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Table 1. Abundance of the overstory trees and the total density of understory individuals beneath their canopies (mean + standard error) in a tropical semideci- < o8 08 i
duous forest in Brazil. There were no significant differences in the density of understory individuals among overstory species (permutational ANOVA, P < 0.05). - Sadi -1 s'f
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Famil Overst . Cod Number of sampled Density of individuals underneath Axis 1 (40.3%) Aods 1 (40.3%)
amey verstory spectes ¢ individuals the canopy (individuals/m?)
Apocynaceae Aspidosperma polyneuron Mill. Arg. Aspo 50 0.155+0.015 g - -
Rutaceae Balfourodendron riedelianum (Engl.) Engl. Bari 26 0.170 £ 0.019 :: i
—_ E 3
Fabaceae Piptadenia gonoacantha (Mart.) ].EMacbr. Pigo 14 0.151 +£0.032 ﬁ (l.: = A
Anacardiaceae Astronium graveolens Jacq. Asgr 10 0.127 £ 0.023 § :: Sepe
Rutaceae Esenbeckia leiocarpa Engl. Esle 10 0.133 £0.014 % 08
0.8
Fabaceae Centrolobium tomentosum Guillem. ex Benth. Ceto 9 0.181+0.021 -1 Sadi
N - . 2 45 1 05 ] 0.5 1
Phyllanthaceae Savia dictyocarpa Mill Arg. Sadi 8 0.173 £0.034
s 1 (40.3%)
Fabaceae Senegalia polyphylla (DC.) Britton & Rose Sepo 6 0.149 + 0.049
Malvaceae Ceiba speciosa (A.St.-Hil.) Ravenna Cesp 5 0.140 £ 0.029 Figure 2. Density of the seven understory species that contributed most to the ordination that resulted from the Correspondence Analysis. The position of each

circle corresponds to the scores of the overstory species, and the size of the circle 1s directly proportional to the density of understory individuals. The codes for the
overstory spectes names are referenced in Table 1.




Ecologia funcional e filogenética
Markus Gastauer Wvac

Niche differences

Ecosystem function
Ecosystem function

Taxonomic Functional diversity
diversity Phylogenetic diversity

Adaptado de Cadotte et al. 2011. Journal of Applied Ecology. Doi: 10.1111/j.1365-
Phylogenetic distance 2664.2011.02048.x

Gastauer et al. 2018. Journal of Cleaner Production.
Doi: 10.1016/j.jclepro.2017.10.223

Maior diversidade
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para maximizar
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ecossistémico
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Using plant functional traits to restore Hawaiian

rainforest

Rebecca Ostertag“, Laura Warmanz, Susan Cordell? and Peter M. Vitousek®
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HI 96720, USA; and * Stanford University, Stanford, CA 94305, USA

808 R. Ostertag et al.
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Table 1. List of functional traits measured in 25 Hawaiian lowland wet forest sites

Functional trait Biological significance Trait range Source of data
Leaf : petiole ratio Light acquisition and self-shading 2-81-200-00 Measured
Leaf thickness Resource acquisition, longevity and resource use 0-17-1-40 Measured
Leaf mass per area (LMA) Photosynthesis, resource availability and longevity 8-24-469-22  Measured
Foliar nitrogen (%) Concentration of RuBisCO, photosynthesis and fast-to-slow strategies 0-55-2:25 Measured
Foliar carbon (%) Leaf construction and resource use 32.62-49-63 Measured
Foliar carbon : nitrogen Leaf longevity and fast-to-slow strategies 14-82-79-78 Measured
Foliar phosphorus (%) Leaf quality Trace—0-30 Measured
Stem specific gravity (g2 cm™)  Diameter growth rate, mortality rate, hydraulic 0-16-1-51 Measured
capacity and carbon storage
Water-use efficiency Water-use efficiency, resource use and acquisition 42.26-154-16  Calculated
Max plant height (m) Competitive vigour, plant fecundity and light acquisition 5-30 Bibliographic
Seed mass (g) Dispersal, longevity and survival <0-01-2:50 Bibliographic
Stature* Dispersal, longevity and carbon storage 1-3 Observation
Canopy architecture’ Light interception and stability 1-3 Observation
Leaf area (cm?) Photosynthetic capacity and resource allocation 2-8=1000 Measured
Water content (%) Resource use and allocation, and fast-to-slow strategies 2-59-859 Measured

(€)

Fig. 1. Overview of the ordination process used to select species. (a) Principal component analysis (PCA) showing all species: natives in
blue and non-natives in yellow. Species circled are the ‘core species’ identified in the second PCA as being ‘high-carbon species’. (b) PCA
highlighting carbon-related traits; the species circled are the ones selected for having the slowest carbon turnover, according to their posi-
tion in the PCA. (c¢) On the main PCA, once a centroid has been found (centre point between the four core species), species are identified
as having redundant (similar — geometrically closest on axis 1) or complementary (less similar — geometrically distant on axis 1) trait pro-

files.
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Selecdo funcional de espécies W

Espécies da lista vermelha:
Conservacao de espécies e
biodiversidade

Folhas grandes de crescimento
rapido produzindo sombra
abundante:

Evitar a proliferacdo de helidfitos
(exoticos) e proporcionar condigdes
para a germinacao de outras espécies

Alta densidade de madeira,
longa vida e alta biomassa de
raizes:

Sequestro de carbono

Raizes profundos e casca
grossa:

Resisténcia ao fogo e
absorcao de dgua e
nutrientes

Alto valor madeireiro:
Producao de madeira
comercial

Sistema radicular superficial
extensivo, alto turnover foliar e
fixacdo de N2:

Proteja o solo contra a erosao e
melhore a fertilidade e estrutura do
solo

Produgdo abundante de frutas carnudas
e alta complexidade do dossel:
Conservacao da biodiversidade e
conectividade da paisagem, atraindo
passaros dispersores de sementes e

outros animais Gaustauner et al.

Adaptado de Thomas et al. 2017. https://hdl.handle.net/10568/90681
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Applied Vegetation Science il (2015)
Flower functional trait responses to restoration time

Leticia Couto Garcia, Marcus Vinicius Cianciaruso, Danilo Bandini Ribeiro, Flavio Antonio
Maés dos Santos & Ricardo Ribeiro Rodrigues

Flower functional traits in restoration sites L.C. Garcia et al.
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Fig. 3. Principal components analysis with biplot of total plant community species abundance and flower traits for three sites undergoing restoration and
one reference forest. Circles, squares, triangles and inverted triangles represent plots (i.e. data as the number of species with each flower trait per plot) of

12, 23, 55 yr and reference sites, respectively.
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Figure 1. Bird-seed dispersal networks in three restored sites in Sao Paulo state, Brazil. The lower boxes

represent seed species, the upper boxes bird species, box size is proportional to abundance and the links
represent the interactions. A) 15 year-old restored plot, B) 25 year-old restored plot, C) 57 year-old plot.



Received: 4 January 2017 Accepted: 16 August 2017

DOI- 10.1111 favsc. 12335

RESEARCH ARTICLE

Are the assemblages of tree pollination modes being recovered

by tropical forest restoration?

Paula Maria Montoya-Pfeiffer!
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FIGURE 3 Mean values and Cls (95%) of species (light-grey) and abundance (dark-grey) proportions of pollination modes at remnants (primary
forest) and the differences found among restored (tree plantings) and secondary (naturally regenerated) tropical semi-deciduous forests. The figure
shows greater changes among restored forests than secondary forests, compared with primary forests. Asterisks (*) denote significant differences
in GLM: *0.05, **0.01, ***0.001. “a" indicates changes in the presence-absence of pollination modes using zero-inflated binomial models
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On the restoration of high diversity forests: 30 years of experience in the
Brazilian Atlantic Forest

Ricardo R. Rodrigues, Renato A.F. Lima~, Sérgius Gandolfi, André G. Nave

Laboratirio de Ecologia e Restauragdo Florestal (LERF), Departamento de Ciéncias Bioldgicas, ESALQ - Universidade de Sdo Paulo. Av. Padua Dias,
11, CEP 13418-900, P.0. Box 9, Piradcaba, Sdo Paulo, Brazil

ARTICLE INFO ABSTRACT
Article history: We present a review of more than 30 years of ecological restoration in the Brazilian part of the Atlantic
Received 15 September 2008 Forest. Based on what has been done in this biome, we try to summarize the main findings and challenges

Received in revised form 1 December 2008
Accepted 7 December 2008
Awailable online 20 January 2009

for restoration in this highly threatened forest biome. We found that many past experiences did not result
in self-perpetuating forests, for different reasons. Currently, most projects aim to construct self-sustain-
ing communities and no longer see restoration as a deterministic process. We also found that the recon-
struction of permanent forest with high diversity is feasible but it depends on the strategies applied and

gfﬂ\u;;?;w conservation on the surrounding landscape. Although many new techniques have been created (e.g. seed rain manage-
Brazil ment or promotion of natural regeneration), the most used one in the Atlantic Forest is still the planting

Public policies of many native species from different functional groups. Native species are largely used and perform well
Restoration practices even in highly disturbed environments. Today, many projects are trying to produce thousands of hectares
of permanent forests and many technical advances are about to be incorporated. But restoration also
faces some main challenges to become an effective and widespread means of conserving the Atlantic For-
est which are, namely, reducing costs, planning restoration actions at landscape-level, and conforming to
socio-political issues. The socio-political tools to overcome such barriers in practice have yet to be
developed.
@ 2008 Elsevier Ltd. All rights reserved.




ESPECIES DE RECOBRIMENTO

Plantio de linhas de mudas de arvores que apresentam
RAPIDO CRESCIMENTO E GRANDE COBERTURA.

~ _ 10-15 spp
? -Spp iniclais que
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| ESPECIES DE DIVERSIDADE ‘

Plantio de linhas de mudas de arvores que apresentam
CRESCIMENTO MAIS LENTO E PEQUENA COBERTURA

60-80 spp
-Varios grupos
funcionais,
incluindo a
pioneiras que nao
recobrem no curto
prazo

-Diversas formas
~de vida
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BIOTROPICA
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TEMPO 1 TEMPO 2
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ENRIQUECIMENTO NATURAL OU ARTIFICIAL PARA GARANTIR

(ISOLAMENTO E CRIACAO DE UM AMBIENTE FLORESTAL A
SUSTENTABILIDﬁDE NA RESTAURACAO

RAPIDAMENTE)

i Enriguecimento Natural
' Restauracéo Passiva

Cobertura Natural

Restauracéo Passiva ou Assistida
(Conduzindo a Regeneracéo Natural)

AVALIACAO DA CHEGADA DE SEMENTES
NO ECOSSISTEMA EM RESTAURACAO, ALTA
VINDAS DA PAISAGEM
MONITORANDO A REGENERAGCAO
NATURAL DE ESPECIES NAO DE

RECOBRIMENTO EM AREA JA RECOBERTA
(CAPOEIRA) BAIXA

Restauracao Passiva

AVALIACAO DA
RESILIENCIA DO
ECOSSISTEMA LOCAL

Diagnostico da
Area
Degradada

(EXPRESSAO DA
REGENERAGAO NATURAL)

Cobertura Artificial

Restauracéo Ativa

| Enriquecimento Artificial
- Plantio de espécies nativas (arvores e arbustos) i

| Restaurag3do Ativa
i -Plantio de espécies nativas do grupo de diversidade

para Recobrimento Rapido (10-15 spp nativas)
-Criacao de uma capoeira usando sementes ou
mudas

(80-100 spp nativas de todas as formas de vida)
-Garantir sustentabilidade na restauracao
-Restauragao com fins econémicos
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MODULO DE IMPLANTACAO DO GRUPO RECOBRIMENTO E ADUBO VERDE
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Senescéncia das espécies de Adubo Verde e crescimento do Grupo de Recobrimento
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Numero de

N2 plots

2013 2014
PCH Palmeira; Nucleacdo julho 2011; 18,70 ha 27 27
PCH Palmeiras; Badran Margo 2010; 12,59 ha 20 20
PCH Palmeiras; Irene e Helia; Junho 2010; 16,05 ha 20 20
PCH Palmeiras; Plantio junho 2011; 6,4 ha 11 11
PCH Palmeiras; Plantio outubro 2010; Area Umida; 14,27 ha 18 18
PCH Palmeiras; Plantio outubro 2010; Pastagem; 10,30 ha 14 14
PCH Palmeiras; Plantio outubro 2010; solo seco; ME; 30,79 ha 36 36
PCH Palmeiras; Plantio outubro 2010; Wilson Cana; 17,96 ha 22 22
PCH Retiro; Projeto 1; 30,22 ha 47 34
PCH Retiro; Projeto 2; 6,37 ha 9 9
PCH Retiro; Projeto 3; 28 ha 32 32
PCH Retiro; Projeto 4; 12,76 ha 20 20
PCH Retiro; Projeto 5; 1,20 ha 6 67
PCH Retiro; Projeto 6; 50 ha 0 54

Plantio em 2011
Tempo 1=2013
Tempo 2 =2014

Farah et al. in preparation

individuos
Espécie Tempo 1l Tempo 2 Diferenga (%) Grupo
Aspidosperma polyneuron 3 2 -33,3 D
Balfourodendron riedelianum 4 1 -75 D
Cariniana estrellensis 2 2 0 D
Cedrela fissilis 8 13 +162,5 D
Copaifera langsdorffii 3 0 -100 D
Eugenia myrcianthes 3 0 -100 D
Eugenia uniflora 17 0 -100 D
Ficus adhatodifolia 8 0 -100 D
Handroanthus heptaphyllus 2 2 0 D
Hymenaea courbaril 5 4 -20 D
Maclura tinctoria 6 15 +250 D
Myracrodruon urundeuva 34 42 +123,5 D
Myroxylon peruiferum 4 15 +375 D
Nectandra megapotamica 3 6 +200 D
Parapiptadenia rigida 7 35 +500 D
Peltophorum dubium 94 114 +121,3 D
Platypodium elegans 14 0 -100 D
Poecilanthe parviflora 10 0 -100 D
Tabernaemontana hystrix 14 15 +107,1 D
Trema micrantha 17 10 -41,2 D
Bauhinia forficata 33 24 -27,3 R
Croton floribundus 16 16 R
Croton urucurana 83 62 -25,3 R
Guazuma ulmifolia 67 88 +131,3 R
Heliocarpus popayanensis 84 46 -45,2 R
Inga vera 108 88 -18,5 R
Senna pendula 13 3 -76,9 R
Solanum granulosoleprosum 68 36 -47,1 R




Bacterial Diversity in Tree Canopies
of the Atlantic Forest

M. R. Lambais,™* D. E. Cruwley,”‘ ]1.C Cury,1 R.

losphere, is one of the most common
habitats for terrestrial microorganisms ( /),
but almost nothing is known about the diversity
of microorganisms that inhabit this environment
(2). Here, we report a survey of bacterial di-
versity in the leaf canopy of a tropical Atlantic
forest. The Atlantic Forest of Brazil is a bio-
diversity hotspot that has been reduced to less
than 8% of its original size over the past 4
centuries and is considered to be the oldest
forest on the planet, containing about 20,000
vascular plant species, of which about one-half
are endemic (3, 4). Initially we compared the
bacterial communities on the leaf surfaces of
nine tree species (table $1) by using a molecular
method that generates a DNA fingerprint of the
predominant bacteria from their 16S ribosomal
RNA (rRNA) gene sequences (9) (fig. S1). Our
results showed that bacterial communities from
the same tree species varied but could be
consistently grouped by discriminant analyses
(table 52). These data are consistent with pre-
vious research showing that different plants
select for distinet microbial communities (6).
To identify the bacteria in the phyllospheres of
Trichilia catigua, T. clausenii, and Campoma-
nesig xanthocarpa, we analyzed 418 partial
DNA sequences encoding 165 rRNA genes (5).
Comparison of homologous and heterologous

Thc leaf surface, also known as the phyl-

C BiilL'R. R. Ruclrigues2

coverage curves indicated that all three phyllo-
sphere communities were significantly different
in their bacterial species compositions (fig, S2).
For all clone libraries, the sample size was suf-
ficient to recover the most abundant deep phylo-
genetic groups. At evolutionary distances (D)
higher than 0.20 (the cutoff value for group
sequences at the phylum level), the homologous
coverages were greater than 96% (fig. S2). Ata
D of 003, corresponding to bacterial species,
coverages varied from 67 to 81% (fig S2).
Species richness was estimated by using Chaol
nonparametric estimator (table 83). Each phyllo-
sphere community harbored from at least 95 to
671 bacterial species (Fig. 1 and table S3), of
which only 0.5% were common to all of the trees
studied. Almost all of the bacteria (97%) were
from undescribed species, suggesting they may
be unique to the phyllosphere habitat (table S4).

Although this initial survey was limited in
scope, extrapolation of our results for the 20,000
vascular plant species in the Atlantic Forest would
vield about 2 to 13 million new bacterial species.
The absolute diversity of bacteria in nature is
unknown, but by comparison the Earth’s oceans
have been estimated to contain up to 2 million
species, whereas a ton of soil may have 4 million
species (7). The estimates for phyllosphere
diversity could be decreased considerably should
future surveys reveal higher amounts of overlap
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Fig. 1. Estimated number of phylotypes at different evolutionary distances, using Chaol nonparametric
estimator, on the leaf surface of different tree species. Bars represent 95% confidence intervals.

in bacterial community composition between
tree species. On the other hand, the bacterial
species richness for the individual trees surveyed
represent minimum estimates of that which may
occur on individual trees. Variations in commu-
nity structures within tree species may possibly
comrespond to different leaf ages, location in the
canopy, light incidence, and microclimate con-
ditions that influence the leaf environment (&).
The current study provides a glimpse into the
microbial diversity in tree canopies of tropical
forests, and there are many questions that arise
from this research. Do the same tree species in
completely different locations or continents har-
bor similar communities? To what degree do
various environmental factors affect the compo-
sition and structure of phyllosphere commu-
nities? What is the diversity of fungi and archaea
on the plant leaf surfaces, and what role does
phyllosphere microbial community play in pro-
tection against herbivory or infection by patho-
gens? As we begin to survey the bacterial
species through systematic surveys of different
plants, there will be exciting opportunities for
studies of the metabolic capabilities and the
ecological functions of phyllosphere microorga-
nisms in terrestrial ecosystems.
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Fig. 82. LIBSHUFF analysis of the bactenial communities of in the phyllosphere of T
catigua, T. clausenii and C. xanthocarpa. A, T. catigua (homologous) x T clausenii; B. T.
clausenii (homologous) x C. xanthocarpa; C, C. xanthocarpa (homologous) x. T. catigua
Communities are significantly different at P=0.001. The distribution of (Cx-Cxy) as a
function of D mdicates that the bactenial communities of the phyllosphere of T. catigua and
T clausenii, T. clausenii and C. xanthocarpa and C. xanthocarpa and T, catigua differ
mostly at D= 0.12, D= 0.15 and D = 0.36, respectively.
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