrutural de uma floresta de galeria em Ttutinga, MG, Brasil)

RESUMO

O objetivo foi analisar a dindmica estrutural de uma floresta de galeria (7,55 ha}, no
municipio de Itutinga, Minas Gerais (219217 5 e 44°36°W). no intervalo de 4,42 ancs. A
dindmica foi avaliada em termos espaciais e em termos de estrutura vertical da floresta.
Utilizaram-se parcelas distribuidas em 4 blocos (A, B, C e D), cada bloco com parcelas
amostrando trés setores da floresta, Borda (4rea onde a floresta faz limite com o campo de
altitude), Meio (area intermediaria) ¢ Margem (4rea junto ac cérrego). Entre 1993 e 1994
{durante o mestradc do autor), mediram-se, identificaram-se e etiquetaram-se todos os
individuos encontrados nas parcelas com didmetro ac nivel do solo (DNS) 2 5 om,
repetindo-se este levantamento em 1998, Calcularam-se as taxas de mudanca em termos de
ntmero de individuos e area basal, recrutamento, mortalidade, acréscimo {(aumento da drea
basal devide a recrutamento e crescimento} e decréscimo de drea basal {devido &
mortalidade).

Para a comunidade como um todo, a taxa de mortalidade foi balanceada pela taxa de
recrutamento, mas, em termos de drea basal houve um ganho para a comunidade como wm
todo. As taxas foram bastante varidvels dentro da floresta. As diferengas mails marcantes
em termos de dindmica ocorreramn com o distanciamento do curso d’agua e aproximacio da

borda da floresta, ou seja, diminuicio da umidade superficial do solo e aumento da



intensidade luminosa. A Borda teve taxas de mortalidade e recrutamento muito mais altas
que o0s demajs setores, indicando possuir dindmica mais rdpida. Isto foi ligado
principalmente & composigc de espécies, predominando nesta drea aguelas mais exigentes
de luz e provavelmente menos longevas. Areas com maior biomassa (estimada pela 4rea
basal} tiveram menor recrulamento e menor ganho de biomassa, indicando a existéneia de
possivel competic80 entre as arvores nestes locais. Por outro lado, aparentemente, a
mortalidade ndo ¢ dependente da densidade ou da biomassa na area.

As dindmicas também variaram de acordo com as classes de tamanho, ocorrendo
mortalidade ¢ recrutamento mais intensos entre as plantas de menor porte. De uma forma
geral, embora a estrutwa de tamanho da comunidade difira enire os blocos e,
principalmente, enire os setores (arvores da Borda tendendo a ser menores que as da
Margem), estas estruturas parecem nfo estar mudando ou, pelo menos, mudando muito
pouCo 1o tempo.

Eventos historicos, tais como o distirbio que ocorreu no passado no bloco C,
parecem ser tambeém importantes para o entendimento da dindmica da comunidade desde
que o bloco C diferenciou-se dos demais devido ao aumento significativo no nimero de

individuos e maior ganho em area basal.,
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Abstract — (Structural dynarmics of a riparian forest in Itutinga, Minas Gerais State, Brazil). All trees with
DGL (diameter at ground level) = 5 cm were recorded in 1993 and 1998, in 28 permanert plots of 10x 30 m
distributed in four blocks (A, B, C and D), each one covering a topographic gradient (from the streamside to
the limit with the surrounding grassland). The whole community was stable in terms of number of individuals
{net change rate = 0.001; nu.s.) but increased in basal area (net change rate = 0.019; p<0.01}. Most differences,
in terms of dynamics, occurred following the topographic gradient. The area close to the swrrounding
grassland had higher rates of recruitment (0.035) and mortality (-0.027). Block €, probably due 1o 2 past
disturbance, 1s increasing in density (net change rate = 0.013; p<0.01) and basal area (net change rate = (0.032;
p<0.01}. The initial diameter distribution varied according to topography, with smaller trees close 1o the Hmit
wilh the grassland. This diameter distribution did not change between the two surveys, pointing to a stable
vertical spucture. Mortality and recruitment were higher in the smallest class (5-9 cmy and lower in the $-17
em class, These results show that, at least for the present study, an analysis of the dynamics that does not
consider the spatial variation linked to topographic gradient and disturbance history is a too simplified
approach, overlooking several important traits of the community.

Key words: riparian forest — community structure — dynamics — topographic gradient — disturbance
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Introduction

Riparian forests are among the most threatened vegetation formations around the world,
despite their importance to soil, water and biological diversity conservation (Gibbs 27 4l 1980,
Rodrigues & Gandolfi 2000). In the last decades, the Brazilian scientific community has focused its
attention on these communities, studying them and increasing knowledge on their biclogical
diversity, ecological relationships and determinants (Rodrignes & Leitdo-Filho 2000). The
distribution and abundance of plants in these communities and their limits with other communities
have been mainly linked 10 soil water table or water content. Other factors lke soil fertility and fire
are also considered important, depending on the situation (Furley & Ratter 1990, Oliveira-Filho er
al. 1994a, Felfili 1993a)

Most vegetation studies conducted with riparian forests in Brazil are surveys of the
structure of tree communities at a determined moment (Durigan er al. 2000). From these data,
several authors have outlined the history or predicted the direction of changes in the studied areas
(e.g. Oliveira-Fitho er al. 1994b, ¢). Despite this, only a few published studies (Bertani ef a/. 2001,
Felfili 1994, 1995b) have really investigated the dynamics in riparian forests over several years.
Recently, however, several theses and dissertations studying the dynamics of this type of vegetation
have been done. Among them, the studies of Appolinario (1999) and Guilherme (1999) stand out,
because they were carried out in the same region of the present study. Such studies are essential to
establish conservation and management strategies {see Primack & Hall 1992).

Abiotic and bictic factors can affect plant dynamics in a forest, although any separation
between abiotic and biotic factors is very arbitrary since they are strongly interrelated. Among the
abiotic factors are: soil proprieties; topographic aspects; like declivity and vertical distance from
water courses; micro and macroclimate; natural catastrophes and human impact (see Crow 1980,
Swaine e al. 1990, Basnet 1992, Condit e ol. 1992, Primack & Hall 1992, Lugo & Scatena 1996,

Frangi & Lugo 1998, Pélissier 1998). Among biotic factors, competition for space, light, nutrients,
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water, herbivore-free space, assumes a significant role (see Condit er of 1962 Fetfili 1995b),
although other processes, linked or not to competition, like pollination, seed dispersal or predation
can also be very important.

Gap formation is related to both groups of factors, influencing and being influenced by both
and the occwrrence of canopy gaps is the principal phenomenon in tropical forest dynamics
(Whtimore 1990). It affects the Hght intensity and quality, as well as other factors like soil and air
temperature and humidity (Hartshorn 1980, Lang & Knight 1983, Denslow 1980, 1987, Arriaga
1988, Whitmore 1990, Condit er al. 1992, van der Meer & Bongers 1996).

Our objective was to investigate the changes in the tree community, in terms of horizontal
and vertical structure, that occurred between 1993 and 1998, relating these changes to abictic
factors (soil, topography and light), and, verifying if they were density andior size {basal area)
dependent. Since the community composition and structure varies along the topographic gradient
existent from the streamside area to the area close to the limits with the surrounding grassland {van
den Berg & Oliveira-Filho 1999), we expected that the dynamics would vary following this same
gradient. We also investigated evidences of competition, looking for relationships between the

dynamics (mortality and recrvitment) and the spatial variation of density and basal area.

Study area

The area is a riparian forest that can be characterized as a gallery forest (following the system of IBGE
1993), since it follows a small water course and has sharp boundaries with savanna vegetation. It has an area
of 7.55 ha and is located in the municipatity of Tnrtinga, Minas Gerais state, Brazil, at an altitude of920 m and
coordinates of 21°21° § and 44°36™W. It follows the course of a narrow stream tributary to the Camargos
Reservoir, built by the Electric Company of Minas Gerais (CEMIG) on the Rio Grande (F igure 1), During the
wet season (summer), no parts of the forest suffer floods or have their soil saturated by water wable elevation.

The forest has sharply defined boundaries with the adjacent montane grasslands which cover most of the
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Reservoir’s region. These grasslands are periodically burned to improve their quality as pasture, it fires
normally cease at the abrupt limit with the gallery forests. The studied forest has apparently not suffered
extensive disturbance over the years, showing no signs of selective logging: probably, because humans only
sparsely inhabit the surroundings. The worst damage refers 1o the usage of the forest by cattle which seek for
shade and water, forming paths along which the lower vegetation has been damaged (this damage ceased 1
year after the first survey), and a past disturbance in the area of one of the sampied blocks (Block ), decades
ago.

The climate was classified as Cwb of Kdppen, with wet summers and dry winters. Data from the
Meteorological Station of Lavras (21°13°40°°S, 44°57°50°W, 918 m of altitude) obtained between 1960 and

1992 show an annual mean temperature of 19.6°C, with monthly means varying between 16.0°C, in June, and

21.8°C, in February, an annual mean rainfall of 1517.0 mm concentrated {93% of totaly from Ociober 1o
March; the monthly mean rainfalls vary from 192 mm (July) 10 293.3 mm (January)(van den Berg &
Gliveira-Filho 1599},

The soils of the area were classified as Dystric Cambisol, on steeper slopes (Blocks A, Band C in
Figure 1) and Plinthic Ferralsol, in flatter areas (Block C) (FAO-UNESCQ 1994). The predominant parent

material is the mica-slate.

Methods

Survey of plant community — Between February 1993 and May 1994, we inventoried the tree commumity
by laying out 28 plots of 10 x 30 m displayed along the topographic gradient fom the area close 1o the water
course to the area close to the boundaries of the forest. Following this gradient, we defined three sectors:
Streamside (close to the stream), Middle (intermediate area) and Border (area close to the limiis with the
grassland), hereafier referred 10 as SMB gradient. We arranged the plots into four blocks, A, B, C and D
(Figure 1), in order to evaluate inter-site variations. The rectangular plots were laid out within blocks with
their longer side perpendicular to the SMB gradient in order 1o reduce intra-piot heterogeneity in relation to
the main gradient as W?ﬂ as to reduce the internal noise caused by uncontrolled variables (Causton 1988).
Every individual with DGL (diameter at ground level) = 5 om was recorded, following the same

eriteria of other forest surveys carried our in the Upper Rio Grande Region (Oliveira-Filho et 4], 1994 abc,
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1997a), the same as the present study, making frther comparisons possible. The identification of individuals
was based on a former floristic survey (van den Berg & Oliveira-Filho 2000). Their circumference at ground

level was measured and their total height estimated.

Study of dynamics — The inventory was repeated between February 1998 and April 1998, We calculated ner
change rates of the community {r) in terms of number of trees and basal area. mortality and recruitment

{number of trees), and aceretion and decay of hasal area.  To caleulate these rates we used the exponential
model:

r=i-1 =md A=(N/N,}"
where I is the munber of trees or basal area at the first {(MN,) and the second survey (M) and t is the fime in
years between both {4.42 yr for the present study). A is the usual way to represent population dynamic rates
for the exponential model and varies around the unit (1) (Watkinson 1997). In terms of nef change rate, 2 =1
corresponds to nio change at all. On the other hand, in studies of forest dynamics (Korning & Balslev 1994,
Sheil ef al. 1995) the authors have frequently preferred adopting the value 0 to the situation of no change, that
istosay, 7= A-1.

We also calculated the half-life (1) and doubling time () (Komning and Balslev 1994) using the
expressions:
1y = 0.5 In{1+1)
= In{2¥in(1+r)
Half-life and doubling time are equal in a stable population, which is not changing in terms of number of
individuals (Korning & Balslev 1994).

We calculated the rates for the whole commumity, for blocks and for sectors. Afler calculating the
rates for each individual plot, we carried out statistical comparisons smong blocks and among sectors through
non-parametric analysis of variance (Kruskal-Wallis test).

We tested the relationships berween the rates and the parameters of the community which could
imply in competition (like initial number of trees or initial basal area inhibiting recruitment or hasal area
accretion or increasing the mortality or basal area decay) using linear regression, after arcsine rransformation

of the data (Sokal & Rohlf 1995).
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We classified the trees into size classes using the diameter data. We adopted the same class
distribution used by Oliveira-Filho et al. (2001} in the same region of the present study: 5 10 <S¢m, § to
<i7em, 17 to <33cm, 33 10 <65cm, 65 to <129 cm, allowing further comparisons. For these classes, we
anaiyzed ingrowth and omgrowth in terms of mumber of individuals for the whole comrpunity, sectors and

blocks, We compared observed and expected frequencies through y° test (Zar 1984), The expected values for
the blocks and sectors were calculated from the vatues of the community.

To avoid confusion, we restricted the use of the terms ingrowth and outgrowth 1o the rates of inter-
class impori and export of trees. For the increase rate of basal arez due to recrudmment + growth, we adopted
the term accretion of basal area; for reduction of basal area due 1o mortality, we adopted the term decay of

bhasal area

Hesunits

Dynpamics in terms of number of trees and basal area

The number of trees did not change significantly for the whole community (Table 1, net
change rate = 0.005) nor for most blocks (repetitions) and sectors {Border, Middle and Streamside),
with the exception of block C, which increased in number of trees {net change rate per plot =
0.013). Therefore, this community showed mean mortality (-0.021) and recruitment (0.022) rates
that were statistically equal, resulting in a half-life (32.22 yr) very close to the doubling time {29.07
yr). This apparently stable situation, in terms of number of trees, however, hides different dvnamics
for each sector (Border, Middle and Streamside). The Border presented the highest mean mortality
(-0.023) and recruitment (0.035) rates per plot. The Kruskal-Wallis test showed no differences
among blocks (A, B, C and D) in terms of mortality and recruitment rates.

The basal area of the whole community tended to increase (net change rate per plot = 0.019;
Table 1;. This increase was mostly concentrated in block C (net change per plot = 0.032) (and
secondarily in ID) and the Border (net change rate per plot = 0.030). Most of the positive net change

for basal area that we found for block D is probably related 1o the plot DF, that stands out due to its
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high net change rate (0.063 see Figure 2D} linked with low decay (almost 0, Figure 5B) and high
accretion of basal area (0.063, Figure 5A). Despite these values, the Kruskal-Wallis test did not
show significant differences among blocks or sectors in terms of basal area net change rates. The
basal ares decay and accrefion rates were similar among blocks (A, B, € and D). Among the
sectors, the aceretion of basal area in the Border (0.049) was higher than in the Middle (0.028), with
the Streamside {0.030) occupying an imtermediate position. The rates of basal area decay were

similar for all sectors.

Dvnamics versus ipitial number of trees and inifizl basal ares

When we related initial nomber of trees and initial basal area 1o the net change rate of
number of trees ang basal ares (Figure 2} we obtained low coefficients of determination (the highest
was 0.136). The initial oumber of individuals and initial basal area did not affect the change in the
number of individuals {net change rate of number of trees ). The change in terms of basal area was
not affected by initial number of trees, but had an almost significant and negative relationship to
initial basal area (b =-5.547; p = 0.054).

Recruitment increased with the initial number of trees (b = 0.084) and decreased (b =
-2.614) with the initial basal area (Figure 3). As for the net change rates, the coefficients of
determination were low, indicating a high variability that was not explained by the regression
equations. Although the recruitment was significantly affected by the initial number of trees as well
by the initial basal area, these two parameters were not related to each other (Figure 4). The
mortality ratc was not affected by the initial number of trecs nor basal area. Just as the recruitment
rate, the basal area accretion rate was also negatively affected by the initial basal area (b=-3.84Z;
Figure 5A). This regression was the highest r* (0.369) among all comparisons (recruitment,
mortality, basal area accretion rate and basal area decay rate in relation to the initial number of trees

and the mutial basal area).



50

The relation between basal area accretion rate and the initial number of frees was not
significant (Figure 5C). For mortality, in terms of number of trees, we also did not find 2 sigmificant
relationship between basal area decay rate and the initial basal area or the initial number of frees

{Figures 3B and 513},

Dvnamics throughont diameter classes

Among the blocks, only B had a tree diameter distribution statistically different from the
expected values based on the whole community distribution (Table 2). Block B had a lower
concentration of small individuals (5-9 c¢m) and 2 higher concentration of individuals of medium
size (17-33 cm} than the present in the whole community. Among the sectors, only the Middle had a
frequency distribution statistically similar to the whole community (Table 2). Border had more
small trees (5-9 cm) and fewer trees of medium and large sizes (17-33 and 33-65 cm} than the
whole community. The Streamside had the opposite figure, with less small trees (0-9 cm) and more
trees of intermediate sizes (9-17, 17-33 and 33-65 cm) than the whole community.

Over the years covered by our study, none of the blocks (A, B, C or D) or sectors (Border,
Middle or Streamside), or even the community as a whole, showed any significant change in their
frequency distributions (Table 2). Despite the fact that the diameter distribution for the community,
blocks or sectors did mot change during the study period, different diameter classes presented
different dynamics (Table 3). For the community as a whole (General), smali trees (5-9 cm) had
higher ingrowth+recruiment, outgrowth and mortality than expected from mean community rates
(ot discriminated by classes). The 9-17 and 17-33 classes had lower ingrowth+recruitment than
expected. The 17-33 class also presented lower outgrowth and mortality than expected from mean
community rates. All blocks and sectors were similar to the community in terms of distribution of
ingrowth+recruitment, outgrowth and dead trees (Table 3).

Despite the comparison between initial and final distribution not showing any significant

difference, we decided to investigate tendencies of change that could have been overlooked.
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Therefore, we compared the observed number of ingrowth+recruitment trees with figures estimated
from mortality+outgrowth rates (Table 4). For the whole community, we found that the actual
aumber of ingrowth+recruitment trees at the 17-33 and 33-65 cm classes is higher than expected
from the actual outgrowth+mortality rates. These higher than expected numbers of
ingrowth-+recruitment trees were not equally diswributed through out the community, but were
concentrated in some blocks and sectors. Block A had higher values for the 17-33 cm diameter
class, Blocks B and C had higher values for the 33-65 c¢m diameter class and the Border had higher

ingrowth+recruitment for trees of 17-33 cm.

Discussion

Drynamics in terms of number of trees and basal area

Two other riparian forests studied in the region, that used a minimum diameter equal to ours
{Appolingrio 1999, half-life = 19.1 yr and doubling time = 34.6 vr; Guilherme 1999, half-time =
22.8 yr and doubling time = 68.0 yr), showed to be less stable and more dynamic than the present
area. Those authors considered the studied forests to be in recovery from past disturbances. The
present half-life was longer than that obtained by Felfili (1995b) for an “undisturbed” gallery forest
in Central Brazil (20 yr), indicating a less dynamic community with values similar to La Selva (34
vr, Licberman & Licberman 1987). The differences from Felfili’s results are more striking because
of the higher diameter limit that she adopted (diameter at breast height > 10 cm). She found higher
mortality rates in smaller classes. We suppose that if she had lowered the diameter limit to DGL = 3
cm, as in the present survey, she would have even found a smaller half-life, since mortality tended
to be higher in the smaller classes (Felfili 1995b). We were not able to explain why Felfili’s
community had a half-life shorter than ours or why the half-life that we obtained was similar to
Liberman & Liberman’s. These explanations are probably linked to factors bevond the available

information.
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The higher mortality, recruitment and lower turnover in the Rorder sector, can be related 1o
the higher number of individuals of light demanding species with shorter life spans in this sector
(see van den Berg & Oliveira-Filho 1999). Floristic composition can affect dynamic rates {Carey ef
ol 1994, Felfili 1995b). Supporting this idea, the light demanding species in the area really tended
to show higher mortality and shorter 1ifc spans (van den Berg & Santos ~ unpublished data).
Although more dynamic, the Border seems stable (stability of 5.32 vr), indicating an old-established
condition, where a balance between recruitment and mortality has been achieved long ago. Regent
borders, on the other hand, tend to increase in number of trees (Oliveira-Filho ef ol 1997b, Murcia
1905} and therefore are considered unstable.

The positive net change in terms of basal area for the Border and Block C was linked to
higher increase and not 1o a lower decrease of basal area than in the other sectors and blocks. In the
case of the Border, the higher increase of basal area can possibly be related to an improvement of
soil fertility. Uver the last years, the grassland that surrounds the forest (where Blocks A and C are
situated) was partially converted into rice and comfields. We observed that some soil was
transported from these fields to the Border; therefore, it is possible that nutrients present in this soil
have been contributing to boost tree growth. Supporting this idea, we verified that the Border plots
that had higher increase of basal area were concentrated precisely in Blocks A and C (Figure 4; AA,
CA and CB). On the other hand, the higher increase of basal area in block C may be related to a
past disturbance, of unknown origin or age, which is still evident in the area (van den Berg &
Oliveira-Fitho 1999: e.g. higher density, larger proportion of light-demanding species, remains of
charcoal in the soil). Following a disturbance that disrupts the communitics original structure, not
only the basal area, but the number of trees as well, frequently tend to increase before a possible
thinning period (sec Crow 1980, Lang & Knight 1983, Brown & Lugo 1990, Swaine ef al. 1990,
Primack & Hall 1992, Werneck er a/.2000). Oliveira-Filho ef al (1997b) also found greater density
and basal area in a fragment of secondary forest; mostly concentrated in more disturbed patches. In

the less disturbed parts these authors found that only the basal area was increasing,
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The fact that plot DF had fewer individuals which, apparently, contributed to the positive
net change for basal ares that we found in block D is an indication that this plot is probably an old
gap in process of closure. In this kind of situation, the trees have “space” to grow up quickly.

The most significant differences in terms of dymamics occwred among sectors and not
among blocks (with exception to C, due to its particular history). A previous study (van den Berg &
Oliveira-Fitho 1999} showed that the variation of tree species distribution was more strongly related
to sectors than to blocks. This variation and the forest-grassland boundary were both associated
mainly to the decrease of soil humidity with distancing from the watercourse. Other authors
studying similar gradients have arrived at the same conclusion (Askew er ol 1990, Furley & Ratter
1990, Olivera-Fitho ef al 1990, Oliveira-Filho e @l 1994a, b, ¢, Oliveira-Filho er al 1997a).
However, for this study area. a large part of the non-explained data variance was attributed to the
stronger effect of light on the Border (van den Berg & Oliveira-Fitho 1999). A later study (van den
Berg & Santos - unpublished data) confirmed this supposition, demonstrating that the penetration of
light, through the forest edge at the boundary between forest and grassland, can contribute to the
radiation intensity in the understory up to 30-50 m from the green-wall, decreasing with increasing
soil humidity. The higher light intensity close to the green-wall has also been associated to a
specific species composition (MacDougall & Kellman 1992, Oliveira-Filho er al. 1994¢). The
present study demonstrated that areas close to the forest-grassland boundary are more dynamic than
internal forest areas. Boundaries of this nature arc considered “zones of ecological tension”
{Daubenmire 1968) and can change in both space and time (see Furley & Ratter 1990). At the study
arca, the grasslands close to the Border are burned periodically and fire can eventually reach the
very beginning of the forest edge, sometimes killing or damaging some mature and juvenile trees.
Guitherme (1999) also found that the dynamics (mortality and recruitment) in the forest sector close
to a forest edge were faster, associating them to the higher level of disturbance (floods in this case)
and higher hight intensities, Therefore, we suppose for the study area that the higher light intensity

in this area and its rclatively high rate of distarbance (due the periodic effect of the fire) led to a
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particular group of light-demanding tree species (see van den Berg & Oliveira-Fithe 1999) with

shorter life-spans, resulting in a very dyvnamic area,

Dynamics versus initial number of frees and initial basal area

It is possible that the negative relationship between changes in basal area and indtial basal
areas was related to the increase of competition among the plants. Several authors working with
different kinds of plants and situations have arrived at the conclusion that competition limits the
biomass increment in an area (see Condit ¢z al 1992, Niklas 1994).

Felfili (1995b) also found positive correlation between recruftment and density, but,
ditferently from the present study, mortality was also positively correlated with density. In terms of
cither density or biomass, mortality of trees with DGL = Sem seems 1o he independent from
competition. However, recruitment was affected by both factors, density and biomass, but in an
independent way, since we found no relationship between initial number of trees and iitial basal
area. The positive effect of the initial number on recruitment was linked to the Block C plots, that
suffered a disturbance in the past and are still increasing in number of trees, and to the Border plots
(AA, BB, DA, CA and CB), that were very dynamic (Table 1) and presented high recruitment rates
(see Figure 3A). The reduction of recruitment in the plots with larger initial basal area is probably
related to a more intense competition (see above), reducing the growth or increasing the mortality of
rees with DGL < Scm.  Anyway, if there are density/biomass dependent factors acting in this
community, their action seems to be affecting recruitment and not mortaiity. These factors also

seem to have been acting in the suppression of the basal area accretion.

Dynamics through out diameter classes
The greatest variation of diameter distribution occurred among sectors and not among
blocks. We attributed the fact of Block B having a differemt diameter distribution from the

community to the absence of gaps in this block (we could not identify a single conspicucus gap in
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this block during the whole fieldwork), therefore the paucity of light could lead to a lower number
of small trees. The mapping of light intensity (van den Berg & Santos — unpublished data) supports
this idea. In terms of sectors, the reduction in the abundance of small trees with distance from the
green-wall could be associated with the decrease of light intensities under the canopy (van den Berg
& Santos — unpublished data) or with the change of species composition following this gradient.
Light-demanding species that reproduce earlier and, characteristically, do not reach large sizes
(Denslow 1980) are concentrated in the Border (van den Berg & Oliveira-Filho 1999).

The comparison between initial and final vertical distribution showed that although there
were differences among blocks and, mainly, among sectors in terms of initial diameter distribution,
these differences had the tendency to be maintained. Another possibility is that the interval between
the surveys was too short to detect changes in these distributions, If the different diameter
distributions among blocks and sectors are being maintained, it means that they are possibly linked
to environmental differences existent among sectors and blocks. This effect wounld be stronger
following the gradient between the Streamside and the Border. The light and soil water contents
(van den Berg & Oliveira-Filho 1999) would be the main variables linked to these differences. On
the other hand, if the matter were a question of too short of an interval between the surveys, we
could suppose that changes (if they exist) are occurring at a slower pace. These two hypotheses are
not seif-excluding, since we can have real differences linked to the gradient and the interval could
have been too short to grasp small and slow changes in terms of vertical structure.

Our results showed that ingrowth+recruitment, outgrowth and mortality are not constant
through out the diameter classes. It was a very pervasive aspect in the community, since it occurred
for all blocks and sectors. The smallest and the middle size classes have quicker and slower
dynamics, respectively, than the whole community. These results were similar to Oliveira-Filho er
al. (1997b), FeHilli (1995b) and Appolinario (1999) that found higher mortality for small trees.
Although other studies in tropical forests (c.g. Carey er al. 1994, Licberman er al. 1985) presented

mortality independent from size classes, we attributed it to the higher minimum diameter that they



56

adopted (DBH=210 cm for both). Mortality tends to be constant for DRH>10 cm, but higher in the
lower size classes (Condit er al. 1995, Lang & Knight 1983, Licberman & Licherman 1987, Lugo &
Scatena 1996, Swaine et al. 1987). Supporting this idea, we observed constant mortality {as well
ingrowth+recruitment and outgrowth) when we eliminated our lower diameter class {5-% cm) from
the analysis,

In terms of ingrowth-+recruitment, we also found lower values for the 9-17 class sizes than
expected for the community as a whole. These numbers apparently are not being compensated by
lower outgrowth or mortality in the respective classes. This could be leading to a change in the
diameter distribution of the community not shown by the comparison between mitial and final
distribution (see above). Also, the differences for the classes that we found between
ingrowth+recruitment and outgrowth+mortality could indicate changes in the vertical structure of
the community that did not show up in the actual comparison between initial and final diameter
distribution. If these tendencies persist, this future community will have larger number of middle
and large sized trees than the present one. These changes in diameter distribution could be possibly
related to unknown historical events, specific to each block or sector. Another possibility is that
these tendencies are tramsitory, particularly related specifically to the moments when the
measurements were taken and will not affect the diameter distribution at all. Some authors have
found fluctuations in dynamic rates in communities linked to historical events such as strong
drought, hurricanes or climate change (Lugo & Scatena 1996, see also Swaine ef al. 1990, Condit er

al. 1992, Frangi & Lugo 1998).

Conclosion

The dynamic rates varied substantially in space, among plots, blocks and, mainly, among

sectors. There was also a large amount of the variation that was not explained, but the simple fact of

its existence 15 very important, since it shows that the attempt to characterize a forest by mean rates
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(i.e. mortality, recruitment, and mgrowth), like a unit, without considering s internal variation i
meaningless. High variation among plots is common in studies of dynamics in tropical forests {e.g.
Carey er al. 1994, Fefilli 1995b) being atiributed to stochastic factors, historical events and specific
environment conditions that affected the area and/or plots. Dealing with the dynamics of such
complex commpumities using mean rates, without considering their internal heterogeneity, overlocks
the most imporiant aspects related to the comprehension of their actual spatial and vertical structure,
as well as prevents serious predictions about their future, impairing studies directed toward
sustainable management of these wopical forests.

Un the other hand, the comprehension of the mechanisms behind this variation is gssential
in understanding the history and dynamics of these forests. The highly conspicuous differences
among the dynamic rates found following the Streamside-Middle-Border gradient show that water
soil content and light, affecting the tree species distribuiion, were probably the most important
abiotic factors acting in the forest structural dynamics. Among the biotic factors, competition
{mainly in terms of biomass) seems to be influencing the dynamics in a subdued level, affecting
recruttment and growth more than mortality.

These biotic and abiotic factors are affecting the community not only in its spatial
distribution, but also in its vertical structure, since there are obvious differences among blocks and,
mainly, sectors, i terms of size distribution and imter and intra-class rates of dynamics. Morcover,
historical events, like the disturbance that affected Block C, are also important (see Denslow 1987},
but, unfortunately, they are almost unknown due to their complexity in terms of space and time,

contributing 1o much of the non-explained variation of the data.
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Table 2 — Comparison between initial distribution of individuals by diameter classes (1993) and the
expected values (within parenthesis) in the studied gallery forest (21°21° § and 44°36°W) calculated
in two ways: (1) in relation 1o final distribution {1998) of ecach sitnation (community, blocks and
sectors} and (1) in relation to initial distribution of the whole community (general). v and level of
probability are at the bottom of the table. Significantly different values (P<0.03) arc in bold; values
followed by * are significant at P<0.05 and those followed by ** are significant at P<0.0L.

(enerat Block A Biock B Bixk C
Dhameier Indtial x Snal distribut. Initdalx Inidalx Initfalx Inddalx  Inigalx [nital x
classes general final general final general final
{em) distritan,  distribut, digtribagt. distribat, disuwibat. distribut
5.9 10654 230 230 1667 166 336 356
(1054.4) (23.5) (221.4) (210.0) (169.6) (326.1) (364.9)
9-17 879 168 168 145 149 200 200
{661.4) {154.3} {165.8) {133.3) {143.0) {210.5) {191.3)
17-33 331 74 74 PERS 93 88 88
(339.0) (75.2) (85.5) 66.0) 90.7) (102.4) (83.6)
33-65 77 is i3 10 i ig 19
{833 (7.5} {14.4) {153} {227y {23.8) (22.3%
$55-179 2 0 {} 4] 0 0 0
(4.9 0.5 (6.0 0.4 (LO) 0.6 (0.9
Total 2143 487 487 427 427 663 663
(2143) (487} (487} (4273 @27 663) (663)
2 2.85 2.43 1.93 22.98%* 1.97 6.85 2.26
P 0.7233 0.7877 0.8592 0.0003 0.8532 0.2322 0.8117
Block D Border Middle Streamside
Diameter Initialx  Initialx  Initdalx  Initial x  Initlalx Inidaix I;mddalx Inddal x
classes general final general final general final general final
{cm) distribut.  distribut,  disgribut.  distribut.  distribut. distribut. distribut. distribut.
5.9 302 302 403%* 405 439 439 259%* 210
(278.4) (295.5) (346.7) (405.2) (437.7) (438.6) (269.5} {207.1)
Q.17 162 162 216 210 271 271 198* 198
(179.3) (162.7) (223.4) (159.3) (282.0 (268.3) (173.6) {195.1)
17-33 76 76 85= 85 137 137 1994* 109
(87.4) (80.9) (108.9) (92.0 (137.5) {135.6) (84.6) (112.6)
33-65 24 24 Rk 5 42 42 30+ 30
(20.3) (24.0) (25.3) (8.5) G20 (44.5) (9.7 (31.2)
65-129 2 2 0 0 1 1 1 i
(0.5) (3.0 %)) 0.0 (C.8) (3.0 (0.5 2.0
Total 566 566 705 705 890 890 548 548
(566) (366) (705) (705) (890) (390} (548) (548)
f 903 0.77 32.81%* 2.58 3.61 1.49 29.44%% 0,75
P 0.0772 0.9789 0.0000 $.7637 0.6070 0.8137 0.0000 {4.9800
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Table 3 - Recruitment, mortality and inter-class import and export of irees (ingrowth and
outgrowth respectively) for the period of 1993-1998% i the studied gallery forest (21°21° § and
44°36°W). The figures correspond to the number of trees. Ingrowth and recruitment were combined
because recruitment refers basically 1o the ingrowth of trees in the first class moving from the lower
diameter classes not analyzed. Expected values are given within parentheses. The expected vahies
for the whole community (General} were estimated from average rates of the community (not
discriminated by classes); the expected values for the blocks and sectors were estimated from the
rates of the community by classes. ¥° and level of probability are at the bottom of the table.

Significantly different values (P<0.05) are in bold; values followed by * are significant at P<0.03
and those followed by ** are significant at P<0.01.

General Block A Block B Block
Diam. Ingr.+ Outg. Mortal. Ingr.+ Outg. Mortal Ingr. + Outg.  Mortal, Ingr. + COulg.  Moral
classes Recruit Recruit Recruit Recruit
{am)
59 237#F  g4Fw 2R+ 43 20 38 42 17 19 103 33 33
(1953) (7.7 (959) ($54) (196) (354) 472 (1e (30 (G5 (03 (329
917 G 46 54 20 12 i5 I8 1z g 34 i1 17
(125.8) (50.1) (61.8) (184) (96) (158 (19.1) (105 (102) (37.5 (148 (147
17-33 46* i5% igE 12 1 2 12 6 7 11 & 3
(613) (244 (0L (38 (D @7 (92 (G4 G0 (180 48 (43
>33 18 3 4 H 0 2 7 1 H 7 i G
(46 8 03 G4aH ©6 (1 (36 O 08 GO0 08 (LD
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Table 4 — Comparison of the recruliment + ingrowth with the expected values (within parenthesis)
calculated from mortality + outgrowth values by diameter classes in the period of 1993-1998 in the
studied gallery forest (21°217 8 and 44°36°W). The comparisons are presented for the comimunity
(General) and each block and sector. 3~ and level of probability are at the bottom of the table.
Significantly different values (P<0.05) are in bold; values followed by * are significant at P<0.03
and those foliowed by ** are significant at P<0.0L.
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Figure 1 — Map of the studied gallery forest (CM - Camargos Forest, 21°217 S and 44°36'W,
municipality of Itutinga, state of Minas Gerais, Brazil) showing the location of the blocks of plots
(A, B, C and D). The distribution of plots inside the forest is also shown (first character of plot’s
code corresponds fo the block’s denomination). The contour lines (vertical distances in meters from
the stream level) are shown close to the map’s frames.
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Figure 2 — Net change rates {transformed by arcsine, Sokal & Rohlf 1995) during the study (1993-
1998) for the studied gallery forest (21°21° § and 44°36°W). Changes in the number of individuals
(A and B) and basal area (C and D) in function of initial number of individuals (A and C) and imitial
basal area (B and D). The letters close to the points correspond to the plots’ names (Figure 1). The
linear regression equation, its coefficient of determination (R%), F test value and the significance
level are shown above each graph.
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Figure 3 — Recruitment (A and C) and mortality (B and D) rates (transformed by arcsine, Sokal &
Rohif 1995) i function of initial number of individuals (A and B) and initial basal arca {C and D)
during the study (1993-1998) for the studied gallery forest (21°21° 8§ and 44°36’W). The letters
close to the points correspond to the plots’ names (Figure 1). The linear regression equation, its
coefficient of determination (R?), F test value and the significance level are shown above each

graph.
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Figure 4 — Relationship between initial number of individuals and initial basal area for the studied
gallery forest (21°21” § and 44°36°W). The letters close to the points correspond to the plots’ names
{(Figure 1). The linear regression equation, its coefficient of determination {R%), F test value and the
significance level are shown above each graph.
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& Rohlf 1995) in function of initial basal area (A and B) and initial siumber of individuals (C and
D) during the study {1993-1998) for the studied gallery forest (21°21° § and 44°36"W). The letters
close to the points correspond to the plots’ names (Figure 1). The linear regression equation, iis
coefficient of determination (R, F test value and the significance level are shown above each
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!
Lok

CAPITULO I

Population dynamics of tree species of a gallery forest in southeastern Brazil
{Din&mica populacional de espécies arboreas de uma floresta de galeria no Sudeste do

Brasil)

RESUMO

Este capfiulo tem como objetivo avaliar a dindmica populacional das espécies
arboreas em uma floresta de galeria (7,55 ha), no municipio de Itutinga, Minas Gerais
{21°21° 5 € 44°36’W). Esta dindmica foi estudada através de 28 parcelas distribuidas em 4
blocos (A, B, C e D) ao longo da floresta. Em cada um dos blocos foram amostrados trés
setores, Borda (area onde esta se limita com o campo de altitude), Margem (area junto ao
corrego) e Meio (area intermedidria). Entre 1993 ¢ 1994 (durante o mestrado do autor),
mediu-se o diametro, identificou-se e etiquetou-se cada individuo encontrado nas parcelas
com didmetro a0 nivel do solo (DNS) > 5 cm, repetindo-se este levantamento em 1998,
Calcularam-se as taxas de mudanca em termos de niimero de individuos e drea basal o
recrutamento, a mortalidade, o acréscimo (quanto que aumentou a 4rea basal sem
considerar as perdas por mortalidade} e o decréscimo de 4rea basal (devido & mortalidade).
Também avaliaram-se as taxas de crescimento (em didmetro) das arvores em relacio ao seu
tamanho inicial.

Foi verificada que a grande variabilidade ambiental da floresta (analisada no
Capitulo I), principalmente em relacio s diferencas entre 0s setores da floresta em termos

de luz e umidade de solo, parece estar sendo importante para a manutencio na area de
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especies com reguerimentos ecolbgicos diferenciados, principalmente em relacfio a estas
variaveis ambientais. Em particular, a Borda, com sua maior disponibilidade de luz (ver
Capitulo I), aparentemente estd permitindo que espécies mais exigentes de hiz mantenham
SELIS NUMeros.

De uma forma geral as espécies mudaram pouco em termos de nimero de
individuos na area (apenas duas espécies com mais de 10 individuos amostrados na area
apresentaram taxa de mudanga superior a 0,05), ou seja, para a maioria das espécies a
mortalidade fo1 balanceada pela natalidade. No entanto, a maior parte das espécies mostrou
uma tendéncia a0 aumento da 4rea basal coerente com o ganho significativo em 4rea basal
da comunidade como um todo (ver Capitulo II). A estabilidade da densidade das especies
provavelmente estd ligada a auséneia de distirbios extensivos no passado (diversos
trabalhos tém mostrado que é comum encontrarem-se em Areas gue foram perturbadas
mudangas claras na composicio de espécies, com algumas aumentando e outras diminuindo
acentuadamente em abundincia). De uma forma geral, as pequenas mudangas que
ocorreram concentraram-se no Bloco C. Este foi o bloco mais dindmico na 4rea e, décadas
atras, sofreu um distarbio ligado a um incéndio de origem e data desconhecidas, mas que
deixou evidéncias na érea (presenca de carviio no solo).

O estudo das mudancas na estrutura horizontal e vertical das populacSes se
concentrou nas trés espécies dominantes na drea: Protium spruceanum, Copaifera
langsdorffii ¢ Pera glabrata. Destas trés, Protium spruceanum foi a espécie que apresentou
maiores variagies espaciais de suas taxas populacionais, principalmente devido as maiores
taxas de mudanca em densidade no bloco C, devido ao recrutamento mais elevado.
Também esta espeécie parece estar respondendo 4 maior heterogeneidade ambiental do setor

Borda (ver Capftulo I), desde que vérias de suas taxas foram significativamente mais
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varigveis neste setor. JA4 Copaifera langsdorffii apresentou tanto mortalidade como
recrutamento baixos. Em ambos os casos, as taxas nio responderam 2 variacgo espacial da
densidade da comunidade. Pera glabraia, por outro lado, apresentou taxas de mudanca, em
termos de numero de individuos, negativamente dependente da densidade da comunidade,
possivelmerte sendo afetada pela competicio interespecifica difusa ali existente.

Em termos de crescimento diamétrico das arvores, verificou-se que as iaxas
variaram extremamente de individuo para individuo. No entanto, de uma forma geral, as
especies estudadas (com mais de 50 individuos) possuiram trajetérias de crescimento gue se
adequaram aos trés modelos propostos na literatura: finear, exponencial e sigmoidal, As
espécies com modelo linear tenderam a apresentar taxas de crescimento constantes 2o longo
da vida. As espécies com crescimento exponencial tenderam a taxas de crescimento
progressivamente maiores com a idade. As espécies gue seguiram o modelo sigmoidal
apresentaram taxas de crescimento inicialmente pequenas, mas aumentando com a idade até

quando, proximo ao final da vida, as taxas novamente se reduziam.
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Abstract - (Population dynamics of tree species of a gallery forest in southeastern Brazil) The dynamics
of mree species was investigated in 2 gallery forest (7.55 ha, 21°21°S and 44°36° W, altitude 920 m) located
in the municipality of Imtinga, in the State of Minas Gerais, SE Brazil. Two surveys (4.42 y1 imterval) of
the tree community (DGL ~ diameter at the ground level - = Sem) were conducted in 28 plots (10 x 30 m).
Mortality and recruitment were analyzed for species with 10 or more individuals and for rarer species
pooled in groups. Changes in the vertical and spatial structure and growth trajectories were analyzed for
the more abundant species. Most species changed little in comparison 1o species of other forests that
suffered disturbance in the past, but the dynamics of Protium spruceanum {one of the dominant species)
were affected by a past disturbance that occurred in a restricted area. Most species changed little in terms
of density, although there was a general tendency for an increase in basal area. The detailed study of
vertical and spatial dynamics of the dominant species resulted in a clearer comprehension of their
ccological requirements and restrictions. Growth was extremely variable among species and among
individual trees of the same species. This was linked to the high variability of the environment (mainly in

terms of light). Different patterns of growth trajectories were found.



78

Introduction

The ecological mmportance of riparian forests (including gallery forests) in terms of biodiversity, water and
soll conservation and management, justifies their legal designation as areas of permanent preservation
{(Law 4771, September 15™ 1965 — Brazilian Forest Code).  In Brazil, these facts led to several recent
multidisciplinary studies oriented towards the conservation, management and restoration of riparian
forests (e.g. a project between the Electrical Company of Minas Gerais, CEMIG, and the Federal
University of Lavras, UFLA, initiated in the early 1990°s; Oliveira-Filho er ol 18973, Carvalho ¢f al
2000). Brazil has a very extensive net of watercourses, leading to a historical dependence on hydroelectric
power gemeration. This resulfed in the comstruction of large reservoirs that have particular impact on
riparian forests. Consequently, there is an increasing demand for technology that facilitates the
cstablishment of marginal forests, composed of native species, surrounding these lakes. These forests,
beyond their positive impact on the restoration of ecological relationships, can contribute to reduce
sediment deposition from the surrounding lands, improve water quality and directly affect the lifetime of
these expensive power generation stations (Carvalho et al. 2000). Therefore, the lack of knowledge related
to the ecology of tree species has become a bottleneck for establishing successful strategies linked to these
amms.

In the last years, although several authors have published studies on the structure of the Brazilian
riparian forests, mainly in the Southeastern region (Rodrigues & Nave 2600), published studies analyzing
their dynamics at the level of communities or populations are still rare (see Bertani, ef ol 2001, Felfili
1993a, b). There are other studies still unpublished, like those of Appolinario (1999} and Guilherme
(1999), carried out in the same region as the present study. These last studies were carried out in
communities that suffered natural or anthropogenic disturbance and were undergoing a great deal of
changes. Similar studies in well-conserved forests are especially rare, but very desirable for understanding

natural forest dynarmics.
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The study arca is one of the pallery forests that surround the small watercourses in an exiensive
region of grasslands near the Mantiqueira Mountain Ridge. These forests are important to protect
innumerons springs and are being threatensd by non-comtrolled tourism and growmg agriculiural
occupation. Ancther recent threat is the predatory exploration of ‘candeia’ (Vamillosmopsis erythropapa,
Asteraceae), Tor extraction of essential oil. Since we had done a previous survey in this area of the forest
stracture and its environment (1993-1994) (van den Berg & Oliveira-Filho 1999}, in the present study our
objective was 10 analyze the dynamics and growth of tree populations. We assume that the population
dynamics, like the trec community dynamics (van den Rerg & Santos — unpublished data), are probably
mainly associated with the topographic gradient existent from the streamside area to the ares close fo

Limits with the surrounding grassland (van den Berg & Otliveira-Filho 1999).

Study area

The area is a riparian forest that can be characterized as a gallery forest {following the system of IBGE 1993), since
it foliows a small watercourse and has sharp boundaries with savanna vegetation. It has an area of 7.55 ha and is
located in the municipality of Ttutinga, Minas Gerais state, Brazil, at an altitade of 920 m and coordinates of 21°21° §
and 44°36"W. It follows the course of a narrow stream tributary of the Camargos Reservoir, buili by the Electric
Company of Minas Gerais (CEMIG) on the Rio Grande (Figure 1). During the wet season {summer), no parts of the
forest suffer floods or have their soil saturated by water table elevation. The forest has sharply defined boundaries
with the adjacent montane grasslands which cover most of the Reservoir’s region, These grasslands are periodically
burned to improve their quality as pasture, but fires normally cease at the abrupt limit with the gallery forests, The
studied forest has apparently not suffered extensive disturbance along the years, showing no signs of selective
logging; probably, because humans only sparsely inhabit the region. The worst damage refers 1o the usage of the
forest by cattle which seek it for shade and water, leaving paths along which the lower vegetation has been damaged
(this damage ceased 1 year after the first survey), and a past disturbance decades old in the area of one of the

sampled blocks.
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The climate was classified as Cwh of Kdppen, with wet summers and dry winmters. Data from the
Meteorological Station of Lavras (21°13°40°°8, 44°57°50"°W, 918 m of altitude) obtained between 1960 and 1992
show an annual mean temperature of 19.6°C, with monthly means varying between 16.0°C, in June, and 21.8°C, in
February; an annual mean rainfall of 1517.0 mm concentrated (93% of total) from October to March; the monthly
mean rainfalls vary from 19.2 mm (July) 10 293.3 mm (January) (van den Berg & Uliveira-Filho 1999),

The soils of the area were classified as Dystric Cambisol, on steeper slopes (Blocks A, B and C in Figare 1)
and Plinthic Ferralsol, in flatter areas (Block Oy FAG-UNESCO 1994). The predominant parent material is the

mica-siate,

Methods

Survey of the pilant commumity
Between February 1993 and May 1994, we inventoried the tree community by establishing 28 plots of 10 x 30 m
along the topographic gradient from the area close to the water course to the area close to the boundaries of the
forest, Following this gradient, we defined three sectors: Streamside (close to the stream), Middle (intermediate area)
and Border (area close 1o the limits with the grassiand), hereafier referred to as SMB gradient. We arranged the plots
into four blocks, A, B, C and D (Fig. 1), in order to evaluate inter-site variations. The rectangular plots were laid out
within blocks with their longer side perpendicular to the SMB gradient in order 1o reduce intra-plot heterogeneity in
relation to the main gradient as well as to reduce the internal noise caused by uncontrolled variables {Causton 1988).
Every individual with DGL {diameter at ground level) > 5 cm was recorded, following the same criteria of
other forest surveys carried out in the Upper Rio Grande Region (Oliveira-Fitho et al. 1994 2 b, ¢, 19973}, the same
of the present study, making further comparisons possible. The identification of individuals was based on a former
floristic survey (van den Berg & Oliveira-Filho 2000). Their circumference at ground level was measured and their

total beight estimated.
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Study of dynamics
The imventory was repeated between February 1998 and April 1998. We calculated rates net change rates of the

species in terms of number of trees and basal area, mortality and recruitment (oumber of tregs), accretion and decay

of basal area. To calculate these rates we used the exponential model:

r=A-1 amd A=(N/N,}"

where N is the number of trees or basal area at the first (N,) and the second survey (M) and 1t is the elapsed time in
years (4.42 yr for the present study). A is the usual way to represent population dynamic rates for the exponential
model and varies arcund the unit (1) (Watkinson 1997). In terms of net change rate, A=1 corresponds (o ne change at
all. On the other hand, in studies of forest dynamics (Korning & Balsiev 1994, Sheil ef ol 1995) the authors have
frequently preferred to adopt the value 0 to the situation of no change, that is 1o say, r=i-1.

We made these calculations individually for afl species with 10 or more individuals in the first survey and
for the rarer species pooled into two groups: species with 3-9 individuals and species with 1-2 individuals. We
compared the observed values in terms of survivors, dead individuals and recruits to the observed values of the
whole community with a y* test (Zar 1984).

For the species with 50 or more individuals in the first survey (10 species), we studied the distribution of
recruits, dead individuals, ingrowth and outgrowth by diameter classes. We adopted the same class distribution used
by Oliveira-Filho ef al. (2001): 5 to <9cm, 9 to <17cm, 17 10 <33cm, 33 to <65cm, 65 to <129 cm. We compared the
observed values of recruits+ingrowth, dead individualstoutgrowth and dead individuals of each species to the
community’s values, using the y° test (Zar 1984).

For the three most abundant species in study area (Protium sprucearum, Copaifera lamgsdorffii and Pera
glabrata), we investigated how the dynamics spatially varied in the forest. To this end, we compared the dynamic
rates for different areas of the forest (blocks) and in relation to the topographic gradient {(SMB). In these
comparisons, we included onty piots with 5 or more individuals of the species, since plots with too few individuals
that suffer any kind of change (mortality or recruitment) tend to show extremely high rates and confound the
analysis. We analyzed the mean values with non-parametric analysis of variance (Kruskal-Wallis test). We
investigated differences in terms of variability of the rates among blocks and among sectors using the Levene’s test

and Bartlett’s test for homogeneity of variances. Because of the limitations of most tests for homogeneity (Sokal &



Rohlf 1995), we only interpreted differences in terms of variances if both tests were significant at P<0.035. For these
three species, we also tested the relationships between the rates of dynamics versus the total (all species together)
density {number of rees/ploty and otal dominance (basal area/plot). We used linear regression and ANOVA for

these analyzes, affer arcsine transformation of the data {Sokal & Rohif 169353,

Stidy of growth

We adopied the procedure of Condit ef af {1993a) 1o estimate the curves of growth rates and the trajectories of
growth for the 10 species with 50 or more individuals in the firgt survey. We restricted these analyzes to the more
abundant species looking for better regression fitness (Condit o7 of, 1993a). We estimated the curves of mean growth

rate by using a quadratic function of logarithm of DGL as following;

g=LN{DGL, | DGL, )t
where g is mean growth rate, LN is the neperian logarithm, DGL, and DGL, are diameter at ground level in the frst
and the second survey, respectively, and ¢ is the elapsed time in years. We adjusted a quadratic function relating
mean growth {g) and neperian logarithm of DGL, (L):

g=al’ +bL+c¢
where &, b and ¢ are the regression parameters,

We also estimated the growth irajectories (DGL x time) for mean growth, using the differential equations,

presented by Condit et al (1993a). These eguations are based on the regression parameters (a, b and ¢) of mean

growth rate (g).
Conditions Equations
b4’ < c/a K =cia-b74d 1= (l/ak) arcian J(T + E2a)k] -+ m
bida > c/a a>0 K =b/Md -cla  t=(1/2ak) Inf(L + B/2a - B/L + b/2a + k] +m
P > cla a<0 F =b5/4d «cla 1 =-(1/2ak) In[(L + b/2a + Ky/(-L - B2a + )] +m

where, L is the neperian logarithm of DGL, and m is the integration constant that nulls the growth at t =0,
We calculated the mean growth for species (those with 50 individuals or more in the first survey) afier

arcsine transformation of the growth rate data (Soka! & Rohlf 1995).
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Species dynamics

Dvnamics for species grouped by abundance

During the interval between the two surveys, five new species appeared in the plots, Myrceugenia
miersiana, Styrax camporum, Strychnos brasiliensis, Nectandra megapotamica and Ocotea velloziona and
four disappeared, Myroxylon peruiferon, Myrsine coriacea, Alsophila sternbergii and Randia nitida. Al
these species bad one or two individuals.

Among the 20 species with 30 individuals or more in the first survey, 10 were similar and other 10
were different from the community in terms of the proportion of live trees, dead trees and recruits (Table
1). Among the 21 species with 10-29 trees in the first survey (21 species), 17 were similar and only four
differed from the community in terms of the proportion of live individuals, dead individuals and recruits
{Table 1). Among the groups of pooled species only the one with 3-9 individuals was similar fo the
COMMUNILY.

Among the species with 30 or more trees, 14 had positive, two had null and only four had negative
net change (Fig. 2a), resulting in a slight positive net change when these species were pooled. In the
second group (10-29 trees), 11 species had negative, four had null and only six had a positive net change,
resulting in little negative net change for the whole set. The 3-9 individuals group had a recruitment rate
almost equal to the mortality rate. The 1-2 individuals group showed the largest rates of recruitment and
mortality and the largest positive net change among the groups.

In terms of basal area (Fig. 2b), all species groups except the 1-2 individuals group, had clear
positive net change. Even some species, with negative net change in terms of individuals showed positive
gain in terms of basal area. Most species with null net change in terms of individuals showed positive gain

in terms of basal area (except Guazuma wimifolia), and most species that already had positive net change
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in terms of number of trees had even larger net change in terms of basal area (except Myrsine wmbeliata).
The negative net change in terms of basal area but positive net change in terms of individuals of the 1-2
mdividuals group occurred because, although this group presented an increase i the number of
individuals (all of them small trees), mortality was concentrated among the larger trees, that represent the

greater part of the biomass, resulting in a net loss of basal area.

Dhynamics by size classes

The initial size distribution of trees (in diameter) did not differ between surveys for all 10 species with 50
or more trees (data not shown). Among these 10 species, only Copaifera lomgsdorffii, Protium
spruceanum and Pera glabrata had the distribution of recruits-+ingrowth, dead tregs+outgrowth and dead
trees by diameter class different fom the community (Table 2). The fact that the initial distribution of
individuals by classes and the proportion of recruits, ingrowth/outgrowth and dead trees of most species
were very similar to the community’s indicates that the species composition of vertical forest layers is
fairly stable. The differences found for Copaifera langsdorffii in terms of recruits+ingrowth and dead trees
could be meaningless, a statistical effect related to its few recruits and dead trees (as well as low ngrowth
and outgrowth), where one tree can affect the distribution entirely. Protium spruceanum differed from the
community in relation to recruits+ingrowth, dead trees+outgrowth and dead trees, mainly because of its
lower figures in the smallest class (5-<9 cm) and higher ones in the larger classes (> 33 cm). Pera
glabrara also had fewer recruits than expected from the community’s values in the smallest class and

more ingrowth in the 33-<65 cm class.

Spatial dynamics for Protium spruceanum, Copaifera langsdorffii and Pera glabrata

The number of trees net change rate for Protium spruceanum differed among blocks (A, B, C and D)
Block C had the highest value (0.032) and Block A had the lowest (-0.018) (Table 3). Block C also had
the highest variance for this rate {0.00375). Block A was the only block with net change rate statisticaily

different from G. Number of trees net change rate was similar among the sectors (Border, Middle and
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Streamside), but the Border had the highest vatiance value (0.00783). Among the blocks (A, B, C and D),
only Block C had recruitment (0.040), resulting also in the highest variance of this rate (3.00327), The
recruitment was similar among the sectors (Border, Middle and Stramside), but Border had the largest
variance. Mortality means and variances were similar among the blocks and among the sectors.

The basal arca net change rate for Protium spruceamum in all plots pooled together (General) was
significantly positive (0.033) (Table 3). This rate was also different among the blocks (A B, Cand D).
Again, Block C had the highest value (0.059), followed by Block D (0.042). Block A showed the lowest
value (0.005). Blocks C and D showed basal area net change significantly positive. Basal area net change
was similar among sectors {Border, Middle and Streamside), but the Border showed the highest variance
{0.00307). The Middle had a basal area net change significantly positive (0.026). The basal area accretion
rate was also different among blocks (A, B, C and D), Block C had the largest value (0.065), followed by
Block D (0.042). The sectors (Border, Middle and Streamside) had similar means of basal area accretion,
but the Border had a higher variance (0.00244). For basal area decay, the only significant difference
among blocks or among sectors, was a higher variance in the Streamside sector (0.00059),

Yor Copaifera langsdorffii, blocks (A, B, C and D) and sectors (Border, Middle and Streamside)
showed similar means and variances for all rates in terms of number of trees (net change, recruitment and
mortality). Besides. the net change rate was statistically null for all situations (general, blocks and SECTors)
(Table 3).

The means and variances of basal area rates of Copaifera langsdorffii (net change, accretion and
decay) were similar among blocks (A, B, C and D) (Table 3). The basal area net change was positive for
General (0.017), Blocks B (6.018), C (0.0283) and D (0.025) and mull for Block A. The basal area net
change was similar among sectors (Border, Middle and Streamside). The Border (0.034) and Streamside
{0.016) had net change statistically different from 0. The basal area accretion rate was different among
sectors; the Border had the highest value (0.037). The variances for all basal area rates (net change,

accretion and decay) were similar among sectors.



All rates of Pera globrata in terms of number of ees (net change, recruitment and mortality)
were smmiler among blocks (A, B, C and D). Among sectors {Border, Middle and Streamside}, only the net
change rate was different; the Border with the highest value {0.610) and the Middle with the lowest (-
0.013) (Streamside was excluded from the comparisons because it included to only one plot with five
individuals or more). No situation (General, Blocks or Sectors) showed net change in terms of number of
trees statisticatly different from G

All blocks (A, B, C and D) and sectors (Border, Middie and Streamside) were similar among
themselves in relation to the means and variances of all basal area rates (net change, accretion and decay).
The basal area net change was statistically different from 0 only for all plots pooled together

{General=0.019) and for the Middle (0.017).

Dynamics versus density/basal area

Most of the correlations between initial density/basal area and rates of net change, recruitment, mortality
and basal arca accretion and decay for the three dominant species (Copaifera langsdorffii, Pera glabrata
and Protium spruceanum) analyzed were not statistically significant, Recruitment (b=0.200; R*=0.272)
and (Fig 3A) number of individuals net change rate (b=0.193; R™=0.176) (Fig. 3B) of Protium
spruceanum were positively correlated to the total (all species together) number of trees per plot. Perg
glabrata showed a significant negative correlation (b=-6.655; R*=0.248) between number of individuals

net change rate and total basal area (all species together) (Fig. 3C).

Species diameter growth

Among those 10 species analyzed individually, Vochysia tucanorum showed the largest mean relative
diameter growth (0.0178) (Table 43,
No species among the 10 had equations of mean growth x DGL (diameter at ground level) with

coefficient of determination (RY) larger than 0.10 (Table 4). For Ocotea odorifera, R* was as low as 0.016.
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Only four species (Jxora warmingii, Protium spruceanum, Myrsine umbellata e Pera glabraia) had
significant equations (ANOVA; p<0.05). This means that, for these species, the mean growth rate varies
with the size {diameter) of the individuals,

We found the highest maximum estimated age for Copaifera langsdorffii (2953 vyr). The
maximum age at mean growth of Trichilia emarginata was also long; 262.6 yr. We found the shortest
maximum ages for Myrsine umbellata (78.8 yr) and Vochysia tucanorum (91.5 YTl

The DGL trajectory curves varied from exponential (Fig. 4 A) to sigmoid, with straight lines in

between (Fig. 4B).

Discussion

Species dynamics

Dymamics for the species grouped by their abundance

The values of net change, in terms of numbers, were relatively low, since only one specics among those
with 30 trees or more, and only one {(corresponding to 2.4% of species) among species with 10-29
individuals had net change superior to ¢.05. In other words, it means that most of the abundant species are
changing very little in the area.  Appolinario (1999), working in a forest that suffered extensive
disturbance in the past (sample area = 0.54 ha; i the same region of the present study), found five species
(11.36% of species) with 10 or more individuals (2 species, 14.3%, with 30 or more) that had net change
superior to 5%. Chagas (2000), working in another forest that also suffered past disturbance {sample area
= 5.04 ha; in the same region of the present study), found eight species (16.0%) with 10 or more trecs (6
species, 18.7%, with 30 or more) with net change saperior to this value. Also, a deciduous forest in central
Brazi! recently disturbed by human activities presented large changes for some tree populations {Werneck
et al. 2000). On the other hand, Bertani ef al. (2001) found little change in terms of species abundance for

a well-preserved riparian forest in southeastern Brazil. Areas that have suffered extensive disturbance tend



1o change more in terms of species composition and abundance than well-preserved areas. This results
from differences among species in terms of growth strategies and how these strategies operate during the
succession process (Swaine ef ol 1987b). Therefore, a possible explanation for the reduced net change
rates, which we found for the species in the present study, is the low disturbance level in the area.

The Border sector showed the highest light infensities (van den Berg & Santos — unpublished
data), therefore we supposed that it creates a unique opportunity, bevond gaps, allowing light-demanding
species 10 keep their numbers in the area. Some of the species with > 10 individuals (Myrsine umbeliata,
Myrcia rostrata, Dendropanax cuneatum, Tapivira guianensis, Vochysia tucanorum, Myreia venulosa and
Vernonia diffusa) are clearly more common in the Border sector (van den Berg & Oliveira-Filho 1999 and
unpublished data), probably because they are not able to establish themselves under poor lght conditions.
Observing other forest fragments in the same region as the present study, we rarely found trees of these
species deep Inside the forests and, in addition to this, other authors {Oliveira-Filho et al.1994b, d,
Oliveira-Filho 1997a) also considered them as “light demanding species”. Therefore, it is possible that the
Border works like a long gap that never closes completely (van den Berg & Santos ~ unpublished data),
favoring species that demand higher levels of light intensity. Also, the presence of the surrounding
grassiand next 10 the Border implies in long time co-existence with the effects of fire (see Furley er al
1992). Fire disturbance could also have improved the light conditions in the Border, contributing to
maintain these species there.

The species dynamics in the Border sector was much more stable than the dynamics of recent
borders created by forest fragmentation. In recent borders, the species always tend to change a lot (see
Oliveira-Fitho er al. 1997b, Laurence er 2/ 1998) because of the sudden changes in the environment
conditions. In contrast to this, in the present study, several common species that occurred preferentially in
the Border (van den Berg & Oliveira-Fitho 1999 and unpublished data) present population rates very
similar to the rest of the community (4dlibertia macrophylla, Clethra scabra, Myrcia verulosa, Perg
glabrata, Protium widgrenil, Tapirira guianensis, Vernonia diffusa and Vochysia tucanorum) or, if they

had 2 higher morality, they also had higher recruitment (Myrcia rosirata, Myrsine umbellata and
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Dendropanax cunearum). Generally, the natural boundaries between gallery forest and savanna vegetation
are a long-established condition resulting from differential environment conditions {soil, water table,
superficial soil water content and fire) (Furley 1992; van den Berg & Oliveira-Filho 1999), We suppose
that this long-established border leads to a specific type of vegetation composed of species adapted to
particular conditions (high light intensity, fire disturbance) that are able to keep their number through the
halance between recruitment and mortality,

Because it was impossible to analyze cach species of the less common groups (3-9 and 1-2 trees)
individually, we are not certain what was going on in these groups. The group of the rargst species (1-2
trees) is certainly very dynamic, showing verv high recruitment and mortality rates. Because of the low
abundance of species, and since during the study all five new species that appeared and all four that
disappeared belonged here, this was also the group that changed more In terms of floristic composition. In
a rain forest in Malaysian Borneo, Primack & Hall (1992) also found the group of the rarest species more
dynarnic than the more abundant group, implying in more difficulties for #ts conservation.

Although most groups, except for the rarest specics, were very stable considering the number of
trees, in terms of basal area, most of them showed a positive gain. The biomass increase (because of
ndividual growth and not recruitment), already shown by the whole community (van den Berg & Santos -
unpublished data), also seems to be occurring to each species in particular, mainly to the more common
ones. Again, the group of the rarest species distinguishes itself from the others, being the only one where
the basal area decreased. This group increased in abundance, but lost biomass. We were not able 1o

explain this distinct behavior.

Dynamics per size classes

No species with 50 or more individuals changed significantly in terms of size structure (distribution by
size class) during the study. The size structure of the whole community didn’t change either {van den Berg
& Santos — unpublished data). Only Copaifera langsdorffii, Protium spruceanum and Pera glabrata,

among these species, differed from the community In terms of distribution of recruits, dead trees, ingrowth



and outgrowth by diameter classes. Therefore, the species composition of the community per size classes
seems to be very stable, at least for these more abundant specics. We link this to the absence of extensive
disturbance. Extensive disturbance frequently leads to quick changes in the species composition of forest
vertical structure {Crow 1980, Swaine er of. 1994, Werneck o7 ol 20003,

The three species indicated above are also the dominant species in the arga (van den Berg &
Oliveira-Filho 1999). The significant differences n terms of size classes found for Copaifera langsdorffii
are probably a statistical effect, related to i#ts low numbers of recruits and dead trees per classes.
Consequently these differences are ecologically meaningless. On the other hand, Copaifera langsdorffii
dynamics are consistently slower than the community as a whole, since this species showed less recruits
and dead trees than expected.  Appolinario (1999) and Chagas (2000}, working in the same region, also
found that this species had low recruitment and mortality rates. Copaifera fangsdorffii was also the species
with the longest estimated life-span (see Table 4). Long-lived species seem to have lower recruitment and
mortality rates (Licberman et al 19835a, Koming & Balslev 1994). Copaifera langsdorffii is also among the
species with the largest individuals in the present study area (van den Berg & QOliveira-Filho 1999} and
emnergent {and large} species tend to have lower mortality rates than smaller species (Clark & Clark 1992).

If the rates of recruitment, mortality, ingrowth and outgrowth of Protium spruceanum are
maintained during the years, we could say that the smaller (and probably younger) trees of Protium
spruceanum (5-<8 cm) will die, recruit and move to the superior classes at slower rates than expected
from the community values. However, for of the larger {probably older} trees, mainly 17-<33 em (for
recruitstingrowth also 33-<65 class), the opposite occurs. Also, Profium spruceanum had less dead trees
than the community and this lower mortality rate is clearly concentrated in the smallest class (3-<9 ¢my).
The low mortality of small plants of Protium spruceanum indicates tolerance to poor light conditions.
However, the low rates of outgrowth in the smaller classes and higher rates in the larger ones indicate that
poor light conditions can also slow down the growth of young individuals of Protium spruceanum. The

high rates of ingrowth, but also high mortality, in the larger classes indicate increasing growth rates with




size increment (the growth frajectory supports this), but also the tendency of these trees to die at larger
SiZes.

The lower number of recruits of Pera glabrata m the smallest class (5-<9 cmj, but not a
compensatory significant lower number of dead trees, points fo changes in its diameter distribution that
still have not shown up (if the actual rates of dynamics were maintained). On the other hand, several
previous studies have shown that rates of mortality and recruitment for species or communitics can vary a
iot during the years (Carey ef al. 1994, Clark & Clark 1992, Condit ef ol 1992, Condit er /. 1995, Felfili
1993a, Manokaran & Kochummen 1987, Swaine ef o/ 19874, b), so we have to be cautious about these

interpretations and other surveys would be necessary to confirm, or not, these resulis.

Spatial dynamics
The three dominant species changed little in terms of abundance (number), but increased in terms of basal
area. This tendency toward no change in terms of density, but basal area gain, has already been shown for
the whole community {van den Berg & Santos — unpublished data} and clearly reflects in the dynamics of
most common species {10 or more trees) (see above).

Comparing the blocks (A, B, C and D) among themselves, C was the block with the largest net
change in terms of number of trees and basal area of Protium spruceanum. This larger net change was a
reflection of higher recruitment and not 2 lower mortality rate (similar among blocks). Because Block C
had the highest total density (ali species together; van den Berg & Oliveira-Filho 1999), we also found
that Protium spruceanum tended to recruit more (reflecting on the net change) in the areas where the
community was denser (sec Figs. 3A and 3B). The dynamics of the other two dominant species
(Copaifera langsdorffii and Pera glabrata) were homogencous among the blocks. Because of their
abundance, the analysis of the dominant species is frequently used as a tool to evaluate disturbances.
Frequently, common species show strong changes in terms of abundance in the disturbed patches (sec
Basnet 1992, Primack & Hall 1992). Protium spruceanum seems 1o still be responding to the effects of the

old disturbance in Block C, improving its regeneration. Disturbances in tropical forests can affect the



species dypamics for decades, maybe centuries (sez Oliveira-Filho e7 ol 1997b, Swaine ef al. 1990), On
the other hand, the dynamics of the other two dominant species had possibly responded to the disturbance
when # was more recent, as most species do (Lugo & Scatens 1996), but now their rates are similar 16
those of non-disturbed sectors, indicating that the old disturbance effects are presently less conspicuous.

The Border was the sector with the largest variation for the dynamics of Frotium spruceanum.
This species had larger variance in this sector in terms of net change of individuals, recruitment and basal
area net change, accretion and decay. Probably becaunse of this large variance, the Border did not show a
statistically significant positive gain and we did not find significant differences among the sectors in terms
of the rates related to the number of individuals or basal area. This large variance is probably related to
the fact of this sector being located in the part of the forest close to the boundaries with the surrounding
grassland. Because of this, the resources are distributed in a patchy way, leading to high variation @n terms
of opportunities for growth and recruitment (see Furley & Ratter 1990), and possibly increasing the
variance of the dyvnamic rates of Protium spruceanum.

There are some clues that indicate a possible advance of the forest over the grassland. For
example, we have, 10 or 15 m inside the forest, several large relict trees of Vochysia tucanorum (typical of
the most external Border habitat) (personal observation). These trees have trunks that are so tilted, that
they are practically parallel to the ground, emerging through the forest edge next to the grassland. It is
very possible that the growth, in length, of these trees followed the expansion of the forest over the
grassland. The higher recruitment, the positive gain in terms of basal area linked to a higher accretion of
basal area of Copaifera langsdorffii and the higher net change in terms of individuals of Pera glabraia in
the Border agrees with this hypothesis. Other authors have discussed the present-day forest advance over

the “cerrado” in Central Brazil (Furley & Ratter 1990, Furley 1992, Ratter 1992).




Dvnamics versus density/basal aren

Although both species, Protfium spruceanum and Pera glabrata, were affected in some way by density or
basal arca of the community, the dvnamics of Copaifera langsdorffii seem to be relatively independent
from these factors. Oliveira-Filho er ol (1996) found the distribution of juveniles of this species o be
relatively independent from the distribution of adults. Leite & Salomo (1992} found similar results for
another riparian forest and verified that berbivore and pathogen attack apparently were not density
dependent for this species. These same authors found the disiribution of scedlings and saplings o be
strongly associated to higher light intensity than to the presence of the adult trees (possible paremtal trees).
Our results alse indicate that the recruttment and/or mortality rate of Copaifera langsdorffii seems to be
independent from the density. Possibly, other factors not measured in the present study {gaps, fallen
branches, herbivore and non density dependent pathogen attack) are acting in a stochastic way, leading 1o
rates that are independent from the density or basal area of the community. Some authors have shown that
these factors are important elements for mortality (van der Meer & Bongers 1996, Nascimento & Proctor
1997, see also Clark & Clark 1992 about negative height growth). The positive relationship between
density and recruitment rates found for Protium spruceanum have already been shown for the whole
community {van den Berg & Santos — unpublished data) and for another riparian forest in the Federal
District (Felfili 1995a, b). For the present study area, we linked this phenomenon to specific attributes of
the plots in Block C and in the Border. Block C would be still increasing in terms of density after the
disturbance cited above (van den Berg & Santos —~ unpublished data). In this sense, Protium spruceanum,
the most common species in the study area, seems to be contributing to this increase, particularly in plot
CA. Some studies have shown that most species, cven the shade-tolerant ones, are favored by the
improvement of light caused by disturbances (Clark er al 1993, Denslow 1980, Hartshom 1980,
Lieberman & Lieberman 1987). As for the community as a whole (van den Berg & Santos — unpublished
data), we found that density is basically related to the increase or decrease of the recruitment rates of
Protium spruceanum and not to its mortality rates. Some studies have shown that mortality s an

essentially random event, being independent from the density or biomass (Carey er al. 1994). On the ohter



hand, it is possible that mortality responds to the density among trees of the smaller size that we sampled,
since mortality is frequently more intense among small trees (Clark & Clark 1992, Korning & Balslev
16994, Licberman ef o/ 1985b, Nascimento & Proctor 1997) due fo their higher density and ageregated
distribution {under progenitors). The competition is also highly asymunetric, not favoring the smaller
individuals {Hutchings 1997).

The net change rate of Fera glabrata was mversely related to the total basal area in the plots,
indicating effects of competition, where higher biomass in the plots would be inhibiting the increase of
abundance. Some authors have found evidence of the negative relationship between biomass and
recruitment also relating this to the competition process (Henrigues & Souza 1989, Oliveira-Fitho e7 @l

1996). We found this pattern for the community as a whole {van den Berg & Santos — unpublished data).

Species growth

All species showed very high variation in terms of individual tree growth (reflecting in low R® for the
growth eguations}. Some other authors have found large variation for growth rates (see Swaine er ol
19874, b, Clark & Clark 1992, Korning & Balslev 1994, Fefili 1993a). This decreases the accuracy of the
regression equafions and growth trajectories. To some degree, this high variability in terms of individual
tree growth is probably related to genetic diversity (Hutchings 1997). Despite this, a possible high spatial
and temporal environment heterogeneity (mainly in terms of light) at the scale of individuals could be an
important factor leading to different growth opportunities in terms of space and time (Licberman &
Licberman 1987, Swaine ef al. 1987b, Condit er al. 1993b, Korning & Balslev 1994). Unfortunately, our
environmental data {including light) {van den Berg & Santos — unpublished data} did not attain to this fine
scale. Because most plants cannot move, they are very plastic organisms (Harper & White 1974, Niklas
1994}, responding strongly to environmental changes. It has been shown that growth varies a lof among
sites, but also for the same plant dunng its Bfe tume (Denslow 1987, Koming & Balslev 1994, Felfili

19933}, For the species that had significant growth x size equations, this life time variation is mostly likely




hnked to the tree size In some predictable way. Looking at the growth trajectories, we were not able to
identify a pattern that fits to the four species that showed these significant eguations for mean growth
(ixora warmingii, Protium spruceanum, Myrsine umbellata and Pera glabraia). Pera globrata, M.
umbellata and, maybe, I warmingii tended to have a sigmoid trajectory, growing more quickly at
mtermediate sizes, but having lower growth rates when they were small or close 10 the maximum size. On
the other hand, the growth of Profium spruceanum was accelerated from the beginning to the final size,
showing an exponential tfrajectory. Despite other species not having presented significant regressions for
growth, they roughly fit to three trajectory forms: the sigmoid, the exponential and the linear.

Species with a linear trajectory would have constant growth and be relatively independent from
the environmental change {mainly light) experienced by the plant during #s height growth. They would
probably grow from birth 1o death in the same rhythm.  The plants with sigmoid or exponential growth
would undergo slow growth when they were small. If the light tmproves, due to 2 gap or the seedling
height increase, growth accelerates (Clark ef @/ 1993, Condit er al. 19934, b). The late flattening of the
sigmoid curve could be explained by the senescence of the trees, that would lead to the decrease of growth
close to the end of their life time (see Lugo & Scatena 1996). But, what about the exponential curves? A
possible explanation for these curves would be that the species following these trajectories do not really
differ, in terms of growth strategy, from the ones with sigmoid curves. In this case, these exponential
growth species could be relatively recent in the area, not having met their maximum sizes by the end of
their life times, when the growth would decrease producing a sigmoid curve. This explanation would fit a
relatively voung forest or one that suffered a strong and wide disturbance W the past. An alternative
explanation is that the exponential curves represent a different growth strategy, where the growth
accelerates constantly until the death of the tree. The present data is not sufficient to test these two
alternative hypotheses because it would be necessary to follow the individual tree growth for a longer
time, through several sequential surveys. Despite this, the fact that the major part of the present study area
is well conserved (except Block C, which does not contain the largest trees responsible for the final part of

the trajectory curves} and that most of the species do not seem to be recent in the area (net change rates



were fow and size structures were very siable) point to the second hypothesis, where the exponential curve

would correspond to a different growth strategy.

In conclusion, our study indicated that the presence of the Border environment, and probably its
higher light intensities, possibly allows the establishment and maintenance of several species specifically
adapted to those conditions. Therefore, the environmental variability present between Border and non-
Border areas, linked to the topographic gradient, is probably important to maintain species with different
environmental requirements, enhancing the biological diversity. This fact points to the importance of the
conservation of these long, narrow and highly variable gallery forests, as well as, the preservation of their
abrupt borders.

We found the present community, which is apparently. in general, well preserved, much less
dynamic than other commumties that suffered generalized disturbances in the past.

We emphasize that detailed studies involving dynamics at the level of horizontal and vertical
structures of populations are very important 1o understand their ecological requirements and life history, as
well as 10 access the effects of disturbances. Our results showed a high variation in terms of behavior of
the most common three species in the area. Among these dominant species, Frotium spruceanum seemed
1o be the one that responded more strongly to the variation of light conditions, independently on the old
disturbance that occurred in the area or of the Border environment heterogeneity. Therefore, spatial
variation of its population rates could be a useful ool to access disturbance effects, at least for the present
conditions. The dynamics of the other two species, Copaifera langsdorffii and Pera glabrata, seemed 1o
be less semsitive to disturbance effects, at least for the study area, where the event was apparently old and
vanishing.

The recruitment of Copaifera langsdorffii was particularly small in comparison to the other
dominant species. Despite this, Copaifera langsdorffii seemed to be keeping its number in the area
through an also very low mortality. Pera glabrata was the only species, among the three dominant ones,

that showed evidence of competition affecting the population rates. In this specific case, higher
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community biomass seemed to Iead to the decrease of the density of Pera glabrara. In terms of growth,
Provium spruceanum tended to grow quicker with age, but Pera glabrata (and mavbe Copaifera
langsdorffii} seemed to be slowing down at the end of its Iife time. Like other studies for shundams
species, we found that recruitment was affected more by natural or man-provoked environment variations
than the mortality rates. Unfortunately, we had to restrict our amelysis 10 the species with large numbers
{to keep them trustworthy). This aspect enhances the importance of large permanent plots that would
allow studies of a larger number of species. However, since the dominant species are probably the most
important ones to the structure and function of a specific community, due to their biomass and number, we
strongly recommend this kind of analysis, even if for a restricted group.

The extremely high individual variation in terms of growth of the tees and the diversity of
trajectories that we found emphasizes the difficulties in developing models aimed at sustainable forest
exploration. We strongly argue in favor of studies such as those of Clark & Clark (1992) and Clark er o/,

(1993), which studied growth of individual trees and their surrounding environment.
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Table 1 — Comparisons between the number of dead individuals and recruits for the tree species in the
studied gallery forest (21°21° § and 44°36°W) in relation to the expected values from the community
dynamics. The sequence of the species is the same as in Figure 2. A= number of survivors. D= number of
individuals that died between the surveys and R= number of recruits. The observed (obs) and expected
{exp) numbers are presented. The expected figures were estimated from the comimunity values (ail
individuals pooled together). P of y°= level of significance {P) for the ¢° test. For comparisons with
P<0.05, the way how species differ from the community is indicated by: D+ and D-, more or less dead
individuals than expected, respectively; R+ and R-, more or less recruits than expected, respectively.

Species A D R A 3] R Pofy® D+HD-
ohs obs obs  exp XD £Xp B+ R-
Species with > 38 individuals
(reonoma schottiong Mart, 44 4 13 4363 440 540 00046 R+
Naucleopsis oblongifolia (Kuhlman) Carauta 62 0 8 5636 620 760 0.0336 D-
Ocotea corymbosa {Mees.) Mez, 31 i 5 29.09 3.10 3.80 0.3815
Ocotea odorifera (Vell.) Rohwer 57 0 7 5182 3.70 599 (0.0446 I»
Caloptyllus brasiliense Cambess. 33 H 4 3273 350 429 03743
Feora wormingii ML Arg, 114 2 11 10345 1141 1398 00108 D
Myrsine umbellata Mart. 43 11 15 48409 43¢ 527 <0.0001 D R+
frichilia emarginata (Turczy CIC. 71 5 10 6509 10 871 0.6479
Tapirira guionensis Aublet 20 4 6 3091 300 368 04018
Protium spruceasr {(Benth.) Engler 234 11 26 22272 3341 2846% 00075 -
Tapirira obtusa (Benth.) Miichell 3 4 2009 290 3356 08709
Amcioua guianensis Aublet 32 3 3727 380 478 0.4335%
Protium widgrenii Engler 51 6 7 5182 310 625 0.8782
Pera glabraia (Schtt.yBaillion i35 11 12 13272 1351 1655 04153
Alibertia macrophyila X.Schum 47 3 3 4545 4770 576 03650
Vochysia tucanorum Mart, 60 6 & 60.00 600 736 0.8823
Copaifera langsdorffii Dest. 177 5 1 16545 1771 2170 <0G.0001 D-R-
Casearia sylvestris Swartz 28 7 5 31.82 280 343 00238 D+
Dendropeanax cuneatum (DC.) Decne & Planchon 24 11 7 31.82 2406 294 <0.0001 D+ R+
Cyatheo phalerata Mart. 2210 3 2009 220 270 <0.0001 D+
Species with 10-29 ingividuals

Calypfranthes clusiifolic (Mig.) O.Berg i6 1 5 1545 160 196 0.0842
Mbollinedia argyrogvna Perkins 16 2 6 1636 1.60 196 00149 R
Ocotea aciphyvlla Nees 9 i 2809 090 110 0.6908
Mariierea racemosa (Vell.) Kiaersk. 13 2 3 13564 1.30 1.39  0.4392
Guarea macrophylla Vahl 21 1 2 2000 210 238 (.6854
Mpreia rostrata DC. 17 5 6 20060 170 208 0.0008 D+R+
Clethra scabra Persoon 14 1 1 1364 140 172 08091
Guazuma wlmifolia 1. 19 1 1 1606 100 123 0.9793
Hieromma ferruginea Tul. 22 2 2 2L82 220 270 0.9047
Rollinia lourifolic Schitdl. i1 2 2 1L82 110 135 {05752
Andira fraxinifolia Benth, 26 3 2 2636 260 319 07753

Continued. ..



Table 1 (Cont)

Species A D R Acxp Dexp Rexp Pofy D+D-
obis obs ebs R+ R-

Xvilopia brasiliensis Sprengel 26 2 1 2543 2.60 319 04376
Lacistema hassleriarnan Chodat 12 3 2 1364 120 147 02141
Mbvreia verulosa DC. % 4 2 2091 1.0 233 0.2815
Vernonia diffusa Less. o Z 1 1000 080 1,16 0.4838
Cabralea canjerana (Vell.) Mart, 7 2 0 1727 170 208 03427
Casearia decandra Jacquin 6 2 0 1636 1.480 186 (L3353
Siparuna aricmeae V. Pereira 8 5 3 1182 080 058 <0000 D+
Protium heplaphyvlien (Aublet) Marchand g Z 0 1000 690 110 0.2800
Talauma ovara A.St.-Hil. 9 2 0 1000 050 110 0.2800
Myrsine guianensis (Aublet} Kuntze 6 5 1 1000 060 074 <0000 D+
Total + 30 individuals 1333 103 150 130532 13337 16346 85135 D-
Total 16-29 individuals 36 50 42 323.62 3062 3752 48610 Do
3.9 individuals 261 2% 26 26362 2631 32.81  6.479
1-2 individuals 4% 13 21 5636 430 601 <0.0061 D+ R+
COMMUNity 1949 195 239 154900 19300 239.00

s
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Table 3 - Statistical comparisons for dynamics of Profium spruceanum, Copaifera longsdorffii and Fera
glabrata among blocks and sectors in the studied gallery forest (21°217 § and 44°36°W). Legend: Ind=
rates in ferms of individuals (frees); BA= rates in terms of basal arca; me= mean values; KW= Kruskal-
Wallis test: intra-group Significant results (P<0.05) are in bold; S°= variance; Lv= Levene test
(hormogenerty of variances): infra-group significant resulis (P<0.03) are in bold, Br= Bartleg test
{homogeneity of variances): intra-group sigmificant resuits (P<0.05) are underlined; = 0! testing of
significant difference between the average values of net change rates and 0; * significant at P<0.05; ns.
non-significant.

Protiwn spruceamun

Blocks Sectors
Rates  Statistics  General A B O D Border Middle  Stream
=5 (N=4) {(N=6) {IN=6) IN=3)  (N=ll) N7
Bd  me/KW | 00019 | 00178 -0.0155  0.0319 0 0.0567  -0.0039  -0.0125
Net  SYLw/Bt | 0.0015 | 0.00813  0.00054  0.00375 0 0.00783 £.00009  0.80035
Change =0 n.s. * s, LS. 1.8, n.s. ns. 1S,
Ind  me/KW | 0.0115 9 9 6.0404 8 0.0638 00022 0.0039
Recruit. g9 w/Bt | 0.00117 g 8 600327 0 0.00632 0.00005 0.80010
nd me/KW 00009 | 00178 00155 00083 0 D007 00063 00187
Mortalit.  g%4/Rt | 000021 | 0.00013  0.00054  0.00021 g 0.00015  0.00013  0.00035
BA  me/KW | 00326 | 08053  0.0125  0.0593 00420 | 0.0687 00257  0.0280
Net  SYLwBt | 0.00110 | 0.00020  G.0009C 000114  0.00045 | 6.08307 9.00824 400147
Change =0 * ns. ns. * * n.s. * LS.
BA meKW | 00417 | 0.0204 00328  0.0648  0.0420 | 00722 00316  0.0444
accretion  S¥pw/Bt | 0.00063 | 0.00812  0.00005  0.00078  0.00045 | 0.00244 000015  0.00030
BA  me/KW | -0.0088 | -0.0147 .0.0198  -0.0039 0 00035 -0.0057 -0.0159
decay  glqy/Bt | 0.00027 | 0.00043  0.00062  0.00008 0 0.00004 000012  0.060059
Copaifera langsdorffii
Blocks Sectors
Rates  Statistics  General A B C D Border  Middle  Stream
(IN=4) (N=4) (IN=5) (N=2) N=4) Q=9 (N2
Ind. mKW | -0.0059 | -0.0135 0 0 00171 1 0.0035 00087 -0.0118
Net  SYLWBt | 0.00024 | 0.80066 I} ¢ 0.00059 | 0.00005 0.00031  0.00028
Change = O LS. n.s. LS. n.s n.s. 1.S. LS. n.s.
d. me/KW | 0.0005 | 0.0023 0 0 0 0.0017 0 0
Recruit. g2 w/Bt | 0.00001 | 6.00003 ! 9 o £.00602 6 0
Ind me/KW | -0.0061 | -0.0113 o 0 00122 1 00079 00066 00034
Mortalit.  g21 /Bt | 0.00026 | £.00035 8 0 0.00057 | 0.00050 0.00024 0.00008
BA me/KW | 00172 | 00004 00179 00283 00211 | 00340 0.0077  0.0160
Net  S¥Lw/Bt | 0.00065 | 0.00209 0.00014 000046 000005 | 0.00032 0.00091 0.00023
Change =9 * n.s. * * * * s, *
BA me/KW | 00218 | 00153 00179  0.0283 00245 | 6.0372  0.6156  0.0165
accretion  §%/ /Bt | 0.00027 | 0.00042  0.00014  0.00046  0.00012 | 0.00030 0.00010  0.00021
BA  me/KW | -0.0046 | -0.0149 0 0 0.0033 | -0.0031 -0.0073 -0.0005
decay  s¥3/Bt | 0.00028 | 0.00121 0 8 0.00007 | 0.00008  0.0006] 0

Continued...
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Table 3 (Cont)

FPera glabrata
Plocks Seciors
Rates  Biatistics  General A B C D Border  Middle  Sirearn.*
(N=4) (=3 (=55 (=4 Q=T (N8 (N1
Ind. me/EW | 00008 | 00008 -(.0135 -0.0033 0.011s 8.0161  -0.8136 00199
et SYia/Bt | 0.00046 | 000032 000054  0.00054 000054 | 0.00034  0.00035 &

Change o 0 n.s. 5. LS, 5. LS. s, s, -
nd  me/KW | 00130 | 00092 00073 00205 00116 | 00218 00044 0.0199
Recruil.  g¥Te/Bt | 0.00043 | 000011  0.00016 0.00092  0.00054 | 0.00062 0.00016 o
md  we/KW | 00151 | 00104 -0.0213 -0.0272 o 00138 -0.0181 9
Mortalit. ¢yt | 0.00038 | 0.00015  0.00041  0.00065 ¢ 0.00043  0.00041 0
BA  me/KW | 00187 | 00203 00099 00206 00215 | 00215 00171 0.0128
Net  SYLw/Bt | 0.00053 | 0.00063  0.00005  0.00119  0.00029 | 0.00086 0.00038 o
Change =0 * 1.5, 3. 5. .S, .5, * -

BA me KW | 0.0288 g.0279 0.0144 0.0440 0.0215 8.0360 0.0245 00125
acretion SYLv/Bt | 0.00035 | 0.00028  0.00003  0.00035 0.0002% | 000026 0.00040 a
BA me KW | 0009 | -0.0074 -.0045 -0.0223 G 0.0138 00072 2
decay SVLv/Bt | 0.00052 | 0.00017 000003  0.00148 g 0.00114 600009 O

* Streamside Sector was excluded from Kruskal-Wallis analysis and homogencity of variances tests

because of N=1
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Table 4 — Quadratic equations for mean grswth rates {z) in fanction of nDGL (neperian logarithm
of diameter at the ground level} for species with 50 or more individuals in the first Survey {1993-
1994} in the studied gallery forest (21°217 § and 44°36°W). Model: g—"a*{i:nDGL) +b*mDGLA+c
{g=mean growth). Mean relative growth rate (M(), mean time for maximum diameter size (T,
and maximum diameter (MD) are also presented, MT was estimated from the species irajectories
{see Figures 5 and 6).

MG MT WD

%

Species TS cm a b " iy ¥
Copaifera lemgsdoriiti 000710 2953 614 -0.0027 00114 L0011 0030 ns,
Ocoten odovifera 601196 1178 349 -0.0113 00317 -0.033% 0016 s
Neweleopsis oblongifolia 001025 1868 32.57 00015 -0.0187 00503 G635 ns
Lroro wormingii .00840 157.3 2500 0.0003  -0.0108 00360 0.663 *
Trichilia emarginata 500970 26246 4357 0.0014  -0.0135  0.0336 0033 ns
FProtivm spruceainim £.01417 131.8 5731 0.0021 -0.017t 0.0488 0032  F
AMvrsine wnbellata 0.00899 >78.8 153 -0.0403 01832 -0.1472 0057 K
Perg glabraia 0.01022 1929 452 -0.0039  0.0128 00089 0037 ¢
Protium widgrenti 0.00916 1847 4230 00034 00229 00474 0042 ns
Vochysia tuconorum 0.01776 915 347] 00102 -0.0668 0.1240 0071 ns.

Test F for ANOVA of regressions: n.s., non signficant; *, significant at P<0.05; and **, significant
at P<0.01.

it was impossible to estimate MT for Myrsine umbellata (the stabilization of trajectories curves
would lead to impossibly high figures), so, we presented an estimate for the second larger diameter
preceded by the symbol >,
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Figure 1 — The map of the studied gallery forest (CM — Camargos Yorest, 219217 S and 44°36™W,
municipality of Itutinga, state of Minas Gerais, Brazil) showing the location of the blocks of plots (A, B, C
and D). The distribution of plots inside the forest is also shown {first character of plot’s code corresponds
10 the block’s denomination). The contour lines (vertical distances in meters from the stream level) are
shown close to the map’s frames.
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Figure 3 — Relationships between rates of dynamics (transformed by arcsine, Sokal & Rohlf 1995} (v), in
terms of number of individuals, of Provium spruceanum (A and B) and Perq glabraia (C) versus the
global (all species together) initial number and giobal initial basal area, per plots (x) in the studied gallery
forest {21°21° § and 44°36°W). R® = coefficient of determination; ANOVA: F=test F; p=level of
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Figure 4 — Mean growth trajectories for species with 50 or more individuals in the first survey (1993-
1994} in the studied gallery forest (21°21° 5§ and 44°36"W). DGL, diameter at the ground level. The
species are presented in two graphs only to facilitate a clearer visualization. A and B are on the same
scale. The trajectories were calculated from quadratic regressions of mean growth.



CONCLUSAD

A diversidade de organismos e complexidade de suas inter-relacdes nas florestas
tropicais sempre impressionou a comunidade clentifica e, mais atualmente, a sociedade
humana como um todo. Se por um lado, as florestas tropicais emergem no século XXI
como fontes importantes de recurses para a sociedade moderna, devido ao valor intrfnseco
da biodiversidade, por outro lado a complexidade destes ecossistemas desafia a ciéncia na
compreensdo dos seus mecanismos de funcionamento e estabelecimento de estratégias de
manejo.

O presente estudo enfatizou como, mesmo dentro de uma area relativamente
pequena, hd uma enorme variagfo da dindmica da comunidade e de suas populacles
componentes, seja em termos de estrutura horizontal ou vertical. Fica claro que, para a
floresta de galeria estudada (e possivelmente para cutras estruturalmente parecidas) as
dindmicas populacionais e da estrutura variam principalmente em relagio a0
distanciamento do corrego e os limites da floresta e o campo limpo circundante, sendo isto
fortemente associado & umidade do solo e a penetragdo de luz na floresta. Por outro lado,
fatores historicos parecem ser importantes, visto que os efeitos de um disturbio localizado
{pouco se sabe sobre este evento além das evidéncias de sua ocorréncia) parecem ainda
estar sendo sentidos tanto na estrutura da comunidade como na estrutura de uma das trés
espécies dominantes na area {Profium spruceanum).

A aparente auséneia de disttrbics afetandc a area como um todo parece estar
levando a poucas mudangas ou mudangas pequenas em termos de densidade, tanto da
comunidade como das populacSes. Por outro lado, tanto a comunidade como a maioria das

populacdes mostrou wm certo awmento em biomassa (medido através da area basal) na drea.



Este ganho em biomassa tem sido observado em diversos outros fragmentos florestals da
regifio. Em fragmentos que sofreram distirbios intensos no passado (como é o caso dos
demais fragmentos analisados na regi#io) € comum ocorrer, apds as perdas ligadas a morte
das arvores, a recuperacio da biomassa pa area, no entanio, como explicar o aumento da
biomassa em um fragmento onde tais perturbagles exiensivas nfo ocorreram? Poderia estar
isto relacionada as mudangas chmaéticas globais {aquecimento do globo, aumento dos teores
de CO, na atmosfera) ou mudancas climdticas mais restritas devido & comstrugio do
reservatorio de Camargos nas proximidades a cerca de 40 anos? Ou seria isto wm resultado
da utilizacBo humana das dreas circundantes levando ao carreamento de nuirientes para o
interior da floresta aumentando sua disponibilidade para as arvores? Por outro lado, tanto a
tendéncia & auséneia de mudancas em termos de densidade, com a tendéncia a0 aumento da
biomassa poderiam representar apenas uma momento na histdria da presente floresta,
podendo tais tendéncias serem revertidas de acordo com os ciclos climdticos ou variagio
natural das relagles entre os organismos da floresta.

A enorme variabilidade nfio explicada das taxas de recrutamento, mortalidade e
crescimento, tanto da comunidade como das populagbes aponta para uma importante
questdo a ser respondida no futuro: como estes processos ocorrem na escala dos
individuos? A resposta a esta questfo implica em investigar o papel da variabilidade
genética nestes processos, analisar a nivel individual o papel de outros organismos
{competicc intra ¢ interespecifica e seus desdobramentos, polinizacdo, dispersiio e
predacgio de sementes, herbivoria, entre outros) ¢ analisar as variagfes ambientais as quais
cada individuo estd sujeito (principalmente em relacfio a luz). Também a mvestigacio
destes processos abrangendo individuos de menor porte (DNS < 5 ¢cm) permitiria a melhor

compreensdo dos processos dindmicos das populagdes.



