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ABSTRACT

Associating description of unrecorded tropical tree community structure to sampling approaches that can
help determine mechanisms behind floristic variation is important to further the comprehension of how
plant species coexist at tropical forests. Thus, this study had the goals of (i) evaluating tree community
structure on the continental island of Marambaia (23°4°37.09”’S; 43°59°2.15”W) and (ii) testing the
prediction that there are local scale changes in a tropical tree community structure between slopes facing
different geographic orientation and with distinct human interference history. We established 60 (0.6 ha)
sampling units in three different slope sites with distinct predominant geographic orientation and human
interference. We sampled all woody trees with diameter at breast height (dbh) > 5 cm. We found a total
of 1.170 individuals representing 220 species, 120 genera and 50 families. The overall tree community
structure and structural descriptors (abundance of individuals, basal area, species richness and diversity)
varied extensively between the sites. The evidence presented here supports that local scale topography
variations and human interference history can be important factors contributing to the known floristic
heterogeneity of the Atlantic Rainforest. Future work on the study area should focus on disentangling
effects from distinct causal factors over tree community variation and species occurrence.
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INTRODUCTION

Brazil is home to about one-sixth of the world’s
plant species richness and its flora is considered
one of the most diverse on the planet (Myers et al.
2000). The Atlantic Rainforest plays a key role in
this context regardless of being mostly reduced to
different sized forest fragments. The relevance of the
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Atlantic Rainforest has been mostly attributed to the
high species richness and high levels of endemism
together with a reduced area of original forest cover
and a constant anthropogenic pressure (Myers et
al. 2000, Conservation International 2014). This
suggests that remnants of Atlantic Rainforest are
excellent study areas to elucidate mechanisms
behind plant species coexistence and assembly of
tropical forest plant communities. Quantitative and
qualitative studies that generate basic information
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about the occurrence and abundance of species
in tropical forest landscapes are a vital first step
in this regard (Moro and Martins 2011). The
number of efforts with descriptive approaches in
the Atlantic Rainforest increased in the last two
decades and allowed a better comprehension of
the factors governing plant community variation
in this tropical forest (Oliveira-Filho and Fontes
2000, Nettesheim et al. 2010, Bertoncello et al.
2011, Bergamin et al. 2012). However, there are
still many relevant Atlantic Rainforest remnants
that have not yet been comprehensively evaluated
and may bring new information to advance our
knowledge of tropical forests.

Many of the biggest and most contiguous
Atlantic Rainforest remnants are found on mountain
ranges along the Brazilian coastline. The rough and
steep terrain of such geological formations helped
its preservation by imposing access limitations that
inhibited the past exploration of this vegetation
(Dean 1996). These remnants hold the richest
forest formation of the Atlantic Rainforest,
known as the Dense Ombrophylous Forest —
henceforward Atlantic Dense Ombrophylous
Forest (Scarano 2002, Werneck et al. 2011, IBGE
2012). Families Myrtaceae, Fabaceae, Lauraceae,
Rubiaceae, Euphorbiaceae and Sapotaceae
are generally recorded as the richest and most
important tree families in areas covered by this
forest (Oliveira-Filho and Fontes 2000, Kurtz and
Aratijo 2000, Rochelle et al. 2011, Nettesheim et
al. 2012). Furthermore, remnants are also typically
characterized by a high number of tree species
represented by occurrence of few individuals
(Whitmore 1990, Kurtz and Araujo 2000,
Scudeller et al. 2001, Rochelle et al. 2011). These
floristic patterns denote the high tree community
heterogeneity that is repeatedly detected as low
similarity coefficients between different Atlantic
Dense Ombrophylous Forest areas (Oliveira-
Filho and Fontes 2000, Kurtz and Aratjo 2000,
Nettesheim et al. 2010). Understanding what
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drives tree community variation of this forest on
mountainous locations can provide important new
insights to further develop theories seeking to
explain community assembly in tropical forests.

Evidence indicates that tree community
variation of the Atlantic Dense Ombrophylous
Forest is affected by the topography changes found
within the territory covered by this vegetation.
Such topography heterogeneity appears to
influence environmental factors that are important
to the establishment and survival of plant species
(Oliveira-Filho and Fontes 2000, Caiafa and
Martins 2010, Nettesheim et al. 2010, Bertoncello
et al. 2011, Bergamin et al. 2012, Guerra et al.
2013). The Serra do Mar mountain range is a
typical case of such scenario. This landscape is
covered by Atlantic Dense Ombrophylous Forest
and it is found in a region regarded as a plant
diversity hotspot within the Atlantic Rainforest
hotspot (Murray-Smith et al. 2009). It stretches
across four Brazilian states, reaches an altitude
of 2316 m and displays a highly variable terrain
(Almeida and Carneiro 1998). Topography changes
along this mountain range can be critical for the
establishment of plant species by affecting factors
such as water supply, nutrient availability, air
temperature, air humidity and amount of sunlight
incidence (Dubayah 1994, Ferreira et al. 2005,
Oliveira et al. 2008, Aguilar et al. 2010, Gao et al.
2011). Differences of these factors within small
distances may determine microhabitats which
are likely to affect plant community variation of
the Atlantic Dense Ombrophylous Forest across
Serra do Mar mountain range (Jones et al. 2011).
Nevertheless, efforts addressing tree community
variation due to the heterogeneous topography of
this region are surprisingly lacking.

Another factor known to affect tropical
forests is the occurrence of anthropic activities
(Tilman et al. 1994). Common consequences of
deleterious past and present human interferences
on tree communities are unbalancing the natural
dynamics of its regeneration process and opening
of gaps which favor a higher frequency of tree
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species that would otherwise be more discreetly
present (Guedes-Bruni et al. 2006). Therefore, the
long-standing relationship between tropical forests
and humans has left its signature in community
assembly (Seiferling et al. 2014). Very few Atlantic
Rainforest remnants managed to evade this faith
and most suffered some kind of human interference
throughout history (Oliveira and Engemann
2011). Although the topography of Serra do Mar
contributed to preserve the forest it was not enough
to completely prevent such actions (Dean 1996).
Hunting, extraction of heart Palm (Euterpe edulis
Mart.) and selective logging are still some of the
illegal and often executed activities in the vegetation
covering this mountain range (Tonhasca Jr. 2005).
Even though quantifying human imprints is still
a challenge in ecology, overall comprehension
of its importance is likely to benefit from efforts
that acknowledge its existence and struggle to
detect patterns potentially caused by this source of
variation.

It is paramount that efforts try to combine
the study of poorly known tropical forests sites
with approaches that help elucidate processes
driving tree community variation in them. The
vegetation covering the tropical continental island
of Marambaia seems to provide an ideal setting in
this sense. This is one of several continental islands
along the southeastern Brazilian coast that are part
of the Serra do Mar mountain chain and used to
be connected to the dryland portion before ocean
levels rose during the quaternary (Souza et al.
2005). The Atlantic Dense Ombrophylous Forest
on this site lies on a heterogeneous topography, was
exposed to past human interferences, exhibits high
tree species richness, but still has an undocumented
tree structure (Nettesheim et al. 2012).

Our main goal was to evaluate the hypothesis
that topography changes and human interference
affect tropical tree community structure on a
local scale. To do this we devised the objectives
of (i) evaluating the tree community structure on

the slopes of the continental island of Marambaia
and (ii) evaluating if tree community structure
varies between slopes facing different geographic
orientation and with distinct human interference
history. Existing data about the tree community
floristic composition on the Marambaia island
suggested that we should expect a well preserved
tropical tree community structure regardless of
any human interferences (Nettesheim et al. 2012).
Likewise, another effort in the area (Nettesheim
et al. 2014) together with known environmental
changes between distinct slopes led us to expect
that the considered local scale changes would
determine detectable differences in the tree
community structure.

MATERIALS AND METHODS

STUDY LOCATION

We evaluated the Atlantic Dense Ombrophylous
Forest located on the slopes of the continental island
of Marambaia (henceforward simply Marambaia
island —23°4°37.09”S; 43°59°2.15”W). This island
is located at the southern coast of Rio de Janeiro
state in the municipality of Mangaratiba (Fig. 1).
The Marambaia island is within the bounds of the
Mangaratiba Environmental Protection Area and
the UNESCO Atlantic Forest Biosphere Reserve
(Rambaldi et al. 2003). Average local temperature
ranges between 20.9°C and 26.9°C. Average annual
precipitation is 1237.7 mm (Mattos 2005). It has an
approximate area of 42 km? and its terrain reaches
up to the 641 m. The heterogeneous topography
of the area and its position relative to the ocean
favors changes both in levels of intercepted solar
radiation and sea wind exposure experienced by its
slopes (Dubayah 1994, Ferreira et al. 2005, Aguilar
et al. 2010, Gao et al. 2011). Furthermore, its
slopes exhibit different histories of anthropogenic
interference despite being preserved by the armed
forces since 1971 (Pereira et al. 1990, Silva et al.
2008, Yabeta and Gomes 2013).
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Figure 1 - Location of the continental island of Marambaia
at the southern region of Rio de Janeiro state. White line over
the terrain of the study area in the lower right image shows the
three evaluated sites: (A) Northwest site; (B) Southeast site;
(C) Southwest site.

DATA SAMPLING

The data was gathered between January 2004 and
January 2013. We separated the topography of
Marambaia island into three main groups of slopes
(henceforward sites) to address our goals. Each
of these sites has slopes with one predominant
geographical orientation: slopes of site A face
Sepetiba Bay and have a Northwest heading;
slopes of site B face the Atlantic Ocean and have
a Southeast heading; slopes of site C face Ilha
Grande Island and have a Southwest heading (Fig.
1). We sampled the vegetation with sampling units
that follow the specifications originally conceived
by Alwyn H. Gentry (1982). Each sampling unit
had dimensions of 2 x 50 m and covered an area of
100 m?. We established 20 sampling units at each of
the three sites at the study area (2000m” or 0.2 ha /
site). Therefore, the vegetation at Marambaia island
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was evaluated through a total of 60 sampling units
that comprised an area of 0.6 hectares (6000m?).
Sampling units had their location recorded with a
GPSMAP Garmin 76 CSx. Our study focused on
woody trees and included only individuals with
diameter at breast height (dbh) of 5 cm or more.
We tagged all sampled individuals, determined
their species and estimated their height during field
work. Specimens of each species were sampled to
confirm their identification in the laboratory. The
specimens collected were processed and thereafter
deposited in the Herbarium of the Departamento de
Botanica da Universidade Federal do Rio de Janeiro
(RBR). We relied on the phylogeny provided by
APG III (Bremer et al. 2009) and checked species
names and authors with the International Plant
Name Index (IPNI 2013).

DATA ANALYSIS

We started the analyses by tackling the initial goal
of evaluating the tree community structure with a
descriptive approach which simultaneously took
into account the tree community at all three sites.
This description of the tree community relied
on calculating the phytosociological parameters
of absolute and relative density (Rd), absolute
and relative dominance (Rdom), absolute and
relative frequency (Rf), and importance value
(IV) (Mueller-Dombois and Ellenberg 1974,
Martins 1993). Then we constructed the diameter
distribution of individuals for the whole tree
community on Marambaia island. Diameter classes
were determined according to Spiegel’s (1976)
approach. We concluded these initial analyses by
calculating tree community diversity and evenness
with the Shannon-Wiener (H*) and Pielou (J°)
indexes (Magurran 2004).

Next, we executed the analyses to determine
if tree community structure varied between the
sites. This was done with two techniques to
address the tree community structure multivariate
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response and two additional tests that were used
to complement one of the multivariate techniques
and to address four more community structure
univariate responses. We started by organizing a
data matrix containing species abundance data in
each sampling unit. This matrix was standardized
through the Hellinger distance (Legendre and
Gallagher 2001) and used to calculate a second
matrix containing the similarity distance between
pairs of sampling units. We calculated the similarity
distances in the second matrix with the Morisita-
Horn coefficient (Magurran 2004). Then we ran a
Principal Coordinates Analysis (PCoA) using this
similarity matrix to synthesize the tree community
structure variation into orthogonal axes. We tested
if tree community structure varied between sites
A, B and C by using a permutational ANOVA that
compared the ordination of sampling units on each
of'the first two PCoA axes (Anderson and Legendre
1999). Pemutational ANOVA was chosen because
tree community data did not meet all the parametric
criteria of ANOVA. We applied the Games-Howell
post-hoc test after the permutational ANOVAs in
order to identify significant differences between the
sites (Games and Howell 1976). Our decision to
use the Games-Howell test was motivated by the
fact that it is a conservative post-hoc test regarding
type I and II errors (Armstrong et al. 2000). The
Hellinger standardized species abundance matrix
used to ultimately run PCoA was then submitted
to an Indicator Species Analysis — ISA (Dufréne
and Legendre 1997) to determine which species
were mostly associated to the tree community
structure on each site. We further addressed if tree
community changed in structure between the sites
by comparing the univariate responses represented
by species richness (henceforward richness),
total abundance of individuals (henceforward
abundance), total basal area (henceforward basal
area) and the Shannon-Wiener diversity index
(henceforward diversity) recorded in the sampling
units. This was done by determining the values of

each of these attributes in the sampling units and
testing if their means differed between sites A, B
and C with the permutational ANOVA (Anderson
and Legendre 1999). The Games-Howell post-hoc
test was then used to identify significant differences
between the sites for each of these four community
structure univariate responses.

We ran all statistical analysis in the R 3.1.0
environment (R Core Team 2014). We conducted
PCoA and ISA analyses with aid of packages
Vegan (Oksanen et al. 2014) and /abdsv (Roberts
2013). Permutational ANOVAs and Games-
Howell post-hoc tests relied, respectively, on the
code provided by P. Legendre (http://adn.biol.
umontreal.ca/~numericalecology/Rcode/) and on a
code developed based on the algorithm suggested
by Games and Howell (1976).

RESULTS

TREE COMMUNITY STRUCTURE ON MARAMBATIA
ISLAND

Tree community structure in the 60 sampling units
was represented by a total of 1170 individuals.
These comprised a basal area of 31.50 m? and were
divided into 220 species, 118 genera and 50 families
(see the Supplementary Material - Table SI). We
estimated a basal area and total abundance of 50.85
(£ 6.92) m*ha and 2105 (£ 185) individuals/ha,
respectively. We encountered an exponential decay
pattern in the diameter distribution of the sampled
individuals (see Fig. S1). In other words, there
was a greater number of individuals in the first
diameter distribution class (54.78%) followed by a
decreasing number of individuals in progressively
larger diameter classes. Shannon diversity index
for the whole tree community was H’ = 4.66 nats/
ind and the Pielou evenness index was J* = 0.86.
The species with greater IV in the tree
community (Table 1) were Guapira opposita
(Vell.) Reitz (25.78), Chrysophyllum flexuosum
Mart. (11.06), Vochysia oppugnata Warm. (10.06),
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TABLE I
Structural parameters for the ten species with highest importance value in the Atlantic Rainforest tree community on
the continental island of Marambaia. The full list of the detected species and their structure descriptors can be seen in
Table SII. Ni = number of individuals; Rd = Relative density; Rf = Relative frequency; Rdom = Relative dominance; IV =
Importance value.

Species Ni Rd Rf Rdom v
Guapira opposita (Vell.) Reitz 111 9.49 4.33 11.97 25.78
Chrysophyllum flexuosum Mart. 42 3.59 2.97 4.50 11.06
Vochysia oppugnata Warm. 24 2.05 2.10 5.90 10.06

Eriotheca pentaphylla (Vell. emend. K.Schum.) A.Robyns 20 1.71 1.36 5.59 8.66
Sorocea bonplandii (Baill.) W.C.Burger et al. 42 3.59 2.47 2.40 8.46
Pseudopiptadenia contorta (DC.) G.P.Lewis & M.P.Lima 22 1.88 1.85 4.00 7.73
Senefeldera verticillata (Vell.) Croizat 41 3.50 2.10 1.64 7.25

Ocotea schottii (Meisn.) Mez 27 2.31 2.10 2.43 6.84

Brosimum guianense (Aubl.) Huber 34 2.91 2.60 1.11 6.61
Nectandra oppositifolia Nees & Mart. 17 1.45 1.36 2.97 5.78

TABLE 11
Structural parameters for the ten families with highest importance value in the Atlantic Rainforest tree community on
the continental island of Marambaia. The full list of the detected families and their structure descriptors can be seen in
Table SIII. Ni = number of individuals; Rd = Relative density; Rf = Relative frequency; Rdom = Relative dominance; IV
= Importance value.

Family Ni Rd Rf Rdom v
NYCTAGINACEAE 111 9.49 5.92 11.97 27.38
SAPOTACEAE 107 9.15 7.28 10.95 27.37
MYRTACEAE 151 12.91 7.78 5.59 26.28
FABACEAE 77 6.58 6.09 9.61 22.28
LAURACEAE 80 6.84 6.60 7.03 20.47
MORACEAE 91 7.78 6.26 5.15 19.18
EUPHORBIACEAE 59 5.04 4.06 3.24 12.34
RUBIACEAE 54 4.62 5.08 1.91 11.60
MALVACEAE 28 2.39 2.71 591 11.01
VOCHYSIACEAE 24 2.05 2.88 5.90 10.83

Eriotheca pentaphylla (Vell. emend. K.Schum.)
A.Robyns (8.66) and Sorocea bonplandii (Baill.)
W.C.Burger et al. (8.46). These five species
represented 20.42% (239 individuals) of the
sampled individuals and answered for 21.24% of
the total tree community I'V (see Table SII). Species
represented by only one individual were 32.18%
(72 spp.) of the recorded species. The families
with highest IV in the tree community (Table II)
were Nyctaginaceae (27.38), Sapotaceae (27.37),
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Myrtaceae (26.28), Fabaceae (22.28) and Lauraceae
(20.47). These families together comprised 44.95%
(526 individuals) of the sampled individuals and
41.26% of the IV (see Table SIII).

TREE COMMUNITY VARIATION ACROSS LOCAL
SCALE TOPOGRAPHY

Final PCoA ordination showed that the floristic and
structure of the tree community changes between
sites A, B and C (Fig. 2). Our tests confirmed the
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Figure 2 - Final Principal Coordinates Analysis (PCoA) ordination of the tree
community composition and structure on the continental island of Marambaia.
Triangles represent the sampling units established at the site A (Northwest), circles
represent the sampling units established at site B (Southeast) and crosses represent the
sampling units established at site C (Southwest). Axis one captured 9.3% of the tree
community variation and axis two captured other 6.7% of the variation.

existence of this tree community differentiation
pattern for the first (F= 39.88; P = 0.001) and
second (F=41.52; P=0.001) axes of the ordination.
The first PCoA axis showed that tree community
structure differs between sites A and B (t = 8.53; df
=37.9; P <0.001) and between sites A and C (t =
7.54; df = 34.3; P < 0.001), but not between sites
B and C (t=0.75; df = 33.3; P=0.74). The second
PCoA axis showed that tree community structure
differs between sites A and B (t = 3.35; df = 37.5;
P =0.005), sites A and C (t =5.48; df =32.9; P <
0.001) and sites B and C (t = 9.95; df =34.9; P <
0.001).

Although the variation of tree community
structure captured by each PCoA axis was low,
the changes between sites A, B and C were further
corroborated by all subsequent analyses. Tree
community structure variation between the sites
allowed detection of 14 indicator species for site
A, nine indicator species for sites B and seven
indicator species for site C (Table III). Additionally,
tree community structure differs between the sites

with regard to abundance (F =3 1.55; P = 0.001),
richness (F =11.9; P=0.001), basal area (F = 11.0;
P=10.001) and diversity (F = 6.14; P=0.005). Tree
abundance was different between all three sites
(Fig. 3). It decreased from site A to site B and then
to site C. On the other hand, richness, diversity
and basal area were equivalent in sites A and B
and greater than in site C (Fig. 3). Our analysis did
not detect differences for these last three attributes
between sites A and B (see Table SIV).

DISCUSSION

In this study we bring comprehensive descriptive
data regarding the tree community structure of
an Atlantic Dense Ombrophylous Forest location
where only tree composition was previously
recorded (Nettesheim et al. 2012). The information
here corroborates our initial expectation that this
remnant is in overall advanced natural regeneration
stage and is a relevant representative of the
fragmented Atlantic Rainforest due to its high
species richness and diversity values. Furthermore,
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TABLE IIT
Indicator species detected by the Indicator Species
Analysis (ISA) for sites A (Northwest), B (Southeast) and
C (Southwest) of the continental island of Marambaia. iv
= indicator value; P = probability from permutation test
to evaluate significance of the indicator value.

Indicator species Site v P
Guapira opposita (Vell.) Reitz A 5483 0.001
Vochysia oppugnata Warm. A 49.13  0.001

Pseudopiptadenia contorta (DC.) A 4017 0001

G.PLewis & M.P.Lima
Nectandra opA}}ositifolia Nees & A 3812 0.001
art.
Cybistax antisyphilitica
(Mart.). Mart A 3500 0.002

Mpyrcia splendens (Sw.) DC.s A 33.04 0.012

Sparattosperma leucanthum

(Vell.) K.Schum. A 25000012
Amaioua intermedia Mart. ex
Schult. & Schult.f. A 2498 0.014
Mollinedia oligantha Perkins A 2055 0.046
Tabernaemontana laeta Mart. A 2035 0.037
Casearia arborea (Rich.) Urb. A 20.00 0.036
Cordia trichoclada A.DC A 20.00 0.032
Cupania oblongifolia Mart. A 20.00 0.028
Eugenia umbelliflora O.Berg A 20.00 0.024
Sorocea bonplandii (Baill.)
W.C.Burger et al. B 47.900.001
Chrysophyllum flexuosum Mart. B 30.29  0.043
Brosimum guianense (Aubl.) B 2831 0.045
Huber : )
Coussarea accedens Miill. Arg. B 2679 0.014
Myrcia racemosa (O.Berg)
Kiaersk. B 25.00 0.008
Mpyrcia pubipetala Miq B 25.00 0.010
Myrcia sp. 2 B 20.00 0.036
Pouteria sp. 1 B 20.00 0.029
Schefflera angustissima (Marchal)
Frodin B 20.00 0.031
Anaxagorea dolichocarpa
Sprague & Sandwith ¢ 3124 0003
Senefeldera verticillata (Vell.)
Croizat C 31.03 0.009
Couepia schottii Fritsch C  30.00 0.002
Pouteria aff. macrophylla C 25.00 0.009
Inga capitata Desv. C 2195 0.044
Chrysophyllum aff. inornatum C  20.00 0.041
Esenbeckia grandiflora Mart. C  20.00 0.032
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Figure 3 - Comparison of Atlantic Dense Ombrophylous
Forest tree community (a) abundance of individuals, (b) total
basal area, (¢) species diversity and (d) richness between sites
A, B and C on the continental island of Marambaia. White
circles represent the dispersion of the raw data for each site and
black circles represent outlier values. Letters a, b and ¢ over
dispersion bars of the boxplots show results of the Games-
Howell post-hoc test that compared mean values for each of
these evaluated tree community attributes (See Table SIV).
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results here also represent evidence which confirm
our second expectation that local scale topography
variation and human interference can be associated
to detectable tree community structure differences.

The tree community structure on Marambaia
island indicates that this remnant is a well-preserved
Atlantic Dense Ombrophylous Forest in advanced
natural regeneration stage. Estimated values of
basal area and abundance at the studied area are
equivalent to those from Dense Ombrophilous
Forests in advanced natural regeneration stage
at the Estacdo Ecoldgica Estadual de Paraiso
and in the neighbor island of Ilha Grande (Kurtz
and Aratjo 2000, Oliveira 2002). Although
this comparison needs to be cautious due to the
different sampling designs of these studies (Moro
and Martins 2011), other results further support
the above interpretation. The distribution of
individuals in diameter classes showed a pattern
typically found at well-preserved tropical forests.
It indicates that the studied tree community does
not appear to have natural regeneration problems.
In addition, only a small number of the tree species
achieved high IV, whereas the majority obtained
low IV. The number of species with high IV in
tree communities is usually low at Atlantic Dense
Ombrophylous Forest remnants in advanced natural
regeneration stage (Kurtz and Aratijo 2000, Borém
and Ramos 2001, Oliveira 2002, Santana et al.
2008, Rodrigues and Magalhaes 2011). Lastly, the
differences between the most important tree species
detected in the structure of the community studied
here and the most important found in the structure
of other Dense Ombrophilous Forests corroborates
the typical pattern of tree floristic variation expected
for Atlantic Dense Ombrophylous Forest remnants
(Kurtz and Aratjo 2000, Oliveira 2002, Tabarelli
and Montovani 1999, Oliveira-Filho and Fontes
2000, Rochelle et al. 2011). Additionally, the
richness and diversity values reported here and in
Nettesheim et al. (2012) for the forest on Marambaia
island are also in agreement with this pattern.

They are amongst the highest species richness and
diversity values recorded for the Atlantic Dense
Ombrophylous Forest in the states of Rio de Janeiro
and Sao Paulo (Kurtz and Aratjo 2000, Nettesheim
etal. 2010, Rochelle et al. 2011). Understanding the
mechanisms behind the coexistence of this many
tree species on the limited area of a tropical island
can help to elucidate ecological processes operating
tropical forest tree community variation both on
smaller and greater scales.

Atlantic Rainforest tree community variation
on larger scales has been chiefly related to
environmental variation along the area covered
by this vegetation. The heterogeneous terrain and
latitudinal range over which this forest is found
appear to promote environmental changes that
affect the occurrence and persistence of tree species
in the landscape (Oliveira-Filho and Fontes 2000,
Scarano 2002, Nettesheim et al. 2010, Bertoncello
et al. 2011, Bergamin et al. 2012, Oliveira-Filho et
al. 2013). Our results confirm this trend and further
support that the variation of terrain features such
as slope geographic guidance in a small scale can
help explain the high richness and variation found
in tropical tree communities over heterogeneous
topographies. It is likely that at least part of the
detected tree community species turnover between
the sites studied here results from the species abilities
to cope with distinct amounts of sunlight incidence
(Chase and Leibold 2003). Such interpretation is
reinforced by the existence of a similar community
structure and composition variation pattern also
detected for the fern and lycophytes communities
within the Atlantic Dense Ombrophylous Forest
at Marambaia island (Nettesheim et al. 2014).
In fact, tropical tree and fern communities have
been documented to respond equally and mostly
to environmental mechanisms than to stochastic
ones (Jones et al. 2013). Together these evidences
corroborate that topography heterogeneity can be
an important source of environmental changes
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which contribute to tropical plant community
structure variation in landscapes with rough terrain.

According to the present assessment one
possible interpretation is that local scale topography
heterogeneity may determine environmental
changes abrupt enough to represent limiting habitats
which affect tree community structure outcome.
Changes in tree community structure shown by
PCoA and ISA together with the lower values for
abundance, basal area, richness and diversity on
site C may result from a rockier and shallower
soil at this site relative to sites A and B. There is
both a higher incidence of exposed boulders and
small rocks on site C and the vegetation is found
altogether closer and above the only rocky shore
of the island (personal in locus observation). Thus,
the establishment and growth of tree species could
be limited at site C when compared to the other
two evaluated sites. Larger trees may not be as
viable in areas with shallower and rockier soils
because those that manage to establish eventually
succumb as they grow bigger. Such situation can
be particularly true if slopes are also steeper in
site C than in sites A and B (Oliveira et al. 2008).
This would explain the lower values recorded
for richness, diversity, abundance and basal area
at site C. Such interpretation is further supported
by the fact that sites A and B shelter tree richness,
basal areas and diversities that are equivalent and
consistently higher than at site C.

Findings also suggest that human impacts may
have also affected the patterns of tree community
variation at the study area. Anthropogenic activities
are capable of severely affecting the dynamics
of natural ecosystems and their influence on the
variation of tropical forests plant communities
is increasingly evident (Soldérzano et al. 2012,
Seiferling et al. 2014). According to this reasoning,
the higher abundance of individuals in site
A than in sites B and C may extend beyond the
discussed environmental effects to also represent
the footprint of past anthropogenic disturbances.
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The little available literature suggests that slopes
in site A endured more extensive interferences in
the past than slopes in sites B and C (Yabeta and
Gomes 2013). Therefore, it is possible that the tree
community structure found today on site A is at a
younger natural regeneration stage than in site B
regardless of the overall vegetation conservation
status at the island. Consequently, the higher number
of individuals that managed to establish due to
openings provided by human interferences would
still be competing to guarantee their survival in this
the area (Oliveira 2002). Similarly, it is likely that
at least part of the patterns we encountered for tree
community structure at site C are further related to
human activities that never completely ceased in
this site (Silva et al. 2008, Yabeta and Gomes 2013).
The caigara population living in Marambaia island
continues to rely on food and timber resources
available in the nearby forest to supplement family
resources. Site C holds the forest location closest
to the caigara’s residences and at the same time
farther from the Military Command Center that
inhibits most negative anthropic activities. Limited
entrance of propagules due to its remoteness
as an island coupled with constant hunting and
resource extraction without proper management
seem likely to have hindered the life cycles of
distinct tree species and ultimately affected tree
community structure assembly at site C. Therefore,
it is paramount that relevancy of human effects on
the assembly of tropical forest plant communities
does not go overlooked, especially because natural
landscapes free of human interference are almost
inexistent (Seiferling et al. 2014).

The occurrence pattern of indicators in the
tree community structure is evidence that species
may have ecological preferences for each of the
evaluated sites due to some sort of competitive
advantage. Given the considerations in this study,
it appears that possible advantages of these
indicator species are related to topography driven
environmental conditions, time of arrival during
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human interference in the successional process,
or even overlooked complementary effects due
to biotic interactions (Chase and Leibold 2003,
Seiferling et al. 2014). Within this reasoning, it is
likely that indicator species in site A are capable
of coping better with higher levels of sunlight
incidence and past human interference; those in
site B thrive at lower levels of sunlight incidence
while experiencing little human interference; and
those in site C do better at shallow rocky and
steeper soil while dealing with small continuous
human interference. We encourage future studies
to disentangle the contribution of environmental,
historical and stochastic factors to explain the
occurrence of these indicator species in the sites.
Knowledge about the ecology oftropical tree species
together with that of the tree community structure
assembly processes in areas with heterogeneous
topography can provide important insights for
theories aiming to explain the coexistence of tree
species in tropical forests (Hubbell 2001, Chase
and Leibold 2003) and for decisions regarding
its conservation and restoration (Rodrigues et al.
2011).

This study showed that the evaluated forest
remnant is well-preserved and its tree community
contributes to the floristic representativeness of the
Atlantic Dense Ombrophilous Forest despite past
and present human interferences. Our evidence
proves that the tree community structure variation
typically observed on regional scales can also
be detected in local scales in an area exhibiting
heterogeneous topography. Findings here
corroborate that environmental changes favored
by the rough terrain together with human actions
appear decisive to shape tropical tree community
structure on the local scale. Disentangling pure
and joint effects of these and other factors over
tree community assembly and species occurrence
patterns on the continental island of Marambaia is
an important next step to provide more information

regarding mechanisms behind tropical forest
variation on heterogeneous topography.
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SUPPLEMENTARY MATERIAL

Figure S1 - Diameter distribution of the sampled individuals
in the Atlantic Rainforest tree community on the continental
island of Marambaia. The horizontal axis represents the
diameter classes center and the vertical axis represents the
number of individuals in each diameter class.

TABLE SI - List of the Atlantic Rainforest tree community
species found at the continental island of Marambaia and
their respective abundances in each of the sampled sites. A =
Northwest site; B = Southwest site; C = Southeast site.
TABLE SII - Phytosociological parameters for the species
in the Atlantic Rainforest tree community on the continental
island of Marambaia. Species are presented according to
decreasing importance value in the community. Ni = number
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of individuals; Rd = relative density; Rf = relative frequency;
Rdom = relative dominance; IV = importance value.

TABLE SIII - Phytosociological parameters of the families
in the Atlantic Rainforest tree community on the continental
island of Marambaia. Families are presented according to
decreasing importance value in the community. Ni = number
of individuals; RD = relative density; RF= relative frequency;
Rdom = relative dominance; IV= importance value.

TABLE SIV - Results of the Games-Howell post-hoc test to
compare the mean values of Atlantic Rainforest tree community
abundance, richness, total basal area and diversity between
sites A, B and C at the continental island of Marambaia. t =
values for the ANOVA statistic; df = degrees of freedom; p =
p-value.



