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Na Floresta do Alheamento
Fernando Pessoa s/d.

.... A alcova vaga € um vidro escuro através do qual, consciente déle, vejo essa paisagem.... e
essa paisagem conheco-a ha mmuito...... Sinto emn mim séculos de conhecer aguelas arvores, e
aquelas flores e aquelas vias em desvios e aguéle ser meu que ali vagela, antigo e osiensivo
a0 meu olhar, gue ¢ saber gue estou nesta alcova veste de penumbras de ver...
L3 fora a antemanhi téo longingua! a floresta tdo agui ante outros olhos meus!
E eu, que longe desta paisagem guase a esquego, é ao 18-la gue tenho saudades d'ela, e ¢ ao
percorré-la que a choro e a ela aspiro...
As arvores! as flores! o esconder-se copado dos caminhosl....
O movimento parado das arvores; o sosségo inquieto das fontes; o halito indefinido do ritmo
intimo das seivas; o entardecer lento das coisas, gue parece vir-lhes de dentro e dar maos de
concordancia espiritual ao entristecer longuinguo, e préoximo a alma do alto siléncio do céu;
o cair da folhas, compassado e intil, pingos de alheamento, em que a paisagern se nos torna
t6da para os ouvidos e se entristece em noés como uma pétria recordada ...
E ei-la que, ao irmos falar nela, surge ante nds outra vez, a floresta muita, mas agora mais
perturbada da nossa perturbacio e mais triste da nossa tristeza. Foge diante dela, como um
nevoeiro que se esfolha, a nossa idéia do mundo real, e eu possuc-me outra vez no meu
sonho errante, que esta floresta misteriosa esquadra....
As flores, as flores que ali vivi! Fléres que a vista traduzia para os seus nomes, conhecendo-
as, e cujo perfume a alma colhia, ndo nelas mas na melodia de seus nomes... Flbres cujos
nomes eram repetidos em sequéncia, orquestras de perfumes sonoros. Arvores cuja volupia
verde punha sombra e frescor no como eram chamadas.... Frutos cujo nome era um cravar
de dentes na alma da sua polpa... Sombras gue eram reliquias de outroras felizes...
Clareiras, clareiras claras, que eram soirisos mais francos da paisagem que se boceja em
préxima.... O horas mutlicolores! Instantes-fléres, minutos-arvores, 6 tempo estagnado em
espaco, tempo morto de espaco coberto de flores, e do perfume de fléres, e do perfume de
nomes de fibres!....
A manhi rompeu, como uma queda, do cimo pélido da Hora.... Acabaram de arder, meu

amor, na lareira da nossa vida, as achas dos nossos sonhos.....

DEDICO ESTE TRABALHO AQUELES QUE AINDA VAGEIAM PELAS FLORESTAS....

...QUE NAO MAIS EXISTEM.... )
MAURICIO, ANTHERO E ADIB....
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Jan, sem a qual sequer os trabalhos de campo teriam sido possiveis... desculpe-me pela auséncia continuada
gue este trabalho provocou..,

Marild, que sempre esteve no “backstage” ... mesmo sem entender muito aonde as coisas iam chegar... "nadar
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Roliinia of. rugulosa; Sch — Schizolobium parahyba; Sya — Syagrus romanzoffianum, Sym -
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iil. Regeneration strategy guilds and nitrogen use characteristics

Figure 1 — Leaf in vive maximum potential (average and standard deviation) Nitrate
Reductase Activity (standard NRA) of sampled species across regeneration strategies,
seasons and successional stages. Number of samples as in Table 4. Successional stages: Pi
— late ploneer (15 years in age); Pll - early secondary (25 years); Plll - iate secondary (+38
years). Species Key: Asp — Aspidosperma ramifiorur, Cam ~ Campomanesia guaviroba:
Cgla — Cecropia glaziovi, Cpac — Cecropia pachystachya; Chr — Chrysophillum inomatum;
Gua — Guapira opposita; Ing — Inga marginata; Nec — Nectandra megapotamica;, Myr —
Myrcia cf. rostrata; Oco -~ Ocolea catharinensis, Pip — Piptadenia goncacantha: Rap —
Rapanea ferruginsa; Rou — Roupala brasiliensis; Sch - Schizolobium parshyba; Tet —
Tetorquideum rubnvenium; Tib — Tibouchina pulchra; Tre — Trema micrantha.

Figure 2 - Frequency distribution of leaf 8"°N and leaf N content in the tree species sampled,
subdivided by regeneration sirategy guilds (key as in table 4) in Atlantic Forest Succession
over calcareous soil: a — individual leaf N during the dry season; b — individual leaf %N
during the dry season; ¢ — individual leaf 3'°N during the wet season: d — individual leaf %N
during the wet season.

Figure 3 — Leaf 8'°N averages for the regeneration strategy guilds along successional
evolution. Values are average for each group during both seasons. The curve represents the
averages for all species occurring in the different successional phases.

Figure 4 — Correlation between average Leaf N content (%N) and Soil N availability {(ug N
g 'resin d') calculated for the species occurring at each successional stage across seasons.

Figure 5 — Average Xylem sap N composition (% total N) across the regeneration strategy
guilds and seasons.

Figure 6 ~ Schematic draw of the main N-compounds transported by the different
regeneration strategy guilds. Psp - pioneer species; ESsp Leg - early secondary
leguminosae species; ESsp non Leg. - early secondary non-legumincsae species; LSsp —
late secondary species; Guapira ~ Guapira opposita (ESsp).
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Figura 1 —~ Esquema do transporie de compostos nitrogenados nas espécies arbéreas das
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diferentes guildas de regeneracio da floresta tropical. Pion — espécies pioneiras; Si Leg —
espécies secundarias iniciais leguminosas; Sl fi Leg — espécies secundarias iniciais n&o
leguminosas; ST — espécies secundérias tardias; Guapira — Guapira opposita (ESsp), NOg™ -
nitrato; ASN — asparaging; ARG —~ argining; GLN — glutamina.
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TABELA DE ABREVIAGOES

ABn — Area Basal Total; Total Basal Area

ABi — Area Basal da Espécie; Spacies Basal Area

ALA-N — alanine; alanina

All — Affophyiius edulis

ARG-N — arginine; arginina

Asp — Aspidosperma ramiflorum

ASP-N — asparagine; asparagina

ASP-N - aspartic acid; acido aspartico

BAj - Area Basal da espécie; Species Basal Area

Ca — calcig; calcium

Cas — Caseana sylvesiis

CEC - capacidade de trocs de cétions; cation exchange capacity
Cgla — Cecropia glaziovii

Cli - indice de Cobertura da espécie; Species Coverage Index
Cpac - Cecropia pachystachya

DC — espécie decidua; deciduous species

DJE-N - djenkolic acid; acido dejenkolice

Ecc — Ecclinusa ramiflora

EG — espécie sempre verde, evergreen spacies

End — Endlicheria cf. paniculata

FSsp — Espécie Secundaria Inical; Early Secondary Species
Eut — Euterpe edulis

GLN-N ~ glutamine; giutamina

GLU-N — glutamic acid; acido glutamico

Gua ~ Guapira opposita

H + Al — acidez trocavel; exchangeable acidity

H.C, — perdxide de hidrogénio; hydrogen peroxide

HC! — &cido cloridrice; chioridric acid

HPLC - high performance liquid cromatography; cromatografia liquida de aita performace
Hym - Hymenaea courbani

Ing — fnga marginata

IUFRO - International union of forest research organization
KOH —~ Hidréxido de potéssio; potassium hydroxide

L. Ssp - Espécie Secundéria Tardia; Late Secondary Species
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LYS-N - lysine; lisina

Myr — Myrocarpus cf. frondosus

N — Nitrogénio; Nitrogen

N — Nitrogénio atmosférico; gés Nitrogénio; atmospheric Nitrogen; gaseous Nitrogen
Nz — dxide nitrice; nitric oxids

Nem - Nectandra membranaces

Neo — Neclandra oppositifolia

NHs" ~ aménia; ammonium

Ni — numero de individucs da espécie; species number of individuais
Nn —ndmero total de individuos; total number of individuals

NOy - nitrito; nitrite

NQq™ -~ nitrato; nitrate

NO, ~ éxidos de nitrogénio; nitrogen oxides

NRAARN — Nitrate reductase activity; Atividade de nitrato reductase
Oco - Ocofea catharinensis

ODF — Floresta Ombréfila Densa; Ombrophylous Dense Forest

OM - matéria organica; organic matter

OMF - Floresta Ombréfila Mista; Ombrophylous Mixed Forest: Floresta da Araucaria
P — fosforo; phosphorus

PETAR - Parque Estadual Turisitco do Alto Ribeira; High Ribeira State Park
pH — potencial hidrogeniénice; hydrogenionic potential

Pl —fase | - 156 anos de sucessdo; phase | — 15 years in age

Pil —fase ll - 25 anos de sucesséo; phase I} — 25 years in age

Plil —fase !l - >36 anos de sucessao; phase Ill — > 36 years in age
Pip — Piptadenia gonoacantha

Pir — Piper sp1

Psp — Espécie Pioneira; Pioneer Species

Rap — Rapanea ferruginea

Rau — Rapanea umbellata

RBA — Area Basal relativa; Relative Basal Area

RDi- Densidade Relativa da espécie; Species Relative Density
RDoi — Dominancia Relativa da espécie; Species Relative Dominance
RE ~ Estratégia de Regeneragéo; Regeneration Strategy

Rol - Rollinia of. rugulosa

Sch — Schizofobium parahyba
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SD - espécie semi-decidua; semi-deciduous species
SER-N - sering; serina

SF — Floresta Sazonal, Seasonal Forest

Sya — Syagrus romanzoffianum

Sym — Symplocos laxiflora

Tet — Teforguideum rubrivenium

Tib — Tibouchina pulchra

UR-N - ureides; ureideos

V - saturacdo de bases; base saiuraton

Ver — Verbesina sp.






RESUMO

O estudo levantou o padrdo da sucessdo florestal apds abandono de campo cultivado em
agricuitura de substéncia sobre solos calcérios na Mata Atiantica Brasileira. Este & um dos biomas
mais ameacados do mundo, que apresenta apenas 8 % de remanescentes. A arsa de estudo esta
iocalizads sobre solo calcaric no Pargue Estadual Turisitico do Alto Ribeira, sudeste do Brasil. Os
resultados mostram padrio de sucessBo dominade por Leguminosae, especiaimenie Fipfadenia
gonocacantha (Mimosaceae). Esla espécie substitui na érea de estudo, 2 espécie arbdrea dominanie
em inicio de sucess3c scbre solos acidos: Tibouchina pulchre (Melastomataceas), sendo esiz &
situacdo mais comum neste bioma. Também foi caracterizado um padréo decrescente na ocoméncia
de micorriza ao longo da evolucéo do processo sucessdo estudado.

Raseado na andlise da estrutura da floresta foi possivel caracterizar as fases de crescimento
arquitetdnico da sucessio na drea de estudos e identificar rés conjuntos de espécies que definem as
diferentés eco-unidades através do desenvolvimento do mosaico silvigenético. Cecropia
pachystachya e C.glaziovi (Cecropicaeae) formam a eco-unidade pioneira. Piptadenia gonoacantha
{Leguminosae) e Rapanea ferruginea (Myrsinaceae) formam a eco-unidade secundaria inicial;
Aspidosperma ramifiorum {Apocynaceae), Ficus sp (Moraceae) e Hymenaea courbani (Leguminosae)
formam as eco-unidades secundérias tardias. A definigdo das estratégias de regeneraglo das
espécies arbéreas selecionadas apresenta uma sobreposicao na sua distribuicdo ao longe da
sucessao, sugerindo um gradiente e ocupagéo & ciclo de vida.

Foram avaliados os padrdes de utilizagdo de N das comunidades successionais em estudo,
procurando caracterizar as estratégias envolvidas na aquisigao, fransporte e assimilagdo de N. Um
padrio diagnéstico foi observado dentre as classes de estratégia de regeneragdo. As Espécies
pioneiras apresentaram altas atividade de nitrato reductase foliar (ANR) e contetido de NOs™ na seiva
do xilema (NO3s SX), moderados contetidos de N foliar (Nf) @ compostos nitrogenadoes de baixe peso
molecular na seiva do xilema (cNSX), transportando neste Gitimo principaimente asparagina (ASP-N}
e NOs. As espécies leguminosas secundarias iniciais apresentaram alte Nf, moderadas ANR e
conteudo de NOySX, transportando principalmente of ASP-N, acido djenkélico (DJE-N), ureideos
(UR-N) ou lisina (LYS-N). Espécies secundérias iniciais nao leguminosas apresentaram nivel
intermedidrio de cNSX, compostos principalmente por giutamina (GLN-N) ¢ arginina (ARG-N), baixocs
contetidos de Nf e NO;SX, e baixa ARN. As espécies secundérias tardias apresentaram baixo
conteGido de Nf e ANR, alta concentracio de cNSX, transportando principaimente ASP-N e ARG-N.
Guapira opposita (espécie secunddria inicial; Nyctaginaceae) apresentou aito contetde de Nf,
moderada ANR, transportando principaimente NOy na seiva do xilema, sugerindo que este ultimo
pode ter fungo na regulagdo osmética nos tecidos dessa espécie. OUs valores médios de 5™N foliar
nas espécies estudadas variou entre —0.64 em Cecropia pachystachya (Cecropiaceae) e 4.15 em
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Chrysophilium inomatum (Sapotaceas). Levando em considerac@o as estratégias de regeneracio e o
conjunto de espécies que ocorrem em cada uma das fases de sucessdo estudadas, os valores de
3'°N apresentaram tendéncia de elevagéo ao longo da evolugdo sucessional.

Estes resultados s&o muito importantes para um melhor conhecimento da biodiversidade da
floresta neo-tropical e caracteriza um banco genético Unico neste bioma altamente ameacado. S&o
tambem decisivos no suporle de acBes de reabilitacdo de 4reas degradadas e um instrumento
potencial para manejo auto-sustentado da floresta neotropical, tanto dentro dos limites da unidade de
conservagao, quanto em suas areas de entorno. Ainda, os resultados indicam que a caracterizacéo
ecofisoiégica do metabolismo de N configura uma ferramenta adicional para a classificacéo das
espécies arboreas tropicais nas diferentes estratégias de regeneracao.



ABSTRACT

The pattem of forest succession after abandonment of slash-and-bum agriculture over
calcareocus solls in Brazilian Atlantic Forest was assessed. This is one of the world's most threatened
Biome, with only 8% remaining. The study sife is located over calcareous soil inside High Ribeira
Turisitic State Park {(PETAR), southsast Brazil The results show a new successionai pattem
dominated by species of Leguminosae, especially Fiptadenia goncacantha {(Mimosaceae). This
species displace in the study site, the most usual dominant tree species occurring in early succession
over acidic soil: Tibouchina pulchra (Melastomataceae), which is the most common situation in this
Biome. Mycorrhiza colonization decreased through the succession in dry season.

Based on the analysis of the forest structure it was possible to characterize the architectonic
growth phases of succession in the study area and identify three sets of species that build the different
sco-units throughout silvatic mosaic development. Cecropia pachysfachya and C.glaziovi
{Cecropiaceae) constitute the Pioneer Eco-unit. Pipladenia gonoacantha (Leguminosae) and Rapanea
ferruginea (Myrsinaceae) constitute the Early Secondary Eco-unit and Schizolobium parahyba
(Leguminosae), Aspidosperma ramiflorum {(Apocynaceae) and Hymenaea courban! {L.eguminocsae)
constitute the Late Secondary Eco-units. The definition of the regeneration strategies of the selected
tree species showed an overlapping distribution along succession, suggesting a gap-size gradient.

The pattems of N utiization were assessed to characterize the plant strategies invoived in N
acquisition, transport and assimilation. A diagnostic pattern was observed within regeneration strategy
guilds. Pioneer species had both high leaf nitrate reductase activity (NRA) and xylem sap nitrate
content(XSNOz), moderate leaf nitrogen (Nf) and xylem sap low molecular nitrogenous compounds
(XSNc), transporting manly asparagine (ASP-N) and NQy". Early secondary leguminous species had
high Nf content but mederate NRA, xylem sap contained moderate amounts of NOs but consisted
manly of ASN-N, djenkolic acid (DJE-N}, ureides (UR-N) or lysine (LYS-N). Early secondary non-
leguminous species had an intermediate amount of XSNc where manly glutamine (GLN-N} and
arginine (ARG-N) were transported, low Nf content, leaf NRA and XSNOj . Late secondary species
had low Nf and leaf NRA, contained high amount of XSN¢ manly ASP-N and ARG-N were
transported. Guapira opposita (Nyctaginaceae), an early seconday species that had high Nf content,
moderate NRA but which transported mainly NOs™ in the xylem sap suggesting that NO;” may have a
function in osmotic relations in this species. Leaf §°N average values for the species ranged from —
0.64 in Cecropia pachystachya (Cecropiaceae) to 4.15 in Chrysophililum incrnatum (Sapotacease).
These values showed a tendency to increase along successional evolution when considering both the
regeneration strategy guilds and the species occurring in the different successional phases.

These results are very important for better understanding of Neotropical forest biodiversity and
characterize & unigue genetic bank in this high-endangerad Biome. They are aiso decisive to support



actions ‘regarding rehabilitation of degraded lands and a potential fool for Neotropical forest
sustainable management, both inside and around the conservation unit. In addition, the results
indicate that the primary N metabolism characteristics can be used as an additional ecophysiolsgical
tool for help in the classification of tropical forest tree species into ecological or regeneration guilds.
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1. INTRODUGAQD
A MATA ATLANTICA

A primeira classificac@o da vegetacdo atléntica brasileira fol realizada por Liefgren (1888],
adaptande o sistema de classificagio de von Martius (1924; Joly et al. 199G}, A Mata Atiantica é o
Bioma brasileirc que apresenta a maior amplitude de distribui¢8o geografica considerando a divisZo
fitogeografica proposta por Martius (1824) e 0 mapa da vegstacao brasiieira (Veloso et al. 1881).

O Dominio Mata Atiantica inciui um complexo de ecossisternas composto peias seguinies
formacées: Florestas Ombréfilas Densa, Aberta & Mista (Floresta de Araucaria); Florestas Sazonais
Decidua e Semi-decidua: Mangues e Restingas (Céamara 1891, IBGE 1992; Joly et al. 1999).
Apresenta indice de endemismo de 54% para arvores, 38% para n&o arvores e 77% para espécies de
epifitas. A Mata Atléntica é a floresta mais rica em Orchidaceae e & considerada o centro de
diversidade para a América do Sul (Brieger 1869). Mori et al. (1983) sugerem que Myrtaceae & 2
famnilia mais importante, @ Siqueria (1994) indicou que Lauraceae é a familia com a distribuigéo mais
ampla. A lista de espécies para a llha do Cardoso, Sk 580 Paulo, indicou 986 espécies em 134
familias, sendo 118 Orchidaceae, 72 Myrtaceae, 83 Leguminosae, 57 Gramineae, 50 Rubiaceae, 43
Compositae & 41 Bromeliaceae (Barros et al. 1991).

A Mata Atlantica é considerada um dos trés ecossistemas mais ameagados do planeta, tendo
no passado coberto mais de um milh&o de quildmetros de quadrados, astendendo-se desde ¢ Recife
até Floriandpolis, @ para o ceste até o Rio Grande. Hoje a floresta esta reduzida a menos que 8% da
cobertura original (SOS Mata Atlantica 1998). Este Bioma & reconhecido pela comunidade cientifica
internacional como um ecossistema megadiverso, tendo sidoe declarado pela QOrganizacdo nao
governamentat “Conservation Internacional” como um dos “hot spots” em termos de conservagéo da
niodiversidade (Myers 1988; Myers et al. 2000). As principais ameacas que afingem este Bioma vém
do desenvolvimento urbano no litoral, agricuitura, gado, mineragio e produgio de madeira ¢ carvio.

O Estado de S&o Pauio apresentava mais de 82% de sua area coberto por floresta (figura 1).
Hoje restam apenas 7% de sua distribuicéo original (SOS Mata Atlantica 1998; Figura 2), que ocupam
principalmente a regidc montanhosa préxima do litoral {84% das florestas remanescentes em 8% da
area do estado).

Qliveira Filho et al. (1999) sugerem gue a evolucdo e especiagdo na Mata Atlantica sofreu
grande influéncia das varidveis geo-climaticas, particularmente sazonalidade na precipitacdo e
temperatura. Também a altitude (e as temperaturas associadas) teria influenciado a composicao de
espécies das diversas fisionomias florestais que compdem ¢ Dominio Atlantico.
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Figura 1 — Evolugdo da Coberiura Vegetal no Estado de S8o Paulo desde o descobrimento até 1973

{Adaptado de Vitor, 1875).
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Remanescentes Florestais de Mets Atldntice, 1558

Figura 2 ~Cobertura Vegetal do Estado de S&o Paulo em 1998. (SOS Mata Atlantica, 1988).



Esta diferenciacéo florisitca € fortemente evidenciada entre as floresias do nordeste e sudeste
do Brasil (Sigueira 1884; Oliveria Filho et al. 1999), que também apresentam diferencas no padréo de
transic&o entre as florestas umidas do litoral e florestas sazonais mais interiorizadas, associadas as
diferentes temperaturas medias regionais.

Considerando-se a amplitude latitudinal da grea de ocorréncia da Mata Atlantica, é evidente
gue existam variagfes na composigdo floristica e estruturas ao longo de sua distribuicdo, embora
inexistam trabalhos que avaliem este aspecto de forma mais profunda (Mantovani et al. 1999).

Gentry (1988) sugere que a composicio e diversidade de plantas lenhosas nas florestas
neotropicais s&o condicionadas principaimentie pelos seguintes gradientes geografico-ambientais.
iatitude; precipitagdo; fertilidade do solo; altitude; e intercontinental (fiorestas neolropicais, florestas
africanas ou florestas asidticas). O autor conciui que a riqueza de espécies nas comunidades
vegetais neotropicais aumenta com a ferlitidade do solo e precipitagao guando fatores biogeograficos
tal como latitude e sltifude, s@o similares. Mesmo considerando que o efeito dos nuirientes do solo
sobre a diversidade-o {(espécies) possa ser relativamente menor, estes sem davida desempenham
importante papel na diversidade global amazdnica através do efeito sobre a diversidade-§ (habitats).
Como exemplo o autor cita o norte da Amazdnia, que € constituida por um mosaico de habitats com
diferentes conjuntos de espécies ocorrendo em comunidades adjacentes sobre diferentes subsiratos.

Solos e topografia s&o reiacionados intimamente, pois a posicde topogéafica de uma
determinada area, afeta a profundidade, desenvolvimento, fexiura e estrutura do solo e subsolo, que
por sua vez determina a composi¢éo, desenvolvimento e produtividade da floresta (Spurr et al. 1980).
A classificacéo da floresta baseada na sua elevacao relativa é frequentemente um citerios dos mais
ateis e siginificativos de classificacéo.

O sistema oficial da classificacdc da vegetacado brasileira subdivide os tipos vegetacionais em
formacdes ordenadas segundc hierarquia topografica que refletem fisionomias diferentes de acordo
com as faixas allimétricas varidveis de acordo com a lafitude. Assim, para o sudeste do Brasil, a
Floresta Ombrdfila Densa pode ser subdividida quanto a sua posi¢do topografica em: formagdo
aluvial — sem variacdo topografica nos lerracos aluviais; das terras baixas — enfre 5 ¢ 50 m de
altitude; submontana — entre 50 e 500 m; montana — entre 500 e 1500 m; e alio-montana - acima de
1500 m de altitude (Veloso e al. 1991; IBGE, 1992).

(Gandolfi (2000) analisando os principais aspectos relacionados a incidéncia de luz na floresta
tropical, ressalta que s&o muitos os fatores que determinam o regime lumincso predominante nos
diferentes ambientes que compdem o ecossistema: latitude, altitude, declividade, face de exposigdo
do relevo, macro & microclima, estruturacdo do dossel, subdossel e subosgue; dinamica de clareira,
perturbacio natural e antrépica, estresse ambiental.



Dentre os fatores ambientais que influenciam o crescimento dos vegetais em floresta fropical,
a disponibilidade de luz & o recurso que mais frequentemente limita o crescimento, sobrevivéncia e
reproducdio das espécies, desempenhando um duple papel, guer como fonte de energia para a
fotossintese, quer como informagaoc da situacio ambiental predominante {qualidade, intensidade,
distribuicdo temporal e direcional) (Gandolfi, 2000). Assim, a utilizacBo fotossintética da luz é o
principal componente nas respostas regenerativas das espécies florestais dentro do contexto maior
da dindmica e sucesso florestal (Chazdon et al. 1998),

Os pesquisas realizadas na Mata Atlantica paulista enfre 1845 e 1970 enfatizaram
principalmente o aspecto floristico (Shepherd 1988). Gandolfi (2000) analisando a evolucio histérica
das linhas de pesquisa florestais desenvolvidas no Estado de S0 Paulo, ressalta que apenas a partir
de 1986 foram iniciados os trabalhos de caracterizacie sucessional das florestas paulistas com o
trabalho de Casteliani (1986). Ainda, indica que os trabalhos relacionados a regeneragio florestal
foram iniciados em 1892 por Aidar (1992) e Costa et al. (1992).

Assim, apesar das diferencas em metodologia e histérico de uso do solo entre os locais dos
estudcs que abordam a dinamica successional da Mata Atlantica, temos um conjunto de dados que
permite alguma generalizacdo sobre a sucess@io na Floresta Atidntica Ombréfila Densa: riqueza
crescente de arvores e arbustos no dossel e subosque; aumento da complexidade estrutural e do
porte das espécies arboreas; dominio decrescente das espécies intolerantes & sombra; importancia
decrescente da familia Melastomataceae, especiaimente do género Tibouchina, e substituicdo de
espécies anemocdricas por zoocdricas.

A SUCESSAO EM FLORESTA TROPICAL

A floresta tropical &€ um mosaico estrutural e florisitico heterogéneo como conseqgliéneia da
regeneracdo natural que ocorre em fragmentos que diferem em idade, tamanho e composicio de
especies (Watt 1947; Richards 1952; Whitmore 1984; Brokaw 1985a,b; Swaine et al. 1988; Strauss-
Debenedetti et ai. 1996).

A dinamica de clareira é a base fundamental para o estudo do ciclo de crescimento da fioresta
(Whitmore 1891), sendo a clareira o inicio do ciclo de regeneracéo. A perturbacio criada pela clareira
altera as condicbes ambientais, iniciando a fase de construgdo caracterizada pela colonizacéo e
crescimenio de especies que seguem um “continuum” de respostas ecofisiolégicas que induz a
cicatrizacde (Brokaw 1985a). A fase final é a fase madura onde uma nova clareira pode reiniciar o
ciclo de crescimento (Whitmore 1984).

Nas dltimas décadas tem havido muitas tentativas para se agrupar as espécies arbéreas da
floresta fropical em grupos ecolégicos relacionados &s suas estratégias de regenerace, na tentativa
de refinar a dicotomia “pioneira ~ climax” (Swaine et al, 1988). Whitmore (1996) sugere gue esta
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dicotomia & necesséaria mas ndo é uma descrico completa da variedade autoecoldgica apresentada
pelas espécies arbbreas na floresta tropical. O autor sugere ainda, que © estade atual do
conhecimento ecoldgico evidencia que as espécies arbdreas apresentam distribuicbes com amplas
sobreposicdes ao longo do gradients formado pelos tamanhos de clareira.

Oldeman (1983; 1986, 1987; 1989; 1980} sugere que a dindmica florestal pode ser analisada
do pornito de vista arquitetdnico, onde o crescimento € considerado como uma sucesséo de fases de
desenvolvimento arquitetbnico que podem ser determinadas através de meétode quantitativos, como
um transecto. O diagndstico arquitetdnico de um sistema a determinado nivel é feito pelo diagnéstico
do “estado arquitetbnico” seus sistemas em niveis inferiores (Figura 3). As arvores formam o
esqueleto da floresta, cujo diagnéstico arquitetdnico depende de arquitetura das érvores que a
compdem. Oldeman {1983; 1989) propds ¢ termo eco-unidade (unidade de regeneragao; Figura 3e)
para caracterizar 0 bloco arquitetdnico bésico na arquitetura de floresta - " toda superiicie sobre a
gual a certo momento foi iniciado o desenvolvimento de vegetagdo, cuja arquitetura, funcionamento
ecofisiolbgico & composicdo de espécies é definido por um conjunto de érvores até o fim ",

De acordo com Oldeman (1980), a substituicBio das espécies arboreas e das eco-unidades
pode ser entendida como um subprocessc da sucessdo, com o tamanho das eco-unidades se
tomande progressivamente menor, até finalmente atingir a menor eco-unidade, denominada
"Chablis”, isto &, clareira-de-uma-arvore na floresta tropical madura.

As eco-unidades florestais podem ser divididas de acordo com © famanho, sendo que ©
padréo arquitetdnico de cada uma é dependente da sua origem & da arquitetura de suas arvores.
Espécies arbéreas pioneiras constroem eco-unidade grandes, enguantc as pequenas sao construidas
por espécies arbdreas tolerantes & sombra e de crescimento lento. As caracteristicas basicas das
espécies arbdreas que constroem os fragmentos florestais pioneiros, secundarios e climax s&o
haseadas na classificacdo dos estagios sucessionais apresentada por Budowski (1965). Assim,
espécies com posicbes successionais diferentes constroem eco-unidade diferentes, que por sua vez
compdem ¢ mosaico sucessional da floresta (Oldeman, 1983; Figura 3g).

Ariculando-se as classificagbes propostas por Gandclfi (1991; 1995, 2000} quanto a
tipificacdo das estratégias de regeneracéo, e a de Oldeman (1983; 1987; 1889) quanto & analise do
desenvolvimento do mosiaco florestal (ambas baseadas em Budowski, 1965) é possivel a distincao
de trés tipos de estratégias de regeneragio ou guildas (descritas a seguir) e a composigdo de uma
abordagem para a andlise da sucessdo florestal através de levantamento fisiondmico e
caracterizacio das estratégias de regeneracéo das espécies (tabela 1)

- espécie pioneira — especializada em ocupagfo de clareiras grandes, demandande iuz para
germinagio e crescimento, intclerante a sombra;



— espécie secundaria inicial - especializada em ocupacdc de clareiras médias, apresentando
potencial de germinacfc & sombra, mas demanda sumento de luminosidade para ©
desenvolvimenio e parza atingir ¢ dossel;

- espécie secundaria tardia — especializada em clareiras pequenas e ocupacao de subosgque, ndo
necessariamente demandando incremento lumincso para germinacdo e desenvolvimento,
podendo ficar no subosgue ou alcancar o dosseal,

A caracteristica essencial da agricultura de subsisténcia (roca”) & que uma drea de fioresta &
cortada, queimada e usada para crescer culturas {feiidc, milho, mandioca, etc.) durante alguns anos,
sem arar a terra. Enquanto o local estd sendo cultivado deve ser capinado para prevenir crescimento
de vegetagdo secunddria, afetando os mecanismos locais de regeneragdo. Em dreas abandonadas, o
principal meio para o restabelecimento das espécies lenhosas é através da dispersdo de semente.
Devido as aberturas de dreas florestadas serem normalmente pequenas (menos de 1 ha), as
distancias para a dispers&o de semenie s&o0 pequenas. Duranite 3 fase de recuperacéo, a
funcionabilidade do ecossistema ndo parece ser alterada severamente, e deste modo, as ‘“rocas”
depois do abandono s&o semelhantes em comportamento a clarsiras grandes (Uhi 1987; Uhl et al.
1990). Estes aufores sugerem que a pesquisa scbre a sucessdo florestal apés o abandonc das
“rogas” podem propiciar modelos para projetos de uso ecologicamente sustentavais.

Lescure (1986€; in Oldeman, 1990) apresenta um estudo da sucessio florestal apbs abandono
de campo cultivado no Alto ric Ciapoque, Guiana Francesa, onde as eco-unidades se sobrepdem ao
longo do tempo (Figura 4a), indicando que a substituicio é realizada através do crescimento de uma

nova (e menor) eco-unidade em baixo do dossel da anterior, dirigindo a substituicio das espécies que
as compbem (Figura 4b). '
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ECO-UNIDADES
parametros pioheira secundéaria inicial secyngdaria tardia

estratégia de regeneracéo espécies pioneiras espécies secundérias inicials  espécies secundéras tardias

tamanho da clareira clareira grande clareira intermediénia clareira pequena
arquitetura pouco diversificada  diversificada mivito diversificads
composicdo espécies pobre intermedidra Fica

ciclo de vida curio raédio e longo longo e muito longo
freguéngia muito frequente frequente pouco frequente

Tabela 1 — Anglise arquitetdnica da floresta fropical: caracterizacdo das eco-unidades florestais
{Adaptado de Oldeman, 1887).

METABOLISMO DE NITROGENIO E SUCESSAD FLORESTAL

0 ciclo de nitrogénio € a conversdo de nitrogénio (N} enire as diferentes formas dentro da
biosfera. O ar € constituido de cerca de 80% de gés nifrogénio (N.), & junto com sedimentos e
minerais rochosos, € uma dos principais fonites deste composto na terra. Todos os organismos
necessitam de alguma forma de N para produzir amino-acidos e proteinas, acidos nucleicos, e no
caso de bactérias, a parede celular. Portanto, 0 acesso a um adequade suprimento de nitrogénio em
alguma de suas formas € um pré-requisito para todas as formas de vida. O N é o quario elemento
mais comum entre os seres vivos, apos ¢ carbono, hidrogénio e oxigénio, e apresenta muitos estados
de oxidagio diferentes (-3 em NH, até +6 em NO3), cujas transformacbes sdo realizadas por
rmicroorganismos. Estes sao os principais responsaveis por grande parte da ciclagem de nitrogénio na
biosfera (Figura 5), sendo que apenas bactérias e aigas azuis s&0 capazes de fixar nitrogénio
atmosférico em formas acessiveis para os outros organismos. Os principais processos envolvidos no
ciclo de N s&o denitrificaco (conversado do nitrogénio fixade em material biclégico para N gasoso —
N2, ou éxido nitrico — N2O), nitrificagdc (conversdo dos ions amdnia ~ NH,™ em nitrato ~ NOy™ e nitrito
NQOy7), e fixagao de N (convers@o de N gasoso em fons amdnia ou formas fixadas de N).

O nitrogénio esta disponivel para planias superiores terrestres em diferentes formas, gque
incluem N mineral (NOs” e NHJ'), éxidos de nitrogénio (NO,) e NH4" volateis, N, molecular (fixagdo
simbidtica) e N orgénico (aminoécidos ¢ peptideos). O NOy & considerado a principal fonte de N
mineral assimilado pelas raizes das plantas superiores, mas ha evidéncias de que NH," pode ser
predominante em algumas situagbes (Stewart et al. 1993; Stewart 1991). Recentemente, foi
demonstrado que N organico € uma fonte importante para comunidades de plantas em uma grande
amplitude climatica e edéfica (Schmidt et al. 1998, 1997; Nashelm et al. 1998; Raab et al. 1996;
Chapin 1895; Kielland 1994).
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Figura 4 B ~ Sucessdo florestal apés abandonc de campo cultivado dos indios Wayampi, rio
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representado na figura 4A. Apds cerca de 30 anos, os géneros pioneiros tipicos sdo substituidos por
pioneiros tardios. Os termos de nomenclatura originais sdo equivalentes acs adotados neste trabalho:
picneira tardia similar a secundaria inicial, e sucessora similar 2 secundria tardia. (Adaptado de

Oideman, 1980).
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Marschner (1995) indica que NOs e NH,' correspondem a aproximadamente 80% do total de
jons assimilados pelas raizes das planias terresires, e que a forma assimilada tem forte impacto
inversc no processo de assimilacéo de outros cations e anions e tambem na regulacio do pH celular
e da rizosfera. Uma abordagem bésica sobre preferéncias na assimilacdo refere-se aos cusios
reistivos das diferenies formas, e Pate (1883) sugere que ¢ valor para assimilacio de N segue a
seguinte sequéncia: fixacgo N, > NOy >> NH,". Segundc Marschner (1985) as plantas crescem
melhor com composicdo mista de NGOy e NH,", com as proporgbes otimas dependenies das
concentractes fotals fornecidas.

O potencial que as associagbes simbidticas com micorrizas apresentam em relacgo a nutricdo
de fosforo pelo hospedeiro € bem estabelecido, mas a sua significAncia quanto a nutricdo de N,
inciuindo N organico, nao é clara (Turnbull et al. 1895). Raven et al. {1978), Smith et al (1990) e
Chalot et al. (1991) hipotizaram que NH,™ é assimilado principaimente ne fungo em giutamina, que
entdo & transferida & raiz de planta.

G ciclo e a disponibilidade de nitrogénic em solos de floresia foram exdensivamenie revisados
(Atiwill et al. 1993). Estes autores concluem que a nitrificacéo ndo & inibida em muitos solos &cidos, e
gue mais de 25% da matéria organica pode ser mineralizada em florestas tropicais ao ano. Anderson
et al. (1991) sugerem que o solo da floresta tropical contém pelo menos 50%, podendo chegar a até
80%, do nitrogénic e fosforo do sistema, e que sua quantidade no solo € relativamente grande
guando comparada com a ciclagem anual. A ciclagem de N entre plantas e solo sugere que este €
raramente um fator limitante da producéo em floresta tropical, exceto em condicdes especiais, e que
o fosforo pode ser limitante como consequéncia da pequena quantidade em circulag&o.

Martinelii et al. (1298) indica que N & mais disponivel em florestas tropicais do que na maioria
das florestas temperadas, podendo inclusive encontrar-se em excessc. Os aulores sugerem, como
consequéncia, que a floresta tropical deve apresentar ciclagem de N mais aberta e mais enriquecida
em "N.

Anderson et al. (1991) sugerem que nitrificacdo e aumentada apds o corte da floresta, mas
que esta pode decrescer a niveis basais em um periodo de 6 meses se o crescimento da vegetacéo
secundaria ndo for impedido. A nitrificacdc e a lixiviacdo de nifrate aumentam dramaticamente apds
queima, mas estas perdas podem chegar a sd 15% do totfal, dependendo do tipo de solo. Stewart et
al. (1993) indicam que o aumento da taxa de nitrificacdo pode durar até 4 - § anos apds o episodio de
fogo, para entéo declinar, com uma crescente disponibilidade de NH,".

"
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Um assunto gue tem provocado crescente preccupacdc e debate nos Ulimos anos é &
ameaca do aguecimenic global através do efeito estufa, provocado pelas emissdes atmosféricas
descontroladas de gases originados das atividades econdmicas humanas. Estas alteragbes climaticas
trargo sérias consequéncias para todos os ecossistemas, além de grande impacto sobre o estiie de
vida conternporaneo. Os principais gases gue provocam o efeito estufa s&o vapor d'dgua, didxido de
carbono, ozona, metano, oxido nitrice e clorofiucrcarbono. Muitos autores indicam que as atividades
humanas jé dobraram a taxa de entrada do N nos ecossistemnas terrestres, e que esta confinua a
crescer, causando sérios impactos em escala global (Vituosek et al. 1997, Nilsson et al. 1985), tais
como: efeito estufa crescente; perdas de nutriente do solo, como potassio; gcidificacgo do solo, rios e
lagos; aumento da quantidade de carbono armazenada dentro de ecossistemas terrestres; e perdas
de biodiversidade, especiaimente plantas adaptadas a solos disiréficos.

Vitousek et al. (1987) aponta que florestas e areas Umidas variam significativamente em
relacéo & suas capacidades de retencdo de N, & que o estado atual do conhecimento na area @ ainda
muito restrito. O problema principal & gue nossa compreansdo dos possiveis efeiios das alteragles
climaticas globais scbre a estabilidade e funcicnamento dos ecossistemas florestais € ainda muito
incompleto. Particularmente, € necessério mais informaco sobre a relagdo entre o suprimento de N,
associacdes microbianas, mecanismos fisicldgicos e ecoldgicos gque regulam o crescimento da
planta, € a composico de especies das comunidades vegetais (Nordin 1998). Este gitimo autor
enfatiza ainda, que ¢ armazenamento de N em espécies perenes, e a capacidade de assimilacdo e
transporte de N na planta s&o caracteristicas fundamentais para um melhor entendimento dos
processos de utilizagéo de N em plantas.

2. OBJETIVOS

OBJETIVOS GERAIS

Considerando-se o estagio atual de conhecimento sobre o processc de sucessdo nas
Florestas Neotropicais e a importancia do aprofundamento no conhecimento sobre as classes
ecolégicas e preferéncias ecofisioldgicas das espécies arbbreas presentes neste ambiente, o
presente trabalho teve como objetive principal a caracterizaggo das preferéncias quanto ac uso de
nifrogénio pelas espécies arboreas predominantes ao longo da sucessao florestal que ocorre sobre
solo calcario apds abandono de campo cultivado no Parque Estadual Turisitico do Alto Ribeira, S&o
Paulo.

Para tanto, procurou-se determinar a estrutura e dinamica da sucessio florestal em uma

cronosequéncia de desenvolvimento apods abandono de campo cultivado, e establecer uma relagao
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entre a distribuicdo das espécies arbdreas em categorias sucessionais e suas respaciivas
preferéncias quanto a assimilagio e transporte de compostos nitrogenados.

Considerando-se que este trabalho caracteriza-se pela busca de informacao ecofisiciégica em
relac@o ao metabolismo priméario apresentado pelas espécies arboreas da Floresta Ombréfila Densa
do Alto Vale do Ribeira, espera-se que ele possa fornecer subsidios para um aprofundamento da
discussdo sobre a classificaglo sucessional das espécies arbéreas Neotropicais.

OBJETIVOS ESPECIFICOS

* caracterizagdo fisiondmica, fitossociologica e sucessional de trés areas dispostas em uma

cronosequéncia apds abandono de campo cultivado em uma Floresta Ombréfila Densa Montana.

# caracterizar a evolugéo da sucesso através da andlise estrutural e arguitetdnica dos fragmentos
florestais em estudo.

# classificar as espécies ocorrentes nas irés dreas em categorias sucessionais.

3k avaliar o comportamento ecofisiolégico em relagéo ao metabolismo primario de nifrogénio nas
espécies arboreas selecionadas ac longo do ciclo de desenvolvimento florestal,

% definir as principais estratégias na assimilacio e transporte de nitrogénio ao longo do ciclo
sazonal em relag&o as classes sucessionais das espécies arbéreas neotropicais.

3. DESENVOLVIMENTO E APRESENTACAO DO TRABALHO

Espera-se que este frabalho venha contribuir para o aprofundamento da discussdo e no
aprimoramento da caracterizacdo das estratégias de regeneracdo apresentadas pelas espécies
arboreas tropicais ao iongo do processo de sucessio secundaria. Ainda, espera-se contribuir para:
um melhor conhecimento da Biodiversidade das Florestas Neotropicais, especialmente da Mata
Atiantica do sudeste do Brasil; o desenvoivimento de acdes para a conservacao da Mata Atlantica da
regido de estudo, subsidiande diretrizes para um programa de gerenciamento ambiental regional,
incluindo a Unidade de Conservagdo e seu entomo; o desenvolvimento de um modelo de
recuperacdo de areas deflorestadas e/ou degradadas em situacbes similares: e finalmente, no
aprofundamento do conhecimento quante as estratégias da utilizace de nitrogénio nas florestas
neotropicais, tendo como preocupacéo os cendrics das alteracbes climaticas giobais.
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Para 2 consecucdo dos objetivos citados acima, fol realizado um levantamento fitossociolagico
em trés dreas com diferentes idades (15, 25 e mais de 38 anos) apds abandono de agricuitura de
scbrevivéncia (‘roca”), visando a caracterizacfo da estrutura e composicdo das comunidades
vegetais. A crono-sequéncia assim definida, foi avaliada quantc & dinamica da estruturacie
arquitetbnica, através da evoluclo da composiclo e estruturagéo das eco-unidades (ou unidades de
regeneracéo) ao jongo do processo sucessional. As espécies arbdreas dominantes 2o longo deste
processo, e que portanto estruturam as ece-unidades, foram caracterizadas segundo suas estratégias
de regeneracdo, e estudadas sob o ponto de vista das estratégias de utilizacio do nitrogénio.

A apresentac@o do trabalho fol realizada em trés tdpicos ou capitulos articulados, cada um
estruturado para publicacdo independente. Assim, a primeira parte trata do levantamento
fitossociologico em si, abordande nas trés areas selecionadas, a estruturagéc das comunidades em
sucessdo e a caracterizacdo do substrato calcario. Foi realizada uma breve comparagdo com o
padrac geral de sucessdc encontrado em Fioresta Ombrofila Densa, normalmente ocorrendo sobre
solos acidos, com o objetivo de evidenciar a sua diferenciacdo. Ainda, foi realizado uma avaliacao
genérica sobre a importancia da ocoréncia de infeccdo por micorrizas ao longo do processo de
sucesséo e estaches do ano.

O segundo capitulo trata da andlise da evolugéo arquitetbnica da sucessdo da Mata Allantica
que ocorre scbre os solos calcérios do Alie Vale do Ribeira e da caracterizagéo das estratégias de
regeneragido das espécies mais importantes na estruturag8o das eco-unidades (unidades de
regenera¢do) que compdem o mosaico sucessional em estudo. Ainda, € proposto um modele
esquematico do padréo da sucesséo florestal na area de estudo.

O terceiro 16pico trata das estratégias de utilizacdo do nitrogénio apresentadas pelas espécies
arboreas que estruturam a evoluc@o da sucessio florestal na area de estudo. Os dados coletados
abordam a disponibilidade de nitrogénio no solo ao longo das estagbes do anc, redugio foliar de
nitrato através da avaliacdo da atividade da enzima nitrato redutase, o transporie de compostos
nitrogenados de baixc peso molecular na seiva do xilema e as principais caracterisitcas foliares
quanto & composicdo de nitrogénio (conteldo de nitrato foliar, nitrogénio total e composigéo
isotépica). A andlise foi realizada abordando-se as espécies individuaimente e agrupadas segundo
suas estratégias de regeneragdo como o objetive de verificar uma possivel relagdo entre as
estratégias de regeneragadc e a utilizaggo de nitrogénio.
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4. METODOLOGIA

CARACTERIZACAOD REGIONAL DA AREA DE ESTUDO

O Parque Estadual Turistico do Alio Ribeira (PETAR} (latitude 24°20° e 24°37'S; longitude
48°24' € 48°43'0) abrange uma érea de 35.712 ha nos municipios de Iporanga e Apiai, localizados na
bacia hidrografica do ric Ribeira de iguape, regifio sul-sudeste do Estado de S30 Paule (Figura 8). ©
nucleo Santana, sede do Parque, dista 368 km da capital (DRPEAF, 1992). O PETAR é drenado
principalmente pelos rios Betari e iporanga, e ribeirdo Pescaria. Os dois primeiros séo afluentes do ric
Ribeira de iguape, e o Gltimo do rio dos Pildes, afluente do Ribeira.

Além das drenagens superficiais, ha a ocorréncia de drenagens subterréneas caracteristicas
dos relevos carsticos. Estas nfc apresentam hierarquia por efeitc dos fenbmenos de perdas e
ressurgéncias, onde o tracado subterraneo é totalmente independente dos rios de superficie, sendo
muitas vezes impossivel evidenciar seus caminhamentos (Lepsch et al. 1990).

O PETAR conjuntamente com Parques Estaduais Jacupiranga, Carlos Botelho e Intervales, e
a Estacho Ecoldgica Xitué totalizam cerca de 270.000 ha de florestz praticamente continua,
configuréndo um dos maiores corredores de Mata Atlantica remanescente bem preservada. Esta
regi&o sofreu ainda pouca alteragdo antrépica, devide principalmente & grande dificuidade de

ocupacdo frente as condigdes fisico-climaticas que aii predominam: solos oligotréficos, relevo
" montanhoso dissecado, vales entalhados, declividades acentuadas e alta probabilidade de
movimentos de massa, e clima hiperimido que favorece o ataque de pragas.

GEOLOGIA, GEOMORFOLOGIA E S0LOS

O Vale do Ribeira & constituido essencialmente por rochas Proterozdicas e Arqueanas, com
graus metamérficos varidveis. Do ponto de vista tectdnicolestrutural & extremamente complexa,
devido a superposi¢do de eventos orogenéticos distensivos e compressivos {Campanha 1991).

C PETAR pode ser caracterizado pelo predominio dos complexos indiferenciados do grupo
Agungui originados em eventos do Pré-cambriano Superior entre 570 e 1.000 milhdes de anos. Séo
constituidos basicamente por metasedimentos silitico-argilosos, anfibolitos, meta e epidiabasios,
caicareos epimetamorficos e quartzitos.© Grupo Agungii tem a forma de uma faixa alongada que se
estende do Parana ao Rio de Janeiro e Espirito Santo. O conjunto metapelitico composto por filitos,
rochas carbonaticas e quariziticas conferem ao relevo, soios e cobertura vegetal, condigbes distintas
ainda pouco estudadas (Karmann, 1994; Chavéz 19986),

18



S

. Blo Juguls . ’ /
K ¢ Sae Paule
: el
e Pemii:e/
Rip Ribeire de iguape p
r»"mﬁ( LT - ,»’“/
] T ) d //
— v N i
; Fldgrads /" e g
ET w0
PETAR R Guspiare
SCopyHght 1987 Winartey R, Mo 5
snmme |ESiTatia navirentada 5
s = o» [Egiratiade tarre
RO T30
5 | PETAR s
g |Area de Estudo ;
Crordenadas Kiomelragemn UTM i
e % Rie Iporanga
«" %
e
7260
£ E
. & #
7 £ mesli]
e ¢ Eidorado
Rio Ribelra de lyuane P
~$%*
F
E
E4
F
< B! Barra do Tuwo

Figura 8 - Localizag8o do Parque Estadual Turistice do Alto Ribeira e da area de estudo.



G ric Betarl corta perpendicularmente lentss alternadas destas rochas, que correspondem a
um conjunto litoesiratigrafico formado por marmores dolomiticos e calciticos, sobretude em regides
de falhamentos, que ocupa uma area entre Apiai, Guapiara e Pilar do Sul (IPT, 1981a). A Figura 7
apresenta a contexiualizacéo geoldgica regional da drea estudada.

Do ponto de vista geomorfoldgico, segundc ¢ mapa do Estado de S&o Paulo (IPT 1881b), a
area de estude situa-se na Provincia Costeira, zona da Serrania Costeira, subzonz Serrania do
Ribeira. O Parque se encontra quase totalmente em uma 4rea de relevo montanhoso. em geral
profundaments dissecado, com planalios em relevos residuals carsticos & dreas de relevo ondulade
sobre granitos intrusivos.

Segundo © novo mapa geomorfoldgice do Estado de S&o Paulo (Roos et al 1997), 2 area de
estudo localiza-se na Unidade Morfoestrutural do Cinturdo Orogénico do Atflantico, na Unidade
Morfoescultural do Planalte do Ribeira, onde predominam morros altos com topos agucados (700 a
900 m}, declividades entre 20 a 30 %, classe de entathamento dos vales de grau médio (40280 m)
classe de dimensao interfluvial peguena (250 a 750 m). Ainda segundc os autores, a area de estudo
encontra-se sob alto nivel de fragilidade potencial (formas muito dissecadas: vales entalhados
associados a vales pouco entathados; alia densidade de drenagem), caracterizadas como areas
sujeitas a processos eresivos agressivos, com probabilidade de ocorréncia de movimentos de massa
e eros&o linear com vogorocas. E interessante ressaltar que este compartimenio € bastante similar
nes seus principais aspectos geomorfolodgicos, apesar da sua maior interiorizacéo (cerca de 100 km
em linha reta perpendicular a linha de costa), & Unidade Morfoesculturali denominada Escarpa/Serra
do Mar e Morros litoraneos onde predominam escarpas e cristas com declividades muitas vezes
maiores que 30%, e niveis de fragilidade que variam de aito a muito alio.

A Carta Geotécnica do Estado de S3o Paulo, Foiha itararé, indica que a area de estudo
apresenta alta suscetibilidade a escorregamentos associada a alta suscetibilidade a afundamentos de
tefrreno por processos carsticos.

Os grandes grupcs de solos no Brasit s80 os latossolos e os podzélicos. O substrato litolégico
(que explica a diferenciagdo em cores por processos fisicos e quimicos), os grandes compartimenios
do relevo (que representa a posicao que o sclo ocupa na paisagem), o clima, aitimetria e deciividade,
diferenciam os subgrupos, evidenciando uma hierarquia entre os fatores de formacgdo.

Para a regido do Vale do Ribeira existem poucos trabalhos sobre reconhecimento de solos
com detalhes, sendo os mais relevantes os levantamentos esc. 1:100.000 folhas topogréficas de
Registro, Juquia, Pariquera-Agu, Iguape. Para o restante da regido, existe apenas o trabalho de
Lepch et ai (1988) referente ao Levantamento de reconhecimento com Detalhes da Regido do Ribeira
de lguape na escala 1:250.000 (ndo pubiicado).

Na bacia do rio Betari, o substrato geolégico parece ser um dos fatores que mais influenciam
os tipos de solos. A carta pedoldgica da bacia do rio Betari adaptada de Lepch et al, (1988), indica
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gue & tipologia do solo comesponde diretamente ao substrato geolégico, sobretudo quando se
considera os marmoras diversos & marmores caiciticos (Formacdo Bairro da Serra, Formacdo Perau
e Formagdo Mina de Fumas) e Filitos (Formag&o Betari Membro Superior). De modo geral, podem
ser encontrados na &rea de pesquisa principaimente os Cambissolos Alicos associados a solo
Litdlicos Acidos e Cambissolos Euiréficos associados a Brunizém Avermelhado e solo Lifdlico
Futréfico (figura 8).

Nas formacbes calcarias, hd ocorréncia de um encrme ndmerc de cavernas, fazendo da
regidc a maior provincia espelecldgica do Pals. Elas s8o componentes subterraneos do relevo
carstico, isto &, onde a paisagem se caracteriza pelas grandes extensdes de rocha calcaria onde 2
drenagem predominante é subterrinea, com vales fechados e grandes depressfes do terreno
{drenagens segmentadas, insurgentes e subterraneas).

A svolugio do relevo carstico significa geralmente ¢ desenvolvimento de processos fisicos
(eros&o) e quimicos (cofrosao), que tendem a arrasar toda a massa de rechas soltveis. PESS0A et
al. (1988) e CHAVEZ (19868) destacam que @ acdo desigual dos agentes erosivos nas lentes de
calcario e de filito provocou nestes ultimos uma fisiografia particular, resultando em vertentes
extrernamente inclinadas e retilineas com vales em forma de V', Na bacla do ric Betan, os
compartimentos carsticos correspondem a 93.3 km?, cerca de 43% da 4rea total da bacia (Area fotal
da Bacia = 217.03 Km?). Em relacdo a area do Parque Estadual Turistico do Alto Ribeira (35.712 ha),
o substrato calcaric representa cerca de 42% da area total (Nogueira 1897).

0O USO DO SCLO E DECLIVIDADES NA BACIA DO RIC BETARI

As informagBes sobre a presenca de populagdes humanas pré-coloniais na regido do Alto
Ribeira indicam a ocorréncia de muitos sitios arqueoldgicos de diferentes sistemas de assentamentos
e cronologias: sitios concheiros, ou sambaquis fluviais, principalmente na regifo de itaoca cujas
datagbes mais antigas remontam cerca de 10.000 anos antes do presente (Barreto, 1988}, sitios
fiticos a céu aberto e em grutas e abrigos, indicando vestigios de uma tradigic de cagadores-
coletores presentes na regido durante o periode compreendido entre as ocupagbes associadas aos
sitios concheiros e aos ceramistas; e sitios ceramicos, datados em cerca de 2.000 anos antes do
presente (De Blasis, 1988; Robrahn, 1988). Estes grupos humanos, em graus variaveis, sempre
dependeram da pesca, caga e coleta generalizada, o que resuitou na sistematica expioragdc dos
recursos ambientais. isto indica gue as florestas da regido do Alto Ribeira tem sofride disturbios
desde entdo, ainda que de forma esparsa e com regimes de perturbagdes muito varidveis, tanto em
termos de frequéncia quanto intensidade.
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Os primeiros pontos de povoamento da época colonial, no Alto Ribeira organizaram-se no
inicio do século XVIll, com o surgimento das "Bandeiras” & desbravadores a procura de ouro. Com a
descoberta deste, estabeleceram-se os primeiros povoados ¢ arraiais. Com o desaparecimento do
garimpo houve a evasao de uma parte da populagdo, dando-se 2 fixacdo de outra através da
agriculiura de subsisténcia. Na decada de 1920 foram instaladas algumas mineracdes de chumbo
(Furnas, Lageado, efc.), impulsicnando a economia local Por volta de 1980, como resultado de
presséo legal e ambiental, 2 mineragdo na regido entrou em decadéncia, como exempiificade peia
faléncia da Mineragao Furnas, gue teve seu auge na exploracdo de chumbo, ourc & prata nos anos
1955/86. &m 1958 foi criado o PETAR, gue entretanto passa apenas a ser efetivaments implantado
come Unidade de Conservacio apds 1880,

Nogueira (1997} analisando o histérico do use do sole na Bacia do rio Betari entre os periodos
de 1982 e 1990 atraves da utilizagdo de fotografias aéreas e imagens orbitias LANDSAT TM5 (tabela
2), chega as seguintes conclusdes: a bacia apresenta drea anirdpica historicamente consolidada a
partir de 1981, sugerindo que a implantagio efetiva da Unidade de Conservagéc conteve o avango da
substituicao de areas fiorestadas; ¢ periode de maior substituiclo da floresta ocorreu antes de 1960,

orovaveimente decorrente da atividade mineradora, uso de lenha e carvoaria.

% Caoberiura do soio da Bacia (k)

CATEGORIAS 1962 1673 1581 1990
Mata integra (Estagio Avangado de Regeneragdo) 47.6(103.3) 42.4 (82.1} 32.0(69.6) 31.8(88.0}
Mata Alterada {(Estagio Médio de Regeneragio) 16.1({32.8} 19.3(41.8) 27.8(60.2} 25.2 (54 8)
Mata Degradada + cobertura Arbustiva + Campo Antrépico 37.4 (81.1) 38.5{83.7) 40.7 {88.3) 43.0(93.3)

Tabela 2 ~ Evolugao do Uso do Sole na Bacia do rio Betari entre 1962 e 1990 {(Nogueira, 1997).

Quanto as declividades, na bacia hidrografica do ric Betari, a ocupacdo antropica ocorre
principaimente em encostas com no maxime 40% de declividade. Nos terracos fluviais, as
declividades ndo ultrapassam 5%, como por exemplo na pianicie fluvial do Betari onde se localizz o
Bairro da Serra, configurando areas restritas que ja possuem ocupacdo consolidada hd muitas
décadas. Nas encostas dos Morros Residuais, a ocupacio também é intensa. Ao norte da bacia,
ocorrem ocupac&o moderada nos Morrotes Carsticos cuja declividades variam de 10% a 40%.

Nogueira (1897) realizou um cruzamente da carta de declividade e a carta geologica,
indicando que as ceclividades abaixc de 12% associam-se & estrutura litoldgica calcaria,
principaimente nas areas de abatimente, caracterisitca desta formacdo. Em outras litologias (filitos e
granitosj, a predominéncia ¢ de declividades superiores a 20%. Entretanto, na bacia ha a

predominancia das classes de declividades mais acentuadas, como mostra a tabela 3.




classes de dsclividade (%) | &rea aproximada na bacia (km®) | ocorréncia na bacia (%)
' 0-6 65 3
0-12 15.2 7
12~ 20 17.4 8
20 - 30 217 10
30-40 37.0 17
> 40 1194 55

Tahela 3 —~ Distribuicdo das classes de declividade na Bacio do rio Betari, Iporanga/Apial. (Adaptado
de Nogueira 1987)

CLIMA

Nio existem registros meteoroldgicos completos para a regifo, inciuindo & drea do PETAR,
estando apenas disponivel 05 dados de precipitagdo do Departamenio de Aguas e Energia Elétrica.
Lepsch et al. (1988) estimaram as temperaturas médias mensais indiretamente, a parlir de regressao
multipla, em funcéo da altitude, latitude e longitude. Estes dados foram utilizados para a confecgio
dos balancos hidricos dos postos pluviométricos mais proximos a area de estudo (figura ©).

O clima regional pode ser classificado no sistema de Kdepen como Af - Clima Tropical super-
umido sem estac@o seca, de ocorréncia nas areas mais proximas do litoral, correspondentes ao Baixo
Ribeira, incluindo as cidades de Registro e Iporanga. O totai de chuvas do més mais seco é superior

a 80 mm; a femperatura média do més mais quente esta acima de 22°C, e a do mais frio acima de
18°C. Guijhar (1983) analisandc a compartimentagdo climéatica da Bacia do Rio Ribeira de lguape,
classificou a area de estudo como: clima tropical hiper-Gmido sem periodo seco, com precipitacac
média anual em torno de 1800 mm bem distribuida ao longo do ano (verao 34% e invernc 17% de

total anual de precipitacio) e temperatura média anual entre 17 — 19°C (max. 23 °C; min. 14°C).
IDENTIFICACAOQ DAS AREAS DE AMOSTRAGEM e LEVANTAMENTO FITOSSOCIOLOGICO

A escolha da area de estudo foi realizada com base em entrevistas com moradores locais, no
monitoramento de folos aéreas dos anos de 1962, 1973 e 1981 e imagens orbitais de 1980 (imagem
LANDSAT TM 5) e posterior visita ac campo. As areas de levantamento selecionadas encontram-se
contiguas na mesma vertente com exposi¢do norte em aititude 500 - 600 m acima do nivel do mar, e
foram classificadas quanto ac tempo de abandono apds cultive em agricultura de sobrevivéncia em

158, 25 e mais de 36 anos de sucessac. As fotografias aéreas apresentadas a seguir ilustram a
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%denﬁﬁcéﬁo das idades dos fragmentos em sucessdc apds abandone de campo cultivado. A figurs
10 apresenta a série histdrica das folos aéreas entre 1962 e 1997,

A metodologia de amostragem seguiu ¢ método de parcelas 10x10m dispostas de maneira
contigua, formatando um transecto de 50x20m, e portanic de area de levantamente de 0.1 ha em
cada fase de sucessdo. O critério de inclusdo escolhido foi maior ou igual a 15 cm de perimetro ao
nivel do peito (PAP 215cm a 1,30 m do solo, equivalendo a cerca de & em diametro}. Foram coletados
material vegetative e/ou reprodutivo dos individuos amostrados, para 2 incorporacéo aos herbérios do
instituto de Botanica e UNICAMP. A identificaco do material foi realizada através de consulia 3
bibliografia, comparagao com material de herbérios e, quando necessario, consultas a especialistas,
Os individuos amostrados foram plagueados, medidos quanto a altura 2 PAP ¢ pletades num planc
cartesiano (X,Y). Os parametros fitossocioldgicos analisados foram: densidade, dominancia absoluta
& relativa.

Os critérios utilizados para a classificacgo de importancia das espécies e familias foram definidos
através da Dominéncis Relativa (DoRi), Densidade Relativa (DRi) e indice de Valor de Cobertura
(IVCi):

onde: ABI - drea basal da espécie ou familia

DoRi= (ABil %, ABn) x100 ABn - rea basal total
DRi = (Ni/ Nn)x100

IVCi = DoRi + DRi Nn = nimero total de individuos

Ni — nGmero de individuos da espécie
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ABSTRACT

The pattemn of forest succession after abandonment of slash-and-bum agriculture over caicareous
soils in Brazilian Atlantic Forest was assessed. This is one of the world’s most threatened Biome, with
only 8% remaining. The study site is located over calcarecus scil inside High Ribeira Turisitic State
Park (PETAR), southeast Brazil. The results show a new successional pattern dominated by species
of Leguminosae, especially Piptadenia gonoacantha (Mimosaceae). This species displace in the study
site {calcareous soils) the most usual dominant tree species cccurring in early succession over acidic
soil: Tibouchina pulchra (Melastomataceae), which is the most common situation in this Biome.
Mycorrhiza colonization decreased through the succession in dry season, and decreased at early
successional phase during wet season. These results are very important for better understanding of
Neotropical forest biodiversity and characterize a unique genetic bank in this high-endangered Biome.
They are also decisive to support actions regarding rehabilitation of degraded lands and a potential
tool for Neotropical forest sustainable management, both inside and around the conservation unit.

Key words: Secondary Succession; Brazilian Aflantic Forest; tropical caicareous soil; shifting
cultivation; Arbuscular Vesicular Mycorrhiza; Pipfadenia gonoacantha (Mimosaceae).
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RESUMO

Fol levantado o padréo da sucess&o florestal apds abandono de campe cultivado em agriculivra de
susbsténcia sobre solos calcarios na Mata Atlantica Brasileira. Este é um dos biomas mais
ameacgados do mundo, que apreseniz apenas 8 % de remanescentes. A area de estuds esia
localizada sobre solo caicério no Parque Estadual Turlsitico do Alte Ribeira, sudesie do Brasil. Os
resultados mostram padr@o de sucessdc dominado por Leguminosae, especialmente Fiptadenia
gonoacantha (Mimosaceae). Esta espécie substitui na area de estudo, a espécie arbdrea dominants
em inicio de sucess&c sobre sclos dcidos: Tibouchina pulchra {Melastomatacsze), sendo esig g
situag2o mais comum neste bioma. Também foi caracterizado um padriio decrescente nz ocorréncia
de micorriza ac longo da evolugdo do processc sucessdo estudado. Estes resultados séo muito
importantes para um melhor conhecimento da biodiversidade da floresta neo-tropical e caracteriza um
banco genético Unico neste bioma altamente ameacado. S3o tambem decisivos no suporte de acdes
de reabilitagéo de areas degradadas & um instrumento potencial para manejo autoc-sustentado da
floresta neotropical, tanio dentro dos limites da unidade de conservacio, guanto em suas dreas de
entamo.‘

INTRODUCTION

The Brazilian Atlantic Forest is considered today one of the three most threatened ecosystems
on Earth. Once covering more than a million square kilometers, extending from Recife southward
\through Ric de Janeiro to Florianopolis and westward to Rio Grande, today the forest is reduced to
less than 8 % of the original cover (SOS Mata Atlantica 1898}, distributed mostly in mountainous
regions. It is recognized by the international scientific community as a megadiverse ecosystem and
considered by The Conservation International as one of world’s biodiversity hot spots (Myers 1988:
Myers et al. 2000). The main threats to this biome come from coastal development, uncontrolled
logging, agriculture, caftle, mining and charcoal production. So Paulo State, southeastern Brazil
(figure 1) had more than 82% of its area covered by forest. Today, the remnants are around 7% of its
original distribution (SOS Mata Atléntica 1998), occurring mainly in the mountainous region near the
shore (84% of the remnant forests in 8% of the state’s area).

The Atlantic Forest Domain comprises a complex of ecosysterns formed by the foliowing
formations: Dense Ombrophylous Forest, Mixed Ombrophylous Forest (Araucana forest); Seazonal
Deciduous and Semi-deciduous Forests; Mangroves and Restingas (lowland sandy formation)
(Cémara 1991; IBGE 1892). The endemism index is 54% for free, 38% for non-tree and 77% for
epiphytic species. It is the richest forest for Orchidaceae and is considered the most ancient diversity
center for South America (Brieger 1969). Mori et al. (1983) suggested that the Myrtaceae is the most
important family in the Altantic Forest, and Siqueria (1994) indicated that Lauraceae is the family with
widest distribution. A checklist made at llha do Cardoso, southeastern S3o Paulo, produced 9886
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species in 134 families, with 118 Orchidaceas, 72 Myrtaceae, 83 Leguminosae, 57 Gramineas, 50
Rubiaceae, 43 Compositae and 41 Bromeliaceae (Barros et al. 1891).

The first ciassification of Brazilian Atlantic vegetation was realized by Loefgren (1898) adapting
Martius’s classification system of 1824 (Joly et al. 1899). Research carried out between 1845 and
1970 emphasized mainly the floristic aspect (Shepherd 1298}. Recently, many studies have looked at
successional dynamics and ecological function (Gandolfi 2000), and despite differences in
methodology and land use history between sites, they conform a data set which allow some
generalizations about the succession which takes place in Dense Ombrophyllus Atlantic Forest:
increasing richness of trees and shrubs species, in canopy and understorey; increasing structural
complexity and tree size; decreasing dominance of shade intolerant species; Melastomataceae family
decreasing in importance, specially the genus Tibouchina, and substitution of anemocoric species by
ZOQCOrC oNes.

Tropical Forest is a heterogensous structural and floristic mosaic as consequence of natural
regeneration occurring in patches differing in age, size and species composition (Walt 1947; Richards
1952: Whitmore 1984; Brokaw 1985a.b; Swaine et al.1988; Strauss-Debenedett] et al.1896). Gap-
phase dynamics is the fundamental basis for to studying the forest growth cycle (Whitmore 1991}, and
it is the beginning of the regenerative cycle. Disturbance created by gaps that alter environmental
conditions and trigger a construction phase characterized by species colonization and growth following
a continuum of ecophysiological response that induce cicatrization (Brokaw 1885a). The final stage is
the mature phase, where a new gap may restart the growth cycle (Whitmore 1984).

The forest disturbance by ireefall gaps is essential for the regeneration of many vegetation
types, and the degree of canopy opening influences their species composition. The gap and regrowth
cycle connects three kinds of structure inherent to the forest. The physiognomic structure refiects the
mix of different phases in the forest mosaic, and the flux of phases is driven by the cycle of gaps. The
population structure is influenced by niche differentiation regarding gap size and species colonization;
and the community structure can depend on the size and frequency of gaps, in terms of relative
abundance of regeneration types and species diversity {Brokaw 1985b).

The essential characteristic of shifting cultivation is that an area of forest is cut, bumed and
used fo grow subsistence crops for several years without tilling the scif (called “roga” in Brazil). While
the site is being actively farmed, it must be weeded to prevent second-growth vegetation. This practice
diminishes on-site mechanisms of regeneration, and in abandoned areas, the principal way for woody
species to reestablish is by seed dispersal. Because slash-and-bum clearings are smail {usually less
than 1 ha), seed dispersal distances are short. During recovery phase, ecosystem function does not
appear to be severely disrupted, and in this way, the abandoned “rogas” are similar in behaving like
big gaps (Uh! 1987; Uhl et al. 1980).
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The main objective of this study was the characterization of forest successional communities
over calcareous soils after slash-and-burn agriculture, providing a background to: study of forest
architectural growth and characterization of species regeneration strategies (Aidar et al. in prep.
2000a), study of ecophysiology of nifrogen use sirategies by tree species and the relations with
successional status, and contribution to the knowledge about Atlantic Forest biodiversity and
regeneration (Aidar et al. in prep. 2000b), aimed at the development of a forest recovery model to
support rehabilitation and management actions.

MATERIAL and METHODS

Study Site

The study area is located in S8o Paulo State, southeastern of Brazil, at the Ribeira de iguape
Watershed, inside of High Ribeira State Park — PETAR — 24°37°43” S g 48°41°00” W, approximately
380 km southwest from 5&c Paulo City, the biggest metropolitan area in South America {figure 1).
This protected area (35.712 ha) together with other State Parks comprise more than 270.000 ha of
continuous Atlantic Forest in Conservation Units. This area was inscribed in December 1999 in the
category of Natural Site on the World Heritage List (hitp:/Mww.unesceo.org/who). Regional climate is
tropical hyperhumid without a dry period with mean annual precipitation around 1.800 mm, well
distributed through the year (34% summer and 17% winter of total annual precipitation) and mean
annual temperature between 17 — 19°C (max. 23 °C; min. 14°C) (Gutjahr 1993). Geologically it has a
pre-Cambrian basement with many metamorphic degrees, mainly metasediments silicic-argillaceous
and epimetamorphic calcareous. Relief is very mountainous with karstic plateaus and intrusive
granites. The study site is located at 500-600 m above sea level over calcareous substrate, which
comprises around 40% of the park area (figure 1), classified as Cambisols associated with
Chernozems (Camargo ef al. 1986; FAC-ISRIC-ISSS 1998).

The regional economic profile is based on small farm agricuiture and natural product extraction
{paim heart and timber). Although illegal, more than 80 families are living inside the park, which brings
them in to huge social conflict with forest conservation. In the iast decade, tourism has been improving
as a consequence of the more than 200 caves that have been found in the region. A study carried out
on land use history of Betari Watershed (217 km?), comprising 42% of the park’s area, showed an
increase of land degradation between 1962 and 1990: undisturbed forest cover from 48% to 32%:

disturbed forest cover from 15% to 25%; degraded and crop land cover from 37% to 43% {(Nogueira
1987)
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Forest survey

The study site was chosen through field observations, analysis of aerial photos from 1862,
1973 and 1981, and LANDSAT TM 5 orbital image of 1990. Scales varied between 1:25.000 and
1-50.000. Interviews with the farmer who abandoned the former crop areas were also done.

High Ribeira 4
State Park 3

- Calcarious soil
S - Study site

L i 1

10 km

Figure 1 — Study site localization and occurrence of caicareous soil. Aside from limestone, the main
soil type inside the State Park and its immediate surrounding, is originated from silicic-argillaceous
substrate (not shown).

The forest survey was carried out in three different adjacent spots corresponding to three
different times of abandonment after slash-and-burn agriculture: Phase | (Pl) with 12 — 15 years;
Phase I (P} with 25 years and Phase il (PHi) with more than 36 years without disturbance and
probably never clear-cut. The inventory was made using transects 50 m long and 20 m wide (0.1 ha).
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The inclusion criterion was trunk perimeter at breast height > 15 cm. All individuals inside the areas
were labeled, measured in height and perimeter, and mapped. Al individuals were sampled for
taxonomic identification. The excicates were deposited at the Herbarium of S3c Paulo Botanica!
Institute (SP). Height (m) was measured by an opti-meter Ranging 120, Ranging Inc.

The Relative Dominance (RDo) is an index fo assess relative gpace occupation and is equal to
the propertion of basal area of ail individuals belonging to one species or family, in relation to the tota!
basal area of the community. The basal area was calculated by converting perimeter to basal area in
cm. The Species Relative Density is an index fo assess the species relative distribution. The sum of
these two parameters gives the Coverage Index for each Species (Cli) (Milller-Dambois et ai. 1974).

RDoi = (BAix100)/ Y. Bdn RDi=(Nix100)/ Nr CIi = RDoi + RDi
Where: RDoi — Species Relative Dominance BAi— Species Basal Area YBAn —Total Basal Area
RDI - Species Relative Density Ni — Species Number of individuals
Nn — Total Number of individuals ~ Cli — Species Coverage Index

Estimation of understorey light leve! in all forest succession phases studied was done using a
Quantum sensor (L-Cor Model LI 189, USA). The measurements were taken in a clear sunny summer
day, during midday period (11 a.m. to 1 p.m.}, with at least 10 replicates and avoiding direct sunflecks.

Soil and root symbiosis survey

A core collector (10 cm®) was used to coliect the soil and roots samples. Soil samples were
taken at 10 cm deep in 8 sites at Pi, 7 sites at Pll and 9 sites at Plil, and submitted to physical-
chemical analyses following Camargo et al. (1986). Mycorrhiza colonization was assessed in roots
with diameter 2 2 mm washed for 4h in 10% KOH in water bath at 80°C, and left overnight in the
solution. After this, roots were washed with H,0, and then acidified with 5% HCI for 3 minutes, and
stained with 0.05% tryptan blue. Between each solution, roots were washed with water. Some roots
with strong pigmentation were kept in KOH solution at 80°C for 8 to 24 h (Zangaro Fo. 1997). The
colonization frequency, which means the sum of all mycorrhizal structures present on roots
(arbuscules, vesicules, extra and intraradical hyphas), was estimated through the observation in a

magnifier of 1g FW root cut in small pieces and placed over lamina with 1em grid. Measurements were
taken in 100 root-grid interception.

RESULTS

The phytosociological survey {annex 1) indicates a decrease in tree density aiong succession:
Pl - 1933 ind.ha™; Pll - 1620 ind.ha™"; and Piil - 1530 ind.ha™. The Species Relative Dominance (RDoi)
and Coverage index (Cli} are shown in figure 2 (A and B). With only one exception (Rapanea
ferruginea; Cli), top positions through stages are occupied by species belonging to Leguminosae.
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Figure 2 — Stage characterization: A. Species Relative Dominance (RDoi %). B. Species Coverage
Index (Cli %) C. Height Class Distribution (%). each class represented by upper limit value.
Successional Phases dated in years after abandonment of cropland.

Species key: All — Allophylius edulis; Asp — Aspidosperma ramiflorum, Cas — Casearia sylvestrs;
Cgla — Cecropia glaziovii, Cpac - Cecropia pachystachya, Ecc — Ecclinusa ramiflora; End —
Endlicheria cf. paniculata, EUt — Euterpe edulis, Gua — Guapira opposifa; Hym — Hymenaea courbaril,
ing — inga marginata, Myr — Myrocarpus cf. frondosus; Nem — Necfandra membranacea; Neo —
Nectandra oppositifolia; Oco — Qcotea catharinensis; Pip - Piptadenia gonoacantha; Pir - Fiper sp1,
Rap -~ Rapanea ferruginea, Rau — Rapanea umbeilata; Rol — Roflinia cf. ruguiosa; Sch — Schizolobium
parahyba, Sya — Syagrus romanzoffiznum, Sym - Symplocos laxifiora, Tet — Teforguideum
rubrivenium, Tib — Tibouchina pulchra, Ver — Verbesina sp.
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Pl is dominated by Pipfadenia gonoacantha and Symplocos laxifiora. Surprisingly, Cecropia
pachystachya was only positioned in the ten top ranked species, probably because of the advanced
age of the pioneer stage sampled. This aging can be seen through the occurrence of a high number of
dead trees, many of them from Cecropiaceae (personal observation), suggesting population decay
{figure 2 A; B). The Cli follows the RDo pattern, with main species being Piptadenia. In this area, 42
species belonging to 19 families were sampled.

Pli is dominated by P.gonoacantha and R.ferruginsa, both with increased dominancs related to
the former stage. Here, the Ci indicates that Rapanea ferrugines showed a slightly high value, which
is correlated with its higher number of individuals that occur mainly in the forest undersiorey. in this
stage, 33 species and 15 families were sampled, which represents a clear decrease in family and
species diversity.

Pl is dominated by Schizolobium parahyba, but its RDo is lower than that observed for the
dominant species in Pl and Pil. Actually, we can see a greater number of species with aimost the
same importance, like Hymeneae courbaril, Ficus sp, Guapira opposita and Aspidosperma ramifiorum
(figure 2 A; B). This reflects the higher diversity of Plll, where 67 species belonging to 25 families were
sampled. Cli shows a slightly different pattern, where understorey species like Euterpe edulis and
Guapira opposita, assumed higher importance as a conseguence of their higher number of individuals.

The chronosequence shows a clear architectonic evolution, with increasing stratification and
structural complexity of the canopy throughout succession (figure 2C). Pl shows only one continuous
tree stratum with forest canopy around 15 m high. Pli shows two strata, with forest canopy higher than
15 m high and an understorey below that. The Plif shows three strata: emergent trees with more than
20 m, a clear canopy layer around 15 m and a dense understorey.

The light level estimated at the forest floor of successional phases {figure 3) shows a clear
decrease of illumination throughout succession as a censequence of the increased architectural
complexity and increased canopy closure associated with successional evolution.

Only vesicular-arbuscular mycorrhiza was found in root samples of tree species occurring at
the study site. The mycorrhizal colonization shows a decrease through succession during the dry

season. During the wet seasoen high variation occurred between samples from the same site, making it
difficult to clarify the distribution pattern (table 1). However, there is a decrease in colonization at PIIL.
Comparing the colonization between seasons, we can see a decrease at Pl, whilst other stages did
not show any significant differences. With respect to arbuscules, the exchange site between roots and
fungi, the occurrence pattems are similar to those of colonization.
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Figure 3 — Light level in the floor of the successional phases: gap (cropland recently abandoned) —
100% total sun light (isl); Phase | (P | ~ area with 15 years of abandonment} — 30.4% tsl; Phase 1 (P i
— 25 years of abandonment) — 15.3% tsl; and Phase lli (P {ll — more than 36 years of abandonment} —
2.5% tsl. Bars indicate standard error.

parameter Phase{ay) N dry wet
L {15) g8 805(74"* 533(12.3)"°
% colonization i (25) 7 702(58)%* 728(11.7)°%°
il (+36) 8 553(12.5)°% 466(24.7)B°
I (15) 8 B616(9.7)%°  436(12.2)7°
% arbuscuie i (25) 7 528(86)°° 64.9 (15.7) ®®
I (+38) 8 321(129)%* 34.1(13.8)%®

Table 1 - Mycorrhiza occurrence in roots through successional phases and seasons. N — number of
samples; values represent average with standard deviation in parenthesis; a.y — age in years after
abandonment; for each parameter different letters indicate significance for ANOVA and post hoc or
wo-sample ¢ test, p < 0.05,; within column — A; within row — a.




DISCUSSION

The phytossociological survey camied out in the cronoseguence was considered sufficient
achieve the main objectives of this work, that were the characterization of the successional dynamics
and the main species involved in this process at the study site. In addition, it was adequatie o
characterize the architectural development of the succession, defining the structural evolution of the
main forest strata and their species composition. The fransect with 0.1 ha used to assess the
successional stages produced a relatively fast and accurate result, as suggested by Shugart {1884,
who indicates a surface area around 0.1 ha adequate for application of “gap models”. However, to
assess the tree species diversity (species richness, abundance and Shannon diversity) would be
recommended a larger sampling area as suggested by He et al. (1996).

Oideman (1890) defines the forest architecture “as spatio-temporal structure linked fo a well-
defined hierarchical level”, and that the “architectural models” in the eco-unit analysis can be assessed
trough a transect where “two elements of observation are needed: 2 transect drawn and 2 frequency
list of species found in the minimum area”.

The structural characterization of successional stages showed an increased stratification in the
vertical structure with evolution of succession. This pattem followed what is expected for tropical
forests, where in more mature forests, at least three major tree layers can be distinguished:
understorey, canopy and emergent. This pattern of siratification is associated with decrease in light
intensity inside the forest, because the increased absorption by foliage caused by higher canopy
closure and height. (Whitmore 1990; Llttge 1997).

The light level measured in the different successional phases, despite of the fact that can not
be considered as a conclusive results because it was not an extensive survey, indicates the
differences associated with canopy closure along succession development.

A phytossociologicai survey made in a site 10 km to southeast over acidic éoi! (Torezan 1995)
are shown at table 2. The successional communities sampled with similar age after abandonment of a
cropland show a very different species composition when compared with the study site. The results
indicate the dominance of Tibouchina pulchra (Melastomataceae) in the 15-vear successional phase
and Securinega guaraiuva (Euphorbiaceae) in the 50- year successional phase, and are similar with
other studies made in Atlantic Forest over acid soils, where the following families are dominant in both
well-preserved and less-preserved sites: Euphorbiaceae, Lauraceae, Arecaceae, Me!a'stomataceae,
Rubiaceae, and Sapotaceze.

The calcareous soil at the study site shows different characteristics when compared with the
acid soil referred above, which is originated from a silicic-argillaceous substrate (table 3): higher pH
and O.M. (organic matter) content; similar CEC (cation exchange capacity) but much higher V {base
saturation); similar P content; higher content in Ca, and much less H+Al (exchangeable acidity). These -
values characierize an eutrophic caicareous soil with significant O.M. and low P content,
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age {years) sp RDoi Cli

5 Cecropia pachystachya {Cecropiaceae) 229 313
Tibouchina pulchra (Melastomataceae) 148 545
Baccharis eleagnoides {Asteraceas) 145 186
Senna multijuga (L.eguminosae) 10.1 13.3
Rapanea ferruginea (Myrsinaceae) 8.8 12

15 Tibouchina puichra {Melastomataceas) 264 425
Aegiphila seflowiana (Verbenaceas) 11.7 248
Cecropia pachystachya (Cecropiaceae} 105 188
dead 7.42  18.1
Symphyopappus itatiayense (Asteraceae) 7.36 128

50 dead 116 147
Securinega guaraiuva (Euphorbiaceas) 97 109
Sloanea guianensis (Eleccarpaceas) 7.1 123
Aparisthimum cordafum (Euphorblaceae) 53 258
Viroia oleifera {(Myristicaceae) 51 5862

Table 2 — Phytosociological survey made of Mata Atlantica over acidic soil nearby study site, showing
the main species and families present in each successicnal stage after abandonment of the cropland;
Species Relative Dominance — RDoi (%) and Coverage Index (Cli) (from Torezan, 1995).

The species composition along the forest succession phases at the study site indicates a
different pattern, where Pipfadenia gonoacantha (Mimosaceae) displaces the species generally found
at the initial succession of Atlantic Forest over more acidic soils - Tibouchina spp (Melastomataceae)
{Loefgren, 1898; Pompéia et al. 1989; Leitdo Filho et al. 1983). The occurrence of this kind of soil
represents a typical situation in the Atlantic Forest, where most soils are usually found to be acidic,
leached and nutrient deficient, although there is great diversity of specific soil types within the humid
tropics {Jordan 1985).

The Cli and RDo for P.gonoacantha at the study site are two to three-fold higher of that for
T.pulchra. Comparing the RDo for this latter species between the study area and the reference site
over acidic soil, the values are two to four-fold higher in the latter, indicating that the species is
experiencing difficulty for successful colonization over calcareous soil.

These differences on the successional pattern between sites can be explained by the different
soil characteristics. It is well known that there are significant differences in plant communities that
occur over calcareous and acid soils, where the plant species associated with these soils are
designated respectively as calcicoles and calcifuges (Salisbury 1921). The causes of these different
ecological behaviors are complex and not fully understood (Gries et al. 1995). Possible explanations
of calcifuge behavior are inability to solubilize Fe and P occurring in limestone as a consequence of
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calcareous soil’ acidic soil®

_soil parameter phase(ay) N dry _age(ay) N

1 (15) 8 5808 810D 15 3 370"

pH n@s 7 58(05% 59044
M3 9 8102 80(@3"* 50 3 35(01°°
[ (15) 8 45(00)°%° 55067 15 3 2.3{03)"°

O.M. % H{28) 7 400 44(1.9°°
' H(+38) &  81(1.8%% 6.6(1.1)5" 50 3 24(0.5%°
1 (15) 8 73(14)%* 83 (2)** 15 3 5507°

V % H@sy 7 72(12%* 78 (15)7*F
I (+36) 9 83 (5)"* 86 (6)"° 50 3 25(05)°
F{15) 8 129(2.9)%" 13.8(1.5"° 15 3 12.7(0.4)"*

CEC mEg/100m! (25 7 1180% 1r7En*
Hi(#38) 8 13.7(3.6)%% 17.7(4.6)5° 50 3 17.0(3.1)F°
| (15) 8  4925% 35(1.44° 16 3 82011

P ppm H{25) 7 46@23)%% 28(1.4)4°°
1 (+36) & 58@27N** 4.1(1.7)*® 50 3 29(0.7)8°

I (15) 8 256 (108)"® 175 (40)"°

Fe ppm (25) 7 330(134)"* 350 (185)"°

H(+38) o 166 (54)%* 120(38)®*
Ca mEq/100mi ali 24 8431 106 (4.1)° both 6  04(08)°
H+Al mEg/100mil all 24 290127  23(07° both 6 13.8(3.7)°
sand % all 24 67.7(12.6)® 729(9.4)° both 6 20.8(8.42)°
silt % al} 24 248(90)° 21.3(68)° both 6 347 (3.3)°
clay % ali 24 71(49)° 57(55° both 6 372(8.3)"

Table 3 - Site soil characteristics and comparison with acid soil. Phase (a.y) — age in vears; N -
number of samples; vaiues represent average with standard deviation in parenthesis; for each
parameter different letters indicate significance for ANOVA and post hoc or two-sample f test, p <
0.05; within columns — A; within rows — a ; pH — hydrogenionic potential; O.M. — organic matter; CEC -

cation exchange capacity; V - base saturation; P — phosphorus; Ca ~ caicium: H+A] - exchangeable
acidity. ' this study; ® from Torezan, 1999
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the highér soil pH {(Marschner 1985}, For plants 1o colonize limestone, mechanisms are reguired for Fe
and P solubility in the rhizosphere, and caicicoles species appear o have a greater capacity to release
organic acids that are chelating agents (Jones 1998; Tyler et al. 1993; Tyler 1994; Storm at al. 1994).

iron deficiency on calcareous soils is often enhanced by poor soil aeration caused by high
water content, which is the case here, where there is no real dry season. Also, at high pH the
concentrations of Fe** and Fe® are very low, and in soils with high organic matter content, the
concentration of organic-iron chelates in the soil solution can be very high. Calcicoles species are
ofien highly efficient in P uptake, at least in some instances, because roots are highly infected with
vesicular arbuscular mycorrhiza (Marschner 1895).

The results indicate that P.goncacantha only occurs over the calcarecus soil, while T puichra
showed a8 marked decrease in importance when compared with the successional dinamics outside
limestone. This suggests a competitive exclusion, where F.gonoacantha, a superior competitor in this
kind of environment, dispiaces the species T.pufchra.

The results obtained with respect {o mycorrhiza colonization are in agreement with the
hypothesis proposed by Zangaro Fo. (1997) and with results presented by Siqueira et al. (1998) for
native species from southeastern Brazil, where tree species dependency on mycorrhizae decreases
during succession: early stages are dominated by pioneer species which are obligatory mycotrophic,
exhibiting high coleonization rates; medium stages are dominated by secondary species which are a

mix of obligatory and facultative mycotrophic; advanced stages are dominated by climax species
which are facultative mycotrophic or non mycotrophic. In addition, our results are similar to those
found by Herrera et al. (1920) in Cuba.

The seasonal dynamics of root colonization by mycorrhizae is well documented (Allen et al.,
1998), but generally colonization is higher during the wet season. On the contrary, this study showed
decrease in colonization at the early successional phase during the wet season. This can be a
response to the increased avaiiability of organic matter (table 2) and nutrients (Aidar et al. in prep.
2000b), suggesting some regulation of the infection but no clear relation was found.

Despite of the fact that calcareous soils cover more than 30% of earth’s surface (Marschner
1995), their occurrence is less than 7 % in the Brazilian territory (Karmann, 1994). in addition, the
main areas of kKarst landscape in Brazil are situated in dry and/or seasonal zones, where dominant
vegetation are Cerrado and Deciduous Seasonal Forest (e.g. Warming, 1892). Whitmore (1984)
indicates that karst landscape is absent of the humid tropics of Africa and it is rare in Latin America,
except for Caribbean region. The author also describes its occurrence in a small part of the fropical
Far East (China, indo-Chine, Sumatra, Malaya, Sarawak, Java and New Guinea), where the Forests
over limestone have several characteristic species occurring in habitats normally drier than the
surrounding areas, stressing that acidic soils are common because peat occurrence.
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The Atlantic Forest over calcarecus soil found at the study site has enormous importance for
Neotropical Forest Biodiversity, because it is probably the only site where it occurs in Brazil, being a
very important genetic bank for species, such as the threatened species Ocofea catharninensis Mez ~
Lauraceae (SBB 1992).

The characterization of this new and locally restricted Atlantic Forest successional pattern is
decisive in supporting actions taken to rehabilitate degraded lands, and can be a potential tool for
sustainable tropical forest management, both inside and around the High Ribeira State Park
boundaries.
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ANNEX 1 — Stage’s Phytossociclogical survey

Phase |

sp family Ni  RDol RDiI ch
Piptadenia goncacantha Leguminosae 14 1865 72 3T
dead 18 7.8 2.5 17.6
Casearia sylvestris Flacourtiaceae 18 70 a8 16.8
Inga marginata Leguminosae ie 6.9 9.8 16.7
Symplocos laxifiora Symplocaceae 9 11.8 46 16.68
Rapanea fernigines Myrsinaceae 1% 78 5.7 13.4
Roflinia of. mgulosa Annonnaceae 17 3.8 8.8 127
Cecropia pachystachya Cecropiaceas 14 40 72 11.2
Tibouchina pulchra Melastomataceae 8 5.4 4.4 85
Nectandra membranacea Lauraceae 5 49 26 78
Trema micrantha Ulmaceae 4 28 21 49
Nectandra oppositifolia Lauraceae 1 4.2 0.5 47
Bauhinia forficata Legumincsae 4 2.0 21 4.1
Matayba efaegnoides Sapindaceae 3 1.5 15 3.0
ivreia of. rostrata Myrtaceze 3 08 15 2.4
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Tetrorguideum rubrinervium
Cordia tfrichofoma
Nectandra megapotamica
Campomanesia guaviroba
Guatferiz nigrescens
Coupania obiongifolia
Schyzolobium pahraiba
Alchornea tripliinervia
Endiichenia panfculata
Annonaceas spl

Meliosma seilowf

Pouteriz psamophyls
Cecropia glaziovii
Fiptadenia paniculata
Persea pyrifolia
Platymiscium florimbundum
Aegyphila sp

Roflinia sericea
Machasrivm sp

Cootes sp

Clehtra of scabra
Heisteria siiviani]

Alseis of. floribundum
Guapire opposita
Allophylus edulis

Quina glaziouif
fMachaerium nictitans

Euphorbiaceas
Boraginaceae
Lauraceae
Myriaceas
Annonacese
Sapindaceas
Leguminosas
Euphorbiaceze
Lauraceae
Annonacess
Sabiaceas
Sapotaceae
Cecropiaceas
Leguminosas
Lauracasa
Legumincsae
Yerbenacese
Annoneceze
Leguminosae
Lauraceas
Cietraceae
Olacaceae
Rubiaceas
Nyctaginaceae
Sapindaceae
Quiinaceae
l.eguminosae

L i T S I N e S B . A © N ¥ T ¥ S B N

L . T S Y Gt N A O S OE S A Y

14
0.5
0.5
0.4
0.4
04
1.4
0.3
05
1.0
05
05
0.3
0.6
06
0.5
05
04
0.4
0.4
0.4
0.3
a2
0.2
0.2
0.1
01

1.0
15
i5
1.5
15
18
0.5
1.8
10
0.5
1.0
16
1.0
5
G5
G5
08
0.5
0.5
cs
c.5
05
05
05
0.5
0.5
0.5

24
21
20
20
20
1.8
1.8
1.8
1.8
1.5
1.5
1.8
1.3
1.4
1.1
1.0
1.0
Gg
0e
08
0.9
0.9
0.7
e.7
0.7
06
0.6

RDi - species Relative Density; RDoi - species Relative Dominance:

Cli — species Coverage Index; Ni — species number of individuals.

Phase i

sp farnfly Ni  RDoi ROi Cii
Rapanes ferruginea Myrsinaceae 37 228 218 447
Piptadenia gonoacantha Leguminosae 13 309 7.7 3886
Tibouching puichra Melastomataceae 14 15.2 83 284
Tetorquideum rubrivenium Euphorbiaceae 8 45 47 8.3
Allophyllus edulis Sapindaceae 11 28 6.5 9.1
Pipersp i Piperaceae 12 1.9 74 g0
Cecropia glaziovii Cecropiaceae 3 6.5 1.8 83
Verbesina sp Asteraceas 11 1.4 85 7.8
Roliinia of. Ruguiosa Annonnaceae 8 2.0 47 8.7
Symploces laxifiora Simplocaceae & 22 36 5.7
Rapanea umbellata Myrsinaceae 3] 18 3.6 51
Pipersp 2 Piperaceae & 1.3 3.6 48
Piptadenia paniculata Leguminosae 4 8.9 24 33
Coupania oblongifolia Sapindaceze 3 G2 1.8 23
Inga marginata Leguminosae 2 08 1.2 214




Carnpomanesia guaviroba Myriaceae 2 0.8 1.2 1.9
Bauhinia forficata Leguminosas P 0.8 1.2 1.8
Machaerium stipifatum Legumincsae 2 0.4 1.2 1.8
Miconia cinnamormifolia Melastomataceae 2 0.4 12 15
dead ' 2 83 12 15
Hyeropima alchorenoides Euphorbiaceae 2 8.2 12 1.4
Psidium cattfeyanum Myriacese 2 82 1.2 1.4
Alchornea triplinervia Euphorbiaceae 1 07 0.8 1.3
Casearia sylvestris Fizcourtisceae 4 03 a8 88
Trema micrantha Liimaceas 1 0.2 08 08
Bathysia meridionalis Rublaceas L 0.2 0.8 Dg
Myrcia of. rostrata Myriaceas t 0.2 0.6 0.8
Leandra of. mosenii Melastomataceas 1 81 08 a7
Miconiza fatecrenata Melastomataceae 1 041 G8 0.7
Byrsonima sp Malpiguiaceae i 0.1 0.8 0.7
Psychotrya of. carthagenensis Rubiaceae 3 o1 08 0.7
Dalbergia frutescens Leguminosae 1 &1 06 0.7
Pigtimiscium forfbundum Leguminosas 1 0. 08 07
Phase I}
sD family Ni  RDet RDI Ch
Schizalobium parahyba Leguminosae 5 §3.47 33 6.8
Euterpe edulis Palmae 18 323 118 15.1
Guapira opposita Nyctaginaceae g 745 58 13.4
Hymeneae courbaril Leguminosae 1 958 0.7 10.2
Cceotea catarinensis Lauraceae g 377 59 87
Ficus sp Moraceae 2 7.69 1.3 a0
Aspidosperma ofivaceum Apocynaceas 2 7.43 1.3 87
Ectlinusa ramiflore Sapotaceae 3 8.44 2.0 84
Myrocarpus cf. frondaosus Leguminosae T 444 07 51
Endiicheria cf. Paniculata Lauraceae 4 164 2.8 4.3
dead 3 200 20 40
Eugenia cuprea Myriaceae 5 0.42 33 3.7
Trichilia lepidota Meliaceae 3 123 2.0 3.2
Myrceugenia myrcioides Myrtaceae 4 043 28 A
Mectandra megapotamica Lauraceae P 1.66 1.3 3.0
Allophyviu edulis Sapindaceas 2 184 i3 3.0
Maytenus tychofilum Celasiraceas 3 pes 20 3.0
Cedrefia fissilis Meliaceas 3 087 20 28
Chrysophyllum inornatum Sapotaceae 3 Q.82 2.0 28
Syagrus romanzoffianum Faimae 1 205 07 2.7
Melastomataceae 1 Melastomataceae % 1.93 07 286
Coussapoa microcarnpa Cecropiaceae 2 1z2 1.3 25
Mora estrela Moraceae Z 1.18 1.3 25
Prunus myriifolia Rosaceae 2 11 1.3 24
Marligra sugeniopsoides Myrtaceae 3 038 20 23
Myrcia publpetala Myrtaceae 3 233 2.0 2.3
Verbesina sp Asteraceas 3 030 23 23
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Wivriaceas sp 3
Tetrorguidenm rubriveitrn
Protium heptaphylum
Securinega guaraiuva
Roupals brasiliensis
Campomanesia guavireba
Sorocea bomplandii
Annonaceae sp 3
Piptadeniz gonoacantha
Aliberig sp
Annonaceas sp 4
Rheediz gardnerana
Cecropia pachystachivs
Inga marginata
Beilchrneria of. emarginata
Guarea macrophyfia
Aspidosperme pofineuron
Pterocarpus of. rohri
Byrsonima sp

Roliinia serices

Pouteria psamophylla
Persea cf. Pyrfolia
Gomidesiza fijucensis
Nectandra oppositifolia
Posoqueria sp

Eugenia florida

fiatayba jugladifolia
AMachaerium stipitatum
Alchornea triplinervia
Eugenia riedeliana

sp 3

spi

Caliptranthes concinnus
Alsels florimbundutr
Leguminosae sp 1
Lonchocarpus sp
Mollinedia sp
Monirriaceae sp 1
Myriaceae sp 1

Aioueua sp

Rudgea cf. jasminocides

Miyrtaceas
Euphorbiaceas
Burseraceae
Euphorbiaceae
Proteaceae
Myriaceas
Moraceze
Anonnaceas
Leguminosze
Rublaceze
Anocnnacese
Clusiaceas
Cecropiaceae
Leguminosas
Lauraceae
Meliaceze
Apocynaceae
Leguminosae
Malpiguiaceas
Anonnaceae
Sapotacease
lL.auraceae
Myrtaceae
Lauraceae
Rubiaceae
Myrtaceae
Sapindaceae
Leguminosae
Euphorbiaceae

Myrtaceae

Myrtaceae
Rubiaceae
Leguminosae
Legumincsae
Monimiaceae’
Monimiaceae
Myrtaceae
Lauraceae
Rubiaceae

e B R e T T S % N T R R N T R N S i VI VT T L R S S

-

. T T G S Wy

1.55
0.88
1.82
G.80
122
653
2.51
142
ng7
0.30
0.82
0.25
0.23
0.23
0.16
0.18
6.80
813
8.1z
G54
053
0.47
0.38
0.38
021
020
0.20
0.14
0142
C1i2
0.11
0.08
0.07
0.07
007
0.07
0.07
067
0.08
.05
0.05

0.7
1.3
0.7
1.3
6.7
1.2

1.3
a7
07
13
o7
1.3
1.3
1.3
1.3
1.3
2.7
1.3
1.3
o7
o7
0.7
0.7
0.7
o7
07
07
0.7
o7
07
07
0.7
0.7
0.7
07
07
07
0.7
0.7
0.7
Q7

2.2
22
2.2
1.8
1.8
1.8
18
1.8
1.8
1.8
18
18
15
15
1.5
15
15
1.4
1.4
1.3
1.2
1.1
1.0
1.0
0.8
c.9
08
0.8
0.8
0.8
0.8
o7
o7
0.7
Q.7
07
0.7
07
07
o7
c7
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ABSTRACT
Based on the analysis of the forest structure it was possible o characterize the architectonic growth
phases of Atlantic Forest succession over calcareous soil and identify three sets of species that build
the different eco-units throughout silvatic mosaic development. Cecropia pachystachya and C.glaziovi
{Cecropiaceae) constitute the Pioneer Eco-unit. Piptadenia gonoacantha {L.eguminosae) and Rapanea
ferruginea (Myrsinaceae) constitute the Early Secondary Eco-unit and Schizolobium parahyba
{Leguminosae) conform an Early Secondary Eco-unit in the late successional stage. Hymenaea
courbarif (Leguminosae) and Aspidosperma ramifiorum {Apocynaceae) constitute the Late Secondary
Eco-units. The definition of the regeneration strategies of the selected iree species showed an
overlapping distribution along succession, suggesting a gap-size gradient.
Key Words: Succession; regeneration strategies; eco-unit; Neotropical trees; slash-and-burn
agriculture; Piptadenia gonoacantha, Tibouchina pulchra; calcareous soil.
RESUMO
Baseadc na analise da estrutura da floresta fol possivel caracterizar as fases de crescimento
arquitetdnico da sucess@o de Mata Atlantica sobre solo calcario e identificar tres conjuntos de
espécies que constroem as diferentes eco-unidades através do desenvolvimento do mosaico
silvigenético. Cecropia pachystachya e C.glaziovi (Cecropicaeae) formam a eco-unidade pioneira.
Piptadenia gonoacantha (Leguminosae) e Rapanea ferruginea (Myrsinaceae) formam a eco-unidade
secundaria inicial, @ Schizolobium parahyba (Leguminosae) conforma uma Eco-unidade secundéria
inical no estagio sucessional mais avangado. Aspidosperma ramifiorum (Apocynaceae) and
Hymenaea courbari! (Leguminosae) formam as eco-unidades secundérias tardias. A definicio das
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estratégias de regeneracao das espécies arbbreas sslecionadas apresenta uma sobreposicio na sua
distribuicéo ao longo da sucessdo, sugerindo um gradiente.

INTRODUCTION

in the last two decades many attempts have been made to group tropical rain forest tree
species intc ecological (regeneration) groups, trying to refine the well accepted dichotomy ‘pionesr—
climax (Swaine et al, 1988). Some important studies are those by Denslow (1880, 1987}, Pickelt
(1983), Thompson (1888), Alexandre (1989), Oldeman et al. {1991}, Alvarez-Buylla et al. {1992) and
Ciark et al. (1982). Whitmore (1998) concludes that “the Swaine and VWhitmore dichotomy is 3
necessary but not a sufficient description of the variety of tree autoecology found in nature” and
suggest that the current state of knowledge of tree ecology provides evidence that species have
broadly overlapping distributions along a gap-size gradient.

Oldeman (1983; 1986; 1987, 1989, 1890) suggest that the forest dynamics can be analyzed
from an architectural point of view, where the growth dynamics are considered as a sequence of
architectural growth phases, and can be determined through quantitative analysis along a transect.

The diagnosis of the architectural phase of a system at one level is made by the diagnosis of
the architectural “state” of its component systems one fevel lower. The trees form the skeleton of the
forest, with the diagnosis of forest architecture resting on an explanation in terms of jts tree
architecture. The tree growth process can be diagnosed by the state of tree components and is
sequential phases: innovation (tree as seedling); aggradation; biostatic and degradation {Oldeman
1980). Oldeman (1983; 1989) coined the term eco-unit (regeneration unit) as a generic term for the
basic architectural building block in forest architecture — “every surface on which at one moment in
time a vegetation development has begun, of which the architecture, ecophysiological functioning and
species composition are ordained by one set of trees until the end”.

According to Oldeman (1990), “this circumscription implies that the replacement of the trees
automatically entails the death of the forest eco-unit in question, and its replacement by one or more
other ecc-units. in this way, eco-unit development is treated as a subprocess in succession”. During
the succession after disturbance, the tendencies are for eco-units to become progressively smaller,
finally composing the ultimate and smallest “Chablis Eco-unit’, or one-tree gap of the old rain forest.

The forest eco-units can be divided according 1o size, with their general architecture depending
on its origin and on the architecture of its trees. Pioneer trees constitute large eco-units and small
ones are made by slow growing shade tolerant iree species. The comparative characteristics of trees,
that constitute “pioneer’, “late secondary” and “climax” forest paiches are based on the Budowski's
classification of successional status (1965). In this approach, frees with different successional
positions make up different eco-units, which form the forest “successional mosaic” (Oldeman, 1983).
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The tree species ordain the eco-unit's architecture and ecofisiology. The diagnosis of the state
of a tree in its eco-unit can be achieved using the classification proposed by IUFRO (Leibundgut, 1958
in Cldeman, 1990}, where the stand structure is analyzed in four aspects: Stand iayer (height class)
which defines the layers of the forest (upper, middie, lower);, Tree vigour — strongly, average and
weakly developed; Crown depth — deep, medium and shallow crowns; and Developmental tendency ~
linked to forest conversion, because trees of one species may overtop those of another species, which
is of utmost silvicultural importance: “fore-runners” with higher growth potential, sistionary and
“laggers” when grows siower than others. This code is used fo classify frees as to their “social
position” in the stand, and has been indicated as “dominant”, “co-dominant” or “supressed”.

The main objectives of this work are fo characterize the architectonic growth phases of the
Atlantic Forest succession over calcareous soil and characterize the regeneration strategies of the
selected species through the succession. This work is based on a previous study (Aidar et al. in prep.
2000a), and supporis the study of ecophysiology of nitrogen use sirategies in neotropical trees as
related with species’ successional status (Aidar et al. in prep. 2000b).

MATERIALS AND METHODS

The study area is located in the southeast of Brazil, at the Ribeira de lguape Watershed, Séo
Paulo State (24°31'43” S and 48°41°08” W), some 380 km southwest from Sac Paulo City, the largest
mefiropolitan area in South America. The study site characterization and forest survey were presented
in details in Aidar et al. (in prep. 2000a). At the study site, three different successional phases
regarding time after abandonment of a cropland were sampled, all located juxtaposed at the same
slope. Phase | (Pl) - 15 years of succession after abandonment of a cropland; Phase il (Pll) — with 25
years of succession; and Phase lll (Pill} — with more than 36 years of succession.

We adopted a simplified classification proposed by Gandolfi et al. {(1995), which is based on
Budowski (1965}, distinguishing three kinds of tree regeneration strategies or guilds: pioneer species —
specialized in occupation of big gaps, demand light for germination and growth, shade intolerant.
(pioneer from Budowski); early secondary species — specialized in occupation of medium gaps,
showing potential germination under shade, but demand light increment to grow, reach maturity and
canopy (early secondary from Budowski); and iate secondary species — specialized in small gaps and
understorey occupation, not necessarily demanding light increment for germination and development,
can stay at understorey or reach the canopy (late secondary plus climax species from Budowski).

This classification fits very well with Oldeman’s (1983, 1987; 1989) proposition about the forest
mosaic development, and avoiding the term “climax”, we propose a simplified approach to analyze

forest succession through a physiognomic survey and the characterization of tree’s regeneration
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strategies. We can recognize three successional phases composed by a substitution of eco-units and
its species, as shown in iable 1.

eco-unit pioneer earty secondary late secondary
regeneration sirategy  pionesr species sarly secondary species  late secondary species
gap size large sized gap intermediate sized gap small sized gap
architeciure menotonous diverse very diverse

specie composition poor diverse vary diverse

life time span short lived ('weed trees”)  medium and long-lived very-long lived
frequency rather frequent frequent less frequent

Table 1 - Architectural analysis of rain forest forest eco-units characterization (Adapted from
Cideman, 1887).

The analysis of each Forest Successional Phase (or stand) for the definition of the ecc-unit
composition was made trough the phytossociological survey (Aidar et al. in prep. 2000a). The
definition of the "dominant species” in each forest stand was achieved through the analysis of the
stand layer (height class distribution) and developmental tendency (Species Relative Dominance —
RDoi) presented in Aidar et al. {in prep. 2000a).

Sorne species, which occur in these different successional phases, were selected for sampling
in order to compare their behavior regarding primary nitrogen metabolism (Aidar et al. in prep. 2000b).
The criteria for selection followed two main aspects: importance in successional dynamics; and
significance in terms of presence in more than one phase and/or characteristic occurrence (e.g.
Cecropia spp in early secondary forest).

The selected tree species’ successional statuses were defined through the analysis of a set of
characteristics gathered through observation, species identification and available bibliography (Rizzini
1978; Reiiz et al 1978a; 1978b; Incue et al. 1984; Lorenzi 1992; 1998: Reitz 1966; Siqueira et al.
1997; Leitdo Filho et al. 1893; Gandolfi et al 1995; Gandolfi 2000) which define their main
morphological features and ecologicai preferences.

RESULTS

Based on the analysis of the forest form trough the definition of forest eco-units as proposed by

Cldeman (1983), it was possible to identify three seis of species which dominate the different eco-
units throughout the silvatic mosaic development (Oldeman, 1990).
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Cecropia pachystachya and Cecropia glaziovii made up the big size Pionner Eco-unit (Figure
1A Phasé D), which reaches maturily around 10 years after abandonment of & cropland and shows a
tendency to disappear with the succession development {figure 1A Phases II; 1lI), being substituted by
another set of trees which characterize the Early Secondary Eco-unit (Figure 1B Phase ). The first
succassional phase (Pl) characterized af the study site corresponds to & Late Pioneer Stage, whare
the Pioneer Eco-unit is decaying, as can be seen by the high tree mortality (Aidar et al. in prep.
2000a).

The medium sized Early Secondary Eco-unit is constituted by the tree species Pipfadenia
gonocacantha and Rapanea ferruginea, which have life expectancy less than 30 years, both with many
individuals (130 ind. ha” and 370 ind ha, respectively at Pll). At P, this Eco-unit is still deveioping,
but is already dominating the Pioneer Eco-unit. At Phase i, it is fully developed accounting for more
than 53% of Toial Basal Area of the successional community (Aidar et al. in prep. 2000a).
P.ganeaéanfha structures the canopy around 15 m (height avgzs.d = 15.0 £ 5.9m), while R ferruginea
occur in the understorey (11.5 £ 3.0m). At Plli, they have already disappeared (Figure 1B).

Plli is dominated by small sized Late Secondary Eco-units, which are made up by Hymenaea
courbari (10 ind. ha™; height 28 m), Ficus sp (20 ind. ha™; height avgzs.d = 175 * 4.9m) and
Aspidosperma ramiflorum (20 ind. ha': height avgts.d = 18.0+ 0 m). In addition, the long lived early
successional species Schizolobium parahyba showed the highest Relative Dominance and Coverage
index {50 ind. ha™; height avgts.d = 19.1 % 3.1 m), characterizing another Early Secondary Eco-unit
occun’ing.in this late successional stage (Figure 1C).

A characterization of ecological preferences of the species that drive the successional
dynamics at the study site is presented in the table 2, including the regeneration strategy
classification. For more information about Brazilian phytogeography classification system, see Veloso
et al. (1991) and Joly et al. (1999).

The species’s occurrence throughout successional phases af the study site (Figure 2) indicates
the substituilion of the eco-unit and their respective dominant species along successional evolution.
The species associated with the different regeneration strategy guilds and the respective eco-units,
shows a diverse behavior regarding dominance distribution: Pioneer Species dominates the early
pioneer stage and participate of the latter stages (e.g. Cecropia in the Phase llI; the chablis). Early
Secondary Species dominates the Early Secondary stage (Phase ll) and participates with high
importance in latter stages (e.g. Schizolobium in the Phase Ill). Late Secondary Species dominates
the Late Secondary Stages.

The Figure 3 shows the species dominance distribution (Relative Dominance) aiong the
succession that ocours in the reference site over acidic soll. it is important o note the distribution and
dominance of the species T pulchra in the process.
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Figure 1 — 3D Transects showing the eveiution of Eco-units through successional phases sampled: A

— Pionner Eco-unit, dominated by Cecropia pachystachya and Cecropia glaziovi; B ~ Early Secondary

Eco-unit; dominated by Pipfadenia gonoacantha and Rapanea ferruginea; C — Late Secondary Eco-

units, dominated by Aspidosperma ramiflorum, Ficus sp and Hymenea courbarl. Also occurring a

Early Secondary Eco-unit dominated by Schizolobium parahyba. Sample Phases indicates age and

Relative Basal Area (% RBA) from dominant species: Phase | — 15 years; Phase |l —- 25 years; and

Phase ill — 368+ years.
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species evolution in the succession over acidic soil

- 25
- 20

o 10 20 30 40 50
vears of succession

Figure 3 — Species evolution in the succession over acidic soil nearby the study site. Species Key:
Aeg — Aegiphila selfowiana (Verbenaceae; early secondary); Apa - Aparisthimum cordatum
(Euphorbiaceae; late secondary); Cpac — Cecropia pachystachya (Cecropicaeae; pioneer); Fic — Ficus
gomeleirs (Moraceae; late secondary);, Rap — Rapanea ferruginea (Myrsinaceae; early secondary);
Sec - Securinega guarsiuve (Euphorbiaceae; late secondary); Slo - Sloanea guianensis
{Eleocarpaceas; late secondary); Tib ~ Tibouchina puichra (Melastomataceae; early secondary).
{Adapted from Torrezan, 1995).

DISCUSSION

The sampled Phase | was considered a Late Pioneer Stage and can be classified as a
surrendering Pioneer Eco-unit which began to be replaced by a medium sized Eco-unit, favoring the
fragmentation of the larger eco-units into smaller ones (Qldeman, 1990). This is caused both by aging
and shading of these pioneer species by early secondary tree species, which grew undemeath the
former canopy.

The Phase Il sampled at the study site clearly shows a mature Early Secondary Eco-unit,
which is dominated by Piptadenia gonoacantha that buiid the forest canopy. Rapanea ferruginea is a
co-dominant species that predominates at the understorey.
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The Phase Il shows some different Late Secondary Eco-units, dominated by different species
e.g. Aspidosperma ramificrum, Ficus sp and Hymenaea courbanl. The occurrence of Schizolobium
parahyba that regenerates in medium sized gaps suggests that the forest suffered anthropogenic
impacis (probably by timer extraction decades ago) and/or gaps were open through natural processes.
it is of interest fo note that after the end of the phytossociological survey, we went back fo the study
site and we observed that one of the individuals of the species S parahvba died and another was
dying, suggesting that this Early Secondary Eco-unit was already in decaying process,

After abandonment of & siash-and-bum crop field, the dynamics of secondary succession in
the study area through the eco-unit development (Figure 4) is summarized as follows.

Succession starts with the colonization of herbaceous and shrubby species from the “seed
rain” and/or remnant of the soil seed bank. This early pioneer stage (not inventoried at the study site)
is formed by a Shrubby Eco-unit composed mainly by Vemonia polvanthes (Asteraceze), which
reaches maturity around the third or fourth year of growth. Under the weak land-cover caused by
these shrubs, occurs the germination of seeds from pioneer trees that arrived through the seed rain
andfor from the soil seed bank. The seedling establishment and growth constitute a new successional
stage characterized by the large Pioneer Eco-unit. This is, in tum, repiaced by ancther set of species
that make up the medium sized Early Secondary Eco-units. As the succession progress, the trend is
to further eco-unit fragmentation, ieading to a substitution of this lasts Eco-unit by small sized Late
Secondary Eco-units. Each of these successional stages can form gaps through a tree fall (or its
parts), especially in the later stages, inducing the colonization of pioneer and/or secondary species,
according the gap size, resuming the forest regeneration cycle.

Nevertheless, the selected species that were classified in the three successional guilds {table
2) showed an overlapping distribution along succession (figure 2), characterizing the gap-size gradient
proposed by Whitmore (1996).

In spite of the fact that both Cecropia are pioneer species, they have significant dissimilar
behavior conceming life span and number of individuals. C. pachysfachya occurs in populations with
many individuals (P! - 140 ind. ha'") growing less than 15 m high (height avg.+ sd = 10.1 £ 2.2 m at P])
and showing a short life-span. In addition, it can regenerate in a “one free gap” (the Chablis) as
exemplified by its occurrence in Pill (Figure 2 A). C. glaziovi grows slower but reaches up to 20 m
high (Pl — 19.5 + 0.6m), showing populations with less individuals (Pl -~ 30 ind. ha™) but with a longer
life-span, approaching early secondary patterns (Figure 1A and 2A). Regarding phenology, all pionser
species are evergreen but show disjunction in periods of flowering and fruit production.

Early Secondary Species show differentiation in their distribution and life span, comprising at
least three overiapping groups: Myrcia, Inga, Campomanesia and Tetrorguideum ~ the importance
decreases through stages. The group consisting of Piptadenia, Rapanea and Tibouching increases in

63




importance during early succession and disappear in late stages. Guapira and Schizolobium that
showed increase in importance at later stages, approaching late secondary patterns (Figure 28,
compose the third group. Only the latter species shows leaf deciduocusness, while Piptadenia and
Myrcia are semi-deciducus. The pattems regarding reproductive phenology are similar among early
secondary Leguminosae species, with predominance of flowering in spring and summer and frut

production in winter. The other early secondary species (non-Leguminosae) show no similarity
regarding reproductive phenology.

B

Hymenaes courbaril \ %
i Schizciobivm parahyka s \
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Figure 4 — Schematic silvicultural mosaic development, showing the substitution of eco-units along

succession after slash and bum agriculture at the study site. Note the evolution of eco-unit canopy
closures and the substitution of the species along successional evolution.
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Late Secondary Species show almost the same behavior that increase in imporiance at late
stages, except for significant difference in Relative Basal Area (Figure 2C). Only Aspidosperma and
Foupala show leaf deciduousness, while reproductive phenology show a similar pattemn among
species, with predominance of flowering during spring and summer and fruit production during autumn
and winter.

Among the environmental factors that influence plant growth and survival in tropical forests,
light avaialbility is the resource that most frequently limiting growth, survival and reproduction. The
photosynthetic responses to confrasting light environment in fropical forests provide examples of
adaptive specialization and plasticity. The photosynthetic apparatus of species in the shaded
understorey show maximization of quantum vyield, light absorption and sunfleck utilization, while
minimizing respiratory costs associated with high photosynthetic capacity. On the other hand, species
growing in open environments maximize carbon gain through a high photosynthetic capacity, high
stomatal conductances, increased light saturation points and increased capacity for photoprotection
{Chazdon et al. 1998).

Strauss-Debenedett et al (1986) suggest that there is almost universal consensus that early
sucessional species exhibit high photosynthetic rates in high light, but the converse is not a
necessarily true. Seedlings of iate successional species do not exhibit large increase in
photosynthesis when grown under high irradiances. These authors indicate that the exiting data are
far from conclusive, indicating that acclimation occurs in pioneers and in some late successional
species. in addition, they suggest that the future work should expand the baseline data on species’
acclimation characteristics and under an integrated whole-plant approach.

%\éedina (1998), summarizing the fiterature from the last 15 years about the effect of light
intensity on the growth of rainforest tree seedlings, indicates that: independently of successional
status, survival and growth rates of all species are lower under light regimes similar to those prevalent
in the understorey of tropical rain forest; photosynthetic traits of species classified as late successional
are generally less plastic than those of species classified as early successional or pioneers; and there
appears {o be a continuum in shade tolerance among tropical forest trees. The author concludes that
although light intensity in the forest understorey is the main driving force selecting shade tolerant
species, the interactions between light intensity and the others ecophysiological factors produce a
multidimensional space, and that the species are distributed within that space in a continuum fashion
rather than distinct groups. In addition, he indicates that the survival of seedlings in the forest
understorey cannot be inferred from the gas exchange proprieties of the leaves alone, but from the
carbon balance of the whoie individual under natural conditions, and that this kind of study is still scare
in the literature.
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The aspects presented above exempify the difficulty to classify species according their
ecological groups. Many authors suggest different classification proposals basad in concepts that not
always are the same (e.g. Budowsky, 1985; Denslow, 1987; Sawine et al, 1988 Whitmore 1889:
Oldeman et al., 1981). Gandolfi (2000) suggests that the better strategy to do this should be a species’
long-term accompaniment in permanent plots in their natural environment However, this “ideal”
procedure is not always possible, and the classifying process might use the available information.

Here, we used the classification based in Budowski (1965) proposed by Gandoifi (1995}
because it is the most comprehensive approach idealized for the southeasiem Brazilian Forests.

Three cases in our species’ classification exemplify the enormous difficulty to separate species
into ecological groups.

* Guapira opposita (Nycatginaceae) has the widest geographical dispersion among the Afiantic
Forest Species, occurring in 52% of the 83 analyzed sites (Siqueira, 1984). In our study area,
G.opposita showed higher occurrence in the understorey of the late successional phase,
suggesting that its ecological preferences fits better among the Late Secondary Species. On the
other hand, another two studies classified the spacies into the Early Secondary guild (Gandolfi,
1991; 2000). A discussion with researchers reached the conclusion that G.opposita is an Early
Secondary Species {(R.Rodrigues, pers. comm.)

*# 2. Schizolobium parahyba (Caesalpiniaceae) is considered in some studies as 2 long-lived Pioneer
Species. A study realized about its germination, growth, photosynthesis and carben aliocation
(Souza, 1998} indicates that the species did not show photosynthetic taxes consistent with the
expected early successional behaviour, but did so regarding germination and growth. In addition,
under natural shade treatment, the species showed a marked increase of photosynthetic capacity,
suggesting that some degree of shading is beneficial. The study concluded that the physiological
characteristics clearly contrasted between the extreme groups (Pioneer — Climax), but species with
intermediate response was not easily classified into the ecological groups. We consider here that
S.pahayba is an Early Secondary Species.

* Tibouchina pulchra is considered in some studies as a Pioneer Species (Leitio Fitho et al. 1993;
Pompéia 1997). In a study conduced by Torezan (1995), besides the author also considered it as
a Pioneer Species, his results indicates that 7.pulchra is not dominant in the Pioneer stage (6
years of succession after abandonment of crop field) studied ¥ we consider the Relative
Dominance, and it is so in the Early Secondary stage (15 vears in age) (Aidar et al. in prep.
20005). Ancther study, carried out by Moraes (1999) about the photosynthetic characteristics of
T.puichra, indicates that its photosynthetic saturation point is below 300 umoi fotons PAR m™? g’
{PAR - photesynthetic active radiation), which is lower than the expected value for Pioneer
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Species (around 400 umol fotons PAR m? 7). Our results indicated that T.pulchra reached the
highest values for Relative Dominance and Coverage Index in the early secondary phase (25
years after abandonment of crop-field). Two aspects to consider are the very small seedling size
(< 1mm) dispersed by wind and that the seedling grows slow. T.pulchra colonize an open area at
the same time of the pioneer species, and because the seedling’s slow growth, it will occur in a
dominated position, below the canopy produced by the pioneer species. Considering all these
aspects, we consider in this study T.pulchra as an Early Secondary Species.
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Ecbphysioﬁogy of nitrogen use strategies in neotropical rainforest trees.
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ABSTRACT
The pattemns of N utilization in an Atlantic Forest successional community in southeastern Brazil were
assessed to characlerize the plant strategies invelved in N acquisition, transport and assimilation.
Tree species that drive the secondary succession dynamics after slash-and-burn agriculture over an
gutrophic calcarecus soil were studied. A diagnostic patiem was observed within regeneration
strategy guilds. Pioneer species had both high leaf nitrate reductase activity (NRA) and xylem sap
nitrate {NO5) content, moderate leaf nitrogen (N} and xylem sap Low moclecular weight nitrogenous
compounds (LMNC), transporting manly asparagine (ASP-N) and NO;". Early secondary leguminous
species had high leaf N content but moderate NRA, xylem sap contained moderate amounts of NOs’
but consisted manly of aparagine, djenkolic acid {DJE-N), ureides (UR-N) or lysine (LYS-N). Early
secondary non-leguminous species had an intermediate amount of LMNC where manly glutamine
(GLN-N) and arginine (ARG-N) were transported, low leaf N content, leaf NRA and xylem sap NOy
content. Late secondary species had low Jeaf N content and leaf NRA, xylem sap contained high
amount of nitrogenous compounds where manly ASP-N and ARG-N were transported. Guapira
opposita (Nyctaginaceae), an early secondary species that had high leaf N content, moderate NRA
but which transported mainly NOs™ in the xylem sap suggesting that NOs” may have a function in
osmotic relations in this species. Leaf 3"°N average values for the species ranged from — 0.84 in
Cecropia pachystachya (Cecropiaceae) to 4.15 in Chrysophillum inomatum (Sapotaceae). These
values showed & tendency to increase along successional evolution when considering both the
regeneration strategy guilds and the species occurring in the different successional phases. The
results indicate that the primary N metabolism characteristics can be used as an additionai
ecophysiological tool for help in the classification of tropical forest tree species into ecological or
regeneration guilds.
KEY WORDS: neoctropical forest trees; forest secondary succession; regeneration strategy guilds;
slash-and-burn agriculture; nitrogen primary metabolism; nitrogen use strategies; nitrate, ammonium

and N fixation; leaf N characieristics; xylem sap composition; leaf §"°N.
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RESUMO

Foram avaliados 0s padrGes de utilizacdo de N em uma comunidade successional da Mata Atlantica
do Sudeste do Brasil, procurande caracterizar as estratégias envolvidas na aquisicio transporte e
assimilagdo de N. Foram esiudadas as espécies arbéreas que caracterizam a dinamica de sucessdo
secundaria apbs agricultura de sobrevivéncia (roca) sobre solp calcario eutréfico. Um padrio
diagnéstico foi observado dentre as classes de estratégia de regeneracéo. As Espécies pioneiras
apresentaram altas atividade de nitrato reductase foilar {ANR) e conteldo de NO; na seiva do xylema
{NGy'8X), moderados contetidos de N foliar (Nf) e compostos nitrogenados de baixo peso molecular
na seiva do xilema (CNBP), transportando neste Gitimo principalmente asparagina (ASP-N) e NOy'. As
espécies leguminosas secunddrias iniciais apresentaram alto contelide de Nf, moderadas ANR e NOs
SX, transportando principaimente of ASP-N, acido dienkélico (DJE-N), ureideos {(UR-N) ou lisina
(LYS-N). Espécies secundéarias iniciais ndo leguminosas apresentaram nivel intermedidrio de CNBP,
composcts principalmente por glutamina (GLN-N) e arginina {ARG-N), baixos contetidos de Nf e NO4
SX e baixa ARN. As espécies secundérias tardias apresentaram baixe conteldo de Nf e ANR, alta
concentraggo CNBP, transportando principalmente ASP-N e ARG-N. Guapira opposita (espécie
secundaria inicial; Nyctaginaceae) apresentou alto contetdo de Nf, moderada ANR, transportando
principalimente NO3™ na seiva do xilema, sugerindo que este ditimo pode ter funcdc na regulacdo
osmética nos tecidos dessa espécie. Os valores médios de 5N foliar nas espécies estudadas variou
entre -0.64 em Cecropia pachystachya (Cecropiaceae) e 4.15 em Chrysophillum  inomatum
(Sapotaceae). Levando em considerac tanto as estrategias de regeneragdo guanto ao conjunio de
espécies que ocorrem em cada uma das fases de sucessdo estudadas, os valores de 8N
apresentaram tendéncia de elevag@o a0 lengo da evolucio sucessional. Os resultados indicam que a
caracterizacdo ecofisoldgica do metabolismc de N configura uma ferramenta adicional para a
classificacdo das espécies arbdreas tropicais nas diferentes estratégias de regeneragéo.

INTRODUCTION

One issue of major concem is the effect of human impacts on the giobal N cycle. The rate of N
input in terrestriai ecosystems have already doubled due to human activities, and this is continuing to
rise, causing serious impacts on ecosystems on the global scale. Results of the constantly increasing
global N input are: (a) increasing greenhouse effect; (b) losses of soil nutrient; (c) soil, stream and lake
acidifica{ion; (d) increased carbon storage in terrestrial ecosystems; (e) and losses of biodiversity,
especially of plants adapted to poor soils. {Vituosek et al. 1997; Nilsson et al. 1995).

Vitousek et al. (1997) pointed out that plant communities vary in their capacity ic retain added

N, and that we still lack a fundamental understanding of how and why N-retention processes vary
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among the different ecosystems. Information is needed on the relationship of N supply, microbial
associations, physiological and ecological mechanisms that regulate plant growth, and species
composition of plant communities (Nordin 1988). This later author emphasizes that N siorage in
perannial species, N transport within plants and N uptake capacity are central features to improve
understanding of N utilization process in plants and plant communities.

Nitrogen is availabie for terrestrial higher plants in different forms, that including inorganic N
(NOs and NH,"), gaseous forms of N (NO,, NH,") and N; (via symbiotic N, fixation) and organic N
(e.g. amino acids, peplides and proteins) (Nésholm et al. 1998; Schmidt et al. 1989). Both NH, and
NO3 have long been assumed to be the major source of N taken up by roois of higher plants (Stewart
1991; Stewart et al. 1993), but there is increasing evidence that low molecular weight organic N in the
form of amino acids is an important N source across a wide range of climatic and edaphic conditions
(Kielland 1994; Chapin 1995; Raab et al. 1086, Schmidt et al. 1897,1998; Nasholm st al. 1998). High
molecular weight organic N can be assimilated by some mycorrhizal fungi aliowing their plant pariners
to access protein and peptide-N (Bajwa et al. 1985, Read 1991; Turmnbull et al. 1995),

However, litlle is known about plant N sources in many tropical and subtropical communities
since most studies have been carried out in cooler climate ecosystems. It has been suggested that the
fropical forest floor contains at least 50% and as much as 80% of the N in the system and that the soil
pool size is therefore large relative to annual turnover (Anderson et al. 1991). Attiwill et al. (1993)
conciuded that up 25% of the organic matter pool can be mineralized in tropical forests per year and
that nitrification is not inhibited in many acidic forest soils. This notion contrasts with previous ideas
that nitrification is low in late successional systems due to low soil pH and/or allelopathic effects on
nitrifying organisms {Jordan 1979; Vitousek et al. 1982). The greater N turnover in many tropical
forests results in & more open N cycle causing greater enrichment in **N {Martinelli et al. 1899)

Hégberg (1997) addressed the natural abundance of N in soil-plant systems highlighting that
the fractionation in the content of N in plant tissue may occur as a consequence of biciogical and
physiochemical processes. The author also suggests that because the complexity of these processes,
data on 8N can only be used alone when certain requirement are met, e.g. when a clearly discrete N
source in terms of amount and isotopic signature is used. An exampie of this situation is the work
carried out by Erskine ef al. (1998) in the subantartic Macquaire Island, Autralian Southern Ocean.

Stewart et al. (1999) examined the variation in 8N in species of Australian plant communities
indicating that the most enriched values are associated with sites where there is significant input of
animal-derived N, and the most depleted *N values are found at remote sites. The authors also
indicate that there are groups of species that always tend to have higher 5'°N values, and thaose that
always tend to have lower values. The best example of the former situation in Australia, is species
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from the non-mycorrhizal family Proteaceae. With respect to mycorrizal species, normally found to be
depleted in N, the authors suggest that these species utilize organic N in the fitter and that this N
source is depleted relative to soil mineral N. In addition, the authors hypothesized that species
differances in N isotope signatures relate more o physiclogical differences in root functioning rather
than being indicative of differences in the exploitation of soil nitrogen sources.

Other important consideration of plant N source utilization include ionic effects on callular and
rhizosphere pH regulation since NO3 and NH,™ may account for up o 80% of the total ions taken up
by roots (Marschner 1985). With few exceptions plants grow better with mixed supply of both forms of
inorganic N, with the optimal proportions depending on the total concentrations supplied (Gutschick
1981, Marschner 1995). Environmental and genetic factors play an important role in plant N source
utilization since costs for assimilation differ between N sources (Raven et al. 1978; Pate 1983) and
species abiliies to assimilate N sources also differ (Stewart 1991). Eviner et al. {(1897) suggest that
species differ markedly in their preference for N sources and that these reflect the prevalent form of
available nitrogen. The costs for N assimilation can be ranked as following: N; fixation > NOy > NH, >
amino acid-N (Pate 1983; Chapin et al. 1993; Raab et al. 1998). Assimilation of complex organic N via
mycorrnizal associations infers costs for maintenance of the symbiosis ranging from 5 to 30% of
assimilated carbon (Norton et al. 1990; Erland et al. 1991).

The essential characteristic of shifting cultivation is that an area of forest is cut, burned and
used to grow subsistence crops for several years without tilling the soil (named ‘roca” in Brazil).
However cropping diminishes on-site mechanisms of regeneration, and in abandoned areas the
principal way for woody species to reestablish is by seed dispersal. In the studied area, the “rocas” are
usually small {less than 1 ha) and seed dispersal distances are therefore short. During the recovery
phase, ecosystem function does not appear to be severely disrupted, and abandonment “rocas”
behave similar to big gaps (Uhi 1987; Unl et al. 1990). The survey carried out by these authors in the
Upper Rio Negro, Amazonia, indicates that abandoned crop fields are colonized by pionser tree
species within a year. As the succession progressed, by 10 years after abandonment these pioneer
species are replaced by another set of trees that grow siower. Similar dynamics were observed in our
study site (Aidar et al. in prep. 2000a;b), where mainly Piptadenia gonoacantha (Mimosaceae),
Rapanea ferruginea (Myrsinaceae), both early secondary species, replace the pioneer species
(Cecropia spp), which by tumn is replaced by late seconday species {e.g. Hymenaea courbaril -
Caesalpiniaceae), Aspidosperma ramifforum (Apccynaceae) and Ficus sp {Moraceae).

The species occurring in different stages of secondary succession vary in life history and
physiological characteristics. Pioneer species have higher photosynthetic capacity and shorter life
span when compared with species iatter in succession (Reich et al. 1995). Pioneer species are
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reputedly high NO;™ assimilators, with predominantly reduce NOj in the shoot, while climax species
appear to be root N assimilators with preference for NH," (Stewart et al. 1988, Stewart 1891).

Anderson et al (1991) argue that nitrification often increases following the cutting of forest, but
it may decrease to base line in § moths if vegetation regrowth is not prevented. Nitrification and nitrate
leaching increase dramatically following buming, but losses may amount to only 15% of the total in the
system depending upon soil type. Stewart ef al. (1883) indicated that the increase rate of niirification
could last 4 — 5 vears after a fire episode, and then foliow a decline, with increasing NH," availability.

Nutrient dynamics in the Atlantic forest succession have been poorly studied, with the first work
carried out in the high-polluted area of south-eastern S8o Paule {Leitdo Fitho et al. 1993). Nitrogen
dynamics in the Atlantic Forest succession have not been studied previously, and few studies
addressed the soil N characteristics (e.g. Silva et al. 1989). In general, the Brazilian soils are highly
leached and acid with very low nutrient availability, especially in the Atlantic Forest Domain (Leitdo
Filho et ‘aL 1993). However, in the study area we found a calcareous soil, that most probably differ
strongly from other nectropical systems due its fertility (Aidar et al. in prep. 2000a).

The objective of this work was to assess the patterns of N utilization in a Brazilian Atlantic
Forest successionai community over a eutrophic calcareous soil {Aidar et al. in prep. 2000a; b) aiming
to characterize the strategies involved in N acquisition and transport during different phases of forast
succession. Such information will contribute o the knowledge about neotropical forest biodiversity and

regeneration and will help in the developrment of forest recovery models to support rehabilitation of
degraded areas and the management of naturai areas.

MATERIALS AND METHODS

Study site and plant species

The study area is located in southeastern Brazil, in Sdo Paulo State (24°3143” S and
48°41'09” W) about 380 km southwest of Sdo Paulo City. Regional climate is tropical hyperhumid
without a pronounced dry period. Mean annual precipitation is approximately 1.80C mm with summer
rain accounting for 34% and winter rain for 17% of annual total precipitation. Mean annual temperature
are between 17 — 19°C. The study site description, forest survey and the characterization of the
architectonic growth phases of Atlantic Forest succession over calcareous soil were detailed in Aidar
et al. {in prep. 2000a; b).

Selecied tree species occurring at three different secondary successional phases after
abandonment of slash-and-burn agricultural areas {“rogas”) were assessed for their primary nitrogen
metabolism characteristics. The sites included a 15 years old site (Late Pioneer Stage; phase | -Pl); a
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25 years old site (Early Secondary Stage; phase Il — Pll), and > 36 years old site (Late Secondary
Stage; phase Il — Pill}.

Tree species were chosen according to main aspecis: (a) dominant species defined by their
Relative Dominance (Aidar et al. in prep. 2000b); (b) reference species indicated by their cccurrence
at more than one successional phase and/or by previous knowledge about their main ecological
characteristics. Samples were taken in winter {dry season; July 97} and summer {(wel season
December 97). The classification of the sampled species into regeneration strategy guilds was based
on their main ecological characteristics described in Aidar et al. (in prep. 2000b). The successiona!
classification was compared with the general traits of each group regarding their N matabolism.

This classification (Gandolfi 1995, based on Budowski 1965) distinguishes three guilds of free
regeneration strategies: (a) pioneer species (Psp) — specialized in occupation of big gaps, demand
light for germination and growth, shade intolerant; (b} early secondary species (ESsp) — specialized to
occupy medium size gaps, showing potential to germinate in shade condition, but demand higher light
conditions for growth to reach maturity and/or canopy; (¢} late secondary species (LSsp) ~ specialized
to occupy smail gaps and understorey, not necessarily demanding light increment for germination and
development, can either remain in the understorey or reach the canopy. Initially, the species were
divided into these three main groups, but from the beginning of the data analysis it became clear that
ESsp should be analyzed as three subgroups due to differential behavior associated with their
lifestyle. Leguminous ESsp that showed as a general trait a nitrogen-demanding lifestyle and N, fixing
abilities, non-leguminous ESsp that do not have these specialization, and Guapira opposita that
showed a specialized NO;™ utilization.

Soil N content and availabitity of soil ammonium and nitrate

Soil samples were taken with a core sampler (10 cm®) and were analyzed physic-chemically
(Aidar et al. in prep. 2000a). Turnover of NOy and NH," in the upper horizon, referred o in the
following as “NO3” and NH,4" availability” was determined with in situ ion exchange resin bags (Stewart
et al. 1993 and references cited therein). Polyethylene bags (5 x 5 cm; mesh 0,1 cmy with 5g FW ion
exchange resin (Dowex MR-3, Sigma) were inserted in field at 10 cm depth for 4 days. Three bags
were used at each sampling site and period, and were as close as possible to the sampled trees.
Numbers of the sample sites correspond to the soil sampling procedure described in Aidar et al. {in

prep. 2000a). Elution of resin extracts and analysis for NO;” and NH,* were carried out as outlined in
Stewart et ai {1993).
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Leaf assays

Species were sampled from two individuals where possibie (about 65% of sampled
individuals), approximately 10% of individuals were sampled from four replicates and data were
averaged. About 25% of species individuals were sampled from a single individual. The deciducus
species Aspidosperma ramiflorum (Apocynaceas) was sampied only in the wet season.

Maximum in vivo potential nitrate reductase activity (NRA; standard assay)

The assay measures the activity of nitrate reductase (NRA) under non-limiting substrate supply
and gives an indication of the amount of NRA at the time of sampling (Stewart et al. 1886). The leaf
tissue used for assays was collected from the youngest fully developed leaves from branches
positioned externally to the crown that were kept cold until analysis within & hours of sampling.

Actual in vivo nitrate reductase assay {subsirate-free assay)

This assay was done with the same leaf material used as described above, and incubated in a
subsirate-free assay solution {Stewart et al 1886). This assay measures NRA relying solely on the
endogenous NO;” pool.

induction nifrate reductase assay (inducible NRA)
Stems of shoots (sampied as described above) were cut inside a container with 10mM KNQO;
and kept under environmental conditions for 24 h before assay. This assay was assumed {0 denote

maximum inducible NRA under supposedly substrate-saturated conditions (Stewart et al 1986).

Methanol extracts of leaf material

Field collected fully developed leaves from stems sampled for NRA assay were kept
refrigerated until processing. The leaf blades (0.5 g fresh weight, FW) were cut into small pieces and
transferred into 5 ml AR grade methanol. After 24 h under ambient temperature, samples were frozen

untit analysis. Leaf NO3™ content was determined using 1 mi methanol extracts following Cd-reduction
method of Sloan et al (1966).

Leaf total nitrogen and isotopic analyses

Fully developed leaves collected from stems of selected species as described above were pre-
dried in a field stove at approximately 50°C on the day of collection. Samples were oven-dried at 60°C,
ground to a fine powder using a ball mill (Retch MM-2, Haan, Germany), and analyzed by continuous
flow isotope ratio mass spectrometry (CF-IRMS, Tracer Mass, Europa Scientific, Crewe, UK) as

described by Stewart et al (1885).
77



Hylem fluid coilection and assays

Kylem fluid (tracheal fiuid) from the selected tree species was extracted in the morning using a
hand vacuum pump (Pate et al 1994). Two to four shoots with diameters between 5 and 20 mm
yielded sufficient fluid, which was frozen until analysis. Amine acids and amides in the xylem sap were
analyzed with a post-column nynhydrin-derivatisation HPLC-based amino acid analyzer {model 8300
Beckman Instruments, USA). NOy in the xylem fiuid was analyzed using the method of Sloan et al,
(1968). Ureides (UR} were analyzed using a methodology described by Vogels et al. {1970),
converting ailantoin and aliantoic acid via alkaline and acid hydrolysis into glyoxylic acid, as described
by Schmidt et al. (1898).

Statistical anlysis

Data were analyzed using the softwares ORIGIN 5.0 (Microcal Software Corp., Nerthhampton,
MA. USA) and WINSTAT (R Fitch Software, MA.USA). Significant differences st o < 0.05 level were
determined by ¢ test or ANOVA (followed by LSD post hoc test).

RESULTS

Soil nitrogen content and availability
. Soil N total content was very consistent throughout the seasons and successional stages, with
values around 0.15% (Table 1).

Availability of soil NH," and NO3 determined with in sity ion exchange resin was higher in the
wet season compared to the dry season (Table 1). NH," availability was over 3-fold higher than NOy
in the dry season at Pil and Pili, but had similar values at the PI. In the wet season, NH." availability
was significantly higher than NO; at Pi, while similar values was observed at Pill. The inverse
occurred at Pli, where NO;™ availability was over 2-fold higher than NH,* {Table 1).

{Leaf Parameters

Characterization of species and the regeneration strategy guilds

Mean maximum potential leaf NRA (standard NRA) for each species across the successional
stages and seasons is shown at figure 1. The data shows consistently higher activities within Psp in
both seasons compared to ESsp and LSsp. ESsp non-leguminosae showed the lowest vaiues, while
ESsp leguminosae and LSsp showed intermediate (Table 2).
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Soil N content (%) Soil N availability (ug N g resin’d™)

Stage Season Ntotal NH, NCy NH, /NCy
PI D 0.154 (0.017) ~° 1304 "° 13 (1.0) 52 1
ry
Wet 0.156 (0.012) ** 3.4 (3.1)°° 2.2 (1.5 %° 1.6
P Dry 0.147 (0.018) ** 1.4 (0.4 5° 0.4 (0.4)A° 35
Wet 0.150 (0.015)* 4421)°° 7.8 (7.0) <" 0.6
Pl Dry 0.152 (0.013)** 1.7 (0.9) ** 0.5 (0.4) A° 34
Wet 0.156 (0.018) *® 2.7 (1.4) %2 26 (2.8 °° 10

Table 1 — Scil characteristics: Scil total N conient (%) determined by standard chemical analysis; N
availability (ug N g resin”' d™") determined by resin bag. Successional stages: Pl ~ late pioneer (15
years); Pll — early secondary (25 years); Plii — late secondary (+36 y=sars), Seasons: dry ~ July, wet —
December. Statistically significant differences at the p < 0.05 level between groups are indicated by
different letters (ANOVA, LED post-hoc test or { test): A — within column; a — within row.

in general, the species showed higher NRA at the wet season, where some ESsp {ings,
Schizolobium and Guapira) and LSsp (Aspidosperma and Chrysophilium) had NRA values similar o
Psp. Considering the NRA averages caicuiated for the regeneration strategy guilds across seasons
{table 2), only LSsp showed a significant (p < 0.05) increase in NRA during the wet season when
compared to the dry season.

The average values for subsirate-free and inducible NRA across the successional stages and
seasons are shown in table 3. Substrate-free assays show almost no aclivity, except for
C.pachystachya (Psp) and Guapira opposifa (ESsp) in the wet season. The inducible NRA showed a
consistent induction for all Psp in the wet season and a differential behévior among these species in
the dry season. All ESsp and L.Ssp showed little or no induction {especiaily at the wet season) or
even decrease in activily when compared with standard NRA. Only Tetrormguideum rubrivenium
(Euphorbiaceae; ESsp) showed some induction of NR in the wet season.

Data for average leaf nitrogen content for each species are shown in table 4. The values
ranged from 1.27 % for Roupala brasiliensis (Proteaceas; LSsp) to 4.87% for Piptadenia gonoacantha
(Leguminosae; ESsp). The overall average ( sd) was 2.6 £ 0.7%, with an average of 2.5 + 0.7% and
2.8 + 0.8% for the dry and wet season, respectively. The average of leaf nitrogen content calculated
for the regeneration strategy guilds (table 5} indicate similar values at the dry season, with only Psp
and ESsp Leguminosae showing significant increase in values in the wet season. The averages of
jeaf nitrogen content calculated for the regeneration strategy guilds were poorly correlated with leaf
NRA (r = 0.44; data not shown).
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Figure 1 Leaf in vivo maximum pofential (average and standard deviation} Nitrate Reductase Activity
(standard NRA) of sampled species across regeneration strategies, seasons and sticcessional stages.
Number of sampies as in Table 4. Successional stages: Pl — iate pioneer (15 years in age); Pli — early
secondary (25 years); Plil — late secondary (+36 vears). Species Key: Asp — Aspidosperma
ramifiorum; Cam - Campomanesia guaviroba, Cgla - Cecropia glaziovii; Cpac - Cecropia
pachystachya; Chr — Chrysophillumn inomatum; Gua — Guapira opposita; Ing - Inga marginata; Nec —
Nectandra megapotamica; Myr — Myrcia of. rostrata; Oco — Ocofes catharinensis, Pip — Piptadenia
gonoacantha; Rap — Rapanea ferruginea; Rou — Roupalia brasiliensis; Sch — Schizofobium parahyba,
Tet— Tetorquideum rubrivenium; Tib — Tibouchina pulchra; Tre — Trema micrantha.
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Leaf in vivo NRA (pKat gFW™)

Regeneration Strategy DRY n WET n
v U Tl ¥ I ety -
Pioneer 820 (248)"% ¢ 700 (308) "% 8

Early Secondary Leguminosae 168 (138) ®* 16 202 (284)%° 47
Early Secondary non-Leguminosae 95 (83)%% 18 54 (41)%* 18
Guapira opposita 141 (3% 2 355 (473)%% 2

Late Secondary 897N 4 342 (335) % g

Table 2 — Average and standard deviation in parenthesis of Leaf in vivo maximum potential NRA (pKat
gF\N"g} according to regeneration sirategies and seasons. Statistically significant differences atthe p <
0.05 level between groups are indicated by different letters (ANOVA, LSD post-hoc test or £ test); A —
within column; a — within row.

The leaf NOy concentrations were below the detection iimit in most species (table 4), with
some species (C.glaziovii — Psp; Pll; Campomanesia guaviroba — ESsp; Pll; and P.gonocacantha —
ESsp,; Piil) showing low values at the wet season, but with a high variability. G.opposita (ESsp; Plii)
showed high leaf NO3z” concentrations at both seasons, with the highest value found in the wet season,
when soil NO7 availability was higher. The average leaf NO; content calculated for the regeneration
strategy guilds were not correlated with standard NRA (r = 0.05; data not shown), nor with leaf %N (r =
0.004; data not shown).

Data for leaf 8N across the successional stages and seasons are shown in {able 4. The
values ranged from -1.29 %e for C.pachystachya to 4.15 % for Chrysophylium inomatum (Sapotaceae;
LPsp) at Pl in the dry season. The overall average (+ sd) was 1.35 £ 0.97 %, with an average of 1.38
+ 1.06 %o and 1.33 £ 0.90 %o for the dry and the wet seasons, respactively.

The average of leaf 3"°N calculated for the regeneration strategy guilds across the stages
showed aimost no significant differences (table 6), except for a increased values in ESsp
{Leguminosae and non-Leguminosae) at Pll. The frequency distribution of leaf 8N and N content
calculated for the regeneration strategy guilds illustrate the difficulty to separate between ecological
groups, where the parameters showed a wide overlapping distribution (figure 2).
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Regeneration Strategy Spp NRA Assay (pKat aFW
and Species Family kay season n max. pot. subsly, free inducible
Pioneer {Psp} A
Cecropia glaziov Cecropiaceas Cgla Dy 2 T7(NAT gAP 280 (58) A
Wet 2 505{85)"° gty 2130 (262) ®¢
Cecropia pachystachys Cecraplaceas Gpac Dy 4 3p4@s)t? 5@ *° 628 (163 °°
Wet 4 804373 % $30(17N ™ 1193 (g8} *°
Trema micrantha Ulmacsae Tre Dry 3 850(200)%° p*® 725 (1073 42
Wet 3 $57(107%° 35" 1798 (8es) B°
Early Secondary (ESsp)
Campomanesia guaviroba Myriaceas Cam Dry 3 10073 °° nA® 177 (13 e
Wet 3 91(83°° 35 "° B8 (78 *°
Guapira opposita Nyclaginaceas Gua Dy 2 14@" oAt 125 (79 *°
Wet 2 355(473)%° 338 (249) % 222 (118)"°
inga marginata Leguminosae Ing Dy 6 300(887°° pA® 317 (209)*
Wet & 596(157)%°  20029)"° 144 (148 °°
Myrcia of, rostrata Myriaceae Myr Dy 3 108(2n”°" pAP 192 (141) ¢
Wet 3 B5(D)°° pAe 25 (10) %°
Fiptadenis gonoacanthe Leguminosse Pip Dy 9 74(s3)"° ph? 106 (78) "°
Wet 9 80Nt gt 171 (87} °°
Rapanes ferrugines Myrsinaceae Rap Dry 4 167 (43)"° 3 P° 206 (90) A
Wet 4 38(3p)°° phe 43 (49 ®°
Schizolobium parahyba Leguminosas Sch Dy 4 21848 ght 198 "*°
Wet 2 375(150)"°  14(13*  4g(49)*®
Tetrorquideum rubrivenium Euphorbiaceae Tet Dy 3 s2@29)°° oh? 176 (17) **
Wet 3 74@NY 111" 11574t
Tibouchina pulchra Melastomataceae Tib Dry 4 43(39)*° p*® 41 (41 "°
Wet 4 20(23)%° phe izt
Late Secondary (LSsp)
Aspidosperma ramifforum Apocynaceae Asp Dry - ns ns ns
Wet 1 857 g 134
Chrysophiilum inornatum Sapotaceae Chr Dy 176 Q 287
Wet 1 472 51 56
Mectandra megapotamics Lauraceae hec BPry 1 74 0 125
Wet 264 79 144
Ocotea catarinensis Lauraceae Oco Oy 4 g 0 134
Wet 42 2 45
Roupala brasiliesnis Proteaceae Rou Dry 1 19 o 83
Wet 1 74 74 g

Table 3 — The Species and their regeneration strategies, showing the species key and the average
NRA assays for the different species across the seasons: maximum potential in vivo NRA (standard);
actual in vivo NRA (substrate-free); induction NRA (inducible). Standard deviation is shown in
parenthesis. For each species, statistically significant differences at the p < 0.05 level are indicated by
different letters (ANOVA, LSD post-hoc test or ¢ test): A — within column: a — within row.n — number of
sampies; ng — not sampled.
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n Leaf %N Leaf NDy [sg NOs gPW ") Leaf 5
Spp RS Stage DRY WET DRY WET DRY WET DRY WET

Cgia Psp B
Pl z 2 C2E8(04 2803 4.5 (6.9 21.6(30.5 1.13{C.45) (.43 (0.33)

PHi
Cpac  Psp Pl 2 2 1602 2503 4.1{5.7) bl -0.64(0.83) -0.45{082)
;};ﬁ% 2 2 2382y 2803 14021 b 1.0540.34 1.28{0.43
Tee Psp Pl 2 2 2704 3309 4.5(6.4) odi 144 10.28) 1.868{0.11}
;!;i 1 1 ] 341 57 bdi 0.27 C.81

Cam  ESsp P
] 2 2 22401 25{04; 35649 165 (23.4) 0.23 {0.24} 0.46 (0.0}
Pl i k4 1.9 1.2 7 Bdi 18 2.08

Gua 2Ssp P
Bl
P 2 2 39(C1) 4302 84.1 (57.8) 269.8{852) 3.13 {0.47) 238 (028

Ing £Ssp P 22 311 3100 28.6 (40.5) e ] -083{G3N 0.22(0.08
4] 2 2 31{C0y 30{2 bai bdl 1.63 {0.02) 1.80 (G113}
P 2 2 30{05 292 28.6 (40.5; 8784 2.08{0.42) 1.76 (G.30)
HMyr ESsp P 2 2 1.4 15 bai bl 0.64 1.08
Pl 1 4 1.7 1.8 bl ] 1.84 1.19
it
Pip E8sp P 4 4 2.8(0.3) 33{2) 0.6(1.0) e} 1.47 {C.54) 1.37 {6.07)
il 4 4 3208 3BELT) 1539 1.8{35) 1.22{0.59) (.69 {G.52)
PHL 1 4 3.1 4.6 17 56 2.78 184
Rap ESsp Pl 2 2 1902 241 bell b 0.52 {0.69) 0.58 (0.37)
Bl 22 241 222 bdi bl 2.04 {032 1.8 {G.11}
Pl
Sch ESsp P
Pil
Pl 1 2 1.5 2.2 (G.0) 53 bd! 242 2.29{225
Tet ESsp P
Pl 2 2 241 3300 178 (130 385 1.40{0.50) 1.49 {0.95)
RHI 1 4 25 28 52 bdi 233 3.56
Tib ESsp Pi 2 2 1.9(3) 1B bl bl 0.91 (0.45) 1.28 {0.13)
jadll 2 2 2002 1802 hdi bdl 2.08 {0.86) 1.67 (1.08)
Pl
Asp  LSsp PP
Pl
PHl - 1 ns 2.2 ns bdl ns 314
Chr tSsp  Pi
Pl
PEH 1 1.8 18 bdl bt 415 08
Nec LSsp P
il
T 1 3 24 bdi bdi 1.03 .30
Sco LSsp P
Pil
PIEH 1 1 3.2 35 pdl bdi 1.68 1.46
Rou LSsp PRI
Pl
P 1 1.3 1.6 bd! bdl 2.63 318

Table 4 — Average Leaf NGOy content, Leaf %N and Leaf 8"°N across the successional stages and
seasons. Standard deviation in parenthesis; n — number of samples; bdl — below detection limit. ns —
not sampied; Species key in table 2; RS - Regeneration strategies: Psp — pioneer species; ESsp -
early secondary species; L.Ssp — late secondary species; Successional stages: Pl — late pioneer (15

years in age); Pl — early secondary (25 years); Pl - late secondary (+35 years)
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Leaf N content (%)

Regeneration Strategy ____DRY n___ WET  n
Pioneer 245" g 293" g
Early Secondary - Legumincsae 28(05% 18 330.70% 17

Early Secondary - no Leguminosas 2.1 (0.4)*° 16 220558 15
Guapira opposita 39@01% 2 4302 2

Late Secondary 2109" 4 2308°% 5

Table 5 — Average Leaf %N according to regeneration strategy guilds, successional siages and
seasons. Standard deviation in parenthesis. Statistically significant differences at the p < 0.05 level

between groups are indicated by different letters (ANOVA, LSD post-hoc test or ¢ test): A — within
column; a — within row.

Leat & "N (%} at successional stages

Pi ] Pil

Regeneration Sirategies Dry n Vet n Pry n Wet il Dry n Wet n
Pioneer 040(132%° 4 061(1.39%* 4 084(059)°* 3 059037 3 105 @302 2 1280040"° 2
Early Secondary Leguminosae 077 (117" 6 089 (060)** 6 1.35(050)*° & 106 0.7 &8 234 04n*%° 4 19503Nn"" 5

Early Secondary non Leguminosae  0.70(0.46) " 5 086 (041)"* 5  149{085*% 9 134079 ¢ 197 (052)*%° 2 2.82 (1.054° 2
i y

Guapira opposita 313047 %% 2 238028 %% 2

Late Secondary - - - . 237(1.35 %% 4 181 (128°%° 5

Table 6 - Average Leaf 8°N across the regeneration strategy guilds, successional stages and
seasons. Standard deviation in parenthesis. Statistically significant differences at the p < 0.05 level

between groups are indicated by different letters (ANOVA, LSD post-hoc test or ¢ test): A ~ within
column; a — within row.

Apart from the almost general lack of significance between of 3N values found across
species, successional stages and seasons, mainly due ic the high variability observed, the averages

of leaf 5N calculated for the regeneration strategy guilds suggest a general gradual increase in
values as forest succession advances (figure 3).
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Figure 3 — Leaf 8"°N averages for the regeneration strategy guilds along successional evolution.

Values are average for each group during both seasons. The curve represents the averages for all
species occurring in the different successional phases.

Relationship between leaf N parameters and soil N availability

The average of leaf NRA as determined by the standard assay calculated for the species
OCCUITINg across succcessional stages and seasons was not correlated with soil NO; availability
determined with resin bags (r = 0.08; data not shown). Moreover, NRA for Psp were not correlated
with soil NO3™ availability (r = 0.07; data not shown).

Leaf NO;™ contents were not or were poorly correlated with soil NOy availability for Psp (r = -
0.38), ESsp Leguminosae (r = -0.005) and ESsp non-Leguminosae (r = 0.07) {r = 0.25). In the other
hand, they were well correlated for Guapira opposita (ESsp; r =0.94). The leaf NO; contents for LSsp
were ail below detection limit.

Leaf N content (%N) calculated for the species occurring across successional stages and
seasons were highly correlated with soil N availability (figure 4). However, leaf N contents were less
well correlated with regeneration strategy guilds: Guapira opposita r = 0.88; ESsp Leguminosae r =
0.77; Psp and ESsp non-Leguminosae r= 0.65; and LSsp r = 0.14 (all data not shown).

Leaf 8"°N calculated for the strategy guiids across successional stages and seasons showed a

low correlation with soil N availability, except for Guapira opposita r = -0.80: Psp, r = -0.25;, ESsp

Leguminosae, r=-0.31; ESsp non-Leguminosae, r = -0.05; and LSsp r = -0.24 (ail data not shown).
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Linear regression r= 0.83
-------- 95% confidence band

1 - Pl - late pioneer stage - dry
2 - Pl - late picneer stage - wet
3 - Pil - early sec. stage - dry
4 - Pl - early sec. stage - wet
5 - PIlli - late sec. stage - dry

& - Pl - late sec. stage - wet
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Figure 4 — Correlation between average Leaf N content (%N} and Soil N availability (ug N g'resin d™)
calculated for the species occurring at each successional stage across seasons.

Xylem Fluid parameters

Characterization of species and the regeneration strategy guilds

Data for xylem fluid parameters across successional stages and seasons are shown in table 7.
The proportion of NO3-N in xylem sap ranged from none (Rapanea ferruginea; Myrsinaceae; ESsp
non-Leguminosae) to 91% in G.opposita. The behavior showed by this latter species clearly
contrasted with all other species, suggesting a different strategy regarding transport of nitrogen.

The relative NO5” content of xylem sap calculated for the regeneration strategy guilds (table 8)
indicates that during the dry season when soil NOy™ availability was lower, three significant (p<0.05)
different groups couid be recognized. ESsp non-Leguminosae and LSsp showed the lowest values,
comprising less than 5% of total xylem sap N. Psp and ESsp Leguminosae showed higher proportion
of NOy', comprising 10-14% of total xylem sap N, and Guapira opposita (ESsp) showed the highest
values, that accounted for more than 89% of total xylem sap N. During the wet season, Psp exhibited
a doubling of the proportion of NO3™ in xylem sap, while G.opposifa showed a marked decrease. All
ESsp (Leguminosae and non-Leguminosae) and LSsp showed no significant changes in xylem sap
NOs content between seasons.
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Table 7 — Xylem Sap characteristics of sampled species. Average of Xylem Sap total N (umol N m!™)
and Xylem Sap NOs content (%); Average Main Xylem Sap N compounds (% of total N). Standard
deviation in parenthesis; species key as in table 2; RS - Regeneration Strategies as in table 4. Stages
as in table 1. n — number of samples. For each species statistically significant differences at the p <
0.05 level are indicated by different letters (ANOVA, LSD post-hoc test or t test): A — within column; a

- within row.
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Xylem Sap NO; content (%)

n WET 1
Pioneer 107 ©5% 9 286017.2%° ¢
ES Leguminosas 13.4 (146)"® 14  100013.7) %% 15
ES non-Leguminosae 48675 15 8385 ° 13
Guapira opposita 887 (3.1 2 358(23.00"° 2
L ate Secondary 1.8(0.8)%% 5 1.7(1.8 %% 5

Table 8 - Average xylem sap NOy content for regeneration strategies across seasons. Statistically
significant differences at the p < 0.05 level between groups are indicated by different letiers (ANCVA,
LSD post-hoc test or { test): A — within column; a — within row. n — number of samples.

The xylem sap NO;™ content calculated for the regeneration sirategy guilds was not correlated
with NRA {r = 0.006; daia not shown). Even when absolute NOsy concentration were used the
correlation was still very poor {r = 0.17; data not shown). The xylem sap NOj content of C.glaziovii,
was negatively correjated with NRA (r = -0.80), while in C. pachystachya there was no correlation
between xylem sap NO3” and NRA (r = -0.03). All ESsp but G.opposita, showed no increase in either
NRA or xylem sap NOj content through the seasons. In G.opposifa, NRA did not change significantly
between seasons, while in the dry season, xylem sap NOj; content was 2-fold higher. in the wet
season, LSsp showed an increase in NRA but not in xylem sap NOs™ content.

The xylem sap NOs™ content calculated for the regeneration strategy guilds was only weakly
correlated with leaf NO5™ content (r = 0.48; data not shown)

The xylem sap total N content (low molecuiar weight N compounds) caiculated for the
regeneration strategy guilds (table 9) indicate that only LSsp showed a seasonal change in the
nitrogen transported through xylem vessels, with significant (p< 0.05) lower values during the wet
season. Total xylem N was poorly correlated with Leaf %N (r = -0.25; data not shown).

Xylem sap N composition shown for the regeneration strategy guilds (figure 5) indicate clearly
the different classes of N compounds transported through the xylem vessels: Psp transported mainly
ASN-N and NO3', accounting for 62% (dry season) and 69% (wet season) of xylem sap N-compounds.
ESsp Leguminosae transported several unusual compounds (dienkolic acid — DJE-N; serine — SER-N
and lysine — LYS-N), ureides (UR-N) and asparagine (ASN-N), accounting in both seasons for 82% of

xylem sap N-compounds. ESsp non-Leguminosae transport mainly giutamine (GLN-N) and arginine
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(ARG-N), accounting for 72% (dry season) and 65% (wet season) of xylem sap N-compounds.
G.opposita transported mainly NOg, especially during the dry season (88% of xylem sap N-
compounds). LSsp transported mainly ASN-N and ARG-N, accounting for 85% (dry season) and 78%
{wet season) of xylemn sap N-compounds.

Xylem sap N contet (umol N mi™)

Pioneer 048" 9  108(11.4)°%% ¢
Early Secondary - Leguminosae 7559 13 136(14.3)%% 14
Early Secondary - no Leguminosae 6.8(5.8)** 44 4129 % 12
Early Secondary - Guapira opposita 5.5 (0.0)*% 2 51(0.00%8%* o

Late Secondary 21.8(82) %% 5 8.4 (45 "% 5

Table 9 — Average xylem sap N content for regeneration strategies across seasons. Statistically
significant differences at the p < 0.05 level between groups are indicated by different letters (ANOVA,
LSD post-hoc test or f tesf): A — within column; a — within row. n — number of samples.

With regard te families for which more than one species was sampled, a number of clear
patterns emerge with respect to the kind of nitrogenous compounds transported in the xylem sap and
the way in which these vary seasonally. In the Cecropiaceae (Psp), NO: increased during the wet
season (14 to 32%), while ASN-N remained unchanged (46% and 44%). In the Leguminosae (ESsp),
all three species showed a similar pattern of ASN-N concentration, which remained high during both
seasons, except for Piptadenia gonoacantha (Mimosoideae) at Pili. This species showed a complex
xylem sap N composition throughout succession and seasons, with DJE-N being one of the main N-
compound transported by the xylem (ranging from 12 to 38%), and with UR-N comprising only 310 9
% of xylem sap N-compounds. At the Pill, ASN-N decreased dramatically while the proportion of
ARG-N doubled. Inga marginata (Mimosoideae) showed an increase of ASN-N (34 to 58%) and a
decrease in UR during the wet season (18 to 4%), while in Schizolobium parahyba (Caesalpinioideae;
a putative non-fixing species), ASN-N remained almost unchanged during seasons (37 and 43%), UR-
N doubled (10 to 21%) and NH,'-N decreased markedly (19 to 1%) in the wet season.
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Figure 5 — Average xylem sap composition (%N} across the regeneration strategy guilds and seasons.
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in the Myrtaceae (ESsp) ARG-N decreased siightly (48 to 41%) and GLN-N increased (19 to
27%j in the wet season. In the Lauraceae (LSsp), the xylem sap composition almost remained
unchanged across seasons, with ASN-N being the major xylem sap N-compound (823 and 91% at dry
and wet seasons, respectively).

in the others families sampled, only one species was investigated: Ulmaceae (Trema micranta:
Psp) showed an increase of NOs-N (4 % to 17%) and a decrease in ASN-N (60 to 33%) at the wet
season. In addition, an unknown compound was detected that accounted for 24% (dry season} and 40
% (wet season) of total xylem sap N-compound {caiculated using leucine as standard). In famiiies
belonging to the non-Leguminosae early secondary guild, there were small changes frough the
seasons: in the Myrsinaceae (Rapanea ferruginea) ARG-N and GLN-N remained high and unchanged
during seasons (dry 40% and wet 37%; dry 43% and wet 41%, respectively); in the Euphorbiaceas
{Tetromguideum rubrivenium), GLN-N and ARG-N decreased during the wet season {(47% to 30%;
13% to 8%, respeciively). In the Melastomataceas (Tibouchina pulchra), GLN-N showed a slightly
decrease during the wet season (69 to 80%) and ARG-N a slightly increase (5 to 11%). In families
belonging to the late secondary guild: Apocynaceae (Aspidosperma ramifiorum), ASN-N decreased
(62 to 39%) and ARG-N increased (19 to 23%) during the wet season; Sapotaceae (Chrysophillum
inomatum) ASN-N was the major N-compound transported in both seasons (85 and 921%); and
Proteaceae {Roupala brasiliensis) ARG-N decreased (87 to 46%) at the wet season and ASN-N
remained unchanged (20 and 17%).

Relationship between xylem sap N and soil N availability

Xylem sap NOs™ content of species occurring across the successional stages and in different
seasons were well correlated with soil NOy™ availability (r = 0.80: data not shown), but xylem sap total
N was less strongly correlated with soil N availability (r = 0.57: data not shown.)

DISCUSSION

The resin bag technique indicates that both mineralisation and ammonification rates were
higher during the wet season in all successional stages investigated. This couid be associated with the
drying-rewetling cycle that can accelerate the N replenishment from microbial, recaicitrant and
physically protected N pocis (Logde et al. 1994). An interesting aspect that contrast with the notion
that nitrification is higher in early succession and that NH," would be more available in late succession
are that NH," availability was higher in the P during both seasons, while there is no difference
between NH,” and NO; at Pll. On the other hand, NO; availability in Pll changed dramatically
between seasons, with the vaiue for the wet season being 18-fold higher than for the dry season.
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in relation to other Brazilian ecosystems, comparisons are difficult because of a lack of similar
work, especially about studies of soil N availability. However, we can consider the study site as having
a refatively rich soil compared to other sites in southeast and east Brazilian Atlantic Forest, including
here all forestry physiognomic types {see Oliveira Filho et al. 1899; Joly st al. 199%), where soils are
characterized by low fertility and high acidity.

The measurament of NRA indicates that the average for Psp were the highest and did not
change significantly across seasons, suggesting that NOy™ availability during the dry season was great
enough to maintain the maximum potential for NR in these species. These high NRA found in Psp
suggest also that they are in fact shoot NO3™ assimilators, confirming previous observations (Stewart et
al. 1992, 1990, 1988, 1983; Fredeen et al. 1991).

ESsp (Leguminosae) showed moderate NRA that also did not change between seascns. it can
be speculated that these species have constitutive NR which complement their N budget through NO»
assimilation (Sprent, 1894). The resuils obtained for Mimoscideae (Ingeas and Mimoseas) and
Ceasalpiniodeae (Caesalpinieae) sub-families {(and Tribes) conirast those found by Andrews et al.
(1920), who suggest that constitutive nitrate reductase is only present in Papilionideae (Phaseoiaeae).
The inducible NRA was found not to be expressive in the studied leguminous tree species, contrasting
with the suggestion of a widespread feature in the Leguminosae (Sprent, 1994). Nevertheless, these
results should be taken with caution, because it can be an inability to maintain their physiological
function as a cut shoot rather than a low potential to induced reduction of NOs (Schmidt, 1996).

ESsp non-Leguminosae showed the lowest NRA for all assays, confirming that the preference
for NOy is a characteristic feature within taxonomic groups {Havill et al. 1974; Lee et al. 1978:
Smimoff et al. 1984), and may be a feature associated with particular ecologicai groups.

In contrast, LSsp showed a significant induction of NRA suggesting that these species can
actually use NOs as a potential source of N when it is available. This is similar to the observations of
opportunistic species in natural Austratian communities (Schmidt, 1998).

It is of interest that the species that seem to be predominantly nitrate assimilating occurred in
sites where higher VAM infection was observed, contrasting with the observations made by Tumbuli et
al. (1896) for Australian piant communities.

The average leaf N content (%) for species occurring across the successional stages showed
a close reiation with soil N availability, as was found by Schmidt (1996} in natural communities at
Northem Australia and Stewart et al. (1992) for Brazilian tree seedlings. However, the average leaf N
content of the different regeneration strategy guilds was not correlated with N availability. The Psp and
ESsp Leguminosae increased significantly their N content with higher N availability, by 38% and 18%
respectively, but ESsp non Leguminosae and L8sp showed no significant increase.
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These differences is behavior can be explained through an analysis of their respective
lifestyles: Psp is specialized in rapid occupation of open areas (forest gaps), where faster growth is
crucial for ecologicai success. in this condition, Psp maximize carbon gain through a high
photosynthetic capacity (Chazdon et al. 1898), which in furn, is highly dependent on nutritional status
(Reich et al. 1994). Species from genus like Cecropia and Trema, normally show leaf N values higher
than 1.5%, which can reach up to 3.5%. Qur resulis are in similar range to those was found in the
Amazonian Forest (Kem et al. 1998; Elilsworht et al. 1998) and in sites of southeastern Brazilian
Atlantic Forest, Seasonal and Gallery Forest (Stewart; Aidar; Joly and Schmidt, unpublishad).

Species belonging to Leguminosae have typically nitrogen-rich leaves, which imposes a high N
requirement and consequently when N is available, tend to maximize the N uptake increasing overall
N content. The advantages of this lifestyle may only be realized in particular habitats with relatively
rich soils, where ambient temperature, light and water availability are high (McKey 1894), as occurs in
the summer at the study site. In addition, our results are consistent with those found for the
Amazonian Forest (Kern et al 1998) and Atlantic Forest (Stewart Aidar Joly and Schmidt
unpublished). Stewart et al. (1999} indicate that members of the Mimosaceae appear to have highiy
diverse nitrogen-use sirategies, with ability to fix N, access to organic N via mycorrhizal association
and assimilation of NOg" and NH,".

Species belonging to families such as Myrtaceae, Melastomataceae (ESsp) and Proteaceas
(LSsp) had typically low N content (Vitousek et al. 1986; Ellsworth et al. 1996; Tanner 1977; Nogueira
et al. 1997; Schmidt et al. 1998; Stewart et al. 1999). These data are very similar to those found for
these oligotrophic families in Australian plant communities by Foulds (1993} and Pate et al. {1983)

The average leaf NOs™ content across the regeneration strategy guilds, species and seasons
were very low or below detection limit. They showed no relation with soil N availability, but with leaf
NOs; content in Psp. G.opposifa (Nycataginaceae; ESsp) was the only species that showed
considerable leaf NOs™ levels, where highest concentrations occurred during the dry season when soil
NOj5™ availability was lower. in addition, Guapira’s NRA was not associated with NG5 storage, because
the average values were not significantly different between seasons and the substrate-free NRA was
higher in the wet season. These results suggest the possibility that NOsy accumulation might have a
role as an osmotic solute contributing fo adjustment to lower soil water content, as proposed by
Smimnoff et al. (1985). Alternatively, accurnulation might be a strategy to provide sufficient nitrogen to
maintain growth during less favorable periods (Pate 1983; Erskine et al. 1996).

Several authors have reported that the natural abundance method of determining de extent of
N; fixation does not always discriminate putative No-fixing plants and those non-fixing. The problem is
that so-called reference plants often exhibit "°N values lower than those of putative nitrogen fixers.

One explanation of this is that the 5N values are influenced by the mycorrhizal status of non-fixing
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plants (Roggy et al. 1899), with ectomycorrhizal species being depleted in BN, However, in the rain
forest of French Guyana and in the Brazilian Atlantic Forest (Aidar et al. in prep. 2000a)
ectomycorrhizas symbiosis are rare and Vesicular-Arbuscular mycorthiza (VAM) symbiosis
predominate. It would seem unlikely then that low 8N values are the result of ectomycorrhizal
colonization.

We tested the proposition made by Roggy et al. (1999), where natural leaf 8N and %N can
indicate functional groups and the type of plant N nutrition in rain forest trees. What we found was that
these parameters could not discriminate between No-fixing and non-fixing free species in our study
site. Indeed, our results for 3°N suggest that the plant-available scil N pools had high homogeneity in
their signatures not allowing the definition of uniform relationships among 8N and % leaf N,
corroborating the results found by Handley et al. (1894) in Africa. Handley et al {1999) working with
global and seasonal data, postulate a proximate mechanism for the overall relationship between water
availability and ecosystern 8N, suggesting that leaf and soil values appear to be related to the
residence time of whole ecosystem N. This appears to be the case in the study area, where an
apparent trend to enrichment of leaf 8"°N signature with succession evolution and forest maturation
was observed. Similar resuits were found in the Amazonian Forest by Thielen-Klinge et al. (1999).

An interesting result was that the contrasting 8'°N for found for species that utilize NOy”; the
negative §"°N values found for C.pachystachya at P! (range of xylem sap NO5-N from 18.5 to 41.9%),
intermediate values for C.glaziovii at Pl (xylem sap NOs-N from 17.1 to 33.3%) and highly positive
values for G.opposita at Plll (xylem sap NOy from 88.7 to 35.8%) that showed the highest 3N values
sampled. These resuits contrast with the suggestion made by Pate et al. (1993) that high 5'°N values
may relate directly to utilization of NO5™ in pioneer species in Australia.

The increased values for xylem sap NO; content found in Psp during the wet season, when
soil N availability was higher suggest that the Psp takes up NO; more efficiently than the species
belonging to others regeneration strategies, excepting Guapira opposita, corroborating the previcus
observations that these species are NO;™ assimilators.

Besides the unchanged NRA averages between seasons in Psp, and the differential behavior
found for the different species regarding the relationship between NRA and xylem sap NO; content
are difficult to explain. C.glaziovii showed some leaf NO;™ storage during the wet season as shown by
ieaf NO3 content. In this species, the xylem sap NO; content was negatively correlated with NRA,
suggesting that "accumulation” (higher leaf storage and xylem sap loading) occurred when NRA was
below the maximum values observed. In contrast, C.pachystachya showed no relationship between
NRA and xylem sap NC3™ content, and no accumulation of NO; in leaves. Uptake of NO; by rosts is a
cémplex event. In barley, it is carried out by three different systems (Aslam et al. 1982; Wirén et al.
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1997; Crawford et al. 1988): a constitutive low affinity system operates when NOg' availability is high,
and two high affinity systems when NO;™ availability is low (one constitutive and other induced). The
regulation of NR enzyme is a complex process that involves light, sugars, amides, ATP and
inactivation by phosphorylation. Additionally, strong diurnal variations in NRA have been cbserved
{Lea 1997).

The xylem sap fotal N content only showed seasonal variation in LSsp, which was more than
2-fold higher during the dry season. This behavior suggests that these species are recycling stored N,
probably for supporting reproductive effort, since all species are flowering (Nectandra megapofamica)
or producing fruits (Chrysophylium inomatum, Ocotea catharinensis and Roupala brasiliensis) during
wintertime (dry season). In addition, Aspidosperma and Roupala are winter deciduous species, which
reinforce this hypothesis, since they may remobilize nutrients from senescent shoots before discarding
them. The higher N load in xylem occurs when soil N and water availability is lower suggesting again
that the origin of this N Is from remobilization rather than from new assimilation.

Similar resulls were obtained by Schmidt et al. (1988) in northern Australia for Eucalyptus and
some Proteaceae species, which showed higher xylem sap total N content in the dry season.
However, the present results contrast with those of Stewart et al. {1 992) and Dambrine et al. (1995),
who report a close reiationship between leaf N and xylem sap N content.

Only Psp and ESsp Leguminosae species showed increases in leaf N content with higher soil
N availabifity. ESsp non-Leguminosae and LSsp did not respond to this higher N availability by
increasing leaf N content. It is of interest that species belonging to these latter two guilds are very
common in Atflantic Forest over oligotrophic acidic soil, with Tibouchina puichra (ESsp non-
l.eguminosae) being the dominant tree species in the early secondary succession. These results
suggest that the domination of Leguminosae species in the secondary succession at the study site is
consequence of the occurrence of a richer soil (eutrophic caicareous soils), where the higher nutrient
availability, especially N, favor the success of these species over those adapted to oligotrophic
substratum (Aidar et al. in prep. 2000a; McKey, 1994).

The profile of nitrogenous compounds in xylem sap was characteristic for the different
regeneration strategy guilds, and was relatively constant between seasons. The diagnostic
characteristics of the different regeneration strategy guilds are shown in figure 6. Psp is typified by the

presence of ASN-N and NO;-N; ESsp Leguminosae by the presence of unusual compounds (UR-N,
DJE-N, SER-N and LYS-N) and ASN-N; ESsp non-Leguminosae by the presence of GLN-N and

ARG-N; LSsp by the presence of ASN-N and ARG-N: and Guapira opposifa by the presence of NQ,-
N and others compounds.
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Figure & -~ Schemafic draw of the main N-compounds transporied by the different regeneration
strategy guilds. Psp - pioneer species; ESsp Leg - early secondary leguminosae species; ESsp non
Leg. - early secondary non-leguminosae species; LSsp ~ late secondary species; Guapira ~ Guapira
opposita (ESsp).

From the summarized data presented in table 10 we can clearly distinguish the differential
strategies of N utilization among the different regeneration strategy guilds:

Psp were positive in NRA and xylem sap NOj, increased leaf %N, negative in leaf 8'°N. and
neutral in xylem sap total N; transport of ASN and NO,~.

ESsp Leguminosae were neutral in NRA, xylem sap NOs, leaf §™°N, and xylem sap total N
and increased leaf %N; transport other compounds and ASN.

3

ESsp non-Leguminosae were neutral in leaf %N, leaf §°N and xylem sap total N; and negative
in NRA and xylem sap NOj3’; transport GLN and ARG.

Guapira opposita (ESsp) were positive in leaf %N, leaf 3'°N and xylem sap NOs” neutral in
NRA; and negative in xylem sap total! N; transport NO;” and others compounds.

LSsp non-Nyctaginaceae were positive leaf %N and xylem sap total N; neutral in ieaf 5'°N:
and negative in NRA and xylem sap NOj3'; transport ASN and ARG.
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NRA Leaf %N Leat 5N NO;™ XS XS tot N main XS comp,

Regeneration Strategies dry wet | dry wet | dry  wet | dry  wet | dry et dry wel
Plonser R T - -+ + s L ASN/HNO; ASN/ NG,
Eearly Sscondary — Leguminosae + * % + + + * k d * & Iothers/ASN others/ASN
Early Secondary non Leguminosag - - = - % * - - * x | GLN/ARG GLN/ other
Guapira opposita - £ + + + + + + - e N~ N0y / others
Late Secondary - =] = - + 4 - - i+ * | ASN/ARG ASN/ARG

unit pKat gFW™' % %, % wmoles N mf™
* » 400 >3 > > 15 > 12
symbol key £ 200 400 Z-25 -2 5-15 612
- < 200 <25 <1 <5 <8

Table 10 ~ Regeneration strategy guilds and the ieaf and xylem sap parameters distributed in classes.
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DISCUSSAD GERAL

A caracterizacdo estrutural dos fases sucessionais estudadas revelou um aumento da
esiratificagfo vertical e decréscimo de iluminacio do subosque com a evoluco ds sucessio (figuras
2c e 3; cap. 1). O levantamento também demonstrou a dominéncia de espécies leguminosas ao longo
da sucessdo: Pipfadenia goncacantha (Mimosacease) dominz as fases secundérias inicais e

chizolobium parahyba e Hymenaea courbari (Caesalpinaceae) a fase secundaria tardia (figura 2a,
b; cap.1).

Este resultado contrasta claramente com os padrdes ja identificados no inicio da sucesséo
secundaria em Mata Atlantica sobre solos acidos, onde a familia Melastomataceae geraimente é
dominante, especiaimente Tibouchina pulchra. Um exemplo deste padrée foi apresentado no cap. 1
{tabela 2), onde o levantamento fitossociolégice realizade em diferentes estagios de sucessdo sobre
solos acidos em uma area distanie apenas cerca de 10 km da drea de estudo, indicou a domingncia
desia espécie (dominancia relativa de 14.8 % em &rea com 5 anos apds abandono da roga e de
26.4% em area com 15 anos).

E possive! concluir que & alteragio na estrutura e dindmica da sucess3o da Mata Atlantica
sobre solos calcarios é decorrente das caracterisitcas deste tipo de solo, pois guando comparado
com o solo originadc sobre substrato Filito (tabela 3; cap 1), apresenta pH, % matéria organica,
saturacdo de bases e conteudo de Ca mais altos e muito menor contetido de acidez trocavel (H + Al).
Estas caracterisitcas indicam a natureza eutrdfica do solo calcério estudado. Estas diferencas
sugerem entdo, que as comunidades associadas & sucess8@o sobre solos calcarios podem ser
consideradas como calcicolas, em oposigdo as plantas calcifugas que ocorrem scbre solos Acidos
(Marschner, 1995). Plantas calcicolas necessitam de mecanismos para solubilizagdo de Fe e P na
rizosfera, e aparentemente estas apresentam maior capacidade na produgac de 4cidos organicos que
s&o agentes quelantes.

Os resultados obtidos em relagdc a colonizacdo por micorrizas {tabela 1; cap.1) corroboram
os resuliados de Zangaro Fo. (1997) e Siqueira et al. (1998), sugerindo que a dependéncia da
associagdo micorrizica apresentadas pelas espécies arboreas neotropicais decresce com a evoluco
da sucessdo: nas fases iniciais de sucessdo, as espécies arbdreas pioneiras sfo micotrdficas
obrigatérias; nas fases intermediarias da sucessfo, as espécies arbdreas secundérias apresentam
uma mistura de micotrofia obrigatdria e facultativa; e nas fases mais avangadas, as espécies climax
{secundarias tardias) sdo microtréficas facultativas ou ndo microtrdficas.

Apesar do fato de que solos caicarios cobrem mais de 30% da superficie terrestre (Marschner
1995), esta ocorréncia no Brasil é bastante restrita (cerca de 5% da drea territorial brasileira), sendo
que as maiores areas estlo situadas em zona arida ou semi-arida. Especialmente no Domininic Mata

Atlantica {Joly et al. 1999) esta ocorréncia € muito rara, sé ocorrendo em peguenas dreas no sudaste
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do Brasil. Esta formagcao florestal assume ento, encrme importancia em relacdo a0 aprofundamento
do conhecimentc sobre a Biodiversidade Neotropical, configurando um banco genético inestimavel,
servinde ainda, de refugioc para espécies ameacadas de extingdo, tal como Ocolea catharinensis
(SBEBE 1982). O conhecimenio desta dindmica sucessional é também uma ferramenia importanie para
subsidiar o desenvolvimento de projetos de recuperaco de dreas defiorestadas efou degradadas e
programas de gerenciamento ambiental no interior e entome da Unidade de Conservacio.

A analise arquitetdnica realizada através da caracterizacio e composicio das eco-unidades
indicou o seguinte padrac na evolugdo da sucessdc em Mata Atlantica sobre solos calcdrios apés o
abandonoc das rocas: estabelecimento de eco-unidade herbaces-arbustiva dominada por Vernonia
polyanthes L.ess — Asteraceae, logo apds o abandonc do cultivo através de chuva de semente e
bance de semente do solo. Esta fase pioneira inicial (n&o inventariada) alcanca a maturidade em trés
ou quatro anos. As sementes das espécies arbdreas pioneiras, provenientes de chuva de semente ou
do banco de solo, iniciam seu desenvoivimentio concomitantemente e/ou embaixo da fraca coberiurs
herbdcea desta eco-unidade arbustiva, caracterizandc 2 eco-unidade pioneira. Esta Gltima &
dominada por espécies pioneiras tipicas, tais como Cecropia pachystachya e C. glaziovi -
Cecropicaeae, e atinge a maturidade ao redor de 10 — 12 anos (figura 1A: cap. 2). Com a evolucdo da
sucessdo, a tendéncia é que haja a fragmentacdo desta eco-unidade grande em eco-unidades
progressivamente menores. Assim, sobrevém a eco-unidade secundaria inicial, composta pelas
espécies secundarias iniciais Piptadenia gonoacantha — Mimosaceae e Rapanea ferruginea -
Myrsinaceae, que iniciam seu desenvolvimento embaixo do dosse! relativamente aberto, composto
pelas espécies pioneiras. Por sua vez, estas eco-unidades secunddrias iniciais podem ser
substituidas por outras eco-unidades secundérias iniciais compostas por espécies com ciclo de vida
mais longo, como por exemplo, Schizolobium parahyba (Caesalpinaceae). Entretanto, com o avango
da sucessdo, as eco-unidades secundérias iniciais s3o substituidas por eco-unidades secundarias
tardias estruturadas por especies mais tardias, tais como Hymenaea courbaril (Caesaipinaceae),
Aspidosperma ramiflorum (Apocynaceae) e Ficus spp. (Moraceae). Nas florestas mais maduras
ocorrem as menores eco-unidades, o “chablis” ou clareira-de-uma-arvore (figura 1A, figura 3; cap. 2).

Nac obstante, as espécies selecionadas terem sido classificadas nas irés diferentes guildas
de regeneracdo, elas mostram distribuicdc sobrepostas ac longo de sucessso (figura 2; cap. 2),
caracterizando o gradienie proposto por Whitmore (19986).

A técnica de sacos de resina de troca idnica indicou que as taxas de mineralizagio e
amonificag8o foram mais significativas durante o periodo de clima mais tmido (ver&o; dezembro) em
fodas as fases sucessionais avaliadas, provavelmente decorrente do ciclo de secagem-
reumidecimento que acelera a reposico de N originados de microorganismos e fontes recalcitrantes
fisicamente protegidas. Durante a estacio Gmida a disponibilidade de NH," foi de 1.6 a 3 vezes maior,
enquanto para NO;’ ela foi de 1.7 a 20 vezes maior. A disponibilidade total de N inorgénico durante o
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vero fol duas vezes maior nas fases pioneira tardia (P!) e secundaria tardia (P, e guase 7 vezes
na fase secundaria inicial (PIl). Estes resuitados confirmam gue o solo pode ser caracterizado como
eutrdfico, assim como indicado pelas andlises guimicas (fabela 3; cap.1}.

A tabela 1 apresenta uma avaliacdo qualitativa dos principais parémetros do metabolismo de
N investigados enire as diferentes estrategias de regeneracdo. Os padrfes de utilizagio de N enire
as diferentes guildas de regeneracéo e as espécies gue as compdem s&o sumarizadas a seguir.

ANR %M ioiar | 8 Nfoliar | NOy SX | Niotal$X | principal composio SX
Estratégias de regeneracio seco  dmido] secc Omido| sece Omido| seco Umide! seco UGmido Seco (mide
Pisneira -+ + — % — -— + + + % ASN/ NGy ASN/ NGy
Sesundariz |nical - Leuminosze b * + + * + + e E E others/ASN others/ASN
Secundéria inical ndo leguminosae e - - - * & - - P + | GLN/ARG  GLNJ other
Guapire opposita - = + + + + + + - - NOs™ NOs / others
Late Secondary . - - - + + - - + £ | ASN/ARG ASN/ARG
unit pKat gFW™ % %o % pmoles N ml™
* > 400 >3 »2 =15 > 42
symbol key £ 200400 2-2.5 1m=2 515 512
- < 200 <25 <t <5 <8

Tabela 1 — Comparacao qualitativa entre os principais parametros do metabolismo de N analisados e
as estratégias de regenerag@c ao longo das estacbes. ANR — atividade da enzima de nitrato
redutase; SX — seiva do xilema; ASN — asparagina; GLN - glutamina; ARG — arginina; NCs»™ — nitrato.

Espécies pioneiras

ANR (atividade de nitrato redutase) alta indicands grande importancia deste processe na
aquisicdo de N; concentracdo de N foliar maior na estacio Umida, quando ha maior disponibilidade de
N no solo; composigdo isotdpica N negativa; alto conteddo relativo de NO; na seiva do xilema,
indicando que a reducdo deste ocorre principalmente ao nivel foliar; conteldo total de compostos de
N de baixc peso molecular na seiva do xilema medianc e nfo sazonal; transporte na seiva do xilema
de ASP-N & NOs-N.

Pequena diferenciacio entre as espécies que compdem este grupe, exceto pela presenca de
um composto nitrogenado nao identificado na seiva do xilema em Trema micrantha. Todas as trés
espécies s@o sempre-verdes, florescendo na primavera ou verdo. Cecropia pachystachva e Trema
micrantha apresentam ciclo de vida mais curto quando comparado a C. glaziovii
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Espécies secundarias iniciais leguminosas.

ANR moderada, indicande que as espécies ndo sdo assimiladoras tipicas de NO; como
demonstrado pelas pioneiras, mas podem complementar sus nutricac quando este esté disponivel;
assim come pioneiras, apresentam maior concentraciio de N foliar no verdo, quando este estd mais
disponivel nc sclo; composigao isotdpica com valores médios; contetdo de NO.-N na seiva do xilema
moderade, reforcando a hipbiese de complementacgiio da nutricdo através de NGy ; contedido total de
composios de N de babo peso molecular na seiva do xilema mediano e ndo sazonal; transporte na
seiva do xilema de compostos pouco comuns {DJE-N; UR-N; SER-N: LYS-N) e ASP-N.

As especies apresentam algumas variacbes em relagdo ao padrdo, relacionadas a
imporiancia reiativa da assimilago de NO; e da associacéo simbidtica entre as espécies. Assim,
Inga marginata apresenta maior contribuicdo da assimilagdo de NOs-N e de UR-N, esie Ultimo
provaveimente originado da fixaco simbidtica. Ainda, apresentou alta concentrac@o de N foliar em
todos os estagios e estagSes (em tomo de 3%). Fipfadenia gonocacantha apresenta contribuigio
mediana de NOy-N e pouca contribuicdo de UR, mas grande importéncia de SER-N & DJN-N {amino-
acido nao proteice e sulfatado). A espécie apresentou concentragdo de N foliar de alta a muito alta
(maximo de 4.8%). Ambas espécies citadas acima sdoc Mimoscideae, e os padrbes apresentados
indicam sua capacidade de nutricic combinada em relacdo ao N, incluinde todas as fontes
disponiveis (fixagao simbittica de N,; assimilagdo de NOs e provavelmente também de NH, e N
orgénico através de associaglo micorrizica) reforgando a afirmacéo de Stewart et al. (1999) sobre as
espécies desta familia que apresentam estratégias de uso de nitrogénic muito diversificadas.

Schizolobium parahyba apresentou moderata ANR mas muito pouca concentracdo de NOy-N
e grande contribuicdo de LYS-N, UR-N e NHs/-N na seiva do xilema. Como ests espécie &
considerada n&o nodulante e é uma planta decidua, € possivel que estes dois Ultimos compostos
possam ser originados de reassimilacdo efou ciclagem de N como sugerido por vérios autores para
outras especies leguminosas (Avefine et al. 1995; Hansen et al. 1995; Avery 1293; Schneider st al.
1996; Parsons et al. 1996). Durante ¢ periodo seco, quando a concentracdo de N foliar foi mais baixa
(1.5%), provavelmente as folhas coletadas ja teriam iniciado seu processo de senescéncia, e portanto
translocando seus nutrientes. Durante ¢ verdo, a concentracio de N foliar foi de 2.2%, ainda muite
abaixo da media observada para as outras leguminosas de 3.4 £ 0.6 (média durante a estacsio seca =
3.0 £ 0.3 e meédia geral = 3.2 £ 0.5 % N foliar). A composicio da seiva do xilema durante o periodo
seco indica aita concentracéo de NH,", sugerinde a ocorréncia de translecac@e. Durante ¢ periodo
amido, a ocorréncia de UR poderia ser derivado de remobilizacdo de N estocado durante o periodo
de deciduidade.

Segundo McKey (1984} a ocorréncia de valores siginificantemente menores no contetido foliar
de N de espécies de Caesalpincideae em relagdo as outras leguminosas € uma ocorréncia frequente.
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Entretanio, tais valores seriam maiores do que os valores médios caracterisiticos de espécies ndo
leguminosas, o gue néo foi observado nesie estudo. Os valores médios das espécies secundarias
iniciais e tardias n&o leguminosas estudadas sdc mais elevados durante a estagdo seca (2.1 £ 05
%N foliar), & similares durante a estacdo Omida (2.2 £ 0.6 %N foliar) quando comparados acs valores
apresentados pela espécie em questac. Talvez este fato esteja associado & maior disponibilidade de
N gue ocorre no solo calario eutrdfico, favorecendo desse modo uma maior assimilago de N por
todas as espécies presentes na floresta.

Espécies secundérias iniciais nfo leguminosas

Baixas ANR e de conieddo de NO; na seiva do xilema, indicande gue NOs; ndo tem
importancia como fonte de N; vaiores de 3'°N foliares moderados; e baixa concentragdc de N foliar,
sendo estes os menores valores entre as espécies avaliadas; conteddo total de compostos de N de
haixo peso molecular na seiva do xilema mediano e nfo sazonal, transportando principalmente GLN-
N e ARG-N.

As espécies que compdem este grupo apreseniaram algumas variagbes em relago ao
padrdo geral, sendo que Myrcia cf. rosirata e Campomanesia guaviroba (Myrtaceae) apresentaram
significativa concentracao de NO;™ sendo transportado na seiva do xilema, especialmente durante a
época umida, mas entretanto, apresentando baixa ANR nas duas estacbes. Estas duas espécies
além de Rapanea ferruginea (Nycatginaceae) apresentaram predominancia de ARG-N na seiva do
xilema, especialmente durante a estagdo Umida, sugerindo a reciclagem de N estocado, assim como
sugerido por Schmidt et al. (1998}, e também a ocorréncia do fransporte de GLN-N em ambas
estagdes. Tetrorquideum rubrivenium (Euphorbiaceae) foi a espécie deste grupo que apresentou
maior concentracac de N foliar, que junto com Tibouchina pulchra (Melastomataceae) apresentaram
predominancia de transporte de GLN-N na seiva do xilema, e também uma importante contribuicio
de ARG-N. Este grupo de modo geral, foi o que apresentou o menor status em relacéo ao conteddo
de N. Segundo Lea et al. (1980}, 2 GLN &€ o Unico composte de transporie de N que ndo requer
nenhum gasto adicionai de energia, pois esté diretamente envolvida na assimiliagéo de NH,'. Assim,
o transporte preferencial de GLN nestas espécies sugere uma economia de energia no transporie de
N, cujo metabolismo poderia ser considerado “pobre em nitrogénio” em contraposicéo as especies
leguminosas com sel “estilo de vida rico em N” como sugerido por McKey (1984) e Stewart et al
(1999). S30 espécies sempre-verdes, excete Myrcia cf. rostfrata que é semi-decidua.
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Guapira cpposiia - Espécie secundéria inicial

S{BLIO

Esta espécie apresentou comportamento ba‘ E%‘ti fe?eagafaéf%aﬁ‘as as outras com NOs
sendo o principal composto fransportade na sesvaﬁ%ﬁ xilema durante e esizgdo seca, mas
apresentande baixa ANR, sugerindo que o NOj tem mais funcio osmética do que nutricional.
Durante a estacdo Omida, quando NOs esteve mais disponivel no solo, seu fransporte na seiva
diminuiu bastante, mas o acumulo foliar foi significativamente aumentado. Foi a espécie que
apresentou os maiores valores para o 3N e %N foliares, provavelmente decorrentes da grande
presenca e acumulo deste composto. Entretanto, o conteddo total de compostos nitrogenados de
baixo peso molecuiar na seiva do xilema foi constante e relativamente baixo ao longe das estagbes,
Comportamento semelhante foi verificado em Ficus spp em ecossistemas no norte da Australia por

Schmidt et al. (1998).

Espécies secundarias tardias

Baixas ANR e conteddo de NOs-N na seiva do xilema, indicande que NOs nio tem
importancia como fonte de N; concentragéo de N foliar baixa; 5N foliar intermedidria; contetido total
de compostos de N de baixo peso molecular na seiva do xilema alto e sazonal: transporte de ASN-N
e ARG-N na seiva da xilema.

Todas as espécies apresentam maior contetido iotal de nitrogénio de baixo peso molecular
{de duas a cinco vezes maior) na seiva do xilema durante a estagdo seca, apesar da maior
disponibilidade no solo ocorrer durante a estagdo (mida, sugerindo que este acréscimo seja devido a
ciclagem de N estocado. As espécies deciduas, Aspidosperma ramiflorum e Roupala brasiliensis,
transportam ARG-N durante a estagéo seca, reforgado o argumento de ciclagem interna de N durante
a estagBo desfavoravel. Durante a estacdo Umida ha um acréscimo no fransporte de ASP-N. As
outras espécies transportam principaimente ASN-N. Em todas as espécies a presenca de NO;-N é
muito pouco significativa, tanto na seiva do xilema como nas folhas, entretantc Aspidosperma
ramifiorum apreseniou ANR bastante elevada. Exceto pelos valores apresentados por Ocofes
cathannensis que foram siginificativamente elevados, a concentragéo de N foliar foram bastante
baixos, tendo o menor valor sido verificado em Roupala brasiliensis.

Finalizando, a figura 1 apresenta o esquema proposto para o transporte de compostos
nitrogenados na seiva do xilema das diferentes estratégias de regeneragéo estudadas, sugerindo que
este pode ser uma ferramenta adicional no diagnéstico e classificacdo das espécies arbéreas

tropicais nas diferentes guildas de regeneraciio que ocorrem na floresta tropical do sudeste do Brasil.
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Figura 1 — Esquema do transporie de composios nitrogenados nas espécies arbéreas das diferentes
guildas de regeneragio da floresta tropical. Pion — espécies pioneiras; S| Leg — espécies secundarias
iniciais leguminosas; S| fi Leg — espécies secundérias iniciais nfio leguminosas; LS ~ espécies
secundarias tardias; Guapira — Guapira opposita (LSsp Nycatginaceae); NOy - nitrato; ASN —
asparagina, ARG ~ arginina; GLN — glutamina.
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