UNIVERSIDADE FEDERAL DO RIO GRANDE DO SUL
INSTITUTO DE BIOCIENCIAS

PROGRAMA DE POS-GRADUACAO EM ECOLOGIA

PADROESDE ESPECIESE TIPOSFUNCIONAISDE
PLANTASLENHOSASEM BORDASDE FLORESTA E

CAMPO SOB | NFLUENCIA DO FOGO

Sandra CristinaMuller

Tese apresentada ao Programa de Pos- graduacéo em Ecologia da Universidade
Federal do Rio Grande do Sul como um dos pré-requisitos para obtencéo do

titulo de Doutor em Ciéncias — énfase em Ecologia

Orientador: Prof. Dr. Valério DePatta Pillar

Porto Alegre, junho de 2005



PADROES DE ESPECIESE TI1POS FUNCIONAIS DE PLANTAS
LENHOSAS EM BORDAS DE FLORESTA E CAMPO SOB

INFLUENCIA DO FOGO

por

Sandra CristinaM Uller
(Bidloga, Mestre em Botanica)

Tese apresentada ao Programa de Pos- graduacéo em Ecologia da Universidade
Federal do Rio Grande do Sul como um dos pré-requisitos para obtencéo do

titulo de Doutor em Ciéncias — énfase em Ecologia

Orientador: Prof. Dr. Valério DePatta Pillar (UFRGS)
Co-orientador: Prof. Dr. Jorg Pfadenhauer (TU-M tinchen)

Banca Examinadora:
Prof. Dr. Fabio Scarano — (UFRJ)
Prof. Dr. Jodo André Jarenkow — (UFRGS)
Prof. Dr. Jorge Luiz Waechter — (UFRGS)

Data da defesa publica: 22 de junho de 2005



Mil I er, Sandra Cristina

Padr 6es de espécies e tipos funcionais de plantas
| enhosas em bordas de floresta e canpo sob influéncia
do fogo / Sandra Cristina Miller. — Porto Alegre: PPG
Ecol ogi a da UFRGS, 2005.

134 f.: il.

Di ssertacdo (doutorado) - Universidade Federal do Rio
Grande do Sul. Programa de Pos-G aduacdo em Ecol ogia,
Porto Alegre, BR—- RS, 2005. Orientador: Pillar, Valério
D.

1. Msaicos floresta-canpo. 2. expansdo florestal.
3. espécies pioneiras 4. capacidade de rebrote. |I.
Pillar, Val ério DePatta. Il. Titulo




AGRADECIMENTOS

Durante os Ultimos quatro anos, muitas foram as pessoas que de uma forma ou outra
contribuiram para a realizaco desta tese, principamente porque o trabalho esteve inserido num
projeto de cooperacdo entre Brasil (PPG-Ecologiad UFRGS) e Alemanha (TUM), envolvendo varios
estudantes e professores. Desta maneira, eu gostaria de expressar meus agradeci mentos:

Ao Prof. Vaério Pillar, pela orientacdo, paciéncia, disposicdo e motivacdo para a pesquisa,
assm como pelos bons momentos nas excursdes redlizadas, conhecendo e discutindo padrbes e
processos sempre presentes no nosso meio. Agradeco também pelo empenho na correcéo fina do
trabal ho, principalmente nestas Ultimas semanas.

Ao Prof. Jorg Pfadenhauer, pelo interesse no traba ho, oferecendo apoio e incentivo desde o
inicio deste projeto, ainda na Alemanha. Obrigada pela hospitalidade no seu departamento de
Vegetationsokologie, pelo convivio, sugestdes e discussdes sobre ecologia da vegetacdo e pelas
oportunidades em participar das excursdes do departamento, durante minha estadia em 2003.

Ao meu colega Gerhard Overbeck! No inicio um tanto timido, porém sempre determinado.
Hoje “quase um galicho”, mas sempre determinado! Por todos os momentos que passamos trocando
experiéncias, trabalhos (por vezes &duos), criticas, sugestfes e receitas... pelo apoio mora e
intelectual, pela grande amizade e parceria..., meu sincero agradecimento por tudo!

A Prof. Maria Luiza Porto, pela dedicacio na coordenacdo do projeto ProBral intitulado
como “Protegdo e mango da vegetagao natural da regido de Porto Alegre com base em pesquisas
de padrdes e dinamica da vegetacao’ .

Ao Eduardo Forneck, pelas constantes trocas de idéias sobre 0 morro Santana, pela primeira
apresentacao das florestas do morro, pelo incentivo e parcerias de campo, coletando e identificando
espécies florestais, e pelafiel amizade!

Aos queridos colegas e amigos do “Ecoqua’, Enio, Carolina, Juliano, Rafael, Pedro, Melina
e Marcela, pelas freglentes e produtivas discussdes temdticas! Pela infinita troca de dicas e
experiéncias estatisticas. As “agregadas’ do laboratorio, Cléudia, Vanessa e Silene, pela
descontrac@o, amizade e troca de idéias.

A todos os colegas aleméaes que colaboraram na execugéo deste trabalho, em especiad ao
Sebastian pelo 6timo trabalho desenvolvido na conducdo dos experimentos de queima. Ao Wolfram
pelo auxilio no inicio dos trabalhos de campo e pela recepcdo na Alemanha. E todos os outros: Tina,
Andrea, Jllia, Bjorn e Alessandra (brasileira, porém inserida no “grupo” aemao), obrigada pela
integracdo durante o periodo do convénio, a qual resultou em amizade para além deste periodo. Ao
Pascoal, um espanhol também inserido na TUM, pelo belo trabalho sobre os solos do morro Santana.

Ao Prof. Renato Borges de Medeiros, pela disponibilizar a casa de vegetacdo para realizar o
experimento de banco de sementes do solo.

Aos colegas, quase bidlogos ou agronomos, Méarcia, Juliana (hoje, ja bidloga), Ana, Marcos
e Emiliano, que me auxiliaram em saidas de campo e na organizacdo das espécies coletadas e no
experimento do banco de sementes do solo.

A equipe de voluntarios que auxiliou nos experimentos de queima, a SMAM pela liberagio
do experimento e pela disponibilidade da equipe de guarda-parque e da infra-estrutura para controlar
o fogo.

Ao Aureo (chefe dos segurancas) e todos os segurancas da UFRGS que nos acompanharam
nas saidas de campo, do grupo do canil e, principalmente, do grupo dos cavalos.

A Patrulha Ambiental da Brigada Militar, pelo acompanhamento nas saidas de campo no
verdo de 2003.



A coordenagdo do PPG-ecologia e & Silvana, pela pronta disposicdo nos momentos
Necessarios.

Ao pessoa do PPG-boténica, pelo auxilio na determinacdo ou confirmagao das espécies, em
especia a0 Jodo A. Jarenkow, Marcos Sobral, Paulo Brack, 11s Boldrini e Nelson Matzenbacher, e
também & Regina, pelo atendimento atencioso. A Elen Garcia que também auxiliou na determinacio
de algumas plantas do banco de sementes.

A banca examinadora do exame de qualificacgo, professores IIsi Boldrini, Jorge Waechter e
Paulo Oliveira, pelas sugestfes no primeiro capitulo desta tese.

A banca examinadora da defesa desta tese, professores Fabio Scarano, Jorge Waechter e
Jodo André Jarenkow, primeiramente pelo pronto aceite em participar e, jA me antecipando, pelas
sugestdes e criticas sobre o trabal ho apresentado.

A CAPES, pela bolsa concedida durante todo o doutorado e pelo financiamento via projeto
ProBral.

Aos meus queridos pais, Canisio e Valéria, pela confianca demonstrada, pelo carinho, amor
e compreensdo em todos os momentos de minha trgjetoria académica. Pela tranquilidade como
conduzem os pequenos e grandes obstécul os de suas vidas, pelo exemplo do bem viver.

Ao Fernando... por tudo aquilo que faz da nossa relacdo uma troca constante de confianca,
respeito, amor e amizade. Obrigada pelo carinho e aconchego durante esses anos, e pela
compreensao das minhas auséncias.



SUMARIO

LISTA DE FIGURAS ....ceeetenaaeeeeeeeemsesssssssssssesnnsssssssssssessnsnssnssnnsssssssmnssnsnsnssssesssnssnsnnnnsssssssnmnssnnnnnssees 7
LISTA DE T/ABELAS ... etttttunnsssseresesenssssnnsssssssenssssnnssssssssssssssnssssssssssessssssssstssssensssssnaesteseeensnsnnnansseses 9
LISTA DE APENDICES ...ceeeeeeeeeeeeeeeeeeensnsnssensnsssssnsnsssssssssssssnsssnsssssssnsssssssssssssssnsnsssnsnsnsnsnsnsnnnsnsnsnnns 10
LISTAA DE AINEXOS ..ettttrunnnaesesseesennnnnnssssssssensssssnsssssssssssssssnssssssssssssstsssssssnsssnamesssssesennsnsmnassss 11
RESUMOD ... iiiieiitiaaaeeeeeeesesssssssssssssssnssssssssssssessnsssssnsssssssssnsnssssnnsstessnsnsssnnnssstesssennnnnnnnnnns 12
N = I AN 14
ORGANIZACAD GERAL DA TESE ...iiiuteeeiiiisseesiaassesesaassssesaasssssesaasssssssasssssssaasssssssaasssssssansssssssanns 16
INTRODUGAOD ....cteeieeianeeaneaaneeaansaasesansssanessnsseassssasssassssasssasesansssassssasesanesaasssassssasesansansessnnssnnens 17
Peadrbes e processos em vegetacio — uma breve introduGao...........cooveeiiieiiic i 17

A vegetacdo no Rio Grande do Sul — um enfogque nos mosaicos de floresta-campo.................. 19
Principais fatores que influenciam NO ProCESS0.........ccuuiieeiiiieeeeciiieeeeeee e e 23
OBJETIVO GERAL E DIVISAO DOSCAPI TULOS. ..uiittiieiitetieeeeettsesstsesnsssssessssssnssssnnsesinsees 27
LOCALIZACAO E DELINEAMENTO AMOSTRAL cettttuiiiieeeiieetttiieeeeeeeeeeeattiaaeeeeeeseestannaeeaeeseesnes 27
PRIMEIRO CAPITULOD ...ttt eeeet et eeeeeseseeesesseeseesssassasassssnssssasssssssansnssnssssassnssnsessnssnssssnssnes 32
WOODY SPECIES PATTERNS AT FOREST-GRASSLAND BOUNDARIES IN SOUTHERN BRAZIL........ccuv.. 32
A B STRACT . ..ceeeeetenneeeeeeesennnnsssssssessssnssssnsssssssessnnnssnsanssssesssnnssssnnnsssssssnnssssnnnsssessssnnnssnnnnnsssessnmnnnnnn 33
RESUMO ..cttttttiesieeeeesessssnsssesssssenssssssssssssssensssssssssssssssnsssssnsssssssssssssssnssssssssssnsssnnsssssssesennsnnnnanses 34
INTRODUGCTION .ttttuuneeeeeenssssssssssssssesssssnssssssssssssssssssssssssssnnssssssssssssssnssssssnssssssssnmnssssnsssssessnmnsnnnn 35
IVIETHODS ...ttt tertrnnnasessseeenssssnnssssesssesssssnnssssessssnssssnnnssssssssnssssnnnsssssssnsssssssnssessssssnssnsnnesessssnnnnnnnn 36
STUDY AREA ¢ttt ettt et e e et e e e et e e e e et e e e e e e e e e e e e e e e e e e eee e e e e e e e e e eeeeneeeerenaeeerenaaas 36
D 1NN = T 37
D NN N T S 38

R E SIULTS ettt teeeennseennnnsseennnnssesnnnnssesnnnnnsessnnnssessnnnssessnnsasesssnnssesnnnnnsssnnnnnsssnnsnnseensnnnssennnnnssennnnnsees 40
SPECIES COMPOSI TION. c. ettt ettt eee et ettt et e e e e e ee e ee e ee e et e e e e e st re et seeaseeaseeensesnseenreeanaeennns 40
FOREST-GRASSLAND GRADIENT PATTERN ...eetueeteeteeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeaeeeeeaeeeeeennaaeaeees 40
TREE SPECIESDENSITY ALONG THE FOREST-GRASSLAND GRADIENT ...evvveeeeeeeeeeeeeeeeeeeeaens 46
ENVIRONMENTAL VARIABLES «.eeuiittittt ittt eetteeette e et sssase st ss st ssstse st sasbasessnesssnsesrseranserens 47
DDISCUSSION ..eetnnneeeeeeemennsssssseesesnnssnssssssssssssnsssssssssssssssnsssnssnsssssssensnssnnnsssssssensssnnnnssesssennnnnnnnnnns 49
AACKN OWLEDGEMENTS. ..ctttttssnnsssesseesssssnnsssesssssssssnnsssssssssssssmtetssssenssnmtttteesnmnn. 53
REFEREN CES. ... tteteeessesssssssssssesssnsssssssssssssssnsssssssssssssssnsssssssssssssssnssssssnnsssssssnsnssssnnssssesssenssnnnnnsses 53
SEGUND O CAPITULO ....eeeeeeeeteeeeetseetsesseessssssasssessssessassseasasessasassasssessasessassssssasessssassssssanssnes 63

WOODY VEGETATION DYNAMICS IN BURNED SUBTROPICAL GRASSLAND IN A FOREST-GRASSLAND
S [ 63

AABSTRACT ..ttt tutenaasnnessnessansessasessasesssasesssasesssasesssssssansesssssessassssssssssansssssassssassssssassssansesssnsessnnes 64



INTRODUGCTION ....ttiiueeaaseessssaaseesasesasessasssasessasssassssasssassssasssassssasssassssasssasssaassssssssasssassssasessnsssasens 65
IMIETHODS .....ccueeaseesnneaaneesseaaneesaneaaseesnnsaasessnssanseassssasessanesassesnnssanessnesanesansssansesanssansssnsessnnssnnens 67
S (0 [0 |V | = T PP 67
FIEIA SUIVEY....eeeeeeieee et e e e e e e et e e e e e e e e s s abbrr e e e e aeeeesansareneeeaaeeaaans 68
D= = = T = | SRS UPRROPPRR 69
(€1 4TC = = 0 = R PRRSSTPRI 69
SPECIES CALEYONY GIOUPS ... veeeeeuetereeesstereeeaasseeeesansaeeaessasseeeeaasseeeeaassseeesanssseesssssseeesesnsneesans 69
LifE-NISIOrY TEAIUIES.......eeeiieie ettt e e 70
RESULTS ...t tteeaseaaaseesseesaneeaseeaaseessnssaneeasesaaseeasseaanesameeaaseeamee2ne2aRee 2 Ae 2 e R eS 2 Re 2 e R RS2 AR 2 e R e e 2 RenaReannneanns 70
SPECiES COMPOSILION AYNAMIC.....eiiiieiiiiiciiieeeee e e e e e e e e e e s s e e e e e e e e e e e ennrraeeeeeas 70
Speciescategory - resprouter S Ver SUSNON-SPFOULEN S.....ccueriuierierreeenieeeeeesiee e siee e seee e 72
Life-history features - approach of SOME SPECIES.........ceevieiiieiiiiie e 75
DISCUSSION ...eeiiiuueeeeeainnneeeaaannneeeaaanneessaaasnnesaaanssssesanssssssaaassnssssassnsessassssssseaansssesansnnessansnnsssanns 78
AACKNOWLEDGEMENTS. ......xtesseesaseessssaasessssesasesansssasessssssasseassssassssasssasssasssaassssnsssasesassssassesssssasens 82
REFERENCES. ... ctttaiueeeaeaaasneneaaasnnnsaaannnsesaaannssssaasssnssanassssssaasssssssanssssssasnsnsssesanssssssnnssnsssannsnnsssnnns 82
TERCEIRO CAPITULO .....cuiuiuieieieiesesesesesesssesessssssssssssssssssssssssssssssasasasasasssssassassssasassasasasassanas 87
PLANT FUNCTIONAL TYPES OF WOODY SPECIES RELATED TO FIRE DISTURBANCE IN FOREST-
GRASSLAND ECOTONES.....cetuxeeaseessssessessasssaseesssseassesasssanssassssassssasssassssnssesssssasssansssassesnsssnsesansesns 87
AABSTRACT....ceiteesueeaaneeasesaaseessssaasesasssaassssssssasesasssaassssssssasssassssassssssssasssasssaassssnsssasssassssnssesssssasens 88
INTRODUGCTION ...utttteianneeeeaansnneseaasnssssaassssesaaassssssaasssssssaassssssasasnsssssanssssssansssssssassssssssannnssssansnnes 89
IMIETHODS .....ceuttaseesuneaaseeaseaaseesaseaaseeassaasesssssaassesasssasessasssasssansssassssasesasssansssassssasssasssansessnsssnsens 91
S 0LV =~ SR 91
Experimental setting and data COlECHION. ..........coouiiiiiiiiiiie s 91
DAA ANAIYSIS ....eeeiieie ittt h e br e e bb e e be e b e e e nbe e e nnreas 94
RESULTS ... tteeaseeaaseesseesanesaseeaaseessessaseeasesaaseeasseaanesameeaaseeamee 2ne2aReeaAe 2 e R Ae AR e 2 e R RS2 AR 2 e AR e 2R e naRean st anns 95
Forest plantsin forest-grassand transition.............ccccceeei i 95
Woody plants and time elapsed sincelast firein grassdand.............ccccccvieeeee e icccciiieeeee e, 98
Short-term dynamics in burned and unburned grassland plotS..........ccvvveviiiieeeeniiiee e 9
DISCUSSION ...ceiiiueeeeeianneeeeaannneeaaannneeeaaasnnsssaasnsssaaasnseseaanssssssassssssssansssssesansnsessansnssssanssnnssannnn 101
THE SEIECLEU trAITS. ... 101
PFTsinforest-grasdand tranSitioNS.............ooiiiuiiiiiiiee et e e e rre e e 102
PETSINDUrned grassland.............oocuiiiiiiie e 103
AACKNOWLEDGMENTS ....ciuteaaueeaasessessasessasssasessasssasesaasssassssasssassssasssassssasssassssasssassssasesasssnsessses 106
REFERENCES. ... tctauseesseesaseeasessassessessasssansesssssasessnsssassssnsssasessasssasssansssassssnsssasessnssssseesssssasessnssnns 106
CONSIDERACOES FINALIS ........cooeiirceeieiearcneranasasasncsssssssasassssesasasassssssesasasasassesasasasssssesanas 114
REFERENCIAS BIBLIOGRAFICAS (INTRODUGAD)....c.uciuiueiueaeesesneasensssessessesssesssasessssssssssssasessenes 117

AINEXOS ...ttt sttt me s et s R £ £ e R e 2R RS2 RS a RS 2RS4 R £ 2 AR R SRR AR A S AR SR AR AR RS AR R R AR a AR R nR R R 122



LISTA DE FIGURAS

(INTRODUCAO)

FIGURA 1. Mapa de distribuicdo da vegetacdo natural segundo dados do projeto RADAMBRASIL
(Teixeira et a. 1986). Somente as legendas foram reeditadas, a fim de tornar legivel, o restante
éorigina. O circulo indicaaregido de Porto Alegre, &rea de abrangéncia deste estudo. .......... 20

FIGURA 2: Imagem de satélite Quickbird de junho de 2003 sobre a &rea do morro Santana
(gentilmente cedida pelo Prof. Heinrich Hasenack do laborat6rio de Geoprocessamento da
UFRGS), o modelo tridimensional da &rea do morro (Laboratério de Ecologia de Paisagem,
Dossié do Morro Santana 2003) e uma janela de foto aérea de 1991 (gentilmente cedida por
Wolfram Adelmann), detalhando a &rea central do presente estudo. As imagens estdo voltadas
para o norte. Na foto aérea, temos a posicéo aproximada dos 6 pares de transeccdo utilizados
na amostragem da vegetagao deste presente €StUAO. .......o.veveiveeeiiie e 29

(PRIMEIRO CAPITULO)

FIGURE 1. Ordination diagram of large plots based on the abudance/cover vaue of species. The
method was Principal Coordinates Analysis (PCoA), with chord distance between sampling
units. All plots are identified by the aspect of transects and according to grassland or forest
ambient, and the two LPs at the limit between forest and grassand as border. Taxa are shown
on diagram in positions proportional to the correlation level with the ordination axes (see the
taXa S COUE IN APPENAIX L)...coiieiiiiiieiiiee sttt e st e e snneeeenes 41

FIGURE 2. Ordination diagram (PCoA) of forest LPs based on individua densities of each species
after chord distance between sampling units. The legend corresponds to plot position inside the
foredt, being f1 closest and f6 farthest from the border. Taxa correlated more than 0.5 with the
ordination axes are shown in the diagram (see the codesin AppendiX 1). ....ccccceevvvveeeiiiieennnns 42

FIGURE 3. Mean densities of tree species with different basal diameter classes, considering all
transects (12) of six 4.5 x 4.5 m plots in the forest gradient (f1: closest border plot and f6:
innermost forest plot). Lines and columns correspond respectively to the right and left scale.
Plots with different letters under the x-axis have different size class composition (P£ 0.01)..... 43

Figure 4. Ordination diagram (PCoA) based on chord distances between sampling units. The
variables are species described by an average cover value in plots of transects with smilar
trgjectories. In (A) labels identify the 3x 39 small plots in the pooled transects according to
groups (1-4) found by cluster anadlysis. Labels in italics refer to forest plots, underlined onesto
border plots and the other ones to grasdand plots. In (B i-iii) the same plots are depicted
separated by trgjectory type and the labels refer to plot 1 (forest) to 39 (the last grassdand plot).

i) top/south, i) top/southwest, and iii) north. The arrow indicates the forest limit. Ordination
axes were stable by bootstrap resampling. Taxa correlated more than 0.35 with ordination axes
are shown on diagram (codes are in APPENIX 1). ....oovviieiieeniiieiiie e a4

FIGURE 5. Species relative cover in four sharp groups (labelsin Fig. 4A) identified by cluster
analysis based on the same data of Fig. 4A. The species codes are in the Appendix 1.............. 45

FIGURE 6. Shannon diversity values (nats) for each small plot along the forest-grasdand gradient
following the pooled transects of south, southwest and north trgjectories indicated in Fig. 4B.. 46

FIGURE 7. Number of tree individuals aong the forest-grassland gradient according to size classes
(height). In A are presented the unburned transects and in B the experimentally burned
transects. Plant size classes correspond to: 1= below 30 cm of height; 2= between 30 and 79
cm; 3= higher than 80 cm but less than 5 cm of basal diameter; 4= dl others.........ccccoeveeeee 47



(SEGUNDO CAPITULO)

FIGURE 1. Ordination diagram of grassland plots (MPs; 1.5 by 4.5 m) based on (A) species cover
and (B) species and structural variables cover in the second year of field survey. The method
was principal coordination analysis with relative Euclidian distance between sampling units.
Both diagrams were considered stable by bootstrap testing. Species or structural variables that
correlated more than 0.5 with ordination axis were Baco= Baccharis cognata, Base= B.
sessilifolia, Bale= B. leucopappa, Bapa= B. patens, Euli= Eupatorium ligulaefolium, Venu=
Vernonia nudiflora, Heps= Heterotha amus psiadioides, Dovi= Dodonaea viscosa, Mipa=
Mimosa parvipinna, Buca= BUtia CapItata. ............c.uvvveeieeiiiiiiiiieeeee e 72

FIGURE 2. Density per square meter (only plants = 80cm high) of species categories at border plots
and grassland plots (group 1= burned in Oct/02, group 2= burned in Jan/02, group 3=
unburned) in the two consecutive surveys (A — Jan/Feb 2002; B — end of 2003)............cccuueee. 74

FIGURE 3. Plant density per square meter of resprouter shrubs (E. ligulaefolium, B. cognata) and
non-sprouter shrubs (B. dracunculifolia, H. psiadioides) divided in size classes of height (1=
10-29cm, 2= 30-79cm, 3= 80-119cm, 4= =120 cm) according to time since fire (groups 1 to 3)
INEWO SUNVEYS. ...ttt e e e ettt e e e et e e e e st e e e e e sae e e e e aasaeeaeeansaeeeeasseeeesansneeaeennnes 76

FIGURE 4. Plant density per square meters of forest tree species (M. cuspidata— resprouter and M.
umbellata - non-sprouter) divided in size classes of height (1= 10-29cm, 2= 30-79cm, 3= 80-
119cm, 4= =120 cm) comparing forest plots with border and grasdand plots (groups 1 to 3) in
EUWWO SUNVEY S 77

(TERCEIRO CAPITULO)

FIGURE 1. Ordination by PCoA of 106 plots described by PFTs of forest species in the forest-
grassand transition (A) and of the same PFTs described by the optimal traits (B). The traits
and PFTsarein Table 2. In A each point is aplot on the gradient (1 to 13), being f: forest and
0. grasdand. PFTs depicted on biplot had correlation higher than 0.4 to a least one of the axes,
except PFT5 with only 0.2. In B traits (optimal and suboptimal) were placed in the biplot
according to their rescaled correlation with the ordination axes (codesin Table 1). ................. 97

FIGURE 2. Ordination by PCoA of 96 plots described by 13 PFTs of woody plantsin grassland plots
of groups 1 (burn) and 3 (unburned) in two consecutive years of survey. PFTs depicted on
diagram have correlation higher than 0.4 to one of the axes. PFTs described in Table 4.......... 100



LISTA DE TABELAS

(PRIMEIRO CAPITULO)

TABLE 1. Richness, Shannon diversity index and evenness of tree speciesin dl forest large plots (f1:
the closest border plot and f6: innermost forest plot), and the mean value of richness, density
and diversity with n= 12 (243 n). Different letters indicate significant differences (P= 0.01)
between plot positions, given by randomization teSt..............cccvviieeiee e 43

TABLE 2. Mean values of soil variables that differed significantly between sites with different aspect
and/or spatia position on the forest-grassand gradient. Values followed by same letters are not
different for the respective factor, as indicated by randomization testing (P=0.05). For complete
data, S8 APPENAIX 2 ...ttt be e naneas 48

(SEGUNDO CAPITULO)

TABLE 1. Diversity (H’), richness, density and total basal stem cover of large border plots (LPs),
comparing two consecutive years of field survey (n= 12) and the main aspect of transects (n =
8, both surveys together). ns= non-significant, * p £ 0.05, *** p £ 0.001..........cccccvvveeeiinneeenne 71

TABLE 2. Mean dengity of species groups in different groups of elapsed time since fire (following
the 1° survey: group 1= 3 months; group 2 = 1 year; group 3= at least 3 years) and relating
border plots to grassand plots. All individuas larger than or with 10cm were considered. One
3SP (n) = 6.75m?; different letters show significant differences between groups of elapsed time
since fire or between border and grassland plots (capital letters p£ 0.001; lower cases pE 0.05).73

TABLE 3. Density of single- and multi-stemmed shrubs and trees, lower than 30cm, sampled in both
field surveys, separated for border plots and the 3 groups of grassland plots. The first part of
the table shows differences between both surveys, and the second part between the treatments
of plots according to range of elapsed time since fire. ns= non-significant, * p £ 0.05, ** p £
00 I 010 SO 75

(TERCEIRO CAPITULO)

TABLE 1. Traits used for description of woody plants in grassland, border and forest in the present
study. Alternative states for habit (*) were used for trees and understory shrubs in forest-
grassand transition analysiS (SEE DEIOW). ....cooeeiiiiiie e 93

TABLE 2. PFTs of forest speciesin forest-grassiand transitions according to an optimal trait subset
(ha, ra, sh, sc, Ia, It) for congruency (0.60) with distance from forest limit. PFTs are described
by mean states in the selected trait subset (see Table 1 for traits' description), the tota
frequency in plots, and the average density per groups of plots, following Fig. 1A (1=f1, f2;
2=13, f4; 3=15, 6; 4= g7, g8; 5= @9, g10; 6= g11, g12, g13). The mean PFT diversity is given
for each group. Vaues followed by different letters differed significantly among groups
(2 S0 1003 USSR 97

TABLE 3. PFTs of woody plants in grassand defined by the trait subset (ph, sh, sb, sc, ha, ra) that
maximized the congruency (0.52) with elapsed time since fire (1: 3 months; 2: 1 year; 3: 3
years; 4: border plots). PFTS frequency (%) and mean basal stem cover, aswell asthe
diversity of PFTsin groups are indicated. Values followed by different letters differ
significantly among groups by randomization testing (p£0.001). See Table 1 for trait
(012 o o1 o] o R PRRSPTPII 98

TABLE 4. PFTs description of woody plants in grassland according to atrait subset (sb, pp, ha)
maximizing congruence (0.35) with fire (burned versus unburned) and time (1™ versus 2
survey). PFTs are described by frequency, mean basal cover in each group of grassand plotsin
both survey years, correlation with axes and mean value of states in the selected traits subset



10

(see Table 1 for traits description). Only PFTs with correlation higher than 0.4 to at least one of
the ordination axes (Fig. 2), plus PFT1 and PFT11 are included. Differences between basa

cover values in each group were tested separately for each PFT by randomization testing (*:
P£0.001; NS: NOt SIGNITICANT). .....eeieiiiie e 100

LISTA DE APENDICES

(PRIMEIRO CAPITULO)

APPENDIX 1. List of woody species and their families* surveyed in the farest-grassand gradient.
Vaues of the parameters density (DA, number of individuals), frequency (FA, %), basal cover
(CbA, cm?) and the importance value index (1V1, %) are indicated. All parameters were
estimated for each sample scale (LP= large plots and SP= small plots), separately for the forest
and grassland portions. The sampling included only individuals taller than 80 cm in LPs and
taller than 10 CM N SPS. ..t e e e et e e e e st e e e e e snaeeeeesnneeaeans 58

APPENDIX 2. Vaues of soil variables, averaged according to the position in relation to the forest
edge (1 isthe closest edge plot, being f in the forest and ¢ in the grassland) and to the main
aspect on Santana hill (south, southwest and NOrth)............coooiiiiie e 62

(SEGUNDO CAPITULO)

APPENDIX 1. List of specieswith density (plant.m-2), mean basal diameter of individuas (cn?) in the
first survey (Jan/Feb 2003), and density change in % from first to second survey (end of 2003),
separated for the three grassdand groups (elapsed time since fire) and border plots (close to the
forest). For species, main habitat (b= border, g= grassand, f= forest) and information on
reSProuting CAPACITY IS GIVEN. ....uviieeiiiiieeeiiiiee e et ee e e et e e e st e e e e snbe e e e e esnbaeeesssseeeeeannneeeeennnes 86

(TERCEIRO CAPITULO)

APPENDIX 1. List of families and species, their code, habit and inclusion in the PFTs-based analyses
(a forest-grasdand trangition; b: border + grassdand plots (groups 1 to 4); c: only plots of
groups 1 and 3 in both survey years. See methods for more explanations). For trait habit = 1:

shrub, 2: tredlets, 3: low-szetree, 4. mid-Size trees, 5: large trees........ooovvvveveevceeeeeecciiee e 110
APPENDIX 2. Species belonging to the defined PFTs in the forest-grasdand transition analysis (Table
2). Understory shrubs are underlined. See species codein AppendiX L .......cccooceeviveriiieennne 113

APPENDIX 3. Species belonging to the defined PFTs in border and grasdand plotsin relation to
elapsed time since last fire (Table 3). Treelets or tree species have underline code (A ppendix
) TSRS 113



11

LISTA DEANEXOS

ANEXO 1: Trgjetdrias individuai's de cada transecgdo, com base nos quadros pequenos do
PRIMEIRO CAPITULO, etrgjetérias médias, conforme figura 4 do capitulo. ....................... 123

ANEXO 2: Curvas de espécie area considerando todos os quadros de campo, conforme o
levantamento realizado em novembro-dezembro/2003 (2° |levantamento). Nafig. A foram
considerados os quadros pequenos (small plots; critério de inclusdo =10cm de dtura) e nafig.
B os quadros grandes (large plots, critério de inclusdo =80cm de altura). O total de &rea
amostradafoi 567 m? (252 unidades amostrais, UAS) e 1701 n? (84 UAS) nasFigs. A e B,
TESPECHIVAIMENEE. ....uvvieiteieiieeeeteeeeitee et e et e et e e e bt e e s be e e eabe e e aabe e e ssbeeesnbeeeanbeeennteeenneesnnneas 124

ANEXO 3: Curvas de espécie area considerando todos os quadros dafloresta. Nafig. A foram
considerados os quadros pequenos (small plots; critério de inclusdo =10cm de atura) e nafig.
B os quadros grandes (large plots, critério de inclusdo =80cm de altura). O total de &rea
amostrada foi 486 m? (216 unidades amostrais, UAS) e 1458 m? (72 UAS) nas Figs. A e B,
= 0T oAV = 01T 1= RSP STPRRR 125

ANEXO 4: Lista espécies amostradas nos dois levantamentos dos quadros de campo, ordenadas por
familia, referentes aos dados do SEGUNDO CAPITULO. Os codigos (code) deste anexo
SENVEM COMO DESE PAIA 0S GNEXOS. ......eveeiueeeeaeeeeateeeateeessteeesbeeessbeeessbeeessseesssneesaseessnneeesnnes 126

ANEXO 5: Diversidade de Shannon* (H’), riqueza (S), densidade (ni), cobertura de copa (m?) e
cobertura basa (cm?) de espécies lenhosas (valores médios e respectivas significancias apos
andlise de variancia pelo méodo de aeatorizacéo), considerando os quadros grandes (large
plots, LP= somente plantas =80 cm de altura) das &reas de campo do sul e do norte, os quais
compunham transecgdes paralelas com e sem o tratamento de quelma experimental em outubro
de 2002. As transecgOes do sudoeste ndo foram incluidas nesta andlise por ndo permitirem o
contraste do tratamento de queima experimental. ns= non-significant, * p £ 0.05, ** p £ 0.01,
*** n £ 0.001. (Referente @0 SEGUNDO CAPITULO)........coovoveveeeeeeeeeeeeeeeeeeeeeee e, 128

ANEXO 6: Lista de espécies amostradas nos quadros grandes (L P, large plots. =80 cm de dtura) no
1° e no 2° levantamento de acordo com os valores totais de densidade (ni), cobertura basal
(Cbasal) e cobertura de copa (Ccopa) em cada um dos grupos de tempo apds o ultimo fogo
(groups of elapsed time since the last fire in grasdand — groups 1 to 3) nos quadros de campo e

na borda (border). (Referente 80 SEGUNDO CAPITULO) ......ccveveueeeeeeieieeeeeeieieieeseeeesenenns 129
ANEXO 7: Imagens comparativas de transi¢do floresta-campo em éreas no sul, sudoeste e norte do
Morro Santana, POrto AlEgre, RS........ooo it 131
ANEXO 8: Sequéncia tempora de uma &rea de campo onde predominam espécies “ seeders obligate’
No Morro Santana, POrto AIEGIE, RS.......cooiiie et eree e 133
ANEXO 9: Alguns detalhes em espécies de arboreas relacionados a capacidade de tolerar o fogo e
continuar PeManecendo NO CAIMPO. ........eeeeiirrreeeeireeeeearreeeeasrereessisseeeeaasreeeeaasseeeesansseeasanns 133

ANEXO 10: Sequiéncia de fotos que demonstram a preferéncia no estabelecimento de espécies
arboreas nas areas de campo do Morro Santana e a tendéncia na formacdo de nuicleos
(manchas) florestais NAMELNZ CAMPESITE. ......cviiiireieeeiiiiee e eeiiee e et e e ssieee e e e snree e e e sreeeeeenes 134

ANEXO 11: Demonstracéo do experimento de queimada e do rapido rebrote de espécies lenhosas.
P.eX.: BACChariS 0OgNALA..........eeeeeiiieieeeciiiie et e e ee e e et e e e e e e e e nnnneeeeennnees 134



RESUMO

Mosaicos naturais de floresta e campo séo fregiientes no sul do Brasil, apesar das condi¢cdes
climéticas em gerd serem favoraveis as formagdes florestais. Os campos portanto tém sido
considerados um tipo de vegetacdo relictua de um clima mais frio e seco. Dados pal eopalinol 6gicos
tém confirmado a hipétese de expansdo florestal proposta por Lindman e Rambo com base em
evidéncias fitogeograficas. Porém, fogo e pastgjo tém sido utilizados no mango dos campos,
limitando o estabelecimento de &vores em éreas de campo, e parecem ser essenciais para a
existénecia dos campos num clima imido. Mudancgas na intensidade ou freqiiéncia do fogo ou do
pastejo podem permitir 0 adensamento de espécies lenhosas em comunidades campestres. Todavia,
0s processos envolvidos sdo influenciados pelas condi¢des locais e tipo de espécies pioneiras.

Esta tese aborda padr 6es espaciais de transi¢do da floresta ao campo, na auséncia de pastgo,
porém sob diferentes condicdes locais relacionadas a exposicéo do relevo (norte, sul, sudoeste) eao
fogo. Os dados abrangem arbustos e arvores pela composicdo de espécies e tipos funcionais de
plantas (plant functional types, PFTs), e varidveis do solo em bordas de floresta-campo, sob
diferentes periodos de tempo transcorrido desde a Ultima queimada nas &reas de campo. Dados sobre
composicdo, diversidade, categoria de plantas (que rebrotam e ndo rebrotam) e PFTs foram
analisados de acordo com o periodo de tempo sem fogo em dois levantamentos realizados em anos
consecutivos. O objetivo desta Ultima andise foi descrever como reagem as plantas lenhosas em
areas de campo freglientemente queimadas, num contexto de ecétonos de floresta-campo.

O estudo foi conduzido no Morro Santana (30°03' S, 51°07° W, adtitude méxima: 311m),
Porto Alegre, RS, Brasil. A vegetagdo da area apresenta mosaicos de floresta-campo. Os dados
foram coletados em seis pares de transeccdo (4,5 x 58,5 mcada) perpendiculares a borda floresta-
campo. Cada transeccdo era composta por seis quadros grandes (LP= 20,25 m?) consecutivos na
floresta e sete no campo. Em cada um dos LP, foram instalados trés quadros peguenos (SPs)
consecutivos, afim de medir todos os individuos iguais ou maiores que 10 cm de altura. Nos LPs, o
critério de inclusdo foi a atura minima de 80 cm. Uma queimada experimental foi realizada nos
quadros de campo, considerando sempre uma transeccdo de cada par, antes da coleta dos dados.

Ao todo foram amostradas 124 espécies lenhosas de £ familias. Destas, 90 espécies foram
amostradas nos quadros da floresta e 76 nos quadros do campo, das quais 44 foram comuns a ambas
as formacOes (espécies tipicas de borda au pioneiras). No interior da floresta, plantulas e individuos
jovens de arvores foram significativamente mais abundantes nos quadros proximos da borda, onde
os indices de diversidade, eqlidade e riqueza também foram maiores. Os gradientes da floresta ao
campo foram anaisados como trgetdrias de composicdo em um espago de ordenacdo
multidimensional. Diferencas nos padrdes espaciais reveladas entre locais com exposicdo distinta
foram evidenciadas. Bordas abruptas ocorreram principalmente nas transecgdes de exposicéo sul e
sudoeste, enquanto transigdes mais graduais foram observadas no norte. As condigdes do solo
também diferiram em relagdo as exposicbes predominantes, porém 0s principais parametros
variaram conforme a distancia espacia do limite da floresta. Assim, apesar dos padrdes de vegetacdo
diferirem conforme a exposi¢éo predominante, o fator mais importante na explicagéo dos padrfes foi
a disténcia do limite florestal, ndo somente per se, mas por todos parédmetros correlacionados que
variam no gradiente.

Em relacdo aos dois levantamentos realizados em areas de campo, 31 espécies arbustivas de
campo e 45 florestais foram andisadas, das quais 65,8% tinham capacidade de rebrotar. A
composi¢do de espécies diferiu com o tempo apds o fogo. Densidade, riqueza e diversidade foram
menores nos quadros recentemente queimados, principalmente nos sitios com exposicdo sul.
Considerando arbustos de campo, a riqueza e a densidade foram maiores nos quadros ndo queimados
h& um e dois anos do que naqueles ha mais de trés anos. Comparando arbustos com e sem
capacidade de rebrotar, os que rebrotam tiveram sempre maior densidade. Arvores com capacidade
de rebrote predominaram nas &eas com exposicdo norte, apresentando densidades similares,



13

independente do tempo apds o fogo. Porém, &rvores sem capacidade de rebrote apresentaram maior
densidade nos quadros ndo queimados. Diferencas na dindmica de recrutamento de arbustos ou
arvores uni- ou multi-caulinares também foram detectadas.

Nas andlises com base em PFTs, foram identificados nove PFTs florestais com maxima
associagdo com a varidvel distncia da borda. A habilidade de rebrote foi o principal atributo de
plantas florestais que colonizam &areas de campo. A diversidade de PFTs foi maior nos quadros
préximos da borda que no interior da floresta. Quatro PFTs foram identificados, entre espécies
lenhosas florestais e campestres, com maxima associagdo com o tempo decorrido apds o fogo nas
areas de campo. Alguns dos principais aspectos descritos no paragrafo anterior foram corroborados.
Arbustos altos com base uni-caulinar predominaram nas areas ndo queimadas (3-4 anos), enquanto
arbustos baixos com base multi-caulinar predominaram nas areas recentemente quelmadas (3 meses
a1l ano). PFTsflorestais ocorreram nos quadros da borda ou como adultos estabel ecidos no campo,
ndo sendo afetados pelo fogo.

Com base nos principais resultados, as seguintes conclusdes sdo possivels.

A alta proporcao de espécies com capacidade de rebrote nas éreas de campo e a dtataxade
recrutamento das demais espécies caracterizam comunidades com disturbios freqlentes e espécies
bem adaptadas. O regime de fogo com intervalos de dois a trés anos ndo impede o adensamento de
arbustos do campo, porém retarda o avanco de espécies arboreas florestais, exceto em sitios bastante
préximos a borda ou em “ilhas’ protegidas do fogo intenso. PFTs lenhosos de areas de campo,
associados com os intervalos de fogo, sugerem que atributos facilmente mensurados sdo suficientes
paraavaliar a dinamica pos-fogo em comunidades de espécies lenhosas. PFTs florestais nas areas de
campo se restringem aqueles com capacidade de rebrote, para sobreviver asqueimadas recorrentes.

Com base nas estratégias das plantas, nos PFTs e no padréo espacia das espécies nas bordas
de floresta-campo sob influéncia freqiente do fogo, nos reforgcamos a presenca de dois mecanismos
principais como formas de expansdo floresta. Um deles refere-se a0 adensamento gradua de
espécies arboreas junto a borda, em areas cujo intervalo de tempo sem fogo € maior. Outro esta
relacionado ao recrutamento de arvores pioneiras isoladas no campo, freglientemente proximo de
matacdes, onde menor biomassa de gramineas conduz a menor intensidade do fogo.

O fogo é portanto um fator de prevencéo da expansdo florestal sobre as éress adjacentes de
campo nas condi¢des atuais de clima umido. O presente regime de distdrbio permite a manutencdo
de uma elevada biodiversidade na paisagem dos morros de Porto Alegre pela co-ocorréncia de
€ecossi stemas ricos em espécies distintas (campos e florestas); a supressao de queimadas pode aterar
0 mosaico de tipos de habitat, aumentando a proporcéo de areas florestais.

Palavras chaves. adensamento de arbustos, capacidade de rebrote, dindmica de expansdo florestal,
ecotonos de floresta-campo, espécies pioneiras, fogo, tipos funcionais, Sul do Brasil.
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ABSTRACT

Patterns of species and plant functional types of woody plants at forest-grasdand transitions
under fire disturbance

Natura vegetation mosaics of forest and grassand are frequent in southern Brazil despite major
climatic conditions suitable for forest formations. Grasslands thus have been considered vegetation
relicts of a colder and drier climate period. Palaeoecolgical data have confirmed the hypothesis of
forest expansion proposed by Rambo and Lindman on the basis of phytogeographical evidence.
However, grazing and fire have been used for grassland management, limiting tree establishment on
grassland. Therefore for grassdand community existence this management should be probably
essential in the present humid climate. Changes in intensity or frequency of disturbances could then
enable woody species encroachment in grassland communities, but the processes are influenced by
site conditions and life history of pioneer species.

This thesis is about transition patterns of forest to grassland in absence of grazing, but under
different site conditions related to aspect (south, north and southwest) and time since the last burn.
Data are based on shrub and tree species composition, in plant functional types (PFTs) and soil
variables in forest-grassand boundaries under different elapsed time since last fire in the grassand.
Additionally to gradient patterns, species composition, diversity, category (resprouter, non-sprouter)
of plants and PFTs were analyzed according to time elapsed since last fire in two consecutive survey
years in order to know how woody species react to fire in frequently burned grassand in grassland-
forest ecotones.

The study was carried out on Morro Santana (30°03' S, 51°07" W, 311m asl.), Porto
Alegre, Rio Grande do Sul (RS), Brazil. Vegetation cover in the area is a mosaic of grassland and
forests. Data were collected on six transect (each one with 4.5 by 58.5 m) pairs perpendicular to the
grassland-forest limits. Each transect was composed by six contiguous large plots (LP=20.25 m?) in
the forest and seven in the grassland. Within each LP, three contiguous small plots (SPs) were set to
measure al individuals with a minima of 10 cm high, while for LPs the minimal size was 80 cm
height. Before data sampling a prescribed burn was conducted in the grassland in one transect of
each transect pair.

A total of 124 woody species of 42 families were sampled in the area. From this, 90 species
were sampled in forest plots and 76 in gassland plots, of which 44 species were common to both
forest and grassand plots (typical border or pioneer species). Inside the forest, seedlings and
saplings were significantly more abundant close to the edge, where species diversity, evenness and
richness were higher. Gradients from forest to grassland were analyzed as compositional trgjectories
in ordination space. Differences in the spatia patterns depicted between distinct site aspects were
evident. Abrupt boundaries were found in south and southwest aspects, while the transition in
northern transects was more gradual. Soil conditions were as well different among aspects, but in
general the main features varied following spatial distance from the forest limit. Thus, despite
vegetation patterns at boundaries differing according to main aspect, the most important explanatory
factor was the distance from the forest limit, not just by itself, but with all correlated parameters that
are changing in the gradient.

Concerning both survey years in grasdand areas, 31 grasdand shrubs and 45 forest species
were anadysed, of which 65.8% were resprouters. Species composition differed with elapsed time
since fire. Density, richness and diversity were lower in recently burned plots, especialy on south
exposed sites. For grassland shrubs, species richness and density was higher in plots unburned for
one and two years than in unburned for three years. Resprouter shrubs were always denser than non-
sprouter. Resprouter trees predominated in north exposed sites, having similar density with elapsed
time since fire, but non-sprouters were denser in longer unburned plots. Differences in recruitment
dynamics of single- and multi-stemmed shrubs or trees were also detected.
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In PFTs-based analyses, nine types of forest woody species were identified maximally
associated to distance from forest limit. Resprouting ability characterized forest plants able to
colonize grasslands. PFT diversity was higher in border plots than inside forest. Four PFTs of forest
and grassdand woody species were identified maximally associated to elapsed time since fire. At this
analysis, some of the main results of the above paragraph were corroborated. Taler individuals of
sngle-stemmed shrubs predominated in late post-fire recovery (3-4 years), while shorter multi-
stemmed shrubs in recently burned areas (3 months to 1 year). PFTs of forest trees occurred in
border plots or as established adults in grassand, remaining unaffected by fire.

Based on the main results, the following conclusions are possible:

The high proportion of resprouter species in burned grassdand and the high recruitment rate
of seeders characterize communities under frequent disturbance with well-adapted species. Fire
intervals of two to three years cannot avoid shrub encroachment but retard the advance of forest
species over grassland, except on sites very close to the forest border or on island patches protected
from intense fire. The defined PFTs of woody plants in grassland associated to elapsed time since
last fire suggests that easy-measurable traits are sufficient to evaluate post-fire community
dynamics. Forest PFTs in burned grassland are restricted to those with resprouting ability to survive
recurrent fire events.

Based on plant strategies, PFTs and species patterns in forest-grassand boundaries under
frequent fire influence, we reinforce that two main mechanisms may promote forest expansion into
the grasdand. First, a gradual tree encroachment near the edge at sites where longer time since fire
was observed. A second mechanism is linked to the recruitment of isolated pioneer trees within the
grassland matrix, most frequently near rock outcrops, where a decrease in grass biomass leads to
low-intensity fires.

Fire is thus a critical factor in preventing forest expansion over adjacent grassland areas
under humid climate conditions. The current disturbance regime is maintaining high biodiversity in
the study area by the co-occurrence of species rich ecosystems (grassand and forest); fire
suppression can dter the mosaic of habitat types by increasing the proportion of forest.

Keywords. shrub encroachment, resprouting ability, forest expansion dinamic, forest-grassand
ecotones, pioneer species, fire, plant functional types, South Brazil.
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ORGANIZACAO GERAL DA TESE

Esta tese foi organizada em forma de capitul os, precedidos por uma introducéo geral
e seguidos por uma conclusdo também geral, ambas em portugués. Os capitulos constituem
artigos independentes, elaborados e redigidos em lingua inglesa, de forma a poder submeté-
los para revistas especializadas na area, com circulagdo internacional. No inicio de cada
capitulo, além do titulo, constam os demais autores do trabalho e a revista para onde se
pretende submeter o artigo. A formatacdo gera dos capitulos foi realizada conforme as
orientagdes de cada revista, exceto pelaforma de apresentacdo das figuras e tabelas, as quais
foram inseridas no texto, e 0 espagcamento entrelinhas dos titulos de figuras e tabelas e das

referéncias bibliograficas.



INTRODUCAO

Padr 8es e pr ocessos em vegetacao — uma breve introducao

Estudos de padrdes em vegetacdo devem considerar que a percepcao de um ou outro
padréo é diretamente relacionada a area de abrangéncia em si, pois em qualquer que sgja a
escala podem-se encontrar variagdes no aranjo de plantas (Dale 1999). Diferentes padrdes
de arranjo espacial podem envolver desde a distribuicdo de individuos de uma ou varias
espécies numa comunidade até a distribuicdo de comunidades ou formagdes distintas numa
escala de paisagem, a qual pode ser local, regional ou global. Padrbes de formas
descontinuas da cobertura vegetal sGo mais facilmente observados quando envolvem
comunidades que nitidamente se diferenciam na estrutura e fissonomia, como por exemplo,
mosaicos de comunidades campestres e florestais. Porém, ao andisar a transi¢céo de duas
formagdes tdo distintas numa escala mais fina, pela descricdo e quantificacdo das espécies
presentes, outros padrdes menos evidentes podem ser revelados, que auxiliam na geragdo de
hipéteses sobre 0s mecanismos ou processos determinantes do arranjo espacial de espécies
ou comunidades num cortexto de dinamica de nosaicos (patch dynamics, Pickett & White
1985).

A quantificacdo de individuos ou espécies de plantas num determinado momento
retrata o estado atual da vegetacdo, porém ha varios processos envolvidos no seu
condicionamento, tais como dispersdo, estabelecimento, crescimento, competicéo,
reproducéo, senescéncia e mortalidade. As relagbes entre vegetacdo e ambiente tém
influéncia nestes processos, uma vez que ocasionam mudancgas na composicao floristica em
decorréncia de caracteristicas do clima (macro e microclimaticas), solo, relevo e exposi ¢éo,
bem como a fauna e fatores de distarbio (e.g. fogo e pastgo) (Myster 1993, Usher 1981).
Tendo em vista que fatores ambientais atuam de diversas formas e intensdades sobre
diferentes espécies ou tipos de plantas, 0s processos acima mencionados podem variar de
local paralocal, principalmente conforme aflora, aregido e a histéria de uso e ocupacéo do
solo. Entretanto, ocorrem convergéncias nos tipos de vegetacdo de diferentes regides
mundo, bem como nas respostas e efeitos a determinados fatores (e.g. Knapp et al. 2004) e,
por isso, estudos como o0 de padrfes espaciais em mosaicos de floresta e canpo,

independente da regido, podem auxiliar na compreensdo da dindmica dos principais
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processos de expansdo florestal ou de resiliéncia e manutencdo de &reas campestres (Usher
1981, Finegan 1984, Green 1989, Myster 1993). Ainda que padrbes definidos pela
composicao e abundancia de espécies possam permitir uma aproximagdo de como atuam
tais processos, estudos de processos especificos (como a chuva de sementes e banco de
sementes do solo) ou populacdes relevantes (espécies com comportamento ou estratégias
representativas de um determinado grupo ou tipo de plantas) sGo fundamentais para o
embasamento teorico de tais aproximactes (Pijl 1972, Harper 1994, Kollmann & Poschlod
1997).

Estudos sobre padrfes da vegetacdo no tempo tém motivado véarios pesquisadores
(principalmente apds o cléssico artigo de Watt (1947)) a buscar descrever e quantificar
caracteristicas das plantas numa determinada &rea ou regido e relaciona-las com variaveis
ambientas, a fim de compreender arranjos espaciais (padrées) num determinado intervalo
de tempo (processos) (Peet 1991). H4, portanto, um dinamismo espacia e tempora nas
comunidades vegetais, cujas caracteristicas dificilmente sdo isoladas. Estudos temporais, de
longo ou curto prazo, permitem compreender a dindmica de plantas (individuos, popul agoes,
comunidades) partindo de uma condicdo inicial para outra, ou sgja, os padrdes encontrados
num determinado tempo podem n&o ser 0S MesMOS num outro, assim como as trajetorias
percorridas em termos de caracteristicas podem variar. As mudancgas no tempo podem ser
analisadas por aspectos da estrutura de comunidades vegetais, com enfogque na composi G&o,
riqueza e diversidade de espécies, associadas ou ndo a sucessao vegetacional sob condicdes
naturais (sem interferéncia antropica) ou de pos-distarbio (natural ou antrépico) (Pickett &
White 1985, Crawley 1997). Considerando a influéncia de varidveis externas sobre padrfes
e processos de comunidades vegetais num intervalo de tempo, comunidades semel hantes,
sob diferentes pressdes de distarbio ou fatores, podem ser comparadas quanto ao grau de

interferéncia de tais variavel's nos processos de desenvolvimento da vegetacao.

Em relacgo a dindmica temporal de comunidades vegetais, o periodo de coleta de
dados de um pesguisador €, na maioria das vezes, limitado a um intervalo muito curto de
observagdo, tendo em vistaa“demora’ na efetivacdo dos processos (desde a germinagéo até
a morte) em espécies longevas. Por isso, estudos mais complexos sobre processos de
dindmica da vegetacdo tém sido explorados com base em dados de perfis paleopalinol 6gicos
(Orl6ei 2001, Behling et a. 2004), abrangendo assim uma amplitude temporal
consideravelmente maior do que com estudos de longa duragdo em parcelas permanentes.

Outra forma de abranger uma escala tempora maior de observacéo € utilizar transecgdes ao
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longo de gradientes, onde se assume a priori a existéncia de séries de vegetagdo num
gradiente com estados distintos de sucessdo ou complexidade, € a substituicdo do tempo-
por-espaco (Wildi & Schitz 2000, Orléci 2001).

Assim como se utiliza a espécie como unidade basica na descricdo de padrdes e
processos, outras formas de categorizacdo de plantas podem ser empregadas na descricéo
dos mesmos padrdes ou processos (Orldci et a. 2002). A utilizagdo de formas de vida,
grupos com estratégias diferentes (normalmente contrastantes) e tipos funcionais de plantas
tém permitido que floras diferentes possam ser comparadas quanto aos padrfes e processos
em tipos de vegetacdo, por vezes, muito semelhantes pelos aspectos fisiondmico-estruturais
efuncionais (Noble & Slatyer 1980, Pillar & Orléci 1993, Pausas 1999, Diaz et al. 2004).

A vegetacao no Rio Grande do Sul — um enfoque nos mosaicos de floresta-campo

Na paisagem do Rio Grande do Sul sdo frequentes as formagbes campestres
entremeadas por florestas, formando mosaicos de vegetacdo natural. Na porcdo mais
meridiona do estado predomina a formagdo campestre, 0 Pampa gaticho, e o contato com
florestas ocorre principamente em ambientes ripérios. Na regido do planalto a formacdo de
mosaicos é mais proeminente, sendo as florestas com Araucaria (Floresta Ombrofila Mista,
segundo Teixeira et al. 1986) sempre descritas em conjunto com &reas de campos, ndo
havendo distincdo evidente de variaveis ambientais a justificar tais padrdes de transicéo,
freqUentemente, abrupta (Rambo 1956, Klein 1975). Naregido da Serra do Sudeste (Escudo
Cristalino Sul-Rio-Grandense) os mosaicos também ocorrem, porém as florestas sGo em
gera menos exuberantes (Jurinitz & Jarenkow 2003), sendo consideradas pela classificagdo
da vegetacéo brasileira como Floresta Estacional Semidecidual (Teixeira et al. 1986). As
areas de campo nessa regido variam desde formagdes abertas (campos limpos) até areas
conhecidas como vassourais de Baccharis spp. e Dodonaea viscosa e “matinhas
subarborescentes’ (Rambo 1956).

Quanto a classificagdo dos campos no sul do Brasil, ndo ha consenso entre as
diversas terminologias utilizadas (Marchiori 2002), sendo ora denominados savana, ora
estepes, e subdivididos em classes conforme aspectos fisondmicos de maior ou menor
presenca de arbustos e arvores (Veloso & GoéesFilho 1982, Teixeira et al. 1986, Leite &
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Klein 1990, Leite 2002). Descricdes locais apontam para diferencas floristico- fisionémicas
conforme aregido do estado (Lindman 1906, Rambo 1956, Boldrini 1997), denominando-os
amplamente como Campos, por vezes subdivididos e adjetivados segundo algum

componente dominante (p.ex.: Campo limpo, Campo sujo, Campo pal eaceo).

Quanto as formacdes florestais, além das ja mencionadas Floresta com Araucaria e
Floresta Estacional Semidecidual, a Floresta Estacional Decidual e Floresta Ombrdfila
Densa (Mata Atlantica), também ocorrem no Rio Grande do Sul (Fig. 1). A primeirasitua-se
no oeste (principalmente no vale do rio Urugual) e no centro do estado (encosta sul da Serra
Geral), e a segunda se restringe a um faixa estreita no nordeste do estado. Estas areas
florestais constituem as principais rotas migratorias de elementos floristicos oriundos das
florestas estacionais da bacia do rio Parana e do corredor tropical atlantico (Rambo 1961,
Jarenkow 1994, Jarenkow & Waechter 2001, Waechter 2002, Waechter & Jarenkow 2003).
O encontro dessas duas correntes € o principa fator responsavel pelo cardter semidecidual
das florestas das encostas orientais da Serra do Sudeste e do Vae do rio dos Sinos
(Jarenkow & Waechter 2001, Jurinitz & Jarenkow 2003).

120 km

Regido da Floresta Ombrdfila Mista

Regido da Floresta Ombréfila Densa

Areas de Tensdo Ecol6gica

Regido da Floresta Estacional
Semidecidual

L ot

Figura 1. Mapa de distribuicdo da vegetacdo natura segundo dados do projeto RADAMBRASIL
(Teixeira et d. 1986). Somente as legendas foram reeditadas, afim de tornar legivel, o restante €
original. O circulo indica aregido de Porto Alegre, area de abrangéncia deste estudo.
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De modo geral, o clima no Rio Grande do Sul corresponde ao subtropical Umido,
sem uma estacdo seca bem definida, pois ha uniformidade na pluviosidade ao longo do ano.
A precipitacdo média anua varia de 1250 a 2500 mm, conforme as diferentes regides do
estado, assm como ocorrem variagdes no regime térmico (Moreno 1961, Nimer 1990) e ha
probabilidade de déficit hidrico em algumas regides no sul e sudoeste do estado (Pillar &
Quadros 1997). Segundo a classificagdo de Koppen, sdo identificados o tipo Cfa
(subtropical umido) e o tipo Cfb (temperado Umido), sendo o primeiro predominante no
estado e 0 segundo presente nas por¢bes mais atas do planalto e em parte da Serra do
Sudeste Moreno 1961, Nimer 1990). Ambos os tipos climéticos estédo inseridos numa

condicdo macrocliméatica que é favorével a formagéo de florestas (Walter 1986).

A presenca de campos naturais em éreas adjacentes a florestas tem instigado
estudiosos da vegetacdo desde as primeiras descrigdes sobre a cobertura vegetal do estado,
ainda antes da grande expanséo agricola (Lindman 1906, Rambo 1954, 1956). Ja naquela
€poca, 0S autores conjeturavam que a ocorréncia de vegetacdo campestre na regido da
floresta com Araucéria, onde ndo ha déficit hidrico, estava relacionada a um tipo vegetacéo
relictual, remanescente de um periodo climético mais seco e frio, e que afloresta estariaem
plena expansdo, pois além do corrente clima Umido, ndo havia limitagdes edéficas. Tais
conjecturas vém sendo confirmadas por estudos pal eopalinol 6gicos que indicam o0 processo
de expansdo das florestas e de retracéo dos campos (Behling 1998, 2001; Ledru et al. 1998,
Behling et a. 2004), sendo a manutencdo dos campos até os dias atuais em grande parte
devida a acéo do fogo e do pastgo (Pillar & Quadros 1997, Pillar 2003, Behling et al.
2004). Segundo os ultimos autores, a expansdo da floresta com Araucaria comegou a ficar
mais evidente a partir de 4000 anos antes do presente (A.P.), quando o climatornou-se mais
umido, havendo uma aceleragdo0 maior no processo de expansdo sobre 0S campos Nos
ultimos 1000 anos A.P. Atualmente, estudos locais sobre padrdes e processos em éreas de
ecétono de floresta-campo tém convergido para conclusdes ssmelhantes, demonstrando a
recorréncia da tendéncia de expanséo florestal em areas excluidas de fogo e pastgo
(Oliveira 2003, Machado 2004, Oliveira& Pillar 2004, Duarte et a. submetido).



Introducdo 22

A regido dos morros de Porto Alegre

A regido de Porto Alegre, area de abrangéncia deste estudo, compreende a porgdo
mais nordeste da Serra do Sudeste e tem sido descrita como Area de Tens3o Ecoldgica
(Teixeira et a. 1986), uma vez que comporta e recebe a influéncia de varias formacoes
vegetacionais distintas (Fig. 1). O nucleo desta regido é formado por uma cadeia de morros
graniticos, com formas suavemente arredondadas (altitude maxima 311 m) que emergem de
uma planicie aluvial, e cujas areas de topo e encosta norte apresentamse principalmente
cobertas por campos e matas ciliares que acompanham arroios ou nascentes, enquanto na
maior parte das encostas meridionais predominam as florestas. Descric¢Oes sobre aflora e os
principais tipos vegetacionals podem ser obtidas principamente em Rambo (1954), Aguiar
et a. (1986) e Brack et al. (1998 e citacbes bibliogréaficas).

As areas de campo sdo geralmente descritas como um tipo de florainsular, tanto pela
forma como compdem a paisagem e pela analogia com a histéria geolégica dos morros
(durante a primeira grande transgresséo marinha, a regido dos morros de Porto Alegre
configurava-se como uma ilha (Menegat et a. 1998)), quanto por caracteristicas
fitogeogréficas de muitas espécies presentes (Rambo 1954, Porto et a. 1998).
Fundamentados principal mente nestes argumentos, os campos dos morros de Porto Alegre
tém sido considerados como uma vegetacdo relictual de periodos cujo clima eramais seco e
frio, de maneira similar aos campos da regido do Planalto. A ata diversidade de espécies na
vegetacdo dos campos corrobora com a origem natural destas éreas, apresentando padrfes
diferenciados conforme o tipo de declividade e exposi¢cdo predominante, bem como em
relacéo ao impacto do fogo (Boldrini et a. 1998, Overbeck et a. no prelo).

As florestas podem ser consideradas como inseridas na &rea de abrangéncia da
Floresta Estacional Semidecidual (Fig. 1). Porém, tendo em vista a proximidade e a
influéncia dos corredores florestais oriundos do oeste e do norte do estado, uma
classificagdo definitiva torna-se bastante subjetiva. Desta forma, os estudos em areas de
floresta na regido dos morros de Porto Alegre tém se referido a composicdo de espécies
predominantes como elementos tropicais tipicamente pluvais ou sazonais. Até o momento, a
maior participacdo no componente arbéreo parece ser de espécies tropicais pluviais oriundas
da corrente atlantica (Rambo 1954, Mohr 1995, Brack et al. 1998, Forneck 2001), embora
estudos especificamente voltados para tal tema sejam necessarios. De qualquer modo, essas

areas estdo inseridas no dominio Mata Atléntica, se considerada a definicdo lato sensu,
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conforme a proposta que abrange a formacédo de Floresta Onbréfila Densa e ecossistemas
associados (Morellato & Haddad 2000, Oliveira-Filho & Fontes 2000).

A denominacdo de “Area de tensio ecologica’ para a regido de Porto Alegre
realmente condiz com um espaco geogéfico relativamente pegueno onde ha o encontro de
diferentes tipos de formacdo vegetacional em distintas proporcdes de contato. O paralelo
30°S daregido de Porto Alegre parece representar uma transi¢do floristica e vegetacional na
Américado Sul, sendo um “limite” de distribuicdo tanto para taxons oriundos dos tropicos
(Provicia Atlantica e Paranaense) quanto das zonas mais temperadas (Provincia Pampeana),
uma vez que € considerado a linha centra dos subtropicos (Cabrera & Willink 1980,
Waechter 2002).

Em zonas de contato de um ou mais tipos de vegetacdo contrastantes, como é o caso
das éreas de ecétono de floresta-campo naregido de Porto Alegre, a dindmica de troca entre
comunidades distintas € muito intensa. Considerando as condi¢des climéticas atuais de um
clima subtropical Umido, sem estacéo seca pronunciada (pluviosidade média anual: 1400
mm), temperaturas amenas ao longo do ano (média anual: 19°C), com raros eventos de
geada (média anual: 6 dias), e a tendéncia de avanco florestal sobre as comunidades de
campo no Sul do Brasil, as &reas de ecotono da presente regido parecem ideais para a

realizacéo de tais estudos sobre dinamica de padrfes e processos em comunidades vegetais.

Principaisfatores que influenciam no processo

Como fatores do processo, consideramos aqueles relacionados a dindmica de
expansdo de espécies florestais sobre as comunidades campestres, bem como a dinamica de
adensamento de espécies arbustivas, comumente presentes nas &reas de campo, que por sua
vez acabam por determinar os atuais padrées de mosaico de floresta-campo, com maior ou

menor intensidade.

As interagbes que ocorrem entre comunidades campestres e arboreas vao desde
diferencas no microclima junto a borda até os processos populacionais que envolvem o
avango de espécies de ambas as comunidades (Longman & Jenik 1992, Kollmann &
Poschlod 1997, Gehlhausen et a. 2000), por meio de processos abidticos e bidticos que
atuam ao longo do gradiente sucessional (Myster 1993). Os diasporos (unidade de

dispersdo) tendem a se mover em ambas as diregdes da borda, formando um fluxo continuo,
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a chuva de sementes, que € fortemente determinante das populacBes potenciais da
comunidade vegetal (Harper 1994), sendo a estrutura da vegetacdo e a forma de disperséo
das espécies fatores que afetam os padrées de deposicdo das sementes (Willson & Crome
1989). Além do fluxo de chegada de sementes de comunidades locais ou adjacentes, ha
aquelas que ja se encontram presentes no local, no banco de sementes do solo (Parker et al.
1989). Considera-se que espécies pioneiras geramente apresentam sementes que
permanecem num estado de dorméncia no solo, prontas para iniciar 0s processos de
germinagdo momentos apos a ocorréncia de algum distirbio ou evento natural que venha

favorecer o sucesso da colonizacéo (Garwood 1989, Harper 1994, Baskin & Baskin 1998).

Mesmo que ocorra a disponibilidade de sementes no local ou proximidades, que haja
agentes dispersores e que as condi¢des climéticas sgjam favoraveis ao avanco de espécies
florestais no campo, a habilidade das espécies em germinar, estabelecer e recrutar envolve
aspectos bastante complexos que relacionam intensidade luminosa, umidade, temperatura,
disponibilidade de nutrientes, cobertura e competicdo de espécies, densidade e tipo de
serapilheira, danos mecanicos, predacdo e herbivoria (Hopkins 1992, Longman & Jenik
1992, Bell et al. 1993, Myster 1993, Holl 1999). Diferencas sutis, inerentes a fisiologia da
espécie, iguamente combinadas com a heterogereidade de ambientes numa escaa
apropriada de tempo e espaco séo fatores suficientes para gerar diferencas na forma de
estabelecimento das espécies (Myster 1993, Harper 1994) e consequentes padrbes de

sucessdo ou dinamica nas comunidades vegetais.

A presenca de estratos distintos na fisionomia de areas abertas sujeitas a colonizacdo
por espécies florestais (como é o caso dos campos das regides do planalto e do sudeste do
Rio Grande do Sul) formados por espécies arbustivas/arboreas pode favorecer as taxas de
colonizagdo de outras espécies também lenhosas, geramente, zoocéricas. A
heterogeneidade da matriz campestre, a busca por refugio, alimento ou simplesmente um
lugar para pouso (no caso de aves) sdo alguns dos aspectos que atraem agentes dispersores
(Jackson 1993, Viera et a. 1994, Holl 1998, Hovestadt et al. 1999). Além do fator de
atratividade destas espécies/individuos no campo, a sua presenca também pode vir afacilitar
0s estadios subsequientes a dispersdo, promovendo condigdes microcliméticas menos hostis
para o estabelecimento de plantulas e menor competicdo com o estrato inferior de gramineas
(Li & Wilson 1998, Holl 2002, Hoffmann et a. 2004). Além da heterogeneidade vertical,
pequenas variagdes locais no espaco horizontal podem influenciar no padréo de colonizagéo

de espécies lenhosas em areas predominantemente campestres, tais como oscilagdes no
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relevo, variagdes edéficas localizadas e presenca de murunduns (p.ex.: cupinzeiros
abandonados) (Furley 1992, 1999, Hochberg et al. 1994, Cabral et al. 2003).

Outros fatores, extrinsecos as espécies e a0 ambiente natural, porém que exercem
influéncia nos processos e/ou padrdes supracitados, estdo normal mente relacionados com
eventos de disturbio e a histéria de uso e ocupacdo do solo. Entre os fatores de disturbio,
destacam-se 0 pastejo e o0 fogo, na maioria das vezes atuando como variaveis indissociaveis
(Langevelde et al. 2003), pois areas com vegetacdo aberta sdo mundialmente utilizadas
como pastagens naturais e o fogo tem sido uma constante, sga por eventos naturals ou
antropogénicos. Uma série de interagOes relacionadas ao balanco de espécies herbaceas
(gramineas) e lenhosas (érvores) em vegetacdo de savanas deve ser considerada (Green
1989, Scholes & Archer 1997). Tais interacdes envolvem desde aspectos relacionados a
biologia das espécies até a influéncia de fatores de disturbios, o que levou os autores a
concluirem que ndo podem r preditas por modelos simples, pois incluem elementos de
competicdo e facilitacdo que variam no tempo e no espaco de modo complexo,
principalmente onde condigBes ou fatores ndo previsiveis (distlrbios) ocorrem. Uma maior
previsibilidade ocorre na auséncia de disturbios e em condigdes de clima Uumido, pois ha
uma tendéncia de constante adensamento de individuos e espécies arboreas até a formacgéo
de uma vegetacao arbdrea densa (Scholes & Archer 1997).

Ao longo deste trabalho, a &ea do presente estudo serd por diversas vezes
comparada com regioes de savana de outras partes do mundo ou do Brasil (cerrados —
savanas heotropicais). Apesar das criticas em se utilizar o termo savana para outras regides
gue ndo as tropicais (Leite 2002, Marchiori 2002), a referéncia tem sido feita ndo apenas
para as areas de campos subtropicais do Sul do Brasil (Teixeira et al. 1986) como também
para regides temperadas (Archer et a. 2001), levando em consideracdo caracteristicas
puramente fissonbmicas. A caracterizacdo de savanas envolve apresenca de um estrato
baixo mais ou menos continuo, dominado principalmente por gramineas, com individuos
lenhosos distribuidos de forma mais ou menos esparsa, sem formar um dossel continuo.
Com base nesta caracterizacgo e tendo em vista o atual processo de expansdo das florestas
sobre éreas de campo nativo no sul do Brasil, assm como a estrutura de mosaicos de
comunidades florestais e campestres (com e sem individuos lenhosos), considera-se que as
areas de campo sujeitas a “invasao” de espécies lenhosas sob o impacto do fogo apresentam
processos similares aos observados em comunidades de savana. Portanto, grande parte do

embasamento tedrico e da discussdo da tese serd comparativa a trabalhos sobre savanas,
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estepes ou escrubes (shrublands), principalmente quando relacionados ao fogo e espécies

|lenhosas.

Nos campos sulinos, a utilizacdo do fogo tem sido uma ferramenta de mangjo muito
freqlente entre os pecuaristas, empregada com o objetivo principal de“limpar” o campo, ou
sgja, manter a estrutura de Campo Limpo, sem espécies arbustivas (Boldrini 1997). Estudos
pal eopalinol 6gicos recentes sugerem, com base na propor¢do de particulas de carvéo, que o
fogo era raro nos periodos glaciais, tornando-se mais freqliente a partir de 7400 anos antes
do presente (Behling et a. 2004) na regido do Planalto Sul-Brasileiro ou desde o inicio do
Holoceno naregido mais a oeste no vale do rio Ibicui (Behling et al. 2005). Independente da
origem das queimadas, o fato é que elas “acompanham” a vegetacdo campestre desde um
longo periodo histérico, em diferentes partes do mundo (Bond & van Wilgen 1996). O papel
do fogo como fator determinante ou mantenedor das formacbes canpestres abertas foi
recentemente rediscutido no trabalho de Bond et al. (2003). As evidéncias sobre a influéncia
do fogo na distribuicéo das formagdes campestres o mundo revelaram gque grande parte das
areas atualmente cobertas por campos e savanas seriam formagBes predominantemente
arboreas, caso ndo houvesse queimadas. Varios aspectos sobre a influéncia do fogo em
espécies lenhosas serdo analisados e discutidos nos capitul os desta tese, ndo sendo, portanto,
abordados aqui na introducdo. Aspectos da influéncia em comunidades de espécies
herbaceas do campo foram abordados no trabalho de tese de Gerhard Overbeck,
desenvolvido num periodo concomitante e na mesma area de estudo da presente tese
(Overbeck et a. no prelo, Overbeck et a. submetido-b, a, Overbeck & Pfadenhauer
submetido).



OBJETIVO GERAL E DIVISAO DOSCAPITULOS

Esta tese tem como objetivo gera avaliar os atuais padrfes espaciais de espécies
lenhosas em mosaicos de floresta-campo, corsiderando aspectos relacionados com
processos de expansdo florestal no gradiente de transicdo floresta-campo e adensamento de
arbustos em &reas de campo freqlentemente queimadas. O trabalho foi desenvolvido na
regido dos morros de Porto Alegre (morro Santana), onde se conjetura que haja uma
tendéncia natural de expansdo florestal sobre as &reas de campo e de que o atual padréo de

mosai cos tem sido consideravel mente determinado pelo uso frequiente do fogo.
A abordagem deste tema foi dividida em trés capitulos com enfoques distintos:

1) Com enfoque nas espécies lenhosas (arbustivas e arboreas) ao longo de gradientes de
floresta-campo, objetivouse descrever os diferentes padrdes do componente lenhoso da
vegetacdo em relacdo as variaveis do solo, exposicdo predominante e eventos de fogo.

(1° capitulo: Woody species patterns at forest-grassland boundaries in southern Brazil)

2) Com enfoque nas espécies lenhosas (arbustivas e arbdreas) em areas de campo,
objetivorse descrever a dindmica e os padroes de densidade e estratégias de
colonizagdo ou permanéncia das especies em dareas submetidas a queima, com
diferentes intervalos de tempo apds o fogo. (2° capitulo: Woody vegetation dynamics

in burned subtropical grassland in a forest-grassland mosaic)

3) Com enfoque em tipos funcionais de plantas (PFT) de espécies arboreas ao longo de
gradientes floresta-campo e PFT de espécies arbustivas e arbdreas em areas de campo,
objetivouse avaliar quais 0s grupos (tipos) de plantas que propriamente avancam da
floresta sobre o campo e quais conseguem permanecer no campo em diferentes
intervalos de tempo apds o fogo. (3° capitulo: Plant functional types of woody species

related to fire disturbance in forest-grassland ecotones).

LOCALIZACAO E DELINEAMENTO AMOSTRAL

O morro Santana apreserta uma area de cerca de 1.000 hectares, dos quais
aproximadamente 60% pertencem a Universidade Federal do Rio Grande do Sul (UFRGS).
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Assim como 0s demais morros graniticos da regido, ele esta inserido na malha urbana de
Porto Alegre. Processos de expansdo ocorrem também dos centros urbanos sobre as areas
naturais e estes tém sido crescentes e rapidos, principalmente nos entornos dos morros de
Porto Alegre (Adelmann & Zellhuber 2004). Considerando que a maior parte da érea do
morro Santana é de propriedade da UFRGS, situando-se no complexo do Campus do Vale,
as areas naturais apresentamse relativamente bem preservadas e a expanséo ilegal dos
assentamentos urbanos adjacentes se mantém mais estavel b que em outros locais com
situacdo semelhante. De qualquer maneira, urge a necessidade de medidas mais rigidas e
eficazes no que tange a conservacdo destas areas naturais. Desde 1989 se cogita a criagéo de
uma reserva natural para a area do morro Santana pertencente & UFRGS, porém véarios
acontecimentos tém até o momento dificultado a realizac8o de tal intento (Dossié do Morro
Santana, agosto 2003).

Ainda em relacdo a0 morro Santana, cabe ressatar o convénio de cooperagdo
internacional Brasil-Alemanha (UFRGS e TUM - Universidade Técnica de Munique),
financiado via Projeto ProBra pela CapesyBrasil e pelo DAAD/Alemanha, que de
sobremaneira contribuiu para a realizacdo deste e de outros trabalhos de concluséo de curso,
dissertaces e doutorados na area do morro Santana ou abrangendo outros morros da regido
(Porto 2004).

Nestatese, 0 delineamento amostral seguiu 0 seguinte esquema:

» Foram escolhidas trés éreas digtintas de transicdo floresta-campo. A distingdo foi
principa mente em decorréncia de diferencas fisionémicas do componente lenhoso nas éreas de
campo. Essas mesmeas areas foram distinguidas quanto a estrutura fisonémica no trabalho de
Sebastian Klebe (Klebe 2003, Klebe et a. 2003).

» Em cada uma das éreas foram instalados dois pares de transecces em gradientes de floresta-
campo. De modo gera, estas areas também foram distintas quanto a exposi¢éo predominante no
morro. Assim, dois pares de transecgdes foram localizados no topo-sul (TL/T7; T2/T8)"; dois no
topo-sudoeste (T3/T9; T4/T10), e dois em exposicao predominante norte (TS/T11; T6/T12) (Fig.
2). O objetivo dos pares foi ter areas com vegetacdo afim, para posterior realizacdo de uma
gueimada experimental numa transecgéo do par, mantendo a outra sem fogo. Astransecgdes em
cada par distavam aproximadamente 5 m uma da outra, sendo a vegetacéo do par considerada
homogénea nos principais caracteres (fisonomia e densidade de lenhosas, profundidade do solo
no campo). Cada transeccdo tinha 31,5 m no campo e 27 m na floresta, sendo subdividida em

! Astranseccdes de 1 a6 tinham sido designadas a ndo queimarem, enquanto a seqiiéncia de transeccdes de 7 a
12 corresponde aos seus respectivos pares. No texto abaixo seguem explicagdes sobre a queima experimental .
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quadros grandes (large plots= LP) de 4,5 x 4,5 m distribuidos de forma consecutiva. Estes por
sua vez foram subsequentemente subdivididos em quadros peguenos (small plots= SP) de 1,5 x
1,5 m (Fig. 3). O limite entre afloresta e o campo foi definido pela presenca (ausénda) do
tltimo individuo arboreo florestal adulto. Este esquema de transecgbes com parcelas
consecutivas e em diferentes tamanhos segue modelos similares adotados em outros trabalhos
desenvolvidos no Laboratério de Ecologia Quantitativa da UFRGS (e.g. Oliveira 2003,
Machado 2004, Sosinski Jr. & PFillar 2004), uma vez que permite diferentes aproximacdes de
escala, pela juncdo (pool) de quadros consecutivos, mostrando-se bastante efetivo na andlise de
padrdes na vegetacao.

- Janela da foto aérea de 1991 ﬂ

Imagem de Satélite 2003
p(rOSantana, circulado —

.ll- _""i::.f-_. Tl Ew

- Wl

- NORTE
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Figura 2: Imagem de satélite Quickbird de junho de 2003 sobre a &rea do morro Santana (gentilmente
cedida pelo Prof. Heinrich Hasenack do laboratério de Geoprocessamento da UFRGS), 0 modelo
tridimensional da &rea do morro (Laboratério de Ecologia de Paisagem, Dossié do Morro Santana 2003)
e uma janela de foto aérea de 1991 (gentilmente cedida por Wolfram Adelmann), detalhando a &rea
central do presente estudo. As imagens estdo voltadas para o norte. Na foto aérea, temos a posi¢ao
agproximada dos 6 pares de transeccdo utilizados na amostragem da vegetacdo deste presente
estudo.
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LP=4,5x 4,5m
A /_.SP=1,5><1,5m
/
RN
' campo | | floresta

Figura 3. Esqguema geral de cada par de transecg@o, conforme a disposi¢éo e o tamanho dos quadros

no campo e nafloresta. LP= quadros grandes, SP= quadros pequenos. No total foram seis
pares de transecgao.

» Umatranseccao de cada par foi destinada para realizagdo de uma quelmada experimental. O
procedimento foi realizado em outubro de 2002, em conjunto com outros traba hos e os detalhes se
encontram descritos em Klebe (2003). Cabe salientar que somente a por¢éo da transeccéo relativa
a0 campo foi queimada. O fogo normalmente para na beira da floresta propriamente dita pela
auséncia de biomassa seca de gramineas (principal fonte de combustéo). Verfes extremamente
secos, como neste ano de 2005, em gue o fogo chegou a penetrar dois a trés metros borda adentro

em aguns locais, sG0 eventos raros.

» Apesar do plano inicial, em dois pares de transeccdo (T3/9 e T4/10) a queimada ndo foi bem
sucedida, simplesmente por que ndo havia biomassa seca o suficiente no momento do
experimento. A falta de biomassa seca nestas &reas de campo ocorreu em decorréncia de uma
queimada no local 10 meses antes, em janeiro do mesmo ano (2002). Os demais pares onde foi
efetivada a queima experimental em uma das transeccles, as areas de campo ndo queimavam ha
pelo menos trés anos (conforme informagdes da equipe de guardas da universidade, que circulano

local freqUentemente).

» O levantamento nas parcelas da floresta foi realizado de maio a setembro de 2003, enquanto
a vegetacdo das parcelas de campo foi amostrada em dois levantamentos. O primeiro foi trés
meses gpi0s 0 experimento de queima (janeiro e fevereiro de 2003) e o segundo foi
aproximadamente um ano apds o experimento (novembro e dezembro de 2003).

» Para cada tamanho de quadro, foram considerados critérios distintos para a inclusdo dos
individuos e alguns parametros mensurados também diferiram. Na Tabela 1 ha um esquema com
os diferentes critérios e medidas, bem como o periodo do levantamento e o capitulo da tese onde

foram empregados os respectivos dados.
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Tabela 1: Naprimeira parte, os quadros em relagdo ao tamanho, quantidade, critério de inclusdo dos
individuos lenhosos e itens mensurados no campo. Na segunda parte, a relacdo dos quadros, dos
parémetros utilizados, o tamanho e a quantidade de quadros amostrados na floresta e no campo,
bem como arelagcdo dos critérios de inclusdo e dos parémetros mensurados em cada tipo de

quadro.
Quadro C'.“te”‘{ Itens mensurados Outras observagdes
inclusdo
“grande’; LP individuos= - alturatotal; alturado fuste - base multicaulinar (sim ou nao)
(20.25m?) 80cm de altura gptl m? ra crjarglfl ceg;ao); " _ vari4veis da parcela (% solo
72: floresta 1ametro dabase do cau'e; descoberto, rochas, gramineas,
dois diédmetros de copae herbaceas. lianas
84: campo* identificagdo daespécie ' )
“pequeno’ : SP individuos= - alturatotal; alturado fuste - base multicaulinar (sim ou n&o)
(2.25m?) 10cm de altura (primeira ramificac&o); - variaveis da parcela (% solo
diadmetro da base do caule; % descoberto, rochas, gramineas,
216: floresta de coberturaaéreada sp no herbéaceas, lianas);
' quadro (escaladecimal)” e - medidas dos atributos para
254: campo* identificacéo da espécie definicao dos tipos funcionais
deplantas (Tab. 1; cap. 3)
sempre gque havia variacéo
entre individuos da mesma
espécie, ou serepetiaacada
trés SP.
Quadros Pardmetros empregados Levantamentos utilizados
Capitulo 1 LPeSP LP: coberturabasal, coberturadacopa  Quadrosdaflorestae
(projegéo), densidade e didmetros 2°levantamento dos quadros
basais, alturatotal, do campo
SP: % de cobertura (escala).
Capitulo 2 LPeSP LP e SP: densidade, cobertura basal, Somente quadros do campo; 1° e 2°
altura, “base multicaulinar”, levantamento.
variaveis da parcela;
LP: cobertura da copa (projecdo), SP:
% de cobertura (escal a).
Capitulo 3 SP Performance utilizada na matriz W: Quadros dafloresta e do campo (1°

Andlise gradiente floresta-campo —
espécies florestais: densidade

Andlise influénciafogo nos quadros
campo — espécies florestais e de
campo: cobertura basal

- além de todos os dados dos atributos
(vejaacimaem outras
observacoes)

e 2° |levantamentos na andlise
dainfluénciado fogo; 2°
levantamento na anélise do
gradiente)

* nas areas de campo houve dois |evantamentos, nos mesmos quadros (LP e SP). O primeiro foi em janeiro-
fevereiro/2003 e 0 segundo em novembro-dezembro/2003.
# escalaconforme (Londo 1976): 0.1= <1%:; 0.4= 1-5%; 1= 510%; 2= 10-20%; e assim sucessivamente.
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ABSTRACT

Vegetation mosaics of grassdand/savanna-forest can be found in tropical and subtropical

regions of the world, as in southern Brazil, where climate conditions are suitable for forest.
Changes in intensity or frequency of disturbances could enable woody species
encroachment in grassand communities; however the processes are related to sSite
conditions and life history of pioneer species. In this paper, we study transition patterns of
forest to grassand in the absence of grazing, but under different site conditions related to
aspect (landscape position) and time since the last burn. Data are based on shrub and tree
species composition and soil variables in forest-grassland boundaries. We found 119 woody
species of 4 families. Gradients from forest to grassland were analyzed as compositional

trgjectories in ordination space and differences in the spatia patterns depicted between
distinct site aspects. Inside the forest, seedlings and saplings were significantly more
abundant close to the edge, where species diversity, evenness and richness were higher, than
to the center. Two main mechanisms may promote forest expansion into the grassland. First,
a gradual tree encroachment near the edge was observed at sites with longer time since fire.
A second mechanism is linked to the recruitment of isolated pioneer trees within the
grassland matrix, most frequently near rock outcrops, where a decrease in grass biomass
leads to low-intensity fires. Despite vegetation patterns at boundaries differing according to
aspect, the most important explanatory factor was the distance from the forest limit, not just
by itself, but with al correlated parameters that are changing in the gradient.

Key words: Atlantic forest; Campos; ecotone; fire; forest expansion; shrub encroachment;

vegetation dynamics.
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REsuUMO

(Padr 6es de espécies lenhosas em bor das de flor esta-campo no Sul do Brasil)

M osai cos entre campo/savana e floresta podem ser encontrados em varias regides tropicais e
subtropicais, como no sul do Brasil, onde as condi¢des climaticas sdo favoréveis as
florestas. Mudangas na intensidade ou frequéncia de distlrbios podem proporcionar um
adensamento de espécies lenhosas no campo, porém 0s processos estdo relacionados as
condicdes locais e as caracteristicas vitais das espécies pioneiras. Neste traba ho, estudaram
se os padrdes de transicdo da floresta a0 campo na auséncia de pastejo, porém sob diferentes
condi¢Bes locais relacionadas a exposicdo do relevo e ao fogo. Os dados abrangem
composicdo de espécies arbustivas e arboreas e variaveis do solo em bordas de floresta-
campo. Foram identificadas 119 espécies de 42 familias. Foram analisados gradientes da
floresta a0 campo como trgetérias de composicdo em um espaco de ordenacdo
multidimensional, sendo diferencas nos padrdes espaciais reveladas entre locais com
exposicdo digtinta. Na floresta, plantulas e individuos arbéreos jovens foram
significativamente mais abundantes proximos a borda, onde a diversidade, a equidade e a
riqgueza de espécies foram maiores. Dois mecanismos principais promovem a expansao
florestal sobre o campo. Um deles refere-se ao adensamento gradual de espécies arbéreas
junto a borda, em é&reas cujo intervalo de tempo sem fogo € maior. Outro esta relacionado ao
recrutamento de arvores pioneiras isoladas no campo, freqlientemente proximo de matacoes,
onde a menor biomassa de gramineas conduz a menor intensidade do fogo. Apesar dos
padrbes de vegetacdo diferirem conforme a exposicdo predominante, o fator mais
importante na explicacdo dos padrdes foi a distancia do limite florestal, ndo somente per se,

mas por todos parametros correl acionados que variam no gradiente.
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INTRODUCTION

Vegetation mosaics of grassdand/savanna-forest can be found in many tropica and
subtropical regions of the world, such asin India (Mariotti & Peterschmitt 1994, Puyravaud
et al. 2003), South America (Coutinho 1990, Pillar & Quadros 1997, Furley 1999), and
Africa (Hovestadt et al. 1999, Guillet et al. 2001, Bond et al. 2003). In grassland or
savanna-type communities, an increase in density of woody species in the last 50-300 yr has
been observed worldwide (e.g. Archer 1990, Van Auken 2000, Roques et al. 2001, Cabral et
al. 2003), changing the vegetation physiognomy by vegetation shifts at boundaries, shrub
encroachment, or through the presence of woody patches within the grassland matrix. These
vegetation changes are usually related to climatic shifts, particularly by alterations in
regional precipitation during the dry season, since the capacity of species to support
seasonal drought periods is considered as the most distinct feature of tropical areas with
either savanna or forest (Longman & Jenik 1992, Sternberg 2001). Furthermore, changesin
the intensity or frequency of disturbance, especially grazing and fire regimes, should operate
improving the conditions for woody species in grassland communities, mainly in regions
with absence of critical drought period (Eggers & Porto 1994, Boldrini & Eggers 1996,
Pillar & Quadros 1997, Scholes & Archer 1997, Hoffmann et al. 2003, Langevelde et al.
2003).

The encroachment of woody species frequently shows a clumpy pattern (Archer et
al. 1988, Guillet et al. 2001, Cabral et al. 2003). Therefore, wherever forest is the potential
vegetation according to climatic conditions, its expansion may either begin through the
development of woody species patches within the grassand matrix or follow a gradud
continuum of tree colonization from the forest border into the grassland (Guillet et al. 2001,
Puyravaud et al. 2003). Both forms involve seed dispersion, seedling establishment and a
successful recruitment, suggesting attractiveness for seed disperser animals and presence of
adequate regeneration niche conditions as principal requirements. Therefore, causes of
woody species nucleation or encroachment should differ according to the local site
conditions (soil, relief, vegetation structure, disturbance history and land use) as well as to
life history and seed dispersal type of the initial colonizers (anemochory or zoochory)
(Archer et al. 2001, Guillet et al. 2001, Cabra et al. 2003, Puyravaud et al. 2003). In the
same way, different types of boundary can be observed, from abrupt straight or curvilinear
with short transitions between ecosystem types, to a real gradient from one type to another
(Wiens et al. 1985, Longman & Jenik 1992). In general, abrupt borders occur where the
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disturbance regime is intense, such as high fire frequency, in contrast to gradual transition
under no disturbance and climatic conditions favorable to forest. Despite these general
patterns, boundaries between forest and grasdand may differ in their features, since
environmental variables and disturbance factors are locally interacting upon the present

structure.

In southern Brazil, grassland and forest cover characterize most of the basatic
plateau in the northeast and of the crystalline shield in southeastern Rio Grande do Sul state
(Lindman 1906, Rambo 1956, Leite & Klein 1990). Both regions present climate conditions
suitable for forest vegetation, but currently a mosaic pattern of grassand and forest
predominates (Pillar & Quadros 1997, Rllar 2003). Palaeopollen studies indicate that forest
expansion over grassland formations has been accelerated especially since around 1000
years before present (Behling 1998, 2001, Behling et al. 2004), and it has been suggested
that, in the absence of disturbance, expansion is still in progress (Rambo 1954b, 1956, Klein
1975). However, the expansion process seems to be very sow at the scale of a decade
(Oliveira & Pillar 2004).

Considering that fire and grazing can stabilize the present forest-grassland
boundaries in southern Brazil, similarly to other subtropical and tropical regions with no or
very short dry season, forest expansion may be very slow or not occur at al. In this paper,
we study transition patterns of forest to grassand in absence of grazing, but under different
site conditions related to aspect (landscape position) and time since the last burn. We use
data on shrub and tree species composition and soil chemical and physical variables along
transects across forest-grassland boundaries. Our hypothesis is that gradient patterns are
related to Site aspect, soil conditions and time since fire, and that associated to these patterns
we should find different stages of forest expansion or woody species encroachment in the
adjacent grassand.

METHODS

STUDY AREA — The study area is on Morro Santana (Santana hill) (30°03’ S, 51°07"° W,
311m asl.), Porto Alegre, Rio Grande do Sul (RS), which is part of a chain of hills at the
northeastern part of the South-Rio-Grandean Crystalline Shield. Natural vegetation cover is
grassland (Campos) on the northern side and the top of the hill and, covering ca. 2/3 of the

area, forest on the southern side and along creeks. Fire is a frequent disturbance in the
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grassland, with return intervals of three to five years, usually caused by local residents. The
area is not grazed and the present mosaic pattern of vegetation is principally maintained by
anthropogenic fire (Overbeck et al. in press). The region is part of an ecotone zone of
grassland and different forest formations, sharing forest species with the seasonal deciduous
forest of the upper Uruguay river valley and the tropical Atlartic rain forest (stricto sensu)
(Rambo 1961, Teixeiraet al. 1986). According to Teixeira et al. (1986), the siteis placed on
the seasonal semi-deciduous forest of the Jacui valley, but nmost of the dominant species are
from the Atlantic rain forest (Mohr 1995, Brack et al. 1998, Forneck 2001), which agrees
with the Atlantic forest lato sensu definition (Oliveira-Filho & Fontes 2000). The grassland
species stem principally from the Pampas province, but also from Centra Brazil, under the
broad influence of the Chacoan domain (Rambo 1954a). The climatic conditions around
latitude 30°S, a distribution limit for many species originating from northern and southern

regions (Cabrera & Willink 1980), may explain the ecotone.

The climate is Cfa according to Kdppen, a subtropical humid climate without dry
season along the year. Annua mean temperature is 19.5°C and annua average rainfall is
1348 mm (Nimer 1990). Frost is uncommon; annual average of six days (Moreno 1961).
The soil types are typical dystrophic red-yellow argisols, developed from granite (Streck et
al. 2002), corresponding to acrisols, aisols and umbrisols in the FAO-classification (Garcia

Martinez 2005). Rounded rock outcrops are abundant on the hill.

DATA sAMPLING— The focus of the sampling was on individuals of woody species occurring
on the forest-grassland gradient. Six pairs of transects were established at three different
boundary types, according to visually defined vegetation physiognomy. Transects of each
pair were separated by five meters. In October 2002 we carried out a controlled burn in the
grassland portion of one transect in each of four transect pairs located on grassland that was
unburned for three years or more. Two of these transect pairs were on north and two on
top/south aspect. The other two transect pairs, on top/southwest aspect, had burned earlier in
January 2002 ard by the time of the experimental burn had not accumulated sufficient
flammable biomass. Each transect was composed of 13 adjacent plots of 4.5 by 4.5 m (large
plots — LP), seven in grassland vegetation and six in the forest. Each LP contained three
smal plots (SP) of 1.5 by 1.5 m at the center, forming continuous transects of 39 plots. For
the LPs the inclusion criterion for sampling of woody species individuals was minimum

height of 80 cm, while in the SPs, minima height was 10 cm. All individuals were
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identified to the species level and their height and basal stem diameter measured. In the SPs,
species cover was further estimated by a decimal scale (Londo 1976). The survey was
carried out from July until September in the forest and in November/December 2003 in the
grassand, i.e. one year after the experimental burn.

A composed soil sample of the first 10 cm was taken in all LPs with a Pirkhauer
drill, and maximum soil depth was measured (maximal possible drill depth: one meter).
Chemical and textural parameters were analyzed by the Soil Analysis Laboratory of the
Faculty of Agronomy, UFRGS, Porto Alegre, following the methodology described in
(Tedesco et al. 1995). The parameters we used for the further analyses of vegetation data
were soil depth, pH, contents of available phosphorus (P; in mg L™; Mehlich I) and potassium
(K; inmg L™; Mehlich I), contents of exchangeable aluminium (Al; in cmolc L™), calcium (Ca;
in cmole L™) and magnesium (Mg; in cmolc L™), cation exchange capacity (CEC; in cmolc L™;
at pH = 7.0), potential Al saturation (Alss; in % of CEC), potential acidity (Al+H; in cmolc cm
%), potential bases saturation (BSs; in % o CEC), organic matter (OM), and fractions (%) of
gravel, clay, st fine and thick sand.

DATA ANALYSIS — Vegetation patterns were examined by exploratory multivariate analyses,
using cover values of each species for SPs and the abundance/cover value of each species,
given by the sum of relative crown and stem covers (% of plot covering) divided by two
plus the relative density of the species in the plot for LPs, giving same weight to cover and
density. The methods used were cluster by minimum variance and ordination by principal
coordinates anaysis, both based on chord distances between plots (Podani 2000).
Interpretation was aided by methods of bootstrap resampling for evaluating group partition
sharpness and significance of ordination dimensions (Pillar 1999a, b). Trgectories
connecting the plots in the same transect were drawn in the ordination diagrams in order to
reveal any spatia trend related to the forest-grassland transition. All analyses were carried
out using the application programs MULTIV and SYNCSA (Pillar 20044, b). Grassland and
forest communities were also described by density, frequency and cover parameters
(Mueller-Dombois & Ellenberg 1974), as well as the importance value index, which is a

composed value given by the sum of these relative parameter values divided by three.

For LPs analyses, only 62 of the grassland plots were used, since the other plots did
not present any woody individuals higher than 80 cm. Thus, together with the forest plots,
we had atotal of 134 LPs for the grassand-forest pattern analysis. Further, forest plots were
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analyzed separately to examine atial gradients from the last plot insde the forest to the
border (limit plot between grassland and forest, which was defined by the last adult tree),
using species density. The correlation of vegetation patterns and distance from the forest
limit was evaluated by congruence analysis (Pillar & Orléci 1993). For the forest data, plots
in al transects were additionally compared by analysis of variance with randomization
testing (Pillar & Orléci 1996) in order to examine differences in community structure along
the edge gradient, using tree density in different diameter classes, Shannon diversity (based
on natural logarithm, nats), evenness (Pielou 1969), and species richness as parameters.

Thousand iterations were used in randomization testing.

For SPs, we first analysed the data with the origina plot-size (1.5 by 1.5m) in order
to find spatial patternsin the forest-grassland transects. Similar trajectoriesin the ordination
space were identified visualy, resulting to definition of three trgectory types. Transects in
each type were pooled. Pooled transects were described by the average species cover values
for each of the 39 plots. Then, with these data (3 x 39 plots) we performed a cluster analysis
in order to identify sharp groups of plots and typical species composition. Additionally, to
reveal forest expansion, individuals of tree species were categorized by size classes (height)
along the forest-grassland gradient. The classes were individuals less than 30 cm of height
(class 1); between 30 and 79 cm high (class 2), with or higher than 80 cm but less than 5 cm
of basal diameter (class 3), or else (class 4).

Groups of plots according to aspect and distance from the forest-grassland limit were
compared regarding soil variables by using multivariate analysis of variance with
randomization testing (Pillar 2004a), based on Euclidean distance between sampling units
with previous normalization of variables (Podani 2000). Congruency between soil and
vegetation data matrices was analysed for LPs and SPs, by calculating a matrix correlation
between vegetation composition dissimilarities and environmental dissimilarities. The
congruency vaue is smilar to a Mantel test (Legendre & Fortin 1989, Legendre &
Legendre 1998) but a ranking of the environmental variables (soil parameters, depth and
distance) was performed to find a subset of variables maximizing the correlation with the
vegetation (Pillar & Orléci 1993). The same method was also applied to find environmental
variable subsets better correlated with the vegetation patterns depicted in ordination
diagrams.
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RESULTS

SPECIES COMPOSITION

A total of 119 woody species from 42 families was sampled (Appendix 1). The forest plots
presented D species, 0 genera and 40 families and the grassland plots 72 species, 2
genera and 29 families. In the grassland, 28 species were exclusive, i.e. 44 species occurred
in both formations. Shannon diversity (H’) for total area of LPs was 3.41 and 3.34 for forest
and grassland areas, respectively, and 3.37 and 2.62 for SPs. Considering different criteria
for inclusion of woody individuals in forest plots, we found 62 species (H'= 2.96) using 5
cm of diameter criterion or 41 species (H'= 2.53) using the 10 cm criterion. In the forest,
Myrtaceae was the most diversified family (16 species), followed by Lauraceae (7),
Rubiaceae (7), Euphorbiaceae (5), Meliaceae and Salicaceae (4). Considering the
importance value index (IV1), the families Nyctaginaceae and Moraceae stood out because
of high density and frequency of Guapira opposita and large individuals of Ficus
organensis, respectively. In grassand, Asteraceae alone added up to 51 percent of the IVI’'s
values, also being the richest in species (18). Myrtaceae, Sapindaceae, Euphorbiaceae,
Symplocaceae and Myrsinaceae added together 32.6 percent of IVI. These families, in
contrast to the Asteraceae, which are mostly grassand shrubs, represent also forest species
that can colonize grassland. In the grasdand, the Asteraceae stood out with Baccharis
cognata, Eupatorium ligulaefolium, Porophyllum lanceol atum, Heter othalamus psiadioides,
Vernonia nudiflora and Baccharis patens, which together with Dodonaea viscosa,

Symplocos uniflora and Myrcia palustris add up to 52.5 percent of total V1.

FOREST- GRASSLAND GRADIENT PATTERN

Ordination results of data from the large plots (Fig. 1) showed a gradient from grassand (at
the right portion of the diagram) to the forest and some clear differences between north and
south/southwest sides became obvious, despite the weak explanation of the axes. At sites
with south or southwest aspect, typical grassland shrubs, mostly members of the Asteraceae,
locally denominated “vassouras” (brooms), had high importance in the grassand. We
observed that the majority of these shrubs (e.g. B. cognata, E. ligulaefolium, P. lanceolatum
and B. patens) were resprouters, i.e., shoots reappear quickly after fire. Non-sprouter species

such as D. viscosa, H. psiadioides, Baccharis dracunculifolia as well as resprouters such as
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S uniflora and Mimosa parvipinna were more abundant on northern grassland sites and at

the border.
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Figure 1. Ordination diagram of large plots based on the abudance/cover value of species. The
method was Principal Coordinates Analysis (PCoA), with chord distance between sampling units.
All plots are identified by the aspect of transects and according to grassland or forest ambient, and
the two LPs at the limit between forest and grassland as border. Taxa are shown on diagram in
positions proportiona to the correlation level with the ordination axes (see the taxa's code in

Appendix 1).

Considering forest plots, species more representative of the Atlantic rain forest were
found mainly on the south exposed part of the survey area (Mollinedia elegans, Psychotria
lelocarpa, P. brachyceras), while the species present in border plots on the north and south
side (G. opposita, Trichillia elegans, Myrciaria cuspidata, Casearia decandra, further by
Lithrea brasiliensis, Maytenus cassineformis, Myrsine guianensis and Sebastiania serrata)
have broader geographical distribution, being common in subxerophytic and riparian forests
in the region (Brack et al. 1998). The congruence anaysis indicated that distance from
forest maximized the correlation between vegetation and environmental variation, with a
correlation coefficient of 0.52. None of the soil variables improved the correlation with the

vegetation composition data.

Concerning only forest plots, a change in species composition from the border to the
plot furthest inside the forest could be verified (Fig. 2). This trend was confirmed by the

congruency between vegetation forest composition and the spatial distance from the border,
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which gave a correlation coefficient of 0.36. Most plots near the border (f1; f2) were
characterized by S. serrata, Allophylus edulis, G. opposita, M. cuspidata and Zanthoxylum
rhoifolium, followed by M. cassineformis, M. palustris, Styrax leprosumand L. brasiliensis.
The innermost plots (5; f6), characterized by Gymnanthes concolor and S bonplandii,
which are both medium trees typical of tree understory strata in forest interior (Brack et al.
1998), in general were at the left part of the ordination diagram. Intermediate plots between
both extremes of the gradient were in general characterized by understory shrubs (e.g. P.

leiocarpa, P. brachyceras and M. elegans).
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Figure 2. Ordination diagram (PCoA) of forest LPs based on individua densities of each species
after chord distance between sampling units. The legend corresponds to plot position inside the
forest, being f1 closest and 6 farthest from the border. Taxa correlated more than 0.5 with the
ordination axes are shown in the diagram (see the codes in Appendix 1).

Along the gradient, the main differences were between plots close to the border and
furthest inside the forest. This can be seen as well in the diameter class distribution of trees
species in the forest, considering al transects together (Fig. 3). The first plot (closest to the
border) differed significantly from al the others but the second, and the second, from all
except the third plot. Most of the differences were due to the higher number of individuals
less than 15 cm of basal diameter in plots closed to the border. From circa 10 m inwards into
the forest, forest structure became similar along the transect. Plants with basal diameter
larger than 50 cm only occurred after 13 m and tended to be evenly scattered. Plots along
the gradient in the forest also differed in diversity and structure. Closer to the border, there

were more individuals and species, and likewise diversity and evenness were greater (Table
1).
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Figure 3. Mean densities of tree species with different basal diameter classes, considering all
transects (12) of six 4.5 x 4.5 m plots in the forest gradient (f1: closest border plot and f6:
innermost forest plot). Lines and columns correspond respectively to the right and left scale. Plots
with different letters under the x-axis have different size class composition (P£ 0.01).

TABLE 1. Richness, Shannon diversity index and evenness of tree speciesin all forest large plots (f1:
the closest border plot and f6: innermost forest plot), and the mean value of richness, density and
diversity with n= 12 (243 nf). Different letters indicate significant differences (P= 0.01) between
plot positions, given by randomization test.

Diversity indexes f1 f2 f3 f4 5 f6
Richness (S) - trees 55 52 44 37 40 41
Shannon index (nats) 3.50 3.16 3.10 291 2.98 2.74
Evenness (J) 087 08 08 08L 081 074
Mean of richness (n= 12) 16582 1458 1242™ 942°¢ 867° 875°

Mean of treedensity (n=12)  42.75% 39.25% 30,00 2517¢ 19.75¢ 22.92°
Mean of Shannon index (n=12) 2502 230® 209™ 191 190% 1.66¢

At the small plots scale of observation, the forest-grassland gradient depicted a clear
gpatial trend (Fig. 4A). The grassland plots displayed variation in composition along the
second ordination axis, while most of the differences between grassand and forest were
reflected along the first axis. As expected, border plots (three SPs in forest and three in
grassland) showed wider species composition variation. Despite the presence of pioneer or
edge species .g. D. viscosa, Agarista eucalyptoides, M. palustris, Eugenia hyemalis,
Symplocos uniflora, S. tetrandra, Styrax leprosum and Calliandra tweediel) on these
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trangitional areas, some border plots presented only grassland shrubs. Three trgectory types
of similar transects were found (Fig. 4B).
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Figure 4. Ordination diagram (PCoA) based on chord distances between sampling units. The
variables are species described by an average cover value in plots of transects with similar
trgectories. In (A) labels identify the 3 x 39 small plotsin the pooled transects according to groups
(2-4) found by cluster analysis. Labels in itdics refer to forest plots, underlined ones to border
plots and the other ones to grassland plots. In (B tiii) the same plots are depicted separated by
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top/southwest, and iii) north. The arrow indicates the forest limit. Ordination axes were stable by

bootstrap resampling. Taxa correlated more than 0.35 with ordination axes are shown on diagram
(codes arein Appendix 1).
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Four groups of such average-sampling units were identified by cluster anaysis
(labels on Fig. 4A) and each one was characterized by different species composition (Fig.
5). Groups 3 and 4 were dominated by grassland shrubs. Group 4 was characterized
especially by Asteraceae species that are short individuals and sprouters (e.g. B. cognata, E.
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ligulaefolium, V. nudiflora). Group 3 also presented Asteraceae species, but predominantly
non-sprouters and potentially taller species €.9. H. psiadioides and B. dracunculifolia).
Additionally, species such as D. viscosa, A. eucalyptoides, Croton cf. nitrariaefolius, S
uniflora and M. palustris characterized this group. In spite of these differences, both groups
presented similar species in a continuum of dominance change. Group 1 mainly comprised
species from inner forest (P. leiocarpa, M. elegans, S bonplandii, G. concolor), whereas
group 2 presented forest species with broader ecological amplitude, which were able to
establish in the grassland plots, as well as edge species (P. carthagenensis, L. brasiliensis S
serrata, G. opposita, M. cuspidata, S. uniflora and M. palustris).

The trgjectory patterns show some structural features that should be considered (Fig.
4B). Average transects with south aspect presented a very sharp border, indicated by alarge
compositional distance connecting adjacent plots at the forest edge. In north-exposed
transects, the gradient between grassland and forest was more gradual, as showed by shorter
distances between adjacent plots, and the shrub species typical of south-exposed grassland
plots were absent (compare the plot position and correlated species in Fig. 4A). Therefore,
the general pattern on the northern side indicated a wider border, further characterized by
trees of group 2 and grassland shrubs of group 3 (Fig. 5) in the Campos portion. Southwest
transects were composed of grassland shrubs (smilar to south) and of pioneer woody

species, especialy near the border.
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Figure 5. Species relative cover in four sharp groups (Iabelsin Fig. 4A) identified by cluster analysis
based on the same data of Fig. 4A. The species codes are in the Appendix 1.

Examining the composition structure of the three main tragjectories identified in the

studied gradients (south, southwest and north — Fig. 4B), differences regarding diversity
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may be perceived as well (Fig. 6). Considering that only woody species were sampled,
forest and grassland ecosystems greatly differed in diversity. Forest communities on the
north side were significantly more diverse than the communities on south and southwest
(P=0.001, based on data of Fig. §. The lowering of diversity towards the inner forest was
especially clear in southern and southwestern transects, compared to northern transects.
Grassand plots on the south side had lower values of diversity compared to north and
southwest plots (P=0.001, based on data of Fig. 6), the latter two not differing significantly.
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Figure 6. Shannon diversity values (nats) for each small plot along the forest-grassland gradient
following the pooled transects of south, southwest and north trgjectories indicated in Fig. 4B.

TREE SPECIES DENSITY ALONG THE FOREST- GRASSLAND GRADIENT

Colonization of forest species over grassland occurred gradualy starting from the
border, and also near small isolated tree individuals forming nucleus of forest vegetation
patches inside the Campos matrix (Fig. 7). The transition between forest and grassland was
more abrupt in recently burned areas than in unburned areas for at least three years. Another
interesting aspect is the clumped pattern of seedlings and saplings (size classes 1 and 2)
along the grassland portion. For instance, the peak of seedlings and saplings between 19 and
21 min Fig. 7B coincided with atall individual of Myrcia palustrisin one of the transects, a
tree growing protected between boulders of a rock outcrop and serving as nucleus for the
colonization of other tree species. Similar situations occur on many other sites of the study

areaand with other species.
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Regarding the forest portion in Fig. 7, a similar pattern of juveniles and adults
distribution was observed along the gradient at both unburned and recently burned sites. The
newly established trees (size class 1) were aimost always clumped (small peaks aong the
gradient), and are mostly zoochorous species. The greater density of tree individuals of size

classes 2 and 3 to ca. 13 m near the forest limit is corroborating the data of Fig. 3.

ENVIRONMENTAL VARIABLES

Distance from the forest limit, soil depth and a number of soil properties (chemical and
textural, see methods) were considered as possible explanatory variables for the observed
vegetation patterns. The differences between transects an the south and north side were
significant (P=0.05); thus we analyzed both sides separately (Appendix 2). In Table 2 each
variable is analyzed separately. Soil textural properties differed mainly according to aspect,

as can be seen for clay, sand and gravel fractions. Soil chemical properties as phosphorus
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(P), potassium (K), calcium (Ca) and magnesium (Mg) differed along forest-grassland
gradients, independent of aspect. K, Ca and Mg showed a peak right at the border, probably
because of higher concentration of dead biomass, considering the presence of a dense liana
component and sharp changes in litter accumulation at the abrupt boundary caused by
frequent grassland fire. Depth, pH and gravel presented significant differences for both
factors. At the south side, the soil was deeper and more acidic than at the north and with
higher cation exchange capacity (CEC) than at the other aspects. Aluminum content was

lower at northern transects, allowing for a higher base saturation.

Table 2. Mean values of soil variables that differed significantly between sites with different aspect
and/or spatial position on the forest-grasdand gradient. Values followed by same letters are not
different for the respective factor, as indicated by randomization testing (P=0.05). For complete data,
see Appendix 2.

Average transects according Average transects according to the forest-grassland
variable to aspect variable gradient

south  southwest north f6+5 f4+3 f3+2 cl+2 c3+4  c5+6+7
depth(cm)  96.6% 93.3"° 634%°  depth(cm) 99.9% 990® 908" 790° 777 681"
pH 4.7 4.9° 5.0% pH 4.6 4.7 4.9° 49% 50° 5.0°
Al 2.7 1.4 1.4° P 3.4 3.2 38 21> 20° 1.9°
Al+H 9.9 7.4° 6.5 K 154.7¢ 15127 2358° 1484 1553 175.2°
CEC 145° 12.9° 11.8%° Ca 34 37 48" 25° 25° 2.4°
bases « 30.7 415" 46.1%° Mg 15¢  15° 21> 12°  1.2¢ 1.2¢
Al s 19.0° 11.0° 10.6® O.M. 5.9 5.6 6.7 46° 45°  46°
clay 4052 3R’.7° 27.6° st 200  281%° 2622 219" 224 213"
thick sand 265 28.47 350° gravel  222°  139°  240° 386% 522° 462°
fine sand 9.0 10.42 12.0°
gravel 39 248° 40.8°

Congruence analysis reveded that the gpatial distance from the forest limit
responded alone for the best correlation with the observed vegetation pattern, so much with
the large plots (0.52) as with the small plots (0.61, following the ordination pattern at Fig.
4A). By ranking of all environmental variables to find the highest correlation value, only for
the pattern using pooled transect plots (Fig. 4A) the congruence value increased, reaching
0.71 considering distance from the forest limit, phosphorous, depth and bases saturation
together. Addition of the variables clay, pH, organic matter and gravel left the correlation
value practically unchanged (0.69).
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DiSCUSSION

Species richness, considering only the forest portion, is relatively high if compared to other
studies on Morro Santana of both tree and shrub strata, with ca. 40 percent more species
(Mohr 1995, Forneck 2001). Comparing the present study to other southern Brazil areas, we
found on average 12 more species when taking individuals with diameter larger than 5 cm,
but on average eight less species when taking only those larger than 10 cm (Jarenkow &
Waechter 2001, Jurinitz & Jarenkow 2003). Most of species that occurred in our study are
widespread species in South Brazilian forest regions (Rambo 1954a, Jarenkow & Waechter
2001, Waechter 2002). While pecies like Mollinedia elegans, Psychotria brachyceras,
Pachystroma longifolia, Coussapoa microcarpa, Ficus organensis, Ocotea silvestris and O.
indecora suggest the influence of the Atlantic rain forest, some of the dominants (such as
Guapira opposita, Cabralea canjerana, Casearia decandra, C. sylvestris, Sorocea
bonplandii, Matayba elaeagnoides) are considered “supertramp” species of both rain forest
and semi-deciduous forests (Oliveira-Filho & Fontes 2000). Like species richness, diversity
and evenness can be considered to be relatively high, with a tendency of decreasing from
forest border to the ‘interior’ (the portion between 20 and 30m from the forest limit). Close
to the forest limit no strong dominance was observed. Furthermore, some species sampled in
the forest portion were aready cited as occurring in grassand areas, such as Myrciaria
cuspidata, M. elaeagnoides, Myrcia palustris, Eugenia spp., Maytenus cassineformis,
Lithrea brasiliensis, Myrsine umbellata, and Symplocos spp., as tree clusters or as isolated
individuals (Leite & Klein 1990, Brack et al. 1998, Miller & Forneck 2004). Their
presence, as well the richness and diversity patterns, are probably related to border
conditions, where the total species pool is increased due to presence of colonizer (pioneer)
species (Hopkins 1992), as observed by the high number of species (44) that were common
to forest and grassland plots.

Grassland communities in South Brazil are in genera very rich in species (Boldrini
2002). The grasslands of Morro Santana may be composed of 450 to 500 species in total
(Overbeck et al. in press). The present study only considered woody plants, of which a
considerable number of species (71) could be found in grassland plots. The exclusive
grassland shrub species (27 species) are efficient colonizers, considering that they had much
more individuals than woody forest species, reflecting population traits related to dispersal
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mode, colonization and recruitment success in the grassland matrix. Grassland shrubs form
adistinct layer over the graminoid component, which may favour subsequent establishment
of trees, since they can improve local site conditions, by increasing shading, and reducing
competition from grasses (Hoffmann 1996, Holl 2002). In our study, that was the case only
at border plots, suggesting that such facilitation by shrubs would occur under longer fire
return intervals than the prevailing conditions.

Along the forest gradient, seedlings and saplings were significantly more abundant
and species diversity, evenness and richness were higher close to the forest edge than at the
center. Local site conditions and the heterogeneity of environmental factors seem to favour
more species at edges (Gehlhausen et al. 2000, Oosterhoorn & Kappelle 2000).
Microclimatic variables, as light intensity and duration, relative humidity, air temperature,
wind, and soil conditions normaly differ strongly over grassand-forest boundaries, in
general within less than 50 m (Hopkins 1992). Under edge conditions, many shade
intolerant tree species are able to germinate, enhancing diversity and often advancing
gradually on adjacent grassland communities. Concordantly, in the present study a change
in floristic composition and structure along the forest gradient has been detected, especially
at south and southwest aspects, where the boundary was sharper than at the rorth side. At
the latter, microclimatic conditions of the edge seem to work further into the forest, thus
allowing for awider edge, compared to south and southwest aspects. Transects on the north
side of the hill did not show a clear difference in diversity between edge and the forest
interior, and the community composition trgjectory from forest to grassland was the most
gradual. We may assume that forest expansion process is more recent at the north side and,
therefore, in order to see a better gradient or a more pronounced forest structure, we would
have to consider more than 27 m into the forest. In contrast, despite the transect size, the
south side clearly demonstrated this gradient in diversity values and community trajectories,
allowing us to see a more stationary and sharp boundary along the present spatial pattern.
Because of deeper soil and consequently higher density of the grass layer, fire disturbance in
grassland should be more severe at the south expositions, killing almost all seedlings and/or
little saplings in the grassland matrix. On the north side, where the presence of rounded rock
outcrops is common and the soil was relatively shallow, the grass layer was lower and less
dense, leading to lower fire intensity and offering more safe sites. On the other hand, more
frequent fires may occur at the north slope, which is drier (aspect, shallower soils), leading
to more frequent pushing back of forest elements. Thus, both fire frequency and intensity
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may have been critical for the success of tree species recruitment within grassland plots, and
these factors together influence forest expansion processes and spatial patterns of woody

species distribution.

At other hills around Porto Alegre we can observe, such as in the present study, a
very heterogeneous pattern of shrub densities within grassland ecosystems and different
structural arrangements at the grassland-forest border. The tree-grass balance in savannas
(Scholes & Archer 1997), just as the characteristics of forest expansion processes (Pillar
2003), depend on severa factors and their interactive effects over local vegetation patterns.
It has been demonstrated that bush encroachment can be a consequerce of an increased
level of grazing, as a decrease in grass biomass leads to fewer and lower intensity fires, and
consequently less damage to trees (Langevelde et al. 2003). However, interactions with
local differences in topography, drainage and soil conditions may promote discontinuous
gpatial changes (Furley 1999). Higgins et al. (2000), using a spatialy explicit individual-
based model, concluded that trees can coexist with grasses under conditions between 500
and 1600 mm mean annua rainfal; at lower rainfall their establishment is limited by
moisture conditions. In contrast, with high annual rainfall, grass productivity is higher and
consequently high-intensity fires should be more frequent, leading to a decrease in tree
recruitment, since most of them do not survive under severe burn events. In a similar way,
sites with shallower soil, many rock outcrops or yet high proportions of gravel and sand
present lower grass densities, leaving open sites for the establishment of new pioneer trees

aswell as of grassland shrubs.

In concordance with other research on savanna-forest mosaics (Archer 1990, Guillet
et al. 2001, Puyravaud et al. 2003), we identify two main mechanisms that may promote
forest expansion. First, a slow gradual encroachment of the edge by the establishment of
trees under the liana component or under the canopy shadow at the border zone can be
observed. This occurs principally in the absence of constant disturbance or disturbances at
high frequency, like under grazing and fire, respectively, but is sow (Hopkins 1992). On
Morro Santana, we could observe increased density in tree seedlings and saplings close to
forest boundaries in transects without fire since at least three years, in contrast to recently
burnt areas. In the plateau region of Rio Grande do Sul, the colonization process of trees
over grassland communities also seems to be correlated with an earlier bush encroachment
near forest edges, which may lead to less competition with grasses and better microclimatic
conditions for tree establishment (Oliveira & Pillar 2004).
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A second mechanism is linked to the recruitment of isolated pioneer tree species
within the grassland matrix and not necessarily close to the border, which may lead to
development of idand patches of forest species. This process is linked to safe sites in the
grassland matrix, and has been described for various regions with forest-grassland or forest-
savanna mosaics. For instance, for Cameroon it has been suggested that termite mounds
with or without plants protect tree seedlings from yearly fires, because of less grass biomass
(fud materia) near them, guaranteeing their survival (Guillet et al. 2001). In Argentinean
savanna-type vegetation, the encroachment of woody species accurs at some sites with
certain edaphic characteritics, such as saline soils and microrelief created by ant hills, also
leading to their development into circular patches, athough adjacent areas still remain with
a domain of grasses (Cabral et al. 2003). In a smilar way, in Porto Alegre's hills region,
rock outcrops played the role giving initial conditions (attractive to birds as perches Holl
(1998)) and protecting seedlings from fire, due to lack of fuel between or close to the rocks.
Such mechanism of forest expansion normally is discontinuous in time and space, but much
more effective than the very slow advance of the forest border, which may be pushed back
by irregular and rather infrequent more intense fires (Guillet et al. 2001, Puyravaud et al.
2003). Puyravaud et al. (2003) emphasized a progression process in the thickets from early
to late successional species. A similar situation is noticed on Morro Santana, structuring and
expansion process of thicket formations leads to an increase in diversity and are strongly
related to patch size, with the most structured patches being more similar to the near forest
edge (Muller & Forneck 2004). Some larger forest patches inside the grassland matrix,
regionally known as capdes in the complex vegetation mosaic in southern Brazilian
highlands, have been described as analogous to forest edge structure, considering the high
number of seedlings and saplings inside the thicket and of the tendency in expanding over
adjacent Campos vegetation (Machado 2004). In all those places, dispersers are a key factor
in the initial phase of trees nucleation, since zoochorous species (especialy bird-dispersal)
are the most important group of colonizer plants (Holl 1999, Forneck et al. 2003, Duarte et
al. submitted).

We conclude that vegetation patterns at grassland-forest boundaries on Morro
Santana differ according to main aspect and to time since the last fire, athough it is difficult
to affirm which factors have stronger influence on the spatial pattern, since they are
interacting with each other through population and community mechanisms. South and

southwest exposed forest edges are more abrupt and show a sharper floristic composition
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gradient from inner forest plots to the border than on the north exposed sites. In the forest
portion of transects with north aspect, the edge seems to be wider and the transition to
grassland communities more gradual, considering the arrangement of woody species and
individuals density in the grassland. Consequently, this vegetation pattern gives the
impression of being under more recent or stronger colonization than in south or southwest
exposed sites. In addition, the presence of rock outcrops seems to provide increased
possibilities of tree nucleation on the northern slope. Environmental variables, measured by
soil conditions and depth, do not appear to limit forest expansion, since sites with shallower
soil, more gravel and sand proportion (favourable to dissecation) presented high levels of
shrub encroachment and tree establishment. These conditions seem to be more favourable
for woody plant recruitment than on sites where soil has better moisture conditions
(increased clay fraction and deeper horizons), as increased grass productivity on these sites
may lead to higher fire intensity, thus limiting young trees recruitment. The most important
factor in explaining the observed vegetation pattern was the spatial distance from the forest
limit, not just by itself, but with all correlated parameters that are changing according to the
grasdand-forest gradient, mostly as a consequence of local boundaries dynamic (Furley
1992). This strong correlation with the floristic composition pattern was expected, since all
analyzed transects consistently showed directness in the trajectories from forest interior to
grasdand.
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Appendix 1. List of woody species and their families* surveyed in the forest-grassland gradient. Values of the parameters density (DA, number of individuals),
frequency (FA, %), basal cover (CbA, cm?) and the importance value index (1V1, %) are indicated. All parameters were estimated for each sample scale (LP=
large plots and SP= small plots), separately for the forest and grassland portions. The sampling included only individuals taller than 80 cm in LPs and taller than
10cmin SPs.

Forest Grassland
(LP= 72 plots; 1458m?2) ; (SP= 216 plots, 486m?) : LP=84 plots; 1701m? ; SP= 252 plots; 567m?
Family Species Habit Code: DA FA CbA IVIiDA FA CbA IVI iDA FA CbA IVI iDA FA CbA VI
ACANTHACEAE Justicia brasiliana Roth shrub  jubr i 12 972 176 0.35i{ 18 845 114 039 - - - - - - - -
ANACARDIACEAE Lithrea brasiliensis March. tree libr {27 20.8 11380.1 4.38{ 8 3.76 44117 481 i 11 952 466 214i 5 159 150 044
Schinus molle L. tee scmoi 1 139 96 0.04i 1 047 96 004% - - - - - - - -
Schinus weinmanniaefolius Engl. shrub  scwe | - - - - 1 047 00 003i{11 476 54 1.17:92 127 148 173
ANNONACEAE Rollinia sylvatica (A.St.Hil.) Mart. tree rosy i 15 125 5030 06 {11 516 1805 0431} - - - - - - - -
AQUIFOLIACEAE llex dumosa Reiss. tree ildu 1 139 6396 025i 1 047 6396 07 {1 119 35 0.22; - - - -
ARECACEAE Butia capitata (Mart.) Becc. tree  buca | - - - - - - - - 1 119 866 122{ 3 119 1820 3.73
Syagrus romanzoffiana (Cham.) Glassm. tree syro | 2 278 88 0.09: 10 4.69 32 02 i - - - - - - - -
ASTERACEAE Baccharidastrumtriplinervium (Less.) Cabrera shrub  btri - - - - - - - - 3 238 116 055i 3 079 114 03
Baccharis articulata (Cham.) Pers. shrub  baar | - - - - - - - - 113 833 323 197:52 952 339 164
Baccharis cf. pseudotenuifolia Teodoro Luis shrub  baps | - - - - - - - - - - - - 2 079 01 0.07
Baccharis cognata DC. shrub  baco i - - - - - - - - 131 25 424 478760 51.6 1595 11.6
Baccharis dracunculifolia DC. shrub  badr i - - - - - - - - 22 833 416 259:39 103 169 13
Baccharis leucopappa DC. shrub  bale i - - - - - - - - 3 238 11 042{293 242 151 3.82
Baccharis ochracea Spreng. shrub  baoc | - - - - - - - - 4 476 26 0.74:59 143 69 1.46
Baccharis patens Baker shrub  bapa i - - - - - - - - i52 119 1182 557i{ 29 3.17 59.1 1.58
Baccharis sessilifolia DC. shrub  base | - - - - - - - - 2 238 06 0.36i181 262 311 353
Baccharistrimera (Less.) DC. shrub  batr § - - - - - - - - 1 119 21 0231 873 57 089
Eupatoriumintermedium DC. shrub  ewpi { 1 139 11 0.04: 1 047 11 003:14 7.14 1163 292 7 278 311 085
Eupatorium ligulaefolium Hook. et Arn. shrub  euli - - - - - - - - 58 369 783 7.95i377 536 613 7.22
Heterothalamus psiadioides Less. shrub  heps i - - - - - - - - 129 119 1300 4.41:830 16.3 1321 9.19
Porophyllum lanceolatum DC. shrub  pola | - - - - - - - - 76 333 288 801:321 437 32.6 5.63
Trixis stricta Spreng. shrub  trst - - - - - - - - 2 238 68 043; 2 079 13 0.09
Verbesina subcordata DC. shrub  vesu i - - - - - - - - - - - - ie6l 80.6 33.3 103
Vernonia nudiflora Less. shrub  venu i - - - - - - - - 4 476 14 072i16 357 49 044
BORAGINACEAE Cordia ecalyculata Vell. tree coec i 1 139 71 0.04: - - - - - - - - - - - -
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CACTACEAE

CELASTRACEAE
CLUSIACEAE
EBENACEAE
ERICACEAE
ERYTHROXYLACEAE

EUPHORBIACEAE

FABACEAE

ICACINACEAE
LAURACEAE

LOGANIACEAE
MALVACEAE

MELASTOMATACEAE
MELIACEAE

Cereus hildmannianus K. Schum.
Opuntia monacantha Haw.

Maytenus cassineformis Reiss.
Garcinia gardneriana (Pl. et Tr.) Zappi
Diospyros inconstans Jacqg.

Agarista eucalyptoides (Cham. et Schl.) G. Don

Erythroxylum argentinum O.E. Schulz.
Erythroxylum microphyllum A.St.Hil.
Alchornea triplinervia (Spreng.) M.Arg.
Croton cf. nitrariaefolius Baill.

Croton cf. thermarumM{ill.Arg.
Gymnanthes concolor Spreng.
Pachystroma longifolium (Nees) Johnst.
Sehastiania brasiliensis Spreng.
Sehastiania serrata (M.Arg.) M.Arg.
Calliandra tweediei Benth.

Collaea stenophylla Benth.

Mimosa parvipinna Benth.

Citronella paniculata (Mart.) R.A.Howard
Aiouea saligna Meis.

Endlicheria paniculata (Spreng.) Machr.
Nectandra megapotamica (Spreng.) Mez
Ocotea indecora Schott ex Meissn.
Ocotea puberula Nees

Ocotea pulchella M art.

Ocotea silvestris Vattimo-Gil

Strychnos brasiliensis (Spreng.) Mart.
Pavonia hastata Cav.

Sdarhombifolia L.

Triumfetta semitriloba Jack.

Miconia hyemalis A.St.Hil. et Naud.
Cabralea canjerana (Vell.) Mart.
Guarea macrophylla Vahl

Trichilia claussenii C.DC.

Trichilia elegans A.Juss.

cactus
cactus
tree
tree
tree
tree
tree
shrub
tree
shrub
shrub
tree
tree
tree
tree
shrub
shrub
shrub
tree
tree
tree
tree
tree
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tree
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tree
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MONNIMIACEAE
MORACEAE

MYRSINACEAE

MYRTACEAE

NYCTAGINACEAE
OPILIACEAE
PIPERACEAE
PROTEACEAE
QUILLAJACEAE
RosACEAE
RUBIACEAE

Mollinedia elegans Tul.

Ficus organensis (Miq.) Mig.

Sorocea bonplandii (Bail.) Burg. Lanj. et Boer
Myrsine coriacea (Sw.) R. Br.

Myrsine guianensis (Aubl.) Kuntze
Myrsine umbellata Mart.

Blepharocalyx salicifolius (Kunth) O.Berg
Calyptranthes concinna DC.
Campomanesia aurea O.Berg
Campomanesia xanthocarpa O.Berg
Eugenia dimorpha O.Berg

Eugenia hyemalis Camb.

Eugenia involucrata DC.

Eugenia rostrifolia D.Legrand

Eugenia schuechiana O.Berg

Eugenia uniflora L.

Eugenia uruguayensis Cambess.

Myrcia glabra (Berg) Legr.

Myrcia multiflora (Lam.) DC.

Myrcia palustris (DC.) Kausd
Myrcianthes gigantea (Legr.) Legr.
Myrciaria cuspidata O.Berg

Psidium cattleyanum Sab.

Psidium sp.

Guapira opposita (Vell.) Reitz
Agonandra brasiliensis Benth. & Hook.f.
Piper gaudichaudianum Kunth

Roupala brasiliensis Klotz.

Quillaia brasiliensis (St.Hil. et Tul.) Mart.
Prunus myrtifolia Koehne

Faramea montevidensis Cham.
Guettarda uruguensis Cham. et Schtdl.
Psychotria brachyceras M.Arg.
Psychotria carthagenensis Jacg.
Psychotria leiocarpa Cham. et Schtdl.

shrub
tree
tree
tree
tree
tree
tree
tree
shrub
tree
tree
tree
tree
tree
tree
tree
tree
tree
tree
tree
tree
tree
tree
shrub
tree
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shrub
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tree
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shrub
shrub
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euin
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mypa
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mycu
psic
pssp
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qubr
prse
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guur
psbr
psca

psle
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11
17
24
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410

80.6
2.78
68.1
6.94
19.4
20.8
2.78
4.17
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33.3
9.72
1.39
25
9.72
68.1
2.78
1.39
77.8
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23.6
2.78
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34.7
9.72
62.5
40.3
77.8
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8121.7
3318.7
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10496.7
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35.1
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66.5
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1415
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66.5
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0.8
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Randia armata (Sw.) DC. tree raar { 1 139 49 004 - - - - - - - - - - - -
Rudgea parquioides (Cham.) M.Arg. tree  rupa ! 15 11.1 412 042! 9 423 108 025} - - - - - R R R
RUTACEAE Zanthoxylum rhoifolium Lam. tree  zarth | 56 40.3 21761 21935 164 7318 158: 4 357 56 0.65: 5 159 06 0.15
SALICACEAE Banara parviflora (Gray) Benth. tree  bpar i 4 417 299 015{ 5 235 137 015 - - - - - - - -
Casearia decandra Jacqg. tree  cade i 92 54.2 27173 3.05:103 484 9237 295i 4 238 149 065: 1 04 00 0.03
Casearia sylvestris Sw. tree casy i 73 55.6 38138 3.23i{ 36 16.9 16450 261 : - - - - - - - -
Xylosma pseudosal zmannii Sleumer tee xyps i 6 556 111 019: 8 376 16 018i - - - - P - - - -
SAPINDACEAE Allophylus edulis (A.St.Hil.) Radlk. tree  aled | 52 31.9 21973 1.96: 64 30.1 59.1 1.33 238 07 036: 4 159 05 014
Cupania vernalis Cambess tree cuvei 32 25 2349 097:84 394 349 19 i 1 119 18 02 2 079 18 01
Dodonaea viscosa (L.) Jacq. shrub  dovi | 7 417 1263 0.21i 3 141 582 0.14:39 16.7 3305 7.88i 29 595 2203 4.97
Matayba elaeagnoides Radlk. tree  mael ; 27 26.4 13449 131:57 268 140 093 ; 4 476 446 124:; 2 079 00 0.07
SAPOTACEAE Chrysophyllum marginatum (Hook. et Arn.) Radlk. tree chmai 11 139 6861 06513 61 6187 098 : - - - - - - - -
SOLANACEAE Cestrum strigillatum Ruiz et Pav. shrub cest i 7 556 79 02:7 329 50 019 2 238 79 045 1 04 33 01
Solanum americanum Mill. shrub  soam ; - - - - - - - - - - - - 2 04 01 004
Solanum pseudoquina St. Hil. tree sops | 3 278 79 01 - - - - - - - - 3 079 02 0.08
Solanum sanctaecatharinae Dunal tree  sosa i - - - - 1 047 04 003 - - - - - - -
STYRACACEAE Syrax leprosum Hook. et Arn. tree  styl : 21 167 6326 08 :17 798 1688 054: 3 357 66 061: 2 079 04 0.07
SYMPLOCACEAE Symplocos tetrandra Mart. ex Miq. tree  syte : 11 125 5540 0.57;12 563 2812 062: 1 119 20 02: 8 079 36 018
Symplocos uniflora (Pohl) Benth. tree syun i 6 6.94 4488 0.36: 7 329 1732 03717 833 6079 9.14i 12 278 1237 273
THYMELAEACEAE Daphnopsis racemosa Griseb. shrub dara § 5 417 75 015{ 3 141 19 0081% - - - - - - - -
URTICACEAE Cecropia catarinensis Cuatr. tree ceca: 1 139 11080 04 : - - - - - - - - - - - -
Coussapoa microcarpa (Schott) Rizzini tree comi ;| 5 556 7498 042; 3 141 6906 08 : - - - - - - - -
VERBENACEAE Lantana camara L. shrub  laca | - - - - - - - - 3 238 88 052i1 04 02 0.04
42 families 119 species Number of individuals. forestLP= 3191 forest SP= 3769 Campos LP=589 Campos SP=5041




Primeiro Capitulo — Patterns at Forest-Grassland Boundaries

Appendix 2. Values of soil variables, averaged according to the position in relation to the forest edge (1 is the closest edge plot, being f in the forest and c in the

grassland) and to the main aspect on Santana hill (south, southwest and north).

Plot position f6 5 f4 f3 f2 fl

Exposition S SW N S SW N S SW N S SW N S SW N S SW N

depth (cm) 100.0 100.0 100.0(100.0 100.0 99.4( 100.0 100.0 100.0( 100.0 100.0 94.0( 100.0 100.0 81.8| 100.0 100.0 63.0

pH 45 4.7 45| 43 49 4.9 4.4 47 47 44 4.9 49| 44 5.0 48 5.1 51 50

P 4.4 34 3.3 3.4 3.1 2.9 3.9 2.8 2.7 3.7 2.7 3.1 4.0 3.1 3.1 4.8 3.7 4.0

K 1579 188.8 115.8(121.1 220.1 124.6| 168.0 154.6 116.3( 152.3 148.8 167.4( 2214 1951 200.0| 292.6 2429 2625

O.M. 7.2 59 5.0 6.4 6.4 4.8 7.5 51 4.5 6.2 5.0 5.6 7.3 5.7 6.0 7.4 7.8 6.2

Al 2.2 1.3 2.6 35 1.2 2.2 2.6 1.3 1.8 34 0.7 1.7 2.6 0.5 1.6 1.5 0.4 1.2

Ca 4.0 3.7 2.5 2.3 4.2 34 4.3 3.2 3.2 29 4.4 4.3 3.0 4.8 3.9 6.7 6.0 4.3

Mg 1.5 1.9 1.0 1.2 2.0 1.3 1.7 1.5 1.2 1.6 1.8 1.6 2.0 2.1 1.6 2.6 2.2 2.3

Al+H 9.3 7.7 9.2 115 8.2 7.3 111 7.1 7.7 11.0 5.9 6.8 10.8 5.7 7.8 8.0 6.2 6.5

CEC 15.3 13.8 13.0( 15.3 14.9 12.3 17.5 12.2 12.4 15.8 15.2 13.1| 16.3 13.1 13.8 18.0 15.0 13.7

bases saturation 37.2 44.0 32.0( 2438 45.0 45.8 35.5 42.0 42.0 30.3 53.3 51.3( 34.0 56.5 42.8 54.8 59.0 535

Al saturation 15.1 9.6 18.6| 22.7 7.7 14.8 15.0 10.5 12.4 21.3 5.7 115| 158 4.1 8.1 8.5 2.1 8.4

clay 34.0 30.8 22.0| 33.8 28.5 21.5 35.8 28.8 23.3 38.0 30.5 26.3| 370 32.8 29.8 38.3 31.8 308

thick sand 30.0 215 38.0( 27.0 27.5 36.0 22.0 27.0 3751 23.0 26.5 38.0( 26.0 295 29.0 20.0 28.0 335

fine sand 10.0 10.5 145( 10.0 10.0 14.5 9.0 10.0 16.0 10.0 115 145 9.0 11.0 115 8.0 11.0 130

silt 27.0 37.0 26.0| 23.0 315 29.5 29.0 33.0 25.0 25.0 31.5 25.0| 26.0 28.5 29.5 24.0 26.0 230

gravel 30.0 31.0 11.5| 39.0 20.5 1.0 24.0 17.5 1.0 270 5.0 9.0 9.0 55 250 28.0 240 525
continue...

Plot position cl c2 c3 c4 c5 c6 c7

Exposition S SW N S SW N S SW N S SW N S SW N S SW N S SW N

Depth (cm) 100.0 100.0 43.3| 943 100.0 36.3| 883 994 383| 950 904 551| 986 86.0 316 939 69.0 35.0 855 675 46.1

pH 4.6 4.9 5.0 4.7 49 51 4.8 51 53 4.8 5.0 5.2 4.9 49 5.2 4.9 4.9 5.2 49 49 5.2

P 2.4 2.0 2.1 2.1 2.0 2.0 1.8 2.2 2.0 15 2.0 2.4 1.8 2.1 1.8 1.8 2.1 1.7 1.6 2.3 1.9

K 143.1 1121 182.1| 132.0 1215 199.4( 126.9 1459 215.6| 1289 139.0 1755| 1758 169.3 178.0( 152.9 190.8 170.1| 154.0 2199 166.3

O.M. 4.8 4.3 4.8 5.0 4.1 4.8 5.0 4.0 4.7 4.5 4.3 4.7 4.7 4.5 4.4 4.6 4.6 4.4 4.8 5.2 4.7

Al 3.4 2.0 1.8 2.8 1.9 1.2 2.6 13 0.7 2.6 1.7 1.3 25 1.8 0.9 2.8 2.2 0.7 2.6 21 1.0

Ca 1.7 2.7 2.8 2.1 2.4 35 1.7 2.3 4.1 1.7 2.4 2.8 2.0 2.2 2.8 1.9 2.2 2.7 2.2 2.7 3.2

Mg 1.0 1.2 1.4 1.1 1.0 1.6 1.1 1.2 1.6 1.0 11 1.2 1.0 13 13 1.2 11 1.2 13 13 1.3

Al+H 10.6 8.5 73| 10.0 7.8 6.5 9.6 7.0 4.6 9.2 7.5 6.0 8.6 7.6 5.2 9.4 8.4 4.9 9.0 9.1 5.5

CEC 137 127 12.0| 133 116 12.1| 13.0 109 108 123 113 105| 122 115 9.7 129 122 9.2 129 136 105

bases saturation 223 340 418 245 325 47.0| 255 373 580 250 355 448| 290 345 463| 270 313 47.5 300 348 473

Al saturation 243 149 128 211 159 9.2 212 109 6.6 201 139 109 203 155 89| 218 175 6.4 205 153 9.4

clay 420 325 323| 438 330 305 450 355 283| 458 340 298| 433 385 26.0| 458 400 27.8 440 418 30.8

thick sand 330 300 390 290 315 305| 280 305 325 250 300 350| 280 285 335| 260 290 42.0 270 295 310

fine sand 9.0 115 10.0 80 11.0 105 9.0 115 120 80 11.0 105 9.0 95 11.0 9.0 9.0 9.5 9.0 7.5 9.0

silt 180 235 20.0| 21.0 255 235| 21.0 240 235| 200 240 220| 190 205 245 23.0 195 19.0 250 195 220

gravel 36.0 135 545 450 225 60.0| 580 295 650 650 300 655| 550 250 580| 310 475 66.0 20.0 510 62.0
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Abstract

Question: How woody species react to fire in frequently burned grasdand in grassand-

forest ecotones?

Location: A natural mosaic of grassand and forest in South Brazil (30°03" S, 51°07° W,
3llmasl.).

Methods. Woody plants (minimum 10 cm height) were sampled in two consecutive years in
plots on 12 grassland transects subject to frequent fire, located at forest borders. Species
composition, diversity and category (resprouter, nornsprouter) were analyzed according to

time elapsed since last fire. Life- history features of some species were examined.

Results: A total of 76 species (31 grassland shrubs; 45 forest species) were sampled; 65.8%
were resprouters. Species composition differed with elapsed time since fire. Density,
richness and diversity were lower in recently burned plots, especialy on south exposed
sites. For grassland shrubs, gecies richness and density was higher in plots unburned for
one and two years than in unburned for three years. Resprouter shrubs were always denser
than non-sprouter. Resprouter trees predominated in north exposed sites, having similar
density with elapsed time since fire, but non-sprouters were denser in longer unburned plots.
Differences in recruitment dynamics of single- and multi-stemmed shrubs or trees were also
detected.

Conclusions: The high proportion of resprouter species in burned grassand and the
recruitment rate of seeders characterize communities under frequent disturbance with well-
adapted species. Fire intervals of two to three years cannot avoid shrub encroachment but
retard the advance of forest species over grassland, except on sites very close to the forest

border or on island patches protected from intense fire.

Keywords: shrub encroachment, fire, disturbance, resprouting ability, forest expansion,
South Brazil

Nomenclature: Family identities follow APG Il (2003) and species names IPNI electronic
data base.
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Introduction

Savanna and grassland ecosystems cover about 20% of the land surface of the Earth,
occupying extensive areas of tropical and subtropical regions in Africa, Asia and Suth
America (Bond & Midgley 2000). In such ecosystems, disturbance plays an important role
in community dynamics. Periodic fire, for instance, is essential for the maintenance of open
vegetation types and their diversity, as a consequence of burning that promote spatio-
temporal mosaics of areas in varying stages of recovery from disturbance (Pickett & White
1985, Bond & van Wilgen 1996, Braithwaite 1996). Approaches for ecological generality
about grassland and savanna dynamics consider the role of fire, grazing, nutrient and
moisture availability, and principally concerns communities responses to those factors
(“disturbances’), often focusing on relative dominance or biomass productivity of grasses
(mostly C, species), forbs and woody plants (mostly Cs species) (Knapp et a. 2004, Bond et
a. 2003, Langevelde et a. 2003). Similarities in community structure responses, related to
the influence of fire and grazing on the balance of C4/C3 plants (grasses/forbs), have been
found between North American grasslands and South African savannas (Knapp et a. 2004),
but there are no comparable long term ecological studies in South America grasslands to

attest the applicability of such a general ecological rule.

Scholes & Archer (1997) stressed out that the balance of woody and grass growth
forms in al savannas and related grassland ecosystems is determined by a number of
interacting factors. Nevertheless, fire disturbance has been hypothesized as the maintenance
factor of savannas where climatic conditions are favourable for the development of forest
(Bond et a. 2003). Fire directly affects plant growth, survival and reproduction, wheress it
can indirectly improve conditions for seed germination and/or seedling establishment,
removing inhibitory effects, such as accumulated litter or shading by a closed canopy, thus
lowering competition or increasing resource availability (Bond & van Wilgen 1996). In the
Brazilian Cerrado (neotropical savanna), however, higher temperature and solar insulation
in recently burned areas may lead to desiccation and thus impede seedling survival
(Hoffmann 1996, 1998). In such situations, facilitation by cover of higher individuals seems
to improve seedling establishment by diminishing local water deficits (Hoffmann 1996, Li
& Wilson 1998, Holl 2002). In ecosystems submitted to frequent burning, species
depending of sexua reproduction must reproduce, disperse seeds, establish seedlings, and
achieve a fire-tolerant size despite the burns or within the period between burns. An

aternative strategy for these species is to establish on “safe Sites’, i.e. sites protected from
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fire, a least from high intensity fires. Termite mounds (Furley 1999, Guillet et a. 2001),
thickets or adult trees (Hochberg et al. 1994), and rock outcrops (Clarke 2002a, b, Miller &
Forneck 2004) have been cited as safe sites for woody plants in a matrix of frequently
burned vegetation, since they locally allow for depression of growth of grasses and hence

reduce flammability.

Other successful plant strategies to survive fire are vegetative reproduction by root
suckerings or rhizomes and the capacity to resprout from the old stem base or the root
crown, following above-ground biomass removal by fire (Bond & van Wilgen 1996,
Hoffmann 1998, Bellingham & Sparrow 2000, Drewa et al. 2002). Fire resistance at the
individual level depends on a combination of traits, as height of the plant, its bark and stem
characteristic, and fire intensity, and, consequently, response at the population level differs
between fire events (Bond & Midgley 2000). Most shrubs and trees of savannas, chaparral
and fire-prone Mediterranean vegetation are able to resprout and a continuum of responses
following less intense disturbance can be observed across broad species sets and vegetation
types (Lloret et al. 1999, Guo 2001, Vesk & Westoby 2004).

Considering the variability of plant strategies and adaptations to resist or tolerate
fire, many savanna landscapes and their species diversity appear to be maintained by fire
regime (Braithwaite 1996, Furley 1999, Sternberg 2001, Bond et a. 2003). In climate
suitable for forest development, grassland areas protected from fire show a steady increase
in forest species, but the rate of increase also depends on site conditions, like soil and water
regime. In southern Brazil, both soil and water regime do not seem to impede establishment
of woody plants on grassland vegetation, as evidences (Behling 1998, 2001, Behling et al.
2004, Oliveira & Pillar 2004, Miller et a. Chapter 1) had confirmed conjectures (Lindman
1906, Rambo 1956, Klein 1975, Pillar & Quadros 1997) that forest expansion occur in
absence of disturbance by fire and grazing. Nonetheless site variation, like soil patchiness,
relief declivity and exposure, bracket together with unpredictable seasonal drought, can
promote spatial or temporal stress to the establishment and recruitment of new individuals,
especially for rain forest species (Knoop & Walker 1985, Kauffman et al. 1994). Such
situations can be responsible for more or less fluxes of forest species colonization in

adjacent grassland areas in a temporal scale.

In South Brazilian grassland, absence of fire over three to five years lead to a

reduction in diversity of grasses and herbs, mainly as a consequence of tussock grasses
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dominance on decreasing herb species, but no group of fire-following species has been
observed, indicating a community adapted to the current fire regime (Overbeck & PFillar
2004, Overbeck et al. in press). No studies have focused on woody species dynamics in
burned grassland vegetation under short fire intervals. Are woody species killed by fire or is
recruitment facilitated or stimulated by fire? How high and how common is the capacity to
resprout in woody species present in these grasslands? To assess these questions, the present
study describes short-term dynamics of woody plants in frequent burned grassland in
ecotone with rainforest areas. Specific objectives were to analyse (1) changes of woody
Species composition over two consecutive years in areas with different time elapsed since
fire and (2) dynamics of diversity and richness along a spatial gradiert from the forest
border into burned and unburned grassland areas, related to (3) tree or shrub species

recruitment and/or (4) recover capacity of shrubs and trees by resprouting after fire events.

Methods
Study site

The study was carried out on Morro Sntana (30°03" S, 51°07° W, 311m as.l.), Porto
Alegre, Rio Grande do Sul (RS), Brazil. Vegetation cover in the area is a mosaic of
grassdand and forests, with amost 70% being covered by forest and grassand found
especially on the top and on northern slopes of the hill (Aguiar et a. 1986, Porto et al.
1998). Situated at the 30° S parallel, a distribution limit of most tropical elements, forest
formations of Morro Santana are a mix of elements of Atlantic rain forest, from the
northeast, and of Deciduous Forest, from the northwest (Rambo 1961, Teixeira et al. 1986).
The grassands are very species rich, with atotal of 430 species cited for an area of approx.
220 ha and characterized by a matrix of caespitose grasses with a large number of sparsely
distributed herbs and grassland shrubs. Without frequent fire disturbances, an expansion
process of forest species and a shrub encroachment on grassland areas has been observed in
the study area, similarly to other regions in south Brazil (Oliveira & Pillar 2004).

Climate in the study region is subtropical humid without dry season (K&ppen s Cfa).
Maximal and minimal annual mean temperature are, respectively, 24.8 and 15.6°C and
annual average rainfall ranges from 1300 to 1500 mm (Nimer 1990). The predominant soil
types are Acrisols and Umbrisols (FAO classification; Garcia Martinez (2005)), with good
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drainage conditions, developed from a granite matrix. Rounded rock outcrops are abundant,

especially on the northern side of the hill.
Field survey

Woody species individuals were sampled in two consecutive years in grassland areas
adjacent to the forest border (first survey in January/February 2003, second survey in
November/December 2003). Sampling was conducted in six pairs of transects perpendicul ar
to the grasdand-forest limits, from the border to the grassland interior. Each transect
consisted of seven consecutive plots of 4.5 by 4.5 m (large plots, LPs), where species
identity, height, basal stem diameter, and two diameters of crown size were recorded for al
woody plants with or higher than 80 cm. Within each LP, three consecutive small plots
(SPs= 1.5 by 1.5 m) were s, i.e. forming a 21-plot transect, in order to measure all woody
plants with a minimal height of 10 cm. The same parameters (except crown size) were
recorded, with cover of each species in the plot estimated by a decimal cover scale (Londo
1976). Additionally, cover data of structural variables of the lower strata (herbs, graminoid
component, and lianas) and of cover by litter, rocks or open soil were recorded one month
before both field surveys.

In October 2002 a controlled burn was carried out in one transect each in four
transect pairs, unburned for three years or more. The other two transect pairs had burned
earlier in January 2002, and thus the transects designated for a burn did not have sufficient
biomass to support spreading of afire. Thus, four transects each comprised a group of plots
with different elgpsed time since the last fire (croup 1. three months, crour 2: one year, Grour
3. at least three years; considering time interval after the controlled burn in October 2002).
The same three groups were considered for the second survey, but with additional ten
months of time elapsed since fire. For analysis that considered both surveys together, the
groups correspond to a range of time interval between the first and the second survey (i.e.
GROUP 1. 3mo-1y, Group 2. 1y-2y, croup 3: a least 3y-4y). Grours 1 and 3 had transects &
(top-)southern and northern aspect (landscape position) and croup 2 only at (top-)south
western aspect. Four LPs (12 SPs) of one protected transect at southern aspect, i.e. from
Group 3, suffered an accidental anthropogenic burn right after we had conducted our first
survey. Thus, crour 3 had less plots for data analysis in the second survey, with plots having
passed to GrRouP 1.
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Data analysis

Genera approach — Each plot was described by species richness, Shannon's diversity (based

on the natural logarithm), density (number of woody plants per plot) and total basal stem
cover. Values were compared between the two surveys, between plots with different
exposition/aspect, and between plots with different elapsed time since fire, each factor being
analysed independently. Then, species composition in plots was compared between groups
of elapsed time since fire and the two field surveys by randomization testing with 1000
iterations (Pillar 1996), based on relative Euclidian distances between sampling units
(Podani 2000). For data from the second survey, we pooled the three SPs situated in one LP
(1.5 by 45 m, denominated MPs) for ordination analysis, using principal coordinates
analysis, and testing stability of the axes by bootstrap resampling (Pillar, 1999). In addition
to species data, the variables of lower strata and soil surface cover were used to generate a
general pattern of community structure in a second ordination analysis, differentiating plots
according to elapsed time since fire. All analyses of randomization testing and ordination
were carried out using the application program MULTIV (Pillar 2004), with a= 0.05 used in

randomization testing, unless otherwise specified.

Species category groups — Species were grouped into resprouters and nortsprouters. For this

study, only species that are able to resprout stems from the base of the old individual were
considered resprouter species. Further, within these two strategies of post-fire recovery,
species were grouped according to their main habitat, considering them as grassland, border
or forest species. Grassland species are those shrubs that normally grow in grassland
vegetation but not in forest, characterizing grassland communities with a higher stratum
dominated by shrubs like Baccharis spp., Vernonia nudiflora, and Eupatorium spp. Border
species are trees and/or shrubs uncommon either in grassland or in forest vegetation, e.g.
Dodonaea viscosa, Agarista eucalyptoides, Symplocos uniflora. Forest species are all trees
and/or shrubs common to surrounding forest vegetation, e.g. Myrciaria cuspidata, Myrsine
spp., Myrcia palustris Lithrea brasiliensis, Maytenus cassineformis, Matayba elaeagnoides,

Psychotria spp.

Groups of elapsed time since fire were tested by randomization analysis according to
the dynamic of each species category. LPs directly at the forest-border, which did not burn
completely in any group, were separated from grassland plots, named as border plots, and

compared with the three groups of grassland plots. For characterization of density changes
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per square meter of plants sampled only in LPs (i.e. = 80 cm high) we considered border and
forest species together, because of the low number of border species. Further, to verify the
recruitment dynamics between the two surveys, only tree or shrub species below 30 cm
were taken, comparing differences between border and the three groups of grassland plots,
considering single-stemmed and multi-stemmed plants. This information was taken during

the field data collection in both surveys.

Life-history features — Six species were chosen for a closer analysis of life history features

of the main strategy groups (resprouter grassland shrubs: Baccharis cognata, Eupatorium
ligulaefolium; non-sprouter grassland shrubs: Baccharis dracunculifolia, Heterothalamus
psiadioides, resprouter forest tree: Myrciaria cuspidata and non-sprouter forest tree
Myrsine umbellata). Since we had many multi-stemmed plants, a plant was considered to be
an individua when no visible connection at the soil surface (aboveground) among
neighbour plants of the same species was observed. Density per square meter in height
classes were compared between the groups of grassand plots in both years of field surveys.
The classes of height comprised individuals below 30 cm (class 1), 30 to 79 cm (class 2), 80
to 119 cm (class 3) and = 120 cm (class 4). For the forest tree species, additional
information from plots inside the forest was taken to compare distribution patterrs in the
grassand and at the border with patterns in the forest. For this, border plots were again
separated from the grasdand plots. The information on forest plots came from the data of
Miller et a. (Chapter 1) and these plots consisted of a continuation of the present grassland
transects into the adjacent forest areas, with six LPs (18 SPs) in each transect.

Results
Species composition dynamic

A total of 76 species (53 genera, 30 families) was sampled considering both years of
survey®; 31 species were grassland shrubs, 36 forest species and 9 border species; 65.8%
were resprouter species. Considering number of individuals, grassland species were the
most important of te woody community composition, achieving more than 90% of all
individuals. 3295 individuals were sampled in the first survey, and species number rose

markedly in the second survey. Considering number of individuals, grassland species

3 The complete list of families and species is accessible on Anexo 4
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increased by 66%, forest species by 47% and border species by 28%. Woody density per
hectare was 370 for forest/border species and 2,620 for all sampled woody individuals with
at least 80 cm height in grassland LPs. This estimation did not include border plots, where
density of forest species was higher.

Species composition in grassland plots differed between south/south-western and
northern aspect (see below). Nonetheless, border plots were similar in composition and
Shannon diversity, but their species richness and density also differed between north and
south (Table 1). All measured parameters tended to increase after one year at border plots
(only species richness significantly), even though only woody plants higher than 80 cm (LPs
criterion) were considered. Considering transects of southern and northern aspect (Grour 1,
burned and 3, unburned), a clear difference (p£ 0.001) among species richness (mean value
in burned and unburned plots, 0.81 and 3.68) and density (1.5 and 9.5, respectively) within
large plots was observed. Northern sites had higher densities and species richness, but the

pattern of fire disturbance influence was the same for both aspects.

Table 1. Diversity (H"), richness, density and total basal stem cover of large border plots (LPs),
comparing two consecutive years of field survey (n= 12) and the main aspect of transects (n = 8,
both surveys together). ns= non-significant, * p £ 0.05, *** p £ 0.001.

Border plots Jan/Feb 2003  end of 2003 south north  southwest
H' 1.07 1.31 ns 1.71 1.89 166 ™
Richness 6.50 8.41 ’ 6.25° 9.25° 6.87 %
Density 13.17 17.41 ns 975 2350° 12.62°
Stem cover (cm?) 101.03 109.11 " 107.86  121.73 86.00 ™

No differences existed in the species composition of all sampled grasdand plots
comparing the two consecutive years of survey. But, species composition differed
significantly according to elapsed time since fire (pE 0.01), for both surveys, even
considering differences among main aspect. The second survey is represented in Figure 1A.
The first axis of the ordination still separated southern from northern plots (southern plots
are principaly at the left and northern plots at the right of the diagram A). Nonetheless the
main direction from unburned to burned plots was similar in both aspects. Sampling units of
GrouP 2 (i.e. two years since the last fire; at south-western aspect) tended to keep on within
both extreme groups, having nonsignificant differences. With structural variables of the
lower strata and features of soil surface cover, difference between treatment groups of

elapsed time since fire were stronger, especially in respect to open soil and graminoid cover
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(grasses) (Fig. 1B). Increased presence of rock outcrops characterized northern site
sampling units. Resprouter species, e.g. Baccharis cognata, Vernonia nudiflora and
Eupatorium ligulaefolium predominated in recently burned plots and norsprouter species,
e. g. Heterothalamus psiadioides and Dodonaea viscosa in unburned plots, athough
sprouting species occurred as well (Mimosa parvipinna, Baccharis patens and B.
leucopappa), here often with one stem only. Species richness in grassland plots rose in all
groups from the first to the second survey, but differences between treatment groups were
not significant (mean of 1.35 + 0.47 species more per plot). Considering the second survey, all
treatments differed from each other also for species richness (p £ 0.001); croup 1 (1y burned)

had a mean of 4.14 species per plot, croupr 2 (2y burned) had 6.04 and at unburned plots
(croup 3) the mean richness was 5.20.
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Figure 1. Ordination diagram of grassland plots (MPs; 1.5 by 4.5 m) based on (A) species cover
and (B) species and structural variables cover in the second year of field survey. The method
was principal coordination analysis with relative Euclidian distance between sampling units.
Both diagrams were considered stable by bootstrap testing. Species or structural variables that
correlated more than 0.5 with ordination axis were Baco= Baccharis cognata, Base= B. sessilifolia, Bale= B.

leucopappa, Bapa= B. patens Euli= Eupatorium ligulaefolium Venu= Vernonia nudiflora, Heps=
Heterothalamus psiadioides, Dovi= Dodonaea viscosa, Mipa= Mimosa par vipinna, Buca= Butia capitata.

Species category - resprouters versus non-sprouters

The next step in this study was to identify patterns with the categories of all sampled
species. Based on the complete community data of individuals =10 cm high (84 MPs of 6.75
m2 in each survey) of all species groups, only density of grassland shrubs changed
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significantly between the two surveys, both for resprouter (1° survey= 25.7; 2° survey= 36.5)
and nonrsprouter species (1° survey= 8.0; 2° survey= 20.7). Mean density of forest and border
species was very low (1.4 and 0.6 in the 1° survey, respectively) and did not change much after
one year. Considering border plots (12 MPs) separately from grassiand plots (72 MPs), and
those in each group of elapsed time since fire, we analysed the differences between all

groups and the dynamic changing in one year after the first field observation (Table 2).

Table 2. Mean density of species groups in different groups of elapsed time since fire (following the
1° survey: GROUP 1= 3 months, GROUP 2 = 1 year; GROUP 3= a least 3 years) and relating border
plots to grasdand plots. All individuals larger than or with 10cm were considered. One MP (n) =
6.75mz; different letters show significant differences between groups of elapsed time since fire or
between border and grassland plots (capital letters p£ 0.001; lower cases pE 0.05).

GROUP 1 GROUP 2 GROUP 3 Border Grassland

First survey (Jan/Feb 2003) (n=24) (n=24) (n=24) (n=12) (n=72)
border resprouter spp. 0.29 0 021 0.83° 0.17°
border non-sprouter spp. 0.08 0 0.42 1.08° 0.17°
grassland resprouter spp. 28.25" 36.96° 19.58°¢ 10.33% 28.26°
grassland non-sprouter spp. 371° 14.42° 6.29° 7.17 8.14
forest resprouter spp. 0.50 0.13 0.96 3.42"° 0.53°
forest non-sprouter spp. 0 0.08 0.04 333" 0.04°
Second survey (end of 2003)

border resprouter spp. 0.32 0 0.35 1.25° 0.22°
border non-sprouter spp. 0.11% 0" 0.55% 1.337 0.19°
grassland resprouter spp. 3875 5375°  26.15° 13.83*  40.25°
grassland non-sprouter spp. 11.36*  51.13° 5.45% 7.25 22.97
forest resprouter spp. 054 0.17 0.65 475" 0.44°
forest non-sprouter spp. 0.00° 0.13" 0.6° 592" 0.21°

Density of grassland shrubs was higher in plots burned one and two years ago, being
more pronounced in the croup 2. At the one hand, resprouter shrubs were dominant in all
groups of grassland plots, including recently burned plots (1° survey, crour 1), comparing to
density of nonsprouter shrubs. On the other hand, non-sprouter shrubs became denser on
the second year in both burned groups Group 1 and 2), while a small decrease in the
unburned group was observed. This category of plants did not differ between border and
grassland plots. In border plots, only forest species - clearly more abundant here than in

grassland plots - changed from the first to the second year. Considering forest resprouter
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species, no differences were observed between the groups. Non-sprouter forest species
increased in density in unburned plots between the two survey periods, differently to plots
from crour 1. In the same way, density of forest non-sprouter species tended to increase in

border plots after one year.

Species from forest or border habitats (forest resprouter and non-sprouter) above 80
cm were clearly more frequent at border plots when compared to grassland plots even those
left unburned (Fig. 2). Practically only individuals of forest species with capacity to resprout
after fire occurred on grassland plots, non-sprouter species were restricted to unburned
areas. Unburned grassland also presented more grassland shrubs in comparison to the other
groups. Considering the second year of the survey, non-sprouter species tended to decrease
in unburned plots (croup 3), while resprouting shrubs became denser especially in the plots

burned 2 years before, since they now entered into the height limit of 80 cm.
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Figure 2. Density per square meter (only plants = 80cm high) of species categories at border plots and
grassdand plots (GRouP 1= burned in Oct/02, GROUP 2= burned in Jan/02, GROUP 3= unburned) in the two
consecutive surveys (A — Jan/Feb 2002; B — end of 2003).

Recruitment dynamics, considering only plants lower than 30cm, showed differences
between groups of elapsed time since fire both in grassand and border plots (Table 3).
Single-stemmed shrubs increased in density in al groups of grassland plots, but remained
stable at the border. Multi-stemmed shrubs only increased in unburned grassland plots
(croupr 3) and single-stemmed trees only in border plots, while multi-stemmed trees did not
change at all. Considering both field surveys together, all categories of plants responded
differently according to the treatment of plots. Single-stemmed shrubs were more abundant

a croup 2 and then croup 1, whereas multi-stemmed shrubs were denser in Group 1. Density
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of single-stemmed trees was higher at border and then at unburned plots (crour 3), while the

multi-stemmed trees were more abundant in Group 1 and then at the border.

Table 3. Dendty of single- and multi-stemmed shrubs and trees, lower than 30cm, sampled in both
field surveys, separated for border plots and the 3 groups of grassland plots. The first part of the
table shows differences between both surveys, and the second part between the treatments of plots
according to range of elapsed time since fire. ns= non-significant, * p£ 0.05, ** p£ 0.01, *** p £ 0.001.

first survey: Jan/Feb 2003 single-stemmed multi-stemmed  single-stemmed  multi-stemmed
second survey: end of 2003 n shrubs shrubs trees trees
GROUP1 - first survey 24 6.21* 18.79™ 0.08" 0.46"
second survey 28 16.18 16.86 0.07 0.32
GROUP2 - first survey 24 14.42%++ 12.79"™ 0 0
second survey 24 49.92 11.71 0 0
GROUP 3 - first survey 24 4.96* 1.464*+ 0.42"™ o™
second survey 20 8.30 6.05 0.65 0.1
border plots - first survey 12 6.83™ 0.83"™ 1.67* 0.33"™
second survey 12 5.08 1.67 442 0.08
both surveystogether * * * *
GROUP 1 52 11.58° 17.75° 0.08° 0.38°
GROUP 2 48 32.17° 12.25° 0.00° 0.00°
GROUP 3 44 6.48° 3.55° 052° 0.05%
border plots 24 5.96 % 1.25¢ 304° 021°

Life-history features - approach of some species

B. cognata and E. ligulaefolium produce a large number of seeds dispersed by wind,
but they are able to resprout basal stems after fire events very quickly (about 2 to 3 weeks)
and vigoroudly. In the first survey, 81% of sampled individuals of B. cognhata had multiple
stems at the base, and only 8% could be considered young plants (single-stemmed
individuals less than 30 cm). For the second survey, the number of young plants diminished
(3%) and the multi-stemmed plants summed 91%. The percentage of young plants for E.
ligulaefolium was much higher in the second (37%) than in the first survey (9%) and,
additionally, the total contribution of multi-stemmed plants was lower than for B. cognata
(55% in the first and 35% in the second year). Considering al plants (single- or multi-

stemmed), both species had a similar pattern of frequency in the study area according to



Segundo Capitulo— Woody Vegetation Dynamicsin Burned Grassland 76

time since fire. They changed in relative frequency in plots of crour 1 and 2 from about 30%
in the first year to aimost 50% at the end of 2003, while they decreased slightly in unburned
plots (from @25 to 18%). The density per square meter (Fig. 3) reveals that B. cognata was
very abundart especially in the recent burned areas, and most individuals were of small size
(less than 80 cm), but multi-stemmed (see above). For E. ligulaefolium it was notable that,
despite its ability to resprout, there was recruitment (class 1 became more abundart/frequent
in the second survey a croup 1 and 2) and some individuals were higher than 120 cm,
mostly single-stemmed at the base. Furthermore, a common pattern for both species was the
proportionally smaller density in unburned plots (croup 3), when compared to the two other

groups.
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Figure 3. Plant density per square meter of resprouter shrubs (E. ligulaefolium, B. cognata) and non
sprouter shrubs (B. dracunculifolia, H. psiadioides) divided in size classes of height (1= 10-29cm,
2=30-79cm, 3= 80-119cm, 4= =120 cm) according to time since fire (Groups1 to 3) in two surveys.

H. psiadioides and B. dracunculifolia are anemochoric grassland shrubs with no
ability to resprout. Frequency and density changes between the two surveys varied for the

two species. H. psiadioides decreased from 14 to 6% of frequency in unburned areas and
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increased from 7 to 26% in areas of crour 2. On recently burned areas (crour 1) it stayed
stable with less than 2%. A great change in number of young individuals (class 1) occurred
among the two years of observation, from 42 (50%) to 668 (80%) plants, most of them in
plots of crour2 (Fig. 3). On the other hand, there was a clear mortality of older plants in
unburned plots, without new recruitments. In the first survey, B. dracunculifolia was present
only in unburned plots and just with individuals higher than 120 cm (class 4). In the second
year, density of classes 3 and 4 stayed practically stable, while young plants started to
colonize both burned areas. The number of young plarts accounted for 51% of al sampled

individuals.

M. cuspidata and M. umbellata are examples of forest species that can be found in
grassland areas. In generd, this group of species was less represented in the study area. M.
cuspidata was one of the most frequent species occurring in grassand areas, with a
frequency of about 6% in unburned plots and 3% in plots of crour1 e 2. Data of plotsinside
the adjacent forest were used to compare densities of height classes with the border plots

and the grassland according the three groups of elapsed time since fire (Fig. 4).
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Figure 4. Plant density per square meters of forest tree species (M. cuspidata — resprouter and M.
umbellata - non-sprouter) divided in size classes of height (1= 10-29cm, 2= 30-79cm, 3= 80-119cm,
4==120 cm) comparing forest plots with border and grassand plots (GRoups1 to 3) in two surveys.

M. cuspidata is a common low Myrtaceae tree in the forest area, presenting plantsin
all classes, especialy of class 1. In border plots the density was lower and almost constant
concerning both survey data, and in grassland plots only some individuals were found,
mainly in croupr 3 and 2. A great difference existed among plants of M. cuspidata

considering plant architecture in forest and grassland areas. In the forest, practicaly all
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individuals were single-stemmed (92%), while in grassand areas most were multi-stemmed
(76%), indicating resprouting after fire events. M. umbellata, like the majority of forest tree
species (Appendix 1), presented a very low density even in border plots. M. umbellatais a
mid-size to high tree in the forest area, presenting few individuals per square meter in
general. No individuals were sampled in grassland areas in the first survey (although some
were observed in surounded areas) and, in the second, afew (class 1) colonized sites at the

border and plots of crour 3, i.e. in unburned areas. Both species are dispersed by birds.

Discussion

The lack of importance of the family Leguminosae in the present study constitutes a notable
difference from the savanna regions of South Africa (Bond et al. 2003) and Brazilian
Cerrado (Furley 1999). Puyravaud et al. (2003) in a site with rain forest expansion over
savanna/grassland areas in south-western India noticed a large pool of families of evergreen
species forming clumps of thicket in the grassland matrix beyond the limit of rain forest.
Similarly, the study site presents many species common in local forests playing the role of
pioneer woody trees, expanding forest vegetation over the grassand matrix under

appropriate conditions (absence of fire or safe sites).

The predominant vegetation type seems to be a shrubby grassland (Campo sujo), a
two layer vegetation where shrub species, mostly from the Asteraceae family, are forming a
more or less open canopy over the ground layer of grasses, mainly tussocks, and herbs. The
Brazilian Cerrado vegetation composes a gradient from open grassland (Campo limpo) to
savanna woodland (Cerradéo) along a continuum of decreasing incidence of fire and some
coincidence with increasing soil fertility (Coutinho 1990, Furley 1999, Moreira 2000).
South Brazilian grassands have been described according to physiognomic aspects
(presence or absence of shrubs, dominance of tussocks or reptant species) and dominant
species (Boldrini 1997) and smilarly asin the Cerrado vegetation, when fire or grazers are
excluded or the pressure is diminished, the woody plant component becomes more dominant
(Boldrini & Eggers 1996, Boldrini & Eggers 1997). Afterwards, there is a tendency of
adjacent forest to expand over the grassland, since climate and most of soil types are not a
drawback for forest formation (Rambo 1956, Pillar & Quadros 1997, Mller et al. Chapter
1). In the present study the estimated density of woody plants per hectare in the grassland
(2,620 for plants above 0.8 n), even considering the three different elapsed times since fire
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together, is close to the density in the Campo cerrado vegetation (open woody savanna,
Furley 1999), but the mean height and the species category group are completely different.
While in the woody savanna of Cerrado the general height is between 37 m and most of
species are trees, in the present study site the great majority are grassland shrubs with a
genera height between 0.8-2 m, being rare trees higher than 3 m and still frequent shrubs
below 0.8 m.

Influences of the elapsed time since fire could be observed for species composition
and richness, considering the main differences between recently burned (until 1ly) and
protected (3-5y) grassand areas. Bond and van Wilgen (1996) considered fire as “a large
herbivore’, since aerial biomass is removed and, considering that frequently patches in the
vegetation cover remain untouched, the responses of individual species or of total
community may be similar to different levels of rea cattle grazing. The present study
demonstrates lower density, richness and diversity of woody species in recently burned
plots, especially where burning was more homogeneous (at south sites), which can be
comparable with the effect of a high grazing pressure on composition and density of tree
species (Mcintyre et al. 2003). At border areas protected from fire, species richness and
density of nonsprouter trees increased in a one-year period (establishment of single-
stemmed young plants in the second survey). For grassland shrubs density changes were at
thelr maximum two years after the burns, both for resprouters and obligate seeders, with
both groups tending to decrease in density in longer unburned areas. As a consequence of
this density changes, the mean species richness was higher for croup 2 than at unburned
grassland plots. With longer fire-free periods, establishment of nonsprouter trees would

continue, as was observed in the second survey on unburned plots and on border plots.

The architecture of woody plants and resprouting ability can be viewed as aresponse
to disturbance in a hierarchical framework along a continuum of disturbance severity or site
productivity (e.g. moisture and/or fertility) (Bellingham & Sparrow 2000). This is especially
true for species that are growing as a monopodial tree on moister/fertile habitat which under
adverse site conditions or frequent disturbance events produce a multi-stemmed resprouting
architecture, as for instance in the present study the species Myrciaria cuspidata, Eugenia
spp., Matayba elaeagnoides, Lithrea brasiliensisand Myrcia palustris. Species or single
plants perceive and respond to disturbance severity differently, according to its disturbance
resistance adaptations or yet to its age, and thus a variety of types of resprouting may occur
in adte (Bellingham & Sparrow 2000). While resprouter species at the present study were
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considered only those that had showed a basal multi-stemmed architecture, adult individuals
of, for instance, M. umbellata had induced aeria resprouting related to its stem damage

gravity, which correspond to another level of resprouting.

For successful establishment of forest species, plants must achieve a fire-tolerant
size during the disturbance interval, growing higher than the grass layer, where injury of fire
temperature is higher, unless on safe sites protected from fire. Clarke (2002a, b) showed that
rock outcrops can act as safe sites for species that would be killed by fire in sclerophyll
forest that are prone to fires. Likewise, our results indicate that forest tree species, which are
more susceptive to fire than most grassland shrubs, show higher densities at the northern
sites, where soils are shallower and presence of rounded granite rock outcrops is higher.
Places near rock outcrops have longer fire-free intervals or at least less intense fire regime,
since grasses (the main fuel) produce less biomass on shallower soils. Furley (1999) showed
that grassland vegetation in Brazilian Cerrado Campo limpo) predominates over down-
slopes, where the increasing water accumulation can lead to seasonally wet conditions at the
surface, favouring grasses, while woody patches are found on well drained sites, such as
outcrops or mounds formed from termite activity. In such local mosaics of vegetation
structure, ground layer vegetation receives less homogeneous treatment by fire, increasing
patchiness, which is consistent with the intermediate disturbance hypothesis promoting
species diversity (Pickett & White 1985, Braithwaite 1996, Mclntyre et al. 2003). This point
is corroborated by our results of higher diversity and species richness on northern sites in
both senses, by the opportunity of safe sites and the most frequent patchiness of the ground
layer.

As the disturbance frequency increases, the proportion of resprouting species in the
community is expected to increase too, and the few seeders must have higher relative
growth rates and set seeds earlier than the resprouters (Bellingham & Sparrow 2000). At
neotropical savannas, species that reproduce vegetatively had been 15 times more
productive in burned plots than in unburned controls (Hoffmann 1998). The great proportion
of resprouter species at our study site and their increasing density in burned grassland plots
(crour 1 and 2), as well as the high recruitment rate of nonsprouter anemochoric shrubs
species after two years of fire, are features from communities under high disturbance

frequency with well-adapted species.
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Non-sprouter grassland shrubs increased establishment on grassand more
expressively after two years of the fire disturbance, like in neotropical savannas, where
despite the overall negative effect of fire on seedling establishment in the first year
following burning, normal levels of recruitment had returned by the second year (Hoffmann
1996, 1998). In chaparral and savanna-type vegetation, shrub seedling density is related to
post-fire conditions, with some species being dependent on fire to persist in the community
(Smith & Taiton 1985, Tyler 1995, DeSimone & Zedler 2001). In South Brazil no study has
focused on such dependences, but the life-history features of species like H. psiadioides and
B. dracunculifolia are indicating some advantages of post-fire event to seedling
establishment. On unburned plots, the height size proportion of these shrubs stayed almost
stable along two consecutive years, with a slight decrease of adult individuals, indicating a
possible senescence at the population level, and alack of new seedlings, which are probably
dependent on bare soil sites to establishment. Number of shrub seedlings increased much

more in burned plots than in protected areas in one-year period.

The above dynamic pattern was valid to most grassand shrubs; while for the forest
tree species no clear pattern was observed (Appendix 1). Density of forest tree species
increased only in border plots; on unburned grassland, some species increased and others
decreased in density, and on recent burned areas most established species were resprouters
and had being aready present before those fire events, especialy in between rock outcrops.
Only at the forest border significant seedling recruitment took place, and no changes
occurred on unburned plots, even though they initially presented more individuals than both
burned groups. It has been demonstrated that shrubs can have favourable effects on tree
seedling establishment, such as increasing seed dispersal and seedling survival by
facilitation (Holl 2002). The present study did not show any significant relationship between
woody crown cover and tree seedling establishment in grassland, which may be a
consequence of the short time of fire absence, since a dlight increase in tree seedling
establishment in the second survey was aready observed in places with larger shrubs (e.g.
B. dracunculifolia in unburned plots). M. cuspidata was one of the most frequent forest
species on grassland and can survive recurrent fires, as it was present on all three grassland
groups of elapsed time since fire. The individuas of this species in grassand areas had a
basal stem structure like a woody swelling at the stem base, from which many new stems
were sprouting right after fire (sometimes more than hundred). Studies are needed

addressing morphology of below-ground structure of M. cuspidata and other species
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occurring in the grassdand matrix, to understand how investment in low stature and multi-
stemmed architecture can be beneficial for surviva in fire-prone communities (Bellingham
& Sparrow 2000) and how the structural patterns of woody species is being defined by the
fire regime.

Like M. cuspidata, B. cognata and E. ligulaefolium, most of the shrub and tree
Species present were resprouting and shorter than obligate seeders, but more efficient in
post-fire colonization. Data about how long such resprouting species populations are able to
survive without recruitment of new generations, as well about the seeders recruitment rates
in present fire regime, would be fundamental keys for managing grassand vegetation in
southern Brazil, so much for the maintenance of pure grasslands (avoiding shrubl/tree
encroachment) as to allow natural forest expansion process. From the present study,
analysing short-term dynamics of woody vegetation in a burned grassland without grazing,
we can conclude that fire intervals of two to three years do not avoid shrub encroachment
but retard the advance of forest species over the grassland matrix, except on sites very close
to the border (maximal 5 m) or yet on island patches protected from intense fire, as rock
outcrops. The process of forest expansion is, consequently, retarded by fire. In the absence
of fire, micro-site conditions as well as life-history features of pioneer species combined
with annual variation in water stress are key factors for forest expansion, which are not yet
well understood in subtropical Brazil. In a general way, absence of fire can alter the mosaic
of habitat types by increasing the proportion of forest, thus diminishing habitat diversity,

which has been recognized as an important component of biodiversity (Braithwaite 1996).
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Appendix 1. List of species with density (plant.mi?), mean basal diameter of individuals (cm?) in the
first survey (Jan/Feb 2003), and density change in % fom first to second survey (end of 2003),
separated for the three grassland groups (elapsed time since fire) and border plots (close to the forest).
For species, main habitat (b= border, g= grassland, f= forest) and information on resprouting capacity is given.

- burn (Oct./02) burn (Jan./02) unburned border
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SpeC|es o =0 o > =0° o > =0 o > =0
Agarista eucalyptoides x |0.04 -224 0.36 - - - 0.027 38,5 3.06 |0.062 -33.3 3.81

0.15 -10.7 0.07 |0.049 41.7 030 [0.097 30.2 0.13 - - -

x

Baccharis articulata

Baccharis cognata x |1.46 408 0.02 [1.837 -48 142 (0.646 -19.4 0.38 [0.148 36.1 0.35

Baccharis dracunculifolia - 1.1 - - 15.4 - 0.049 35 1.75 | 0.004 300 0.64
Baccharis leucopappa X - 4.8 - 0.012 13500 0.14 | 0.002 2420 1.13 - 4.9 -
Baccharis ochracea X 0.04 185.7 0.14 |0.049 583 295 | 0.084 113.7 0.21 - 2.9 -
Baccharis patens x |0.03 -82 1460 |0.012 -100 0.08 |0.142 -13 1.20 - 2.1 -

Baccharis sessilifolia X 0.17 16.3 0.23 |0.080 23.1 026 (0494 775 085 |0.136 -24.2 0.13

Baccharis trimera 0.06 -33.3 0.10 |0.037 -44.4 0.15 | 0.086 80 0.08 - - -
Butia capitata - - - 0.004 - 2.95 | 0.006 20 3.14 | 0.004 - 17.51

Campomanesia aurea X 0.17 -38.8 0.03 |0.037 -50 0.07 | 0.047 -68.7 0.17 | 0.136 -51.5 0.05

- = T = Q@ Q@ @ @ @ @ @ Q@ @ Q@ @ «a « o
x

Collaea stenophylla X - - - 0.078 -23.7 021 - - - - - -

Croton nitriariaefolium 0.25 487.1 0.14 |1.870 26.1 019 |0570 -2.5 0.14 | 0914 5.0 0.05
Croton thermarum 0.28 -25.5 0.02 - - - 0.076 10.3 0.23 | 0.086 -42.9 0.02
Diospyros inconstans - - - B - B B - - 0.016 875 0.26
Dodonaea viscosa 0.02 -14.3 0.64 - - - 0.043 14.3 11.07 | 0.123 16.7 8.74
Erytroxylum argentinum - - - - - - - 5.2 - 0.008 850 1.78
Eugenia hyemalis X 0.03 37.1 0.55 - - - 0.006 380 0.58 | 0.012 333.3 0.28

Eupatorium ligulaefolium g X 0.34 122.6 0.29 |0.366 209.6 0.27 |0.354 -16.3 0.47 | 0.016 625 0.19
Eupatorium intermedium g X 0.10 -94.6 21.58 | 0.006 - 0.27 | 0.043 -65.7 3.30 | 0.008 450 1.36
Guapira opposita f - - - - - - - - - 0.066 31.3 2095
Guettarda uruguensis f - - - 0.002 - 2.11 - - - 0.008 - 1.78
Heterothalamus psiadioides g 0.02 -61.9 1.76 |0.265 1802.3 0.01 |0.222 -63.3 1.71 - 0.4 -

Lithrea brasiliensis f X 0.01 -14.3 2.00 |0.006 166.7 3.74 - - - 0.016 100 4.90
Maytenus cassineformis f X 0.01 59.2 0.46 - - - 0.025 -70 0.14 - 0.4 -

Matayba elaeagnoides f X - - - 0.004 - 9.09 | 0.002 -100 27.90|0.029 14.3 0.76

Mimosa parvipinna g x |002 325 0.63 - - - 0.076 49.2 0.82 - - -
f

Myrsine coriaceae - - - - - - 0.006 140  0.31 | 0.053 100 4.91

Myrciaria cuspidata f x |001 -42.9 237 [0.021 60 0.45 [0.051 5.6 478 [0.091 40.9 2.04
Myrsine guianensis f X - - - - - - 0.002 20.0 23.76 | 0.008 - 10.77
Myrcia palustris f X 0.01 -28.6 213.48 | 0.004 -100 3.73 |1 0.062 -100 2.26 | 0.070 41.2 4.48
Myrsine umbellata f - - - 0.004 -100 0.20 | 0.002 260 0.64 | 0.041 30 0.91
Pavonia hastata g X - 5.5 - 0.228 67.6 0.11 | 0.025 100 0.15 | 0.091 268.2 0.05
Porophyllum lanceolatum g X 0.26 2245 0.04 |0.512 -2.0 1.18 | 0.115 127.1 0.16 | 0.280 92.6 0.05
Psychotria carthagenensis f - - - 0.006 -100 0.44 - - - 0.029 2143 1.81
Schinus weinmanniaefolius g X 0.07 -42.9 0.06 0.605 -34 13.50 | 0.021 -16 0.15 | 0.115 57.1 0.58
Sebastiania brasiliensis f - - - 0.006  -100 0.99 - - - 0.049 33.3 0.03
Styrax leprosus f X - - - - - - 0.002 260 3.81 | 0.029 -57.1 0.43
Symplocos tetrandra f X - - - 0.002 -100 1.54 - - - 0.078 15.8 0.27
Symplocos uniflora f X 0.03 -67 16.88 | 0.004 - 11.00 | 0.006 -60 58.63 | 0.016 725 116.32
Vernonia nudiflora g X 119 23 0.08 |[1551 11.8 0.07 | 0.638 49.4 0.45 | 0.284 -7.2 0.07
Verbesina subcordata g x |0.03 714 0.28 - 3.1 - - 0.7 - 0.012 -100 0.19
Zanthoxylum rhoifolium f X - - - 0.002 -100.0 3.81 - 1.0 - 0.037 66.7 0.13

" Only species with at least 5% of frequency considering both surveys.
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ABSTRACT

Assessing plant functional types (PFTs) has been widely emphasized for search landscape
or community changes relating climate and disturbances. In this study we search for PFTs of
woody species in forest-grassland boundaries in South Brazil, where a current tendency of
forest expansion exist, but fire in grassland is frequent. Two questions were thus addressed
to know i) which plant functional types of forest woody species can establish in adjacent
grassdand subject to fire disturbance and ii) which plant functiona types of forest and
grassland woody species are related to short-term dynamics in frequently burned grassiand.
Traits were assessed in woody plants in 156 plots (6.75 m?) arranged in 12 transects across
forest-grassland boundaries with different fire treatments in grassland. The analysis used a
recursive algorithm to search for traits and PFTs maximally associated to spatial distance
from forest limit in one analysis and elapsed time since last fire in other. As a result, nine
PFTs of forest woody species were identified maximally associated to distance from forest.
Resprouting ability characterized forest plants able to colonize grasslands. PFT diversity
was higher in border plots than inside forest. Four PFTs of forest and grassiand woody
species were identified maximally associated to elapsed time since fire. Taller individuals of
single-stemmed shrubs predominated in late post-fire recovery (3-4 years), while shorter
multi-stemmed shrubs in recently burned areas (3 months to 1 year). PFTs of forest trees
occurred in border plots or as established adults in grassland, remaining unaffected by fire.
We concluded that identification of PFTs of woody plants in grassland associated to elapsed
time since last fire suggests that easy- measurable traits are sufficient to evaluate post-fire
community dynamics. Forest PFTs in burned grassland are restricted to those with
resprouting ability to survive recurrent fire events, and establishing on protected sites with
less-intengity fire.

Keywords: forest expansion, resprouter, shrubs, tree establishment, South Brazil, vegetation
dynamics
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Introduction

Assessing plant functional types has been widely emphasized as an aternative to
determining species composition in order to evaluate the influence of climatic change,
atmospheric composition (e.g. rising CO2 concentration) and land-use changes over
present-day vegetation communities in a global sense (Box 1996, Woodward and Cramer
1996, Diaz and Cabido 1997, Pausas 1999). These are mgor factors that may act
simultaneously on scales from local patches to globa landscape structure, promoting

changes in ecosystem functions and resporses (Mclntyre et al. 1999a, Rusch et al. 2003).

In spite of some conceptual differences, definitions agree that plant functional types
(PFTs) are groups of functionally similar plant types for responses to certain conditions
and/or for effects on ecosystems processes (Pillar and Orl6ci 1993a, Box 1996, Noble and
Gitay 1996, Woodward and Cramer 1996), although function is not easily defined or
classified. Based on the assumption of relationships between form and function (Barkman
1988), the structural-functional approach permits the use of visible structural attributes as
surrogates for functional patterns, these thus being widely applied as basic features for PFTs
classifications and, when possible, further complemented by physiological traits (Box 1996,
Weiher et a. 1999). Methods by which to elaborate PFT classifications may follow two
main approaches; one where groups of plants derive from numerical analysis, with a more
inductive selection of traits related to environmental (or disturbance) variables, and other
where groups are deduced a priori based on assumed features that operate certain
functionality in the system (Bugmann 1996, Noble and Gitay 1996, Woodward and Cramer
1996). A combination of both approaches had been used as well, considering that the
process of trait selection has a previous deductive base (Mclntyre et al. 1999b).

Although an universal plant functiona classification has been recognized to be
unlikely to accomplish, a classification becomes more useful when plant types are
determined for a particular purpose, such as phenological/life-form approaches commonly
applied to landscape change relating disturbance (Noble and Gitay 1996, Campbell et al.
1999) or broadly applied to contrasting floras of regions differing greatly in climate,
biogeography and land use (Pillar and Orldci 1993b, Diaz et al. 2004). The functional
classification adopted by Noble and Gitay (1996), based on features derived from the vital
attributes model by Noble and Slatyer (1980), define plant groups to reveal changes in
vegetation patterns under fre disturbance. Other studies, however, access plant function
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based on physiological processes (“hard” traits like photosynthesis, respiration, competitive
ability) (Grime et a. 1997), but for highly diverse communities this may be impractical
(MclIntyre et a. 1999b), and where no sufficient information about species composition
exists, the applicability of some traits is unfeasible as well. Thus, if the aim is to evaluate
not only some well-known species in relation to a certain environmental function but a

whole community or at least alarge group of species, structural traits may be more useful.

Another fundamental topic to be considered is the target variables of trait analysis,
since the functionality of subsequently defined groupsof plants will be directly linked to the
trait set selection. Obtaining interspecific traits measurement in the field, in contrast to traits
resulted from laboratorial testing of greenhouse plants, has the advantage of not needing
extrapolation of natural conditions (environmental influence). But, if only adult plants are
measured, many important continuous traits that show ample variability within species can
affect species ranking for such traits (Cornelissen et a. 2003). Such variability may result
from genetic variation within or between populations, environmental conditions, and/or
disturbance restrictions. Thereby, trait sampling that considers plants apart from species
identity and measures variability between traits within species directly in the field avoids the
above cited problem and individuals of a single species may belong to different PFTS,
taking into account genotypic or phenotypic plasticity (Pillar and Sosinski Jr. 2003, Sosinski
Jr. and Pillar 2004, Overbeck et a. submitted). So, we adopt the definition that a “PFT isa
group of plants that, irrespective of phylogeny, are similar in agiven set of traits and similar
in thelr association to certain variables’, which may be factors of environmental conditions
(e.g. soil, temperature, moisture), disturbance regimes €.g. fire, grazing) or ecosystem
effects (e.g. biomass production, litter, diversity) (Pillar and Sosinski Jr. 2003).

In ecotones of grassand-forest formations in southern Brazil, studies have focused
on the causes of their maintenance, since present climate conditions are suitable for forest
formations (Rambo 1956, Pillar and Quadros 1997) and no restrictions by soil properties for
forest expansion have been observed €.g. Garcia Martinez 2005). A process of forest
expansion starting after mid Holocene is well documented by palynological studies in peat
profiles in southern Brazilian regions (Behling 2001, Behling et al. 2004); where abundant
charcoal particles since much earlier in the Holocene have also been recorded. Thus fire has
from the start been present in grassand-forest mosaics, probably a factor preventing
successful forest tree species establishment within grassland, with or without grazing
(Hoffmann et al. 2003, Pillar 2003).
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In this paper we define PFTs in forest-grassland ecotones in subtropical Brazil based
on traits described in woody plants. In one case, with forest woody plants only and
presuming a forest expansion process into grassland we search for PFTs related to spatia
distance from the forest limit. In other case, with all woody plants present in grassand, we

search for PFTs related to short-term response to fire disturbance

Methods

Sudy area — The study was carried out on Morro Santana (Santana hill; 30°03’ S, 51°07’
W) situated on a chain of granitic hills, in Porto Alegre, Rio Grande do Sul, Brazil. Natural
vegetation cover of this region 8 a mosaic of grassland Campos) and forest, the latter
preferentially on sites with south and southeast aspects, with many patches of woody plants
in the grassand matrix and riparian forest along creeks or rivers (Rambo 1954, Rambo
1956, Teixeiraet a. 1986). On Morro Santana, amost 50% of the area (approx. 400 ha) are
covered by forest, a mixture of floristic elements of Atlantic rain forest (northeastern
influence) and of deciduous seasonal forest (western influence); however, most of the
dominant species came from the Atlantic forest (Rambo 1954, Rambo 1961, Brack et al.
1998). Campos vegetation predominates on the top of the hill (altitude max. 311 m as.l.)
and on the north side, comprising approx. 220 ha. On grasdand fire is a frequent
disturbance, usualy caused by local residents, with return intervals of three to five years.
The present mosaic of vegetation is supposedly maintained by anthropogenic fire, since the
areais not grazed and climate conditions are suitable to forest formation (Overbeck et a. in
press). Forest istoo moist to burn and thus grassland fire spread stops at the border, causing
more or less abrupt transitions, according to local topography and fire regime (Mdller et al.
Chapter 1).

The climate is subtropical humid without drought season. It corresponds to the Cfa's
type according to Kdppen's classification, with mean annual precipitation of 1348 mm and
an average annua temperature of 19.5°C (Nimer 1990). The soil types are typical
dystrophic red-yellow argisols, developed from granite (Streck et a. 2002), corresponding
to acrisols, alisols and umbrisols in the FAO-classification (Garcia Martinez 2005).

Rounded rock outcrops are abundant on the hill.

Experimental setting and data collection — Data of woody plants were collected in 1.5 by
1.5 m plots arranged in 12 transects located on trangitional zones of forest-grassiand
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vegetation. Transect location was defined based on differences in the woody vegetation
physiognomy in the grassland matrix. Transects were arranged in pairs and transects in each
pair, as much as possible similar to each other, were separated by five meters. Two of these
pairs were on north, two on top/south and two on top/southwest aspect. Each transect
consisted of 39 contiguous plots, with 21 being in grassand and 18 in forest. The limit
between grasdand and forest was defined by the last adult forest tree. In October 2002,
before sampling, we subject the grassand portion of one randomly selected transect in each
pair to a controlled burn. The transects located on top/southwest aspect had last burned in
January 2002 and by the time of the experimental burn had not accumulated sufficient
flammable biomass to support spreading of afire. Therefore, the experimental burn succeed
only on four transects located on grassland that was unburned for three years or more (two
on north and two on top/south aspect). The survey of the grassland plots was conducted in
January/February 2003 (first survey). Such a design of burned and unburned transects thus
allowed us to define three groups of plots, based on time elapsed since last fire event in the
grassland plots: group 1= 3 months (plots of the transects experimentally burned in October
2002), group 2: 1 year (plots of the transect pairs last burned in January 2002), group 3: 3-4
years (unburned plots in the transect pairs subject to experimental burrs). Further, the first
three grassland plots (closest to the forest) in each transect were considered border plots
(group 4) for the analysis involving the influence of fire, since they did not burned well in
any transect due to lack of flammable biomass. It was assumed that transects in a pair had
similar plant composition before the experimental burn; differences found between groups 1
and 3 were thus due to influence of a single recent fire. Space for time substitution was
adopted in defining groups 2 ard 4. The survey of the forest plots was carried out from July
to September 2003. Later, in November/December 2003, a second survey was carried out in
the grassland plots of groups 1 and 3, allowing in these the analysis of short-term post-fire
vegetation dynamics.

In each survey, all woody plants above 10 cm high were considered in grassland and
forest plots, recording species identity, plant height, stem shaft height (height to the first
branch) and basal stem diameter. Other attributes were recorded at individual, population or
species level (Table 1). Habit, dispersal syndrome, resprouting ability and leaf texture were
recorded at the species level, based on field observations and literature. Resprouting ability
was considered only as basal sprouting response related to fire reaction (Bellingham and
Sparrow 2000, Bond and Midgley 2001), thus not including species with sprouting capacity
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that occurred exclusively inside forest areas, where fire does not spread in the study site. All
other traits were measured in individuas directly in the field and extrapolated for a
population taken as homogenous. In this study, we define “population” as a group of plants
of the same species occurring in the same plot and being acceptably homogenous for the
traits being considered. Later, in data handling, individuals belonging to the same species
and sharing the same states for plant phase and stem base in a plot were grouped as a
different population. The other traits were then averaged in each of these populations and
categorized into classes of states. For example, a population state for plant height or leaf
area was obtained by the mean vaue of individuals in the same plant phase and stem base
state belonging to the same species in a plot. The am of this choice was to avoid excess of

continuous trait variability, e.g. among seedlings and adult trees (Cornelissen et al. 2003).

Table 1. Traits used for description of woody plants in grassland, border and forest in the present
study. Alternative states for habit (*) were used for trees and understory shrubs in forest-grasdand
transition analysis (see below).

Nr Attribute Code States

1 habit ha 1: shrub, 2: tree

1*  habit* ha  1:shrub, 2: tredets, 3: low-sizetree, 4. mid-sizetrees, 5: large
trees

dispersal syndrome  ds 1: autochory, 2: anemochory, 3: zoochory
resprouting ability  ra 1: non-sprouter, 2: resprouter

plant phase pp 1: below 30cm high, 2: 30-79, 3: >80cm high, but less than 5cm
of basal diameter, 4: above state 3

plant height ph 1:<0.2m; 2: 0.2-05; 3: 0.5-1.5; 4. 1.53;5: 36;6:69; 7: >9m

shaft height sh 0: unbranched; 1: <0.2m; 2: 0.2-0.5; 3: 0.5-1.5; 4: 1.5-3; 5: 3-6; 6:
6-9; 7: >9m

stem base sb 1: sngle-stemmed, 2: multi-stemmed

stem consistency sC 1: semi-woody, 2: woody

stem structure se 1: unbranched stem, 2: branched stem
10 leaf shape Is class of width leaf:length leaf ratio — 0: no leaf; 1: <0.1; 2: 0.1-
0.3, 3: 0.30.6; 4: 0.6-0.8; 5: 0.81; 6: >1
11 ledf area la 0: no ledf; 1: <lcm?, 2: 1-5; 3: 5-15; 4: 15-25; 5: 25-35; 6: 35-50;
7: 50-80; 8: >80cm?
12 ledf texture It 0: no leaf, 1: coriaceous, 2: intermediate between 1 and 3, 3:
membranous

L. Groups according to Brack et al. 1998 referring to a species’ maximum height (shrubs: less than 2.5 m;
treelets: 2.5-5 m, low-size trees: 5-9 m, mid-size trees: 9-15 m, large trees: above 15 m).
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Data analysis — For the analysis we used data defined for larger (4.5 x 1.5 m) plots generated
by pooling sets of three adjacent 1.5 x 1.5 m plots, resulting in 13 plots per transect. To
define PFTs, we followed the methodology developed by V. Pillar (Pillar and Orloci 19933,
Pillar 1999, Pillar and Sosinski Jr. 2003) for the identification of PFTs maximally associated
to the forest-grassland transition (position of plots on the gradient) and fire disturbance. The
analysis used the agorithm for trait subset optimization involving polythetic clustering
(Pillar and Sosinski Jr. 2003) implemented in SYNCSA software (Pillar 2004). In short, the
algorithm involves three data matrices. one matrix (B) of plant populations described by the
states of traits, a second matrix (W) of populations describing by their performance in the
communities (our pooled plots) and a third matrix €) of community sites described by
environmental variable(s) (fire, distance from forest limit). The recursive algorithm searches
for a subset of traits in matrix B and groups of populations based on cluster analysis with
these traits (PFTs) in such a way to maximize the congruence between vegetation described

by the PFTs and the chosen environmental variable. Congruence is measured by the matrix

correlation PP+, where D contains community dissimilarities (chord distances) based on
the PFT performances (population performances in matrix W rearranged and pooled in each
plot according to the defined PFTs), and A the community sites’ dissimilarities (Euclidean
distances) based on the chosen environmental variables (E) standardized if needed. For the
anaysis al traits were taken as quantitative or semi-quantitative according to states
logically ordered as in Table 1 (e.g., for habit, trees are taller than shrubs; for dispersal

syndrome zoochory is more complex than autochory).

For the analysis we categorized the woody species (shrubs and trees) into typical
grassland species (never present in forest) and forest species (typical of forest, but
sometimes present in grassland as pioneer species). The following analyses were conducted:

1) With the objective of identifying PFTs associated to a presumed forest expansion
process into grassand (forest-grassland transition analysis), we considered only forest
species, excluding plots where no forest species were found, and used in matrix E the
distance to the forest limit. In this analysis, matrix W was defined by population density per
plot.

2) With the objective of identifying PFTs associated to fire disturbance in grassland,
we considered all woody species present in grassland plots only and used, as a proxy for

post-fire recovery stage, time elapsed since the last fire event as the variable in matrix E
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(groups ordered 1 to 4). Matrix W was defined by population’s basal area per plot in the
first survey.

3) With the objective of further exploring PFTs related to short-term response to fire,
we considered the plots of groups 1 and 3 in the two consecutive years of survey. For this,
two variables were used in matrix E: fire (burned versus unburned plots) and time (1%

versus 2" survey). Matrix W was defined by population’s basal area per plot.

In each analysis, as a consequence of redundancy among traits, the algorithm found
several solutions differing regarding trait subset and defined PFTs but that were very close

in terms of P{ILA) congruence values. Among these, we chose a solution which was a
compromise between congruence level and interpretability of the results. For a synthesis of
the results, we used ordination by Principal Coordinates Analysis (PCoA) with the matrix of
plots described by the defined PFTs, based on chord distances (Podani 2000). In order to
complement the interpretation of defined PFTs according to the traits, a PCoA ordination
analysis of PFTs based on the mean value of statesin the optimal trait subset was performed
using Gower’s index as resemblance measure, and for aiding interpretation all traits
(optimal and suboptimal) were depicted on the diagram accordingly to their correlation
value with the two first ordination scores. This step was conducted only for forest-grassiand
transition analysis. Groups of plots based on time elapsed since last fire were compared for
PFT composition and PFT diversity, by analysis of variance with randomization testing,
using 1000 random permutations (Pillar and Orldci 1996). Diversity was measured by the
Shannon index based on the natural logarithm (nats).

Results

Forest plantsin forest-grassland transition

This trait-based analysis involved 1344 populations, belonging to 80 species of 40 families.
Myrtaceae (14 spp), Lauraceae (7 spp) and Rubiaceae (6 spp) were the most species rich
families, followed by Sapindaceae, Euphorbiaceae and Salicaceae, each one with four
species. Some species, like Dodonaea viscosa (L.) Jacq., Agarista eucalyptoides (Cham. et
Schl.) G. Don Campomanesia aurea O. Berg Opuntia monacantha Haw. and Cereus

hildmannianus K. Schum., which are uncommon inside forest formations, were considered
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in this analysis as well, considering their commonness at border sites. The complete list of

species according to their presence in one of the PFT-based analysesisin Appendix 1.

The optimization algorithm found six optimal traits, defining nine PFTs (Table 2).
The traits were habit (ha), resprouting ability (ra), shaft height (sh), stem consistence (sc),
leaf area(la) and leaf texture (It), maximizing congruency with distance to the forest limit at
alevel of 0.60 (the analysis found 14 close solutions of PFTs number and trait subset with
congruency value ranging from 0.61 to 0.60, results not shown). The ordination of plots by
these PFTs clearly separated grassland plots from forest plots (Fig. 1A). Correlation of
ordination axis 1 to distance from forest limit was 0.82 (-0.09 for axis 2). Grassland plots
farther from frest were characterized by PFT2 and grouped closely in ordination space,
while forest plots were more dispersed at one end of the gradient and characterized by
severa PFTs. Plots near the forest limit (f5, f6) were spread over the diagram, indicating
higher diversity of PFT composition and transition to grassland. The ordination of PFTs by
the optimal traits (Fig. 1B) helps characterizing each PFT and their similarities. The first
ordination axis denotes variation in resprouting ability (from resprouter to nonsprouter; |eft:
state 2, right: state 1), stem consistence (semi-woody to woody stems), leaf area and shape
(larger and broader leaves to the right), leaf texture (from coriaceous to membranous) and
habit (shrubs/treelets to mid-size trees). The second axis indicated variation principally of
resprouting ability, stem consistence, and plant height. Redundancy among suboptimal and
optimal traits was evident in this ordination analysis, as indicated also by the severa very

close solutions pointed by the recursive agorithm.

Resprouting ability was the most defining trait for PFTs on grassland plots (compare
both ordination diagrams of Fig. 1 and the densities of PFT2 in grassand plots in Table 2).
PFT2, characterizing grassland plots, was formed mainly by treelets and low-size trees with
resprouting ability and leaves with less than 15 cnm? of area and intermediate texture (most
species had coriaceous leaves, but aso intermediate and membranous leaves). PFT1 was
formed most by low-size trees able to resprout, with larger leaves than PFT2 (as al other
PFTs too), while PFT4 did not have resprouting ability and leaves were membranous; both
PFTs were significantly denser at border plots. PFT7 comprised most of understory shrubs
and young treeletdlow-size trees (Appendix 2) with mid-size membranous leaves, being
more abundant inside the forest, while PFT8 were saplings of mid-size trees, with
unbranched (sh) and semi-woody (sc) stems, with large leaves of intermediary texture. PFT8

had similar densities in all forest plots and was completely absent in grassland plots. PFT5
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comprised only cactus species at the border plots. PFT diversity was significantly higher at
the border than inside forest or in the grassland (Table 2).

TABLE 2. PFTs of forest species in forest-grassland transitions according to an optimal trait subset
(ha, ra, sh, sc, la, It) for congruency (0.60) with distance from forest limit. PFTs are described by
mean dtates in the selected trait subset (see Table 1 for traits description), the total frequency in
plots, and the average density per groups of plots, following Fig. 1A (1= f1, f2; 2= {3, f4; 3= {5, f6;
4= g7, g8; 5= g9, g10; 6= gl1, g12, g13). The mean PFT diversity is given for each group. Vaues
followed by different |etters differed significantly among groups (p£ 0.005).

Mean trait state Density (average/groups* of plots
PFT Freq. ty (average/groups* of plots) axisl: axis2
code h a 1t (0 2
a ra sh sc la |t 1 3 4 5 6 (correlation)
PFT2 2 2 1 2 3 2 7925 075 154° 304° 198° 140° 431° -096;-0.12
PFT3 3 1 1 2 5 2 7642 431° 483 358 045 017 O 0.68; 0.45
PFT4 3 1 2 2 4 3 7264 155 275 39 062 025 0O 0.21; 0.65
PFT7 2 1 1 1 4 3 6792 698 664 461° 0068 O o° 0.87: -0.43
PFTL 3 2 2 2 4 2 5377 075 064 146° 028 ©* 013 -0.09; 042
PFTS 4 1 0 1 4 2 4906 080 063 08" (04 o° 0.42; -0.03
PFT6 2 2 1 1 4 2 4528 053 074 13 013 ©¢* 038" 001011
PFT9 3 1 5 2 4 1 75 006 004 004 0 0 0 0.15; -0.09
PFT5 2 2 1 1 0 0 472 0 0O 011 002 0 0 -0.05; 0.20
PFT diversity (H') —average — 1244 135 163 069° 011 0.08
* o H .
n° of plots (n) in each group: 24) 24 (24 (18) ) )
A &8 o1 2 A g7; g8
A A o 3; f4 A g9; g10
A Al o f5; 6 A gll; gl12; g13
A - pftz@
¢ A pftlogoooozp 9 B)
A A pfts fB.
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Figure 1. Ordination by PCoA of 106 plots described by PFTs of forest species in the forest-
grassland transition (A) and of the same PFTs described by the optimal traits (B). The traits and
PFTs are in Table 2 In A each point is a plot on the gradient (1 to 13), being f: forest and g:
grassland. PFTs depicted on biplot had correlation higher than 0.4 to a least one of the axes,
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except PFT5 with only 0.2. In B traits (optima and suboptima) were placed in the biplot
according to their rescaled correlation with the ordination axes (codesin Table 1).

Woody plantsand time elapsed since last firein grassland

This analysis involved 605 populations belonging to 58 species of 25 families. Asteraceae
was the richest one, with 17 species, followed by Myrtaceae (5), Euphorbiaceae (4),
Sapindaceae (3), Fabaceae (3) and Rubiaceae (3). From these, 24 species occurred only at
border plots. Border plots differed from other grassland plots due to proximity of forest and,
consequently, absence of direct fire influence on plant composition, but had no adult forest

tree species.

The optimization algorithm found six optimal traits, defining four PFTs (Table 3).

TABLE 3. PFTs of woody plants in grasdand defined by the trait subset (ph, sh, sb, sc, ha, ra) that
maximized the congruency (0.52) with elapsed time since fire (1. 3 months; 2: 1 year; 3: 3 years; 4:
border plots). PFTS frequency (%) and mean basal stem cover, as well as the diversity of PFTsin
groups are indicated. Vadues followed by different letters differ significantly among groups by
randomization testing (pE 0.001). See Table 1 for trait description.

Frequency in each group Mean basal stem cover in group

PETs Mean trait state (%) (cm)
code

ph sh sb sc ha ra 1 2 3 4  1(n=24) 2(n=24) 3(n=24) 4(n=12)
PFT4 2 1 1 1 1 2 9 10 9% 100 017* 035% 242° 2%°
PFT2 2 0 2 1 1 2 100 100 87 67 095% 069* 014° 016°
PFT3 3 0 2 2 1 2 H™ 87 75 83 175™ 059™ 130™ 393™
PFT1 3 1 1 2 2 2 4 0 17 92 0.001° 0 038" 836°

PFT diversity (H’) — average per group 041* 083" 064° 072°

The optimal traits were plant height ph), shaft height éh), stem base &b) and
consistence (sc), habit fa), and resprouting ability ¢a), maximizing congruence with
elapsed time after last fire at a congruence level of 0.52. PFTs 2 and 4 are shrubs with semi-
woody stems, that can resprout and most plants were less than 0.8 m height and dispersed
by wind, but these PFTs differed at the stem base. Multi-stemmed shrubs were in PFT2,
characterizing recently burned plots (Table 3), while PFT4, single-stemmed shrubs with a
mean basal cover higher than PFT2, was typical for longer unburned areas (groups 3 and 4).
Group 2 was intermediate, but considering performance of PFTs 2 and 4, it was closer to
group 1. PFT3, with woody multi-stemmed plants (shrubs and trees; see Appendix 3)
between 0.5 and 1.5m high, did not present any difference at basal cover between groups.
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PFT1 characterized border plots (group 4) and was mainly single-stemmed tree individuals,
no resprouting ability, with large leaves and zoochorous dispersal syndrome (the last two
traits were not selected, though); it did not occur well in burned areas. For PFT diversity
(Table 3), differences were significant (p< 0.001) between recently burned plots and the

other groups.

Short-term dynamics in burned and unburned grassland plots

This trait-based analysis, for prescribed burned (group 1) and unburned (group 3) plots in
two consecutive years of survey, involved 583 populations belonging to 41 species of 17
families The optimization algorithm found an optimal trait subset with stem base (sb), plant
phase (pp), and habit (ha), reaching the maximal congruence of 0.35 with the variables fire
and year of survey. This congruence value was achieved by the combination of both
variables, but, if considering only fire (burned versus unburned) in relation to PFTs
community resemblance, the congruence rose to 0.47. Thirteen PFTs were formed by this
trait subset, but only those more correlated to community variation (Fig. 2) are described
(Table 4).

PFTs 7, 5 and 9 were very similar; al were multi- stemmed shrubs differing in plant
phase (actualy, height classes). PFT7 was the shortest, followed by PFT5 and then PFT9,
which characterized shrubs higher than 0.8 m. The first two types were particularly
represented in burned plots of both survey years, while PFT9 was characteristic for
unburned grassland (Fig. 2). Despite this pattern, differences of basal stem cover between
burned and unburned plots were significant only for PFT7 and PFT5 (Table 4). For PFT5, a
short-dynamic change could be observed in burned plots between years, considering the
significant increase of basal cover. This change can aso be interpreted as a replacement of
PFT7 by PFT5 as a result of the plants growing process. Further, for these two types,
changes in basal cover occurred in unburned plots as well, with values becoming
significantly higher in the second survey. PFT2, single-stemmed shrubs with ca. 0.8 m
height characterized unburned plots, where basal cover was significantly higher than in
burned plots, staying stable over two years. PFTs 1 and 11 were representing multi-stemmed
tree plants at different height classes present in the grassland matrix independent of elapsed
time since fire, with no significant differences of basal cover between groups (Table 4). Fire

had a correlation of -0.75 with the first community ordination axis described by PFTs (Fig.
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2), while survey year had only 0.14. Both variables were not correlated to the second axis.
Considering whole PFT composition, burn plots differed significantly between the 1% and
2" survey and, as expected, from unburned areas. However, unburned plots did not differ
between both surveys. In spite of PFTs composition distinction, no significant differences
occurred for PFT-diversity, which ranged from 0.78 to 0.93 in burned and unburned areasin
both surveys.

® unburned (2 survey) o burn (1 survey)

© unburned (1 survey) © burn (2 survey)
f.g i
e pft e oo
[ J V]
¥ GURRE
1 O3,° o % ols
® g 8
o pft7
i
p: of
S
-+ axis 1: 52%

Figure 2. Ordination by PCoA of 96 plots described by 13 PFTs of woody plants in grassland plots
of groups 1 (burn) and 3 (unburned) in two consecutive years of survey. PFTs depicted on diagram
have correlation higher than 0.4 to one of the axes. PFTs described in Table 4.

TABLE 4. PFTs description of woody plants in grassand according to a trait subset (sb, pp, ha)
maximizing congruence (0.35) with fire (burned versus unburned) and time (1% versus 2" survey).
PFTs are described by frequency, mean basal cover in each group of grassland plots in both survey
years, correlation with axes and mean value of states in the selected traits subset (see Table 1 for
traits description). Only PFTs with correlation higher than 0.4 to at least one of the ordination axes
(Fig. 2), plus PFT1 and PFT11 are included. Differences between basal cover vaues in each group
were tested separately for each PFT by randomization testing (*: p£ 0.001; ns: not significant).

Basal cover (cm?)

Mean state Correlation
BURN UNBURN
PFT  sb PP ha Freq (%) 1 2 2 Axisl  Axis2
PFT5 2 2 1 100 051* 1.09° 026° 067* * 073 065
PFT7 2 1 1 91.67 051* 041* 003° 013° * 075 -058
PFT2 1 2 1 81.25 013% 041°* 236° 297° * -094 004
PFTO9 2 3 1 29.17 015 015 053 075 ns -036 018
PFTL 2 2 2 1458 012 012 062 058 ns -019 -0.16
PFT11 2 4 2 3125 138 113 112 165 ns -004 -0.16
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Discussion
The selected traits

The present study focused mainly on structural traits measurable and perceptible in the field,
later complemented with additional traits assigned per species, such as habit, dispersal
syndrome and resprouting ability. Despite the nature of the traits (easy traits, Weiher et al.
1999) and the great range of plant populations and species number, the selected trait subsets
are surrogates for functions similarly to other studies that used more physiological trait sets.
Functional robustness of traits frequently relate leaf (e.g. specific leaf area, leaf weight ratio,
photosynthetic ratio) and stem features (e.g. wood density, ramification), biomass, maximal
plant height and seed mass (Diaz et al. 1999, Weiher et al. 1999, Cornelissen et al. 2003).
Here, maximal species height was taken in habit (for the grasdand-forest transition analysis)
as potential height, an architectural feature according to Brack et al. (1998). Biomasswas in
part accessed by plant height and stem base (sb). These traits plus resprouting ability, leaf
area and |eaf texture of woody plants in grassland- forest ecotones were relevant for defining
PFTs, presumably functional in relation to selected environmental variables (forest limit
distance and elapsed time since fire). The decison to delimit as basic units more
homogeneous populations according to plant phase and stem base within the same species
was helpful to reveal consistent vegetation patterns and short-term dynamics in forest-
grassland ecotones and burned grassand, since trait-stage shifts within a species from
seedlings to adults are considered a norm rather than an exception, principally for trees
(Cornelissen et a. 2003), and it is well know that plants of the same species may have
different responses to environmental factors when growing in different habitats (Bellingham
and Sparrow 2000, Vesk and Westoby 2004).

Studies approaching functional types for forests frequently access growth form and
phenology, usually distinguishing canopy versus understory trees and deciduous versus
evergreen species as important attributes relating to ecological function (Condit et al. 1996).
In our case, this was of less importance, since we aimed to understand spatial patterns of
forest species in forest-grassland ecotones, and understory treelets (e.g. Myrciaria cuspidata
O. Berg Eugenia hyemalis Camb.) as well as canopy species (e.g. Myrsine umbellata Mart.,
Matayba elaeagnoides Radlk.) were found colonizing grassland areas, and practically all

sampled plants were evergreen species. This underlines the importance to make local
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observation of traits and to define PFTs in relation to local disturbance pressure or
environmental conditions, as context-dependent classifications (Lavorel et al. 1997).
Regarding the dichotomy between pioneer/shade-tolerant species (Swaine and Whitmore
1988), the present study was carried out in a narrow part of forest, where most species were
“early secondary species’ (long-lived pioneers, Whitmore (1989)), a few were shade-
tolerant species with broad distribution pattern (e.g. Sorocea bonplandii (Bail.) Burg. Lan;.
et Boer, Gymnanthes concolor Spreng, and understory shrubs) and typical forest pioneers
were absent (Jarenkow 1994). Although we did not use successional classification as atrait,
because of divergences in some species, it should be considered in further broad forest
dynamic studies for traits accessing functional types on tree species (Box 1996, Condit et al.
1996). The trait dispersal syndrome did not contribute to congruence between vegetation
data and spatia position in the forest-grassand transition because of the low variability
among species, while for the analysis of the burned grassland it was indirectly indicated by
habit, since practically all trees were zoochorous against most anemochorous grassland
shrubs. Additional fruit/seeds attributes @.g. shape, type, weight) would have probably
more significance than dispersal mode in genera in determining more detailed patterns of

woody-PFTs on asmall scale.

PFTsin forest-grassland transitions

Among the PFTs defined in the analysis of forest-grassand transition, the traits
characterizing types occurring in grassland provided advantages for persistence under the
current fire regime, such as resprouting ability. Resprouting trees invest in storage organs,
with generally slow growth and high persistence in time (Diaz and Cabido 1997), in contrast
to pioneer trees. However, in our case, trees playing the role of pioneer clearly were from
species that could resprout. Despite the apparent incoherence, we should take into account
that for an individual tree that is colonizing a grassland submitted to frequent burns, not just
the dispersal, establishment and recruitment phases are restricting its success, but also (if not
principaly) the capacity to survive recurrent fire events. Therefore, the generaly known
“typical” pioneer trees with fast (above-ground) growth but low investment in storage
organs were absent in these areas subject to frequent burns. There is aso a stochastic
component for successful persistence in grassland, which can be related to patchinessin fire

events, giving more opportunities to trees surviving on sites where fire is less intense (Bond
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and Midgley 2001), as on northern aspects (Muller et al. Chapter 1). Furthermore, other
related attributes of PFT2 (one important type in grassand plots; Fig. 1), mid-size leaves
with no membranous texture, low-high branched woody stems and shorter plants are
reflecting water conservation strategies in sunny habitats (diminishing leaf area and
increasing cuticle), with no advantage in investment in height but in underground storage
organs (Bellingham & Sparrow 2000). The fact that forest plots closest to the forest limit
presented higher PFT-diversity, may suggest that in absence of fire other PFTs would tend
to advance further in adjacent grassland plots, even slowly. Probably only PFT7 and 8 (most
understory shrubs and shade-tolerant treelets) should be always restricted under dense
canopy forest.

PFTsin burned grassland

Considering forest and nonforest woody plants established in grassland, but predominantly
grassland shrubs, our results revealed PFTs associated to vegetation dynamics since the last
fire event. We have confidence in the assumption that groups 1-4 in our experimental setup
correspond to correctly ordered post-fire recovery stages. In this short period comparing
recently burned (3 months) with longer time without fire (3-4 years), some differences in
PFTs indicate important features of woody plants in frequently burned grassland and of
adjacent forest border sites, where fire is less frequent. The analysis distinguished two types
representing trees with established individuals on grassland. One type {wvith resprouting
ability and multi-stemmed base) is occupying grassland plots independently of post-fire
recovery stage, and border plots; its persistence in grassland plots seems to be linked to
stochastic events of establishment or recruitment in sites with less fire severity, considering
the constancy in basal cover across post-fire recovery stages. Another type (with resprouting
ability, single-stemmed base and potentialy taller than the first one) was more abundant in
plots close to the forest border and in grassland plots at late post-fire recovery stage, being
practically absent in recent burned plots (3mo-1y), except for few individuas that were
established under adult tree plants (field observation). Some species are able to assume
different structural growth forms in contrasting environmental conditions (e.g. forest and
grassland) or under distinct disturbance pressures (e.g. fire and herbivory) (Archibald and
Bond 2003). In the present study, M. cuspidata and Myrcia palustris (DC.) Kausel are
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examples of such species displaying a range of growth forms corresponding to different
PFTs.

The presence of forest species establishing on grassland suggests that if fire could be
suppressed in the area for a longer period they would more successfully colonize grassand,
first at sites with higher density of taller shrubs, such as in current group 3 plots. Taller
shrubs (PFT4: single-stemmed shrubs with or without resprouting ability, Table 3 were
occurring in all post-fire recovery stages, but covering less in recently burned areas. Some
species of this type were D. viscosa, Heterothalamus psiadioides Less. and Baccharis
dracunculifolia DC., which can be considered as fast growing pioneer species with a large
amount of seeds dispersed by wind, but unable to resprout after fire events. In contrast,
multi-stemmed grassland shrubs (PFT2) were less frequent in border plots and denser in
recently burned plots. Although most species of this type could also be considered as fast
growth species, they invest in storage underground organs too, which result in shorter
individuals if compared to single-stemmed shrubs (Bellingham and Sparrow 2000). Some
important species of this type were Baccharis cognata DC., B. trimera (Less.) DC., B.
ochracea Spreng, B. sessilifolia DC., Vernonia nudiflora Less, Schinus weinmanniaefolius
Engl. and Eupatorium ligulaefolium Hook. et Arn. The presence of only four PFTs of
woody plants in grassland at different post-fire recovery stages suggests that a very smple
classification is sufficient to evaluate the dynamic of communities under fire disturbance, as
supported by Noble and Gitay (1996) and Pausas (1999). Therefore, a detailed list of hard
plant traits (like physiologic hard traits) may be unnecessary to describe community

changes.

As shown in the short-term dynamics analysis of burned and unburned areas, species
present before the disturbance led to vegetation recover closely related to their own
properties of persistence ability (persistence niche) (Bond and Midgley 2001). For example,
the two main PFTs with resprouting ability PFT 5 and 7, Table 4), dready present in the
community, recovered very quickly after nearly one year of the prescribed fire. On the other
hand, PFTs representing seeders obligate species (PFT9) could not achieve similar
abundance as in adjacent unburned plots in the same period, i.e. time for germination and
growth was too short, since adult plants did not resist the prescribed burn. In this analysis,
tree types have shown again the similar above described pattern of traits and no significant
change occurred between survey years. Here, considering that only transect pairs of

northern and southern aspect were taken into account, it was clearly documented that tree
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individuals were already present before fire and did not suffer damage at the stem base (no
differences for basal cover; Table 4). Considering fire severity as a measure of the plant’s
perception of a disturbance event (Bellingham and Sparrow 2000), severity may range
among individuals of different development stages, allowing less damage to adult trees that
had aready achieved sufficient height to escape more dangerous flame from the grass
stratum (Bond and Midgley 2000).

In general, short-term vegetation dynamics of adjacent transect plots showed that fire
effect was significant in reducing cover of tal single-stemmed shrubs, but in increasing
cover of multi-stemmed shrubs. Woody species abundance in grassland vegetation is
frequently related to disturbances, including fire, grazing and CO, concentration changes,
and may increase in a complex trade-off with grasses dominance (Bond and Midgley 2000,
Roques et al. 2001, Langevelde et al. 2003), often for some specific types only, such as
resprouter especies (Pendergrass et al. 1998). On the other hand, fire can decrease diversity
of woody regenerative types, due to the elimination of those without effective mechanisms
to post-fire regeneration (non-sprouting and non seed germination promotion), as observed
by Lloret and Vila (2003) who compared fire disturbance in a mosaic of uncultivated and
old field stands in Mediterranean woodland vegetation. In the present study, PFT-diversity
was low in the grassland only in very recently burned plots, when considering composition
of al woody plants (grassland and forest species), suggesting stability of woody plants
community under present fire regime. But, when considering PFT-diversity for forest
species in forest-grassland transition, a drastic decrease occurred from the border to the

grassland plots, indicating fire influence on this ecotone pattern.

By analyzing all plants of the woody component to define PFTs reveaed that not
only common species are important to characterize community changes, as had been
supposed (Diaz et al. 2004), but all species, even or especialy the less frequent ones, since
these may compose specific PFTs in the system. PFTs formed by infrequent gecies of
similar attributes, thus supposing similar function, could be related to plants that are more
endangered in those communities under present environmental conditions or disturbance
regimes. In contrast, frequent types in communities susceptible to disturbance, as the multi-
stemmed grassland shrubs in present study, may be responsible for ecosystem resilience,

since they remain practically unaffected under recurrent disturbance events (Eriksson 2000).
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Appendix 1. List of families and species, their code, habit and inclusion in the PFTs-based analyses
(a forest-grasdand transition; b: border + grassland plots (groups 1 to 4); c: only plots of groups 1
and 3 in both survey years. See methods for more explanations). For trait habit = 1: shrub, 2:
treelets, 3: low-sizetree, 4: mid-sizetrees, 5: large trees.

Family Species Code Habit Anayss
ACANTHACEAE Justicia brasiliana Roth Jubr 1 a
ANACARDIACEAE Schinusmolle L. Scmo 4 a
Lithrea brasiliensis March. Libr 4 ab
Schinus weinmanniaefolius Engl. Scwe 1 b, c
ANNONACEAE Rollinia sylvatica (A.St.Hil.) Mart. Rosy 3 a
AQUIFOLIACEAE Ilex dumosa Reiss. lldu 2 a
ARECACEAE Syagrus romanzoffiana (Cham.) Glassm. Syro 4 a
Butia capitata (Mart.) Becc. Buca 4 abc
ASTERACEAE Baccharidastrumtriplinervium (Less.) Cabrera BAtr 1 b, c
Baccharis articulata (Cham.) Pers. Baar 1 b, c
Baccharis cf. pseudotenuifolia Teodoro Luis Bacf 1 c
Baccharis cognata DC. Baco 1 b, c
Baccharis dracunculifolia DC. Badr 1 b, c
Baccharis leucopappa DC. Bale 1 b, c
Baccharis ochracea Spreng. Baoc 1 b,c
Baccharis patens Baker Bapa 1 b, c
Baccharis sessilifolia DC. Base 1 b, c
Baccharistrimera(Less.) DC. Batr 1 b, c
EupatoriumintermediumDC. Euin 1 b, c
Eupatorium ligulaefolium Hook. et Arn. Euli 1 b, c
Eupatorium pedunculosumHook. et Arn. Eupe 1 b
Eupatorium tweendianumHook. et Arn. Eutw 1 b, c
Heterothalamus psiadioides L ess. Heps 1 b, c
Porophyllum lanceolatumDC. Pola 1 b, c
Verbesina subcordata DC. Vesu 1 b, c
Vernonia nudifloraLess. Venu 1 b, c
CACTACEAE Cereus hildmannianusK. Schum Cehi 2 a
Opuntia monacantha Haw. Opmo 1 ab
CELASTRACEAE Maytenus cassineformis Reiss. Maca 2 abc
CLUSIACEAE Garciniagardneriana (Pl. et Tr.) Zappi Gaga 2 a
EBENACEAE Diospyrosinconstans Jacq. Diin 3 ab
ERICACEAE Agarista eucalyptoides (Cham. et Schl.) G. Don Ageu 2 ab,c
ERYTHROXYLACEAE Erythroxylumargentinum O.E. Schulz Erar 3 ac
Erythroxylum microphyllum A .St.Hil. Ermi 1 b, c
EUPHORBIACEAE Gymnanthes concolor Spreng. Gyco 2 a
Pachystroma longifolium (Nees) Johnst. Palo 4 a
Sebastiania brasiliensis Spreng. Sebr 3 ab
Sebastiania serrata (M.Arg.) M.Arg. Sese 3 ab
Croton cf. nitrariaefoliusBalill. Crni 1 b, c
Croton cf. thermarum MUll.Arg. Crth 1 b, c
FABACEAE Calliandra tweedid Benth. Catw 2 ab
Collaea stenophylla Benth. Cost 1 b
Mimosa parvipinna Benth. Mipa 1 b, c
ICACINACEAE Citrondla paniculata (Mart.) R.A.Howard Cipa 2 a
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LAMIACEAE
LAURACEAE

LOGANIACEAE
MALVACEAE

MELASTOMATACEAE
MELIACEAE

MONNIMIACEAE
MORACEAE

MYRSINACEAE

MYRTACEAE

NYCTAGINACEAE
OPILIACEAE
PIPERACEAE
PROTEACEAE
QUILLAJACEAE
ROSACEAE
RUBIACEAE

RUTACEAE
SALICACEAE

Hyptismirabilis Briq.

Aiouea saligna Meis.

Endlicheria paniculata (Spreng.) Macbr.
Nectandra megapotamica (Spreng.) Mez
Ocotea indecora Schott ex Meissn.
Ocotea pulchella Mart.

Ocotea silvestris Vattimo - Gil

Ocotea puberula Nees

Strychnos brasiliensis (Spreng.) Mart.
Triumfetta semitriloba Jack.

Pavonia hastata Cav.
Sdarhombifolia L.

Miconia hyemalis A.St.Hil. et Naud.
Cabralea canjerana (Vell.) Mart.
Trichilia claussenii C.DC.

Trichilia elegansA.Juss.

Mollinedia elegansTul.

Sorocea bonplandii (Bail.) Burg. Lanj. et Boer
Ficusorganensis (Mig.) Miq.

Myrsine guianensis (Aubl.) Kuntze
Myrsine coriacea (Sw.) R. Br.

Myrsine unbellata Mart.

Blepharocalyx salicifolius (Kunth) O.Berg
Campomanesia xanthocarpa O.Berg
Eugeniainvolucrata DC.
Eugeniarostrifolia D.Legrand

Eugenia schuechiana O.Berg

Eugenia uniflora L.

Eugenia uruguayensis Camb.
Myrcia glabra (Berg) Legr.
Myrcianthes gigantea (Legr.) Legr.
Psidium sp.

Campomanesia aurea O.Berg

Eugenia hyemalis Camb.

Myrcia palustris (DC.) Kausel
Myrciaria cuspidata O.Berg

Guapira opposita (Vell.) Reitz
Agonandra brasiliensis Benth. & Hook.f.
Piper gaudichaudianum Kunth
Roupala brasiliensis Klotz.

Quillaia brasiliensis (A.St.Hil. et Tul.) Mart.
Prunus myrtifolia Koehne

Faramea montevidensis Cham.
Psychotria brachycerasM.Arg.

Rudgea parquioides (Cham.) M.Arg.
Psychotria carthagenensis Jacq.
Psychotria leiocarpa Cham. et Schtdl.
Guettarda uruguensis Cham. et Schtdl.
Zanthoxylum rhoifoliumLam.

Casearia decandra Jacq.

Casearia sylvestris Sw.

Hymi
Aisa
Enpa
Neme
Ocin
OCpu
Ocsi
Ocpu
Stbr
Trse
Paha
Sirh
Mihy
Caca
Trcl
Tre
Moel
Sobo
Fior
Mygu
Myco
Myum
Blsa
Caxa
EUin
Euro
Eusc
Euun
Euur
Mygl
Mygi
Pssp
Caau
Euhy
Mypa
Mycu
Guop
Agbr
Piga
Robr
Qubr
Prse
Fama
Psbr
Rupa
Psca
Psle
Guur
Zarh
Cade
Casi
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SAPINDACEAE

SAPOTACEAE
SOLANACEAE

STYRACACEAE
SYMPLOCACEAE

THYMELAEACEAE
URTICACEAE

Xylosma pseudosalzmannii Sleumer
Banara parviflora (Gray) Benth.
Allophylus edulis (A.St.Hil.) Radlk.
Cupania vernalis Cambess

Matayba elaeagnoides Radlk.
Dodonaea viscosa (L.) Jacq.
Chrysophyllum marginatum (Hook. et Arn.) Radlk.
CestrumstrigillatumRuiz et Pav.
Solanum sanctaecatharinae Dunal
Styrax leprosumHook. et Arn.
Symplocos tetrandra Mart. ex Miq.
Symplocos uniflora (Pohl) Benth.
Daphnopsis racemosa Griseb.
Coussapoa microcarpa (Schott) Rizzini

Xyps
Bapa
Aled
Cuve
Mael
Dovi
Chma
Cest
Sosa
Stle
Syte
Syun
Dara
comi
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Appendix 2. Species belonging to the defined PFTs in the forest-grassland transition analysis (Table
2). Understory shrubs are underlined. See species code in Appendix 1.

PFT n°sp Speciescode
PET 1 11 Mael , Zarh, Stle, Quur, Casi, Libr, Sese, Xips, Blsa, Mgu, Bapa

PFT 2 17 Syun, Ageu, Catw, Mycu, Syte, Caau, Guur, Euhy, Mpa, Psca,
Euur, Cest, Maca, M hi, Dara, Stbr, |ldu

PET 3 29 Myco, Myum Ccin, Guop, Rupa, Mygi, Ccpu, Euro, Trcl, A sa,
Sobo, Gaga, Mygl, OCpu, Buca, Fama, Syro, Caca, Gyco, Euun,
Scno, Qubr, Nenme, Ccsi, Cipa, Robr, Euin, Palo, Com

PFT 4 20 Dovi, Chmm, Stle, Al ed, Trel, Eusc, Mel, Din, Cuve, Erar,
Psl e, Guur, Aisa, Sebr, Rosy, Prse, Caca, Cade, Jubr, Enpa

PET5 2 Opm, Cehi

PFT 6 18 Mael , Syun, Zarh, Catw, Mycu, Syte, Casi, Euhy, Psca, Sosa,
Xi ps, Euur, Cest, Maca, Mhi, Mygu, Trse, Bapa

PET 7 25 Dovi, Chma, Stle, Aled, Trel, Eusc, Rupa, Mel, Diin, Cuve,
Psbr, Erar, Psle, Sobo, Gaga, Sebr, Famm, Prse, Caca, Cade,

Piga, Gyco, Jubr, Caxa, Agbr

PET 8 14 Myco, Myum Ccin, Guop, Mygi, Ccpu, Euro, Trcl, Aisa, OCpu,
Syro, Nene, Ccsi, Robr

PFT9 4 Quop, Mygi, Mgl, Euun

Appendix 3. Species belonging to the defined PFTs in border and grassand plots in relation to
elapsed time since last fire (Table 3). Treelets or tree species have underline code (Appendix 1).

PFT nsp.  Species code

PFT 1 21 Mael , Syun, Zarh, Myco, Myum Ageu, Mycu, Mpa, Maca, Syte,
Quop, Cuve, Sebr, OCcpu, Trcl, Diin, Stle, Euhy, Sese, Qubr,
Buca

PFT2 21 Venu, Baco, Scwe, Mycu, Hyni, Baoc, Euli, Batr, Baar, Euin,
Pol a, Bapa, Base, Paha, Eupe, Maca, Eutw, Vesu, Bale, Euhy,
Cost

PFT3 27 Syun, Myco, Ageu, Baco, Scwe, Mycu, Libr, Baoc, Euli, Euin,
Caau, Bapa, Base, Paha, Mypa, Crni, Cest, GQuur, Syte, M pa,
Psca, Catw, Stle, Euhy, Sese, Cost, BAtr

PFT4 30 Venu, Pssp, Dovi, Baco, Scwe, Hym, Baoc, Euli, Batr, Baar,
Eui n, Pola, Caau, Badr, Bapa, Base, Heps, Crth, Paha, Eupe,
Crni, Psle, Mel, Mpa, Psca, Eutw, Sirh, CQono, Cost, Erm




CONSIDERACOES FINAIS

Os padrfes de borda de floresta-campo das espécies lenhosas em relacéo as varidvels
guimicas e estruturais do solo demonstraram que estas ndo sdo um impedimento para o
avanco de espécies florestais sobre 0 campo, uma vez que a distancia espacia do limite
florestal e as mudancas graduais destas variaveis no gradiente floresta-campo parecem
sugerir que o solo é antes uma consequéncia da expansdo florestal sobre as areas de campo
que um fator condicionante. H4, entretanto, diferencas significativas entre as exposi¢coes
norte e sul, principalmente relacionadas a profundidade do solo, ao pH, as proporgdes de
aluminio (Al, Al+H, Aly), & percentagem de saturacdo de bases e as proporgdes de argila,
cascalho e areia nos primeiros 10 cm de profundidade do solo. Diferencas entre norte e sul
também ocorrem no padréo de densidade de espécies lenhosas no campo, porém o0 maior
nimero de espécies e individuos de arbustos e &rvores nas areas com exposicéo
predominante norte demonstram que estas diferencas ndo sd um fator limitante para os
processos de expansdo e adensamento de lenhosas no campo. Além disso, 0 maior contelido
de argilanos locais de exposi¢cao sul, associada a menor riqueza, diversidade e densidade de
arbustos e arvores parece sugerir que condicdes de déficit hidrico ndo riam um fator
limitador para a colonizacdo de espécies arbOreas no campo, pelo menos em anos normais.
Estudos especificos sobre processos de germinacdo, estabelecimento e recrutamento de

arbustos e arvores na matriz campestre sdo necessarios para conclusdes mais apuradas.

As queimadas regulares, o historico de fogo da regido, parecem, todavia, ser o fator
mais limitante do avanco florestal sobre o campo. As varidveis de solo supracitadas, assm
como a maior ou menor presenca de matactes no relevo, também condicionam diferencas
no estrato de gramineas, a principal fonte de combusté&o para o fogo. As éreas do topo-sul,
com solos mais profundos, maior conteldo de argila e menor quantidade de matacdes,
geramente apresentam um estrato de gramineas mais denso e continuo que as areas de
exposicdo norte. A passagem do fogo €, portanto, mais heterogénea nesta Ultima. A
heterogeneidade das queimadas proporciona sitios de menor intensidade de fogo, que por
sua vez podem permitir o recrutamento de espécies arbdreas, rormalmente mais suscetiveis
ao fogo.
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Locais com individuos arbéreos isolados no campo freglientemente coincidiram com
a presenca de rochas, matacdes. Estes individuos, uma vez estabelecidos, conseguem resistir
as injurias freguentes pelo fogo, pois a intensidade tende a ser menor nestes locais (menor
producdo de biomassa de gramineas). Tais individuos, assim como os blocos de rochas no
campo, conduzem a um tipo de mecanismo de expansdo florestal que ocorre “aos saltos’.
Ou sga, a fauna dispersora seria atraida até estes locais pela oferta de alimento, refugio ou
heterogeneidade vertical na paisagem, trazendo consigo novas sementes e a possibilidade de
novos individuos arbéreos serem recrutados, formando pegquenos nucleos de espécies
arboreas florestais no campo. A expansdo destes nucleos estaria, porém, condicionada por

periodos de menor frequiéncia/intensidade das queimadas, em anos de pluviosidade regular.

Ambientes menos suscetiveis a severidade do fogo, a fata de umidade e a
competitividade das gramineas também ocorrem préximo ao limite florestal. O avanco
gradual de espécies florestais junto a borda constitui outro mecanismo de expansdo florestal
nas areas de mosaicos de floresta-campo. Se considerdssemos a auséncia ou a menor
fregiéncia do fogo, este mecanismo de expansdo florestal seria, porém, relativamente mais
lento que o avanco aos saltos, conforme sugerem os padrdes de transi¢cdo floresta-campo nas

areas de encosta norte.

A atuacéo continuada de eventos de fogo nas areas de campo adjacentes as florestas
tem resultado num padréo de bordas abruptas. A transicdo do limite da borda florestal para
areas mais internas da floresta ocorre muito bruscamente. Diferencas estruturais
relacionadas principal mente ao componente arboreo florestal, tais como riqueza, diversidade
e densidade de espécies arboreas, ocorrem mais marcadamente nos primeiros 15 metros do

limite com o campo.

A presenca de um grande nimero de espécies lenhosas, principalmente arbustos,
com capacidade de rebrote apos o fogo nas areas de campo também corrobora o fato destas
comunidades estarem condicionadas pela influéncia das queimadas. O recrutamento de
individuos de espécies que ndo apresentam esta habilidade (emitir novos ramos da base do
caule, junto a superficie do solo, apds a passagem do fogo) limitase as &reas proximas da

bordaflorestal e ou areas de campo com maior intervalo de tempo sem fogo.

O atual regime de fogo, com uma fregliéncia de queimadas entre (dois)trés e cinco
anos, nao limita nem diminui a densidade das espécies arbustivas do campo, principalmente

asteraceas, considerando que a maioria tém habilidade para rebrotar vigorosa e rapidamente
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jdno primeiro ano apos o evento de fogo e que arbustos que ndo rebrotam (seeders obligate)
atingem taxas bastante el evadas de estabel ecimento/recrutamento num periodo de dois anos.
Por outro lado, o nimero de individuos arbéreos no campo € bastante restrito em
decorréncia do atua regime de fogo. A maior densidade de individuos jovens e a timida
taxa de recrutamento observada nas éreas ndo queimadas (por aproximadamente 4 anos),
onde havia maior densidade de arbustos potencialmente maiores Seeders obligate), e na
borda permitem sugerir a ocorréncia de um processo de facilitacdo na colonizagdo de
arvores no campo pela presenca de um estrato arbustivo mais ato, caso houvesse periodos
mais longos de exclusdo do fogo. Outros estudos especificamente focados neste aspecto séo

imprescindiveis para corroborar essaidéia.

A avaiagdo dos padrdes na transicdo floresta-campo pelos tipos funcionais de
plantas (plant functional types, PFTs) de espécies lenhosas florestais demonstra claramente
gue atributos relacionados com a sobrevivéncia ao fogo nas areas de campo, principamente
a capacidade de rebrote, séo fundamentais para o potencial avanco e expansdo da floresta.
Como conseqiiéncia, poucas espécies tipicamente pioneiras séo observadas na matriz
campestre, uma vez gque estas normalmente sdo de crescimento rapido, o que néo condiz

com tipos que investem em Orgados subterréneos e que rebrotam apds o fogo.

Ainda em relacdo a0 mecanismo de nucleacdo florestal na matriz campestre, a
restricdo de PFTs florestais jovens a locais proximos da borda ou  sob individuos florestais
adultos na matriz campestre corrobora a potencial expansdo florestal em sitios favoraveis. A
diversidade de PFTs arbdreos, assim como foi verificado para a diversidade especifica, €

maior nas areas de borda, principalmente até aproximadamente os primeiros 15 metros.

A dinamica de PFTs arbustivos com e sem capacidade de rebrote nas &reas de campo
conforme o periodo de tempo ap6s a Ultima queimada reforcam o fato de que tais
comunidades sdo resilientes ao atual regime de fogo. Isto é, eventos de queimadas em
intervalos de trés a cinco anos ndo inibem a presenca nem a densidade de individuos
arbustivos tipicos de vegetacdo campestre, porém favorecem agueles que rebrotam,
restringindo os demais aos locais com maior intervalo sem fogo. Esse padrdo espacial é
dindmico no tempo, alternando diferentes fisionomias de campo conforme os intervalos de
gueima, de um a cinco anos. Processos de expansdo florestal ficam, portanto, restritos a
pequenas manchas, cuja intensidade do fogo tende a ser menor. O atua regime de fogo é o

principa mantenedor da paisagem de mosaicos de floresta-campo na érea de estudo.
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Anexo L Trgetorias individuais de cada transecgdo, com base nos quadros pequenos do PRIMEIRO
CAPITULO, etrgetérias médias, conforme figura 4 do capitulo.

a) Pares onde foi realizada a queima experimental (outubro, 2002). Na Transecgdes onde ndo houve a queima
esquerda, as transecg¢des queimadas e na direita seu respectivo par ndo- experimental, pois a area tinha queimado |
gueimado Janeiro de 2002.
transect 12 transect 6 transect 3
39
1
1
transect 9
transect 11 transect 5
39
39
1
1 1
transect?7 transect 1 transect 4
1
9
1
1
39
transect 8 transect 2 transect 10

>

(N A

b) Trés trajetérias médias. Resultado da jungéo de trajetdrias similares (acima). Os trés padrées coincidem com a exposigéo do
relevo (da esquerda para a direita: sul, norte e sudoeste)

trans. 1, 2, 7, 8 (average) trans. 5, 6, 11, 12 (average) trans. 3, 4, 9, 10 (average)

1
39
1
3
| v
v
39
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Anexo 2: Curvas de espécie area considerando todos os quadros de campo, conforme o levantamento
realizado em novembro-dezembro/2003 (2° levantamento). Nafig. A foram considerados os quadros
pequenos (small plots; critério de inclusdo =10cm de dtura) e nafig. B os quadros grandes (large
plots, critério de inclusdo =80cm de dtura). O total de é&rea amostrada foi 567 n? (252 unidades
amostrais, UAs) e 1701 m? (84 UAs) nas Figs. A e B, respectivamente.

A) small plots — grassland portion
70 -

60
50 A
40
30 -

20 A

nuamero cumulativo de sp

10 +

0 T T T T T T T T T T T 1
1 22 43 64 85 106 127 148 169 190 211 232

UAs - campo (1UA = 2,25 m?)

B) large plots — grasdand portion

70 7

60 1

50 1

40 A

30 1

20 1

nimero cumulativo de sp

10 1

UAs - CampoB (1UA =20,3m2)
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Anexo 3: Curvas de espécie area considerando todos os quadros da floresta. Nafig. A foram
considerados os quadros pequenos (small plots; critério de inclusdo =10cm de dturd) e nafig. B os
guadros grandes (large plots, critério de inclusdo =80cm de dtura). O total de &rea amostrada foi 486
m?2 (216 unidades amostrais, UAS) e 1458 m?2 (72 UAS) nas Figs. A e B, respectivamente.

A) small plots — forest portion

90 7
80 1
70 1
60 A
50 1
40 1
30 1

20 1

nimero cumulativo de sp

10 1

O T T T T T T T T T T T T T T

UAs - floresta (1UA = 2,25 m?)

B) large plots — forest portion

100 7
90 A
80 A
70 A
60
50 A
40 A
30 1
20 A

nimero cumulativo de sp

10 1

O T T T T T T T T T T T T T T

1 6 11 16 21 26 31 36 41 46 51 56 61 66 71
UAs - floresta (1UA = 20,3m?)
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Anexo 4: Lista espécies amostradas nos dois levantamentos dos quadros de campo, ordenadas por
familia, referentes aos dados do SEGUNDO CAPITULO. Os codigos (code) deste anexo servem

como base para 0s anexos

Family Species Code
ANACARDIACEAE Lithrea brasiliensis March. Libr
Schinus weinmanniaefolius Engl. Scwe
AQUIFOLIACEAE llex dumosa Reiss. Ildu
ARECACEAE Butia capitata (Mart.) Becc. Buca
ASTERACEAE Baccharidastrumtriplinervium (Less.) Cabrera Btri
Baccharis articulata (Cham.) Pers. Baar
Baccharis cf. pseudotenuifolia Teodoro Luis Baps
Baccharis cognata DC. Baco
Baccharis dracunculifolia DC. Badr
Baccharis leucopappa DC. Bae
Baccharis ochracea Spreng. Baoc
Baccharis patens Baker Bapa
Baccharis sessilifoliaDC. Base
Baccharistrimera(Less.) DC. Batr
EupatoriumintermediumDC. Eupi
Eupatorium ligulaefolium Hook. et Arn. Euli
Eupatorium pedunculosumHook. et Arn. Eupe
Eupatorium tweendianumHook. et Arn. Eutw
Heterothalamus psiadioides L ess. Heps
Porophyllum lanceolatumDC. Pola
Trixis stricta Spreng. Trst
Verbesina subcordata DC. Vesu
Vernonia nudifloraLess. Venu
CACTACEAE Opuntia monacantha Haw. Opmo
CELASTRACEAE Maytenus cassineformis Reiss. Maca
EBENACEAE Diospyrosinconstans Jacq. Diin
ERICACEAE Agarista eucalyptoides (Cham. et Schl.) G. Don Ageu
ERYTHROXYLACEAE  Erythroxylum argentinum O. Schulz Erar
Erythroxylum microphyllum A .St.Hil. Ermi
EUPHORBIACEAE Alchorneatriplinervia (Spreng.) M.Arg. Altr
Croton cf. nitrariaefoliusBaill. Crni
Croton cf. thermarum Mull.Arg. Crth
Sebastiania brasiliensis Spreng. Sebr
Sebastiania serrata (M.Arg.) M.Arg. Sese
FABACEAE Calliandra tweedii Benth. Catw
Collaea stenophylla Benth. Cost
Mimosa parvipinna Benth. Mipa
LAMIACEAE Hyptis mirabilis Brig. Hymi
LAURACEAE Ocotea pulchella Mart. OCpu
MALVACEAE Pavonia hastata Cav. Paha
Sdarhombifolia L. Sirh
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MELASTOMATACEAE  Miconia hyemalis A.St.Hil. et Naud.

MELIACEAE
MONNIMIACEAE

MORACEAE
MYRSINACEAE

MYRTACEAE

NYCTAGINACEAE
QUILLAJACEAE
RUBIACEAE

SALICACEAE

SAPINDACEAE

SOLANACEAE

STYRACACEAE

SYMPLOCACEAE

VERBENACEAE

Cabralea canjerana (Vell.) Mart.
Trichilia claussenii C.DC.
Mollinedia elegansTul.
Ficusorganensis (Mig.) Miq.
Myrsine coriacea (Sw.) R. Br.
Myrsine guianensis (Aubl.) Kuntze
Myrsine umbellata Mart.
Campomanesia aurea O.Berg
Eugenia dimorpha O.Berg
Eugenia hyemalis Camb.
Eugenia unifloraL.

Eugenia uruguayensis Camb.
Myrcia palustris (DC.) Kausel
Myrciaria cuspidata O.Berg
Psidium sp.

Guapira opposita (Vell.) Reitz

Quillaia brasiliensis (A.St.Hil. et Tul.) Mart.

Psychotria carthagenensis Jacg.
Psychotria leiocarpa Cham. et Schtdl.
ZanthoxylumrhoifoliumLam.
Casearia decandra Jacq.

Casearia decandra Jacq.
Allophylus edulis (A.St.Hil.) Radlk.
Cupania vernalis Cambess

Dodonaea viscosa (L.) Jacq.

Matayba el aeagnoides Radlk.
CestrumstrigillatumRuiz et Pav.
Solanum americanumMill.

Solanum sanctaecatharinae Dunal
Styrax leprosumHook. et Arn.
Symplocos tetrandra Mart. ex Miq.
Symplocos uniflora (Pohl) Benth.
Lantana camaral.

Lantana montevidensis (Spreng.) Brig.

Mihi
Caca
Trcl
Moel
Fior
Myco
Mygu
Myum
Caau
Eudi
Euhy
Euun
Euur
Mypa
Mycu

Guop
Qubr
Psca

Zarh
Cade
Cade
Aled
Cuve
Dovi
Mael
Cest
Soam
Sosa
Stle
Syte
Syun

Lamo




Anexos 128

Anexo 5: Diversidade de Shannon* (H’), riqueza (S), densidade (ni), cobertura de copa (m?) e
cobertura basal (cm?) de espécies lenhosas (va ores médios e respectivas significancias apos andlise
de variancia pelo método de a eatorizacdo), considerando os quadros grandes (large plots, LP=
somente plantas =80 cm de altura) das &reas de campo do sul e do norte, 0s quais compunham
transeccOes paralelas com e sem o tratamento de queima experimental em outubro de 2002. As
transecgOes do sudoeste ndo foram incluidas nesta andlise por ndo permitirem o contraste do
tratamento de queima experimental. ns= non-significant, * p£ 0.05, ** p£ 0.01, *** p£ 0.001. (Referente
a0 SEGUNDO CAPITULO)

Parametro sul norte gueima nao-gueima 1°lev. 20lev.
NORTE& SUL (2°lev.)  (n=52)  (n=44) (n=52) (n=44)
H' (nats) 0,71 1,06
Riqueza (S) - s
1,15 3,10 0,81 3,68
Densidade (ni) . .
2,00 8,33 1,50 9,50
Cobertura copa (m?) - .
0,81 4,05 1,02 4,10
Coberturabasal (cm?) —
5,60 53,24 30,08 28,64 s
SUL (1°& 2°lev.) (n=28) (n=20) (n=24)  (n=24)
Riqueza (S) —
0,32 2,30 1,08 1,21 ns
Densidade (ni) e
0,573 4,00 2,00 2,00 ns
Cobertura copa (m?) o
0,10 1,79 0,75 0,86 ns
Coberturabasal (cm?) e "
0,71 12,45 4,93 6,27
NORTE (1° & 2°lev.) (n=24) (n=24) (n=24) (n=24)
Riqueza (S) o "
1,37 4,83 2,87 3,33
Densidade (ni) e .
2,58 14,08 8,79 7,87
Cobertura copa (m?) .
2,09 6,02 3,98 4,12 ns

Coberturabasal (crm?)
64,35 42,13 ns 53,24 55,20 ns

* = somente os quadros com pelo menos 1 individuo foram considerados para o calculo de H'.
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Anexo 6: Lista de espécies amostradas nos quadros grandes (L P, large plots: =80 cm de dtura) no 1° e no 2° levantamento de acordo com os valores totais de
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densidade (ni), cobertura basal (Cbasal) e coberturade copa (Ccopa) em cada um dos grupos de tempo ap6s o Ultimo fogo (groups of eapsed time since the last

firein grassand — groups 1 to 3) nos quadros de campo e na borda (border). (Referente a0 SEGUNDO CAPITULO)

1° L EVANTAMENTO 2° LEVANTAMENTO

Groupl Group2 Group3 Border Groupl Group2 Group3 Border

Cbasal Ccopa Cbasal Ccopa Cbasal Ccopa Cbasal Ccopa Cbasal Ccopa Cbasal Ccopa Cbasal Ccopa Cbasal Ccopa
code () (cm?) (M?) (n) (cm3) (M3 (n) (cm?3) (M3 () (cm?d) (M3 | (n) (cm?) (M) (n) (cm?) (M3 () (cm3) (M3 (ni) (cm?) (m3)
Ageu - - - - - - 1 14.3 0.9 3 206 18 4 11.8 0.7 - - - 3 18.3 2.1 7 381 2.9
Aled - - - - - - - - - - - - - - - - - - - - - 2 0.7 0.2
Baar - - - - - - 11 16.6 19 - - - - - - 1 3.9 06 12 284 3.9 - - -
Baco - - - 8 9.5 24 20 27.7 3.7 - - - 4 54 15 16 213 55 7 125 16 4 3.3 0.7
Badr - - - - - - 21 38.2 7.0 1 0.6 0.2 - - - - - - 21 408 74 1 0.8 0.1
Bale - - - - - - 1 11 0.4 - - - - - - 3 11 0.2 - - - - - -
Baoc - - - 3 11 0.2 2 1.2 0.5 - - - - - - 2 17 0.4 1 0.4 0.1 1 0.5 0.2
Bapa 8 13.3 1.0 - - - 33 50.8 196 - - - 6 10.3 15 - - - 44 1040 155 2 3.9 0.5
Base - - - - - - - - - - - - - - - - - - 1 0.3 0.1 1 0.3 0.0
Batr - - - - - - - - - - - - - - - 1 2.1 0.3 - - - - - -
Btri - - - - - - - - - 2 133 15 - - - - - - - - - 3 116 24
Buca - - - 2 51 16 - - - 1 1075 0.8 - - - - - - - - - 1 86.6 0.8
Caau - - - - - - 5 15 0.1 - - - - - - - - - - - - 4 2.0 0.2
Cade - - - - - - - - - 3 101 2.7 - - - - - - - - - 4 149 3.1
Catw 1 1.0 0.1 - - - 1 4.2 11 - - - - - - - - - - - - 5 6.4 1.8
Cest - - - 1 2.2 0.7 - - - 1 3.1 0.5 - - - 1 45 1.0 - - - 1 3.3 1.2
Cost - - - 2 15 0.4 - - - - - - - - - 5 14 0.6 - - - - - -
Cri - - - - - - 4 1.7 0.4 - - - - - - 9 2.2 0.8 - - - 2 0.7 0.3
Crth - - - - - - 1 0.2 0.0 - - - - - - - - - 4 11 0.2 - - -
Cuve - - - - - - 1 11 0.2 - - - - - - - - - - - - 1 1.8 0.3
Diin - - - - - - - - - 1 0.5 0.0 - - - - - - - - - - - -
Dovi 2 25 0.4 - - - 15 188.0 187 18 1920 189 ( 2 1.7 0.4 - - - 11 923 133 26 2365 221
Erar - - - - - - - - - 2 3.1 0.7 - - - - - - - - - 1 25 0.6
Ermi - - - - - - - - - - - - - - - - - - 1 1.2 0.2 - - -
Eudi - - - - - - 1 25 0.2 - - - - - - - - - 2 5.9 0.8 - - -
Euhi - - - - - - - - - - - - - - - - - - - - - 1 0.2 0.2
Euli 5 5.5 09 13 133 33 40 34.4 6.3 1 0.2 0.0 6 12.0 16 23 337 66 21 217 3.0 8 11.0 1.9
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Eupe - - - - - - 2 0.8 0.3 3 1.2 0.3 - - - - - - - - - - - -

Eupi 6 42.2 4.2 - - - 9 42.4 3.9 2 2.7 0.1 - - - - - - 6 38.6 3.8 8 7.7 8.8
Eutw - - - - - - 1 1.1 0.2 - - - - - - - - - - - - - - -

Euun - - - - - - - - - 1 0.1 0.0 - - - - - - - - - 1 0.4 0.2
Guop - - - - - - - - - 1 17.3 0.8 - - - - - - - - - 3 28.0 1.5
Guur - - - 1 2.1 0.4 - - - 2 3.1 0.6 - - - 1 6.9 0.6 - - - 2 4.0 0.9
Heps 6 12.2 1.4 - - - 57 122.3 20.8 - - - 4 12.1 1.5 - - - 24 1126 13.6 1 5.3 0.5
Hymi - - - - - - - - - 2 08 02 | - - - - - - - - - - - -

lidu - - - - - - - - - - - - - - - - - - - - - 1 35 0.2
Laca - - - - - - - - - 2 1.5 2.5 - - - - - - - - - 3 8.8 4.0
Libr 4 8.0 0.8 3 11.2 1.8 - - - 1 9.7 0.6 4 9.9 1.4 2 17.4 2.1 - - - 5 19.3 3.2
Maca 1 1.3 0.1 - - - - - - - - - 4 3.6 0.4 - - - - - - 1 0.8 0.1
Mael - - - 2 18.2 0.7 1 279 1.9 1 2.3 0.2 - - - 2 14.2 1.2 - - - 2 30.4 1.2
Mihi - - - - - - - - - - - - - - - - - - - - 1 1.1 0.1
Mipa 2 2.6 0.4 - - - 16 14.7 4.1 - - - 2 6.7 2.2 - - - 10 8.4 3.1 - - -

Myco - - - - - - - - - 7 43.8 3.5 - - - - - - - - - 8 20.5 2.4
Mycu 3 9.5 0.7 1 1.1 0.3 7 36.3 2.6 7 23.5 1.1 1 3.9 0.2 4 6.4 1.0 4 38.0 2.0 16 60.8 5.6
Mygu - - - - - - 1 23.8 1.7 2 21.5 2.6 - - - - - - 1 28.3 2.5 2 34.5 3.6
Mypa 3 853.9 7.6 2 7.5 0.6 3 25.6 6.2 2 24.1 15 2  469.9 6.0 - - - - - - 6 43.6 3.2
Myum - - - 2 0.4 0.1 1 0.6 0.1 4 4.4 0.4 - - - - - - - - - 7 7.8 1.3
Opmo - - - - - - 2 89.5 0.4 - - - - - - - - - - - - 2 74.4 0.7
Paha - - - 3 0.4 0.1 3 0.8 0.3 1 0.1 0.0 1 0.2 0.0 15 4.8 0.9 2 0.4 0.1 9 2.1 0.5
Pola - - - 27 6.4 1.8 5 1.4 0.1 2 0.4 0.0 9 3.3 0.7 49 19.1 4.5 4 1.4 0.4 14 5.0 1.0
Psca - - - 3 1.3 0.6 - - - 1 5.0 1.0 - - - - - - - - - 4 4.1 1.1
Qubr - - - - - - - - - - - - - - - - - - - - - 1 05 0.1
Scwe - - - 3 0.9 0.1 1 0.3 0.0 1 0.1 0.0 - - - 8 3.2 04 1 1.6 0.2 2 0.6 0.2
Sebr - - - 3 29 0.2 - - - - - - - - - - - - - - - 7 5.7 0.7
Sese - - - - - - - - - 2 8.1 0.4 - - - - - - - - - 5 9.9 2.2
Styl - - - - - - 1 3.8 0.6 1 1.1 0.1 - - - - - - - - - 3 6.6 1.4
Syte - - - 1 1.5 0.2 - - - 1 1.3 0.2 - - - - - - - - - 1 2.0 0.3
Syun 10 185.4 27.1 2 22.0 2.3 3 175.9 9.4 1 2326 8.3 2 1237 150 2 30.9 3.2 1 81.0 11.0 12 3723 250
Trcl - - - 2 4.0 0.3 - - - - - - - - - - - - - - - 1 4.5 0.6
Trst - - - - - - - - - - - - - - - - - - 1 5.7 0.7 1 1.1 0.0
Venu - - - 1 0.8 0.0 1 0.3 0.2 - - - 1 0.4 0.1 - - - 2 0.8 0.6 1 0.2 0.1
Zarh - - - 1 3.8 0.1 - - - - - - - - - - - - 1 1.3 0.2 3 4.3 0.4
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|_SUDOESTE

Anexo 7: Imagens comparativas de transi¢do floresta-campo em areas no sul, sudoeste e norte do Morro Santana, Porto Alegre, RS.
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rutamento  de  arbustos  (H.
psiadioides), cerca de 1 anos apos

Area prxima as transecgdes T3 e T4, antes d
gueimada ocorrida em Janeiro de 2001

a lesmo local, cerca de 9 meses depois do fogo

U vistado Baccharis dracunculifolia e
H. psiadioides em areas de campo
sem fogo a pelo menos 3 anos.

Espécies sem capacidade de
rebrotar

Mesmo loca que das fotografias ima, em ro
de 2004

Anexo 8: Sequiénciatempora de uma &rea de campo onde predominam espécies “ seeders obligate’ no Morro Santana, Porto Alegre, RS.
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Individuo jovem de A. eucalyptoides

Agarista eucalyptoides na borda da floresta

Lithrea brasiliensisrebrotando ap6s
0 experimento de queima

Anexo 9: Alguns detalhes em espécies de arbdreas relacionados a capacidade de tolerar 0 fogo e continuar pemanecendo no campo.



Anexos

Myrsine umbellata e M. cuspidata

Myrcia palustris

nUcleos de expansio florestal em éreas de campo
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