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Edge effect on the spatial distribution of trees
in an Araucaria Rainforest fragment in Brazil
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Abstract

The objective of this research was to evaluate which species in the Brazilian Araucaria forest have its spatial
distribution influenced by edge effects. We performed annual forest inventories inside two one-hectare plots,
divided in 10 rectangular subplots, delimited by every 10 meters of edge distance. Each tree with at least 10 cm
at DBH was identified to species level, and their allometric measurements and geographical coordinates were
recorded considering the categories living, recruitment and mortality. We analyzed the correlation between the
abundance of each species in each subplot and its distance by the Spearman’s Correlation Coefficient and a
Generalized Additive Model (GAM) with a Poisson distribution. We analyzed the distribution of some species
and the ecological groups using a Kernel density model. We observed numerous pioneers and early secondary
species with relationship with the edge distance, usually concentrated close to the edges. The late secondary/
climax species are more evenly distributed in the plots, despite of some species, as Eugenia uniflora, are negatively
affected by the edge. From these results, it is observed that some light demanding species can be favored to live
close to the edges, even if some shadow tolerant species can inhabit this region as well.
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Resumo

Neste trabalho objetivou-se avaliar quais espécies florestais apresentam sua distribui¢ao espacial influenciada
pelo efeito de borda. Inventarios florestais anuais foram realizados em duas parcelas permanentes de 1 hectare
cada, divididas em 10 subparcelas retangulares, delimitadas a cada 10 metros de distancia da borda. Todos os
individuos com DAP superior a 10 cm dentro das parcelas foram identificados ao nivel de espécie, e para cada
individuo foram coletadas suas variaveis alométricas e coordenadas geograficas, considerando as categorias vivos,
recrutamento e mortalidade. Analisou-se a correlag@o entre a abundancia de cada espécie em cada subparcela,
e a distancia da subparcela até a borda, pelo Coeficiente de Correlacao de Spearman’s e por um modelo aditivo
generalizado (GAM) com base na distribui¢do de Poisson. A distribuigio de algumas espécies e dos grupos
ecoldgicos foram analisadas pelo modelo de densidade de Kernel. Foi observado um grande numero de espécies
pioneiras e secundarias iniciais com relagdo com a distancia da borda, geralmente concentradas proximas a borda.
As espécies secundarias tardias ou climax foram observadas melhor distribuidas dentro das parcelas, apesar de que
algumas espécies, como Eugenia uniflora foram negativamente afetadas pela presenca da borda. A partir desses
resultados observa-se que espécies de habito helidfilo podem ser favorecidas por terem a habilidade de habitar
areas proximas a borda, apesar de que algumas espécies tolerantes a sombra possam também habitar essa regido.
Palavras-chave: Mata Atlantica, grupos ecoldgicos, fragmentacao florestal.

Introduction

Forest fragmentation is a process resulted
mostly by human intervention, and it causes many
environmental problems. This happens because
the affected species do not have enough time to
respond to the changes with adaptations. The

low number of remaining individuals in forest
fragments leads to loss of genetic diversity because
of the limitation of gene flow by pollen and seed
dispersion between fragments (Martins ez al. 2008).

The negative effects of fragmentation
on the biodiversity are many, and they have

This paper contains complementary data available at <http://doi.org/10.6084/m9.figshare.4622221>.
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distinct magnitudes according to a number of
variables. Considering a broader view on these
effects, it’s possible notice area reduction and
isolation (Geneletti 2004), direct mortality of
many individuals (Lang & Blaschke 2009),
disturbances on hydrological cycles (Scariot et
al. 2005; Laurance et al. 2011), increase of fire
risk (Laurance & Williamson 2001; Cochrane &
Laurance 2002), introduction of invasive plants
(Laurance et al. 2009), and others. In a review of
these effects, Fahrig (2003) observed that the forest
fragmentation effects are mostly related to the
habitat loss rather than to the fragmentation itself,
but also that there are two major negative effects
caused by the fragmentation: the area reduction
and the edge effect.

The edge effect can be characterized by
a large number of changes in biotic and abiotic
factors (Murcia 1995), and occurs by the existence
of an abrupt contact between the forest and the
surrounding matrix (Laurance et al. 1998a). In
small fragments or fragments with irregular shape
the edge effect is stronger (Scariot et al. 2003),
because of the bigger proportion of affected area
in relation to protected area. The edge effect
is biologically presented by the presence of a
distinct plant community on the edge, in relation
to the plants found in the interior (Rodrigues &
Nascimento 2006).

Some authors have stated that this effect
begins soon after the fragmentation of the original
forest, and the first event to happen is a higher
mortality of trees (Matlack 1994), mainly due to
the increased incidence of wind and water stress
caused by higher insolation (Laurance et al.
1998b). Subsequently, a high rate of recruitment
starts, creating an area with greater richness
and abundance of species (Harper et al. 2005),
mainly by typical species from areas without
forest cover, like pioneers and lianas (Murcia
1995). It is noticeable that with the favoring of
light-demanding species, characteristic of the
early stages of forest succession, competition
with the shade tolerant species of more advanced
successional stages occurs, which can result in
changes in natural characteristics of the habitat
(Scariot et al. 2003). Harper et al. (2005)
characterize the edge effect in two categories,
primary and secondary effects, and they observed
that the secondary responses can have a longer
effect than the primary responses, as well as have
a highest magnitude, and one of these responses
is the changes in species composition.
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It is also necessary to consider that when
an edge effect is present, there is a microclimatic
gradient where wind speed is increased and
humidity is reduced. These microclimate conditions
at the edge can reach considerable distances into
the forest interior, reducing the amount of area
where the original microclimatic conditions are
still available (Ribeiro & Marques 2005). The
distance inside the forest that those microclimatic
changes can reach depends on the variable in
question (Laurance et al. 2002), so the response
in the vegetation also is variable for each species,
according to the conditions of the new habitat
created.

The distance of edge effect cannot be
generalized, since this factor is different for each
variable response considered, ranging from zero
to more than 400 m into the forest (Laurance et
al. 2002). Also, each ecosystem has a distinct
response according to the forest type (Orihuela et
al. 2015), surrounding matrix (Harper et al. 2005)
and edge age (Laurance et al. 2011). In Araucaria
Rainforest region Fontoura et al. (2006) observed
approximately 50 m of edge impact on wood
species, and noticed that a great number of species
are just found close to the edge, while some other
species are not found until some minimum distance
from the edge. Because of these facts, it’s possible
infer that the response of the edge effect is distinct
for each species.

Despite the existence of several studies
investigating edge effects on the structure of
many forest types, analysis of the effect of
the edge on each species within the forest is
difficult to measure, mainly because of the high
cost to measure allometric variables and assign
geographical position for each individual tree (De
Cesaro et al. 1994). Also, the conventional GPS
does not have an adequate precision to measure
the position of trees, and this precision is lower in
areas with closed coverage, as is the case of forests,
because of the insufficient reception in these areas
(Pirti et al. 2010). Therefore, the possibility of
making a complete analysis in a forest fragment
is an opportunity of great interest.

The Araucaria Rainforest is an ecosystem that
belongs to the Atlantic Forest Phytogeographical
Domain, one of the 25 hotspots of diversity on
the planet (Galindo-Leal & Camara 2005). This
ecosystem is characterized by the predominant
presence of Araucaria angustifolia (Bertol.)
Kuntze, also known as Brazilian Pine. The
Araucaria Rainforest has been intensively
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deforested, remaining currently at only 10%
of the original coverage arca (Galindo-Leal &
Camara 2005).

Considering the massive deforestation of
the Araucaria Rainforest, this ecosystem has been
impacted by the effects of forest fragmentation
and edge effect and presents a large number of
species in danger of extinction (Medeiros et al.
2005). Because of that, it is important to study the
impacts of the forest fragmentation to create plans
to maintain the remaining biodiversity. There have
been a number of studies carried out in the Araucaria
Rainforest about the edge effect on forests, relatives
to edge effect on vascular epiphytes (Bianchi &
Keresten 2014), changes in plant diversity and
phytosociology along the edge distance (Fontoura et
al. 2006; Ferreira et al. 2016; Orihuela et al. 2015),
seed predation (Baldissera & Ganade 2005) and
changes in forest structure (Malchow et al. 2006).

Considering this information, the objective
of this study was to evaluate which species have
their spatial distribution influenced by the edge
effect, in two one-hectare plots located in an
Araucaria Rainforest fragment. We tested the
hypotheses that some species have a higher number
of individuals close to the edge, while others have
more individuals far from the edge. We also tested
the hypothesis that the pioneers and early secondary
species are located closest to the edges, while climax
and late secondary species are mostly concentrated
in the interiors.

Material and Methods

Study area

In this study, we used two permanent one-
hectare plots from the Experimental Station of
Federal University of Parana, with coordinates
25°34°18”S and 50°5°56W, in the municipality of
Séo Jodo do Triunfo, Parana state - Brazil (Fig. 1).

The experimental station has a total area of
approximately 33 ha, which is divided into 30 plots.
Four of these plots have been measured annually
since 1995 by the Brazilian Long Term Ecological
Research Program (PELD) Site 9.

The study area has an altitude of 780 m, and
is covered by an Araucaria Rainforest fragment.
According to historical data, the experimental
station area suffered selective logging, at least 40
years before, and can be considered a community
in an advanced stage of succession (Schaaf et
al. 2000).

The regional climate is Cfb, according to
Koppen classification, temperate always moist,
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with annual average temperature between 17 and
18 °C. Concerning to the soil, the study area is
characterized by an association of Red-Yellow
Argisols, Tb Haplic Cambisols and Red Latosols,
all of them dystrophic (Durigan 1999).

From the four plots measured each year, we
used two in this study, which we called Pine and
Agriculture. These two plots were chosen because
both have direct contact with the external edge,
while the other two are located completely inside
the forest. Both plots have the shape of a square
with 100 m on each side, and cover 1 ha each. The
Agriculture plot is bordered on the southeast side
by agriculture (there is a small firebreak between
the forest and the agriculture), and the Pine plot
is bordered on the northwestern side by a country
road and further by a commercial Pinus sp. stand.

In the Pine plot the predominant species is
Araucaria angustifolia, and there are reports that
in the past (1982) this area was hit by a forest
fire (Schaaf et al. 2006). The Agriculture plot is
dominated by large hardwood trees like Ocotea
porosa (Nees & Mart.) Barroso.

The complete phytosociology analysis of the
plots is not presented in this paper, but this data is
available in other studies, as Barreto (2015) and
Dalla Lana (2013).

Data collection and processing

For this study we used data of trees found in
the two plots located on the edge of the vegetation
fragment. These data were collected in annual
inventories conducted during the period 1995 to
2013. The inventories considered only trees with
diameter at breast height (DBH - 1.3 m) equal or
above 10 cm. Since the first inventory, the trees
were marked using metal plates with a number
on each, so in the consecutive inventories, the
trees are identified by the number. Every year, the
living trees are measured, and the new trees that
reached the minimum DBH value were included
as recruitment, receiving a number. If some tree
marked with a number was found dead, we reported
this information as well.

Since the first year of measurement and in the
years following, a sketch of the spatial arrangement
of all trees measured in the plot was created, so
that it was possible to spatially locate all measured
individuals during that period. The process was
done by collecting the coordinates of each plot (plots
with 100 x 100 m) using a precision GPS. After
that, we used the coordinates of one plot’s vertex
and measured the distance of each tree to this point
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Figure 1 — Localization of the Experimental Station of Sdo Jodo do Triunfo, and the delimitation of the studied plots.

with a measuring tape. The position was drawn on
a graph paper, and later the coordinates of each tree
were imported in a GIS system.

The plots were divided into subplots of 10 x
100 m, arranged in a gradient of increasing distance
from the edge (Fig. 2), and then all inventoried trees
were plotted inside those two plots. In the subplots,
the position of each tree was plotted, analyzed in

the following categories: a) Living individuals: all
trees measured in 2013, including the remaining
of the trees found in 1995 and the recruited
trees measured in the subsequent inventories; b)
Recruitment individuals: all individuals that were
not measured in 1995, but that reached the minimum
DBH in the subsequent years, also including the
recruited individuals that died during this period;
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PINE PLOT

1941

AGRICULTURE PLOT

Figure 2 — Division of the plots according to the edge distance.

and c) Mortality individuals: all individuals that
were measured in any year, but later were found
dead, including also the dead individuals found in
the first inventory.

As some species were represented just by a
few individuals, it was decided to consider only
the species with 10 or more individuals for living
and recruitment, and 5 or more individuals in the
mortality group, in order to avoid false tendencies.
Some species are found in both plots, Pine and
Agriculture, but we processed the data for each
plot separately, since there are differences in the
vegetation and edge characteristics between them.
This means that when a species had at least 10
individuals in one plot but not in the other, only one
plot was analyzed.

With this data, it was possible to evaluate the
correlation between the number of individuals of
each species in relation to the edge distance. This
was done considering the number of individuals of
each species in each subplot (the abundance), and the
distance of each subplot from the edge. For this we
calculated the Spearman’s correlation coefficient (p),
characterized as a nonparametric (distribution-free)
rank statistic, that was proposed as a measure of the
strength of the association between two variables
(Hauke and Kossowski 2011). The correlation was
calculated using the software R (R Core Team 2017)
and the package pspearman (Savicky 2014). The
correlation’s significance was tested by the p-value,
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and we considered as significant the correlations with
p-value smaller than 0.05 (confidence level of 95%).

We also used a Generalized Additive Model
(GAM) to evaluate the relationship between the
number of individuals and the edge distance. The
GAM model fits a smoothing curve that characterizes
the non-linear relationships between the variables
(Zuur et al. 2009). In this case, we used a Poisson
distribution, usually applied to count data (Zurr et
al. 2009). We used the package mgev (Wood 2011)
for R (R Core Team 2017). Since our interest was
mostly in identifying the distance influence, we did
evaluate the significance of the explanatory variable
(distance smoothed) in the models by considering
the p-value. We considered the smoothed distance
as significant if the p-value was smaller than 0.05.
The values of the Spearman’s correlation coefficient
and GAM model, as well the p-values for each, are
not presented in this paper but are available in the
complementary data section.

After the evaluation of the significance of the
smoothed distance in the GAM model, we selected
some species with a significant correlation with the
edge distance, and we applied the occurrence of the
individuals in a Kernel density model to evaluate the
range of distribution of every species in the area. The
Kernel model was calculated using ArcMap 10.4.1,
and is based on Silverman (1986). Because of the
large number of species, we presented in this paper
only a limited number. For the selection, we chose
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the species with p-values considered significant at
the level of 0.001 for the smoothed distance. The
distribution and Kernel density model for the other
species are presented in the complementary data
section.

In order to complement the assessment of
spatial distribution, the recorded species were

Hentz AMK et al.

classified according to their ecological group, based
in the characteristics proposed by Leitdo Filho (1993)
adapted by Santos et al. (2004). This classification
was based in 3 groups: Pioneer (P), Early Secondary
(ES), and Late Secondary or Climax (LS/C). The
classification was based on comparison between
the description of each class done by Santos et al.

Table 1 - Species found in the plots (Pine and Agriculture), and their respective ecological group and botanic family.

Species EG Family
Clethra scabra Pers. P Clethraceae
Mimosa scabrella Benth. P Fabaceae
Mogquiniastrum polymorphum (Less.) G. Sancho Asteraceae
Mpyrsine coriacea (Sw.) R.Br. ex Roem. & Schult. Primulaceae
Cedrela fissilis Vell. ES Meliaceae
Lithrea brasiliensis Marchand ES Anacardiaceae
1lex brevicuspis Reissek LS/C Aquifoliaceae
llex theezans Mart. ex Reissek LS/C Aquifoliaceae
Araucaria angustifolia (Bertol.) Kuntze LS/C Araucariaceae
Syagrus romanzoffiana (Cham.) Glassman LS/C Arecaceae
Cinnamodendron dinisii Schwacke LS/C Canellaceae
Sloanea lasiocoma K. Schum. LS/C Elacocarpaceae
Sapium glandulosum (L.) Morong ES Euphorbiaceae
Cinnamomum amoenum (Nees & Mart.) Kosterm. ES Lauraceae
Cinnamomum sellowianum (Nees & Mart.) Kosterm. ES Lauraceae
Ocotea puberula (Rich.) Nees ES Lauraceae
Nectandra grandiflora Ness LS/C Lauraceae
Nectandra lanceolata Nees LS/C Lauraceae
Nectandra sp. LS/C Lauraceae
Ocotea porosa (Nees & Mart.) Barroso LS/C Lauraceae
Luehea divaricata Mart. ES Malvaceae
Mpyrcia splendens (Sw.) DC. ES Myrtaceae
Blepharocalyx salicifolius (Kunth) O. Berg LS/C Myrtaceae
Campomanesia xanthocarpa (Mart.) O.Berg LS/C Myrtaceae
Eugenia handroana D. Legrand LS/C Myrtaceae
Eugenia uniflora L. LS/C Myrtaceae
Myrceugenia euosma (O. Berg) D. Legrand LS/C Myrtaceae
Prunus brasiliensis (Cham. & Schltdl.) D. Dietr. ES Rosaceae
Casearia decandra Jacq. LS/C Salicaceae
Allophylus edulis (A.St.-Hil. et al.) Hieron. ex Niederl. LS/C Sapindaceae
Cupania vernalis Cambess. LS/C Sapindaceae
Matayba elaeagnoides Radlk. LS/C Sapindaceae
Styrax leprosus Hook. & Arm ES Styracaceae

(EG = Ecological Group; P = Pioneer; ES = Early Secondary; LS/C = Late Secondary or Climax)
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(2004) and each species characteristic. The species
and their ecological group are presented in Table
1. We also applied the Kernel density model on
the ecological group distribution, considering the
total number of individuals for ecological group
considering the groups of Pioneers and Early
Secondary as one in this analysis. More information
about ecological group distribution and edge effect
of this plots can be found in Hentz (2015).

Results

In the Pine plot 765 live individuals with
DBH > 10 cm belonging to 49 species were
sampled in 2013, among which, 16 species had
an abundance of 10 or more individuals, totaling
655 individuals. Only these species were analyzed
for their correlation with the edge distance (Tab.
2). According to the Spearman’s correlation
coefficient, the species Cinnamomum amoenum,
Cinnamomum sellowianum, Clethra scabra and
Mogquiniastrum polymorphum have a significant
(p < 0.03) correlation with the edge distance, and
this correlation was negative in all cases, so they
are mostly found close to the edge. On the other
hand, the GAM model showed that the species
Cinnamomum amoenum, Clethra scabra, Eugenia
handroana, Matayba elaeagnoides, Moquiniastrum
polymorphum, Myrceugenia euosma, Myrsine
coriacea and Nectandra grandiflora have a
significant (p < 0.04) relationship with the distance
from the edge.

Concerning to the recruitment trees in the
studied period, 345 individuals and 42 species
were observed in the Pine plot, of which only 8
species had more than 10 individuals, totaling 227
individuals considered in this study. According to
the Spearman’s correlation coefficient, a similar
group of species with a significant correlation
with the edge distance found in the living group
was also observed in the recruitment. These
species are Cinnamomum amoenum, Cinnamomum
sellowianum, Clethra scabra, Myrsine coriacea
and Nectandra grandiflora (p <0.03) and again the
correlations were negative, so these species were
found regenerating nearer to the edge. Considering
the GAM model, the species with a significant
(p < 0.01) relationship with the distance are
Cinnamomum amoenum, Matayba elaeagnoides,
Mpyrsine coriacea and Nectandra grandiflora.

We observed 185 dead individuals for 27
species in Pine plot, from which 11 had a minimum
of 5 individuals (totaling 152 individuals). From the
mortality group, only Araucaria angustifolia and
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Matayba elaeagnoides are considered significant (p
< 0.02) by the Spearman’s correlation coefficient
when correlated with the edge distance, and they
have a positive relationship (more dead individuals
in the interior). The GAM model showed a
distinct result since the model considered that the
species Mimosa scabrella, Myrsine coriacea and
Nectandra grandiflora have a significant (p < 0.05)
relationship with the edge distance.

The Kernel density model results for the
Pine plot are presented in Figure 3; as well, the
representation of the individuals is observed in the
inventories. The species Cinnamomum amoenum
and Myrsine coriacea present a similar trend for
living and recruitment with a large number and
density of individuals close to the edges, but a small
number of individuals are closer to the interior. In
both cases, the interior individuals don’t have as
high a density as those at the edges. It is interesting
to notice that for Cinnamomum amoenum the
individuals in the interior are recently recruited,
while for Myrsine coriacea the opposite happens,
since the recruitment has only one individual close
to the interior.

Clethra scabra also presented majority of
individuals in the first three subplots, but there
were a few trees of this species in the plot’s interior,
including the last subplot, between 90—100 meters
from the edge. Moquiniastrum polymorphum is
the only one which is concentrated in the first 4
subplots, up to 40 meters away from the border,
presenting the largest number of individuals
in the first subplot. Besides that, the species
Mogquiniastrum polymorphum and Clethra scabra
don’t present a large density of individuals in any
region of the plot.

In the Agriculture plot, 52 species and 622
individuals of living trees (Tab. 2) were observed in
2013, similar to the number found in the Pine plot. Of
these species, 18 had a minimum of 10 individuals,
in a total of 467 individuals. Considering the
Spearman’s correlation coefficient, the species
Araucaria angustifolia, Eugenia uniflora, Matayba
elaeagnoides and Styrax leprosus have a significant
(p < 0.03) correlation with the edge distance.
These correlations are negative for Araucaria
angustifolia and Styrax leprosus, and positive
for Eugenia uniflora and Matayba elaeagnoides.
Considering the GAM model, the number of species
with a significant (p < 0.03) relationship with
the edge distance is larger, including the species
Araucaria angustifolia, Blepharocalyx salicifolius,
Campomanesia xanthocarpa, Cinnamodendron
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Table 2 — Species that presented significant association with edge distance, according to the Spearman’s Correlation
Coefficient and the Generalized Additive Model in Pine and Agriculture plots.

Plot Category Spearman’s GAM
Cinnamomum amoenum (N) Cinnamomum amoenum
Cinnamomum sellowianum (N) Clethra scabra
Clethra scabra (N) Eugenia handroana
Living Mogquiniastrum polymorphum (N) Matayba elaeagnoides

Mogquiniastrum polymorphum
Myrceugenia euosma

Myrsine coriacea

Nectandra grandiflora
Pine
Cinnamomum amoenum (N) Cinnamomum amoenum
Cinnamomum sellowianum (N) Matayba elaeagnoides
Recruitment Clethra scabra (N) Mpyrsine coriacea
Mpyrsine coriacea (N) Nectandra grandiflora
Nectandra grandiflora (N)
Araucaria angustifolia (P) Mimosa scabrella
Mortality Matayba elaeagnoides (P) Myrsine coriacea
Nectandra grandiflora
Araucaria angustifolia (N) Araucaria angustifolia
Eugenia uniflora (P) Blepharocalyx salicifolius
Matayba elaeagnoides (P) Campomanesia xanthocarpa
Styrax leprosus (N) Cinnamodendron dinisii
Eugenia uniflora
Matayba elaeagnoides
Living Myrcia splendens
Nectandra lanceolata
Agriculture Ocotea porosa
Ocotea puberula

Prunus brasiliensis
Sloanea lasiocoma

Styrax leprosus

) Eugenia uniflora (N) Eugenia uniflora
Recruitment
Styrax leprosus (N) Styrax leprosus
Styrax leprosus (N) Casearia decandra
Mortality Ocotea puberula

Styrax leprosus

GAM = generalized additive model; N = negative correlation; P = positive correlation.
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Figure 3 — Spatial distribution and Kernel density of selected species affected by the edge distance in Pine plot.

dinisii, Eugenia uniflora, Matayba elaeagnoides,
Mpyrcia splendens, Nectandra lanceolata, Ocotea
porosa, Ocotea puberula, Prunus brasiliensis,
Sloanea lasiocoma and Styrax leprosus.

Atotal of 39 species and 204 individuals were
registered as recruitment in the Agriculture plot, of
which only four had more than 10 individuals (in a
total of 93 individuals). Among these, the species,
Eugenia uniflora and Styrax leprosus, presented
a significant (p < 0.03) correlation with the edge
distance based on the Spearman’s correlation
coefficient, as well as presented a significant (p <
0.01) relationship according to the GAM model.
The correlation was positive for Eugenia uniflora
and negative for Styrax leprosus.

A total 36 species and 187 individuals were
found dead, of which 11 had a minimum of 5 trees
(in a total of 128 individuals). The species Styrax
leprosus was the only one with a significant (p
< 0.03) correlation (negative) between mortality
and edge distance considering the Spearman’s
correlation coefficient. By the GAM model,
Casearia decandra, Ocotea puberula and Styrax
leprosus have a significant (p < 0.05) relationship
with the edge distance.

The Kernel density model of the selected
species in the Agriculture plot are shown in Figure
4. Eugenia uniflora is the only species that show a
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high density of individuals in the interior (mostly in
the west corner), even presenting some individuals
in all distances, and that is also noticeable in that
most the individuals in the middle of the plot or
closer to the edge are recruited in the studied period.

Styrax leprosus is the species with the
higher density of individuals, and these trees are
found mostly in the edges with few individuals
in the interior. A similar pattern was observed for
Nectandra lanceolata, and in a small scale for
Ocotea puberula. Ocotea porosa showed a larger
number of individuals in the first subplot after the
edge, but also presented individuals in almost all
subplots. Because of this distribution in the plot,
Ocotea porosa did not present a high density of
individuals in any region.

In relation to the ecological groups (EG), the
results are presented in Table 3. In the Pine plot,
all ecological groups in the three situations (living,
recruitment and mortality) presented a significant
(p < 0.03) correlation with the edge distance by
the Spearman’s Correlation Coefficient. As well,
the distance was considered significant (p <
0.001) in the GAM model for the three ecological
groups. The correlation was positive for the late
secondary/climax species only in the living and
mortality categories, while in the recruitment this
EG presented a negative correlation. This means
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Figure 4 — Spatial distribution and Kernel density of selected species affected by the edge distance in Agriculture plot.

there are more individuals regenerating close to
the edge. The pioneer and early secondary groups
presented negative correlations in all cases.

In the Agriculture plot, only the living and
mortality categories for pioneer and early secondary

correlated to edge distance, and in both cases,
that correlation was negative. On the other hand,
considering the GAM model, the only case where
the edge distance was not significant (p > 0.05)
was for the mortality individuals from the late

individuals were considered significantly (p <0.02) secondary/climax ecological group.

Table 3 — Ecological groups that presented significant association with edge distance, according to the Spearman’s
Correlation Coefficient and the Generalized Additive Model in Pine and Agriculture plots.

Plot Spearman’s GAM
Living P and ES (N) Living P and ES
Living LS/C and C (P) Living LS/C and Climax
Pine Recruitment P and ES (N) Recruitment P and ES
Recruitment LS/C (N) Recruitment LS/C
Mortality P and ES (N) Mortality P and ES
Mortality LS/C (P) Mortality LS/C
Living P and ES (N) Living P and ES
Mortality P and ES (N) Living LS/C and Climax
Agriculture Recruitment P and ES
Recruitment LS/C
Mortality P and ES

GAM = generalized additive model; P = Pioneer; ES = Early Secondary; LS/C = Late Secondary or Climax; and, in brackets, N = negative correlation; P = positive correlation.
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Figure 5 — Spatial distribution and Kernel density of ecological groups in relation to the edge distance in Pine plot.

The results of the Kernel density model of the
ecological groups are presented in Figures 5 and 6. We
can observe that in the Pine plot the pioneer and early
secondary groups have a high density of individuals
in the edge for living and recruitment individuals,

Agriculture plot
Living

Early secondary and Pioneer
N Agriculture plot

Late secondary/Climax

Agriculture plot
Recruitment

Early secondary and Pioneer\ !

Agriculture plot
Recruitment

whereas for mortality, there are some spots of large
density in the interior, but in general dead individuals
are in all the plot. The late secondary/climax group
presented a high density of individuals in almost
the entire plot, considering the living individuals,

Agriculture plot
Mortality

G,
/’00 Legend:

/ g e Individuals
.
.

[ Sub plots
\:// Kernel density
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Figure 6 — Spatial distribution and Kernel density of ecological groups in relation to the edge distance in Agriculture plot.
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except for the first meter closest to the edge. The
recruitment was well distributed, and the mortality
was almost nonexistent in the first four plots closest
to the edge.

In the Agriculture plot, the pioneer and early
secondary groups are concentrated close to the
edges for the three categories, but in the living
group, the density of individuals is higher. On the
other hand, the late secondary/climax group is
well distributed in the plot with some spots of high
density of individuals in the edge and the west side
for living and recruitment categories.

Discussion

In the Pine plot, the Spearman’s correlation
coefficient showed a significant relationship almost
only for pioneers and early secondary species in
the living and recruitment categories, while for
the mortality, the correlation significance was
observed mostly in the late secondary/climax
category. Also, all the significant correlations in
living and recruitment categories are negative
even for the recruitment of Nectandra grandiflora
(considered late secondary/climax). That means
that there is a concentration of pioneers and early
secondary species regenerating and living closer
to the edges. That was expected, since pioneer
and early secondary species require higher levels
of solar radiation for germination and growth;
therefore, they grow in forest gaps (Felfili ef al.
1999) as well as in edge areas (Murcia 1995). For
the mortality, most of the significant correlations
are positive with the edge distance, i.e., there are
more individuals of this species dying in the interior
of the plot than in the edges.

Considering the Kernel density model
for the ecological groups, this finding is more
visible for both plots. The pioneers and early
secondary species are mostly concentrated in
the edges with more emphasis in the living and
recruitment categories, while the late secondary/
climax group is more homogeneously distributed
in the plots, occurring close to the edges. In fact,
in the Agriculture plot, there is a higher density
of late secondary/climax individuals living and
regenerating close to the edges and in the west side
of the plot. This pattern doesn’t occur in the Pine
plot, since the group is well distributed in most of
the plot, but in the first meters after the edge there
are fewer individuals.

These findings are important because that
means the late secondary and climax species can
inhabit the whole area in the Agriculture plot,
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including the regions close to the edges. Besides the
high density of individuals living close to the edge,
it is noticed a large recruitment and low mortality
of these species. This is important because this
group of species usually do not adapt well to the
edge areas and may tend to disappear or be extinct
in forests with a large human disturbance (Piitz et
al. 2011) since the environment favors shadow
intolerant species (Vieira & Hosokawa 1989). In
the Pine plot, there are still some regions where this
group is not so well distributed, but because of the
presence of some individuals close to the edges, we
can believe that the immediate effect of the edge
creation is being minimized, since the effects of
the edge are stronger in the first years (Harper et
al. 2005; Laurance et al. 2011).

Considering the species more impacted by the
edge distance in the Pine plot, we can notice that
Cinnamomum amoenum presents many individuals
living closer to the edge, and most of these were
recruited in the studied period. However, there is
only one individual in the first 10 m after the edge,
and the largest concentration of this species is at
20—40 m of distance. This is an expected behavior
since this species belongs to the early secondary
group that is known for developing in small forest
gaps, or more rarely, in the understory layer, in
the shade (Leitdo Filho 1993). The observed
pattern is interesting because it shows a tendency
of this species not well adapted to the edge itself,
even having a negative correlation with the edge
distance. A similar pattern was observed by
Fontoura et al. (2006), who noticed the existence
of this species after 50 m from the edge, and they
characterized this species as shade tolerant.

Mogquiniastrum polymorphum is highly
concentrated in the first subplot of the Pine plot,
so in direct contact with the exterior, an expected
behavior for this species since is commonly found
in edge areas (Pivello ez al. 2006). Besides that, this
species does not have a large density of individuals
even in the edge region.

On the other hand, Clethra scabra presented
the majority of its individuals in the first three
subplots as a light demanding species, but it also
showed trees in the plot interior. Clethra scabra
did not present any region with a high density
of individuals in the plot. Similarly, Pivello et
al. (2006) observed Clethra scabra occurring
predominantly in the edges, but also in interior
areas, which may be a result of selective extractions
of wood, since they may cause forest gaps and
increased regeneration of pioneer species. This
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same process of selective logging occurred at the
Experimental Station of Sdo Jodo do Triunfo, so
the pioneer trees in the interior can be a result of
this process.

Myrsine coriacea showed a similar trend
to Moquiniastrum polymorphum with most of
the individuals in the edge until approximately
30 meters from the forest edge. That happens
because this species colonizes open areas that
suffer disturbances in the Araucaria Rainforest
(Scariot & Reis 2010). At greater distances, only
three recruitment trees of this species were found,
and two of those are at less than 60 m of distance.
An occurrence like this is probably a result of the
presence of forest gaps. According to Sampaio
(2011), these gaps can become a habitat for species
that require higher availabilities of light, and that
can affect the structural and floristic patterns of the
forest. Also, it is interesting to notice that even close
to the edge, this species is found in a specific area,
i.e., this species is aggregated.

In the Agriculture plot, Eugenia uniflora
showed a positive correlation with the increase in
edge distance considering the living and recruitment
trees, and this effect of the distance was also
observed by the GAM model. This species has
a higher concentration of individuals in interior
areas, mostly in the west corner of the plot, and
therefore can be negatively affected by the creation
of edges. E. uniflora is classified as late secondary
or climax, and it is characterized by living in
high water saturation areas (Reitz et al. 1983), so
probably will not occur in edge areas where there
is a decrease in soil moisture (Murcia 1995). In our
study, the presence of some trees of this species near
the edge can be explained by their prior existence
to the formation of the edge. As a species of slow
growth, characteristic of climax species (Resende
et al. 1999), it takes them longer to respond to the
harmful effects originated with the formation of
the edge.

The other species presented in the Kernel
density maps are all concentrated close to the edges,
even Nectandra lanceolata and Ocotea porosa,
from the late secondary/climax ecological group.
Nectandra lanceolata is highly concentrated in a
small region of the plot in the east side of the two
fist subplots. On the other hand, Ocotea porosa
does not have any region with a high density of
individuals, even it having more individuals in the
first subplot distributed in almost all the plot. The
results for these two species show as the possibility
of shade tolerant species living close to the edges.
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Styrax leprosus presented a high density of
individuals in the first 30 meters from the edge as
well as some in the interior. This species is classified
as early secondary, and its presence in the edge
reflects the abundancy of light there. According to
Silva et al. (2012), Styrax leprosus is found in the
middle layer of Araucaria forests, capdes (Brazilian
forest islands immersed on an herbaceous matrix)
and grassland areas. A similar occurrence was
observed for Ocotea puberula that also showed
a large number of individuals close to the edge,
and the few individuals in the interior are possible
because of the presence of gaps in the canopy.

Considering the spatial distribution of species
in Araucaria forest, usually these species present an
aggregated distribution, as observed by Nascimento
et al. (2001) and Silvestre ef al. (2012), as well by
Machado et al. (2012) for Araucaria angustifolia,
Casearia decandra and Cedrela fissilis and for
Rondon Neto et al. (2000) for Myrsine coriacea.
This pattern means that in some cases, the
concentrated distribution of some species in one
region can be a result of their natural occurrence,
as can be the case of E. uniflora, M. coriacea and
N. lanceolata.

One interesting fact to note is the predominance
of some species in the first three subplots, as happens
for Myrsine coriacea, Cinnamomum amoenun,
Clethra scabra, Moquiniastrum polymorphum
and Styrax leprosus. This also is observed by the
high density of pioneers and early individuals in
the first subplots (up to 40 meters) in the Pine plot
for the living and recruitment categories as well as
for the living in the Agriculture plot. This result is
similar to those reported by Rigueira et al. (2012),
which indicates the predominance of pioneer and
early secondary species in the first 30 meters
from the edge. It is also interesting to observe
that some studies have analyzed the Araucaria
Forest expansion system and have found that this
forest type expands its limits by promoting certain
species, as pioneers with fast development over the
edge limits (Carlucci et al. 2011). Because of the
presence of a large number of species well adapted
to this expansion process, the Araucaria forest
can be considered less susceptible to changes in
the environment such as the forest fragmentation
(Orihuela et al. 2015).

The Kernel analysis of the late secondary/
climax ecological group showed that these groups
are able to live and even regenerate close to the
edges, especially in the Agriculture plot, which
differ from the results observed by some studies. In
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general, our study suggests that there is a prevalence
of pioneers and early secondary species close to
the edges, while the late secondary/climax species
are not concentered only in the interior. A similar
finding was observed by Rigueira et al. (2012).
Still, it is important to monitor the edge effect over
the species since we can notice that some are more
impacted by the edge, as E. uniflora. In some areas
where the edge effect is prevalent, such as small
forests, characteristic species of a specific forest
type, mostly climax species, can be more vulnerable
to extinction (Piitz et al. 2011) due to changes in the
environment that impact their survival.

Conclusion

We conclude that in the Araucaria Rainforest
some species are strongly affected by the presence of
edge’s areas. Some of these species are likely to live
close to the edges, while others ae only presented in
the interior areas, and because of that can be more
negatively affected by the presence of edges.

The distribution of species considering the
ecological groups also displayed relationship
with the edge distance, being the pioneer/early
secondary species mostly concentrated close to the
edges, as expected. In addition, one of the most
important findings of this study is that there is a
good distribution of late secondary/climax species
in both plots, what means that this group, usually
considered most susceptible to the edge effects, can
survive in the area even after the fragmentation.

Complementary data

This paper contains complementary
data available at <http://doi.org/10.6084/
m9.figshare.4622221>. The materials available
are: lists of individuals measured during the field
inventory in Pine and Agriculture plots; Kernel
density maps and GAM model of all analyzed
species in Pine and Agriculture plots; and tables
with Spearman’s Correlation Coefficients and GAM
results for individuals and ecological groups in Pine
and Agriculture plots.
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