
SCIENTIA AGRICOLA

v.66, n.6, p.713-xxx, 2009

CONTENTS

713-720

721-732

733-741

742-750

751-756

757-763

764-771

772-779

780-787

788-792

793-799

800-805

AGRICULTURAL  ENGINEERING

Broiler and swine production: animal welfare
legislation scenario
Produção de frangos de corte e suínos: cenário
da legislação sobre bem-estar animal
Raquel Baracat Tosi Rodrigues da Silva; Irenilza de Alencar
Nääs; Daniella Jorge de Moura

ANIMAL SCIENCE AND PASTURE

Components of the leaf area index of marandu
palisadegrass swards subjected to strategies of
intermittent stocking
Componentes do índice de área foliar de pastos
de capim-marandu submetidos a estratégias de
lotação intermitente
Alessandra Aparecida Giacomini; Sila Carneiro da Silva;
Daniel Oliveira de Lucena Sarmento; Cauê Varesqui
Zeferino; Júlio Kuhn da Trindade; Salim Jacaúna Souza
Júnior; Vítor del’Alamo Guarda; André Fischer
Sbrissia

Growth of marandu palisadegrass subjected to
strategies of intermittent stocking
Crescimento do capim-marandu submetido à
estratégias de lotação intermitente
Alessandra Aparecida Giacomini; Sila Carneiro da Silva;
Daniel Oliveira de Lucena Sarmento; Cauê Varesqui
Zeferino; Salim Jacaúna Souza Júnior; Júlio Kuhn da
Trindade; Vítor del’Alamo Guarda;  Domício do Nascimento
Júnior

Ruminal methane emission by dairy cattle in
Southeast Brazil
Emissão de metano ruminal por bovinos leitei-
ros no sudeste do Brasil
Márcio dos Santos Pedreira; Odo Primavesi; Magda
Aparecida Lima; Rosa Frighetto; Simone Gisele de Oliveira;
Telma Teresinha Berchielli

Vitamin A in diets for Nile Tilapia
Vitamina A em dietas para Tilápia do Nilo
Daniela Ferraz Bacconi Campeche; Rodrigo Ramos
Catharino; Helena Teixeira Godoy; José Eurico Possebon
Cyrino

CROP SCIENCE

Phenology and reproductive traits of peaches and
nectarines in Central-East Argentina
Fenologia e comportamento reprodutivo de pês-
sego no centro-leste da Argentina
Norberto Francisco Gariglio; Marisa Mendow; Marcela
Emilce Weber; María Alejandra Favaro; Diego Esteban
González-Rossia; Rubén Andrés Pilatti

ECOLOGY

Agriculture, habitat loss and spatial patterns of
human occupation in a biodiversty hotspot
Agricultura, perda de hábitat e padrões espa-
ciais de ocupação humana em um “hotspot” de
biodiversidade
José Alexandre Felizola Diniz-Filho; Guilherme de Oliveira;
Fábio Lobo; Laerte Guimarães Ferreira; Luis Mauricio
Bini; Thiago Fernando Lopes Valle Brito Rangel

Potential of the seedling community of a forest
fragment for tropical forest restoration
Potencial da comunidade de plântulas de um
fragmento florestal para a restauração de flo-
restas tropicais
Ricardo Augusto Gorne Viani; Ricardo Ribeiro Rodrigues

ENTOMOLOGY

Marigold (Tagetes erecta L.) as an attractive crop
to natural enemies in onion fields
Cravo-de-defunto (Tagetes erecta L.) como cultura
atrativa para inimigos naturais em cultivo de cebola
Luís Cláudio Paterno Silveira; Evoneo Berti Filho; Leonardo
Santa Rosa Pierre; Fernanda Salles Cunha Peres; Julio
Neil Cassa Louzada

GENETICS AND PLANT BREEDING

Inheritance of resistance to Fusarium oxysporum
f. sp. phaseoli Brazilian race 2 in common bean
Controle genético da resistência à raça brasi-
leira 2 de Fusarium oxysporum f. sp. phaseoli no
feijoeiro
Mônica Juliani Zavaglia Pereira; Magno Antonio
Patto Ramalho; Ângela de Fátima Barbosa Abreu

PLANT PATHOLOGY

Tomato yellow vein streak virus: relationship with
Bemisia tabaci biotype B and host range
Tomato yellow vein streak virus: interação com a
Bemisia tabaci biótipo B e gama de hospedeiros
Ana Carolina Firmino; Valdir Atsushi Yuki; Adriana
Gonçalves Moreira; Jorge Alberto Marques Rezende

SOILS AND PLANT NUTRITION

Chemical and physical fertility indicators of a
weakly-structured Ultisol after liming and mulching
Indicadores de fertilidade de um Argissolo es
truturalmente frágil sob efeito da calagem e da
cobertura morta
Emanoel Gomes de Moura; Kátia Pereira Coelho; Idelfonso
Colares de Freitas; Alana das Chagas Ferreira Aguiar



806-811

812-818

819-826

827-830

831-843

845

847

Cattle manure fertilization increases fig yield
Adubação com esterco de curral na produção da
figueira
Sarita Leonel; Marco Antonio Tecchio

Nitrogen availability, leaf life span and nitrogen
conservation mechanisms in leaves of tropical
trees
Disponibilidade de nitrogênio, longevidade
foliar e mecanismos de conservação de
nitrogênio em folhas de espécies arbóreas
tropicais
Guilherme Nascimento Corte; Patrícia Macchiaverni; Inácio
Maria Dal Fabbro; Claudia Regina Baptista Haddad

Hillslope curvature, clay mineralogy, and
phosphorus adsorption in an Alfisol cultivated with
sugarcane
Curvaturas de relevo, mineralogia da argila e
adsorção de fósforo em Argissolo cultivado com
cana-de-açúcar
Diogo Mazza Barbieri; José Marques Júnior; Luis Reynaldo
Ferracciú Alleoni; Fernando José Garbuio; Livia Arantes
Camargo

NOTE

Cultivation of Agaricus blazei ss. Heinemann using
different soils as source of casing materials
Cultivo de Agaricus blazei  ss. Heinemann usan-
do diferentes solos como fonte de material para
a camada de cobertura
Félix Gonçalves de Siqueira; Eustáquio Souza Dias; Romildo
da Silva; Emerson Tokuda Martos; Danny Lee Rinker

REVIEW

Brazilian greenhouse gas emissions: the importance
of agriculture and livestock
Emissões de gases do efeito estufa do Brasil:
importância da agricultura e pastagem
Carlos Clemente Cerri; Stoecio Malta Ferreira Maia;
Marcelo Valadares Galdos; Carlos Eduardo Pellegrino
Cerri; Brigitte Josefine Feigl; Martial Bernoux

Author Index

Reviewers

Instructions to Authors



845

SCIENTIA AGRICOLA

v.66, n.6, p.713-xxx, 2009

INDEX OF AUTHORS

Abreu, A.F.B., 788
Aguiar, A.C.F., 800
Alleoni, L.R.F., 819
Barbieri, D.M., 819
Berchielli, T.T., 742
Bernoux, M., 831
Berti Filho, E., 780
Bini, L.M., 764
Camargo, L.A., 819
Campeche, D.F.B., 751
Catharino, R.R., 751
Cerri, C.C., 831
Cerri, C.E.P., 831
Coelho, K.P., 800
Corte, G.N., 812
Cyrino, J.E.P. 751
Dias, E.S., 827
Diniz-Filho, J.A.F., 764
Fabbro, I.M.D., 812
Favaro, MA., 757
Feig, B.J., 831
Ferreira, L.G., 764
Firmino, A.C., 793
Freitas, I.C., 800
Frighetto, R., 742
Galdos, M.V., 831
Garbuio, F.J., 819
Gariglio, N.F., 757
Giacomini, A.A., 721, 733
Godoy, H.T., 751
González-Rossia, D.E., 757
Guarda, V.D.A., 721, 733
Haddad, C.R.B., 812
Leonel, S., 806
Lima, M.A., 742
Lobo, F., 764
Louzada, J.N.C., 780

Macchiaverni, P., 812
Maia, S.M.F., 831
Marques Júnior, J., 819
Martos, E.T., 827
Mendow, M., 757
Moreira, A.G., 793
Moura, D.J., 713
Moura, E.G., 800
Nääs, I.A., 713
Nascimento Júnior, D., 733
Oliveira, G., 764
Oliveira, S.G., 742
Pedreira, M.S., 742
Pereira, M.J.Z., 788
Peres, F.S.C., 780
Pierre, L.S.R., 780
Pilatti, R.A., 757
Primavesi, O., 742
Ramalho, M.A.P., 788
Rangel, T.F.L.VB., 764
Rezende, J.A.M., 793
Rinker, D.L., 827
Rodrigues, R.R., 772
Sarmento, D.O.L., 721, 733
Sbrissia, A.F., 721
Silva, R., 827
Silva, R.B.T.R., 713
Silva, S.C., 721, 733
Silveira, L.C.P., 780
Siqueira, F.G., 827
Souza Júnior, S.J., 721, 733
Tecchio, M.A., 806
Trindade, J.K., 721, 733
Viani, R.A.G., 772
Weber, M.E, 757
Yuki, V.A., 793
Zeferino, C.V., 721, 733



Viani & Rodrigues772

Sci. Agric. (Piracicaba, Braz.), v.66, n.6, p.772-779, November/December 2009

POTENTIAL OF THE SEEDLING COMMUNITY
OF A FOREST FRAGMENT FOR TROPICAL

FOREST RESTORATION

Ricardo Augusto Gorne Viani1; Ricardo Ribeiro Rodrigues2*

1
UNICAMP/Depto. de Botânica, Programa de Pós-Graduação em Biologia Vegetal, C.P. 6109 - 13083-970 -

Campinas, SP - Brasil.
2
USP/ESALQ -

 
Depto. de Ciências Biológicas, C.P. 9 - 13418-900 - Piracicaba, SP - Brasil.

*Corresponding author <rrr@esalq.usp.br>

ABSTRACT: Forest restoration projects are usually planted with a reduced number of species as compared
to standing forests, largely due to the low availability of native species in seedling nurseries. In the
present study, the potential of the native seedling community as a source of seedlings for forest restoration
is analyzed. To do so, the seedling community from a forest fragment located in the southeast of Brazil
was evaluated. Individuals (tree and shrub species) up to 30 cm height were measured and identified in
20 4 × 4 m plots. Altogether, 6,136 individuals (17 individuals m–2) belonging to 119 species were sampled.
The seedling community showed a spatial heterogeneity with respect to the density of individuals and
composition of species, and also a spatial aggregation for the 10 most abundant species. Several species
that occurred in high densities in the seedling community are not presently available in regional forest
nurseries and are therefore not used in restoration projects. This result and the high number of individuals
and species found in the fragment suggest a great potential of this type of forest remnants as a source
of highly diverse seedling banks for use in restoration projects.
Key words: ecological restoration, natural regeneration, transplants, seedling production, forest nurseries

POTENCIAL DA COMUNIDADE DE PLÂNTULAS DE
UM FRAGMENTO FLORESTAL PARA  A

RESTAURAÇÃO DE FLORESTAS TROPICAIS

RESUMO: Devido à baixa disponibilidade de mudas nos viveiros florestais, os projetos de restauração
florestal são freqüentemente implantados com um número reduzido de espécies. Avaliou-se o potencial
da comunidade de plântulas como fonte de mudas para a restauração florestal. Para tanto, a comunidade
de plântulas de um remanescente florestal localizado no Sudeste do Brasil foi avaliada. Indivíduos
arbustivos ou arbóreos com até 30 cm foram medidos e identificados em 20 parcelas de 4 × 4 m cada.
Ao todo foram amostrados 6.136 indivíduos (17 indivíduos m–2), pertencentes a 119 espécies. A
comunidade estudada apresentou heterogeneidade espacial em relação à densidade de indivíduos e a
composição de espécies e agregação espacial para as 10 espécies mais abundantes. Várias espécies
encontradas em alta densidade na comunidade de plântulas não estão disponíveis nos viveiros
florestais regionais e, portanto, não são utilizadas em projetos de restauração. Esse resultado e a
presença de um alto número de indivíduos e espécies no fragmento florestal sugerem um alto potencial
desses tipos de remanescentes como bancos de plântulas com alta diversidade, disponíveis para uso
em projetos de restauração.
Palavras-chave: restauração ecológica, regeneração natural, transplantes, produção de mudas, viveiros
florestais

INTRODUCTION

Seedlings of shrubs and trees play an important role
in forest regeneration, as their survival and distribu-
tion affect the structure and maintenance of plant di-
versity in tropical and temperate forests (Harper, 1977;
Denslow, 1991; Dalling et al., 1998).

In tropical forests, the seedling community is com-
posed of a large number of individuals and species which

belong to different ecological groups (Hubbell et al., 1999;
Oliveira et al., 2001; Grombone-Guaratini & Rodrigues,
2002; Comita et al., 2007). In spite of this observation,
many Brazilian restoration projects do not fulfill the mini-
mum richness and initial diversity in terms of species
number and diversity of ecological groups, constraining
the maintenance of a forest structure over the time and
the reestablishment of ecological processes in these ar-
eas (Barbosa, et al., 2003; Souza & Batista, 2004).
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The limited number of seedling species used in res-
toration projects may be partly explained by the low
availability of native species in seedling nurseries
(Barbosa et al., 2003). This is the result of difficulties
in obtaining seeds and the absence of technology to
grow seedlings of many native species (Silva et al.,
2003; Zamith & Scarano, 2004). In spite of this limi-
tation, very few studies have investigated the poten-
tial of the native seedling community as a source of
transplants to increase the plant diversity in ecological
restoration, and these studies usually investigated only
one or a few native species (Auer & Graça, 1995; Djers
et al., 1998; Nemer et al., 2002).

Here, the seedling community from a forest frag-
ment in Southeastern Brazil was characterized. Based
on the density of individuals, species richness and
composition, we discuss the potential and management
implications for using this community as a source of
seedlings for nurseries and restoration projects. We
expect to find a high number of individuals and spe-
cies in the fragment and also many species that are
not available in seedling nurseries, thus we hypoth-
esized that this forest fragment can serve as an im-
portant source of seedlings for transplant to forest
nurseries and restoration projects.

MATERIAL AND METHODS

This study was performed in Bofete, state of São
Paulo, Southeastern Brazil (23º02’S, 48º11’W; 600 m
elevation). The area consists of a 3,900 ha farm, of
which 2,300 ha are designated to commercial planta-
tion of Eucalyptus spp. and 650 ha are occupied by
natural areas with native vegetation.

The predominant climate, according to Köeppen’s
classification, is the Cfa type, with average tempera-
ture > 22ºC on the hottest month (February) and <
18ºC on the coldest month (July). The annual rainfall
is approximately 1,440 mm. The original vegetation is
characterized as a seasonally dry forest belonging to
the Atlantic Rainforest Biome (Veloso, 1992). However,
the landscape has been highly fragmented to small and
isolated pieces, usually restricted to places where the
topography or the soil hinder agricultural development
(Dinerstein et al., 1995; Di Bitetti et al., 2003).

A single forest fragment of, approximately, 150 ha
were chosen due to its similarity in disturbance his-
tory and vegetation type with other remnants found
in the regional landscape. This fragment possesses ar-
eas with no fluvial influence and areas periodically
flooded (swamp forest), both of which have evidence
of historical disturbance.

The sampling of the seedling community was per-
formed between April and May 2003 by means of 20 ran-

domly installed 4 × 4 m plots (360 m2). Seedlings were
defined as individuals from shrub or trees species up to
30 cm height, measured from the ground level up to the
apical meristem. For individuals from the Arecaceae fam-
ily, height was measured from the ground level up to the
extremity of the tallest leaf, at its natural position.

Within plots, all individuals that followed the inclu-
sion criteria were measured and identified. Individuals
that could not be identified in the field were collected
for further identification in the ESA herbarium (Her-
barium of the Dep. of Biology, University of São Paulo,
Campus Luiz de Queiroz). Due to difficulties associ-
ated with the development stage that would not allow
the precise morphological characterization of individu-
als, several individuals remained unidentified. All these
individuals were grouped into a single group called “not
identified”. Absolute frequency and relative densities
were computed for each species, as described by
Mueller-Dombois & Ellenberg (1974).

The list of species sampled in the seedling com-
munity was compared to the list of 30 native species
most commonly used in ecological restoration projects
and also to the list of native wood species available in
the 30 main seedling nurseries in the state of São Paulo
(Barbosa et al., 2003). For comparison, the species
sampled in the seedling community were classified into
four classes; absent (0%), non-frequent (up to 25%),
frequent (>25-50%) and highly-frequent (>50%), ac-
cording to the frequency of availability in the nurser-
ies evaluated by Barbosa et al. (2003).

To better understand the management of natural re-
generation for forest restoration projects, the spatial dis-
tribution (random, aggregated, or evenly spaced) of the
seedling community (total number of individuals) and the
ten most abundant species was tested. To do so, a Dis-
persion Index (observed variance / observed average)
was calculated and its χ2 value was obtained as de-
scribed by Ludwig & Reinolds (1988). χ2 values be-
tween Chi-square table critical values (p) of 0.975 and
0.025 indicate random distribution; higher probabilities
(p > 0.975) suggest aggregated distribution and lower
probabilities (p < 0.025) indicate uniform distribution.
Morisita’s Standardized Index, which does not depend
on the density of individuals in plots, was also measured
(Krebs, 1989). Values vary from –1 to 1, with confi-
dence limits from 0.5 to –0.5, where random patterns
represent an index of 0, aggregated patterns above 0,
and uniform patterns below 0.

RESULTS AND DISCUSSION

The seedling community and its potential for for-
est restoration

In spite of the small sample size, we found a large
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number of species in the seedling community. Alto-
gether, 6,136 individuals (17 individuals m–2) belong-
ing to 119 species and 40 families were surveyed (Table
1). The most abundant families in decreasing order of
number of species were Myrtaceae (20 species),
Fabaceae (14), Rubiaceae (13) and Lauraceae (7). Al-
together, these four families represented 45.4% of the
total species sampled.

The total number of species is similar to the val-
ues found in other tropical seedling communities
(Oliveira et al., 2001; Grombone-Guaratini &
Rodrigues, 2002). However, it is far more than the val-
ues commonly used in regional forest restoration
projects, even those located in high diversity tropical
regions (Parrotta & Knowles, 1999; Barbosa et al.,
2003; Souza & Batista, 2004).

The number of seedlings per plot varied between
74 and 1,116, suggesting a high spatial heterogeneity
in the density of individuals. This high spatial hetero-
geneity was also verified for species composition, such
that 33 species (27.7% of the total) were found in only
one plot and 15 species (11.6% of the total) occurred
in more than 50% of plots. Many species presented
low frequencies, but high densities in the plots where
they were sampled. For instance, Eugenia ligustrina
(Myrtaceae) was sampled in only one plot, where it
was the species present with the highest density (212
individuals). Spatial heterogeneity is present in other
tropical seedling communities (Hubbell et al., 1999;
Oliveira et al., 2001), suggesting that it is a character-
istic of these communities.

Nineteen species (16%) were sampled with only
one individual. This can be attributed in part to the small
sampling size, as well as to seasonality in recruitment
(Lieberman, 1996), environmental heterogeneity, and
absence of suitable sites for the recruitment of each
specific species. However, several authors have shown
that many tropical shrub and tree species are consid-
ered rare and occur in very low densities in the forest
(Foster & Hubbell, 1990; Pitman et al., 1999;
Kageyama & Gandara, 2004; Comita et al., 2007).

Protium spruceanum (Burseraceae) was present at
a very high density, comprising 56.7% of the total in-
dividuals. The prominent position of P. spruceanum is
possibly due to the presence of a number of plots close
to areas with flooded soil, where adult individuals from
this species are also prevalent. This species is typical
of swampy forests (Ivanauskas et al., 1997). More-
over, the sampling period coincided with the post-ger-
mination period of plants of the same species, in a year
of exceptional seed production. Indeed, many tropical
shrub and tree species possess supra-annual reproduc-
tive characteristics, with production of large cohorts
at intervals greater than one year (De Steven, 1994;

Lieberman, 1996; Connell & Green, 2000). Thus, be-
sides the variation in the structure and composition of
the seedling community across space (spatial varia-
tion), structure and composition also change in time
(temporal variation) due to seasonality in the recruit-
ment of individuals related to the phenological patterns
of fruit maturation and seed dispersion (Santos & Válio,
2002), as well as due to the aforementioned supra-an-
nual reproductive behavior of some species
(Lieberman, 1996).

Of the 95 identified species, 48.4% (46 species)
are absent in the main nurseries in the state of São
Paulo (Barbosa et al., 2003), 35.8% (34) are consid-
ered low-frequent (up to 25% of frequency), 7.4% (7)
are frequent species (25-50% of frequency), and only
8.4% (8) are high-frequent species that occur in more
than 50% of seedling nurseries in the state of São Paulo
(Table 1). Only three species in the seedling commu-
nity, Croton floribundus (Euphorbiaceae), Cedrela
fissilis (Meliaceae) and Copaifera langsdorffii
(Fabaceae), were included in the list of the 30 species
most used in restoration projects in the state of São
Paulo (Barbosa et al., 2003). Such data illustrate that
the sampled seedling community is very different in
terms of floristic composition as compared to the re-
gional forest nurseries, and confirms that seedlings
from several native species are not being produced.
This is a striking result with respect to the potential
of the seedling community as a source of seedlings
for transplant into forest restoration projects. However,
not all species sampled can be removed from the seed-
ling community. Several species occur in very low den-
sity in the forest (Foster & Hubbell, 1990; Pitman et
al., 1999; Kageyama & Gandara, 2004; Comita et al.,
2007), and the removal of these seedlings, even for
forest restoration purposes, is not recommended.

Taking into account that the transplant of seedlings
to restoration projects is restricted for only those spe-
cies of high density, this analysis was performed again
with only those identified species that had at least 20
sampled individuals. From 28 species, 16 (57.1%) are
absent, seven (25%) are non-frequent and only two
(7.14%) and three species (10.71%) are respectively
frequent and high-frequent species in nurseries in the
state of São Paulo (Barbosa et al., 2003). This serves
as evidence that even species found in high densities
in the seedling community are frequently absent in for-
est nurseries.

The number of seedlings that belong to species with
at least 20 individuals represents 91.7% (5,627 indi-
viduals) of the total community. Thus, although there
are only 28 high density species, these species con-
tain most of the individuals and also several species
not found in the nurseries. Considering a hypothetical
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Table 1 - Species sampled in the seedling community in a forest fragment, Bofete, São Paulo, Brazil; N: number of individuals.
RD: relative density; NP: number of plots in which the species was sampled (maximum of 20); AF: absolute
frequency; % Nurseries present: occurrence percentage in the 30 main native species nurseries in the state of São
Paulo, Brazil according to Barbosa et al. (2003).
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Table 1 - Continuation.

Continue...

eaecaruaL alumrifabinA zeM).traM.C&seeN( 3 50.0 2 01 0

atalucinapairehcildnE .rbcaM.F.J).gnerpS( 9 51.0 4 02 0

ardnatceN .fc arolfidnarg seeNxe.traM.C&seeN 32 73.0 9 54 -

ailofitisoppoardnatceN .traM&seeN 1 20.0 1 5 7

aetocO .fc anitulev rewhoR)seeN( 22 63.0 9 54 -

asobmyrocaetocO zeM).nsieM( 61 62.0 7 53 0

ailofirypaesreP .gnerpS)noD.D( 1 20.0 1 5 3

eaecarhtyL iracapaisneofaL .liH-.tS.A 1 20.0 1 5 35

eaecatamotsaleM arbacsardnaeL .CD 7 31.0 1 5 0

ardnaeL .ps 1 20.0 1 5 -

sediortsugilainociM niduaN).CD( 1 20.0 1 5 0

aeassO .ps 1 20.0 1 5 -

anaiwollesanihcuobiT .ngoC 7 11.0 4 02 0

eaecaileM silissifalerdeC .lleV 5 80.0 3 51 39

augitacailihcirT .ssuJ.A 41 32.0 4 02 0

snageleailihcirT .ssuJ.A 3 50.0 3 51 0

adillapailihcirT .wS 74 77.0 51 57 0

eaecaiminoM anaittohcsaidenilloM snikreP).gnerpS( 7 11.0 2 01 0

eaecanisryM aenapaR .fc atallebmu zeM).traM( 97 92.1 81 09 -

aenigurrefaenapaR zeM).vaP&ziuR( 03 94.0 01 05 33

eaecatryM aisenamopmaC .fc apracohtnax .greB.O 5 80.0 4 02 -

aineguE .fc silameyh .ssebmaC 1 20.0 1 5 -

adirolfaineguE .CD 1 20.0 1 5 7

anirtsugilaineguE .dlliW).wS( 212 54.3 2 01 0

arolfirulpaineguE .CD 02 33.0 3 51 0

siniffaaisedimoG dnargeL.D).ssebmaC( 73 06.0 8 04 3

simariverbaicryM .dnargeL.D).greB.O( 5 80.0 3 51 0

aicryM .fc anaigewtrah .ksreaiK).greB.O( 5 80.0 2 01 -

xallafaicryM .CD).hciR( 09 74.1 41 07 3

sisnenaiugaicryM .CD).lbuA( 73 06.0 11 55 0

arolfitlumaicryM .CD).maL( 52 14.0 4 02 3

airaicryM .fc allenet .greB.O).CD( 02 33.0 5 52 -

adnubirolfairaicryM greB.O).dlliWxetseW.H( 9 51.0 6 03 0

1.pseaecatryM 1 20.0 1 5 -

2.pseaecatryM 1 20.0 1 5 -

3.pseaecatryM 1 20.0 1 5 -

4.pseaecatryM 1 20.0 1 5 -

7.pseaecatryM 3 50.0 1 5 -

8.pseaecatryM 8 31.0 3 51 -

9.pseaecatryM 1 20.0 1 5 -

aineguenohpiS .ffa anainergdiw .greB.O 71 82.0 9 54 -

eaecanigatcyN atusriharipauG llednuL)ysiohC( 62 24.0 9 54 0

eaecarepiP ainottO .fc ayhcatsotpel htnuK 81 92.0 1 5 -

muerobrarepiP .lbuA 2 30.0 1 5 0

munaiduahciduagrepiP .htnuK 5 80.0 2 01 0
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situation with 50% removal and transplant of the indi-
viduals from these species for forest restoration pur-
poses, the sampled forest would provide approximately
2,814 seedlings for nurseries and/or restoration projects
in a small area of 320 m2. Considering the arrangement
of planted seedlings normally used in restoration
projects in Brazil (one plant each 6 m2), such a num-
ber of seedlings is higher than the number needed to
perform the restoration of 1 ha.

Species not found in nurseries are also absent in
restoration projects, which demonstrates the potential
of the seedling community as a possible source of

seedlings for forest restoration. Possibly, many spe-
cies are not found in regional nurseries because of the
lack of knowledge around the biology of these spe-
cies with respect to flowering and fruiting, or because
of the unavailability of specific technology to process
and germinate seeds. In these cases, the transplant of
forest seedlings to nurseries or directly to restoration
areas emerges as a viable alternative until the knowl-
edge required for the cultivation of seedlings of these
species is obtained. Thus, the use of the seedling com-
munity and populations of some species as source of
seedlings for ecological restoration is justifiable. For

Table 1 - Continuation.

eaecanogyloP atadrocaboloccoC .mahC 4 70.0 2 01 0

eaecaetorP sisneilisarbalapuoR hcsztolK 34 07.0 5 52 3

eaecasoR ailofitrymsunurP .brU).L( 51 42.0 6 03 31

eaecaibuR aidemretniauoiamA .traM 4 70.0 2 01 3

asutboailemohC .ldtlhcS&.mahC 5 80.0 3 51 0

sisnedivetnomaemaraF .CD).ldtlhcS&.mahC( 82 64.0 3 51 0

asolunevaroxI .htneB 4 70.0 2 01 0

iivargcramaeruocilaP .liH-.tS.A 791 12.3 51 57 0

aireuqosoP .ps 2 30.0 1 5 -

airtohcysP .fc sisnenegahtrac .qcaJ 1 20.0 1 5 -

apracoielairtohcysP .ldtlhcS&.mahC 3 50.0 2 01 0

airtohcysP .ps 5 80.0 4 02 -

anaisollevairtohcysP .htneB 36 30.1 31 56 0

atamraaidnaR .CD).wS( 2 30.0 1 5 0

.pseaecaibuR 5 80.0 1 5 -

eaecatuR munailedeirnordnedoruoflaB .lgnE).lgnE( 3 50.0 1 5 74

agufirbefaikcebnesE .traMxe.ssuJ.A).liH-.tS.A( 94 08.0 5 52 0

arolfidnargaikcebnesE .traM 6 01.0 2 01 3

surolficuapsupracoliP .liH-.tS.A 2 30.0 1 5 0

muilofiohrmulyxohtnaZ .maL 31 12.0 2 01 31

eaecacilaS ardnacedairaesaC .qcaJ 9 51.0 6 03 0

sirtsevlysairaesaC .wS 2 30.0 2 01 02

eaecadnipaS siludesulyhpollA .kldaR).ssuJ.A&.ssebmaC,.liH-.tS.A( 8 31.0 4 02 01

sivlaviunetainapuC .kldaR 36 30.1 31 56 0

sediongaealeabyataM .kldaR 99 16.1 51 57 3

eaecatopaS airetuoP .ps 2 30.0 1 5 -

eaecanurapiS anabajucanurapiS .CD.A).traM( 1 20.0 1 5 0

sisnenaiuganurapiS .lbuA 04 56.0 2 01 0

eaecanaloS murtseC .fc munairentdnes .traM 7 11.0 4 02 -

iiladnethcelhcsmurtseC .noD.G 4 70.0 1 5 0

eaecarxytS ilhopxarytS .CD.A 1 20.0 1 5 3

eaecacolpmyS ailofiunetsocolpmyS dnarB 03 94.0 9 54 0

eaecaloiV suerupruportasuhtnabyH buaT).liH-.tS.A( 1 20.0 1 5 0

eaecaisyhcoV muronacutaisyhcoV .traM 8 31.0 3 51 0

deifitneditoN deifitneditoN 021 69.1 91 59 -
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instance, P. spruceanum, E. ligustrina and Maytenus
salicifolia (Celastraceae) are not found in the main
nurseries in the state of São Paulo, Brazil (Barbosa et
al., 2003), but were sampled in the seedling commu-
nity in high densities. These species are good examples
of species that could be introduced into restoration
projects by using seedlings available in the forest.

For both calculated indexes, the whole species com-
munity and the ten most abundant species demon-
strated aggregated spatial distribution (Table 2) at the
4 × 4 m sampling scale. The small-scale spatial ag-
gregation in the initial life stage seems to be common
and has already been observed in other tropical for-
ests (Oliveira et al., 2001). Many species are not able
to disperse their seeds efficiently, aggregating around
parent individuals (Houle, 1992) or in the case of the
pioneer species, under forest gaps that receive direct
light (Grau, 2000).

The spatial heterogeneity with respect to density and
richness and the spatial aggregation found for the main
species, demonstrate that the potential of the seedling
community as a source of seedlings for forest resto-
ration depends on the way the seedlings are collected
in the forest fragment. Thereby, for the use of the
seedling community as a source of transplants, a larger
collecting area will yield a greater number of species.

Besides spatial heterogeneity, temporal heterogeneity
also affects the seedling community composition. Con-
sidering that seasonality of dispersion and recruitment
is a common characteristic for tropical communities
(Lieberman, 1996; Santos & Válio, 2002), the potential
of seedling community in terms of richness of species
would certainly be higher if the community was sampled
and collected in more than one period of the year.

The seedling community has high richness and den-
sity and contains several abundant species not found

in forest nurseries and restoration projects. This con-
firms our initial hypothesis that forest fragments can
serve as an important source of seedlings to be used
in forest restoration projects. Although the data pre-
sented is regional, researchers that evaluated the seed-
ling community in other tropical forests (Hubbell,
1999; Oliveira et al., 2001; Benitez-Malvido & Lemus-
Albor, 2005) have demonstrated similar results regard-
ing richness and density of plants. This suggests that
the high potential of the seedling community is prob-
ably not restricted to the case study presented here,
but can be addressed to other similar remnants of tropi-
cal forest.

The seedling community, as a source of seedlings
for ecological restoration purposes, could be useful for
many situations in the restoration of degraded areas
such as restoration plantations, enrichment of low di-
versity restoration planting, or even the enrichment of
natural regeneration areas that usually present low di-
versity (Rodrigues & Gandolfi, 2004). However, to
definitively confirm the potential of forest seedlings as
a source of transplants for forest restoration, further
studies that evaluate the survival and growth of these
seedlings when transferred into nurseries, or even di-
rectly into degraded areas, are strongly recommended.
Moreover, it is also necessary to evaluate the impacts
that the removal of seedlings might cause in the for-
est dynamics and in the genetic structure of the re-
generating populations. Such studies would generate
the parameters necessary to regulate this activity such
that it might be environmentally sustainable.
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aenapaR .fc atallebmu zeM).traM( 33.6 35.0 detagergga

sisnenaiugariripaT .lbuA 06.5 35.0 detagergga

Table 2 - Patterns of spatial distribution of the seedling community in 4 × 4 m plots in a forest fragment in Bofete, São Paulo,
Southeastern Brazil. All dispersion Index (DI) values presented a Chi-square probability level higher than 0.975.
Morisita Standardized Index (Ip) between 0.5 and 1 (with confidence limit of 95%) indicate aggregated pattern.



Seedling for forest restoration 779

Sci. Agric. (Piracicaba, Braz.), v.66, n.6, p.772-779, November/December 2009

Florestal SA for providing support and infrastructure
and to Gregory R. Goldsmith for valuable comments
and English revision.

REFERENCES

AUER, C.G.; GRAÇA, M.C.E. Método de produção de mudas de
canela-sassafrás a partir de mudas de regeneração natural.
Boletim de Pesquisas Florestais, v.30/31, p.75-77, 1995.

BARBOSA, L.M.; BARBOSA, J.M.; BARBOSA, K.C.; POTOMATI,
A; MARTINS, S.E.; ASPERTI, L.M.; MELO, A.C.G.;
CARRASCO, P.G.; CASTANHEIRA, S.A.; PILIACKAS, J.M.;
CONTIERI, W.A.; MATTIOLI, D.S.; GUEDES, D.C.; SANTOS
JÚNIOR, N.; SILVA, P.M.S.; PLAZA, A.P. Forest recovery with
native species in São Paulo State: researches identify necessary
changes. Florestar Estatístico, v.6, p.28-34, 2003.

BENITEZ-MALVIDO, J.; LEMUS-ALBOR, A. The seedling
community of tropical rain forest edges and its interaction with
herbivores and pathogens. Biotropica, v.37, p.301-313, 2005.

COMITA, L.S.; AGUILAR, S; PEREZ, R.; LAO, S.; HUBBELL,
S.P. Patterns of woody plant species abundance and diversity in
the seedling layer of a tropical forest. Journal of Vegetation
Science, v.18, p.163-174, 2007.

CONNELL, J.P.; GREEN, P.T. Seedling dynamics over thirty-two
years in a tropical rain forest tree. Ecology, v.81, p.568-584,
2000.

DALLING, J.W.; HUBBELL, S.P.; SILVERA, K. Seed dispersal,
seedling establishment and gap partitioning among tropical
pioneer trees. Journal of Ecology, v.86, p.674-689, 1998.

DE STEVEN, D. Tropical tree seedling dynamics: recruitment
patterns and their population consequences for three canopy
species in Panama. Journal of Tropical Ecology, v.10, p.385-
398, 1994.

DENSLOW, J.S. The effect of understory palms and cyclanths on
the growth and survival of Inga seedlings. Biotropica, v.23,
p.225-234, 1991.

DI BITETTI, M.S.; PLACCI, G.; DIETZ, L.A. Biodiversity vision
for the upper Paraná Atlantic forest ecoregion: designing
a biodiversity conservation landscape and setting priorities for
conservation action. Washington, D.C.: World Wildlife Fund,
2003. 153p.

DINERSTEIN, E.; OLSON, D.M.; GRAHAM, D.; WEBSTER, A.;
PRIMM, S.; BOOKBINDER, M.; LEDEC, G. A conservation
assessment of the terrestrial ecoregions of Latin America
and the Caribbean. Washington, D,C.: The World Bank/World
Wildlife Fund, 1995. 150p.

DJERS, G.; HADENGGANAN, S.; KUUSIPALO, J.; OTSAMO, A.;
VESA, L. Production of planting stock from wildings of four
Shorea species. New Forests, v.16, p.185-197, 1998.

FOSTER, R.B.; HUBBELL, S.P. The floristic composition of the
Barro Colorado Island Forest. In: GENTRY, A.H. (Ed.) Four
neotropical rainforest. London: Yale University Press, 1990.
p.85-98.

GRAU, H. Regeneration patterns of Cedrela lilloi (Meliaceae) in
Northwestern Argentina Subtropical Montane Forests. Journal
of Tropical Ecology, v.16, p.227-242, 2000.

GROMBONE-GUARATINI, M.T.; RODRIGUES, R.R. Seed bank
and seed rain in a seasonal semi-deciduous forest in south-eastern
Brazil. Journal of Tropical Ecology, v.18, p.759-774, 2002.

HARPER, J.L. Population biology of plants. London: Academic
Press, 1977. 892p.

HOULE, G. Spatial relationship between seed and seedling abundance
and mortality in a deciduous forest of north-eastern North
America. The Journal of Ecology, v.80, p.99-108, 1992.

HUBBELL, S.P.; FOSTER, R.B.; O’BRIEN, S.T.; HARMS, K.E.;
CONDIT, B.; WESCHSLER, B.; WRIGHT, S.J.; LOO DE LAO,
S. Light-gap disturbance, recruitment limitation, and tree
diversity in a Neotropical Forest. Science, v.283, p.554-557,
1999.

IVANAUSKAS, N.M.; RODRIGUES, R.R.; NAVE, A.G. Aspectos
ecológicos de um trecho de floresta de brejo em Itatinga, SP:
florística, fitossociologia e seletividade de espécies. Revista
Brasileira de Botânica, v.20, p.139-153, 1997.

KAGEYAMA, P.Y.; GANDARA, F.B. Recuperação de áreas ciliares.
In: RODRIGUES, R.R.; LEITÃO-FILHO, H.F. (Ed.) Matas
ciliares: conservação e recuperação. 3 ed. São Paulo: EDUSP/
Fapesp, 2004. p.249-270.

KREBS, C.J. Ecological methodology. New York: Harper & Row,
1989. 654p.

LIEBERMAN, D. Demography of tropical tree seedlings: a review.
In: SWAINE, M.D. (Ed.) The ecology of tropical forest tree
seedlings. Paris: UNESCO/Parthenon Publishing Group, 1996.
p.131-138.

LUDWIG, J.A.; REINOLDS, J.F. Statistical ecology: a primer on
methods and computing. New York: John Wiley, 1988. 337p.

MUELLER-DOMBOIS, D.; ELLENBERG, H. Aims and methods
of vegetation ecology. New York: John Wiley, 1974. 547p.

NEMER, T.G.; JARDIM, F.C.S.; SERRÃO, D.R. Sobrevivência de
mudas da regeneração natural de espécies arbóreas três meses
após o plantio em clareiras de diferentes tamanhos, Moju-PA.
Revista Árvore, v.26, p.217-221, 2002.

OLIVEIRA, R.J.; MANTOVANI W.; MELO, M.M.R.F. Estrutura
do componente arbustivo-arbóreo da floresta Atlântica de
encosta, Peruíbe, SP. Acta Botanica Brasilica, v.15, p.391-
412, 2001.

PARROTTA, J.A.; KNOWLES, O.H. Restoration of tropical moist
forests on bauxite-mined lands in Brazilian Amazon. Restoration
Ecology, v.7, p.103-116, 1999.

PITMAN, N.C.A.; TERBORGH, J.; SILMAN, M.R.; NUNEZ, V.P.
Tree species distributions in an upper Amazonian Forest.
Ecology, v.80, p.2651-2661, 1999.

RODRIGUES, R.R.; GANDOLFI, S. Conceitos, tendências e ações
para recuperação de florestas ciliares. In: RODRIGUES, R.R.;
LEITÃO-FILHO, H.F. (Ed.) Matas ciliares: conservação e
recuperação. 3 ed. São Paulo: EDUSP/Fapesp, 2004. p.235-
248.

SANTOS, S.L.; VÁLIO, I.F.M. Litter accumulation and its effect
on seedling recruitment in a Southeast Brazilian Tropical Forest.
Revista Brasileira de Botânica, v.25, p.89-92, 2002.

SILVA, C.V.; BILIA, D.A.C.; MALUF, A.M.; BARBEDO, C.J.
Fracionamento e germinação de sementes de uvaia (Eugenia
pyriformis Cambess. - Myrtaceae). Revista Brasileira de
Botânica, v.26, p.213-221, 2003.

SOUZA, F.M.; BATISTA, J.L.F. Restoration of seasonal
semideciduous forests in Brazil: influence of age and restoration
design on forest structure. Forest Ecology and Management,
v.191, p.185-200, 2004.

VELOSO, H.P. Manual técnico da vegetação brasileira. Rio de
Janeiro: IBGE-Departamento de Recursos Naturais e Estudos
Ambientais, 1992. 93p.

ZAMITH, L.R.; SCARANO, F.R. Produção de mudas de espécies
das Restingas do município do Rio de Janeiro, RJ, Brasil. Acta
Botanica Brasilica, v.18, p.161-176. 2004.

Received December 18, 2007
Accepted May 15, 2009


	v66n6_contents.pdf
	Untitled



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


