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RESUMO

A busca pela restauracdo de ambientes degradados tem sido um desafio em todas as regides
do planeta e ha consenso de que estudos ecoldgicos podem contribuir para o aprimoramento da
pratica da restauracdo. No entanto, pouco se conhece sobre a trajetéria dos ecossistemas em
processo de restauracdo, especialmente quanto ao restabelecimento da diversidade de espécies e de
suas fungdes nos processos ecoldgicos. O objetivo da pesquisa proposta foi verificar se hd ou ndo a
previsibilidade da recuperacdo de atributos ao longo do tempo, no que tange a diversidade de
espécies, estrutura da vegetacao, grupos funcionais, diversidade e redundancia funcional e oferta de
recursos para a fauna, em comunidades vegetais de matas ciliares em restauragdo em comparagio
com um ecossistema de referéncia. O objeto de estudo foram matas ciliares em regido de Floresta
Estacional Semidecidual, na regido central do Estado de Sdo Paulo, cujos plantios utilizaram
elevada diversidade inicial. Foram amostrados mensalmente todos os individuos em reproducdo de
todas as formas de crescimento e a sua fenologia durante dois anos (353 espécies). Nestes
individuos foram levantadas as caracteristicas estruturais e reprodutivas, como: formas de
crescimento, altura e drea basal, fenologia, tipos florais, cores e tamanho das flores, indice de
originalidade floral, sindromes de dispersdo, cores e tamanhos dos frutos. Partiu-se da premissa de
que o restabelecimento dos descritores estudados indica uma evolugdo positiva e autdnoma dos
ecossistemas em processo de restauracdo rumo a sua sustentabilidade. Alguns desses descritores se
restabeleceram com o tempo, tais como a estrutura da vegetacao, propor¢do de grupos sucessionais,
diversidade de espécies arbdreas e sua funcionalidade e originalidade floral, quantidade de flores e
frutos produzidos. Porém, acdes de manejo adaptativo podem ser necessdrias com vistas a suprir
eventuais lacunas funcionais, principalmente no que tange as formas de vida ndo-arbéreas, devendo
essas serem introduzidas, ji que foram insuficientemente representadas, principalmente em dreas
bastante fragmentadas. Desse modo, o manejo adaptativo dessas dareas podera auxiliar na
recuperacdo desses descritores. Para as futuras dreas que serdo implantadas, a consideracdo desses
fatores e o planejamento prévio de quais espécies, caracteristicas funcionais e formas de vida a
serem plantadas serdo de grande relevancia. Para completar o trabalho, acreditamos que aliar o
conhecimento adquirido com politicas publicas e com a legislacdo ambiental nacional ¢é
indispensavel. Desse modo, discutimos também o projeto de alteracdo da lei do Cédigo Florestal
brasileiro e os efeitos que poderdo ocorrer na conservacgao e restauracao dos ecossistemas nacionais.

Palavras-chave: composi¢do floristica, decisdes politicas, ecomorfologia floral, grupos ecoldgicos
sucessionais, Mata Atlantica, plantio de enriquecimento, plantio de espécies nativas, redundancia
funcional, zoocoria



ABSTRACT

Throughout the world there is large scale environment degradation. Hence, restoration of degraded
areas has been a challenge. There is a consensus that ecological studies can contribute to improve
the practice of restoration. However, there is a knowledge lack about the trajectory of ecosystems’
under restoration; in particular, regarding re-establishment of species diversity and its function in
the ecological process. The aim of the present study is to verify whether riparian forest communities
under restoration recover their attributes over time, such as species diversity, structure, plant
functional groups, functional diversity and redundancy and resource provision for fauna compared
to a reference forest. We studied riparian forests of the seasonal semideciduous forest domain, in
the Atlantic Forest Biome, S@o Paulo State, SE, Brazil. These areas were restored using a high
diversity of species during the planting process. We sampled all reproductive individuals of all
growth forms and followed their phenology monthly for two years (353 species). We measured
reproductive and structural plant traits such as growth form, size, basal area, reproductive
phenology, floral types, flower color and size, dispersal syndrome, fruit color and size. We assumed
that recover of the studied descriptors indicates positive and autonomous advancement in ecosystem
restoration towards its sustainability. Several of these attributes were re-established over time, such
as the vegetation structure, ecological sucessional group proportion, species diversity of trees and
their flower functionality and originality, as well as the amount production of flowers and fruits. On
the other hand, adaptive management actions may be necessary in order to afford any functional
gaps, especially in regard to forms of non-tree species that should be introduced since they have
been underrepresented, particularly in landscapes very fragmented. Thereby, adaptive management
of these areas may assist the recovery of these descriptors. Consideration of these factors and prior
planning of which species and grow forms should be planted will be of great relevance for areas
that will be implemented in the future. We also believe that combining the knowledge acquired with
public policy and the national environmental legislation is essential. Hence, we discussed the
proposal bill to the Brazilian Forest Code and the effects that may occur in conservation and
restoration of national ecosystems, where several current protected areas may lose protection and it
will be a setback for conservation and restoration of Brazilian forests.

Key words: Atlantic forest, enrichment planting, floral ecomorphology, native species plantations,
plant functional groups, functional redundancy, policy decisions, zoochorous species
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Doutorado e suas emocoes

T4 ai, doutorado, um periodo para nos alimentar de varias emocdes, ainda mais se vocé for
um corac¢ao mole. Por quatro anos e meio, uma mistura de sentimentos rondou por mim...

A revolta perante o roubo de todas as parcelas, placas e fitas das plantas de uma drea que
aticou minha teimosia para recolocar e martelar tudo de novo apds insistiram em repetir o
roubo de cada item por trés ocasides consecutivas; no final pintamos os troncos de todas as
arvores, ja que tinta, ninguém rouba, e desistiram de colecionar placas, fitas e estacas

O medo ao ouvir tiros e gritos na mata enquanto fazia o trabalho no mato e deparar com
barricada policial na saida do campo e, por estupidez, segundo alguns, continuei
freqiientando esse lugar por mais um ano

A empolgacdo de um dos momentos mais legais que foi o periodo de identificacdo das
centenas de espécies, época em que o desafio de descobrir o nome de cada uma me deixava
curiosa

O desespero ao deparar milhares de Hybanthus atropurpureus e Vernonia remotiflora se
reproduzindo a0 mesmo tempo e ter que me acalmar e pensar em uma solucdo para
contabiliza-los sem ficar louca

O apego experimentado perante cada individuo acompanhado por dois anos que me
emocionou quando a maior drvore de todas morreu depois de sua bela reproducdo, e
descobri depois de um tempo que se tratava de uma planta semélparal!

O encantamento deslumbrado a cada campo, que aumentava cada vez mais o carinho pela
natureza e por sua luta pela recuperagao

A indignag¢do que me envolveu e me fez escrever sobre algo que incomoda nesse pais e
levar isso para frente da maneira que estava ao meu alcance

A felicidade durante o periodo sanduiche, quando tive a chance de morar num lugar
diferente e conviver com pessoas que influenciariam meu jeito de pesquisar

A depressdo sentida ao voltar pro Brasil no auge dos conflitos ambientais que também se
tornaram um forte conflito interno

A alegria em ver uma luz no fim do tinel e quem sabe, crer que existe vida apos o
doutorado...

Enfim, senti o que acredito ser compartilhado por todos aqueles que passam por essa fase.
Primeiramente um anseio de que vamos salvar o mundo no comeco do projeto. Passando
por sentimentos de aperto e inseguranca durante a implantagcdo do projeto, para uma imensa
satisfacdo no meio do periodo quando tudo estd dando certo e um completo panico na parte
final, quando parece que aquilo nunca vai acabar e que vocé estard condenada a ser uma
doutoranda eternamente.

Expus esses sentimentos a fim de compartilhd-los com aqueles que compreendem por ja
terem passado por isso € com 0s que ndo imaginam em que bases uma tese € construida.
Isso demonstra que tantos anos de investimento pendem hora para momentos de riscos e
insegurancas hora para momentos de completo envolvimento emocional com o objeto de
estudo.



Introducao geral
Sustentabilidade ecologica

O conceito de sustentabilidade, sob a perspectiva da restauracdo, pode ser demonstrado
quando a diversidade de espécies e seus processos ecoldgicos podem se manter continuamente,
sem necessidade de manejo ou intervengdo (Aronson et al. 2011). Sustentabilidade ecoldgica
procura abranger as necessidades humanas, sem comprometer a integridade dos ecossistemas,
almejando conservar a biota dos ambientes que se encontram em uma paisagem antropizada e
economicamente explorada (Callicott and Mumford 1997). A diversidade bioldgica €, por
exemplo, um dos indicadores da satide dos ecossistemas que vai amortecer as mudangas nas
condi¢des ambientais, podendo ser considerada como uma garantia nesse processo (Rapport
1995, Aarts and Nienhuis 1999). Para atingir essa sustentabilidade ecoldgica, a area deve
permanecer ecologicamente estavel ao longo de periodos entre geragdes (Harwell et al. 1996).
Na dimensao da sustentabilidade ecoldgica, a introducdo de bidtopos pode ser vista como uma
maneira de aumentar o desenvolvimento sustentdvel (Renetzeder et al. 2010). Desse modo, a
restauracdo ecoldgica ¢ uma ferramenta que visa aumentar a sustentabilidade ecoldgica de
ambientes amplamente antropizados, como o que ocorre especialmente na regido da Mata
Atlantica.

Matas ciliares e sua protecdo legal

As matas ciliares ocupam areas limitadas ao longo de cursos d’agua de pequeno, médio e

grande porte (Ribeiro and Walter 1998) e ocorrem em todos os dominios fitogeogréficos e

morfoclimdticos do pais (Ab’Saber 2000). Essas formacdes florestais sdo caracterizadas como

Areas de Preservacio Permanente, sendo protegidas pela Legislagio Ambiental Brasileira (Lei



ndmero 4.771/65, alterada pela Lei nimero 7.803/89) que estabelece exigéncias diferenciadas
para a cobertura vegetal destinadas a protecdo de reservatdrios de dgua, nascentes, cOrregos,
margens de rios e lagos. Todavia, apesar de protegidas por lei, as matas ciliares sofrem
constantes agressoes antrdpicas provocadas por atividades agropecudrias associadas a prética de
queimadas e ao extrativismo florestal (Battilani et al. 2005). Conseqiientemente, hd uma reducao
da biodiversidade e um aumento da erosdo, causando prejuizo ao estoque dos mananciais
hidricos, em conseqiiéncia da fragmentacdo e diminuicdo das florestas riparias no Brasil
(Barbosa 2000, Tundisi and Tundisi 2010). Para reverter o avango da devasta¢do no estado de
Sdo Paulo, por exemplo, grande empenho tem sido despendido para a recuperacdo dessas areas
de preservag¢do permanente, como no “Projeto de Recuperagdo de Matas Ciliares” (Wuethrich
2007), com objetivo de recuperar um milhdo de hectares e no “Pacto de Restauracdo da Mata
Atlantica” que pretende recuperar 15 milhdes de hectares (Calmon et al. 2011). Apesar disso,
esses esforcos podem ser prejudicados uma vez que o Cdodigo Florestal anteriormente vigente foi
modificado nos moldes do projeto de lei nimero 1876-C de 1999, que apds tramitacdo na
Camara e no Senado, foi sancionado pela Presidente na forma da Lei Florestal nimero 12.651,
de 25 de maio de 2012, modificada pela Lei nimero 12.727 e complementada pelo Decreto
nimero 7830, de 17 de outubro de 2012. Para maiores detalhes das mudangas previstas e de suas
conseqiiéncias elaboramos um apéndice (Capitulo 4 — Tabela S3) que durante a tramitacdo
legislativa foi cedido como colaboracdo na carta aberta da Sociedade Brasileira para o Progresso
da Ciéncia (SBPC) e a Academia Brasileira de Ciéncias (ABC) apresentada ao deputado relator
da matéria no dia 27 de fevereiro de 2012. Em outro apéndice (Capitulo 4 — Appendix S4)
apresentamos um parecer sobre os vetos, Medida Provisdria, bem como a versdo sancionada da

Lei.



Restauracdo

Desde a iniciativa pioneira de restauracdo da Floresta da Tijuca, entre 1862 e 1892,
considerada como sendo o primeiro projeto de recuperacdo de dreas degradadas no Brasil, os
objetivos dos projetos de restauracdo mudaram através do emprego de novas técnicas, que foram
desenvolvidas a partir das teorias ecoldgicas e das idéias que surgiram com o monitoramento das
areas implantadas (Rodrigues et al. 2009). Através dos dados fornecidos pelo conhecimento
cientifico acumulado, a disciplina de Ecologia da Restauracdo tem como uma de suas metas a
melhoria no grau de previsibilidade do processo de restauracdo. Apds a implantacio da
restauracdo de uma mata ciliar, o desenvolvimento almejado seria a formagdo de uma
comunidade inicial que iria percorrer uma trajetoria de regeneracdo até atingir uma fisionomia
florestal, no ponto de vista estrutural. Nesse estdgio avancado, espera-se que grande parte da
comunidade inicialmente implantada deva estar presente, mesmo considerando a entrada de
novas espécies. A comunidade final almejada podera, porém, percorrer outra trajetoria, devido a
distdrbios naturais, antropicos ou simplesmente pela entrada aleatéria de espécies das redondezas
(Gandolfi et al. 2007), atingindo um estado alternativo (Suding et al. 2004). Ou ainda, segundo
os modelos de limiares (threshold models), o ecossistema pode atingir multiplos estados estaveis
que representam mudancgas de um sistema relativamente distinto para outro, como resultado de
pequenas mudangas das condi¢des ambientais (Hobbs and Suding 2009). As &4reas restauradas
podem tornar-se ecossistemas hibridos ou novos (novel ecossystems), sendo que os primeiros
retém caracteristicas do sistema original, mas sua composi¢do ou funcionalidade difere da
original; enquanto no ecossistema novo, ambos 0s pardmetros estdo completamente

transformados (Hobbs et al. 2009).



As dreas em processo de restauracdo podem ter trajetdrias diferentes de regeneracdo,
dependendo de diversos fatores, tais como as espécies usadas no plantio, fatores de perturbacao,
taxa de entrada de novas espécies, contexto da paisagem, entre outros. Além disto, com o passar
do tempo da restauracdo, a trajetéria de regeneracdo ¢é alterada, podendo levar essas dreas a
apresentarem descritores semelhantes, ndo necessariamente com as mesmas espécies. Além das
trajetorias alternativas devido aos disturbios, a proporcdo dos grupos sucessionais poderd
interferir no resultado da comunidade final. Os plantios nos estdgios iniciais do processo de
restauracdo tendem a ter uma maior composi¢do de espécies pioneiras, considerando ou nio a
utilizacdo dos critérios sucessionais nos seus modelos de plantio. Isso ocorre devido ao simples
fato da sobrevivéncia dessas espécies ser maior no inicio do plantio, considerando as
adversidades presentes nessas condi¢des, como o excesso de luz, que prejudica tanto a
sobrevivéncia quanto o estabelecimento das espécies mais tardias. Com a perda natural pela
morte das espécies pioneiras poderd ocorrer um aumento na proporcao de espécies secunddarias e
tardias. Desse modo, espera-se que com o passar do tempo do processo de restauracdo, ocorra
uma alteracdo na composicao floristica e, conseqiientemente, nas caracteristicas das espécies e

dos grupos funcionais.

Planejar os plantios para que ocorra o retorno do investimento feito nos projetos de
restauracdo € essencial para o sucesso das florestas implantadas. Para isso, € preciso verificar se
as areas restauradas suportam ou suportardo no futuro uma ampla gama de espécies, as interagdes

entre elas e a prestacdo de servicos que as florestas nativas exercem (Chazdon 2008).



Grupos funcionais

Uma das formas de se analisar o sucesso da restauracdo ¢ a utilizacdo de grupos
funcionais. Essa abordagem pode considerar o potencial de interacdo entre as espécies, sendo
definidos como grupos de espécies que, independentemente da sua relacdo filogenética, podem
desempenhar papel ecolégico semelhante no ecossistema ou respondem de maneira comum a um
fator ambiental (Gitay and Noble 1997, Diaz and Cabido 2001, Lavorel and Garnier 2002, Rusch

et al. 2003, Franks et al. 2009).

A determinac¢do da composicao dos grupos funcionais e da diversidade funcional de uma
area pode ser uma ferramenta promissora a ser levada em consideracdo tanto na implantacdo de
projetos de restauragdo quanto para o enriquecimento de espécies pds-plantio. Desse modo,
consideramos importante a utilizacdo de grupos funcionais de plantas que representem diferentes
fungdes, auxiliando no retorno dos processos ecoldgicos das dreas em processo de restauracao.
Podemos focar, por exemplo, em grupos definidos segundo as suas caracteristicas morfoldgicas
relacionadas aos tipos de recursos ofertados para a fauna, tais como frutos e flores. Esse foco nas
caracteristicas reprodutivas das plantas relativas a dispersao de sementes e a polinizacdo pode ser

considerado, presumindo que estas sdo importantes para o fluxo génico nas espécies.

Dados biologicos

Em vérios plantios tem-se notado que muitos individuos tornam-se adultos, mas nao
conseguem se reproduzir comprometendo o futuro da floresta, uma vez que ndao haverd novas
plantas para substituirem aquelas que foram plantadas (Castro et al. 2007). Considerando que as

interacdes animal-planta sdo fundamentais para a conservacdo da biodiversidade (Reys et al.



2005), a avaliacdo da disponibilidade de recursos para a fauna, a partir de estudos fenoldgicos,
poderd contribuir para um melhor entendimento destas formacdes implantadas. Apesar dessa
grande importancia, pouco se sabe sobre os dados da biologia reprodutiva de diversas espécies
nativas (Rodrigues et al. 2009). A investigacdo da sazonalidade, sincronia, produ¢do e densidade
de recursos fornece informacdes de grande valia para o conhecimento de épocas de menor oferta
de recursos para a fauna e, conseqiientemente, fragilizacdo dos processos ecoldgicos de
interacoes. Estudos fenoldgicos também podem contribuir para a andlise da limitacdo do
recrutamento de plantulas, caso um pequeno numero de sementes esteja sendo produzido e/ou
dispersado afetando o sucesso de estabelecimento de plantulas. Além disso, a regularidade das
espécies na producdo de frutos e sementes e a sincronia intra e interespecifica podem ser
consideradas como parametros de funcionalidade, ja que interferem na interacao entre plantas e
animais. Podemos acrescentar que nos estudos de restauracdo ecoldgica € escassa a abordagem
fenoldgica das diferentes formas de crescimento, como as ervas, lianas e epifitas, apesar da
importancia desses componentes da vegetacdo para a fauna no suprimento de recursos (Rodrigues
et al. 2009). Além do mais, estudos fenolégicos nos neotrépicos sao numerosos, mas a aplicacao
desse conhecimento para a questdo do manejo florestal € incomum (Guariguata and Pinard 1998)

e raro sobre o ponto de vista da restauragdo.

O plantio de mudas em &4reas em restauracdo pode tornar um determinado local
previamente degradado menos indspito para a fauna local. Caso essas plantas fornecam recursos
para esses animais, espera-se que os mesmos utilizem essas dreas em processo de restauracao
com maior frequéncia. Além disso, uma vez que o fornecimento de recursos seja continuo, a

manutencdo da fauna local como freqiientadora permanente das dreas poderd ser estabelecida.



Desse modo, podemos esperar que as interagdes planta-animal irdo favorecer o aumento do fluxo
génico, através da polinizagdo, e o aumento da colonizacio de espécies aldctones e,

consequentemente da diversidade, através da dispersdo de sementes zoocoricas.

Objetivo geral da tese

Esta tese tem por objetivo investigar se as comunidades vegetais de matas ciliares em
processo de restauragdo recuperam seus atributos ao longo do tempo e se atingem a
sustentabilidade ecoldgica com a maturidade florestal, considerando como referéncia uma 4rea
em estado natural. Consideramos como atributos tanto a estrutura e diversidade quanto as

caracteristicas reprodutivas das espécies.

Premissas e hipoteses

Premissa 1) o passar do tempo do processo de restauracdo permite uma alteragcdo na composi¢ao

floristica, pela entrada de novas espécies e/ou pela mortalidade de algumas espécies.

Hipoétese 2) Essa alteracao ird refletir em mudancas nas caracteristicas estruturais, de diversidade

de espécies, de diversidade funcional e fenol6gicas da comunidade;

Hipoétese 3) Com o desenvolvimento do processo de restauragdo, espera-se que aumente a oferta
de recursos para a fauna, através do acréscimo da producdo de flores e frutos através das espécies

plantadas e das espécies que colonizaram a area;

Hipétese 4) Florestas em estigios serais mais avangados tenderiam a ter mais espécies
zoocoricas e maior diversificacdo dos tipos florais, assumindo que estas espécies entraram nas

areas em processo de restauracao via dispersao.



Hipdtese 5) Considerando que o atendimento as exigéncias legais € a principal motivacio para a
restauracdo ecoldgica no Brasil, a mudanca no Cddigo Florestal ird afetar os projetos de

restauracdo e a conservacao da biodiversidade em propriedade privadas nas proximas décadas.

Justificativas

Esses resultados poderao ser utilizados para predi¢des sobre o futuro dessas comunidades
implantadas. Do mesmo modo, poderd ser inferido sobre a necessidade ou ndo de acdes
corretivas, através de manejo periddico, tentando garantir a sustentabilidade dessas dreas em
processo de restauracdo. Além de levantar dados para o manejo de dreas em restauragdo, a tese
também apresenta uma discuss@do de como a restauracdo e conservacdo dos ecossistemas

brasileiros podem ser afetados pela mudanca na legislacao ambiental.

Organizagdo da tese

A tese estd organizada de modo a investigar se dreas em processo de restauracdo (Fig. 1),
durante o qual foi usado um grande ndmero de espécies no plantio, possuem alguns dos
parametros de sustentabilidade recuperados. A Sociedade Internacional de Restauracido Ecoldgica
considera nove atributos para medir o sucesso da restauragdo, tais como estrutura da vegetacao,
diversidade e processos ecologicos (SER 2004, Ruiz-Jaen and Aide 2005). Desse modo, foram

construidos quatro capitulos focando cada uma dessas trés categorias.

O Capitulo 1 aborda a relag@o entre as arvores que, em geral, provém do plantio inicial
com as demais formas de vida que colonizaram naturalmente as dreas em processo de

restauracdo. Essa relacdo terd grande influéncia na estrutura da vegetacdo. Assim, esse capitulo



investiga se a cobertura e altura do dossel, drea basal, diversidade de espécies e composi¢ao

floristica sdo recuperados apds algumas décadas de restauragdo.

O Capitulo 2 analisa a diversidade e redundancia funcional, investigando a mudanca na
proporcao de grupos funcionais de plantas baseados em caracteristicas florais dessas
comunidades em processo de restauracdo comparadas a uma floresta de referéncia. Também
abordamos a relacdo entre a diversidade funcional e a diversidade de espécies e como isso pode

ser influenciado pelas decisdes tomadas durante o planejamento do projeto de restauragdo.

O Capitulo 3 foca na interagdo animal-planta como um importante processo ecoldgico
que potencialmente auxilia no estabelecimento permanente do fluxo génico das dareas em
restauracdo. Dessa maneira, o estudo investiga uma série temporal de dois anos da fenologia e

também da disponibilidade de recursos para a fauna.

A Restauracao Ecoldgica concentra tradicionalmente mais esfor¢os em sistemas locais a
serem restaurados do que no cendario socioecondmico e politico (Hobbs et al. 2011). Grandes sao
os esforcos para responder se realmente conseguiremos, através da restauracao ecoldgica, reverter
os quadros de degradacdo ambiental que tém se agravado cada vez mais. Apesar de todo
conhecimento cientifico acumulado no pais, visando auxiliar a conservagao e restauracao dos
nossos ecossistemas, durante os dois dltimos anos tramitou o projeto de alteracdo da lei do
Cédigo Florestal brasileiro, que se tornou nova lei em 2012 (Lei Florestal), que é uma grande
ameaca ambiental. Com o intuito de aliar os conhecimentos levantados pela produgao cientifica

com a politica ambiental brasileira, detalharemos os efeitos na conservacdo e restauragao dos
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ecossistemas brasileiros que poderdao ocorrer através dessas mudancas propostas na lei, situagdes

essas que serdo discutidas no Capitulo 4.
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‘Photo: Gustavo Girardelli 7 |

Figura 1- Localizacdo e fotos das dreas de estudo, Brasil, Sao Paulo, nos municipios de A) Campinas
(mata de referéncia), B) Cosmépolis (mata de 55 anos), C) Iracemdpolis (mata de 23 anos) e D) Santa
Barbara d’Oeste (mata de 12 anos).
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CAPITULO 1:

INFLUENCE OF RESTORATION AGE AND DIVERSITY OF PLANTED TREES ON NATURAL REGENERATION OF

NON-TREE GROWTH FORMS

Abstract

We studied plant colonization at restoration sites of different ages to clarify aspects of tree influence on
naturally regenerated strata (i.e., non-tree growth forms), since this influence appears only slowly.
Because we focused on sites where planting included high tree species diversity, we tested whether
composition and diversity of natural regeneration after planting was more related to actual composition
and diversity of planted trees or to restoration age. We found that many structural aspects of recovering
forests, like tree basal area, canopy cover, and height resembled mature forest within five decades. On the
other hand, we found no convergence in floristic composition. We detected significant similarity between
tree species and non-tree species area matrix only in the reference forest. Although tree species
composition was elevated since the planting process, planted sites did not recover the diversity of all
growth forms even after five decades of restoration, particularly as regards climbers and epiphytes. We
recommend that, in restoration projects where fragmentation and degradation has been strong enough to
hamper natural colonization, understory enrichment should be undertaken a few years after planting to

recover other growth forms.

Key words: active restoration; adaptive management; enrichment planting; high-diversity forest systems;

native species plantations; tropical forests.
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Introduction

Conversion of tropical forest to crops and other anthropogenic uses has been accelerated due to demand
for food supplies (Kendall & Pimentel, 1994; D66s, 2000). Indeed, between 1980 and 2000, more than
55% of new agricultural land came at the cost of intact forests, and 28% was created from already-
disturbed forests (Gibbs et al., 2010). By contrast, pressure is growing to recover degraded lands to
compensate for loss of biodiversity caused by deforestation (Wuethrich, 2007; Chazdon, 2008; Rodrigues
et al., 2009). After years of degradation, returning such systems to their previous condition may be very
difficult or costly (Hobbs et al., 2006): these areas will need human assistance to recover forest structure,

species composition, and biological interactions characteristic of mature tropical forests (Chazdon, 2003).

Studying a restoration age gradient is an excellent opportunity to assess these assumptions.
Restoration programs provide a great opportunity to elucidate successional principles, and to test whether
reversing the degradation process is possible (Hobbs, 2007; Walker & Moral, 2009). At the same time,
studying such systems can elucidate differences between reference environments and contemporary
conditions of restoration sites (Moore et al., 1999). This question is crucial, but has not been addressed
well in tropical forests for lack of long-term restoration age gradients for study, as rehabilitation is a slow
process for biodiverse ecosystems. Old restored areas should be examined to recognize problems that can
prevent successful restoration, and to obtain clues about how these problems can be solved, avoiding

waste of resources and project failures.

Only a limited number of studies has investigated planted tree influence on subsequent
development of forest restoration in high-diverse tropical forest systems. Planted tree species sets chosen
during restoration can influence natural regeneration (Parrotta, 1995; Powers et al., 1997; Senbeta &

Teketay, 2001; Cusack & Montagnini, 2004); restoration success also depends on planting and
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maintenance strategies, as well as on characteristics of the surrounding landscape (Rodrigues et al., 2009).
Major known barriers to species colonization of replanted forests include lack of seed sources, poor
germination, lack of faunal colonization, weed infestation, soil degradation (compaction, absence of seed
banks, unsuitable soil microclimates, depletion of soil nutrients), landscape constraints, and long histories
of land clearance (Wunderle, 1997; Holl, 1999; Holl et al., 2000; Florentine & Westbrooke, 2004; Lamb
et al., 2005; Viani et al., 2010; Griscom & Ashton, 2011). Some combination of such reasons may explain
why past restoration projects have not produced high-diversity elf-perpetuating forests in the Brazilian

Atlantic forest (Barbosa et al., 2003; Souza & Batista, 2004).

Although literature on tropical forest restoration ecology is growing, little attention has been paid
to non-tree plant biodiversity development. Few studies are available that focus on other growth forms and
particularly across age gradients approach. Understory vegetation is influenced by colonization rates, as
well as by overstory composition and structure via changes in resource availability (light, water, and soil

nutrients; Barbier et al., 2008).

Here, we measured plant colonization of restoration sites of different ages to evaluate restoration
success in terms of species diversity, colonization by non-tree species, and structural measures among
stands. We tested the hypotheses that older planted sites would be more similar to natural forests in
composition, species diversity, and structure than newer ones. Focusing on non-tree species, we tested
whether their composition and diversity were related more to composition and diversity of planted trees or

to restoration age.

Methods

Study area
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Four riparian forest sites were surveyed in the Piracicaba, Capivari, and Jundiai (PCJ) watershed in Sao
Paulo state, Brazil (Fig. 1 in the introduction of this thesis). The sites hold seasonal semideciduous forest
within the Atlantic forest biome, with similar climate influences, and all at similar elevations (554—711 m)
(Table 1). The restoration sites were at three planting ages (12, 23, and 55 years), all formerly cultivated
for sugarcane. These sites were restored via planting of a high diversity of tree species (>70 species),
chosen according to availability of seedlings from commercial sources, as well as from seed collected on
surrounding landscapes, using mostly native species but some exotic species as well (Nogueira, 1977;
Rodrigues et al., 1992; Siqueira, 2002; Vieira & Gandolfi, 2006). Restoration project goals for these sites
were use of native species as much as possible, as well as reaching maximum possible species numbers.
The sites are located in a highly fragmented landscape unlikely to restore effectively without assistance

(Rodrigues et al., 2010).

To evaluate restoration success, we compared these sites to a reference forest that is the second
largest natural remnant (244.9 ha) of forest that was the formerly continuous in the Campinas municipality
(Santos et al., 2009). Currently, 97% of Atlantic forest fragments are <250 ha, these small forest patches

account for almost 42% of the remaining total forest area of this biome (Ribeiro et al., 2009).

Sampling methods

At each site under restoration, we selected a 2.5-ha stand, following the sampling design of Cielo-Filho et
al. (2007), who established the plots at the reference site. To reduce environmental variation, we placed
plots randomly in forest areas located near watercourses without sign of recent anthropogenic disturbance
(e.g. charcoal on ground surface, soot on trunks, presence of stumps or coppiced trees) or experience

seasonally flooding.
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Within each stand (all 2.5-ha), we located 30 10 x 10 m plots randomly. Within these plots, all
trees with circumference at breast height (CBH, 1.3 m above ground) of >15 cm were identified and
measured for CBH. Measurements in the reference forest were made by Cielo-Filho (2001) and
remeasured by J. van Melis (pers. comm.);trees in the 23 and 55-yr sites were measured by Amazonas

(2010; 2011); we measured the trees in the 12-yr site.

We also identified and marked all non-tree species (“non-trees”; sub-shrubs, shrubs, herbs,
epiphytes, hemi-parasitics, and climbers) in flower and/or fruit (for all angiosperm plants except
graminoids) at all sites. We repeated this non-tree sampling monthly for two years (May 2008 to April
2010). We identified specimens via reference to specimens in the UNICAMP herbarium (UEC),
consultation of the literature, and consultation with taxonomists and researchers to confirm identifications.
The botanical material collected was deposited in the herbarium collection at the Universidade Estadual de
Campinas (UEC) and at the Escola Superior de Agricultura “Luiz de Queiroz,” Universidade Estadual de

Sao Paulo (ESA). Nomenclature follows the Plantminer web tool (Carvalho et al., 2010).

To estimate abundant species density for two species of great abundance, Hybanthus
atropurpureus (A. St.-Hil.) Taub. (Violoceae) and Lepidaploa remotiflora (Rich.) H.Rob. (Asteraceae),
we established small subplots (25 m* for H. atropurpureus and 4 m* for L. remotiflora, in view of the high
abundance of the latter) with each larger plot where we made monthly counts of reproductive individuals.
To examine details of spatial distribution between the two species, we compared variances of numbers of
individuals among subplots (25 m”or 4 m?). As we found similar variances for the two species (evaluation
of homogeneity of variances via Levene test: 0.302; P = 0.302), we could use same adjustment, as
follows. We counted numbers of individuals in 5 plots and then estimate it from subplots. As a result, we
found that, in average, small plots overestimated five times the real value for L. remotiflora and four times
for H. atropurpureus and we used those correct factors for estimating the abundance of those species in

the entire plot (100m?). Lastly, we used these values (four and five respectively for each species) as an
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adjustment measure through final calculation: the number of individuals found in small subplot multiplied
by 25 (in the 4m” subplots) and by four (in the 25m* subplots); and then divided by five (in the 4m’

subplots) or by four (in the 25m?” subplots).

For estimating canopy cover, we used a spherical concave densiometer (Lemmon, 1957),
considered an efficient method for characterizing forest light environments or canopy cover (Englund et
al., 2000; Suganuma et al., 2008). We took one measurement per plot from its center. To compensate for
peak readings caused by sunflecks, readings were taken facing in the four cardinal directions from each
point; the average of the four was taken as the canopy cover for the plot (Barbosa et al., 2009). We took
measurements during dry season (August), the period with greatest canopy openness; this period is that

which is most likely to affect germination and establishment (Vieira & Scariot, 2006).

Owing to spatial and time constraints, we considered random sampled plots within each sites as
replicates of plantation age in our experimental design. This method infers a time sequence of
development from a series of plots differing in age, but has limitations owing to other, uncontrolled
factors (Johnson & Miyanishi, 2008). Still such chronosequences provide a cost-effective and rapid
method of investigating forest change over time (Letcher & Chazdon, 2009). This sampling design can be
considered pseudo-replication, and is generally found in restoration projects done on a site-specific basis
where no replication across the landscape is possible (Hurlbert, 1984; Michener, 1997; Block et al., 2001;
Guilliam, 2002). Nevertheless, treating sample plots as independent observations allows comparison of
different plantations (Sansevero et al., 2011). Michener (1997) commented that replication is impossible
in many restoration treatments since replicate sites might not exist. More practically, finding other sites
with similar environmental conditions or restoration models for comparison is very difficult. We
acknowledge limitations of this approach, but it is the only approach by which to gain insight into long-

term trends.
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Data analysis

Canopy cover, richness and abundance of tree and non-tree species, average basal area and height of trees,
and densities of trees and shrubs were calculated for all plot and sites. Differences among sites were tested
with nonparametric analysis of variance (Friedman test), with Wilcoxon pairwise post-hoc comparison
tests. We transformed canopy cover percentage to arcsin-square-root before analysis. We also calculated
numbers of individuals per diameter class with intervals between classes based on Spiegel’s formulas,
which consider the amplitude, between the least and the highest value found for basal area, and numbers
of individual sampled (Spiegel, 1976; Felfili, 1997). We verified frequency diameter distribution
differences among sites via chi-square tests. All statistical analyses were carried out using the BioEstat

5.0 package (Ayres et al., 2007).

Species diversity (for trees and non-tree species) for each of four sites was calculated using Fisher
alpha index with bootstrap procedure to calculate the confidence limits. This index is less affected by
abundances of commonest species than the more frequently-used Simpson and Shannon indices (Taylor et
al., 1976; Taylor, 1978). We used rarefaction curves to compare species richness among sites (Magurran,

2004), using Past 1.82b (Hammer et al., 2001).

To analyze differences in composition of plant communities associated with restoration age, we
performed a non-metric multidimensional scaling (MDS), using two data sets: one for tree species and the
other for non-tree species. In addition, we used Permutational Multivariate Analysis of Variance
(PERMANOVA) to determine whether species composition differed significantly among sites.
PERMANOVA and MDS were carried out in PRIMER 6 Version 6.1.13 and PERMANOVA+ Version
1.0.3 (Clarke & Warwick, 1994; Clarke & Gorley, 2006; Anderson et al., 2008), respectively based on

4th-root-transformed data and Bray-Curtis dissimilarities (1 dummy variable). PERMANOVA analyses
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included permutation tests for significance, with 9999 permutations used in all tests. Significance level

was set based on an a=0.05.

To test whether non-tree species composition and diversity were related more to restoration age or
to identity of tree planted during restoration, we used Procrustes analysis. This method fits one
configuration to another, minimizing the sum of squared distances between each point in the fitted
configuration and corresponding points in the target solution (Ruokolainen & Salo, 2006).
Procrustes analysis compared two sets of corresponding points (trees and non-trees) from separate
ordinations, so the match between data sets reflects on processes determining association (Peres-Neto &
Jackson, 2001). We used permutation tests (Protest, 1000 permutations) to assess statistical significance of
the Procrustes test; we used the “procrustes” and “protest” functions of the vegan package (Oksanen et al.,
2011) in R (R Development Core Team, 2011). Finally, we compared site results using two dimensional

MDS ordinations.

Results

Canopy cover was related to restoration age, since older sites had greater canopy cover than newer sites
(H =61.83, P < 0.0001, Table 2); the 55-yr site did not differ from the reference forest (z = 1.08, P > 0.05,
Table 2). From the newest (12-yr-old) to oldest (55-yr-old) restoration sites, total number of species (trees
and non-trees) ranged 90-122, whereas 221 species were found in the reference forest. Tree diversity,
based on Fisher alpha index and sampled tree richness showed slight, though progressive increases with
planting age, both older sites resembling the reference site (Table 1; Fig. 1). Non-planted tree species

represented 56% (39 species) of sampled tree species in the 23-yr and 40% (25 species) in the 55-yr sites.

For non-tree species, however, the picture was quite different. Non-tree species diversity in the

reference forest was significantly greater than in all restoration sites, and there we observed no significant
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difference among restoration sites (Table 2). Non-tree species richness was markedly lower in restored

sites as compared to the reference forest (Fig. 1).

Density of trees was lower in restoration sites as compared to the reference site (H = 45.71, P <
0.0001, Table 2), and frequency diameter distribution varied significantly among sites (X> = 26.42; P <
0.0017; Fig. 2). However, basal area of restoration sites was similar to the reference forest (H = 6.002, P
=0.111, Table 2; Fig. 3). Average height of trees are related to restoration site age and in the 55-yr site was
similar to the reference forest (H = 60.21, P <0.0001, Table 2). Density of shrubs was much greater in the
55-yr site than in other sites as a result of high density (4,340 stems ha™) of the shrub Hybanthus
atropurpureus (Violaceae), while young forests (12 and 23-yr sites) were similar in shrub density but less

dense than the reference forest (H = 77.31, P < 0.0001, Table 2).

Tree and non-tree species composition patterns were highly different among sites (F = 17.1, P =
0.0001 for trees, Fig. 4A; F = 28.9, P = 0.0001 for non-trees, Fig. 4B) and each of the four sites was
significantly different from each other (P = 0.0001 for each comparisons). Stress levels for MDS plots
were high on tree species matrix (0.26, Fig. 4A), but low on non-trees (0.16, Fig. 4B), indicating that sites

were not well represented in two dimensions in case of tree species.

Comparisons of tree and non-tree species area matrices revealed discordant patterns in the
restoration forests. However, concordance was highly significant between the two matrices in the
reference forest (Procrustes analyses; m?> = 0.5763, P = 0.001). It means that mean similarity of tree
species area matrix was similar to the non-tree species area matrix in the reference forest but not in

restoration sites.

Discussion
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Findings on structural, diversity, and floristic recovery

Our results demonstrated that aspects of vegetation structure were indeed restored in the studied non-
primary restoration forests. Many structural aspects of the restoration sites, such as tree basal area, canopy
cover, and height had come to resemble mature forest within five decades. However, while restoration
sites showed progressive increase in tree species richness with restoration age, colonization of non-trees
and convergence of floristic composition with that of the reference forest appear to be slower processes.
Our hypothesis that tree communities can affect non-tree species composition and diversity was supported
only for the reference site, since non-tree species composition and diversity of reference site were related

to the natural established trees.

Trees reached the same basal area in restoration sites as in the reference forest, despite the lower
tree density, indicating recovery of an important structural component was possible. This result coincides
with findings of many other studies, where in restored basal area reached older site values within 4-70
years of secondary succession (Aide et al., 2000; Denslow & Guzman, 2000; Toniato & Oliveira-Filho,

2004; Liebsch et al., 2008; Letcher & Chazdon, 2009).

Our results suggest progressive increases in tree diversity and richness with restoration site age.
Restoration sites have recruited considerable number of new tree species, and are on a trajectory toward
structural recovery. While we found fairly high levels of recovery in terms of trees, tree species diversity
and richness in the 55-yr site reached 64% and 63% of the values in the reference forest, respectively,
whereas non-tree species reached only 31% of reference diversity and <50% of reference richness. This
contrast is likely a result of the difficulties of restoration in Atlantic forest systems, a massively diverse
ecosystem that is also highly degraded and dramatically fragmented. Liebsch et al. (2008) predicted that,

by natural succession, Atlantic forest system require 100-300 years to reach full understory species
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richness of mature forests and 1000-3000 years to reach mature forest endemism levels. Our data support

this prediction at least in broad terms.

We detected significant successional trends of growth forms in restoration forests. Herbaceous
and sub-shrub species were dominant during the first decade of restoration, but were replaced by shrubs in
course of five decades. For instance, the densities of the herb L. remotiflora of 4,270 stems ha™ in the 12-
yr site are typical of early successional stages related to places where canopy allows more light input,
which supports some herb species. In the case of the 55-yr site, the shrub H. atropurpureus, which is a
typical understory species of seasonal semideciduous forests, is found as a dominant species and growth
form of the understore. Similar patterns of decreasing herbaceous species dominance and increasing tree
species richness was described for seed banks by Sorreano (2002) in these same restoration sites (23 and
55-yr forests). Climbers are an important component of mature seasonal semideciduous forests, but were
much scarcer in restoration sites, as has been also reported in studies of other restoration sites (Salinas &

Guirado, 2002; Barbosa & Pizo, 2006).

Recovering floristic composition after deforestation is a difficult challenge both in restoration and
during secondary succession after disturbance. In this study, we found both tree and non-tree species
composition in restoration sites to differ from the reference forest. Similar results have been found in
natural forest regeneration in tropical abandoned pastures even after 77 years (Aide et al., 2000),
suggesting that species composition may never return to that of intact forest, or that the time required may
be exceedingly long, such that systems effectively might never naturally recover. By contrast, other
authors have found species composition returning to pre-disturbance levels within 40 years after
abandonment (Toniato & Oliveira-Filho, 2004; Letcher & Chazdon, 2009). Why some areas may be
more conducive to recovery than others is not clear, but is likelya function of landscape details and
configuration. For instance, Toniato and Oliveira-Filho (2004) found that considerable portions of floristic

composition were recovered in fragmented landscapes. However, comparing the landscape context of their
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study with ours, their study region appears to be much more fragmented than ours, which was highly

fragmented with few forest remnants surrounding.

Restored areas can become hybrid or novel ecosystems. In hybrid systems, systems retain
characteristics of the original system, In novel ecosystems, these characteristics are transformed entirely
(Hobbs et al., 2009). Our restoration sites can best be considered as hybrid ecosystems as they presented

new species combinations that are, nevertheless, able to self-maintain, at least in regards tree strata.

Effects of species selection on composition of recovering forests

Overstory species selection in restoration plantations can influence subsequent colonization patterns by
secondary forest species effectively ‘catalyzing’ succession in degraded deforested tropical sites (Parrotta,
1995; Powers et al., 1997). However, in our study, only the reference forest showed concordance between
tree and non-tree species area matricies, detected by Procrustes analysis. These findings suggest that tree
species may modify site conditions, thereby influencing non-tree species significantly. In contrast, we did
not find significant tree influences on non-tree species in restoration sites. This result suggests that planted
tree influence on forest recovery may also depend on time, as we did not detect significant influences of

tree on non-tree species in restoration sites, which may not have had time enough to develop this pattern.

It is interesting to note from our results that in the first tree diameter class (Fig. 2A), we found
greater numbers of individuals only in the reference forest. This size class can represent a layer
intermediate between canopy and shrubs. Hence, this layer may reflect increased structural complexity of
this natural forest. Although structural complexity may increase with age of planting (Munro et al., 2009),
it is likely that this change in restoration sites may take much longer. While tree composition influences
may not be immediately apparent, they will likely influence microsite conditions below their crown over

time thus acting as a filter permeable to some species and impermeable to others (Gandolfi et al., 2007).
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With forests becoming more closed over time, as documented in the present study, canopy cover may be

more appropriate for epiphyte species.

Ours results give clues to that meaning of correlations between tree and non-tree species area
matrices. As growth forms the most directly related to trees are climbers and epiphytes, in view of their
direct physical contact with tree bark, it is interesting to find significant concordance between these
communities only in the reference forest. Not surprisingly, and corroborating these trends, climbers
represented 28% of species in the reference forest, which holds 4.2-fold more species than the maximum

number of climber species found in restoration sites and 3-fold more epiphyte species.

Recommendations

Restoration ecology aims to accelerate an otherwise very slow natural process (Bell et al., 1997). Planting
diverse suits of species may increase potential to facilitate more-rapid and more-complete restoration of
forest communities (Powers et al., 1997). Despite high costs of the traditional plantation model using
seedlings (Rodrigues et al., 2009; Vieira et al., 2009), plantations are the only option for lands that have
lost almost all neighbouring remnants of native forests, where potential for autogenic restoration is low
(Rodrigues et al., 2010). In these situations, particularly serious in Sdo Paulo state, where disturbance is
near-universal (Ribeiro et al., 2009), vegetation and soils may have been alterated functionally and
structurally, such that regenerating species cannot grow in competition with herbaceous plants or in open

microsites (Carnevale & Montagnini, 2002; Griscom & Ashton, 2011).

Of particular interest was our discovery of low epiphyte and climber diversity in all restoration
sites. As these growth forms seem unable to recover as fast as trees, several implications for practice can
be derived. Enrichment planting of epiphytes and climbers some years of restoration may be indicated,

since these growth forms cannot be planted at initial restoration stages owing to their need for trees as
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supporting structures. Forests in early stages of succession have few branches thick enough to support
liana growth (i.e., diameter >2 cm; Madeira et al., 2009). Moreover, as lianas are generally detrimental to
the trees that support them and have significant competitive effect on tree performance (Putz, 1984; Tobin
et al., 2012), for seedling establishment success, it is better to avoid climbers in early planting stages.
Although epiphyte life-histories differ between species, epiphyte communities develop slowly, and can
take 25 years to reach tree-branch saturation (Nieder et al., 2001), and larger orchids can have long life-
spans, even>50 years (Zotz, 1995). Because many species of climbers and epiphytes were present in the
12-yr site, we believe that enrichment activities could start around this time or before. However, testing is
needed, in particular as to whether structural complexity has significant influence on establishment of
these growth forms. Under-planting is a method of artificial regeneration in the tropics that favors survival
in intermediate light levels (Paquette et al., 2006), and can be useful for shade-tolerant species (Parrotta &
Knowles, 1999). An important point for such enrichment is to avoid planting epiphytes on pioneer species,

as these individuals have shorter lifespans than non-pioneer species.

Fragment under restoration can conserve not only actual species richness, but also they can, under
properly management, preserve many more species that they retain today. Our study shows the need for
continued management of restoration areas, to enhance diversity conservation role, and thus, optimize
ecological process. We acknowledge limitations of our design, but interesting patterns found in this study
gives insights that can be applicable to systems where fragmentation and degradation influence is strong
enough to hamper natural colonization, and where active restoration by total planting and enrichment

would be the only option for flora recover.
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Table 1 - Characteristics of the study sites.

Reference natural

Early' Intermediate’ old®
Y remnant*>%
There are no signs of
recent anthropogenic
Year of planting 1998 1987/1992 1955/1960 disturbances
in the area
Age (years) 12 23 55 _
Santa Béarbara Cosmépolis:
Counties and d’Oeste: Iracemdpolis: Supply OSMOpons: Campinas/Souzas:
location names dam of Sio Luis Reservoir Ester Sugar Mill Ribeirdo Cachoeira
Coordinates 22.826148S, 22.576589S, 2.671759S, 22.833228S,
47.427549W 47.519109W 47.205591W 46.926084W
Number of planted
. 80 141 71 _
species
Planted area (ha) 30 50 30 245
Modules of planting
50% of pioneers and (6 pioneers and 2
. . random and
. 50% of non-pioneers  early secondary, 1 late
Restoration model . heterogeneous _
alternately on the secondary or climax) .
planting

Surrounding
Landscape

Soil

Climate (K&ppen)

same planting line

Sugarcane plantation

No data

Cwa

4x4m and than 3x3m

Sugarcane plantation

Humic Latossoil Red-
Yellow / Eutrophic
Purple Latossoil /
Dystrophic Purple
Latossoil/ structured
reddish purple soil /
Abruptic Yellow-red
Podzolic

Cwa

Sugarcane plantation

Purple Latossoil /
Basaltic rocks / two
spots of Lithosol with
Argillite substrate

Cwa

Different crop
plantations, rangeland
and semi-rural area

Red-Yellow Argisol

Cwa

Source: 'Andé Nave-ESALQ/USP, personal communication; 2(Rodrigues et al. 1992, Siqueira 2002, Vieira and Gandolfi

2006); *(Nogueira 1977); *(Santos 2003);’(Cielo-Filho et al. 2007); *(Cielo-Filho et al. 2009).



Table 2 - Comparison of vegetation characteristics at three restoration sites (12-yr, 23-yr and 55-yr) and
the reference sites. Superscripts indicate results of Wilcoxon pairwise post-hoc comparison tests, except
for Fisher alpha diversity index where differences were detected with bootstrap (95% confidence interval).

Means + standard error.

Years since restoration:

Reference site:

Early Intermediate Old native forest

12-yr old 23-yr old 55-yr old
Canopy cover (%) 68 +2.2° 83 +22° 91 +1.0™ 93 +0.9°
Species richness (tree and non-tree) 90 90 122 218
Trees species 37 57 64 102
Non-tree species 53 33 58 116
Fisher alpha diversity index: trees 11.2¢ 21.9° 25.5° 38.2°
Fisher alpha diversity index: non-trees  9.9° 10.4° 10.9° 35.1°
Density of trees (ind ha™) 987 + 58" 917 + 55 963 + 59" 1713 +74*
Basal area of trees (m*ha™) 269 +22°  349+33° 36.4 +3.6° 41.2+54°
Height of trees (m) 6.9+0.2" 7.9+0.3" 10.0 + 0.5 9.4+0.3"
Shrub species 6 10 19 19
Density of shrubs (ha™) 413+ 1° 326+ 1° 5400 +9° 1220 £ 1°
Sub-shrub species 10 2 7 8
Herb species 27 5 11 15
Epiphyte species 2 0 5 15
Hemi-parasitic species 0 1 1 0
Climber species 8 15 15 61
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reference forest.
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CAPITULO 2:

FLOWER TRAIT TURNOVER, FUNCTIONAL DIVERSITY, AND FUNCTIONAL REDUNDANCY IN RESTORATION

SITES WITH DIFFERENT AGES

ABSTRACT.

We analyzed plant communities at restoration sites of different ages compared to an undisturbed forest.
We focused on three challenges: (1) investigation of functional diversity and functional redundancy
patterns regarding flower traits and species richness, (2) identification of an optimal subset of flower traits
to be used in description of vegetation-succession trends in restoration sites, and (3) analysis of flower
originality among sites. We studied riparian, seasonal semideciduous forest in the Atlantic Forest of Sao
Paulo, Brazil, that had been restored using a high level of plant diversity during planting. We assumed that
recovery of flower trait diversity indicates positive and autonomous advancement towards sustainability in
supporting plant-pollinator relationships. We sampled all reproductive individuals of all growth forms
(353 species), classifying floral types, flower color and size, generalized level, and flower openness. Some
flower traits, such as red/burgundy color, gullet and bell-funnel shape, and very large flowers, were
identified as indicators of undisturbed native forest; although we observed species having these traits in
sites under restoration, functional group diversity was smaller than in the reference area. Functional
diversity was similar to that among randomly-generated values from a null model. We detected functional
complementary of tree species of restoration areas while we found functional redundancy for trees in the
reference forest. Flower functionality of tree species could be achieved after two decades of restoration;
however, for other growth forms, species richness, and functional diversity remained far from reference
values, where functional complementary was high. Our study draws attention to species diversity and
functional considerations in forest restoration projects as an essential aim, in both planning and
implementation of projects, with special attention to functional recovery of non-tree species. This
functional diversity may be reached through previous definition of which regional species can be used in

plantings for restoration projects.

Key-words: functional turnover, generalization level, long-term restoration, originality, pollination,

species diversity.
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1. Introduction

Functional diversity and the composition of functional groups can be a promising tool in implementation
of restoration projects, and for species enrichment of sites already under restoration. We can define
functional groups as sets of species, regardless of phylogenetic relationships, that have similar roles in
ecosystems or that respond to common environmental factors (Gitay and Noble 1997, Diaz and Cabido
2001, Lavorel and Garnier 2002, Rusch et al. 2003, Franks et al. 2009). Assuming that different plant
functional groups represent different functions, they become especially important for supporting the return
of ecological processes in areas under restoration. Definition of plant types or other designations for plant

functional types (PFTs) should focus on plants that are similar in terms of pre-selected traits (Pillar 1999).

To decide among the large variety of candidate traits that are actually relevant to ecosystem
function, it is important to be clear as to what is the particular process of concern (Ricotta and Moretti
2011). In this framework, we can focus on groups defined by plant characteristics related to types of
resources offered to wildlife, such as flowers. Recovery of species interactions is a target for archiving
restoration outcomes; thereby it is important to consider pollination in restoration planning (Dixon 2009).
Assuming that tropical plants depend on animals as movement vectors for their pollen and consequently
for gene flow, we focused on these reproductive traits because they affect plant fitness directly (Aguilar et
al., 2008). In addition, our focus on flower traits is relevant because flower form and function are related

to specific animal interactions and, via pollination, represent a fundamental ecosystem process.

In theory, functional diversity can affect the dynamics of ecosystem resources and their long-term
stability (Diaz and Cabido 2001). Nevertheless, “diversity” more generically is often counted by focusing
on species richness, underestimating other diversity components, such as ecological redundancy and

functional diversity, despite their importance in determining ecosystem processes (Walker 1992, Diaz and
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Cabido 2001). Exclusive reliance on traditional diversity indices can “miss” other valuable information.
For instance, a community in which species have different pollinators after some disturbance can be
modified and can shift to become a different community, in which species might depend on a single
pollinator vector. Under this new scenario, despite the functional change, numbers of species and their
abundance distributions would be the same, undetected by simple species diversity indexes (Cianciaruso
et al. 2009), but related to functional diversity and functional redundancy. Functionally redundant species
play essential roles in ecosystem stability as an ‘insurance policy’ against loss of function, showing the

value of species diversity to ecosystem processes (Wohl et al. 2004).

In this study, we sampled reproductive individuals of all plant growth forms at restoration sites of
different ages restored with high species diversity during the planting process; we compared data from
these samples to parallel data for a reference forest. Hence, we expect that species diversity at a site will
map onto wide redundancy and functional diversity. We assumed that recovery of flower diversity would
indicate advancement in ecosystem restoration towards sustainability in supporting plant-pollinator
relationships. We also measured species uniqueness (originality), measured as species’ relative
contributions to functional diversity (Pavoine et al. 2005, Isaac et al. 2007). As a result, a species showing
a wide range of flower traits can enhance community functionality via their originality, since species with

high originality values represent a unique combination of different set of flower traits.

Our main objective was to identify indicator flower traits for description of vegetation-succession
trends in sites under restoration and to understand whether functional recovery at these sites could be
reached or some adaptive management would be required. Likewise, we aim to use trait analyses for
future restoration planning projects. We also investigated the hypotheses that increasing species richness

affects functional diversity and redundancy.
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2. Material and methods

2.1. Study area

Four riparian forest sites were surveyed in the same watershed in Sdo Paulo state, Brazil (Fig. 1). The
areas lie in the seasonal semideciduous forest domain, within the Atlantic forest biome, and little elevation
variation (554—711 m). The sites in forests under restoration were at three planting ages (12, 23, and 55 yr
old), all formerly cultivated for sugarcane. The sizes, distance from the nearest forest remnant (any
remnant with at least similar size of the given site), and coordinates of sites are: 30 hectares, 1,435 m, and
47° 25' 39"W, 22° 49' 34"S (12-yr site), 50 hectares, 70 m, and 47° 31' 09"W, 22° 34' 36"S (23-yr site),

and 30 hectares, 180 m, and 47° 12' 20"W, 22° 40' 18"S (55-yr site).

Restoration model used were combination of pioneer and no-pioneer species in 12- and 23-yr sites
and random heterogeneous planting in 55-yr site. These sites were restored via planting of a high diversity
of tree species (>70 species) chosen according to availability of seedlings from commercial sources, as
well as from seed collected on surrounding landscapes, using mostly native species but some exotic
species as well (planted species list is available in: Nogueira 1977, Rodrigues et al. 1992, Siqueira 2002,
Vieira and Gandolfi 2006). Restoration project goals for these sites were the use of native species as much
as possible, as well as reaching maximum possible species numbers. However, no planning was done
regarding which species traits should be prioritized. The sites are located in a highly fragmented landscape

unlikely to autogenic restoration (Rodrigues et al. 2010).

To evaluate whether functional recovery at these sites could be reached, we compared these
restoration sites to a reference forest that is the second largest natural remnant (244.9 ha, 403 m from the
nearest forest remnant, and coordinate: 46° 55' 34"W, 22° 49' 59"S) of the formerly continuous forest in
the Campinas municipality (Santos 2003, Santos et al. 2009). Currently, 97% of Atlantic forest fragments

are <250 ha; these small forest patches account for almost 42% of the remaining total forest area of this
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biome (Ribeiro et al. 2009). The four sited are located with a maximum distance among them of 65 km

(Amazonas et al. 2011).

2.2. Sampling methods

At each site under restoration, we selected a 2.5 ha stand, following the sampling design of Cielo-Filho et
al. (2007), who established reference site plots. To reduce environmental variation among plots, plots
were placed randomly in forest areas without sign of recent anthropogenic disturbance (e.g., charcoal on
ground, soot on trunks, and presence of stumps or coppiced trees). Stands were located near watercourses,

but we were careful not to use areas that undergo cyclic flooding.

Within each 2.5 ha stand, we located 30 (10 x 10 m) plots randomly. Within these plots, every
month during two years (May 2008 to April 2010) we strove to find as many individuals in flower and/or
fruit for all angiosperm plants except graminoids, including tree species and other growth forms (sub-
shrubs, shrubs, herbs, epiphytes, hemiparasitics, climbers). We referred to these latter groups collectively
as “non-trees.” We identified specimens by reference to specimens in the UNICAMP herbarium (UEC),
consultation of the literature, and consulting with specialists to confirm identifications. The botanical
material collected was deposited in the herbarium collection at the Universidade Estadual de Campinas
(UEC) and at the Escola Superior de Agricultura “Luiz de Queiroz,” Universidade Estadual de Sao Paulo

(ESA). Nomenclature follows that list provided by in the Plantminer web tool (Carvalho et al. 2010).
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2.3. Flower types

We classified species recorded on studied sites into the flower categories described by Machado and
Lopes (2004), which were adapted from Faegri and Pijl (1970). These categories were structured by (a)
shape (tubular, gullet, brush, dish, chamber, flag, bell-funnel, or inconspicuous; the later was defined as
flowers <4 mm); (b) color (white, red or burgundy, greenish or beige or cream, yellow, orange, lilac or
violet or blue, and rose); (c) size as small (<10 mm, medium, (10-20 mm), large (20-30 mm), or very large

(>30 mm).

Based on the hypotheses that most specialized species restrict access to rewards to certain groups
of pollinator visitors, we used an openness classification adapted from Olesen et al. (2007). Hence,
flowers were classified as (a) closed blossom (flag, tubular, gullet and chamber shapes), versus (b) open
blossom (inconspicuous, dish, bell-funned, brush shapes). In addition, following the same authors, we
classified flower generalization as (a) flowers specialized (flag-, gullet-, chamber- and brush-shaped

flowers) versus (b) generalized (tubular-, bell-, dish-, and inconspicuous-shaped).

2.4. Data analysis

Our data analysis was structured in a series of questions, as follows:

1) Species richness, functional diversity, and redundancy: Does functional diversity and redundancy of

flowers increase with restoration age for tree and non-tree species?

First, for each plot, we calculated functional diversity using the index (FD) of Petchey and Gaston (2002,
2006). Flower color and shape were used as nominal traits, generalized level and flower openness as
binary traits, and flower size as an ordinal trait. We used two matrices: one with tree species and other

with non-tree species. To convert trait matrices into distance matrices, we used Gower distances as
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modified by Pavoine et al. (2009). These analyses were carried out using the vegan, picante, FD, and ade4

packages in ‘R’ (R Development Core Team 2011).

We tested whether functional diversity of tree and non-tree species in each site is different from a
null model; we compared the observed functional diversity to random values (95% confidence intervals)
reshuffled 1000 times. Following Pausas and Verdd (2008), we calculated the occupational index as z-
scores: 7 = (FD — rdnFD) / sd.rdnFD, where FD is observed functional diversity, rdnFD is functional
diversity from the null model, and sd.rdnFD is the standard deviation from the null model; thus, z scores
indicate whether functional diversity is greater or smaller than expected from the null model. Because this
procedure removes richness effects, we can use z-scores as a functional diversity measure. Furthermore,
from z-score amplitude, we examined functional redundancy: the greater the z-score amplitude, the greater

the functional complementarity for positive values and redundancy for negative values.

2) Flower traits: What are indicator flower traits characteristic of the reference site, and how do these

traits relate to age of restored sites? Does flower originality differ among sites?

We used the indicator value (IndVal) method of Dufréne and Legendre (1997), which combines species’
relative abundance with species’ relative frequency of occurrence in the sites. This analysis detects
indicator species corresponding to various groups of sites. Based on the same method, we used flower
traits as indicator values instead of species, changing species for traits in the matrix but keeping same
calculation. Hence, indicator flower traits were defined as the most characteristic trait of each group,
found mostly in a single group restoration age, and present in the majority of the plots of that group.
Statistical significance of indicator values was evaluated by a randomization procedure (Dufréne and

Legendre 1997). To find indicators for the reference site, we tested over all sites; for incorporation during
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the restoration process, we used only sites under restoration. We performed a principal component

analysis with biplot of species abundance and flower traits in the Fitopac 2.0 package (Shepherd 2009).

We also measured species originality, measured as species’ relative contributions to functional
diversity (Pavoine et al. 2005, Isaac et al. 2007), using the picante, ape, and ade4 packages in ‘R’ (R
Development Core Team 2011), and compared originality values of sites by ANOVA. When significant
differences were detected, Tukey post-hoc comparison tests were used to identify sources of the

difference, performed in Past 1.82b (Hammer et al. 2001).

3. Results

3.1. Species richness, functional diversity, and redundancy

In total, we sampled 353 species, including 134 trees and 218 non-trees (Appendix A). Number of tree
species and functional diversity both showed slight, though progressive, increases with planting age
(Table 1). The reference site presented highest numbers of tree species, and the two older restoration areas
(23- and 55-yr sites) functional diversity near to that of reference forest (Table 1). However, for non-tree
species, the intermediate (23-yr) site presented lowest values (Table 1); 12- and 55-yr sites were similar

but far from the reference values.

Functional diversity for tree and non-tree species was not different from that expected for
observed species richness, since observed functional diversity was similar to randomly-generated values
from the null model (P >0.05). Even so, we detected a tendency to high functional complementary of tree
species of restoration areas, while we found a trend to functional redundancy for trees of the reference

forest (high number of tree species with small, white or greenish flowers); for non-tree species, all
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restoration sites presented low values, and the reference site presented much greater functional

complementarity (i.e. trait over-dispersion) (Fig. 2).

3.2. Flower traits

Considering all sites, four indicator traits — red/burgundy color, gullet shape, very large size and bell-
funnel shape flowers were identified with an IndVal score >50% only for the reference site (P < 0.01;
Table 2). Among restoration sites, tubular flowers were an indicator trait for the 12-yr site, and bell-
funnel, greenish, inconspicuous, and flag flowers were indicator traits for the 55-yr site (Table 2). No

indicator traits had IndVal scores >50% for the 23-yr site.

The four communities separated by flower traits in the ordination analysis (Fig. 3). The reference
forest correlated strongly with almost all flower traits along the first axis (48%). The first 3 axes explained
65% of the overall variance. Sites were similar regarding species originality for tree (F = 1.929; P =
0.1268) and non-tree species (F = 1.889; P = 0.1319). We detected some species that had high scores in

terms of flower originality (Table 3).

4. Discussion

We were able to verify that sites under restoration show significant differences in species richness and
functional diversity over time since planting. Flower attributes showed functional trajectories toward
similarity to the reference forest for tree species. However, since restoration sites presented only half of
non-tree species richness, their functional diversity and redundancy were far from reference values.
Flower traits such as red color, gullet shape, very large size and bell-funnel shape were indicators of the

reference forest. Although species with these traits were present in the restoration sites, their diversity was
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lower than in the reference area. No traits exclusive of the reference site could be identified. We recognize
the limitations of the lack of replication of site ages; however, our study provides useful information with
which to assess longer-term trends in restoration sites. We highlight that such insights are virtually
impossible to obtain in any other way owing to limited in number in the study region of sites under

restoration, in particular more than four decades old.

Removing richness effects by null model comparisons, it was possible to note that for non-tree
species similar differences among sites detected for species richness persisted for functional diversity
values: lower species richness sites had lower functional diversity indices. Non-tree species at restoration
sites were far from reference functionality and did not reach minimum numbers of species to be successful
functionally, leading to functional complementarity. As with plant species, pollinators can be less
redundant at restored sites than reference forests (Williams 2011). The restoration forests showed non-tree
richness that contrasted with the reference site, as was the case for functionality. The youngest restored
area presented less functional diversity than the reference forest; the same pattern was found for species
richness. In a separate analysis (Garcia et al. in prep.), we showed that the vertical structure of the same
sites shows a clear trajectory toward species diversity recovery. Despite the fact that the null model
removes species richness influences on functional diversity, tree species from the intermediate-age and
older sites had a trend of functional diversity similar to that of the reference site, even though they had
lower species richness. This result suggests that areas restored with high species diversity during the
planting process may be able to show similar function as the reference forest. Only tree species of the
reference site presented negative z-scores indicating trait underdispersion and less functional diversity
than expected by null model. Hence, filtering factors may be relevant pressure resulting in flower traits
convergence of tree species in this forest leading to a great number of species with small, white or

greenish flowers.



54

The functional diversity of pollination networks may be critical to ecosystem sustainability
(Fontaine et al. 2006). As a result, recovery of functional diversity and redundancy is a crucial
consideration in forest restoration. Overlap in ecological function leads to ecological redundancy, and
redundancy increases the system’s ability to resist disturbance or further species exclusion (Peterson et al.
1998). Functional diversity is usually driven by species richness (Poos et al 2009), and, in this study,
similar pattern was found for non-tree functional diversity, in which more non-tree species enhanced
functional complementarity in the reference forest. On the other hand, because the planting process
included a high diversity of tree species in the restoration sites, these forests could reach flower
functionality rapidly for tree species, and can be considered a reasonably rich forest with wide tree flower
functionality. These results further strengthen evidence that high-diversity reforestations contribute to
increased functionality and possibly self-sustainability. Considering that, increasing numbers of species in
efforts to reach high-diversity reforestation should be an important aim. Moreover, as Brancalion et al.
(2010) and Aronson et al. (2011) commented, if the restoration practitioner decides to plant 30 versus 80
species, the cost of restoration will often not change since average seedling prices are often similar among

different species.

Indicator traits were significant and with values above 50 only for the reference site; these traits
appear to represent significant investment by plants in producing expensive floral features. Through
successional time, selection of expensive multiple floral adaptations is likely to occur toward attracting a
wider variety of flower visitors (Kay, 1987). These characteristics, such as very large red flowers with
gullet shape, are typical of the hummingbird syndrome. Red flowers are mostly related to bird pollination
(Kevan and Baker 1983), and indeed red color can reduce bee visits owing to difficulty of detection
against backgrounds, providing a less competitive nectar source for hummingbirds (Forrest and Thomson
2009, Lunau et al. 2011). However, some butterflies have red-sensitive vision and can also visit red

flowers (Kevan and Baker 1983). Gullet shape has a close association with bumblebee pollination and
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there is a trend to increase these animals diversity during succession, indicating specialization (Nakano
and Washitani 2003; Alanen et al. 2011). Presence of Adenocalymna, a New World genus that exhibits
floral adaptive radiation including species pollinated by bees, birds, and possibly moths and bats
(Machado and Vogel 2004), which was found chiefly in the reference site, can reflect wide pollinator
interactions. In particular, Hoffman (1974) found that gullet shape was among the most specialized flower
types, as along with flag flowers. Very large flowers were more related to hawk moths, hummingbirds,
bats, and bees in a study in a Brazilian tropical dry forest (Machado and Lopes 2004). Finally, bell-shaped

flowers are mostly pollinated by bees (Faegri and van der Pijl 1971).

5. Conclusions

With high-diversity species planting, minimum necessary flower functional trait diversity can be
reached at restoration sites for tree species. Nevertheless, functional redundancy is also important to keep
all functions active in case of species loss. Our data support the idea that restoration sites had not reached
functional diversity and redundancy reference values for non-tree species, so further enrichment may be
necessary. We can consider the reference indicator flower traits as attributes that could be the focus of
species enrichment efforts (e.g. which traits in enrichment planting might speed up the interaction
process): addition of poorly represented non-tree species could also enhance functional diversity.
Simultaneously through this management, other functions could also be enhanced as well. Likewise,
species richness is correlated with multifunctionality, which is an underlying aim to ensure ecosystem

services (Maestre et al. 2012)

Concerning restoration project planning, another question arises from these results. Are there trees
that could be used for planting that would enhance flower functionality of other growth forms? In future

restoration projects in this region, these flower traits should be emphasized included in species sets chosen
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for restoration planting. We recommend focus on tree species, because planting some growth forms, such
as lianas and epiphytes at the beginning of restoration is not feasible. We detected some species with high
originality values, which can be considered as measure of irreplaceability (Isaac et al. 2007). Planting
these species can be used to increase flower functionality of restoration areas. Our study draws attention to
species richness and functional considerations as an essential aim in restoration projects, both in project
planning and implementation, and in management: if a functional group is noted as lacking, it may be

introduced.

Trait analyses have important implications for restoration projects (Pywell et al. 2003). Besides
species-rich plantings, efforts should also be done to ensure target and additional functions (Doherty et al.
2011). In fact, the most important ecological processes that should be manifested during restoration
change over time. For instance, success of pollination and dispersal is not the initial aim at the beginning
of restoration, because plant establishment and growing are the initial goals. On the other hand, in a
second stage, wide diversity of fauna’ resource provision is a key factor to enhance sustainability of
restoration areas. As a result, the target should be definition of traits requisite for success at each
restoration stage. Therefore, ecological restoration planning of functional traits (ERPFT) may include all

desirable functional sets in a comprehensive plan.
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Table 1 — Tree and non-tree species richness and functional diversity (FD) sampled at three sites under

restoration (12-yr, 23-yr, and 55-yr old) and reference forest for all reproductive plant individual,

sampling from May 2008 to April 2010.

Early Intermediate old Reference
12-yr 23-yr 55-yr native forest
Tree species:
richness 27 45 45 55
FD 73.2 92.3 93.3 104.3
Non-tree species:
richness 53 33 58 118
FD 142.1 62.3 147.3 262.5
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Table 2 - Indicator value (IV) scores of traits significant at P < 0.01 and having IndVal scores of >50,

based on flower traits. Means, standard deviations, and P-values are for the maximum scores in each

group.

Indicador
Indicator flower trait Site value IV) Mean  Stev P
Comparing all sites:
Red/burgundy flowers reference 74.4 162 3.09 <0.001
Gullet flowers reference 71.3 17.9 342 <0.001
Very large flowers, >30 mm reference 63.5 206 338 <0.001
Bell-funnel flowers reference 56.7 24.5 2.84 <0.001
Comparing restoration sites:
Tubular flowers 12-yr 61.8 37.8 3.22  <0.001
Bell-funnel flowers 55-yr 61.4 28.2 3.64 <0.001
Greenish flowers 55-yr 58.0 348 273 <0.001
Inconspicuous flowers 55-yr 514 282  3.64 <0.001

Flag flowers 55-yr 50.0 333 2.67 <0.001




Table 3 — Species originality value scores based on flower traits with scores of >0.55. *indicates exotic
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species.

Stratum Family Species Originality index
Tree Malvaceae Pachira glabra* 0.73
Tree Fabaceae (Mimosoideae) Calliandra foliolosa 0.66
Tree Bignoniaceae Tabebuia roseoalba 0.63
Tree Bignoniaceae Tabebuia impetiginosa 0.56
Tree Malvaceae Luehea divaricata 0.56
Tree Moraceae Ficus benjamina* 0.56
Tree Moraceae Ficus citrifolia 0.56
Non-trees:

Climber Passifloraceae Passiflora sp. 0.71
Climber Aristolochiaceae Aristolochia arcuata 0.68
Herbaceous  Orchidaceae Galeandra beyrichii 0.68
Climber Bignoniaceae Stizophyllum riparium 0.68
Sub-shrub Lamiaceae Marsypianthes chamaedrys 0.67
Epiphyte Orchidaceae Gomesa pubes 0.64
Climber Passifloraceae Fassiflora alata* 0.62
Climber Bignoniaceae Pyrostegia venusta 0.61
Climber Bignoniaceae Fridericia selloi 0.60
Herbaceous Portulacaceae Talinum paniculatum 0.58
Climber Apocynaceae Prestonia coalita 0.58
Epiphyte Gesneriaceae Sinningia douglasii 0.58
Climber Passifloraceae Passiflora edulis 0.58
Climber Bignoniaceae Fridericia triplinervia 0.57
Epiphyte Bromeliaceae Billbergia distachia 0.56
Sub-shrub Acanthaceae Jacobinia carnea 0.56
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Figures:
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Fig. 1 — Studied sites view. A) The reference forest, B) the 55-yr old restoration site, C) the 23-yr old

restoration site, and D) 12-yr old restoration site.
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Fig. 2 — Occupation indices (z-scores) for each site (12-yr, 23-yr, and 55-yr old restoration sites and the
reference forest) based on functional diversity (FD) of flower traits of non-tree (gray square) and tree
species (star symbol), average and standard deviation of site plots. Greater z-score amplitude means

greater functional complementarity for positive values and redundancy for negative values.
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Fig. 3 — Principal component analysis with biplot of total community species abundance and flower traits for three sites under restoration

and one reference forest. The first axis summarized 48.2% of overall variation, and the second axis summarized 9.5% of total variation.



Appendix A:

Table 1. Sampled species and their traits.
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Family Species Growth ch)logical Sponta‘neous, invas‘ive Flo.we Flower colors Flower :;)l:::; gg::;;rze
form successional groups  or exotic plant species* r size shape s d level

Acanthaceae Geissomeria bracteosa herb 4 red/burgundy tube closed generalized
Jacobinia carnea semi-shrub 3 rose tube flag closed specialized

Justicia lythroides semi-shrub 1 lilac/violet flag closed specialized

Mendoncia velloziana climber 2 red/burgundy tube closed generalized

Ruellia brevifolia semi-shrub 4 red/burgundy gullet closed specialized

Ruellia puri semi-shrub 3 lilac/violet tube closed generalized

Amaranthaceae  Alternanthera brasiliana herb spontaneous 1 white bell-funnel open generalized
Chamissoa altissima climber 1 greenish bell-funnel open generalized

Pfaffia paniculata climber 1 white dish open generalized

Anacardiaceae Astronium graveolens tree late secondary 1 greenish dish open generalized
Mangifera indica tree not identified exotic and invasive 1 rose dish open generalized

Myracrodruon urundeuva tree late secondary 1 white dish open generalized

Schinus terebinthifolius tree pioneer regional exotic 1 white dish open generalized

Annonaceae Rollinia sylvatica tree early secondary 2 greenish dish open generalized
Apocynaceae Asclepias curassavica semi-shrub spontaneous 2 red/burgundy orange  dish open generalized
Aspidosperma olivaceum tree late secondary 1 yellow tube closed generalized

Aspidosperma polyneuron tree late secondary 2 white tube closed generalized
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Family Species Growth ch)logical Sponta‘neous, invas‘ive Flo.we Flower colors Flower :;)l:::; gg::;;rze
form successional groups  or exotic plant species* r size shape s d level

Aspidosperma ramiflorum tree late secondary 1 greenish tube closed generalized

Condylocarpon isthmicum climber 1 yellow tube closed generalized

Forsteronia australis climber 1 white tube closed generalized

Forsteronia pubescens climber 1 greenish tube closed generalized

Forsteronia sp.1 climber 1 tube closed generalized

Prestonia coalita climber 2 yellow greenish tube closed generalized

Araceae Philodendron bipinnatifidum  epiphyte 1 greenish inconspicuou  open generalized

s

Araliaceae Hydrocotyle leucocephala herb 1 white dish open generalized
Arecaceae Geonoma schottiana tree late secondary 1 greenish dish open generalized
Phoenix roebelinii tree not identified exotic 1 greenish dish open generalized

Syagrus romanzoffiana tree early secondary 1 greenish dish open generalized

Aristolochiaceae  Aristolochia arcuata climber spontaneous 3 red/burgundy gullet flag closed specialized

greenish

Asteraceae Austroeupatorium inulifolium herb 1 lilac/violet tube closed generalized
Baccharis dracunculifolia shrub spontaneous 1 greenish tube closed generalized

Bidens rubifolia herb spontaneous 2 yellow tube closed generalized

Chaptalia nutans herb spontaneous 2 white rose tube closed generalized

Chromolaena maximilianii shrub spontaneous 1 lilac/violet tube closed generalized

Chromolaena pedunculosa herb 1 lilac/violet tube closed generalized

Chromolaena sp. semi-shrub 1 lilac/violet tube closed generalized
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Family Species Growth ch)logical Sponta‘neous, invas‘ive Flower colors Flower :;)l:::; gg::;;rze
form successional groups  or exotic plant species* shape s d level

Conyza bonariensis herb spontaneous greenish tube closed generalized

Cyrtocymura scorpioides climber spontaneous lilac/violet tube closed generalized

Elephantopus angustifolius herb spontaneous white tube closed generalized

Elephantopus mollis herb spontaneous white tube closed generalized

Emilia fosbergii herb exotic red/burgundy tube closed generalized

Eupatorium odoratum semi-shrub lilac/violet tube closed generalized

Hypochaeris chillensis herb spontaneous yellow tube closed generalized

Lepidaploa remotiflora herb spontaneous lilac/violet tube closed generalized

Mikania sp.1 climber greenish tube closed generalized

Mikania sp.2 climber tube closed generalized

Mikania sp.3 climber tube closed generalized

Porophyllum ruderale herb spontaneous white greenish tube closed generalized

Tilesia baccata semi-shrub spontaneous yellow tube closed generalized

Asteraceae Tridax procumbens herb exotic white tube closed generalized
Vernonanthura beyrichii semi-shrub white tube closed generalized

Baselaceae Anredera cordifolia climber greenish dish open generalized
Bignoniaceae Adenocalymma marginatum  climber yellow gullet closed specialized
Adenocalymma paulistarum  climber yellow gullet closed specialized

Amphilophium crucigerum climber yellow gullet closed specialized

Clytostoma campanulatum climber rose bell-funnel open generalized
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Family Species Growth ch)logical Sponta‘neous, invas‘ive Flo.we Flower colors Flower :;)l:::; gg::;;rze
form successional groups  or exotic plant species* r size shape s d level
Clytostoma sciuripabulum climber 1 lilac/violet bell-funnel open generalized
Dolichandra quadrivalvis climber 4 yellow gullet closed specialized
Dolichandra unguis-cati climber spontaneous 4 yellow gullet closed specialized
Fridericia florida climber 2 rose bell-funnel open generalized
Fridericia samydoides climber 4 red/burgundy gullet closed specialized
Fridericia selloi climber 4 white rose gullet closed specialized
Fridericia speciosa climber 2 red/burgundy tube closed generalized
Fridericia triplinervia climber 4 red/burgundy white gullet closed specialized
lilac/violet

Handroanthus chrysotrichus  tree early secondary 4 yellow gullet closed specialized
Handroanthus impetiginosus  tree late secondary 4 rose gullet closed specialized
Jacaranda cuspidifolia tree pioneer 3 lilac/violet gullet closed specialized
Lundia obliqua climber 4 red/burgundy white tube closed generalized
Mansoa difficilis climber 4 lilac/violet gullet closed specialized
Pyrostegia venusta climber spontaneous 4 orange tube closed generalized
Stizophyllum riparium climber 4 white lilac/violet rose  gullet closed specialized
Tabebuia roseoalba tree pioneer 4 white bell-funnel open generalized
Tecoma stans tree pioneer exotic and invasive 3 yellow gullet closed specialized
Tynanthus fasciculatus climber 2 yellow white flag closed specialized
Tynanthus cognatus climber 1 yellow white flag closed specialized
Boraginaceae Cordia ecalyculata tree early secondary 1 white bell-funnel open generalized
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form successional groups  or exotic plant species* r size shape s d level

Cordia myxa tree not identified exotic 1 white bell-funnel open generalized

Cordia trichotoma tree early secondary 2 white tube closed generalized

Heliotropium transalpinum herb 1 white bell-funnel open generalized

Tournefortia paniculata climber 1 white tube closed generalized

Tournefortia rubicunda climber 1 orange tube closed generalized

Varronia polycephala shrub spontaneous 1 white bell-funnel open generalized

Bromeliaceae Acanthostachys strobilacea epiphyte 2 yellow red/burgundy  tube closed generalized
Billbergia distachia epiphyte 4 white lilac/violet rose  tube flag closed specialized

Tillandsia loliacea epiphyte 1 yellow tube closed generalized

Tillandsia recurvata epiphyte 1 lilac/violet tube closed generalized

Tillandsia sp. epiphyte 1 orange tube closed generalized

Tillandsia streptocarpa epiphyte 1 yellow tube closed generalized

Cactaceae Epiphyllum phyllanthus epiphyte 4 white tube closed generalized
Lepismium cruciforme epiphyte 2 white rose bell-funnel open generalized

Pereskia aculeata climber 4 white dish open generalized

Caricaceae Jacaratia spinosa tree late secondary 2 greenish tube closed generalized
Celastraceae Celastraceae sp. climber 1 yellow dish open generalized
Elachyptera festiva climber 1 greenish dish open generalized

Elachyptera micrantha climber 1 greenish dish open generalized

Tontelea sp. climber 1 dish open generalized
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Chrysobalanacea Licania tomentosa tree late secondary regional exotic 1 greenish dish open generalized
e

Commelinaceae  Commelina benghalensis herb exotic 2 lilac/violet flag closed specialized

Commelina obliqua herb 2 lilac/violet flag closed specialized

Dichorisandra hexandra semi-shrub 2 lilac/violet flag closed specialized

Dichorisandra incurva herb 2 yellow white dish open generalized

Commelinaceae  Tradescantia zanonia herb 2 white lilac/violet bell-funnel open generalized

Tripogandra diuretica herb spontaneous 2 lilac/violet dish open generalized

Convovulaceae  Ipomoea ramosissima climber 2 white lilac/violet bell-funnel open generalized

Cucurbitaceae Melothria fluminensis climber 1 yellow bell-funnel open generalized

Wilbrandia hibiscoides climber 1 greenish tube closed generalized

Dilleniaceae Davilla rugosa climber 1 greenish dish open generalized

Dillenia indica tree not identified exotic 4 white greenish dish open generalized

Doliocarpus dentatus climber 1 greenish bell-funnel open generalized

Dioscoreaceae Dioscorea sp. climber 1 greenish dish open generalized

Euphorbiaceae Acalypha communis semi-shrub spontaneous 1 white inconspicuou  open generalized

s

Actinostemon concolor tree late secondary 1 greenish brush open specialized

Actinostemon klotzschii tree late secondary 1 greenish brush open specialized

Alchornea glandulosa tree pioneer 1 greenish dish open generalized

Aleurites moluccana tree not identified exotic and invasive 1 greenish bell-funnel open generalized
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Bia alienata climber 1 greenish dish open generalized

Croton floribundus tree pioneer 1 greenish dish open generalized

Croton urucurana tree pioneer 1 greenish dish open generalized

Dalechampia triphylla climber 1 greenish dish open generalized

Euphorbia heterophylla herb spontaneous 1 greenish tube closed generalized

Euphorbia hirta herb 1 greenish inconspicuou  open generalized

s

Joannesia princeps tree pioneer regional exotic 2 greenish bell-funnel open generalized

Mabea piriri tree not identified 1 greenish dish open generalized

Sebastiania edwalliana tree late secondary 1 greenish inconspicuou  open generalized

s

Traguia sp. climber 1 greenish dish open generalized
Caesalpinoideaec  Caesalpinia pluviosa tree late secondary regional exotic 2 yellow flag closed specialized
Cassia ferruginea tree early secondary 3 yellow dish open generalized
Caesalpinoideae  Cassia reticulata tree not identified 3 yellow dish open generalized
Dalbergia nigra tree late secondary 1 white flag closed specialized

Holocalyx balansae tree late secondary 1 greenish dish open generalized

Hymenaea courbaril tree late secondary 3 white dish open generalized

Peltophorum dubium tree pioneer 3 yellow dish open generalized

Pterocarpus rohrii tree early secondary regional exotic 1 yellow red/burgundy flag closed specialized

Pterogyne nitens tree pioneer spontaneous 1 greenish dish open generalized
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form successional groups  or exotic plant species* shape s d level
Schizolobium parahyba tree pioneer regional exotic and yellow flag closed specialized
invasive
Senna macranthera tree early secondary yellow dish open generalized
Tachigali multijuga tree late secondary greenish flag closed specialized
Faboideae Abrus lusorius climber yellow flag closed specialized
Aeschynomene falcata herb yellow flag closed specialized
Andira fraxinifolia tree late secondary lilac/violet flag closed specialized
Centrolobium tomentosum tree early secondary orange flag closed specialized
Chamechrista rotundifolia herb spontaneous yellow flag closed specialized
Clitoria fairchildiana tree pioneer regional exotic lilac/violet flag closed specialized
Desmodium axillare herb rose flag closed specialized
Desmodium barbatum herb spontaneous lilac/violet flag closed specialized
Desmodium sp.1 herb lilac/violet flag closed specialized
Lonchocarpus tree early secondary lilac/violet flag closed specialized
muehlbergianus
Platypodium elegans tree early secondary yellow flag closed specialized
Poecilanthe parviflora tree late secondary white flag closed specialized
Tipuana tipu tree early secondary exotic yellow flag closed specialized
Vigna candida climber yellow flag closed specialized
Mimosoideae Acacia cf riparia tree not identified white brush open specialized
Acacia polyphylla tree pioneer greenish brush open specialized
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Mimosoideae Acacia sp.1 climber greenish brush open specialized
Acacia sp.2 climber greenish brush open specialized
Acacia sp.3 climber greenish brush open specialized
Anadenanthera peregrina tree pioneer greenish brush open specialized
Calliandra foliolosa tree early secondary whiterose brush open specialized
Enterolobium tree pioneer white brush open specialized
contortisiliquum
Inga luschnathiana tree late secondary white brush open specialized
Piptadenia gonoacantha tree early secondary greenish brush open specialized
Piptadenia rigida tree early secondary greenish brush open specialized
Gesneriaceae Sinningia douglasii epiphyte red/burgundy tube closed generalized
greenish
Lamiaceae Hyptis sp. herb lilac/violet tube closed generalized
Marsypianthes chamaedrys semi-shrub spontaneous lilac/violet tube flag closed specialized
Lauraceae Endlicheria paniculata tree late secondary red/burgundy dish open generalized
greenish
Nectandra angustifolia tree early secondary white dish open generalized
Ocotea beulahiae tree late secondary dish open generalized
Ocotea bicolor tree late secondary greenish dish open generalized
Ocotea corymbosa tree early secondary greenish dish open generalized
Ocotea indecora tree late secondary greenish dish open generalized
Lecythidaceae Cariniana estrellensis tree late secondary greenish bell-funnel open generalized
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Cariniana legalis tree late secondary 1 red/burgundy white bell-funnel open generalized

Lythraceae Lafoensia glyptocarpa tree early secondary regional exotic 4 white dish open generalized
Malpighiaceae Galphimia sp. shrub 3 yellow dish open generalized
Heteropterys sp. climber 1 white dish open generalized

Hiraea sp. climber 1 yellow dish open generalized

Malpighiaceae sp.1 climber 1 yellow dish open generalized

Malpighiaceae sp.2 climber 2 dish open generalized

Malpighiaceae Stigmaphyllon lalandianum climber 2 yellow dish open generalized
Malvaceae Apeiba tibourbou tree early secondary regional exotic 3 yellow dish open generalized
Ceiba speciosa tree early secondary 4 rose dish open generalized

Guazuma ulmifolia tree pioneer 1 yellow dish open generalized

Helicteres lhotzkyana tree not identified 3 red/burgundy tube closed generalized

Heliocarpus americanus tree pioneer 2 white dish open generalized

Krapovickasia sp. semi-shrub 2 yellow bell-funnel open generalized

Luehea divaricata tree early secondary 3 yellow rose dish open generalized

Pachira glabra tree pioneer regional exotic 4 white tube brush closed specialized

Pseudobombax grandiflorum  tree early secondary 4 white tube brush closed generalized

Sida carpinifolia semi-shrub spontaneous 2 yellow dish open generalized

Sida cordifolia semi-shrub spontaneous 2 yellow bell-funnel open generalized

Sida linifolia herb spontaneous 1 red/burgundy white dish open generalized
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Sida rhombifolia herb spontaneous yellow white dish open generalized

Tiliaceae sp. tree not identified dish open generalized

Wissadula hernandioides herb yellow dish open generalized

Marantaceae Saranthe eichleri herb yellow white tube closed generalized
Marcgraviaceae ~ Marcgravia polyantha epiphyte greenish tube closed generalized
Leandra sp. shrub dish open generalized

Leandra xanthocoma semi-shrub white bell-funnel open generalized

Miconia discolor shrub white bell-funnel open generalized

Miconia pusilliflora tree late secondary white bell-funnel open generalized

Ossaea sanguinea semi-shrub red/burgundy white  dish open generalized

Meliaceae Cabralea canjerana tree late secondary greenish tube closed generalized
Cedrela fissilis tree early secondary rose tube closed generalized

Guarea kunthiana tree late secondary whiterose tube closed generalized

Meliaceae Guarea macrophylla tree late secondary greenish tube closed generalized
Melia azedarach tree pioneer exotic and invasive lilac/violet tube closed generalized

Trichilia casaretti tree late secondary white bell-funnel open generalized

Trichilia catigua tree late secondary greenish bell-funnel open generalized

Trichilia claussenii tree late secondary greenish tube closed generalized

Trichilia elegans shrub greenish bell-funnel open generalized

Trichilia pallida tree late secondary greenish tube closed generalized
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Trichilia sp. tree not identified bell-funnel open generalized

Monimiaceae Mollinedia elegans shrub greenish dish open generalized
Mollinedia widgrenii shrub greenish dish open generalized

Siparuna guianensis tree early secondary greenish dish open generalized

Moraceae Brosimum glaziovii tree late secondary greenish dish open generalized
Ficus benjamina tree not identified exotic greenish chamber closed specialized

Ficus citrifolia tree not identified greenish chamber closed specialized

Myrsinaceae Ardisia warmingii shrub greenish bell-funnel open generalized
Mpyrsine balansae tree not identified greenish dish open generalized

Myrtaceae Calycorectes acutatus tree late secondary white brush open specialized
Eugenia blastantha tree late secondary greenish brush open specialized

Eugenia paracatuana tree not identified white brush open specialized

Eugenia florida tree late secondary white brush open specialized

Eugenia hiemalis shrub white brush open specialized

Eugenia sp.1 tree not identified white brush open specialized

Eugenia sp.2 tree not identified white brush open specialized

Eugenia uniflora tree late secondary white brush open specialized

Myrcia aethusa tree not identified white brush open specialized

Myrciaria floribunda tree late secondary white brush open specialized

Myrtaceae Mpyrciaria glomerata shrub white brush open specialized
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Psidium guajava tree pioneer invasive white brush open specialized

Syzygium cumini tree not identified exotic and invasive white brush open specialized

Syzygium jambos tree not identified exotic and invasive white brush open specialized

Nyctaginaceae Guapira opposita tree late secondary greenish tube closed generalized
Oleaceae Ligustrum sinense shrub exotic white bell-funnel open generalized
Orchidaceae Aspidogyne argentea herb white flag closed specialized
Cyclopogon elatus herb greenish flag closed specialized

Cyclopogon elegans herb white flag closed specialized

Galeandra beyrichii herb red/burgundy white flag closed specialized

greenish

Gomesa pubes epiphyte orange flag closed specialized

Mesadenella cuspidata herb yellowwhite flag closed specialized

Miltonia flavescens epiphyte rose flag closed specialized

Oeceoclades maculata herb spontaneous rose flag closed specialized

Ornithocephalus myrticola epiphyte white flag closed specialized

Prescottia stachyodes herb white greenish tube closed generalized

Sanderella discolor epiphyte greenish flag closed specialized

Saundersia mirabilis epiphyte whiterose flag closed specialized

Wullschlaegelia aphylla herb white flag closed specialized

Oxalidaceae Oxalis rhombeo-ovata semi-shrub yellow bell-funnel open generalized
Oxalis triangularis herb lilac/violet bell-funnel open generalized
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Passifloraceae Passiflora alata climber regional exotic and 4 red/burgundy white dish brush open specialized
invasive lilac/violet
Passiflora edulis climber 4 white lilac/violet dish brush open specialized
Passiflora sp.1 climber 4 greenish lilac/violet ~ dish brush open specialized
Passiflora sp.2 herb 4 dish brush open specialized
Passifloraceae Passiflora sp.3 climber 4 dish brush open specialized
Phyllanthaceae Phyllanthus niruri herb spontaneous 1 greenish dish open generalized
Savia dictyocarpa tree late secondary 1 greenish dish open generalized
Phytolaccaceae Seguieria langsdorffii tree early secondary spontaneous 1 greenish dish open generalized
Piperaceae Ottonia leptostachya semi-shrub 1 greenish dish open generalized
Peperomia alata epiphyte 1 greenish inconspicuou  open generalized
s
Peperomia corcovadensis epiphyte 1 greenish inconspicuou  open generalized
s
Piper aff. aduncum shrub spontaneous 1 greenish inconspicuou  open generalized
s
Piper aff. gaudichaudianum  shrub 1 greenish inconspicuou  open generalized
s
Piper amalago shrub 1 greenish inconspicuou  open generalized
s
Piper amplum shrub 1 greenish inconspicuou  open generalized
s
Piper arboreum shrub 1 greenish inconspicuou  open generalized

N
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Piper glabratum shrub greenish inconspicuou  open generalized
s

Polygalaceae Polygala klotzschii shrub white flag closed specialized
Securidaca sp. climber rose flag closed specialized

Triplaris americana tree pioneer regional exotic greenish dish open generalized

Portulacaceae Talinum paniculatum herb spontaneous rose dish open generalized
Rhamnaceae Colubrina glandulosa tree early secondary greenish dish open generalized
Gouania virgata climber greenish dish open generalized

Rosaceae Eriobotrya japonica tree not identified exotic and invasive greenish dish open generalized
Prunus myrtifolia tree late secondary white dish open generalized

Rubiaceae Alseis floribunda tree early secondary white tube closed generalized
Coffea arabica shrub exotic and invasive white tube closed generalized

Coutarea hexandra tree early secondary white rose tube closed generalized

Galium noxium herb greenish dish open generalized

Genipa americana tree late secondary regional exotic yellow tube closed generalized

Rubiaceae Ixora gardneriana tree late secondary white tube closed generalized
Manettia cordifolia climber red/burgundy tube closed generalized

Manettia gracilis climber red/burgundy tube closed generalized

Margaritopsis cephalantha shrub white bell-funnel open generalized

Palicourea marcgravii semi-shrub yellow tube closed generalized

Palicourea sp. semi-shrub yellow tube closed generalized
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Psychotria capillacea shrub 1 white bell-funnel open generalized
Psychotria carthagenensis shrub 1 white tube closed generalized
Psychotria hastisepala shrub 1 yellow white tube closed generalized
Psychotria hoffmannseggiana  semi-shrub 1 white tube closed generalized
Psychotria leiocarpa shrub 1 white tube closed generalized
Psychotria myriantha shrub 1 white tube closed generalized
Psychotria vellosiana shrub 1 white tube closed generalized
Randia armata tree late secondary 4 white tube closed generalized
Rudgea jasminoides tree late secondary 2 greenish tube closed generalized
Rudgea nodosa shrub 2 white bell-funnel open generalized
Spermacoce ocymoides herb 1 white inconspicuou  open generalized
s

Rutaceae Almeidea lilacina tree early secondary 2 rose tube closed generalized
Balfourodendron riedelianum tree late secondary 1 greenish bell-funnel open generalized
Citrus aurantium shrub exotic and invasive 2 white tube closed generalized
Clausena excavata tree pioneer exotic and invasive 1 white dish open generalized
Conchocarpus pentandrus shrub 2 greenish dish open generalized
Esenbeckia febrifuga tree late secondary 1 greenish dish open generalized
Esenbeckia leiocarpa tree late secondary 1 greenish dish open generalized
Galipea jasminiflora tree late secondary 3 white tube closed generalized
Metrodorea sp. tree late secondary 2 red/burgundy dish open generalized
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Rutaceae Metrodorea nigra tree late secondary 2 red/burgundy dish open generalized
Murraya paniculata shrub exotic 1 white bell-funnel open generalized

Zanthoxylum acuminatum tree late secondary 1 greenish bell-funnel open generalized

Salicaceae Casearia gossypiosperma tree late secondary 1 greenish dish open generalized
Casearia sylvestris tree pioneer 1 greenish dish open generalized

Santalaceae Phoradendron affine hemi- spontaneous 1 greenish dish open generalized

parasitic

Sapindaceae Allophylus edulis shrub 1 greenish dish open generalized
Koelreuteria paniculata tree not identified exotic 1 yellow red/burgundy  dish open generalized

Paullinia rhomboidea climber 1 white dish open generalized

Sapindaceae spl climber 1 greenish bell-funnel open generalized

Serjania caracasana climber 1 white tube flag closed specialized

Serjania caracasana climber 1 white tube flag closed specialized

Serjania laruotteana climber 1 white bell-funnel open generalized

Serjania lethalis climber 1 white tube flag closed specialized

Serjania fuscifolia climber 1 greenish bell-funnel open generalized

Serjania spl climber 1 greenish dish open generalized

Serjania sp2 climber 1 greenish bell-funnel open generalized

Serjania sp3 climber 1 greenish bell-funnel open generalized

Thinouia mucronata climber 1 greenish dish open generalized

Urvillea laevis climber 1 greenish bell-funnel open generalized
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Urvillea ulmacea climber 1 greenish dish open generalized

Smilacaceae Smilax spicata climber 1 greenish inconspicuou  open generalized
s

Smilax fluminensis climber 1 greenish inconspicuou  open generalized
s

Solanaceae Brunfelsia pauciflora herb 3 lilac/violet tube closed generalized

Capsicum villosum shrub 2 lilac/violet dish open generalized

Cestrum bogotense shrub 2 white tube closed generalized

Solanum alternatopinnatum  climber 2 white bell-funnel open generalized

Solanum americanum semi-shrub spontaneous 2 white dish open generalized

Solanum lepidotum shrub 2 white dish open generalized

Solanum pseudocapsicum semi-shrub spontaneous 2 white dish open generalized

Solanum sp1 herb 1 white dish open generalized

Solanum sp2 climber 2 dish open generalized

Trigoniaceae Trigonia nivea climber spontaneous 1 yellow white flag closed specialized

Ulmaceae Trema micrantha shrub spontaneous 1 greenish dish open generalized

Urticaceae Cecropia pachystachya tree pioneer spontaneous 1 greenish inconspicuou  open generalized
s

Urera baccifera tree pioneer spontaneous 1 rose dish open generalized

Verbenaceae Aegiphila integrifolia tree pioneer spontaneous 1 white bell-funnel open generalized

Citharexylum myrianthum tree pioneer 2 white tube closed generalized

Lantana camara shrub spontaneous 1 orange tube closed generalized
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Lantana trifolia semi-shrub spontaneous 1 lilac/violet tube closed generalized
Petrea volubilis climber 4 lilac/violet tube closed generalized
Vitex polygama tree early secondary 2 lilac/violet flag closed specialized
Violaceae Hybanthus atropurpureus shrub 1 lilac/violet flag closed specialized
Schweiggeria fruticosa shrub 1 white flag closed specialized

*Qccurrence classifications follow: Lorenzi, H. 2008. Plantas Daninhas do Brasil - Terrestres, aqudticas, parasitas e toxicas. 4* Edi¢do.

Instituto Plantarum de Estudos da Flora, Nova Odessa, 640p.

*Invasive classifications follow: Base de dados nacional de espécies exéticas invasoras, I3N Brasil, Instituto Hérus de Desenvolvimento e
Conservac¢do Ambiental, Floriandpolis — SC. (http://i3n.institutohorus.org.br accessed on January 10, 2012)

*Exotic plant species classifications thanks to N. Ivanauskas and P.H.S. Brancalion


http://i3n.institutohorus.org.br/
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CAPITULO 3:

FLOWERS AND FRUITS AVAILABILITY: RESOURCES PROVISION FOR ATTRACTION OF WILDLIFE TO AREAS

UNDER RESTORATION

ABSTRACT. Involvement of frugivores and pollinators is essential to ensure gene flow of plants among
sites in a landscape under restoration and to accelerate achievement of restoration goals. Resource
availability has been posited to be important for animal maintenance in areas under restoration, but this
issue remains poorly studied. We expected that rich forests with diverse growth forms that have less-
seasonal phenological patterns would better provide resource reliability for fauna than forests with fewer
species and strongly seasonal phenological patterns. We studied restored riparian forests in the Atlantic
forest region, one of the hottest world biodiversity hotspots, in Sdo Paulo, Brazil, where original plantings
included high tree species diversity. We studied resource provision (flowers and fruits) of all plant growth
forms, in restoration sites of different ages compared to a reference forest, investigating whether plant
phenology changes during the restoration process. We recorded phenological data for all reproductive
individuals (351 species), sampling monthly over two years, and detected recovery of flower and fruit
production after one decade of restoration, indicating promising benefits for fauna. Our data suggest that a
wide range of growth forms provides resource complementarities to those of planted tree species.
Different periodicity in flower phenology between trees and non-trees seems to be much more evident in a
forest with high non-tree species diversity. We indicate some examples of ideal species for planting, both
at the time of initial planting and post-planting during enrichment. These management actions can
minimize shortage and periods of resource scarcity for the frugivorous and nectarivorous fauna, increasing

probability of restoring ecological processes and sustainability in restoration areas.

Key words: enrichment planting; pollination; resource complementarity; seed dispersal; seasonal

semideciduous forest; seasonality; tropical forests; zoochorous species.
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RE-ESTABLISHMENT OF FOREST DYNAMICS IN RESTORATION AREAS IS DIRECTLY RELATED TO
reproductive success of planted species (Castro et al. 2007). This success makes recruitment of future
individuals possible; as a result, assessing species reproduction is an important tool in restoration and
management. Nevertheless, because estimating self-sustainability of ecosystems and population dynamics
requires long-term studies, still few studies have assessed these aspects in restoration areas despite

relevance of recovering biological interactions (Ruiz-Jaen & Aide 2005).

When designing restoration projects for tropical ecosystems, restorationists must often deal with a
high diversity of native species with lack of basic biological information (Parrotta & Knowles 2001). In
the tropics, little knowledge of reproductive biology of plants such as fruit and seeding phenology, as well
as information about when to obtain seeds of key-species (Lamb 2005,Rodrigues et al. 2009) is scarcity.
This limited knowledge is a barrier that makes planting of native seedlings difficult (Viani et al. 2007).
Data from other growth forms, such as herbs, are similarly scarce leading to underuse of herbaceous

species in restoration plantings (Vieira & Silveira 2010).

A species-rich plant community is likely to include species that differ in resource partitioning and
proportion of niche space occupied (Whittaker 1972,Grubb 1977,Loreau 1998). How ecosystem function
can be influenced by species diversity is not always clear, but increasing species diversity often enhances
ecosystem functioning (Hooper et al. 2005,Nadrowski et al. 2010). In turn, the variety of phenological
strategies present is influenced significantly by species diversity (Bullock & Soli-Magallanes
1990,Vamosi et al. 2006). Ecosystems under restoration can show progressive recovery of tree and shrub
species, but colonization of other growth forms such as epiphytes and climbers may be much slower
(Garcia 2012). Assuming that different growth forms often have dissimilar phenology patterns (Morellato
& Leitdo Filho 1996,Ramirez 2002,Frenedozo 2004,Marques et al. 2004), understanding how the presence

of growth forms other than trees influence resource availability in restored environments is essential.
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Consequently, monitoring of phenology provides identification of resource bottlenecks and keystone

species (Wallace & Painter 2002).

Despite lack of seed biological information, seed-based restoration techniques ensuring genetic
diversity of introduced material are currently available (Mijnsbruggea et al. 2010). However, planting
nursery-grown tree seedlings is the most commonly used technique in ecological restoration in Brazil in
rainy and dry forests (Sampaio et al. 2007,Rodrigues et al. 2009). Initial plantings of large numbers of
plant species are important to provide the first resource availability to local fauna. These initial
plant/animal interactions should catalyze natural regeneration and arrival of other growth forms by
allochthonous species colonization earlier than would occur under conditions of natural regeneration. If
more species are planted, the chances are greater that adequate resources will be available throughout the
year. Probably more important than species richness is choice of species based on phenological

characteristics. As a result, understanding plant phenological behaviour is an essential aim.

Considering that seedlings or seeds used in restoration plantation are often collected from limited
number of sources, it is likely that new plant community may have low genetic variability, which
decreases adaptive evolutionary potential to future environmental changes in restored areas (Barrett &
Kohn. 1991,Hufford & Mazer 2003). Besides, most of tropical plants depend on animals for pollination
and dispersal of seeds (Bawa 1990,Jordano 2000). Hence, attraction of both fruit-dispersing animals and
pollinators can enhance genetic variability via gene flow in restoration areas since they potentially
transport allochthonous pollen or seeds enhancing the maintenance of healthy plant populations.
However, we highlight that this animal/plant interaction will depend on the level of isolation of the

restoration site as well as the fauna availability in the landscape (Wunderle Jr. 1997).

In this study, our main objective was to investigate how temporal abundance of resources

develops in restoration sites, in comparison with a natural forest that was considered as the reference site.
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We hypothesized that communities with more species and a wide variety of growth forms would better
provision resources for fauna than communities with lower species diversity. Moreover, planting tree
seedlings will probably ensure tree occurrence but it is not ensured for other growth forms. Besides,
considering that different growth forms usually have dissimilar phenology patterns, proportion differences
of other growth forms that colonized sites under restoration would influence phenology pattern of the
restored community. Hence, we expect fewer periods of resource scarcity in riche forests as a greater
range of phenological behaviours is likely presence. Therefore, recognizing which plants attract different
dispersal agents at different times can enhance natural succession and will help restoration efforts

(Muscarella & Fleming 2007,Garcia et al. 2009).

METHODS

STUDY AREA — Four riparian forests in the same watershed in Sao Paulo state, Brazil were surveyed. The
areas lie in the seasonal semideciduous forest domain, within the Atlantic forest biome, with little
elevational variation (554—711 m). Currently, 97% of the Atlantic forest fragments are <250 ha; these
small forest patches account for almost 42% of the remaining total forest area of this biome (Ribeiro et al.
2009). The restoration sites were at three planting ages (12, 23, and 55 yr old), all formerly cultivated for
sugarcane. The sizes, distance from the nearest forest remnant (any remnant with at least similar size of
the given site), and coordinates of sites are: 30 hectares, 1,435 m, and 47W 25' 39", 225 49' 34" (12-yr
site), 50 hectares, 70 m, and 47W 31' 09", 228 34' 36" (23-yr site), and 30 hectares, 180 m, and 47W 12'

20", 22S 40" 18" (55-yr site).

Restoration model used were combination of pioneer and no-pioneer species in 12- and 23-yr sites

and random heterogeneous planting in 55-yr site. These sites were restored via planting of a high diversity



92

of tree species (>70 species in each case) chosen according to availability of seedlings from commercial
sources, as well as from seed collected on surrounding landscapes, using mostly native species but some
exotic species as well; planted species list is available in: (Nogueira 1977,Rodrigues et al. 1992,Siqueira
2002,Vieira & Gandolfi 2006). Restoration project goals for these sites were the use of native species as
much as possible, as well as reaching maximum possible species numbers. The sites are located in a
highly fragmented landscape unlikely to experience autogenic restoration (Rodrigues et al. 2010). To
evaluate restoration success, we compared data from these samples to parallel data for a reference forest
that is the second largest natural remnant (244.9 ha, 403 m from the nearest forest remnant, and
coordinate: 46W 55' 34", 225 49' 59") of formerly continuous forest in the Campinas municipality (Santos
2003,Santos et al. 2009). This high level of habitat loss and also of endemic species shows why this biome
is considered the fourth hottest hotpots in the world (Myers et al. 2000). The four sited are located with a

maximum distance among them of 65 km (Amazonas et al. 2011).

SAMPLING METHODS — At each site under restoration, we selected a 2.5 ha stand, following sampling
design of Cielo-Filho et al. (2007), who established the plots on the reference site. To reduce
environmental variation among plots, plots were located randomly in forest areas without sign of recent
anthropogenic disturbances (e.g. charcoal on ground, soot on trunks, and presence of stumps or coppiced
trees). Stands were located near watercourses, but we were careful not to use areas that undergo cyclic

flooding.

Within stand with the same size (2.5 ha), we located 30 (10 x 10 m) plots randomly. Every month
during two years (May 2008 to April 2010), we recorded and marked individuals of tree species and other
growth forms as in flower and/or fruit for all angiosperm plants except graminoids. We referred to growth

forms other than trees collectively as “non-trees” (sub-shrubs, shrubs, herbs, epiphytes, hemi-parasitics,
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and climbers). We identified specimens by reference to specimens in the UNICAMP herbarium (UEC),
consultation of literature, and consulting by taxonomists and researchers to confirm identifications. The
botanical material collected was deposited in the herbarium collections at the Universidade Estadual de
Campinas (UEC) and at the Escola Superior de Agricultura “Luiz de Queiroz,” Universidade Estadual de

Sao Paulo (ESA). Nomenclature follows that in the Plantminer web tool (Carvalho et al. 2010).

PLANT PHENOLOGY — Phenological data were recorded in plots monthly over two years (May 2008 to
April 2010) for all sampled species (i.e., tree species and other growth forms as in flower and/or fruit for
all angiosperm plants found into the plots except graminoids). Hence, we sample only individuals that
were reproducing throughout these two years. To avoid observer variation, phenological inspection was
performed by the same experienced person (LCG) throughout the study. We considered the following
reproductive phenophases: flowers and ripe fruits. For all species studied, the percentage of the
phenophase over the whole crown area was estimated for a given individual, and percentages were
converted to intensity scores: 0 = 0%; 1 = 1-25%; 2 = 26-50%; 3 = 51-75%, and 4 = 76-100% (Fournier
1974). We measured diameter at breast height (DBH, 1.3 m above ground) of reproductive tree
individuals, as well as diameter at soil height (DSH, on the soil) for shrubs and sub-shrubs. We classified

fruits according to dispersal syndromes.

DATA ANALYSIS — Considering that seed dispersers depend on fruit provision and it may vary over time,
we examine seasonality of zoochorous species, focusing on resources to frugivores, using circular
analyses. To assess whether fruiting of zoochorous tree and non-tree species showed periodicity, we used
Watson's U? test (Uniform, U?), since our data were nonparametric, bimodal, and/or multimodal (Zar

1996). Hence, we evaluated all zoochorous species regarding beginning and peak of ripe fruit phenophase,
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examining the first month that at least one individual of a given species presents ripe fruit (beginning) and
the month with most individuals of a given species present fruiting (peak). As recommended by Morellato
et al. (2000), we used averages when peak or beginning occurred in two consecutive months or were
different between years. Because Watson's U? tests were significant for each community, we used this test
to compare zoochorous ripe fruit availability among sites to determine whether different sites exhibit
similar seasonal patterns for beginning of ripe fruit phenophase and for peak fruiting. Moreover, we used
Watson's U? tests to verify whether different growth forms (trees and non-trees) exhibit seasonal patterns
for beginning of zoochorous ripe fruit phenophase and for peak fruiting. We performed these analyses in
the ORIANA package (Kovach 2002). Focusing on flower resources for pollination, we used the same

statistical procedures that were carried out for zoochorous fruit phenophase.

Although phenological scores have been suggested as a methodology that provides information on
intensity data, they do not consider plant size, which will be crucial to estimate resource availability. For
instance, shrubs with a score of 4 are not equivalent to big trees with the same score in terms of food
provision. To solve this problem, we considered plant sizes in the phenology assessment. According to
Chapman et al. (1992), use of DBH as estimators of fruit abundance is a time-efficient and precise
methodology, compared with crown volume and visual estimates. Accordingly, to estimate individual
monthly flower and fruit production, we associated DBH or DSH with the phenological scores following
Wallace and Painter (2002). We multiplied phenological intensity scores by the corresponding basal areas,
yielding a value per hectare by which to compare flower and fruit production among sites (Wallace &
Painter 2002). We calculated how many flowers and fruits each site supported per hectare per month.
Because it was not possible to measure diameter of herbs, epiphytes, hemi-parasitics, and climbers, we
used only DBH data for tree species and DSH for shrub and sub-shrub species. Although circular analysis
are useful for detecting cycles, they are not appropriate for assessing phenophase intensity throughout the

year (Chapman et al. 1999). To assess differences in flower and fruit production over months and among
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sites, we used nonparametric analysis of variance (Friedman test). When significant differences were
detected, Wilcoxon pairwise post-hoc comparison tests were used to identify sources of the difference,
performed in BioEstat 5.0 (Ayres et al. 2007). Hence, we grouped all species in fruit because not only
zoochorous species will be source of resources to fauna since dry fruits also attract several animals such as

ants, rodents, beetles, birds, etc.

We performed Spearman’s correlation analysis in Statistica 6.0 (StatSoft 2001) to verify whether
climatic variables such as rainfall, mean temperature, and day-length influenced on number of species in
flower or fruiting (total number per month per site). Climatic data were provided by the Centro Integrado
de Informagdes Agrometeoroldgicas (CIIAGRO), which were from the nearest meteorological station of
each study sites (Santa Barbara D Oeste for the 12-yr site, Limeira city for the 23-yr site, Paulinia city for

the 55-yr site, and Campinas city for the reference site).

RESULTS

TESTING FOR SEASONALITY: ZOOCHOROUS SPECIES FRUITING AND SPECIES FLOWERING — Over two
years, we sampled phenological data of 351 species (Table S1 — in the supplementary material). Most
species (56-52%) were zoochorous in the 55-yr site, and richness of this group increased along restoration
age gradient (Table 1). Ripe fruit phenology of zoochorous species among sites was, in general, similar
among sites. The exception was initiation of ripe fruit phenophase in zoochorous species, which was
earlier in the reference site (main tendency pointed to beginning of April) and later in the 12-yr site (end
of May) (U? =0.302; P < 0.005). Analyzing zoochorous species of all growth forms together of each site,

the reference site showed marked seasonality in initiation of fruiting (bimodal trend pointed to early April
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and October) and the 55-yr site for initiation and peak fruiting (middle of May and middle of January,

respectively) (Fig. 1).

Considering zoochorous species separated into growth forms categories (i.e., tree and non-tree
species), we did not find differences comparing seasonality of tree and non-tree zoochorous species in
each site (Table 1). Despite that, non-trees in the reference site, peak of fruiting for trees in the 23-yr and

non-trees in the 55-yr (Table 1).

Considering flower resources for pollinators, comparing tree and non-tree species seasonality in
each site, we found significant difference for the peak flowering period only in the reference forest (U? =
0.224; P < 0.05; Table 1), with tree species peak flowering before (early March) than non-tree species
(early April). We for species in flower initiation for trees and initiation and peak flowering for non-trees in

the 55-yr site, and initiation and peak flowering for trees and non-trees in the reference site (Table 1).

COMPARING NUMBERS OF TREE AND NON-TREE SPECIES IN FLOWER AND FRUITING AMONG SITES — Peak
and decay of flower and fruit phenology were similar between tree and non-tree species (Fig. 2, 3), except
during the peak flowering period of the reference forest (U? = 0.224; P < 0.05; Table 1). However, we
found greater numbers of non-tree species in flower and in fruit, reaching more than double the number of
tree species, except in the 23-yr site (Fig. 2, 3). In the figures 1 and 2, we observed pronounced periods of
complementarity between non-tree and tree species in flower (e.g., in December and November of 2008 in
the 12-yr site, in February of 2009 in the 55-yr site, and in October and December of 2008, March, June,
and November of 2009, and in March of 2010 in the reference forest) and with ripe fruits (e.g., in
November of 2008 and of 2009, in April of 2010 in the 12-yr site, in May and October of 2009, and in
March of 2010 in the 55-yr site, and in September of 2008, May, June, and September of 2009, and in

March 2010 in the reference forest). We detected periods of complementarity between non-tree species
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and tree species in flower in the reference forest, in particular during the peak flowering period (Table 1);

in general, however, the main period of fruiting was similar in different strata (Fig. 2, 3).

COMPARING FLOWER AND FRUIT PRODUCTION AMONG SITES ~ — Overall monthly flower output showed
significant differences in production across months among areas (Fr = 10.05, P = 0.0181, Fig. 4), being
that the early forest (12-yr) produced fewer flowers than the 23-yr and 55-yr sites (Fig. 4). Despite the
differences among restored sites, flower production of tree, shrub, and sub-shrub species in these sites was
not distinguishable from that of the reference site (Wilcoxon, P > 0.05 for all pairs, except between 12-yr
and 23-yr and 12-yr and 55-yr sites, P < 0.05, Fig. 4). Increases in numbers of species in flower did not
necessarily increase total flower production in the 12-yr site (e.g., May/2008, October/2009, and
January/2010) and the reference forest (e.g., May/2008, October/2008, and March/2010; Fig. 4). For the
oldest restoration site (55-yr), we could identify the same numbers of species supporting a completely

different flower production between years (e.g., 18 species in October 2008 and October 2009; Fig. 4).

In terms of ripe fruit output, overall monthly also showed significant differences in production
across months, indicating seasonality (Fr = 16.65, P = 0.0008, Fig. 5), with the intermediate-age site (23-
yr) had greater fruit production than 12-yr and reference sites. On the other hand, early and old forests
showed ripe fruit production similar to that of the reference forest (Wilcoxon, P > 0.05 for all pairs, except
between 12-yr and 23-yr and 23-yr and reference sites, P < 0.05, Fig. 5). As had been observed with
flowers, in the 12-yr site increases in numbers of species with ripe fruits did not translate into in an
increased overall fruit production (e.g., over the period between May and November/2008; Fig. 5). At this
site, we detected the same number of species supporting markedly different fruit production (e.g., 18
species in September 2008 and May 2009; Fig. 5). The considerable elevation in fruit production in

September 2008 appeared to derive from increasing numbers of individuals of the same species with ripe
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fruit. In the 23-yr site a small number of species in June-August 2009 produced more ripe fruits than
larger numbers of species between September and November 2008 (Fig. 5). Likewise, in the 55-yr site,
similar numbers of species produced 3 times more ripe fruits in February 2010 compared with September
2008. In the reference site, greatest numbers of species with ripe fruits occurred in April and May;

however, the month with the greatest production was October 2009 (Fig. 5).

CLIMATIC-PHENOPHASE RELATIONS — Numbers of tree species in flower were positively correlated with
all analyzed climatic variables for in the 23-yr site as well as numbers of non-tree species in the 55-yr and
reference sites, with highest correlation value found between mean temperature and numbers of non-tree
species in flower in the 55-yr site (0.68; Table 2). On the other hand, numbers of tree species fruiting were
negatively correlated with all analyzed climatic variables in the reference site, with highest correlation
value found between day-length and numbers of non-tree species fruiting in the reference site (-0.60;
Table 2). It was generally found significant correlation with climatic factors and number of species in
flower or fruiting for trees and not for non-trees or vice and versa. However, both numbers of tree and
non-tree species in flower and fruiting were significantly correlated with day-length and mean temperature

in the reference site.

DISCUSSION

We recognize the limitations of both the chronosequence approach used here and the lack of replication of
site ages. Restoration sites of varying ages are limited in number in the study region; often, when focus is

on sites under restoration more than four decades old, replication is lacking and other sites for comparison
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are scarce. However, our study provides useful information with which to assess longer-term trends in

restoration sites; such insights are virtually impossible to obtain in any other way.

Trees contributed an important component of overall flower and fruit output. On the other hand,
we could detect that additional growth forms such as climbers, herbs, shrubs, sub-shrubs, epiphytes, and
hemi-parasites allocated reproductive resources that often complemented fruit and flower resources
provided by tree species. In particular, peak flowering was different between tree and non-tree species in
the reference site, which was the forest that reached more than double the number of non-tree species
compared with sites under restoration. This result shows that growth forms other than trees can display
different periodicity in their flower phenology, but it seems to be much more evident in a forest with high
non-tree species diversity. A wide range of phenological behaviours allows species to be complementary
to one another (Grubb 1977). Thereby, sites under restoration with broader non-tree species richness
would support diversification of these resources, consequently increasing animal attraction. In two
months, we found that no tree species had flowers (May 2009 in the 12-yr site and June 2009 in the 55-yr
site; Fig. 2); during these periods, non-tree species provided the entire flower supply in these sites,
demonstrating the importance of other growth forms in sustainability of forests under restoration in terms
of maintaining the level of food resources. Differences in phenological patterns derived from diverse
growth forms are known both regarding seasonality and reproductive effort (Hancock & Pritts
1987,Ramirez 2002), which has a direct effect on plant-animal interactions. Diversity of growth forms is
essential in determining which birds and bats will interact with zoochorous plants (Kominami et al.
2003,Muscarella & Fleming 2007). Despite a list of seed dispersers are not available for all studied areas;
we could observe several bats and birds in the field, which may be the major seed dispersers. Moreover,
some allochthonous non-planted species such as on our study sites, Piperaceae shrubs, are important to

attracting bat species to restored areas (Silveira et al. 2011). Another example is vines, which have shorter
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flowering periods than other growth forms, and are important in influencing plant-hummingbird

interactions (Stiles 1978,Quirino & Machado 2001).

Restoration allowed recovery of flower and fruit production per hectare by tree, shrub, and sub-
shrub species approaching levels in the reference forest. In several periods, in the reference forest,
calculated flower and fruit production was low, but numbers of species in flower or in fruit were high. As
we used only tree, shrub, and sub-shrub species data for calculate flower and fruit production (flower and
fruit scores x basal area / ha), other growth forms were not included as contributing to flower and fruit
production because they did not have a measurable basal area. Although we could not calculate this index
for herbs, we detected a particularly abundant (4270 stems ha™) herb species in flower, Lepidaploa
remotiflora (Rich.) H.Rob. (Asteraceae), in the 12-yr-old site. Non-tree species can have higher
reproductive rates because their lifespan is shorter than of the tree species. Sexual reproduction in
herbaceous species can be higher in early stages of succession, becoming similar to forest communities

after as little as one decade (Newell & Tramper 1978).

Analysis of climatic-phenophase relationship indicated that flower production was positively
correlated with climatic factors in some cases (e.g., tree species in the 23-yr and non-tree species in the
reference forest), whereas ripe fruit production was negatively correlated (e.g., tree species in the
reference site). It represents highest flower production at the same time of the highest temperatures, hottest
periods with longest days, whereas the highest ripe fruit production can be found in the opposite climatic
situation. As a result, seed dispersal may be mostly concentrated soon after this dry cold winter period,
which may strongly impose restrictions for the seedling establishment for some species that do not have
dormancy. Conversely, seed dispersal during this period also brings an advantage for seed and seedlings:
seed predator and herbivore avoidance, since they emerge from their diapauses after the first rains (Wright
1996). Early germination may enhance seedling regeneration success owing to avoidance of herbivore

attack (Hanley 1998), which is an important pressure in sites under restoration.
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Overall, the percentage of tree species in reproductive stages was smaller in the reference site
(54%), compared to sites under restoration (generally >70% of tree species). Generally, negative
relationships exist between reproductive effort and successional maturity (Hancock & Pritts 1987),
attributed to changes of ecological species groups present through time (Garcia 2012), which will also
present different reproductive behavior. Another possible constraint on this greater proportion of trees in
reproduction is dense canopy cover, since tropical trees are light limited, which affects their phenology

(Wright 1996).

In some cases, we observed that species replacement led to large positive effect on overall flower
and fruit production, particularly when they are species with a large biomass. For instance, in the 55-yr
site, we found 18 species in flower both in October 2008 and in October 2009 (Fig. 4), but changes in
flower production by a few species substantially increased production in October 2009, indicating the
importance of input from species with large biomass. To illustrate this point, we note that October was the
month with the greatest flower production in all restoration forests. Some species without flowers in
October 2008 but with flowers in October 2009 were represented by larger trees, such as Piptadenia
rigida Benth. (Fabaceae), Caesalpinia pluviosa DC. (Fabaceae), Jacaratia spinosa (Aubl.) A. DC.
(Caricaceae), Nectandra angustifolia (Schrad.) Nees & Mart. (Lauraceae), and Syzygium cumini (L.)

Skeels. (Myrtaceae).

Considering zoochorous species of all growth forms together of each site separately, only the
oldest restoration site showed significant seasonality for peak zoochorous fruit availability, which means
that fruit availability can be seasonally concentrated in some periods and scarce in others. On the other
hand, lack of seasonality at other sites allows a better distribution of fruits to fauna through time. Similar
less-seasonal patterns for animal-dispersed fruits have been observed by other studies in seasonal forests
(Morellato et al. 1990,Spina et al. 2001,Santos & Kinoshta 2003). However, although we did not detect

significant seasonality in the early restoration forest, we noted a month of fruit scarcity in this 12-yr site:
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August 2009 , where only the climber species Smilax fluminensis Steud. (Smilacaceae) provided
zoochorous fruits. We recommend the use of zoochorous species that were fruiting in the same month in
the other sites (see underlined species in the Table S1). However, we emphasize that the “key-species”
behaviour of some species identified in the present study could indicate which kinds of species can be
used in plantings for restoration projects of semideciduous seasonal forest, in the Atlantic Forest biome.
Nonetheless, we highlight that these species could be considered as key in early stages; however, these

same species would not necessarily be important in older sites.

Restoration planting planned for increased attraction and maintenance of pollinators could help in
reestablishment of plant-pollinator interactions (Menz et al. 2011); hence, particular species with
important effects on flower and fruit production should be prioritized for sapling production. In the
restoration context, the most challenge biotic threshold to go beyond is to recover specialization in plant-
animal interactions (Dixon 2009). For specialist species, synchronization with their sources of resources is
important (Wcislo & Cane. 1996). Hence, specialists have two trends in face of getting resources, if they
are associated with a very seasonal and synchronous plant species, they will have diapause otherwise they
will face a lack of food supply great part of the year (Bronstein 1995). On the other hand, if they do not
remain in diapauses, they have to be associated with a plant that provides less-seasonal flower resources
(Bronstein 1995). As a result, restoration area that presents less-seasonal flower resources will allow both

kinds of specialist pollinators, which may have positive effect on development of restored community.

The data collected by this study can be relevant for decisions regarding fauna management. More
studies about the re-colonization of seed-dispersing animals in restored forests will be required to know
more about the needs of fruit consumers. Another challenge is how to attract animals into isolated restored
sites often located in inhospitable landscapes (Florentine & Westbrooke 2004). To reach this goal, it is
important to consider that some animals may be more important seed-dispersers depending on forest

successional stage. For example, bats may be more effective than birds during initial states of succession
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owing to their ability to reach disturbed areas, but both have relevant roles in maintenance of plant
diversity in fragmented landscapes (Silva ef al. 1996,Muscarella & Fleming 2007). Besides, degree of
frugivory and seed dispersal effectiveness can be decoupled in several cases leading to contribution of
incidental frugivores to effective dispersal (Schupp et al. 2010). In addition, planning the use of new
ideas such as fauna reintroduction in forest deprived of frugivores would require special attention to

outplanting of native fruiting species (Brodie & Aslan 2012).

We highlight the fact that in all restoration study sites no previous planning was done regarding
which species would provide resource availability to fauna. Nevertheless, it was possible to conclude that
even without previous planning regarding phenological behaviour, we could observe a wide resource
provision. This result is likely a consequence of large numbers of species used on these projects. Further
studies should evaluate sites, with different initial species input, to know whether efforts should be
concentrated on restoring sites by using high species diversity to ensure sustainability. Specially, because
it is expected that greater species or functional diversity of plants at restored sites will result in greater
resource diversification, which in turn, is likely to attract a more diversified fauna. Once we have found
some critical periods of resource scarcity, attempts should also be given to plant species that present high
flower and fruit production, in particular that of large biomass, while key-species that offered important
resources but have small biomass also should be prioritized for planting. However, we warn that plant size
and seed size is positively related (Rees & Venable. 2007), which may benefit frugivorous specialized in
large-fruits that have a low diversity in sites under edge-effect like restored forest (Melo et al. 2007). In
this regard, species of families that have generalist seed dispersal syndromes, such as Melastomataceae,
Rubiaceae, Moraceae, and Solanaceae can provide small-sized fruits with a huge number of seeds, which
will provide resources to generalist frugivores increasing seed rain. Likewise, in project planning, tree

species that offer flowers and fruits during a period when other tree species provide few resources, the
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first ones should be prioritized and their planting should be done in a higher density than the second ones.

Finally, we recommend the use of species fruit year-round with constant food resources.
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TABLE 1. Total numbers of species sampled, zoochorous species sampled, and results of Watson's U?
Tests (Uniform, U?), which is a test of periodicity in each site, length of mean vector, which is an
index ranging from O (complete asynchrony of the event) to 1 (highest possible synchrony) for ripe
fruit phenology of zoochorous species, and pairwise comparisons of tree and non-tree species
seasonality (via Watson's U? Tests) at three sites under restoration (12-yr, 23-yr and 55-yr old) and a
reference forest. Values with asterisks indicate significance at the P < 0.05 level.
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Years since restoration:

Natural forest:

12-yr-old 23-yr-old 55-yr-old Reference
Santa Babara D’Oeste city Iracemapolis city Cosmépolis city Campinas city
Tree Non-tree Tree Non-tree Tree Non-tree Tree Non-tree
Total number of species 27 53 45 33 45 58 55 116
Zoochorous species:
Total number of zoochorous species 8 19 17 16 25 30 34 38
Relative number of zoochorous species 30 36 38 48 56 52 62 33
(%)
Initiation of zoochorous ripe fruit
phenophase:
Watson's U? tests (periodicity in each ** 0.161 0.098 0.044 0.232* 0.226* 0.086 0.494*
site)
Mean date early of Jun* end of Apr* early Apr
Length of Mean Vector (r) 0.429* 0.313* 0.517*
Watson's U2 tests (seazonality 2.176 0.025 0.119 0.167
comparision of trees and non-trees)
Peak zoochorous fruiting:
Watson's U? tests (periodicity in each ** 0.178 0.216* 0.048 0.14 0.189* 0.11 0.111
site)
Mean date end of Feb* end of Dec*
Length of Mean Vector (r) 0.502* 0.301*
Watson's U? tests (seazonality 3.631 0.15 0.124 0.053
comparision of trees and non-trees)
Species in flower:
Initiation of flower phenophase:
Watson's U? tests (periodicity in each 0.127 0.415* 0.094 0.116 0.374* 0.218* 0.217* 0.490*
site)
Mean date early April early middle end of Feb*  early April*
March* March*
Length of Mean Vector (r) 0.325* 0.382* 0.196* 0.167* 0.301*
Watson's U? tests (seazonality 0.035 0.049 0.06 0.153
comparision of trees and non-trees)
Peak flowering:
Watson's U? tests (periodicity in each 0.081 0.412* 0.186 0.179 0.105 0.209* 0.200* 0.583*
site)
Mean date end of April* end of early March* early April*
March*
Length of Mean Vector (r) 0.340* 0.231* 0.193* 0.279*
Watson's U? tests (seazonality 0.057 0.104 0.034 0.224*

comparision of trees and non-trees)
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TABLE 2. Spearman rank correlation tests between climatic variables and number of species in

flower and fruiting at three sites under restoration (12-yr, 23-yr and 55-yr old) and a reference

forest. Values with asterisks indicate significance at the P < 0.05 level.

Study sites ~ Climatic factor Flower Ripe fruit
Tree  Non-tree Tree Non-tree
Rainfall
12-yr 0.13  0.30 -0.39 -0.46
23-yr 0.49* 0.06 -0.48*  -0.57*
55-yr 0.10 0.43* 0.11 -0.33
reference 0.30 0.57* -0.57*  -0.36
Day-length
12-yr 0.19 047* -0.25 -0.39
23-yr 0.56* 0.04 -0.41*  -0.29
55-yr 0.37 0.57* -0.12 -0.27
reference 0.46* 0.60* -0.55*  -0.60*
Mean temperature
12-yr -0.05 0.39 -0.39 -0.40
23-yr 0.54* 0.10 -0.29 -0.33
55-yr 0.31 0.68* -0.46*  -0.12
reference 0.40* 0.55%* -0.57*%  -0.53%*
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FIGURE 1. Ripe fruit phenology of zoochorous species at three restoration sites (12-yr, 23-yr and
55-yr old) and a reference forest. Tree and non-tree species data are for all individuals sampled in

reproduction from May 2008 to April 2010.
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reference forest. Tree and non-tree species data are for all individuals sampled in reproduction from

May 2008 to April 2010.
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FIGURE 3. Ripe fruit phenology of tree and non-tree (semi-shrubs, shrubs, herbs

parasitics, climbers) species at three restoration sites: (A) 12-yr, (B) 23-yr, (C) 55-yr old, and (D) a

reference forest. Tree and non-tree species data are for all sampled individuals in reproduction from

May 2008 to April 2010.
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FIGURE 5. Number of species with ripe fruit (gray line with closed circles) and ripe fruit
production (black line with open squares) of tree, shrub, and semi-shrub species at three restoration
sites: (A) 12-yr, (B) 23-yr, (C) 55-yr old, and (D) a reference forest, from May 2008 to April 2010.
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CAPITULO 4:

CHANGES TO BRAZILIAN LEGISLATION ARE A STEP BACKWARDS FOR

CONSERVATION AND RESTORATION

Introduction

There is a perverse trend of loss or depletion of protected areas in several countries mainly due to
pressure to access or use of natural resources (/, 2). Mascia and Pailler (2011) presented a detailed
study concerning protected areas from 27 countries, in particular several nations that occur in areas
of global importance for biodiversity conservation. These areas are threatened by downgrading (a
decrease in legal control), downsizing (a decrease in area) and degazettement (loss of legal
protection for the entire protected area) (PADDD). The authors stress that PADDD is a policy issue
in 12 of these countries, although the context, causes, and consequences are not well documented.
Harwell (3) draws attention to the need for case studies in relation to the factors leading to forest
being converted to agricultural land, as occurs, for instance, in West Papua, Indonesia, Colombia
and Peru. . This phenomenon is symptomatic of a more general denial of environmental concerns,
with people only willing to change their behaviour when serious consequences impact their lives

directly (4).

In addition to PADDD, other problems threaten natural areas through inadequately drafted
laws, as, for instance, in United States, where three-quarters of all threatened species depend on
private land and their protection is based on the most important national environmental law, the
Endangered Species Act (ESA) (5, 6). The ESA has been creating disincentives for landowners and,

in fact, in some cases encourages the destruction of habitats instead of their conservation, since it is
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applied only to current critical habitats but not to habitats that were already threatened before the
law was implemented (5, 7, 8). Another example of well articulated laws that are not applied
equally is in Canada, where noncompliance is often accepted and their courts avoid applying the
environmental law to public servants (9). Disregarding social, environmental and human factors in
the elaboration of laws also hampers conservation, for instance in South Africa, Zimbabwe and
Namibia, where the exclusion of rural communities from protected areas leads to undesirable effects
on natural resources through illegal use (/0). Finally, lack of popular support, for instance in
Russia, where economic instability is a social driver resulting in weak popular backing, results in

the loss of interest in environmental issues within official policy (/7).

On the other hand, there are examples of policy success, such as the establishment of a
network known as Natura 2000 that has led to a major expansion in European protected areas, as a
result of ‘civil society’ participation in these areas (/2). In Japan, the new national environmental
law allows citizens to take part of environmental impact assessment. Another good example is in
Costa Rica, where environmentalists had a crucial involvement in influencing policy debates and
they played a leading role during decision processes (/3). The relative success of policy and legal
instruments is often context dependent. For instance, regarding forest governance, decentralization
reforms is a trend in a variety of countries that transfers power for local authorities and NGOs, but

has led to either positive or negative changes in Indonesia, India and Namibia (/4-17).

It is particularly preoccupying that such trend is affecting megadiverse countries with large
extents of remaining tropical forests, as in Brazil. Any action that has an effect on those areas will
also result in global impact on climate and biodiversity. Brazil has 537 Mha of native vegetation
(mostly tropical forested areas), from which 146,5 Mha are protected under nature and Indian
reserves, and the remaining 390,5 Mha (73% of the vegetation) occurs in private lands (/8).
However, the main law that guarantee the protection of this native vegetation in private land, the

Forest Act, was in revision (/9) and approved changes will drastically reduce the amounts of
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protected areas and forest restoration. In this paper, we discuss some aspects and consequences of

this change and why we should be concerned about it.

What is the Brazilian Forest Act and why is it important?

The Brazilian Forest Act, created in 1965, sets several guidelines regarding land-use integrating
environmental protection, the diffuse sustainable use of biodiversity present in natural or restored
ecosystems, and rural production (agriculture, livestock and silviculture). It addresses rules about
the percentage of private land that should be protected in each ecosystem to maintain native
vegetation (areas designated as ‘Legal Reserve’ — see Tab S1 - Supplemental Materials). In
addition, it defines more fragile ecosystems or vital areas that should be protected to maintain
important ecosystems functions (called ‘Permanent Preservation Areas’, which include hilltops,

steep hills, plateaus, mangroves and sandbanks, springs and riparian forests).

What are the law changes and their justification?

The new Law was approved in May 2011 by the Chamber of Deputies of the Brazil’s Congress, in
December 2011 by the Senate, in April 2012 by the Chamber of Deputies of the Brazil’s Congress,
in May 2012, after few presidential vetoes, by the President, and in September 2012 by legislative
with some changes. The approved format is a threat to several current protected areas that may lose
protection and it will be a setback for conservation and restoration of Brazilian forests (Table S2,
S3, Appendix S4 - Supplemental Materials). One of the most controversial points of this law is the
amnesty for illegal deforestation up to three years before the bill (moratorium of deforestation
before 2008) (Fig. 1). It is important to highlight that penalties are also required, and amnesties such
as the new law allows, are likely to be counterproductive. Witzold and Schwerdtner (20) suggested
that environmental legislation had to be based on the assumption that people will infringe the law if

it maximizes their utility, and hence some form of government penalties are required (27).
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Most of the landholders in the Amazon, as well as much of the remaining lands of Brazil,
are currently not in compliance with the previous Forest Act. The main reason is the lack of
government enforcing full compliance with the previous law. The need for drastic changes in land
use to archive full compliance with the Forest Act results in large deficit in protection on private
lands were estimated to be among 85Mha (22). The reason is that full compliance requires costly

effort because of large-scale restoration as well as productive area losses (23).

The legislation change is mainly based on economic interests. Part of the argument for
changes in the Forest Act is that compliance can supposedly harm several agricultural sectors.
Martinelli et al. (24) warn that the dichotomy between food production and preservation of natural
vegetation used as the main driver to change the Forest Act is false. For instance, the diagnostics
presented by Brancalion and Rodrigues (25) indicates that compliance with the previous Forest Act
would not reduce agricultural production. On the contrary, the ecosystem services provided by
native vegetation can help maintain sustainable agriculture. Many ecosystem services are literally
irreplaceable (26). The inequalities in land distribution and income, lack of credit to small producers
and lack of investment in research and development in the staple crops of the country are the real

constraints for food production in Brazil, not the existing Forest Act (24).

Besides, the family income has been attributed to create impediments for compliance with
previous law. However, the new law has an essential problem. It changes the definition of
smallholders. In this approved law, instead of this term being associated with family income and
traditional users, it is associated with the size of the property (from 20 to 440 hectares). Thereby,
the approved law would fail to differentiate wealthy from poor landholders. As a result, wealthy

farmers will legally profit from using areas that should be protected or restored.

Another economic aspect to be considered is that there are several countries that impose
barriers on the import of tropical products without sustainable management (27). To receive

certification, sugarcane production, for instance, must conform to the legislation of the country,
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state and cities (28). To achieve the standard for forest management certification requires
compliance with all applicable laws of the country, such as environmental and labor legislation
(29). The compliance with Forest Act is seen by landowners as a major barrier for engaging in the
certification process (30), in particular relating to Permanent Preservation Areas (29).
Environmentalists believe that changing the law is a strategy by landowners who are at odds with
certification systems, since achieving the environmental certification involves being compliance
with national law. Therefore, changing the law is easier than restoring the illegally cleared areas;
because the owners will not be required to restore the forests as they were required before. It can
induce developed countries to raise import taxes on Brazilian agricultural products, making them
less competitive, because Brazil could lose credibility internationally (3/). Moreover, it is a
contradiction that the continuous land conversion in large areas of tropical forests can be

considered, depending on the certification criteria, as a ‘sustainable’ agriculture (32)

What are the national implications of law changes?

Ominous predictions and facts began to appear in the literature, in several journals and magazines.
Brazil was identified as one of the 17 megadiverse countries in the world (33). Any action that
affects its biodiversity will also have a global impact. Regarding people well-being, failure to
protect Permanent Preservation Areas is likely to contribute to catastrophic flooding in Brazil, as

happened in January 2011 when more than 890 people died in Rio de Janeiro state (34).

The new Forest Act will remove the legal protection of 222,000 square kilometres — an
affected area nearly the size of the United Kingdom (37, 35), increasing the risk of illegal
deforestation on those areas. The proposal presented at Brazilian National Congress in June of 2010
may be one of the reasons that deforestation increased by 96% and degradation by 466% between
August 2010 and April 2011 in Mato Grosso, one of the Amazonian states (36). This increase was
due to the expectation that the law would be approved. In the period before the bill was presented to

the Chamber of Deputies in 2010, the deforestation in Amazon has been decreasing (35). After this
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situation in April 2011, the government started a huge enforcement action and the deforestation rate
dropped by 11% (37). This provides evidence that through the previous law decreasing of
deforestation is possible if the executive power implements active control measures. In the same
state, between 2006 and 2010, Macedo et al. (38) showed that agriculture production can increase
even while deforestation is decreasing, providing a clear demonstration that adequate policies can

promote the efficient use of already cleared lands as well as restricting deforestation.

All those changes considered, a revision of the Forest Act will reduce mandatory restoration
of native vegetation illegally cleared since 1965 (/9). It will reduce the total amount of potential
areas for restoration in the Atlantic Forest by about 6 million hectares (39), an area among the size
of Netherlands added to Israel, reversing previous positive trends. The discontent of Brazilian
society, NGOs, government actors and research institutes with the situation of the most degraded
biome in Brazil led to the creation of the Atlantic Forest Restoration Pact in 2009. The idea behind
this is to restore 15 Mha by 2050 increasing the forest cover from 17% to 30% and thereby
contributing to climate change mitigation, producing ecosystem services, and generating jobs and
income for local rural communities (39). The prospects of achieving this are significantly

diminished in the face of the new bill.

What are the international implications of the law changes?

Because the bill will move in the opposite direction of cutting greenhouse-gas emissions, Brazil’s
can lose its reputation as a global leader in the effort against global warming (40). The new law
could result in 5 billion tC no longer being stored in native vegetation (4/). Twenty years ago, the
Rio Declaration on Environment and Development provided a statement of twenty-seven principles
for sustainable development. 2012 was the year that Brazil hosed United Nations Conference on
Sustainable Development (Rio+20 Earth Summit). Contradictorily, it also was the year when

Brazilian legislation takes a step backwards regarding conservation and restoration goals.
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Brazil is wasting a great opportunity to give the good example. This country has a huge
agricultural industry, and production could be achieved with environmental sustainability, which
would have the potential to distinguish Brazil from other food producers in the world. Hence, any
change of environmental legislation needs to be linked with the Brazilian agricultural policy. The
establishment of alternative development models should be considered (/8). The effective
integration of agriculture and environment can be seen as having huge potential to generate income
and employment by restoration and certification use. For instance, the Legal Reserves are a real
alternative for forest management in Amazon and the use of biodiversity from different forest types
in the extra-Amazon regions. In these regions, under scientific guidelines, forests have been
restored using high diversity species plantations. This allows at the same time maintenance of
biodiversity, sustainable timber use and economically viable system. New restoration models of
Legal Reserves based on the use of native fruits and seeds, honey, medicinal plants, etc, are being
researched for implementation if these Reserves continue to exist as a legal obligation. There is thus

an opportunity for agricultural and environmental planning in Brazil.

Because Brazil is often used as a model for other developing countries, the weakness of the
approved environmental law can directly affect these countries by promoting tropical forest
deforestation as a bad example that can be followed. If countries that have crucial role in the fight
against global warming and also hold a significant part of global biodiversity start to reduce the

power of their environmental rules, throughout the world people will feel the consequences.
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Table S1- Glossary: meaning of the two main legal instruments of the Brazilian Forest Act.

Legal instrument

‘Permanent
Preservation Area’
(PPA)

Meaning

Protected areas with environmental function of preserving water resources, landscape, geological stability, biodiversity, gene flow
of wild fauna and flora, soil protection, as well as ensure the well-being of human population. Areas that can be designed as PPAs:
hilltops, steep hills, plateaus, special ecosystems like mangroves and sandbanks, springs and riparian forests.

‘Legal Reserve’ (RL)

Protected areas located within the property except from the ‘Permanent Preservation Areas’ referred to as required for the

sustainable use of natural resources, conservation and rehabilitation of ecological processes, biodiversity conservation and shelter

and protection of native flora and fauna. The Forest Code states that 20% of every property (in the Amazon, 35% if it is savanna
or 80% if it is tropical forest) must be occupied by native vegetation and will be designed as RLs.

Table S2- The most important changes from the existing Forest Act in the new Law (Law number 12.651) and their likely
consequences. These changes are organized according to Mascia and Pailler’s (8) categories of declines in protected area
coverage by downgrading (a decrease in legal control), downsizing (a decrease in area) and degazettement (loss of legal
protection for the entire protected area (PADDD). A similar version of this table was used by the Brazilian Society for the
Advancement of Science (SBPC) and the Brazilian Association of Science (ABC), after Brazilian Senate approval in December
2011, in a Public Letter (Tab. S3) warning of the severe consequences that might result from the Forest Act revision.

Topic

-downgrading: compensation

Current Forest Act

-the compensation for the
lack of ‘Legal Reserve’
areas within the property
will take place in the same
ecosystem and micro
drainage basin or as close
as possible to the
deforested area.

Proposed bill

-the compensation for the
lack of ‘Legal Reserve’
areas within the property
will take place in the same
biome where the
deforested area is located.

Consequence

-this will open up the possibility of purchasing forests in
regions distant from where the native forest was illegally
removed or degraded. The control and inspection of
compensation areas in other states would be unlikely and
unachievable. For instance, the Atlantic Forest biome covers
17 of the 26 national states. Moreover, variation in land values
would likely result in areas chosen for the compensation for
the lack of ‘Legal Reserve’ being prioritized according to land
value instead of environmental value. Hence, less expensive
land far from the deforested area could be selected, decreasing
the local landscape quality. Considering the Atlantic Forest




Topic

Current Forest Act
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Proposed bill

Consequence

biome for example, it is clear that in states where lands are
under greater agricultural use, such as Sdo Paulo (SP), there
are less vegetation remnants than in Piaui (PI). As a result, if
the compensation for the lack of ‘Legal Reserve’ areas within
the properties from SP state is placed in PI state, this will
maintain the current low levels of forest in the most impacted
state (SP) and also maintain the lack of ecosystem services in
this region. Finally, it drastically decreases the restoration
incentive in areas of low agricultural potential which could be
restored, improving the general local landscape quality.

-downgrading: ‘fallow areas’

-originally, the law
defines small properties as
those that are occupied
only by traditional or
peasant ownership. Hence,
‘fallow areas’ is assigned
only for small rural
families or traditional or
peasant owners.

-the term ‘fallow areas’
could be used for all types
of landowners in the
whole extension of the
rural property.

-this term is normally associated with areas with crop rotation
systems, a method related to soil use by traditional
landowners. The generally inclusion of this term for any
property will misrepresent the method, in which the term
would be attributed to unproductive areas that can be currently
assigned to vegetation recover and may be reclaimed for
agriculture use.

-downgrading: National | -National Environment -withdrawal of the -an uneven law application, depending of the viewpoint of

Environment Council’s | Council has the power to National Environment different legal actors, will render deforestation more

power regulate any removal of Council’s power. permissible and can have serious consequences due to political
native vegetation in and vested interests. Decentralization is a good option if
‘Areas of Permanent corruption and local interest does not result in trends in the
Preservation’ and in opposite direction of conservation goals, but can fail in a
‘Legal Reserves’ to fifty country like Brazil. There are problems such as limited civil
percent of the property in society participation and large differences between states, with
the Legal Amazon. some likely to be more conservation —oriented and others

much more favourable to logging and agribusiness sectors.
-downsizing: -the requirement to restore | -the definition of ‘small -this new definition represents more than 90% of Brazilian

properties benefited by

their forestry ‘Legal

rural properties’ as those

rural properties, which will be relieved of restoring their




Topic

exemption to restore their
forestry ‘Legal Reserve’

Current Forest Act

Reserve’ area is general
for all properties.
Especially in the case of
small rural families or
traditional or peasant
ownership, it can be done
by using fruit trees, exotic
or commercial species.
Decisions are on the basis
of family income and
traditional land use, rather
than property size.
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Proposed bill

covering up to four ‘fiscal
modules’ (from 20 to 440
hectares) exempts these
properties from the
requirement to restore
their forestry ‘Legal
Reserve’ area.

-for other properties, it
will only be required to
restore ‘Legal Reserves’ if
deforestation occurred
after July 22 of 2008.

Consequence

‘Legal Reserves’.

-the important legal instrument of ‘Legal Reserve’ will be
virtually extinct.

-downsizing: exotic species
use in restoration of ‘Legal
Reserve’ areas and ‘Areas
of Permanent Preservation’

-the planting of exotic
species in ‘Legal
Reserves’ is allowed only
temporarily.

-the bill will also permit
the restoration of ‘Legal
Reserve’ areas by
introducing exotic species
in up to 50 percent of their
areas for all properties.
Moreover, the
introduction of only exotic
species will be allowed for
restoration of the entire
‘Areas of Permanent
Preservation’ for ‘small
rural properties’, which
cover up to four ‘fiscal
modules’ (from 20 to 440
hectares).

-this will allow the agricultural use of ‘Legal Reserve’ areas
with an expansion of monoculture plantations, in an area that
should be designated for conservation and sustainable use of
native species. Instead of using exotic species, sustainable
exploitation of native plants (such as Brazilian nut, cupuacu,
acai, etc) in agroforestry systems can also be a profitable
activity. In addition, considering the aim of ‘Legal Reserve’
areas and ‘Areas of Permanent Preservation’ - biodiversity
conservation and protection of native flora and fauna — the use
of native species is preferable due to their natural
environmental role in the local ecosystem. Moreover, the most
critical probably is that there is no specification regarding
possible use of invasive species.

-downsizing: properties
benefited by exemption to
restore vegetation along

-restoration of riparian
vegetation is required to
cover 30 meters width

-decisions are on the basis
of to property size,
restoration of riparian

-reduces the overall amount of restoration and increases the
edge effect in these forests under restoration, which hampers
the maintenance of their balance. For instance, five meters




rivers

Topic

Current Forest Act

along rivers up to 10
meters wide in cases
where degradation was
detected.
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Proposed bill

vegetation will be required
to cover only 5 to 15
meters width in
consolidated rural areas in
any width rivers for ‘small
rural properties’, which
cover up to four ‘fiscal
modules’ (from 20 to 440
hectares), besides it does
not exceed 10-20% of
extension of the rural
property (10% for lands
<2 fiscal modules and
20% for 2-4). Restoration
of riparian vegetation in
rivers up to 10 meters
wide for properties of 4-
10 fiscal modules will be
required to cover 20
meters width.

Consequence

means two tree lines, which will probably be ecologically
inefficient. Finally, it infringes the law principles of equal
treatment as it gives different sizes of ‘Areas of Permanent
Preservation’. As a result, those landowners that had preserved
their ‘Areas of Permanent Preservation” will be required to
keep the original vegetation size, whereas those landowners
that had ‘consolidated rural areas’ will be allowed to have
smaller riparian vegetation width.

-for rivers over 10 meters
wide, restoration of
riparian vegetation is
required to cover 30 to
500 meters along rivers in
cases when degradation
was detected, depending
on the width of the river.

- properties greater than10
fiscal modules will be
required to cover half of
the river width (from 30 to
100m).

-the same previously mentioned problems arising from
violation the law principles of equal treatment.

-the calculation of riparian
‘Areas of Permanent
Preservation’ is from the

-the calculation of riparian
‘Areas of Permanent
Preservation’ will be from

-this drastically reduces protection of rivers and jeopardizes
still further the already critical availability of water in some
regions of Brazil. Moreover, there is a high possibility of
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Current Forest Act

largest seasonal
watercourse bed.
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Proposed bill

the regular watercourse
bed.

Consequence

losing all the planting done on river shores during high flow
periods.

-downsizing: properties
benefitting by reducing to
restore their vegetation
around springs.

-restoration of spring
vegetation is required to
cover 50 meters in cases
where degradation was
detected.

-restoration of spring
vegetation will be required
to cover only a minimum
radius of 15 meters in
consolidated rural areas.

-less area will be restored. Without adequate surrounding
vegetation, springs can decrease water availability and even
become completely dry.

-downsizing: hilltops
protection

-50 meters is the
minimum height of
protected mountains/hills
that would have protected
hilltops.

-the bill changes the
minimum height (100m)
of mountains that would
have protected hilltops.

-widespread loss of hilltop protection.

-hilltops are protected if
the slope of the steepest
part of the hilltop reaches
at least an inclination of
17°.

-the bill proposes to
protect hilltops if the
hilltop reaches a minimum
general average
inclination of 25°.

-the bill will severely reduce the protected areas since this
general average inclination of 25° is rare in Brazil.

-downsizing: ‘Legal Reserve’
area

-the reckoning of

the ‘Areas of Permanent
Preservation’ in the
calculation of the ‘Legal
Reserve’ percentage is
only possible when the
sum of APP and RL
exceed 80% of the rural
property located in the
Amazon, 50% of the rural
property located in other
regions of the country,
and 25% of small

-the reckoning of

the ‘Areas of Permanent
Preservation’ in the
calculation of the ‘Legal
Reserve’ percentage will
be allowed anywhere (all
properties). Areas
included can be: those
where vegetation is under
regeneration, under
restoration, or can be
compensated in the same
biome where the

-widespread loss of protection on all properties, since there are
differences regarding the ‘Areas of Permanent Preservation’
and ‘Legal Reserve’ functions. Hence a legal instrument will
be lost that is seen as a requirement for the sustainable use of
natural resources, conservation and rehabilitation of ecological
processes, biodiversity conservation and shelter and protection
of native flora and fauna. Moreover, in case of compensation
for the lack of ‘Legal Reserve’ the issues discussed above will
occur.




Topic

Current Forest Act

property.
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Proposed bill

deforested area is located.

Consequence

downsizing: ‘Legal Reserve’
area

-there is no such
distinction.

-‘Legal Reserves’ can be
decreased from 80% for
50% in Amazonian states,
if the state territory covers
more than 65% of
indigenous or protected
areas.

-legal deforestation allowance on 30% of ‘Legal Reserves’ in
Amazon states, if the state territory comprises more than 65%
of indigenous or protected areas. Nowadays, considering
updated Amazon protected area coverage, this occurs only in
the Amapa state (*), but may soon occur in Roraima state.

-degazettement and
downgrading: amnesty as a
pardon of fines to
landowners, who have
illegally deforested
protected areas

-this term is not
mentioned.

-the insertion of the term
‘consolidated rural area’
with July 22 of 2008 as a
baseline for acceptance of
previous deforestation.

-this will allow deforested areas to remain in a degraded
situation, as well as perpetuating the environmental problems
that these areas are now causing, like sedimentation and
erosion in river channels (Figure 1). Moreover, the owners
will not be required to restore the area, such as downhill
slopes, hilltops, plateaus, areas over 1800 meters, and
drastically reduced along rivers, around springs and lakes, and
it can be used for several purposes instead of conservation. It
is important to underline that the control and the inspection of
recent deforestation (three years old) is unlikely and
unachievable. We emphasize that in 2008 there was only an
improvement in the mechanisms of control, but the rule
already existed, and since 1998 (Environmental Crimes Law)
it had rigorous penalties for noncompliance. Hence, this
stipulated date is contradictory. Moreover, required restoration
will be established concurrently with using of area by cattle. It
is expected that grazing will harm seedling survival and
jeopardizes still further the already decisive restoration
establishment, and future plant adult replacement.

-degazettement: springs and
rivers

-springs and rivers are
considered as intermittent
and/or permanent sources

-springs will be
considered only if the
water source is permanent.

-this drastically reduces protection of intermittent springs. In
places where rain is scarce or the sources of water dry up,
water availability will become rare.
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Proposed bill

Ephemeral rivers are no
longer considered as
‘Areas of Permanent
Preservation’

Consequence

-degazettement: allowance to
undertake harmful activities
in protected areas

-not allowed since banks
of watercourses and the
hilltops are considered as
‘Areas of Permanent
Preservation’.

-permits farming, forestry
and grazing activities on
the banks of watercourses
and on hilltops.

-those activities cause erosion, soil compaction and siltation
of surrounding river channels.

-degazettement: mangroves

-there is no distinction
about mangroves. The
permission in these cases
was not mentioned. It is
allowed only in case

of public utility.

-the removal of vegetation
in mangroves will be
allowed if they have
partially lost

their ecological functions.

-this will stimulate degradation for speculation (property
ventures, urbanization, etc)

-degazettement: ‘Legal
Reserve’ area

-there is no such
distinction.

-exempts enterprises

of hydroelectric dams
from the requirement to
have their ‘Legal Reserve’
area.

-Numerous projects will be installed for the construction of
new plants. For instance, 71 new plants are planned by 2017,
such as 15 in the Amazon basin, 13 in the Tocantins-Araguaia
basin, 18 on the Parand river and 8 on the Uruguay river (**).
The implementation of these plants will result in deforestation
of several areas in the country. The exemption from
requirement to have their ‘Legal Reserve’ areas means
significant decrease in forest cover, because deforested areas
will not be compensated elsewhere.

-degazettement: downhill
slopes, hilltops, plateaus,
and areas over 1800 meters

- deforestation is not
allowed slopes between 25
to 45 degrees, hilltops,
plateaus, and in areas over
1800 meters

- consolidated rural
activities are allowed on
slopes between 25 to 45
degrees, hilltops, plateaus,
and in areas over 1800

-grazing in these areas can be harmful because it causes
erosion and increases the chance of landslides.




Topic

Current Forest Act

133

Proposed bill

meters.

Consequence

-degazettement: natural or
artificial areas that
accumulate water smaller
than 1 hectare

-natural or artificial areas
that accumulate water are
considered as ‘Areas of
Permanent Preservation’

-the bill does not require
preservation of the
riparian vegetation on the
banks of natural or
artificial areas that
accumulate water up to 1
hectare.

-without vegetation, siltation of these areas is probably only a
matter of time.

*A. Verissimo et al. Areas Protegidas na Amazonia brasileira: avangos e desafios (Imazon — Belém, Instituto Socioambiental - Sao Paulo, 2011), pp. 88.; **Portal Brazil
(The energy matrix: hydropower, 2012) http://www.brasil.gov.br/cop-english/overview/what-brazil-is-doing/the-energy-matrix; The map available at:

http://www.nature.com/news/2011/111109/full/479160a/box/1.html
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Table S3 in Portuguese, which we provided as a collaboration to be an appendix in the letter of the Brazilian Society for the
Advancement of Science (SBPC) and the Brazilian Association of Science (ABC), published on 27 February 2012 available at:
(http://www.sbpcnet.org.br/site/arquivos/carta_aberta.pdf).

Observagao: os artigos ndo sdo os oficiais da lei aprovada, pois tratavam-se dos artigos do projeto de lei. Os itens comentados e
atualizados na lei aprovada estio disponiveis na tabela S2 acima.

Tabela As mudancas mais sérias propostas pelo projeto de lei (PLC 30/2011) que visa alterar o Codigo Florestal atual, aprovadas em dezembro
de 2011 pelo Senado Federal, e suas consequéncias comentadas. Estas modificacdes estdo organizadas pelos itens declinio da cobertura de dreas
protegidas por diminuicdo do controle legal. diminuigdo em drea e perda da protecéo legal de toda a drea protegida (Mascia e Pailler 2011 )*.

Tapico

Codigo Florestal
atual

Proposta de lei

Localizagdo
no projeto
de lei

Consequéncias

da propriedade da
Amazdnia Legal.

-diminui¢do do | -a compensacio das -a compensacio das Art. 68, § 3%, -abre a possibilidade para aquisiclo de florestas em regides distantes das que a
controle legal: | dreas de Reserva Legal | dreas de Reserva IV, § 6% 11 vegetacio nativa foi ilegalmente removida ou degradada.
compensacdo | serd no mesmo Legal serd no mesmo
ecossisiema & mesma bioma.
micrebacia ou o mais
perto possivel de onde
oCorrel o
desmatamento.
-diminuicio do | -“dreas de pousio™ sdo -0 item “drea de Art. 3°, X1 -gsse termo, pela lel atal em vigor, € empregadoe em dreas onde o plantio ocorre em
controle legal: | atribuidas apenas para pousio” pode ser sistemas de rotagdo de culturas, um método relacionado ao use de solo por produtores
fdreas de pequena propriedade atribuido a tedes os familiares ou de populagdo tradicional.
pousio ou posse rural familiar | tpos de propriedades
ou de populagio rurais.
tradicional.
-diminuicio do | - Conselho Nacional de | -retirada do poder do | Art. 14, 1 da
controle legal: | Meio Ambiente - Conselho Nacional de | poder ans
Conselho CONAMA m o poder | Meio  Ambiente — | estados  para
Nacional de | de regular a remoegio (CONAMA). estabelecer
Meio da vegetaglio nativa das atividades que
Ambiente - | Areas de Preservagdo podem
CONAMA Permanente e das justificar &
Reservas Legais para regulacdo  de
até cinglienta por cento dreas

desmatadas
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-diminuigio -0 requerimento de - pequenas Art. 69 -essa definigdo ird abranger mais de 90% das propriedades rurais brasileiras, as quais
em drea: restaurar as dreas de propriedades rurais” serlo descbrigadas de restaurar as suas Reservas Legais.
propriedades | Reservas Legais é definidas como as de
beneficiadas generalizado para todos | até * quatro modulos
pela s tipos de fiscas™ (de 20 a 440
desobrigacdo | propriedades. hectares) ficam isentas
de restaurar Especialmente no caso | de restaurar suas
a5 suas de pequena propriedade | Reservas Legais.
Reservas ou posse rural familiar | -para as demais Are. 7, 4 3° -2 figura da RL serd praticamente extinta, perdendo-se um importante instrumento
Legais ou de populagio propriedades s6 serdo legal previsto como necessdrio ao uso sustentdvel dos recursos naturats, 4 conservagio
tradicional, isso pode exigidas a restaurarem & reabilitaclio dos processos ecelégicos, a conservagdoe da biodiversidade e ao abrigo &
ser feito pelo uso de suas RLs caso o protecde da fauna e flora nativas
arvores frutiferas, desmatamento tenha
espéeies exdoticas ou ocorrido apos
comerciais. Entretanto, | 22/07/2008.
a lei atual ndo faz essa
distingdo de acordo
com o0 tamanho da
propriedade, mas a lei
atribui iss0 4 renda
familiar e uso
wadicional da terra.
-diminuigio -0 plantio de espécies -a lei proposta permite | Art. 68, § 3° 11 | permitird o use agricola dessa drea, que deveria ser designada como reserva de

2m Area: uso
de espécies
exdticas em

excticas na Reserva
Legal é permiudo
emporariamente.

a restauragdo das dreas
de Reservas Legais
com use de espécies

espécies nativas..

Reservas exdticas em até 30 por
Legais cento da sua drea.
-diminuigio - a restauracio da -a restauragio da Art. 62, § 4° -aumento do efeito de borda que dificultard a manutengdo do equilibrio dessa floresta

em drea: ao
longo de rios

vegetacio das Areas de
Preservacio
Permanente serd de 30
metros erm rios de até
[k metros de largura.

vegetacdo das APPs
serd de apenas 13
MELrns nas ireas rurais
consolidadas em ries
de até 10 merros de
largura.

em processo de restauragio.
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- Areas de Preservacio
Permanente serdo
contabilizadas a partir
do leito maior
(sazonal).

-cileule das Areas de
Preservacic
Permanente serd
contabilizado a partir
do leito regular

-reduz drasticamente a protecio dos rios comprometende ainda mais a ji critica
disponibilidade de dgua em algumas regides do Brasil. Além disso, haverd uma alta
possibilidade de perda de todo o plantio feito nessa faixa por comprometimento das
mudas durante os periodos de inundacdo.

-diminuicdc -50 metres & a altura -a proposta de lei Art. 4°, IX -perda generalizada de proteclio desse tipo de APP
e dreas topos | minima das mentanhas | muda a altura minima
de morro que deveriam ter Lopos {100} m) das
de morro preservados. montanhas que
deveriam ter topos de
morro preservados.
-2 protecio de topos de | - a proposta de lei Art. 4°, 1X -essa proposta de lel ird modificar significativamente as dreas protegidas, uma vez que
MOCTOS OCOCTe Nnos pretende proteger atingir uma inclinagdo minima média de 25° é extremamente raro no caso das
CASOS em que oS topos de morros caso montanhas brasileiras que ndo sdo muito inclinadas.
mesmos tenham na Sua | 08 MEsmos atnjam
porciio mais inclinada urna inclinacio
pelo menes uma minima média de 25°.
inclinaghio de 17°.
-diminuicdo - 0 computo das Areas -o compute das Areas | Art. 16 -perda generalizada de protecie em todas as propriedades, uma vez que existem
e drea: de Preservagio de Preservagio diferencas quanto 4 funcio das APPs e RLs. Desse modo, serd perdido o instrumento

Reserva Legal

Permanente no cdleule
da porcentagem das
Reservas Legais ¢
permitide apenas nas
propriedades em que a
soma das APPse RLs
excedem 80% da
propriedade rural
lecalizada na
Amazdnia, 50% das
propriedades rurais
localizadas em outras
regides do pais

& 25% das pequenas
propriedades rurais.

Permanente no cdleule
da porcentagem das
Reservas Legais serd
permitide a todos os
tpos de propriedade.

legal previsto como necessdrio ac use sustentivel dos recursos naturais, 4 conservagio
e reabilitacdo dos processos ecoldgicos, i conservacdo da biodiversidade e ao abrigo e
protecdo da fauna e flora nativas
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-perda da -0 termo, “dreas rurais -a insercdo do termo Art. 3°, 1V; -i550 ird permitir que dreas desmatadas permanegam em estado de degradacio, bem
protecdo legal | consolidadas™ ndo é “dreas rurais Art. 60, § 5% como perpetuar os problemas ambientas que essas dreas est3o produzindo no
de toda a drea mencionado na lei consolidadas™ até 22 Art. 62 memento, tais como a erosdo e sedimentagdo nos canais dos ries. Além disse, os
protegida e atual. Ressaltamos que | de julho de 2008, proprietarios ndo serdo obrigados a restaurd-las e as dreas poederfo ser utilizadas para
diminuicio do | em 2008 houve apenas | como data base de os mais diverses propositos ac invés da conservagio.
controle legal: | o melhoramento de admissdo de
anistia como mecanismos de desmatamentos
perdio as controle, mas a regra de | prévios.
multas dos fate j4 existia desde
proprietirios 1998 (Lel de Crimes
que Ambientais) e jd previa
desmataram penalidades rigerosas
ilegalmente as | para o ndo
dreas de cumprimente da lei.
protecio Assim, essa data
permanente estipulada &

contraditoria.
-perda da -i250 ndo & permitido, -permissdo de Art, 62 -essas atividades causam compactacdo do solo, erosdo e assoreamento de rios.
protecdio legal | uma vez que cursos atividades
de toda a drea | d’dgua e topos de agrossilvopastoris em
protegida: MOrros s4o Areas de Preservacio
permissdo de | considerados como Permanente de modo
atividades Areas de Preservacdo geral
danosas em Permanente.
Areas de
Preservacio
Permanente
-perda da -ndo existe excecdo -aremocio da Arg, 8%, §2° - perda da protegio legal dos manguezais
protecdo legal | para o caso de fungdo vegetacdo de mangue
de toda a drea | ecoldgica serd permitida caso
protegida: comprometida, apenas | sua funcio ecolégica
manguezais em caso de utilidade gsteja comprometida.

publica.

- (s apicuns & A, 124 1°

salgados podem ser
utilizados em




138

atividades de
carcinicultura e
salinas, desde que a
area total ccupada em
cada Estade ndo seja
superior a 10% (dez
por cento) dessa
modalidade de
fitofisionomia, no
bioma amazénico, e a
35% (trinta e cinco
por cento) nos demais,
excluidas as

ooupagies
consolidadas,
-perda da -0 desmatamento de -serdo permitidas Arell -0 pastoreio nessas dreas € prejudicial, uma vez que provoeca eresdo e aumenta a
protecdo legal | encostas entre 25 e 45 atividades rurais chance de deslizamentos de terra.
de toda a drea | graus ndo € permitido- | consclidadas entre 25
protegida: e 45 graus.

Encosias

*Mascia, M. B. & Pailler, §. 2011, Protected area downgrading, downsizing, and degazettement (PADDD) and its conservation implications,
Conservation Letters 4(1): 9-20 http://www.namre.comnews/2011/111109/full/479160a’box/1.html
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Figure 1 - “Consolidated rural area” with July 22 of 2008 as a baseline for acceptance of
previous deforestation, which will receive amnesty as a pardon of fines to a landowner,
who has illegally deforested these protected areas. Hence, the environmental problems that
these areas are now causing will be legally consolidated. The area can be used for several
purposes such as farming, forestry and grazing activities instead of conservation. A) One of
the biggest sugarcane mills in Brazil, in Piracicaba, Sdo Paulo State, 2011. The river
disappeared, as a consequence of erosion coming from agricultural area resulting in
siltation the river channel. This mill is not in compliance with the environmental law
concerning to Permanent Preservation Areas. B) Caraiva, Bahia State, 2006. Over degraded
pasture that has lost their grass cover resulting in erosion. The soil erosion contributing
to the silt load that enters in the river silted up his channel. C and D) Barra Bonita, Sao
Paulo State, 2004. C) Eroded river bank due to the lack of riparian vegetation. D) The
outcome is a river channel silted, thus in a day of heavy rains the river rises and floods
the banks quickly. (Photos: Sergius Gandolfi)
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Appendix S4 in Portuguese, which we provided a report about sanctioned law version, interim
measure, and President’s veto

PARECER SOBRE A VERSAO FINAL DA LEI NO 12.651, DE 25 DE MAIO DE 2012: A RECEM

APROVADA LEI FLORESTAL QUE PRECISA SER PROFUNDAMENTE REVISTA

Sumario

A maior parte da vegetacdo remanescente do pais estd localizada em terras
particulares que abrigam 68% dessa cobertura Vegetall. O Cddigo Florestal € o principal
instrumento que legisla sobre essa vegetacdo remanescente na propriedade privada, ditando
regras tanto para conservacdo, como para uso sustentdvel dessa vegetacdo nativa. As
modificagdes previstas na nova Lei Florestal®, trazem grande prejuizo ambiental, uma vez
que nesse parecer identificamos uma reducao na protecdo das vegetacdo remanescente, das
dreas a serem restauradas e das dreas com elevada fragilidade ambiental que estdo inseridas
nas propriedades privadas brasileiras. Visando aliar os conhecimentos levantados pela
academia com a politica ambiental brasileira, detalharemos as consequéncias dessas
alteracOes propostas na lei, tanto na conservacdo, como na restauracdo dos ecossistemas
brasileiros. Para maiores detalhes das mudangas previstas e de suas conseqiiéncias
elaboramos um parecer sobre as deliberacdes parlamentares e do executivo que resultaram
na versdo sancionada da Lei Florestal. Podemos ressaltar que a referida nova lei terd como

principais implicacdes:

- Haverd uma diminuig¢do do controle legal previsto nos mecanismos de compensacao € na
retirada do poder do Conselho Nacional de Meio Ambiente — CONAMA, além das

modificagdes nas definicdes de édreas de pousio, que serdo permitidas a qualquer

' G. Sparovek, G. Berndes, I. L. F. Klug, A. G. O. Barretto. 2010. Brazilian agriculture and environmental
legislation: Status and Future Challenges. Environmental Science & Technology 44 (16): 6046—6053.

*Todo o processo legislativo com as deliberacdes parlamentares e do executivo que resultaram na versio
sancionada da Lei Florestal (da Lei niimero 12.651, de 25 de maio de 2012) pode se visualizado na Figura 1,
anexada ao final do documento.
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propriedade, e. A compensacdo das Reservas Legais (RL) no mesmo bioma abrird a
possibilidade para aquisicdo de dreas de vegetacdo nativa em regides distante das que a
vegetacdo nativa foi ilegalmente removida, em funcdo de valores menores da terra. A
retirada do poder do CONAMA dard poder aos estados (Conselho Estadual de Meio
Ambiente - CEMA) para regular a remog¢do da vegetagcdo nativa das Areas de Preservacio
Permanente bem como reduzir Reservas Legais para até cinqiienta por cento da propriedade
da Amazo6nia Legal podendo resultar em diferentes decisdes de acordo com cada Estado
devido a influéncia de interesses politicos. No entanto, a obrigatoriedade do Cadastro
Ambiental Rural (CAR), e o fato do CAR ser publico, ird facilitar o controle pelos 6rgaos
publicos (previamente sob o controle do CONAMA), bem como pela sociedade. A
atribuicdo das “areas de pousio” a todos os tipos de propriedades rurais generaliza do
emprego dessa técnica que € relacionada ao uso de solo por produtores familiares ou de

populacdo tradicional.

- Nas disposicoes transitorias, haverd redugdo do tamanho da drea a ser protegida e
recuperada na forma de Reserva Legal (RL) e Areas de Preservagdo Permanente (APPs).
Prevemos essa diminui¢do em drea, resultado da (1) ndo exige restaurar RL em imdveis
com drea de até 4 modulos fiscais, que possuam remanescente de vegetacdo nativa em
percentuais inferiores ao previsto pela Lei, sendo que a RL serd constituida com a érea
ocupada com a vegetagdo nativa existente até 22/07/2008, (2) dispensa de recomposi¢do de
RL em 4reas que se tenham consolidado em conformidade com a lei em vigor a época em
que ocorreu a supressdo, (3) permissdo permanente do uso de espécies exdticas na
restauragdo em 50% da RL de todas as propriedades, Além disso, (4) as areas riparias e das
nascentes a serem restauradas em dreas consolidadas sofrerdo uma diminui¢do significativa
na largura da faixa prevista que deveria ser de APP. No caso, a diminui¢do das metragens a
serem restauradas nas APPs de propriedades de até 4 mddulos fiscais abrangerd 90% dos
imoveis rurais que ocupam 25% da area total de iméveis®. Para as propriedades de 4-10
modulos, haverd a reducdo da restauracdo para 20m em rios de até 10 m de largura. Para as
nascentes, a restauracao passou do raio de 50 para 15 metros. Adicionalmente, essa faixa de
recuperacdo € prevista apenas para nascentes e olhos d’agua perenes, deixando

desprotegidos por completo aqueles que forem intermitentes. (5) Citamos também as

3 IBGE, Censo Agropecudrio 2006. IBGE, Rio de Janeiro, RJ, 2007), pp. 146.
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modificagdes na forma de se estabelecer APPs ao longo de cursos d’agua a partir do leito
regular e ndo no leito maior sazonal, o que reduz drasticamente a protecdo da faixa ciliar
contra o assoreamento, (6) a marcante reducao de prote¢do de topos de morro, , por fim, (7)
a permissdo de redugdo da vegetagdo da RL de 80 para 50% da é4rea da propriedade nos
casos dos estados Amazdnicos, que t€ém mais do que 65% de Terras Indigenas e Unidades

de Conservagao.

- Prevemos a perda da protecdo legal de toda a drea que deveria ser protegida, pois a
nova Lei permite, (1) a todos os tipos de propriedade, o computo das Areas de Preservacio
Permanente no cdalculo da porcentagem das Reservas Legais, implicando em perda
generalizada de protecdo ambiental das RLs em todas as propriedades (antes isso ocorria
apenas em casos muito especificos, que raramente ocorriam). . (2) No caso dos mangues
haverd perda de toda a drea nos casos em que sua funcdo ecoldgica estiver comprometida.
(3) Perda de extensas dreas que deveriam ser compensadas como RL em dreas destinadas a

empreendimentos de geracdo de energia elétrica.

- Anistia a crimes ambientais: a definicdo de atividades consolidadas em APP ndo
considera as datas de modificacdo do Cddigo Florestal (principalmente 1989, bem como a
Lei de Crimes Ambientais de 1998), mas sim a data de 22 de julho de 2008, estabelecendo
um periodo de quase 20 anos de impunidade. Além de permitir o uso continuado de dreas
desmatadas em descumprimento a lei vigente antes da lei sancionada em 2012 e diminuir a
recuperagdo dessas dreas, o projeto de lei prevé ainda a suspensdo das multas impostas
nesses casos, apos a assinatura do termo de compromisso do Programa de Regularizacao
Ambiental. A consolidacio do uso de Areas de Preservacio Permanente viola o principio
da igualdade de direitos previsto na Constituicdo Federal de 1988, uma vez que os
proprietarios que ndo desmataram e cumpriram a legislacdo terdo que preservar faixas

ciliares mais largas do que aqueles que ndo cumpriram a lei.

Considerando o direito fundamental a0 meio ambiente ecologicamente equilibrado,

previsto constitucionalmente, e diante das consideracdes mencionadas anteriormente,
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concluimos que a nova lei traz profundo retrocesso na prote¢do ambiental, havendo

necessidade urgente de rever seu conteido a luz do conhecimento técnico e cientifico.

Parecer sobre os vetos, a versdo final da Lei No 12.651, de 25 de maio de 2012, a Medida
Proviséria No-571, de 28 de maio de 2012, pelo Projeto de Lei de Conversao n° 21, de
2012, aprovado na Camara dos Deputados dia 18 e pelo Senado dia 25 de setembro de 2012

e que, apods vetos, foi sancionado na forma da Lei No 12.727, de 17 de outubro de 2012:

- _ Veto do Art. 1° - volta ao Art 1° que havia sido aprovado no Senado, pois
da forma como a Camara havia aprovado, falhava pela auséncia de principios e normas
gerais. Reafirma com normas gerais com o fundamento central da protecdo e uso
sustentdvel das florestas e demais formas de vegetacio nativa. A Medida Proviséria 571 e o
veto retomam o texto aprovado na Camara, o qual era mais detalhado sobre os principios e
normas gerais. Porém, o Projeto de Lei de Conversao n° 21 e na versao sancionada da
Lei No 12.651 exclui o principio de que as florestas e demais formas de vegetagcdo do pais
sdo um bem de interesse comum aos brasileiros e de que as propriedades rurais t€ém funcao
estratégica na recuperacdo e manuten¢do da vegetacdo nativa com vistas a propria

sustentabilidade da produgdo agropecudria.

- PORIGIEEAES No Art.3° manteve-se a defini¢io de drea rural consolidada (inciso IV),
como sendo como drea de imovel rural com ocupagcdo antropica pré-existente a 22 de
julho de 2008. Com a aprovagdo desta definicdo e posteriores regulamentacoes haverd a
permissdo de uso antrépico em Areas de Preservacio Permanente. A partir desta defini¢do a
anistia como perdao as multas administrativas dos 6rgaos ambientais aos proprietarios que
desmataram ilegalmente as Areas de Preservacdo Permanente serd aceita. Todas as multas
existentes ficardo suspensas com a assinatura do Termo de Adesdo e Compromisso ao
Programa de Regularizacdo Ambiental. O prejuizo aos cofres publicos do ndo pagamento
dessas multas sera na faixa dos bilhoes de reais. O termo, “areas rurais consolidadas” ndo é
mencionado no Cddigo Florestal vigente anteriormente. Ressalta-se que em 2008, houve
apenas o melhoramento de mecanismos de controle; porém, as penalidades para tal infragao

Ja eram previstas desde 1998 (Lei de Crimes Ambientais — Art. 38) determinando detencao
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em casos de constatacdo de destruicdo ou danificacdo da floresta considerada de
preservacdo permanente, mesmo que em formacdo, ou utilizd-la com infringéncia das
normas de protecdo. Como muitas dreas incluidas na categoria de consolidada foram
desmatadas em descumprimento a legislacdo vigente na época da infragdo, ao invés do
dano ambiental ter trazido algum tipo de problema ao responsdvel, como sancdes
administrativas, civis e penais, conforme ja previsto pela Lei de Crimes Ambientais, ele
trouxe apenas beneficios, numa demonstracdo clara ndo s6 de impunidade, mas também de
estimulo a degradacdo e descumprimento das normas legais vigentes na época da infracao.
Dessa forma, aplicando-se o mecanismo das dreas rurais consolidadas, os infratores deixam
de responder legalmente pelo dano, desobrigam-se de boa parte da necessidade de
reparacdo do dano e ainda se beneficiam da continuidade do uso dessas dreas para a
produgio. E importante ressaltar que muitas dessas dreas ainda apresentam resiliéncia
suficiente para restabelecer a vegetacao nativa caso o regime de uso do solo seja suprimido,
0 que permitiria mitigar o dano ambiental sem grandes investimentos. Além disso, a
definicdo de areas consolidadas como sendo aquelas de “ocupagdo antropica” (e ndo de
conversdo da vegetacdo nativa) anterior a 22 de julho de 2008, inclui implicitamente como
tais dreas de vegetacdo nativa com fisionomias abertas utilizadas hd muito tempo com
atividades pastoris, o que em tese desobrigaria sua inclusdo em &reas de preservacao
permanente. O ideal seria considerar as datas de publicacdo de instrumentos legais vigentes
na época para os casos especificos. A Lei 7.771, de 1965, que estabeleceu o Codigo
Florestal, na sua defini¢cd@o inicial atribuia APPs de 5 m para os rios com menos de 10 m de
largura, o que s6 foi alterado com a Lei n® 7.511, de 1986, que definiu APPs de 30 m para
tais cursos d’agua. Outra mudanga historica importante foi o aumento do percentual da RL
na Amazonia Legal de 50% para 80%, por meio da Medida Provisdria n® 2.166-66 de 2001.

Assim, a data estipulada de 2008 € contraditoria.

- Ponto positivo, mas também negativo. A Lei Florestal sancionada estd organizada em
disposi¢des permanentes e transitorias. As disposi¢des permanentes serdo aplicadas para
areas novas (expansao futura da fronteira agricola) e nas propriedades que mantiveram a
vegetacdo seguindo as metragens do Artigo 4, similares ao previsto pelo Cédigo de 1965, o
que € positivo. As disposi¢des transitdrias irdo tratar da regularizacdo das APPs e RLs nas

propriedades que suprimiram vegetacdo nativa de forma irregular até 22 de julho de 2008.
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Desse modo, o ponto negativo é que, para regularizar essas dreas que tém passivo de APPs
(antes de 22 de julho de 2008), é permitida a restauracdo em metragens inferiores as
estabelecidas no artigo 4°, independente da largura do rio. Assim, a redu¢do na
obrigatoriedade de recuperacdo de parte das faixas marginais contempla os iméveis de até 4
modulos fiscais os quais correspondem a 90% dos imdveis rurais e ocupam 23% da édrea
total de iméveis®. A quase inclusdo da flexibilizacdo da recuperacdo obrigatéria de 15
metros para os médios produtores rurais (entre 4 e 15 mddulos fiscais) que era prevista pelo
Projeto de Lei de Conversao n° 21, iria contemplar 97% dos iméveis e 43% da 4rea total
dos iméveis®. Porém, o governo vetou esta mudanca, no dia 17 de outubro de 2012,
voltando a chamada “escadinha” da recuperagdo, neste caso dos médios produtores entre 4
e 10 modulos a restauragdo obrigatoria € de 20 metros, nos cursos d’agua de até 10 metros
(incluido pelo Decreto n° 7830) e acima de 10 mddulos, um minimo de 30 metros e
maximo de 100m (extensdo correspondente a metade da largura do curso d’adgua), sendo
assim, metragem da recuperagdo serd proporcional ao tamanho da propriedade. O problema
desta medida de “escadinha” € que a decisdo ¢ baseada no tamanho da propriedade e ndo na
importancia da largura da faixa ciliar em relac@o a largura do rio nas propriedades menores

de 10 moédulos.

- _ Veto do inciso XI do Art.3°. A Presidente da Republica vetou o que era
considerado pousio segundo aprovado pela Camara, que ndo estipulava tempo nem
porcentagem de drea ocupada para a pratica, voltando ao texto do Senado que determina
pousio como sendo a pratica de interrup¢ao tempordria de atividades agricolas, pecudrias
ou silviculturais, para possibilitar a recuperacdo da capacidade de uso do solo (por no
mdximo 5 (cinco) anos, em até 25% (vinte e cinco por cento) da drea produtiva da
propriedade ou posse). Apos o Projeto de Lei de Conversao n° 21 (sancionada na Lei n°
12.727), retirou-se o limite de 25% da area da propriedade que poderia ser realizada a
pratica do pousio, sendo, deste modo, agora liberada para toda a drea da propriedade.
Porém, pela lei de 1965, “areas de pousio” eram atribuidas apenas para pequena
propriedade ou posse rural familiar ou de populacdo tradicional. Assim, este termo era
empregado em dreas onde o plantio ocorre em sistemas de rotagdo de culturas, um método

de uso de solo praticado por produtores familiares ou de populagdo tradicional. A inclusio

4 IBGE, Censo Agropecudrio 2006. IBGE, Rio de Janeiro, RJ, 2007), pp. 146.
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generalizada desse termo para qualquer tipo de propriedade ird deturpar o método, uma vez
que o sistema de pousio € pouco utilizado atualmente na agricultura brasileira, uma vez que
o cultivo permanente e intensivo do solo é predominante. Ademais, extensas dreas de RL e
APP foram abandonadas nos ultimos anos a fim de promover a adequagdo ambiental das
propriedades rurais ao Coédigo Florestal de 1965. Conseqiientemente, essas dreas
encontram-se em processo de regeneracdo inicial. Desse modo, a consideracdo de dreas
abandonadas como em sistema de pousio (Art. 3° IV), possibilitard as empresas
agropecudrias e proprietdrios rurais “reaverem’ essas areas que atualmente estdo destinadas
a conservacdo. Essa mudanca implica retrocesso no que concerne a prote¢do de dreas
ambientalmente frageis e ao planejamento do uso do solo e na propriedade rural. O mais
preocupante, € que a Lei sancionada (12.651) excluiu o conceito de drea abandonada,

agravando ainda mais a situacao de dreas em regeneracao.

- _ A esséncia do problema da Lei Florestal proposta permanece. No artigo
3°, Pardgrafo tnico Para os fins desta Lei, estende-se o tratamento dispensado aos imoveis
a que se refere o inciso V (pequena propriedade ou posse rural familiar) deste artigo as
propriedades e posses rurais com até 4 (quatro) modulos fiscais que desenvolvam
atividades agrossilvipastoris (...). Esta definicdo passa a ser referida de acordo com o
tamanho da propriedade, sendo pequenas propriedades aquelas de 1 a 4 médulos fiscais, o
que depende da localizagdo do municipio em que esté situada a propriedade rural, podendo
atingir o tamanho de até 440 hectares. A definicio baseada no tamanho ndo ocorria no
Codigo Florestal de 1965 que definia pequena propriedade rural ou posse rural familiar
aquela explorada mediante o trabalho pessoal do proprietdrio ou posseiro e de sua
familia, admitida a ajuda eventual de terceiro e cuja renda bruta seja proveniente, no
minimo, em oitenta por cento, de atividade agroflorestal ou do extrativismo. E importante
notar que as especificacoes do Capitulo XII da Agricultura Familiar, da nova Lei Florestal,
irdo abranger as pequenas propriedades que serdo baseadas no tamanho e que nao sdo areas

necessariamente destinadas a agricultura familiar.

- _ A designacio das Areas de Preservacdo Permanente serd contabilizada a
partir da calha regular, prevista no pardgrafo 1° do artigo 4°, o qual modifica este computo,

que, conforme prevé a lei vigente anteriormente, deveria ser iniciado a partir do leito
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sazonal. Prevemos com isso, a redugao dréstica da protecdo dos rios, comprometendo ainda
mais a ja critica disponibilidade de 4gua em algumas regides do Brasil. Além disso, regides
sujeitas a ampla variacdo sazonal dos leitos dos rios, como a Amazdnia e o Pantanal terdo
suas vegetacdes ciliares comprometidas e significativamente reduzidas. Com a
aproximacao das faixas de APP em relacao aos cursos d’agua, considerando-se o leito
regular dos mesmos, verifica-se que a ocupacdo de areas circundantes aos cursos d’agua
serd permitida e regularizada, aumentando as chances de desastres ambientais causados por

alagamentos, conforme amplamente ja observado em todas as regides do pais.

- PORIGEEAE O Projeto de Lei de Conversdo n® 21 modifica o conceito de Area de
Preservacdo Permanente que ao invés de ser as faixas marginais de qualquer curso d’dagua
natural passa a ser apenas para aqueles que sejam perenes e intermitentes, excluidos os
efémeros (Art. 4°, I). A auséncia de preservacdo da vegetacdo do entorno de rios efémeros
ird propiciar uma diminuicdo da probabilidade de reaparecimento d’agua aumentando a
chance de desertificacdo nessas dreas. Estes rios efémeros t€ém importante papel na
preservacdo da biodiversidade de peixes, por exemplo, que pode superar os valores de rios
permanentes e temporérios em certas épocas do ano’. Além disso, é importante ressaltar

. L, . L. . A 6
que um r1o temporarlo em anos umidos pOdC tornar-se um rio efémero em anos secos .

- BORIIREEAINE O inciso IX, do Art. 4°, resultard em uma diminui¢do significativa da
protecdo de APP de topos de morro que atualmente sdo regulamentados pela resolucdo
CONAMA 303 de 2002. Na legislacdo vigente anteriormente, era definido que 50 metros €
a altura minima das montanhas que deveriam ter topos de morro preservados. A lei
sancionada muda a altura minima para 100 m. Além disso, na legislacdo vigente antes da
lei sancionada a prote¢dao de topos de morros ocorre nos casos em que 0s mesmos tenham
na sua por¢cdo mais inclinada pelo menos uma inclinacdo de 17°. Porém foi sancionada a
mudanga para que os mesmos atinjam uma inclinagdo minima média de 25°. Essa alteragao
resulta na perda generalizada de protecdo desse tipo de APP, uma vez que aumenta a altura

minima dos morros bem como define inclinacio minima média de 25°, o que §é

> Maltchik, L. Ecologia de rios intermitentes tropicais. 1999. In: M.L.M. Pompeo (Ed.). Perspectivas da
Limnologia no Brasil. Sdo Luis: Gréfica e editora Unido, p.77-89.

® Maltchik, L. 1996. Perturbacio hidrolégica e zona hiporréica: Bases fundamentais para pesquisas nos
rios temporarios do Semi-Arido brasileiro. Revista Nordestina de Biologia, 11: 1-13.
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extremamente raro no caso das montanhas brasileiras que nao sdo muito inclinadas. Apesar
dessa perda ocorrer em 4,5% do territério nacional’, a drdstica diminuicdo da protecdo dos
topos de morro terd consequéncias graves no aumento de deslizamento de terras que serao
carreadas podendo contribuir com o aumento de aporte de substrato causando assoreamento
dos rios. A falta de protecdo dessas dreas pela vegetacdo nativa e a continuidade do uso
agricola resultard certamente em maior instabilidade geoldgica do relevo e propensdo a
grandes deslizamentos de terra, criando condi¢des propicias a desastres ambientais

similares aos observados recentemente na regido serrana do Rio de Janeiro.

- _ Foi vetado o § 30 do Art. 4° Ndo ¢é considerada Area de Preservacdo
Permanente a vdrzea fora dos limites previstos no inciso I do caput, exceto quando ato do
poder piiblico dispuser em contrdrio, nos termos do inciso Il do art. 6°, bem como
salgados e apicuns em sua extensdo. Desse modo, os apicuns e salgados passam a ser

considerados APP.

- _ O § 40 do Art. 4° prevé que nas acumulagoes naturais ou artificiais de
dgua com superficie inferior a 1 (um) hectare, fica dispensada a reserva da faixa de
protegdo prevista para lagos e lagoas naturais e reservatdrios d’agua artificiais. A auséncia
de vegetacdo nestes casos ird aumentar a probabilidade de assoreamento dos mesmos, pois
o processo de assoreamento ndo deixard de ocorrer apenas pelo fato dessas acumulagdes de

dgua serem de pequena extensao.

- EORIGIBSSIERE. O Projeto de Lei de Conversdo n°® 21 reintroduz no inciso XXVII do
Art.4° a defini¢do de crédito de carbono como sendo titulo de direito sobre bem intangivel e
incorporeo transaciondvel. A reincorporacao deste termo na Lei ird favorecer este mercado

que € uma forma de incentivo a conservagao e restauracao da vegetagao.

- Ponto neutro. No texto da Camara, os pardgrafos 7° e 8° (Art. 4°) foram vetados,
tornando-se os pardgrafos 9° e 10° da Medida Provisdria, mas que apenas mudaram de lugar
com alteracdo da redacdo do texto, onde se especifica o que se entende por drea urbana:
assim entendidas as compreendidas nos perimetros urbanos definidos por lei municipal, e

nas regioes metropolitanas e aglomeragcoes urbanas.

7 Sparovek, G., Barretto, A.G.O.P., Klug, LL.F., Papp, L., Lino, J., 2011. A revisdo do Cédigo Florestal
brasileiro. Novos Estudos - CEBRAP 89: 111-135.
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- _ Com o pardgrafo 3°, do Art. 7, somente apds a recuperacdo da drea
degradada, o proprietdrio poderd pedir licenciamento perante o Orgdo Ambiental para
novas supressoes de vegetacdo nativa em dreas permitidas, ou seja, fora de APP e de
Reserva Legal. Por isso € muito positivo, pois vincula novas supressdes que poderiam ser

autorizadas a obrigacdo de recuperar.

- _ O pardgrafo 20, do Art. 8° prevé a intervengdo ou a supressdo de
vegetacdo nativa em locais onde a funcdo ecologica do manguezal esteja comprometida,
para execuc¢do de obras habitacionais e de urbanizacdo, inserida em projetos de
regularizacdo fundidria de interesse social, em dreas urbanas consolidadas ocupadas por
populagdo de baixa renda. Na lei vigente desde 1965, ndo existe excegdo para o caso de
funcdo ecoldgica comprometida, apenas em caso de utilidade publica. Isso ird estimular a
degradacdo de manguezais conservados proximos de obras habitacionais e de urbanizagdo
com intuito de especulagdo imobilidria, urbanizagdo, e outras atividades de alto impacto
(p-ex., carcinicultura, extracdo de sal). Com isso, nessas dreas mencionadas, serdo
permitidos desmatamentos por lei. Os manguezais sdo dreas de extrema importancia

ecoldgica e que deveriam ser recuperados.

- PORIGIBERINE Pcla lei vigente desde 1965 (Art.10), ja era prevista a ndo permissdo do
desmatamento de encostas entre 25 e 45 graus, pois sdo dreas mais suscetiveis a erosdo . O
Art. 11, aprovado dia 25 de maio, permite a continuidade de atividades agrossilvipastoris

nessas areas.

- _ A Medida Proviséria 571 retoma o capitulo que regulamenta as
atividades desenvolvidas nos apicuns e salgados, que havia sido aprovado no Senado e
rejeitado na Camara. Assim, na Lei 1.2651, o pardgrafo 6° (Art.11-A) assegura a
regularizacdo das atividades e empreendimentos de carcinicultura e salinas cuja ocupagdo
e implantacdo tenham ocorrido antes de 22 de julho de 2008, desde que o empreendedor,
pessoa fisica ou juridica, comprove sua localizacdo em apicum ou salgado e se obrigue,
por termo de compromisso, a proteger a integridade dos manguezais arbustivos
adjacentes. O Artigo 11-A (§1°, I) permite a utilizacdo de novas areas de apicuns e
salgados em um teto maximo sendo: drea total ocupada em cada Estado ndo superior a

10% (dez por cento) dessa modalidade de fitofisionomia no bioma amazoénico e a 35%
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(trinta e cinco por cento) no restante do Pais, além das areas ocupadas com atividades e
empreendimentos de carcinicultura e salinas cuja ocupag¢do e implantacdo tenham
ocorrido antes de 22 de julho de 2008. Ou seja, nos estados em que grande parte dessas
formagdes dentro do ecossistema de manguezal ja esteja comprometida como sendo ‘““areas
consolidadas”, ainda podera ocorrer uma ampliacdo dessa ocupacdo em um maximo de
10% ou 35% da érea restante. Vale ressaltar que essas atividades desenvolvidas nos apicuns

e salgados sdo degradantes tanto do ponto de vista ambiental, quanto social.

- Ponto positivo, mas com ressalvas. O pardgrafo 1° (Art. 12) assegura que os proprietarios
de imovel rural, a qualquer titulo, inclusive para assentamentos pelo Programa de
Reforma Agrdria, nao poderdo dividir a propriedade objetivando alcangar o tamanho de um
modulo fiscal, a fim de apresentar, desse modo, privilégios especificos para este tamanho
de propriedade. Porém, ressaltamos que fracionamentos, com esses objetivos, realizados
apos o periodo em que este referido projeto de Lei foi apresentado no Congresso (julho de

2010), deverao ser fiscalizados e punidos.

- _ O paragrafo 4° do Art. 12 permitird que as areas de Reserva Legal em
estados amazonicos sejam reduzidas, para fins de recomposi¢do, de 80 para 50% da area da
propriedade naqueles estados cuja drea de Unidades de Conservacdo e de Terras Indigenas
abranjam mais de 50% do territério. Atualmente, essa situagdo ocorre no Amapa e Roraima

z z . . . 8
estd proximo a atingir esses valores'.

- _ No Codigo Florestal vigente (desde 1965) antes da lei sancionada ndo
existiam excecdes especificas para empresas publicas especializadas na exploracdo de
potencial de energia hidrdulica conforme o previsto no pardgrafo 7° do artigo 12 da Lei
Florestal sancionada. Inimeros projetos serdo instalados para a constru¢ao de hidrelétricas.
Por exemplo, 71 futuras hidrelétricas estdo previstas até 2017, tais como 15 na bacia
Amazonica, 13 na do Tocantins-Araguaia, 18 na do rio Parand e 8 no rio Uruguaig. A

implementacdo dessas hidrelétricas resultard no desmatamento de vastas dreas. A

8 Verissimo, A., Rolla, A., Vedoveto, M. & Furtada, S. de M. 2011. Areas Protegidas na Amazodnia Brasileira: avangos e
desafios. Belém/Sao Paulo: Imazon e ISA. P. 87.
® Portal Brasil: a matrix energética, disponivel em: http://www.brasil.gov.br/cop/panorama/o-que-o-brasil-esta-

fazendo/matriz-energetica; mapa disponivel em: http://www.nature.com/news/2011/111109/full/479160a/box/1.html
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desobrigacdo de constituir a compensagdo da perda dessas RLs, principalmente no que se
refere 8 Amazonia, a qual deveria ter 80% da propriedade destinada a ser RL, significa uma
perda expressiva da cobertura florestal, uma vez que a drea perdida ndo serd mais

compensada.

- EORIOMEERINE Na lci vigente (desde 1965) antes da lei sancionada, somente o Conselho
Nacional de Meio Ambiente - CONAMA tinha o poder de regular a remoc¢do da vegetacio
nativa das Areas de Preservacdo Permanente bem como reduzir Reservas Legais para até
cinqiienta por cento da propriedade da Amazonia Legal. Com o que prevé pardgrafo 5° do
Art. 12 da nova Lei Florestal, passa-se essa decisdo para o Conselho Estadual de Meio
Ambiente, retirando, assim, o que anteriormente era da competéncia do CONAMA. Essa
mudanca poderd resultar em diferentes decisdes de acordo com cada Estado devido a
influéncia de interesses politicos e particulares. A descentralizacdo ¢ uma boa op¢ao caso a
corrupg¢do e interesses locais ndo venham na direcdo oposta dos objetivos de conservagao,
mas pode ser falha em paises como o Brasil. H4 também problemas devido a pequena
participacao civil e grandes diferencas entre os Estados, sendo que alguns podem ter mais
influéncias conservacionistas, enquanto outros podem ser mais favordveis a setores
madeireiros e do agronegocio. Consequentemente, acreditamos que essa mudanca podera

resultar na diminui¢ao do controle legal por parte do governo.

- _ No Codigo vigente (desde 1965) antes da lei sancionada, o computo das
Areas de Preservacio Permanente no célculo da porcentagem das Reservas Legais era
permitido apenas nas propriedades em que a soma das APPs e RLs excedessem 80% da
propriedade rural localizada na Amazo6nia, 50% das propriedades rurais localizadas em
outras regides do pais e 25% das pequenas propriedades rurais. Porém, na Lei sancionada, o
caput do artigo 15 prevé que o computo das Areas de Preservagdo Permanente no cdlculo
da porcentagem das Reservas Legais sera permitido a todos os tipos de propriedade,
pois ndo menciona restri¢des a pratica em relacdo aos tipos de propriedade. Isso implica em
perda generalizada de protecdo ambiental em todas as propriedades, uma vez que existem
diferencas quanto a funcdo das APPs e RLs. Embora essa juncdo ndo autorize novos
desmatamentos, ela resulta na perda de um grande montante de dreas de baixa aptidao

agricola que poderiam voltar a ser cobertas com vegetacdo nativa na forma de RL,
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principalmente em microbacias excessivamente convertidas em uso agricola, onde a
provisdo de servigos ambientais essenciais para o bem-estar da sociedade ja se encontra
comprometida. O instrumento legal de RL € previsto como necessdria ao uso sustentdvel
dos recursos naturais, a conservacdo e reabilitacdo dos processos ecologicos, a
conservacdo da biodiversidade e ao abrigo e protecdo da fauna e flora nativas. Desse
modo, uma vez que RL e APP t€ém funcdes distintas, as mesmas ndo poderiam ser somadas.
Ressaltamos ainda que, no inciso Il do artigo 15, fica claro o grande impacto dessa
mudanca, pois isso serd permitido para as APPs no caso em que a drea a ser computada
esteja conservada ou em processo de recuperacdo. Considerando que o texto aprovado
prevé a restauracdo de todas as APPs, as quais estdo em dreas consolidadas, todas estas
poderdo ser computadas na RL. Desse modo, grande serd o impacto dessa mudanga na

reducao de dreas de RL.

- _ Problemas no Art. 17 e 20 em relagcdo as areas de vegetacdo nativa nao
florestal. A defini¢do de uso sustentdvel das dreas de Reserva Legal € incompleta e ndo
contempla o uso sustentdvel de RL ndo florestal. No Art. 17: A Reserva Legal deve ser
conservada com cobertura de vegetacdo nativa pelo proprietdrio do imovel rural,
possuidor ou ocupante a qualquer titulo, pessoa fisica ou juridica, de direito piiblico ou
privado. § 1° Admite-se a exploracdo economica da Reserva Legal mediante manejo
sustentdvel, previamente aprovado pelo érgdo competente do SISNAMA, de acordo com as
modalidades previstas no art. 20 (...). Art. 20. No manejo sustentdvel da vegetacdo
florestal da Reserva Legal, serdo adotadas prdticas de exploracdo seletiva nas
modalidades de manejo sustentdvel sem propdsito comercial para consumo na propriedade
e manejo sustentdvel para exploracdo florestal com proposito comercial. O Art. 20 se
refere somente a vegetacdo florestal. Os demais artigos (21-24) na mesma Secdo II Do
Regime de Protecdo da Reserva Legal também mencionam apenas vegetacao florestal ou
exploracio florestal. E lamentdvel que tenha sido sancionado assim. No Art. 1° estd
explicito que a Lei Florestal estabelece normas gerais de protecdo e uso sustentdvel das
florestas e demais formas de vegetacdo nativa. Porém, ao definir que o uso sustentavel deve
ser de acordo com as modalidades previstas no Art. 20 impede que se apliquem legalmente
outras modalidades de uso sustentdvel de vegetacao nao florestal. Além disso, reproduz o

senso comum de que a Reserva Legal é apenas para florestas, e que se ndo tem cobertura
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florestal deveria té-la através do plantio de floresta. Ha evidéncias sélidas indicando que a
exclusdo do pastejo ndo € a melhor op¢do para conservar ecossistemas campestres do
bioma Pampa'® e dos encraves campestres no bioma Mata Atlantica . Além disso, a
exclusdo do pastejo combinada com a supressio de queimadas aumenta os riscos de
queimadas catastréficas. Um manejo pastoril adequado tem efeito positivo tanto na
biodiversidade como na produtividade pecudria em campos nativos do sul do Brasil''. A
omissdo em relacdo a vegetacdo nao florestal também se manifesta nos seguintes artigos:
Art 17: § 30 E obrigatéria a suspensdo imediata das atividades em Area de Reserva Legal
desmatada irregularmente apds 22 de julho de 2008. Ou seja, a lei € omissa quanto as areas
de vegetacdo nao florestal que foram suprimidas e convertidas em outros usos apos
22/07/2008. O Art. 26, limita a supressdo de vegetacdo nativa ao exigir autorizacao prévia,
porém, os pardgrafos do mesmo artigo mencionam apenas o contexto florestal e no §4°
inciso IV € exigido que se informe no requerimento de autorizacdo o uso alternativo da
drea a ser desmatada. Ou seja, como ndo ha propriamente um "desmatamento" quando se
converte, por exemplo, campos nativos em silvicultura, ndo serd necessario informar o uso
alternativo. A lei poderia ter definido mais claramente que deveria ser informado o uso
alternativo da drea a ser convertida. Art. 29 E criado o Cadastro Ambiental Rural - CAR
(...) e combate ao desmatamento." Aqui também, a lei ndo diz explicitamente que a base de
dados do CAR servird para o combate a conversdo de vegetacao nativa em outros usos.
Virios outros artigos (Art. 41 §1 II, III, Art. 42, Capitulo XI "Do controle do
Desmatamento”, Art. 51 caput e §1, Art. 66 §7, Art. 17 §3), em que ao invés de
"desmatamento" a lei deveria se referir a "conversao para uso alternativo do solo", como a
propria lei define no seu Art. 3° VL.

- _ O paragrafo 3° e 4° do artigo 17 exige recuperacdo de RLs apenas para as
que tiveram a vegetacdo nativa suprimida apds 2008 sem prejuizo das sangdes
administrativas, civeis e penais cabiveis. Isto facilitard a penalizacdo daqueles que

suprimiram vegetagcao nativa a fim de serem beneficiados na iminéncia da aprovacao da lei.

10 Overbeck, G.E.; Miiller, S.C.; Fidelis, A.; Pfadenhauer, J.; Pillar, V.D.; Blanco, C.C.; Boldrini, I.I.; Both, R. &
Forneck, E.D. 2007. Brazil’s neglected biome: The South Brazilian Campos.Perspectives in Plant Ecology, Evolution and
Systematics 9: 101-116.

1 Pillar, V.D.; Miiller, S.C.; Castilhos, Z.; Jacques, A.V.A. (Org.) 2009. Campos Sulinos: Conservacdo e Uso Sustentdvel
da Biodiversidade. Brasilia: Ministério do Meio Ambiente, 403p.
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Porém, ressaltamos que fiscalizagdo a fim de constatar supressao desde ha 4 anos atrés

devera ser rigida.

- EORIBIBOSIERE 2 vetos, do dia 25 de maio de 2012, dos paragrafos 1° e 2° do artigo 26.

Estes vetos retiram a especificidade da supressdo de vegetacao por 6rgdos municipais.

- _ O Art. 26 exige autorizacdo prévia do 6rgdo ambiental estadual para a
supressdo de vegetacdo nativa, ndo somente de vegetacdo florestal, e que o imdvel esteja
cadastrado no Cadastro Ambiental Rural (CAR), sendo obrigatdria a inscricdo no CAR para

todas as propriedades rurais em até um ano ap0s a publicagdo da Lei (Art. 29, pardgrafo 3°).

- _ O Art. 29 prevé a obrigatoriedade de inscricdo no Cadastro Ambiental
Rural (CAR) no formato de registro ptiblico eletronico de ambito nacional (...) compondo
base de dados para controle, monitoramento, planejamento ambiental e econémico e

combate ao desmatamento.

- _ Sancionado o Capitulo IX (Art. 38, II, III) em que aparece uma
especificagdo muito importante em casos especiais para o uso de fogo, como para manejo
em Unidades de Conservagdo, a exemplo da necessidade desse manejo em dreas como o
ocorre no Parque Nacional das Emas, bem como com intuito desse uso para pesquisas

cientificas.

-PORIBIBEEINE Veto do artigo 43. Este veto total protege o setor das hidrelétricas de
modo evidente. O que causa surpresa € o fato deste artigo ter sido aprovado no Senado e na
Céamara, mas ter sido vetado pela Presidente da Republica. Obviamente isso vai ao encontro
ao interesse em preservar as 71 futuras hidrelétricas que estdo previstas até 2017, conforme
ja mencionado. O artigo vetado: Art. 43. As empresas concessiondrias de servicos de
abastecimento de dgua e de geracdo de energia hidrelétrica, publicas e privadas, deverdo
investir na recuperacdo e na manutengdo de vegetacdo nativa em Areas de Preservagao
Permanente existentes na bacia hidrogrdfica em que ocorrer a exploragdo. § 1° Aplica-se
o disposto no caput, no caso de concessiondrias de geracdo de energia hidrelétrica, apenas
as novas concessoes outorgadas a partir da data da publicacdo desta Lei, ou aquelas
prorrogadas, devendo constar no edital de licitacdo, quando houver, a exigéncia dessa

obrigacdo. § 2° A empresa deverd disponibilizar em seu sitio na internet, ou mediante
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publicacdo em jornal de grande circulacdo, prestacdo de contas anual dos gastos
efetivados com a recuperagcdo a manutencdo de Areas de Preservacdo Permanente, sendo
facultado ao Ministério Publico, em qualquer hipotese, fiscalizar a adequada destinagdo
desses recursos. § 3° A empresa concessiondria de servico de abastecimento de dgua
dispord de 180 (cento e oitenta) dias, contados da data da publicacdo desta Lei, para
realizar as adaptagoes necessdrias ao cumprimento do disposto neste artigo. Nota-se que
pontos extremamente positivos apresentados neste artigo foram vetados pela
Presidente da Repiublica, pontos que contribuiriam para a conservac¢io e restauracio
de APPs, bem como dariam publicidade e transparéncia ao processo de implantacio
da restauracao. Considerando que o motivo do veto foi de que as bacias muitas vezes
abrangem vdrias unidades da federacdo e que a recuperacdo das mesmas ndo deveria ser
uma regra, nova proposta, através da medida provisoria que logo em seguida foi publicada,
poderia ter sido feita, restringindo a obrigacdo da recuperacido dentro a microbacia em que

ocorrer a exploragao.

- _ A aprovacdo do Capitulo X que apresenta o programa de apoio e incentivo
a preservacdo e recuperacdo do meio ambiente que irdo subsidiar a restauracdo e

conservacgdo através de mecanismos legais, além de valorizar os servigos ambientais.

- BOROIBOSIENE. mas com ressalvas. O artigo 58 da Medida Proviséria apresenta um
conjunto de inten¢gdes onde o Poder Publico pretende auxiliar programas, tais como o de
recuperagdo de dreas de pequenas propriedades. Porém, o problema é como o artigo esta
escrito: o Poder Piiblico poderd instituir programa de apoio técnico e incentivos
financeiros, podendo incluir medidas indutoras e linhas de financiamento para atender.
Porém, afirmamos que serd necessdria a priorizacdo de politicas publicas para o
comprometendo efetivo fim de atingir essas normas programaticas. O produtor rural tera

papel fundamental nessas reivindicacoes.

- BRSO CORIESSEE - oi positiva a inclusdo da palavra “obrigatéria” nos

dispositivos do artigo 61-A, da Lei n°12.651, e do artigo 19, do Decreto n° 7830. Com isso,
a recomposi¢do da vegetacdo das faixas marginais dos rios, lagoas, lagos, nascentes e
veredas para a ter cardter obrigatorio. Porém, dreas rurais consolidadas que estiverem

localizadas em APPs, tais como as dreas acima de 1800m, topos de morro, tabuleiros,
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chapadas, restingas e encostas, ndo foram contempladas com regras de recuperagdo, como

foi estabelecido nos casos de APPs ripdrias, de nascentes, de lagos, lagoas e veredas.

- _ No Capitulo XIII, das disposicdes transitorias, foi vetado o artigo 61,
mas foi reapresentado na Medida Provisdria, renomeado em Art. 61-A. Aqui, conforme
ja especificado na carta aberta da SBPC e ABC'?, quando a vegetacdo original da faixa
marginal for florestal, um dos pré-requisitos para o sucesso da restaura¢do da mata ciliar € o
isolamento do fator de degradacdo. Desse modo, recuperar a faixa marginal
concomitantemente com a utilizacao do espaco pelo gado na Mata Atlantica, como fica
de maneira generalizada permitido no caput deste artigo 61 e ressaltado no seu paragrafo 15
(é autorizada a continuidade das atividades desenvolvidas nas dreas de que trata o caput),
impede os processos de recrutamento de mudas e regeneracdo da vegetacdo nesse bioma.
Além disso, mesmo que o gado utilize a drea apds o estabelecimento das mudas, o pastoreio
sobre os porvindouros regenerantes podera comprometer o futuro da drea restaurada, uma
vez que apOs a morte das arvores nio haverd individuos jovens para substitui-las. Com os
paragrafos 1°, 2°, 3° e 40 do artigo 61-A, os quais obrigam a recomposicdo das faixas
marginais contados da borda da calha do leito regular havera uma alta probabilidade de
perda de todo o plantio de restauracdo implantado nessas faixas ribeirinhas por
comprometimento das mudas durante os periodos de inundacdo. A proposicdo de
restauracdo nesses moldes em regides sujeitas a ampla variagdo sazonal dos leitos dos rios,
como no caso da Amazdnia e do Pantanal, provavelmente comprometerd ainda mais a

efetividade da restauracgdo.

- BORIIBERINS O artigo 61-A reduz significativamente, em relagio 2 legislacio vigente
(desde 1965) antes da lei sancionada, o tamanho das faixas de recuperagdao de APP onde for
detectada a degradagdo, que nos rios passard a ser entre 5 e 100 metros, de acordo com o
tamanho da propriedade, o que era entre 30 a 500 metros. Apesar do Projeto de Lei de
Conversao n° 21 ter modificado de 20 para 15 metros a recomposicao dos imoéveis de 4 até
15 mddulos fiscais, incluindo nessa conta os proprietarios de areas entre 10 a 15 médulos,
além de explicitar que sO sera aplicado em cursos d’agua naturais, a Lei sancionada n°

12.727 volta a considerar a recomposicdo de propriedades entre 4 ¢ 10 moédulos a

"2 Disponivel em: http://www.sbpcnet.org.br/site/arquivos/carta_aberta.pdf, complementada pelo anexo
disponivel em: http://www.sbpcnet.org.br/site/arquivos/tabela.pdf



http://www.sbpcnet.org.br/site/arquivos/carta_aberta.pdf
http://www.sbpcnet.org.br/site/arquivos/tabela.pdf
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recuperacao de 20 metros. Assim, ficou estabelecido que esta recomposi¢ao das APPs nao
podera ultrapassar 10% da 4rea total do imével em propriedades de até 2 médulos, 20%
entre 2 a 4 médulos, tendo sido vetado o inciso II (Art.61-B da Lei n° 12.727) que previa a
recomposi¢do em até 25% nas propriedades entre 4 e 15 mddulos fiscais, exceto na regido
da Amazodnia Legal. No caso da das nascentes, além de ser permitido a manutengdo de
atividades agrossilvipastoris em areas consolidadas, a MP 571 diminuiu a recuperacao para
um raio entre 5 a 15 metros, anteriormente previsto pela legislacido vigente para um raio de
50m, mas que Projeto de Lei de Converséio n° 21 (incluido pela Lei n° 12.727) passa a ser
de um raio de 15 metros independentemente do tamanho da propriedade. Adicionalmente, a
Medida Proviséria sancionada pela Presidente da Reptblica, modificou a definicdo de
APPs no entorno das nascentes e dos olhos d'dgua abrangendo apenas os casos em que 0s
mesmos sdo perenes (Art. 4°, IV), sendo que tal especificacdo ndo havia sido aprovada
nem na Camara e nem no Senado. Além disso, a faixa de recuperacio € prevista apenas
para corpos d’agua maiores do que 1 ha (§ 4°), excluindo pequenas lagoas. Trata-se de uma
falha grave da legislagdo, pois nascentes e olhos d’agua intermitentes sdo muito comuns
justamente em regides que enfrentam maiores problemas de escassez de dgua, de forma que
sua recuperacdo deveria ser prioritdria, ao invés de desobrigada. A reducdo da faixa de
restauracdo nas margens dos rios pode ser exemplificada com um plantio com espacamento
3x2 metros, sendo que a proposta de restaurar 15 metros equivale a uma faixa ciliar
marginal com uma fileira de apenas 5 arvores. Nessa situagdo, os efeitos de borda irdo
afetar o sucesso da restauracdo e mais ainda o processo de manejo adaptativo que
geralmente é demandado nessas dreas, podendo até inviabiliza-lo. Vale ressaltar que matas
ciliares largas (>100m) abrigam mais espécies exclusivas e climax, e ndo apenas as
espécies resistentes a cheia que estdo mais associadas a matas ciliares estreitas (20 a
50m)". Considerando a descri¢do, a reducdo do tamanho da area a ser restaurada nas APPs
ird comprometer o cumprimento das fun¢des apresentadas no Art 3°, inciso 3°, que referem-
se a descricdo de APP como sendo a de drea protegida, coberta ou ndo por vegetagcdo
nativa, com a fungcdo ambiental de preservar os recursos hidricos, a paisagem, a
estabilidade geoldgica e a biodiversidade, facilitar o fluxo génico de fauna e flora,

proteger o solo e assegurar o bem-estar das populacoes humanas. Faixas ciliares estreitas,

" Metzger, J.P.; Bernacci, L.C.; Goldenberg, R. 1997. Pattern of tree species diversity in riparian forest
fragments of different widths (SE Brazil). Plant Ecology 133: 135-152.
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conforme o publicado na Medida Proviséria No-571, de 28 de maio de 2012, ndo terdo a
capacidade de cumprir a funcdo de preservar a estabilidade bioldgica, facilitar o fluxo
génico de fauna e flora, uma vez que faixas estreitas apresentam grande efeito de borda, o
que dificultard a manuten¢do do equilibrio dessa vegetacdo em processo de restauracio.
Considerando que a quantidade de deposicdo de sedimento em uma vegetacdo ripdria €
determinada em funcao de sua largura, foi calculado que a largura 6tima da faixa ciliar com
maior eficiéncia na retencio de sedimentos seria de 52 metros'*. Ademais, recente revisdo'
indicou que as faixas de 30 metros de APP indicadas pela legislagdo vigente (desde 1965)
antes da lei sancionada deveriam ser ampliadas para pelo menos 50 metros, exemplificando
que as metragens aprovadas pela nova lei estdo longe dos valores recomendados pelos
estudos cientificos. Além disso, a consolidac@o do uso de Areas de Preservacdao Permanente
viola o principio da igualdade de direitos previsto na Constitui¢cdo Federal de 1988, uma
vez que os proprietdrios que ndo suprimiram vegetacao nativa e cumpriram a legislacao

terdo que preservar faixas ciliares mais largas do que aqueles que nao cumpriram a lei.

- _ O Artigo 63 prevé que serd admitida a manutengdo de atividades
florestais, culturas de espécies lenhosas, perenes ou de ciclo longo apresentado no
paragrafo 1° em encostas, tabuleiros, chapadas, topos de morro, dreas em altitude superior a
1.800 metros, as quais sdo consideradas Areas de Preservacio Permanente e ainda completa
§ 1o O pastoreio extensivo nos locais referidos no caput deverd ficar restrito as dreas de
vegetacdo campestre natural ou jd convertidas para vegetagdo campestre. No caso de
imoéveis menores que 4 modulos fiscais, nas encostas também € admitida a consolidacdo de
outras atividades agrossilvipastoris (§ 30). O pastoreio de vegetacdo campestre natural
nessas areas ndo seria um problema. O problema esta na permissdo do pastoreio nas areas
de topo e encostas desmatadas e convertidas em pastagens (incorretamente denominadas de
“vegetacdo campestre”). A manutencdo de culturas de espécies lenhosas e atividades
florestais poderd ser ainda mais prejudicial nestas APPs, pois em algum momento havera o
corte. De qualquer maneira, ha dois pardgrafos nesse artigo que exigem boas praticas

agrondmicas e de conservagao da dgua, o que devera ser fiscalizado.

14 Sparovek, G.; Ranieri, S. B. L.; Gassner, A.; De Maria, 1. C.; Schnug, E; Santos, R. F.; Joubert, A. 2002. A
conceptual framework for the definition of the optimal width of riparian forests. Agriculture, Ecosystems and
Environment 90: 169-175,

' Metzger, J.P. 2010. O Cédigo Florestal tem Base Cientifca? Natureza & Conservagio 8: 92-99.
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- _ O caput do Art. 66 prevé que o proprietario que, antes de 2008, tenha
suprimido vegetacdo nativa além do que seria permitido se tivesse averbado a RL,
PODERA regularizar a situagdo, mas nao serd OBRIGADO pela lei. Agravando a situacao,
o0 artigo 66 ndo restringe o termo podera a quais tipos de propriedades, abrindo essa brecha
para todos os tipos de propriedades (de qualquer tamanho). Na legislacdo vigente até a lei
sancionada, a exigéncia de restaurar as dreas de Reservas Legais era generalizada para
todos os tipos de propriedades. Especialmente, no caso de pequena propriedade ou posse
rural familiar ou de populacdo tradicional, isto poderia ser feito pelo plantio de arvores
frutiferas, espécies exoticas ou comerciais. Entretanto, a lei vigente anteriormente ndo fazia
essa distingdo de acordo com o tamanho da propriedade, mas de acordo com a renda

familiar e uso tradicional da terra.

- _ O pardgrafo 3°, do Art. 66, permite o uso de espécies exoticas ou
frutiferas em 50% da area de recuperacao de RL (inciso 2°, do pardgrafo 3°), cultivadas
em sistema intercalar ou em consorcio com espécies nativas da regido em sistemas
agroflorestais (Art. 54), sendo, desse modo, possivel na restauracdo, o uso de 50% de
espécies nativas e 50% de exdticas em toda a RL restaurada. O plantio de espécies exdticas
na Reserva Legal, das propriedades de qualquer tamanho, era apenas permitido
temporariamente pelo Codigo Florestal vigente (desde 1965) antes da lei sancionada. Esta
mudanca permitird a todos os tipos de proprietdrios, o uso de espécies nao nativas, que
deveriam ser designadas como reserva de espécies nativas abrindo a possibilidade de uso de
espécies potencialmente invasoras. Esse inciso deve ser regulamentado, ou mesmo deve ser
objeto de um instrumento legal especifico, a exemplo do adotado pelo Estado de Sao Paulo
(Decreto n° 53.939, de 2009). Ainda ressaltamos que isso contradiz a prépria definicdo de
qual € a funcdo da Reserva Legal: promover a conservacdo da biodiversidade, bem como o

abrigo e a protecdo de fauna silvestre e da flora nativa (Art. 3°, 1II).

- BORIBIEEAINE roi aprovado o uso de espécies exdticas para a recomposigio de APPs em
areas consolidadas no artigo 61-A, inciso IV, do pardgrafo 13° e que este uso se restringe as
propriedades de até 4 modulos fiscais, sendo um plantio intercalado de espécies lenhosas,
perenes ou de ciclo longo, exdticas com nativas de ocorréncia regional, em até 50%

(cingiienta por cento) da drea total a ser recomposta. A permissiao do plantio de espécies
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lenhosas, perenes ou de ciclo longo, sendo nativas e exoticas nao € compativel com a
funcdo das APPs de protecdo da biodiversidade. O uso de espécies exOticas diminui a
diversidade de espécies comprometendo o objetivo de protecdo da biodiversidade. Apesar
do Projeto de Lei de Conversao n° 21 incluir o uso de espécies frutiferas no inciso V do
61-A a fim de liberar este uso para qualquer propriedade, o mesmo foi vetado em 17 de
outubro de 2012. Este veto foi positivo, uma vez que a permissao para o uso de exdticas as

propriedades de até 4 mddulos fiscais representa uma em torno de 25% da area agricola.

- BORIGIEEAENE Na lci vigente anteriormente, a compensacio das dreas de Reserva Legal
era exigida no mesmo ecossistema € na mesma microbacia ou o mais perto possivel de
onde ocorreu o desmatamento. Modificando-se para areas no mesmo bioma, conforme
prevé o inciso 2° sancionado, do pardgrafo 6°, do Art. 66, abrird a possibilidade para
aquisicdo de florestas em regides distantes das que a vegetacdo nativa foi ilegalmente
removida ou degradada. O controle e fiscalizagdo das dreas de compensacdo em outros
Estados serdo improvdveis e inexeqiiiveis. Por exemplo, o bioma da Mata Atlantica abrange
17 dos 26 Estados brasileiros. Além disso, a variacdo no preco de terras provavelmente
resultard na escolha da compensacdo de RL ser decidida de acordo com o preco da terra e
ndo com o valor ambiental daquela drea desmatada. Desse modo, terras mais baratas, mas
que estdo distantes da drea onde houve o desmatamento, serdo selecionadas, diminuindo a
qualidade local da paisagem impactada. Estados com intenso uso agricola, por exemplo,
como Sao Paulo, t€m menos dreas florestais remanescentes do que Estados como o Piaui,
ambos no bioma da Mata Atlantica. Consequentemente caso a compensagdo para a
auséncia de RL em SP seja estabelecida no PI, isso ird manter os baixos niveis de cobertura
florestal em SP, bem como o comprometimento dos servigos ecossistémicos nessa regiao.
Finalmente, isso ird reduzir drasticamente os incentivos a restauragdo de areas de baixa
aptiddo agricola, as quais poderiam ser restauradas aumentando, em geral, a qualidade da
paisagem local. Esta medida tera grande influéncia na escala da paisagem, dificultado a
possibilidade de atingir um limiar minimo de 30% de cobertura nativa na paisagem a fim de

oy ~ 12 s 2 1
conciliar a conservacdo biolgica e o uso sustentdvel da terra'®,

'® Metzger, J.P. 2010. O Cédigo Florestal tem Base Cientifca? Natureza & Conservagio 8: 92-99.
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- PORIBEEINE O Art. 67 é um exemplo claro de anistia. Nos imdveis rurais que
detinham, em 22 de julho de 2008, drea de até 4 (quatro) modulos fiscais e que possuam

remanescente de vegetacdo nativa em percentuais inferiores ao previsto no art. 12, a

Reserva Legal serd constituida com a drea ocupada com a vegetacdo nativa existente em
22 de julho de 2008, vedadas novas conversoes para uso alternativo do solo. Ou seja, se a
propriedade ndo tinha RL e tinha apenas 1% de vegetacdo até aquele periodo, esse 1% de

vegetacdo, passa por lei, a constituir a RL total daquela dada propriedade.

- Ponto in6cuo. Considerando todo o exposto, o Art. 74 chega a ser in6cuo. O artigo preve
que a Camara de Comércio Exterior - CAMEX é autorizada a adotar medidas de restrigdo
as importagoes de bens de origem agropecudria ou florestal produzidos em paises que ndo
observem normas e padroes de protecdo do meio ambiente compativeis com as
estabelecidas pela legislacdo brasileira. Conforme o anteriormente discutido sobre esta
legislacdo aprovada que € significativamente flexivel, € provéavel que qualquer pais podera

exportar para o Brasil.

- _ Vetado o Art. 77 que previa que na instalacdo de obra ou atividade
potencialmente causadora de significativa degradacdo do meio ambiente, serd exigida do

empreendedor, piiblico ou privado, a proposta de Diretrizes de Ocupacdo do Imdvel, nos

termos desta Lei, para apreciacdo do poder puiblico no ambito do licenciamento ambiental.
Segundo a Presidente da Republica, o artigo foi vetado por ndo deixar claro o que sio essas
diretrizes, "trazendo inseguranca juridica para os empreendedores"”, de acordo com a
Presidente. Porém, isso facilmente seria corrigido apresentando as definicdes do que sao
Diretrizes de Ocupagdo do Imdvel através da Medida Provisdria, assim como foram feitas

novas especificacdes por meio da mesma.

Conclusao

A nova Lei Florestal apresenta alguns avancos pontuais, todavia a reducdo da
restauracdo e da protecdo ambiental afetard grande parte das dreas degradadas e dos
remanescentes de vegetacdo do Brasil. Ressaltamos que a manutencdo da degradacdo de

extensas dreas € a anistia a proprietdrios que descumpriram a lei vigente (desde 1965) viola
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o principio da igualdade de direitos previsto na Constitui¢do Federal de 1988, uma vez que
os proprietdrios que ndo desmataram e cumpriram a legislacdo anteriormente em vigor
terdo que preservar faixas ciliares mais largas do que aqueles que ndo cumpriram a lei.
Além disso, a modificac@o da defini¢ao do que é pequena propriedade rural de acordo com
o tamanho da propriedade, ndo ird promover melhoria das condicdes ambientais de
producdo para as propriedades definidas legalmente como de agricultura familiar. Vale
ressaltar que o Brasil € um dos tnicos paises do mundo que tem condi¢des de produzir
alimentos com elevada tecnificacdo e com sustentabilidade ambiental. Concluimos que a
Lei recém aprovada ja necessita ser profundamente revista a luz do conhecimento cientifico
a fim de compatibilizar a expansdo urbana e o aumento da produgdo agrossilvipastoril com
a preservacdo da biodiversidade e dos servicos ambientais que os ecossistemas naturais
prestam a sociedade, cada vez mais necessdrios a manutenc¢do da produgdo de alimentos,

suprimento de recursos naturais € ao bem-estar humano.



163

Comissao Especial

R O Substitutivo do
foi criada em

Deputado Aldo

PL 1.876-C/1999 setembro de 2009
para apreciar a

matéria

Rebelo - julho de
2010

Dispde sobre Areas de Preservagio A relatoria ficou a cargo O substitutivo de Rebelo foi
Permanente, Reserva Legal, exploragdo do Deputado Aldo aprovado em 6 de julho de
florestal e da outras providéncias Rebelo (PCdoB-SP) :?nt(:n:(:s' :‘::otos a:h‘::ls 9
propondo a revogagao do Codigo : Pmpu_ ;
Florestal de 1965. Este PL é de de modifica-lo foram rejeitadas

autoria do Deputado Sérgio Carvalho
(PSDB/RO), membro da bancada
ruralista

PL 1.876-C/1999, a

Emenda Global de

Plenario n® 186 —
maio de 2011

Projeto de Lei da

Camara N2 30 de

2011 — dezembro
de 2011

Projeto de Lei da
Camara N2 30 de
2011 — abril de
2012

Emenda 164 —
maio de 2011

IS
Relatério apresentado no Plenario | | Com intuito de reduzir | | A relatoria ficou a cargo Arelatoria ficou a
da Camara dos Deputados, 11 de aarea das APPs, a do Deputado Jorge Viana cargo do Deputado
maio de 2011 e aprovado em 24 Emenda modificou a (PT-AC) e o projeto foi Paulo Piau (PMDB-
de maio de 2011, por 410 votos redagdo do art. 82, da aprovado pelo Senado dia MG) e a Camara dos
sim, 63 ndo e 1 abstengdo. O texto Emenda Substitutiva 6 de dezembro de 2011, Deputados aprovou
final alterou diversos artigos do Global 186 e foi com 59 votos sim e 7 ndo dia 25 de abril de
substitutivo adotado pela proposta pelo PMDB 2012, com 274 votos
Comissao Especial sim e 184 ndo

Elaborado por: Leticia Couto Garcia
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Lei nimero
12.651, de 25
de maio de
2012

Medida
Provisoria

numero 571,
de 28 de maio
de 2012

2012)

Sancionado pela Presidente da
Republica na forma de Lei (o
“novo” Codigo Florestal de

Leide
Conversao n®
21, de 2012

0O governo federal
anunciou o veto de 12
artigos e 32
modificagdes no texto
do PL proposto pelo
relator Deputado Pedro
Piau, dia 25 de maio de
2012.

0 governo modificou
aredagdo da Lei
numero 12.651, apos
0s vetos

4

Lei nUmero
12.727, de
17 de
outubro de
2012

Decreto
numero
7.830,de 17
de outubro
de 2012

Lei 12.651, de
25 de maio de

2012

Aprovado na
Camara dos
Deputados dia
18 e pelo
Senado dia 25
de setembro de
2012

0O governo
federal
anunciou 9
vetos ao PL no
12, publicados
dia 17 de
outubro de
2012.

Inclusdes que alteram a
Lei n® 12.651, de 25 de
maio de 2012 (sancionada
pela Presidente da
Republica o que era o
Projeto de Lei de
Conversdo n2 21, de 2012,
com acréscimo dos vetos)

Dispde sobre o Sistema de
Cadastro Ambiental Rural, o
Cadastro Ambiental Rural,
estabelece normas de
carater geral os Programas
de Regularizagdgo Ambiental,
de que trata a Lei no 12. 651,
de 25 de maio de 2012

Institui o “Novo”
Codigo Florestal),
modificado pela
Lei 12.727, de 17
de outubrode
2012 para sua
versao final .

Elaborado por: Leticia Couto Garcia
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LEI N2 12. 651, DE 25 DE MAIO DE 2012

31 de agosto de
1981

Lei no 6.938, de

Lei 9.393, de 19
de dezembro de
1996

Lei 11.428, de
22 de dezembro
de 2006

Dispde sobre a Politica
Nacional do Meio Ambiente,
seus fins e mecanismos de
formulagdo e aplicagdo, e da
outras providéncias.

Lei 4.771, de 15
de setembro de

1965

Ja alterada pela Leis
Federais n° 7.803/89 e
9.605/98 - constitui o
“antigo” Codigo Florestal

Dispoe sobre o Imposto sobre a
Propriedade Territorial Rural -
ITR, sobre pagamento da divida
representada por Titulos da
Divida Agraria e da outras
providéncias.

Dispde sobre a utilizagdo e
protec¢do da vegetagao
nativa do Bioma Mata
Atlantica, e da outras
providéncias.

Lei 7.754, de
14 de abril de

1989

Medida

Provisoria
2.166-67/2001

Estabelece medidas para
protegdo das florestas existentes
nas nascentes dos rios e da
outras providéncias.

Elaborado por: Leticia Couto Garcia

Estabeleceu os conceitos de
interesse social e utilidade
publica; definiu regras para
delimitacdo, registro de
reserva legal e sua
recomposi¢ao (na mesma
microbacia)

Figura 1- Processo legislativo com as deliberagdes parlamentares e executiva que

resultaram na versdo sancionada da Lei Florestal (da Lei nimero 12.651, de 25 de maio

de 2012).
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CONCLUSAO GERAL

Areas em processo de restauracdo, nas quais durante o plantio foi utilizada uma alta
diversidade de espécies, podem recuperar a estrutura florestal e a diversidade de arbdreas
apo6s cerca de cinco décadas. Porém, espécies ndo arbéreas, principalmente trepadeiras e
epifitas tém uma lenta recuperacio e a sua diversidade pode estar comprometida a longo
prazo quando se trata de d4reas fragmentadas. Algumas recomendacdes para o
enriquecimento de espécies podem ser seguidas no manejo dessas areas. Por exemplo, o
plantio de epifitas e trepadeiras a partir de dez anos de restauracdo, uma vez que a
cobertura de dossel ja foi estabelecida e que as espécies arboreas de grupos ecologicos
sucessionais tardios ja estdo presentes e, e que, devido ao seu maior tempo de vida, serdo
mais propensas a abrigar essas espécies dependentes de seus troncos. Deve-se também
considerar o tipo de casca do fordfito, de modo a facilitar a fixacdo das epifitas.
Destacamos que existem ressalvas, uma vez que a influéncia da complexidade estrutural na
sua sobrevivéncia ainda deve ser testada em areas de diferentes idades a fim de verificar a
partir de qual idade esse manejo poderia ser iniciado. Além disso, esse manejo se aplicaria
para casos em que a fragmentacdo fosse suficientemente intensa para prejudicar os
processos de colonizac¢do natural. O monitoramento de dreas em processo de restauracao
pode fornecer dados para decisdes sobre o manejo adaptativo. Porém, a implantacdo desse
manejo anos apds o plantio s6 serd possivel caso haja incentivos para que o
acompanhamento a longo prazo dessas areas seja uma realidade.

Ressaltemos ainda que serd necessdrio testar qual o efeito de borda sobre essas

formas de vida, nos casos em que o enriquecimento ocorra em faixas ciliares estreitas. Isso
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serd de extrema importancia, ainda mais quando consideramos as mudangas previstas com
as alteracOes da lei do Codigo Florestal. Essa nova Lei Florestal sancionada em 2012
delibera reduzir a recuperagdo das faixas ciliares de rios menores de 10 metros a mais da
metade do tamanho previsto pela lei atual, passando de 30 para até 5 metros (maiores
detalhes na Tabela S3 e Appendix S4 — capitulo 5). Considerando um plantio com
espacamento 3x2 metros, a proposta de restaurar 15 metros equivale a uma faixa ciliar
marginal com uma fileira de apenas 5 drvores. Nessa situacdo, os efeitos de borda poderao
afetar o sucesso da restaurac@o e mais ainda o processo de manejo adaptativo, podendo até
inviabiliza-lo. A permanéncia dos grupos funcionais mencionados nessa tese, em faixas
ciliares estreitas conforme o aprovado por Lei, deverd ser investigada. Além disso, no
ambito das alteracdes legais, estd sendo proposto que a delimitacio das Areas de
Preservacdao Permanente ciliares serd contabilizada a partir do leito regular da margem
d’agua ao invés do leito maior (sazonal). Com isso, haverd uma alta possibilidade de perda
de todo o plantio feito nessa faixa por comprometimento das mudas durante os periodos de
inundacao.

Os dados levantados nas dreas em processo de restauracdo estudadas sugerem que
as mesmas atingiram certo limiar que parece ser ditado pela restricdo da
dispersdo/colonizagdo das espécies ndo arboreas. Este estdgio alternativo estdvel, em que
as dreas em restauracdo ainda detém apenas a metade da riqueza esperada para as espécies
nido arbdreas, poderd permanecer caso nenhuma medida que vise superar esse limiar
ocorra, como por exemplo, a formac@o de corredores ecoldgicos através de matas ciliares.
Caso contrdrio, esse estado serd alterado desde que o manejo implantado venha novamente
direcionar a trajetoria dessas dreas para um modelo de maior diversidade de espécies e de

diversidade funcional. Com base nos modelos de ecossistemas novos e hibridos, podemos
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afirmar que essas dreas em processo de restauracdo representam um exemplo de
ecossistemas hibridos; os quais apesar de ndo terem recuperado a composicao das espécies
recuperaram alguns tracos funcionais e que apresentam potencial de retorno ao sistema
original, uma vez que os dados demonstraram que foi possivel a restauracdo de algumas
funcoes.

A diversidade funcional e a diversidade de espécies estiveram relacionadas nas
areas de estudo, indicando mais uma vez a importancia de um plantio de alta diversidade.
Ap06s duas décadas de restauracdo, a diversidade funcional de flores das espécies arboreas
foi recuperada. Porém isso ndo ocorreu para as outras formas de vida, assim como a
redundancia funcional das mesmas. O nivel de especializacdo das flores nao foi
influenciado pela maior ou menor propor¢do de espécies arboreas tardias. Apesar disso,
detectamos algumas caracteristicas florais mais relacionadas a estdgios de maturidade
florestal mais avangado, tais como flores grandes (maiores do que 3 cm), vermelhas, e em
formato de goela (estreitamento da corola que dificulta e restringe o acesso ao néctar).
Também levantamos algumas espécies insubstituiveis devido a grande originalidade floral,
ou seja, espécies com um conjunto de caracteristicas tnicas dentro das dreas estudadas.
Estas sdo exemplos de espécies que podem ser utilizadas no manejo de dreas em processo
de restauragdo visando a diversificagdo dos recursos florais.

A fenologia reprodutiva foi abordada como um indicador ecoldgico, com objetivo
de avaliar a disponibilidade de recursos reprodutivos das plantas, tais como flores e frutos,
ao longo do ano e ao longo dos anos de restauracdo, inferindo sobre a previsibilidade do
processo de restauragcdo. Esses descritores t€ém grande valor para o planejamento de futuros
plantios que, levando em consideracdo o comportamento fenolégico das espécies que serao

utilizadas, podem acelerar os processos de interacao planta-animal. Algumas espécies que
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produzem grande quantidade de frutos e flores poderdo ser consideradas no manejo e
implantacdo de dreas em restauracdo. Além disso, o conhecimento das espécies que t€m
baixa produgdo, porém que sdo importantes fontes de recursos, devera ser utilizado para
que as mesmas sejam plantadas em maior densidade. Porém, é necessdrio ressaltar que
estamos nos referindo a dados baseados em oferta de recursos, mas que, do mesmo modo,
¢ importante, considerar varias outras caracteristicas funcionais além dessas. A assincronia
das fenofases reprodutivas também serd uma caracteristica que favorecerd a oferta de
recursos em periodo maior, também sendo este um comportamento importante no manejo,
pois aumenta a disponibilidade temporal de frutos e flores da drea. As formas de vida nio
arboreas forneceram complementacdo de recursos, sendo essenciais em periodos de
escassez de flores e frutos nas espécies arboreas. Além disso, verificamos como a baixa
diversidade de espécies pode potencialmente prejudicar a manutencdo de fauna dispersora
em areas em restauracdo, uma vez que detectamos alguns periodos criticos em que apenas
uma espécie forneceu recursos para os frugivoros. Deste modo, o presente estudo
contribuiu com informacgdes que poderdo ser aplicadas na pratica ou como exemplos em
projetos a serem implantados e que estejam em andamento. Isso poderd aumentar a chance
de sucesso da restauragdo ecoldgica.

Ressaltamos ainda que, o uso de ecossistemas de referéncia ndo necessariamente
representa uma meta final a ser atingida depois de determinado periodo. Na realidade, o
objetivo € direcionar o processo de restauracdo no caminho da maturidade e da manutencao
da biodiversidade considerando a sucessao estocastica e as possiveis trajetorias que levem a
estados alternativos estdveis. Assim, as dreas em processo de restauracdo deveriam
caminhar no sentido de apresentarem descritores que se aproximam dos encontrados no

ecossistema de referéncia, com uma diferenca aceitdvel, sendo esses, descritores de
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processos ecoldgicos, relacionados a funcdo. Nao se espera que as dreas restauradas sejam
idénticas aos ecossistemas de referéncia, j4 que nem mesmo os fragmentos naturais sao
necessariamente semelhantes entre si, mas espera-se que Os parametros possam se
aproximar ao maximo dos parametros encontrados em dreas de referéncia. Desse modo, o
presente estudo demonstrou que trajetorias com diferentes espécies sdo aceitdveis, uma vez
que as florestas em processo de restauracdo estdo seguindo a trajetéria rumo a maturidade.
E claro que ndo podemos deixar de considerar que essas dreas em processo de restaurago
ainda abrigam um grande nimero de espécies exoticas e algumas invasoras (Appendix A)
sendo que um dos objetivos da restauracdo ecoldgica é que o ecossistema restaurado

consista de espécies nativas na maior extensao possivel.

Concluimos que, a partir dos resultados apresentados neste estudo, ficou clara a
importancia da diversidade de espécies em um projeto de restauragdo em ambientes sujeitos
a grande fragmentacdo. Destacamos que os projetos de restauracdo das dreas de estudo
utilizam apenas espécies arbdreas, mas apresentaram a recuperacdo da disponibilidade de
recursos pelas espécies ndo arboreas. Porém, nesses projetos parece que ndo existe a
garantia, para as espécies nao arboreas, da manutencdo da sua diversidade de espécies e da
diversidade funcional, principalmente em &4reas bastante fragmentadas. Desse modo, o
manejo adaptativo dessas dreas poderd auxiliar na recuperacdo desses descritores. A
necessidade dessas intervengdes sdao um indicativo de que as matas estudadas ainda nao
atingiram a sustentabilidade ecoldgica, quando comparados a um ecossistema de referéncia
natural. Para as futuras dreas que serdo implantadas, considerar esses fatores e o
planejamento prévio de quais espécies e formas de vida a serem plantados sdo de grande

relevancia para o sucesso do projeto de restauracdo. Por outro lado, a aplicagdo do
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conhecimento que visa o aperfeicoamento da restauracio ecoldgica serd menos aproveitada
caso a legislacdo ambiental brasileira deixe de incentivar a restauragdo ou que delibere
desenhos de restauracdo que estardo potencialmente comprometidos tanto por perdas por
inundacdo quanto por perdas por efeito de borda. Desse modo, o conhecimento cientifico
deve sempre estar aliado a politicas publicas para que de fato venha a ser aproveitado e

empregado.



