ol, 13, oo, 240947

Growing at the forest edges: how natural regeneration develops under
fragmentation

Environmental changes caused by edge effects and matrix land use can inter-
fere with plant community resilience and, consequently, alter forest succes-
sion. Here, we aimed to (i) investigate whether species composition, density
and richness in a forest’s regeneration layer vary in its edge-to-interior gradi-
ent and (ii) analyze the relationship between regeneration and local abiotic
variables. We conducted the study in the lowland rainforest of the Atlantic
Forest biodiversity hotspot at the Cérrego Grande Biological Reserve, Espirito
Santo state, Brazil. We sampled the regeneration layer in two edge environ-
ments with different matrices (forest and road) and the fragmented interior to
link vegetation structure with environmental variables. In each environment,
we set up 12 plots of 5 x 10 m size and recorded, in each plot, the height and
stem base diameter of all living individuals above 50 cm of height and below
2.5 cm of diameter at breast height (1.30 m height). We applied different mul-
tivariate analyses to assess the influence of environmental data, such as
canopy openness and physical-chemical soil variables. The three environments
shared 22 out of the 174 morphospecies recorded, and the forest-side edge
had the lowest species richness among all environments. The environmental
variables that better explained the distribution of species across the three en-
vironments were: canopy openness, soil penetration resistance, zinc, and cal-
cium content. Our results revealed significant environmental differences
among the forest edges and the forest interior of the study site, highlighting
the relevant role of the forest surrounding matrix for the maintenance of pro-
tected remnants.
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Introduction

The Brazilian Atlantic Forest is recognized
as a highly biodiverse and endemic region
(Myers et al. 2000). Combined with the
predominantly fragmented distribution
that makes it susceptible to human distur-
bance, these characteristics have placed
the Atlantic Forest among the global biodi-
versity hotspots prioritized for conserva-
tion (Myers et al. 2000). The current state
of fragmentation, which results from years

of human activity in the region (Dean
1996), exposes Atlantic Forest remnants to
different impacts (Magnago et al. 2014).
Some permanent impacts faced by these
forests are edge effects, which occur along
fragmented boundaries (Laurance & Vas-
concelos 2009).

Forest edge effects result from interac-
tions between two adjacent environments
separated by an abrupt transition zone
(Murcia 1995). The environmental quality
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of forest edges is therefore related to the
surrounding matrix of the fragment. Envi-
ronmental changes induced by edge ef-
fects alter the biotic and abiotic variables
(Blumenfeld et al. 2016) and can promote
further biodiversity loss (Laurance & Vas-
concelos 2009). The edges of a forest rep-
resent a boundary zone where the microcli-
mate and species composition largely differ
from those in the forest interior (Ries et al.
2004). Changes in the microclimate along
forest edges, which include increased tem-
perature, decreased humidity (Ries et al.
2004), and altered wind turbulence, may
potentially change local species composi-
tion and structure (Harper et al. 2005),
leading to high temporal species turnover
(Laurance & Vasconcelos 2009). This turn-
over is related to the higher numbers of pi-
oneer and early secondary species usually
found along the edges (Rigueira et al. 2012)
and on the regeneration layer of forest
fragments (Nascimento et al. 2006).
Natural regeneration is a mechanism of
slow ecological recovery (in terms of eco-
system structure, composition, and func-
tion) that follows an ecosystem distur-
bance (Chazdon & Guariguata 2016).
Through the recruitment of individuals and
species, this process involves successive
progress towards increasing functional and
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structural complexity in the natural com-
munity (Chazdon 2012). Understanding the
role of natural regeneration in the succes-
sion process is essential to predicting how
different disturbances may influence the
future plant diversity of a forest (Dupuy &
Chazdon 2008). Given the different envi-
ronmental tolerance spectra exhibited by
plant species (Corlett & Westcott 2013), the
type of surrounding matrix can be a deter-
mining factor in alleviating or worsening
the adverse consequences of edge effects
on the community (Gehlhausen et al.
2000). Furthermore, plant community
structure in mature tropical forests is
largely determined by the composition of
the regeneration layer in the early stages
of succession (Baldeck et al. 2013). There-
fore, forest succession and diversity main-
tenance also depends on the regeneration
layer (Alves & Metzger 2006).

Considering the importance of the regen-
eration layer for forest succession and the
consequences of edge effects on forest
communities, in this study, we aimed to in-
vestigate the influence of edge effects on
the composition of the regeneration layer
along two forest edges bounded by differ-
ent surrounding matrices with the forest
interior in an Atlantic lowland forest. We
hypothesize that the matrices influence
the edge of the patch differently. There-
fore, it is expected that the properties of
the different environments may shape the
taxonomic diversity of the regeneration
layer. To identify variation in the composi-
tion and structure of the forest regenera-
tion layer, we asked: (i) do richness and di-
versity vary along forest edges with differ-

ent surrounding matrices in the same rem-
nant forest? (ii) What abiotic variables may
shape species distribution in these con-
texts?

Materials and methods

Study area

The study was conducted in the Cérrego
Grande Biological Reserve (CGBR), a pro-
tected site with an area of 1504.8 hectares
in the municipality of Conceicdo da Barra,
state of Espirito Santo, Brazil (18° 12 - 18°
18’ S;39°45' - 39°50' W - Fig. 1). The CGBR is
a triangle-shaped forest fragment sur-
rounded by cattle pasture, eucalyptus, and
agricultural plantations (Safar et al. 2020).
A non-paved state road also encircled the
site, with 8 km of extension that separates
the Brazilian states of Espirito Santo and
Bahia. The road, locally known as “Picaddo
da Bahia”, is one of the main distribution
outlets of the region’s eucalyptus produc-
tion. Before the establishment of this bio-
logical reserve in the late 1980s, the study
site underwent periods of selective logging
for timber production, as well as hunting
and forest fires. The last fire recorded on
the site occurred in the late 1990s (Costa et
al. 2017).

This Atlantic Forest remnant, located 55
m a.s.l. (Costa et al. 2017), is classified as
Lowland Dense Moist Forest (i.e., lowland
Atlantic rainforest — Garbin et al. 2017) and
nationally known as a tabuleiro forest. The
occurrence range of tabuleiro forests is
usually associated with nutrient-poor soils
across alluvial flatlands (between 20 and
200 m a.s.l.) near the Brazilian Atlantic

Fig. 1 - Geo-
graphic location
of the Reserva
Bioldgica do Cor-
rego Grande in
the municipality
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coast. The region’s climate falls within K&p-
pen’s Af category (tropical rainforest cli-
mate), with a mean annual temperature
above 23 °C and annual precipitation above
1200 mm (Alvares et al. 2013).

Vegetation sampling

To sample the natural regeneration layer,
we established 36 permanent plots of 50
m? (5 x 10 m, totaling 1800 m?) distributed
across three environments: forest-side
edge (EFo), roadside edge (ERo), and frag-
ment interior (Int). The sampling of each
environment (EFo, ERo, and Int) was per-
formed along three transects, in each of
which we located four plots, distanced 10
m from each other and distributed along
the edge-to-interior direction (12 plots per
environment). We adopted two inclusion
criteria to sample the regeneration layer:
minimum height of 50 cm and maximum di-
ameter at breast height (at 1.30 m height)
of 2.5 cm. We measured the height and
stem base diameter of all trees and shrubs
that met these criteria.

When species identification was not pos-
sible in the field, we collected plant mate-
rial for later comparisons with the special-
ized literature, regional herbaria (Herbdrio
Capixaba, CAP and Reserva Natural Vale,
CRVD), and virtual herbarium collections
(Reflora Virtual Herbarium - http://reflo
ra.jbrj.gov.br/reflora/herbarioVirtual/; and
Jabot - http://jabot.jbrj.gov.br/v2/consulta.
php). Species names were standardized ac-
cording to the Flora do Brasil 2020 species
list (http://floradobrasil.jbrj.gov.br/), and
family classification followed Angiosperm
Phylogeny Group IV (APG-IV 2016).

Environmental sampling

To assess canopy openness (CO) in each
environment, we took hemispherical can-
opy photographs at the center of each
plot, using a fisheye lens (180° of angle
view) attached to a smartphone and sup-
ported by a tripod (1.30 m height - Tichy
2016). The camera was set up following the
magnetic north direction, and photographs
were taken near the beginning (early
morning) or the end (late afternoon) of
each collection day, under lighting condi-
tions as uniform as possible. We collected a
total of 72 canopy photographs, 36 for
each month: April 2018, at the end of the
rainy season, and September 2018, at the
end of the dry season. To process these
data, we used the Gap Light Analysis Mo-
bile app (https://www.sci.muni.cz/botany/
glama/). This app differentiates between
white pixels (light that penetrates the
canopy) and black pixels (vegetation) and
calculates the percentage of canopy open-
ness based on the white/black pixel count
(Tichy 2016).

To characterize the soil, we collected soil
samples near the plots used in this study,
which were installed to perform a simulta-
neous tree inventory. Soil samples were
systematically collected from five points at
0-20 cm of depth and later homogenized
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into one composite sample per plot. All 36
soil samples were analyzed at the Labora-
tory of Fertiliser, Water, Mineral, Residual,
Soil and Plant Analyses (LAFARSOL) of the
Federal University of Espirito Santo, Brazil.
The following physical-chemical attributes
were obtained under the methodology
proposed by EMBRAPA (2011): C, P, K, Al, S,
Ca, Na, Mg, Fe, Cu, B, Mn, Zn, exchange-
able acidity (HAI), pH (H,0), organic matter
(OM), sum of exchangeable bases (SB),
aluminum saturation (m), Cation Exchange
Capacity (CTQ), base saturation (V), sodium
saturation index (ISNa), and effective cat-
ion exchange capacity (CTC1), sand con-
tent, silt content, clay content, soil humid-
ity, and soil bulk density.

To analyze soil penetration resistance
(PR) in each plot, we used an impact pen-
etrometer. At five points within each plot
(one at each plot corner and one at the
plot center), we recorded the number of
hammer drops taken to reach 20 cm of soil
depth. We used Stolf (1991) equation to de-
termine soil penetration resistance.

Data analysis

We calculated parameters based on Muel-
ler-Dombois & Ellenberg (1974) for the
three environments studied. Likewise, we
estimated species richness and diversity in

Natural regeneration development under fragmentation

PCA, we standardized the data to the cor-
relation matrix using the “FactoMineR”
package (Lé et al. 2008). Soil fertility, soil
texture, canopy openness, and species
composition were used to perform a ca-
nonical correspondence analysis (CCA) to
investigate potential relationships be-
tween biotic and abiotic variables. The or-
dination of the data in the CCA allows one
to observe the similarity or dissimilarity be-
tween species and between sites. To select
the variables that best explain species dis-
tribution, we used the “ordistep” function
from the “vegan” package (Oksanen et al.
2019). We used only variables with a vari-
ance inflation factor (VIF) less than 10. We
assessed the significance of each abiotic
variable through Monte Carlo randomiza-
tions (999 permutations). To illustrate the
CCA results, we use the “autoplot” func-
tion from the “ggplot2” package (Wick-
ham 2016). We performed all analyses in
the R environment.

Results

We sampled in the regeneration layer
1156 individuals assigned to 174 morphos-
pecies, 63 genera, and 20 families. In 0.18
ha of sampled area, we found that the
three environments share 22 species,
whereas 76 species were recorded exclu-
sively at the forest-side edge, 52 species in
the fragment’s interior, and 50 species at
the roadside edge. Myrtaceae was the
most abundant family and the most spe-
cies-rich family for the roadside edge (53 in-
dividuals/13 spp.) and the forest-side edge
(78 ind.[21 spp). In the interior, the most
abundant family and the most species-rich
was Fabaceae (42 ind./11 spp.). The three
most abundant species in each area were:
at the roadside edge, Adenocalymma sp.1
(19 individuals), Eugenia astringens (16),
and Cordia taguahyensis (13); at the forest-
side edge, Cordia taguahyensis. (28), Psy-
chotria sp.2 (21) e Myrcia amazonica (15);
and in the fragment’s interior, Protium hep-

Tab. 1 - The ten species with the highest importance values in the three environments.
Data were obtained through a phytosociological analysis. Number of individuals (NI),
relative dominance (RDo), relative frequency (RF) and relative density (RD). Percent
importance values (1V, %) for each of the three environments are also shown.
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- . Habitat Species Family NI RDo RF RD IV%
the three environments by plotting rarefac- - -
tion and extrapolation curves that consid- Eugenia astringens Myrtaceae 16 4.44 3.26 4.49 4.06
ered the number of sampled individuals Adenocalymma sp.1 Bignoniaceae 19 3.89 2.79 5.34 4.01
and the number of sample units. We esti- Cordia taguahyensis Boraginaceae 13 5.01 1.86 3.65 3.51
mated species richness using the first Hill o . .
number (species richness, q = 0) and spe- én Ecclinusa ramiflora Sapotaceae 12 3.77 1.40 3.37 2.84
cies diversity using the exponential of o Acanthocladus pulcherrimus  Polygalaceae 9 430 0.93 2.53 2.59

. . hel
Slhannon)entrop);)(dlvderSIty, q= ; - Chao et B Swartzia apetala var. apetala Fabaceae 8 2.74 2.33 2.25 2.44
al. 2014). We based extrapolations on S .
abundance data, assuming between two &  Myrcia splendens Myrtaceae 10 1.82 2.33 2.81 2.32
and three times the Sample size for each Eugenia inversa Myrtaceae 12 1.37 1.86 3.37 2.20
environment (Colwell et al. 2012). Further- Licania kunthiana Chrysobalanaceae 8 2.01 1.86 2.25 2.04
;nto;le’z\cl)\gz)utss(:atl?Slaptaecr:rgeialc’:cliiﬁ-rag-cligeexh Eschweilera ovata Lecythidaceae 10 1.74 1.40 2.81 1.98
trapé)lation curves based on the number of Cordia taguahyensis Boraginaceae 28 3.57 4.17 5.76 4.50
sampled individuals and the number of Helicostylis tomentosa Moraceae 14 3.24 1.74 2.88 2.62
sample units. We estimated 95% confidence Psychotria sp.2 Rubiaceae 21 1.93 1.39 4.32 2.55
intervals through 100 bootstrap replica- g Guapi Nvet 9 462 1.04 185 2.51
tions. Non-overlapping confidence inter- T uapira venosa yctagenaceae : : : :
vals indicated significantly different species $  Sorocea guilleminiana Moraceae 13 2.71 1.74 2.67 2.38
numbersrfwith Pd<0-05 (Colwe!l et all' ?(?_12)- ; Myrcia amazonica Myrtaceae 15 2.04 1.74 3.09 2.29
si\cﬁ\:lzlpzca?i:ge(Nzl!\AB%;_r:seigg Jn;lc'lczrém;:_ “g Protium heptaphyllum Burseraceae 14 2.26 1.39 2.88 2.18
- [
tances to compare the floristic composi- Pausandra morisiana Euphorbiaceae 3.46 1.04 1.65 2.05
tion among the three environments (Clarke Ecclinusa ramiflora Sapotaceae 2.50 1.74 1.65 1.96
“ ”

:‘Egit)i‘otlog fstl%cehi‘\xfgauns’??)at:keag?(ect)ak’;/z‘jas_'n Dialium guianense Fabaceae 9 2.81 1.04 1.85 1.90
etal. 2019). The NMDS was generated with Dialium guianense Fabaceae 5 15.35 1.99 1.59 6.31
four dimensions (k=4), but only the first Pogonophora schomburgkiana Peraceae 23 7.89 3.48 7.32 6.23
two axes were use.ct!.. To verify d:cﬂ‘erendces 5 Protium heptaphyllum Burseraceae 29 3.08 5.47 9.24 5.93
in species composition, we performed a € . . .
permutational multivariate analysis of vari- % Cordia taguahyensis Boraginaceae 17 7.66 3.48 5.41 5.52
ance (PERMANOVA, 9999 permutations) » Clitoria sp.1 Fabaceae 21 3.08 4.98 6.69 4.92
using the “adonis” routine available within £ Ppouteria bangii Sapotaceae 24 3.44 2.49 7.64 4.52
thve\:/e Vuesgeadna ‘;’?”icnkcaiggl(ng:;cf:eittak:;;zi)s‘ gn Solanum sooretamum Solanaceae 10 3.66 2.49 3.18 3.11
(PCA) to verify the possibility of a soil gra- & Eschweilera ovata Lecythidaceae 2.97 2.49 1.91 2.46
dient between the environments. We sepa- Pausandra morisiana Euphorbiaceae 5 3.31 1.99 1.59 2.30
rated the analyses into two groups: soil fer- Ocotea glauca Lauraceae 4 251 1.99 1.27 1.92

tility and soil physical data. To perform the
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The PCA with the physical attributes of
the soil was the most explanatory. The first
two axes explained 72.1% of the variation in
the soil’s physical data (Fig. S1 in Supple-
mentary material). The PCA1 (45.3%) was
positively correlated with clay content (R=
0.92, p< 0.01), penetration resistance (R=
0.89, p< 0.01), and the negatively corre-
lated with sand (R=-0.89, p<0.01). The first
two CCA axes explained 53.5% of all data
variation (axis 1 = 27.6%; axis 2 = 25.9% -
Fig. 4). The variables selected by the model
were PR (anova.cca: Pseudo-Fp, 51=1.293, p=
0.006), D (anova.cca: Pseudo-Fy, 57=1.255, p
= 0.012), CO (anova.cca: Pseudo-F, ;1=
1.155, p= 0.024) and Zn (anova.cca: Pseudo-
Fii,37=1.2, P< 0.015). The species Securidaca
macrocarpa, Melicoccus espiritosantensis,
Piper aduncum, Lippia sp., and Monteverdia
schummaniana were related to higher val-
ues of PR. While Miconia cf. cinnamomifo-
lia, Psychotria stachyoides, and Inga edulis
were associated with CO and Zn. Protium
sp., Pouteria durlandii, Pouteria coelomat-
ica, Parinari brasiliensis, and Mollinedia oli-
gantha were correlated to D (Fig. 4). The
CCA showed that the majority of the road-
side edge plots were positively correlated
with PR, whereas the interior was posi-
tively correlated with CO and the forest-
side edge with D (Fig. 5).

Discussion

The results showed that the edge effect
can be a factor that influences both the
composition and structure of the commu-
nity. The edge with forest showed a differ-
ence in richness and diversity with the inte-
rior of the fragment. Concerning the envi-
ronment, PR was one of the most impor-
tant factors in differentiating the environ-
ments, particularly between the roadside
edge and the interior of the fragment.
These results corroborate the hypothesis
that different matrices have different ef-
fects on the edge of the fragment.

The species found in the regeneration
layer have an important role in the succes-
sion process to compose the vertical struc-
ture of the community. The species Dialium
guianense, Eschweilera ovata, Ecclinusa
ramiflora, and Sorocea guilleminiana are fre-
quent in tabuleiro forests (Paula et al.
2009). Among these, D. guianense, E.
ovata, and S. guilleminiana are especially
relevant for the composition and structure
of high tabuleiro forests (Peixoto et al.
2008). The most abundant species on the
roadside edge was a liana, Adenocalymma
sp.1. This result is expected to be related to
a positive growth association between
lianas and high Iuminosity (Avalos &
Mulkey 1999), especially in environments
like the roadside edges.

At the forest-side edge, the highest den-
sity species was Cordia taguahyensis, per-
ceptibly abundant in the understory at this
study site. Cordia taguahyensis is a shrubby
late secondary species usually related to
forest transitions into advanced succes-
sional stages (Paula et al. 2009). In the
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Fig. 5 - Canonical correspondence analysis (CCA) of the plots in function of soil prop-
erties sampled at the RBCG. Abiotic variables were canopy openness (CO), soil bulk
density (D), soil penetration resistance (PR), and zinc (Zn). The evaluated environ-
ments were roadside edge (ER0), forest-side edge (EFo), and fragment interior (Int).

fragment’s interior, the highest abundance
species was Protium heptaphyllum. This
species can be found in the mature tree
layer and the regeneration layer of lowland
Atlantic rainforests (Paula et al. 2009). Pro-
tium heptaphyllum occurs in forests with
different successional stages but is fre-
quently associated with later stages (Mag-
nago et al. 2011).

The presence of many species of Sapo-
taceae, Rubiaceae, Myrtaceae, and Faba-
ceae in the regeneration layer stands out
because they are very representative fami-
lies in the Atlantic Forest (Alves et al. 2015),
especially in the lowland humid forests of
the state of Espirito Santo (Peixoto & Si-
monelli 2007). Myrtaceae features among
the most species-rich plant families in Bra-
zil (Dutra et al. 2015), with a unique contri-
bution to the composition of rainforests,
where it is the richest family overall (Peix-
oto et al. 2008, Dutra et al. 2015). Generally
pollinated by insects and dispersed by
birds and mammals, Myrtaceae has a cru-
cial ecological role in tropical rainforests
(Gressler et al. 2006). In this study, the
most abundant and species-rich family in
the fragment’s interior was Fabaceae,
which is also the second-largest Atlantic
Forest family in terms of native species
number (Dutra et al. 2015) and is also often
recorded in tabuleiro forests (Jesus & Rol-
im 2005).

As expected, we found higher richness
and diversity at the forest-side edges than
the fragment’s interior, as found in other
similar studies (Laurance & Vasconcelos
2009). Edge effects alter the abiotic condi-
tions of a forest and may, therefore, affect
its ecological processes and species abun-
dances (Laurance & Vasconcelos 2009). In
general, forest edges display higher spe-
cies richness than the forest interior (Alves
et al. 2006), because seedling recruitment

and growth tend to be higher near the ex-
posed forest boundaries (Benitez-Malvido
et al. 2018). The differences that we found
between roadside edges and forest-side
edges may be directly related to the type
of surrounding matrix. A landscape charac-
terized by multiple forest fragments, even
artificial production forests such as Euca-
lyptus spp. monocultures, buffer the abi-
otic impacts stemming from edge effects
on the forest fragment (Schaadt & Vibrans
2015).

The results showed no significant differ-
ences in species composition and richness
between the fragment’s interior and the
roadside edge, indicating an influence from
the land-use histories of the site’s matrix
and interior (Metzger et al. 2009). A poten-
tial explanation for this similarity is the for-
est fire that affected the interior of this
fragment in the late 1990s. This fire could
have resulted in a different successional
pattern than expected for the interior of a
mature forest (Costa et al. 2017), revealing
similar composition and richness to the for-
est edges, especially considering that both
evaluated edges (roadside and forest-side)
have existed since the establishment of the
protection area.

The CCA revealed that the main abiotic in-
fluence on species distribution in the envi-
ronment’s regeneration layer was soil pen-
etration resistance, soil bulk density, can-
opy openness, and soil zinc. Considering
that tropical forest succession is influenced
by environmental filters (Boukili & Chazdon
2017) and that the type of surrounding ma-
trix may be a determining factor for the en-
vironmental variation along forest edges
(Laurance & Vasconcelos 2009), the
strength of edge environmental filters for
forest succession is highly dependent on
the associated matrix. Therefore, identify-
ing which edge-associated factors influ-
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ence the regeneration layer is vital for con-
servation. According to Baldeck et al.
(2013), microclimate variations are essen-
tial for species distribution in the plant
community in several tropical forests.

Canopy openness was highest at the
roadside edges and in the fragment’s inte-
rior. This may explain the higher floristic
similarity found between these two envi-
ronments, considering that canopy open-
ness may impose a filter for species estab-
lishment. Light availability both directly
and indirectly influences a large proportion
of the processes related to plant growth
(Ceccon et al. 2006). Therefore, light avail-
ability gradients strongly influence the lo-
cal distribution of plant species in forest
communities and, consequently, drive nat-
ural forest succession processes (Chazdon
2012). The forest-side edge was negatively
related to canopy openness. This relation-
ship may be explained by the type of sur-
rounding matrix (forested), which tends to
display fewer or lower intensity abiotic
changes than the open surroundings (Blu-
menfeld et al. 2016). Again, this result rein-
forces the importance of canopy openness
for the regeneration layer.

Soil variables also have an important role
in the survival and growth of regenerating
individuals (Zuquim et al. 2020). The results
suggest that soil characteristics influence
species distribution in the study site: at the
forest edges, the high soil penetration re-
sistance that we found may influence the
survival of regenerating individuals, espe-
cially at the roadside edge, where species
richness was lower than at the forest-side
edge. Abiotic factors directly influence indi-
vidual recruitment and survival, ultimately
driving forest succession (Cequinel et al.
2018). A study conducted in a tropical for-
est enrichment experiment in Borneo sug-
gested that even 20 years after heavy-ma-
chinery logging, soil compaction negatively
affected planted seedlings’ root growth
(Hattori et al. 2013). Soil compaction can in-
fluence seedling recruitment, growth, and
mortality rates, especially in human-dis-
turbed areas (Kozlowski 2002). Another in-
fluential factor is soil fertility during germi-
nation, which directly influences the
growth of regenerating individuals (Santi-
ago et al. 2012). Therefore, the soil is a de-
termining factor for the spatial distribution
of species (Zuquim et al. 2020) and local
species diversity (Tuomisto et al. 2014).

Conclusion

Forest edge effects on species richness
and diversity of a forest’s regeneration
layer depend on the type of surrounding
matrix. The differences that we found be-
tween edges associated with different ma-
trices indicate that monitoring the relation-
ship between the fragment’s edge and sur-
rounding matrices is essential to guarantee
effective forest preservation and ecosys-
tem service provision, especially in highly
fragmented regions such as the Atlantic
Forest.
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