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Deforestation of native ecosystems causes microclimatic changes at the edge of the remaining forest fragments.
This “edge effect” can modify soil attributes, although there is little information on this. Thus, this study aimed to
evaluate the edge effect on soil microclimate conditions, chemical, microbiological and arthropod community
attributes and their relationship with litter attributes in a fragment of Semideciduous Seasonal Forest, in Pirai,
RJ, Brazil. In the middle of the dry period (June/2019), four ranges of distances parallel to each other were
established from the edge of the forest fragment: Edge: 0 m; Range 1: 50 m; Range 2: 100 m; and Interior: 160 m.
In each range, five sampling points were established, spaced 10 m apart, where soil samples were collected in the
0-5 cm layer and litter samples. This material was employed to determine microclimatic, chemical and biological
(arthropod community and microbiological attributes) attributes of the soil; and litter stock, concentration and
content of nutrients. Forest fragmentation altered litter attributes and consequently soil moisture and nutrients,
the communities’ attributes of soil arthropods and microorganisms. These modifications in such aspects of
nutrient cycling could compromise the forest functioning and the conservation of local biodiversity. Thus, we
suggested the planting of non-pioneer native tree species in distances closest to the forest edge and installing of
ecological corridors to connect the forest fragment to other remnants, in order to diminish the edge effect.

air temperature and soil temperature, and lower values of relative hu-
midity features the edge, compared to the interior of forest fragments

1. Introduction

The Atlantic Forest is a hot spot for biodiversity conservation, due to
high endemism and biodiversity, in addition to the large number of
species that are threatened with extinction (Myers et al., 2000). Its
remaining area is equivalent to less than 12% of its original total area in
the country (Ribeiro et al., 2009). In the state of Rio de Janeiro, it is
estimated that only 20% of its territory is represented by fragments of
Atlantic Forest (Fundacao SOS Mata Atlantica and Inpe, 2002). In gen-
eral, these forest remnants are very small, isolated, disconnected from
each other, and whose edge is in contact with the anthropic matrix
consisting of agricultural and pasture areas (Tabarelli et al., 2005).

At the edge of forest fragments, the incidence of solar radiation is
considerably higher (Wicklein et al., 2012). Thus, higher values of both
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(Lima-Ribeiro, 2008). This “edge effect” favors the significant mortality
of young and adult arboreal individuals (Malchow et al., 2006) and the
predominance of pioneer forest species (Lima-Ribeiro, 2008), which
results in a decrease in uniformity (Lippok et al., 2014) and diversity
(Terra et al., 2018) of the plant community. Consequently, there are
changes in the edge-interior gradient of forest fragments, with regard to
biodiversity and interactions between species (Laurance et al., 2011),
plant composition and richness (Rabelo et al., 2015), litter production
and accumulation (Portela and Santos, 2007; Laurance and Vasconcelos,
2009; Machado et al., 2018). This pattern is also observed for soil
chemical attributes (Schroder and Fleig, 2017; Terra et al., 2018; Bar-
reto-Garcia et al., 2019) and soil biological attributes (Pereira et al.,
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2013; Santos et al., 2018). These changes between the edge and interior
of tropical forests, which may be more impactful than those observed
along an elevational gradient (Lippok et al., 2014), can be used to define
edge effect indicators, capable of reflecting the conservation status of
forest fragments (Machado et al., 2018; Santos et al., 2018).

There are still few studies aimed at evaluating the edge effect on soil
attributes (chemical, physical and biological) and their relationship with
litter in Atlantic Forest fragments. Therefore, it is important to conduct
more studies with this approach, as they can contribute to the knowl-
edge on these dynamics and decision-making in relation to the preser-
vation, conservation and recovery of the biodiversity of this biome.

According to the literature, the edge effect alters the structure and
composition of the plant community and improves the soil fertility in
distances closest to the forest edge. Thus, we tested the hypothesis that
the higher soil fertility in distances closest to the forest edge is a
consequence of modifications in the litter attributes (stock and nutri-
ents), which in turn alters soil biological attributes. Thus, the objective
of the present study was to evaluate soil chemical, microbiological and
arthropod community attributes and their relationship with the stock
and chemical quality of litter, as indicators of the edge effect in a frag-
ment of Semideciduous Seasonal Forest.

2. Material and methods
2.1. Study site and plot sampling

The fragment of Semideciduous Seasonal Forest in which the study
was conducted is located at the geographical coordinates 22° 40’ 05.2" S
and 43° 50’ 52.0” W, in the municipality of Pirai, State of Rio de Janeiro,
Brazil. According to Koppen’s classification, the climate of the region is
Cwa, i.e. subtropical humid with dry winter and hot summer (Alvares
et al., 2013).

From the edge towards the interior of the forest fragment, we
delineated four parallel ranges: (1) Edge: 0 m; (2) Range 1: 50 m; (3)
Range 2: 100 m; and (4) Interior: 160 m, in the middle of the dry season
(June) of 2019. In each of the ranges, five sampling points were estab-
lished, spaced approximately 10 m apart, to: (a) record soil temperature
at 0-5 cm depth; (b) collect composite soil samples at 0-5 cm depth; (c)
collect individual soil samples at 0-5 cm depth; and (d) collect the litter
layer disposed on the soil surface.

2.2. Soil sampling and measurements

The soil temperature was determined in the field using a digital soil
thermometer. The composite soil samples, each formed by three indi-
vidual samples, were collected with an auger. The individual soil sam-
ples were collected using a specific metal probe similar to a barrel auger,
whose soil containment structure had height of 17.5 cm and diameter of
8 cm. We collected the litter layer circumscribed in a collector with area
of 0.0625 m?. All the collected material was transferred to properly
identified plastic bags and transported to the laboratory for analysis.

The composite soil samples were used to determine the soil water
content, soil fertility, arbuscular mycorrhizal fungi community, soil
microbial biomass, and total enzymatic activity. We first determined the
soil water content in a subsample. Then, the rest of the composite soil
samples were air-dried, pounded to break up clods and homogenized. A
subsample of 50 g of the composite soil samples was used for the
extraction of the arbuscular mycorrhizal fungi (AMF) spores. The rest of
the soil composite samples were passed through a 2.0-mm-mesh sieve,
thus obtaining air-dried fine earth (ADFE). Subsequently, subsamples of
this material were used to determine total organic carbon (TOC), pH and
the sorption complex (P, K¥, Ca2+, Mg2+, Na™, A13+, H*+AIP"). The
individual soil samples were collected to evaluate the soil arthropod
community. The litter layer, after drying in a forced air circulation oven
(65 °C, 72 h), was weighed to determine its stock (dry mass) and con-
centrations of nutrients.
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2.3. Soil and litter layer attributes analysis

The soil water content was determined by the gravimetric method
(Donagemma et al., 2011). The sorption complex (P, K, ca?™, Mg2+,
Na't, AI**, H +AI®"), which was used to calculate the values of the sum
of exchangeable bases or cations (S Value), base saturation (V Value)
and cation exchange capacity (T Value), and pH in water at 1:2.5 ratio
(soil: water) were determined according to Donagemma et al. (2011).
The TOC was determined according to Yeomans and Bremner (1988).

The spores of the AMF were extracted using the techniques of
decanting and wet sieving (Gerdemann and Nicolson 1963), followed by
centrifugation in water and sucrose (45%) (Jenkins, 1964). The spores
were counted on textured-bottom plates, under stereo microscope, with
subsequent identification of the species under optical microscope, ac-
cording to the morphological characteristics of the spores (INVAM,
2019; CICG, 2021), in order to estimate the spores abundance (SA). The
relative frequency of occurrence (Fi) of AMF species was estimated,
expressed by the number of replicates in which a given species was
isolated, in relation to the total number of replicates.

Glomalin-related soil protein (easily extractable-GRSP and total-
GRSP) was evaluated on the ADFE samples (Wright and Updahyaya,
1998). Each of the fractions was extracted using 1.0 g of soil. Easily
extractable-GRSP (EE-GRSP) was obtained from extraction in autoclave
using 8 mL of 20 mM sodium citrate solution at pH 7.4, at temperature of
121 °C for 30 min. The amount of total-GRSP (T-GRSP) was determined
using 8 mL of 50 mM sodium citrate, with pH 8.0 at 121 °C, for 60 min.
To extract this fraction, more than one autoclaving cycle was performed,
when necessary, until the samples reached a yellow-light color. In both
fractions, after autoclaving, the material obtained was centrifuged at
4000 rpm for 20 min. In the supernatant, glomalin was quantified by the
method of Bradford (1976) modified by Wright et al. (1996), available at
the website www.usda.gov, using bovine serum-albumin as standard.
Glomalin concentrations for both fractions were corrected to mg g~ of
soil considering the total volume of supernatant and the dry mass of the
soil.

The total microbial activity of the soil was quantified through the
respiration method (COy released) (Jenkinson et al., 1981), while car-
bon of soil microbial biomass (C-SMB) was evaluated by the
fumigation-incubation method (De-Polli and Guerra, 1999). Microbial
indices, microbial quotient (qMIC) and metabolic quotient of the soil,
were also determined (Anderson and Domsch, 1993).

Enzyme activity was evaluated by quantifying the hydrolysis of
fluorescein diacetate (FDA) (Schnurer and Rosswal, 1982). One gram of
ADFE was transferred to 50-mL flasks, which received 20 mL of 60 mM
sodium phosphate buffer (SPB) at pH 6.0, and shaken for 15 min. Then,
100 pL of fluorescein diacetate (substrate) were added. After shaking for
2 h, 1 mL was collected and transferred to a 2.5-mL Eppendorf tube,
using 1 mL of acetone to stop the reaction. Colorimetric determination
was performed in a spectrophotometer at 490 nm.

The individual soil samples obtained with the metal probe were
inserted into a set of slightly modified Berlese-Tiillgren funnels (Garay,
1989), for the extraction and quantification of the soil arthropods. These
organisms were then identified in major taxonomic groups (class, order,
family), according to other studies (Menezes et al., 2009; Camara et al.,
2012, 2017, 2018; 2018; Pereira et al., 2013; Ferreira et al., 2017, 2018;
Correa Neto et al., 2018). Thus, the following parameters were obtained:
total number of individuals extracted; relative participation (%) of each
taxonomic group in the community; richness (total number of taxo-
nomic groups); uniformity (U, Pielou index); and diversity (H’, Shannon
index). The indexes mentioned above were calculated according to
Odum (1988).

The litter stock (dry mass, g) was converted to Mg ha~!. Subse-
quently, this material was ground, and subsamples were subjected to
sulfuric digestion (Tedesco et al., 1995), for the quantification of the
concentrations (g kg’l) of N, P, and K. Then, we estimated the content of
N, P, and K (kg ha™) by the product obtained between the litter stock
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and the nutrient concentration.

2.4. Data analysis

The homogeneity of the variance of the results for the attributes
considered was evaluated by the Levene test (p < 0.05). When this
premise was met, the means were compared by the Tukey parametric
test (p < 0.05) and, when this did not occur, the means were compared
by the Kruskal-Wallis nonparametric test (p < 0.05). Pearson’s corre-
lations were also performed to verify the effect of ranges from the edge
towards the interior of the forest fragment and of each of the attributes
considered on the others. These univariate statistical analyses were
performed using version 8.0 of the program STATISTICA.

Additionally, the mean values of all the soil (water content, fertility,
arbuscular mycorrhizal fungi community, microbial biomass, total
enzymatic activity, arthropod community), and litter layer (stock,
nutrient concentrations, nutrient contents) attributes were used to
perform multivariate analyses to assist in the interpretation of the in-
fluence of the edge effect on the set of soil attributes. We first performed
the multivariate analyses considering the attributes of soil arthropod
community, microclimatic soil conditions, soil chemical attributes and
litter attributes. Later, we carried out the multivariate analyses consid-
ering the microbiological attributes (AMF and microbial biomass, and
secondly, total enzymatic activity), microclimatic soil conditions, soil
chemical attributes and litter attributes.

In the principal components analysis (PCA), which was carried out to
identify associations among the ranges delineated at the four ranges
from the edge towards the interior of the forest fragment and both the
soil and litter attributes, we considered only the attributes that had high
values of correlation (>0.70) with the principal components 1 or 2.
Subsequently, we used the same selected attributes from PCA to perform
the hierarchical clustering analysis (HCA) by Single Linkage or nearest
neighbor and Gower similarity coefficient, in order to identify dissimi-
larities among the four ranges from the edge towards the interior of the
forest fragment. These multivariate analyses were performed with
version 2.17c of the program Paleontological Statistics (PAST).

3. Results

3.1. Soil microclimatic (temperature, water content) and litter layer
attributes

We did not observe any significant differences among the four ranges
from the edge towards the interior of the forest fragment, in terms of
microclimatic soil conditions and the litter layer attributes (Table 1).

3.2. Chemical attributes of the soil

The highest values of pH, Ca™, Mg2+, S Value and V Value were
observed at the Edge and/or in Range 1 (ranges of 0 and 50 m from the
forest edge, respectively), compared to the areas of Range 2 and Interior
of the forest fragment (ranges of 100 and 160 m from the forest edge,
respectively) (Table 2). However, in the case of ALY, the opposite
pattern was observed, since the highest values of this attribute were

Table 1
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Table 2

Values of pH, P, K", Ca®?", Mg?', Na®, AI>" and H"+AI®" contents, sum of
exchangeable bases (S Value), cation exchange capacity (T Value), base satu-
ration (V Value), and total organic carbon (TOC) of the surface layer (0-5 cm) at
different ranges from the edge towards the interior, in a fragment of Semi-
deciduous Seasonal Forest in Pirai, Rio de Janeiro, Brazil*.

Range (distance pH TOC P K+ Ca?t Mgt
from the edge, m) (H50)
gkg™! mg kg™t cmol, kg™!
Edge (0 m) 4.90 a 36.23 3.36 a 0.04 a 2.10a 1.57 a
a
Range 1 (50 m) 4.54 39.31 3.53a 0.05 a 1.68 1.31
ab a ab ab
Range 2 (100 m) 4.25b 31.24 3.20 a 0.04 a 0.83 0.80
a ab ab
Interior (160 m) 419b 26.11 2.72a 0.03 a 0.69b 0.62 b
a
Range (distance Na* AR* HY'4APY s T \
from the edge, Value Value Value
m) cmol, kg™! %
Edge (0 m) 0.02 a 0.34b 6.20 a 3.74 a 9.94 a 37.02
a
Range 1 (50 m) 0.02 a 0.60 7.29 a 3.06 a 10.35 29.23
ab a a
Range 2 (100 m) 0.02 a 1.06 a 6.99 a 1.68 b 8.68 a 19.73
b
Interior (160 m) 0.13 a 0.88 6.37 a 1.47 b 7.84 a 18.38
ab b

*Mean values obtained from five replicates, followed by the same letter in the
column, do not differ by Tukey or Kruskal-Wallis test at 5%.

observed in Range 2 (100 m from the forest edge), in comparison to the
Edge (0 m) (Table 2). There were no significant differences between the
ranges from the forest edge for the other chemical attributes of the soil
(TOC, P, K, Nat, Ht+AI", and T Value) (Table 2).

We verified significant (p < 0.05) and negative correlations between
the distance from the edge and pH (r = —0.87), soil available P (r =
—0.48), K (r = —0.49), Ca®* (r = —0.66), Mg?* (r = —0.74), TOC (r
—0.50), S Value (r = —0.70), and V Value (r = —0.78). Additionally,
some chemical soil attributes presented significant and positive corre-
lations with litter stock. This pattern was observed for pH (r = 0.56),
available P (r = 0.49), Ca®>" (r = 0.60), Mg?" (r = 0.47), S Value (r =
0.56), V Value (r = 0.52), and TOC (r = 0.50). The APt presented sig-
nificant and positive correlation with the distance from the forest edge
(r = 0.62), whereas this same attribute presented significant and nega-
tive correlation with the litter stock (r = —0.50).

3.3. Soil arthropod community

In total for the forest fragment, 666 arthropods were collected from
the soil (133.2 individuals, for the mean among the replicates),
distributed in 18 taxonomic groups (total richness). Among them, pre-
vailed Acari, Formicidae, Entomobryomorpha, and Coleoptera (50.9%,
30.0%, 6.6%, and 3.6% of relative participation in the community,
respectively), whose set represented approximately 91.1% of all in-
dividuals collected in the community (Table 3). For the study area in

Temperature (Temp), gravimetric moisture (Ug) of the surface layer (0-5 em), stock, concentration (Conc) and total content (Cont) of nutrients (N, P, K) of the litter

accumulated on the soil surface, at different ranges from the edge towards the interior, in a fragment of Semideciduous Seasonal Forest in Pirai, Rio de Janeiro, Brazil.

Range (distance from the edge, m) Temp ug Stock ConcN ConcP ConcK ContN ContP ContK

°C gg ! Mg ha™! gkg™! kg ha™?
Edge (0 m) 21.7 (0.4)* 10.08 (3.31) 9.54 (2.94) 1.27 (0.50) 0.35 (0.06) 0.19 (0.06) 11.47 (4.59) 3.22 (0.62) 1.66 (0.26)
Range 1 (50 m) 21.7 (0.1) 9.98 (1.18) 9.65 (4.92) 0.71 (0.26) 0.35 (0.02) 0.17 (0.04) 7.04 (4.26) 3.39 (1.74) 1.57 (0.71)
Range 2 (100 m) 21.6 (0.2) 9.46 (2.23) 7.03 (3.02) 1.00 (0.22) 0.36 (0.04) 0.14 (0.02) 7.19 (4.04) 2.57 (1.34) 1.00 (0.45)
Interior (160 m) 21.9 (0.1) 8.52 (2.68) 6.23 (2.14) 1.02 (0.22) 0.38 (0.02) 0.15 (0.02) 6.51 (3.09) 2.39 (0.86) 0.96 (0.39)

*Standard deviation in parentheses.
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Table 3
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Relative participation (%) of the taxonomic groups, total richness (TR), uniformity (Unif) and diversity (Diver) of the soil arthropod community at different ranges
from the edge towards the interior, in a fragment of Semideciduous Seasonal Forest, Pirai, Rio de Janeiro, Brazil*.

Range (distance from the edge, m) Aca Ara Chi Col Dpd Dpl Ent For Hym Isp Ipt
Edge (0 m) 49.5 2.3 0.9 5.0 0.5 1.8 5.4 29.3 0.0 0.5 0.5
Range 1 (50 m) 33.6 0.0 0.0 2.5 0.0 0.8 7.4 50.8 0.8 0.0 1.6
Range 2 (100 m) 35.8 0.0 1.2 1.2 1.2 3.7 9.9 40.7 0.0 0.0 1.2
Interior (160 m) 66.0 0.4 1.2 3.7 0.4 2.1 6.2 16.6 0.0 0.4 0.0
Total 50.9 0.9 0.9 3.6 0.5 2.0 6.6 30.0 0.2 0.3 0.6
Range (distance from the edge, m) LCol LDipt LLep Pse Sym Spl Thy Tot TR Unif Diver
Edge (0 m) 0.9 2.7 0.0 0.0 0.5 0.5 0.0 44.4 14 0.56 213
Range 1 (50 m) 0.0 0.0 0.8 0.8 0.0 0.0 0.8 24.4 10 0.55 1.82
Range 2 (100 m) 0.0 3.7 0.0 0.0 1.2 0.0 0.0 16.2 10 0.64 2.13
Interior (160 m) 0.4 1.2 0.0 0.0 1.2 0.0 0.0 48.2 12 0.48 1.74
Total 0.5 1.8 0.2 0.2 0.8 0.2 0.2 133.2 18 0.49 2.05

Aca: Acari; Ara: Araneae; Chi: Chilopoda; Col: Coleoptera; Dpd: Diplopoda; Dpl: Diplura; Ent: Entomobryomorpha; For: Formicidae; Hym: Hymenoptera; Isp: Isopoda;
Ipt: Isoptera; LCol: larvae of Coleoptera; LDip: larvae of Diptera; LLep: larvae of Lepidoptera; Pse: Pseudoscorpionida; Sym: Symphyla; Spl: Symphypleona.

*Mean values obtained from five replicates.

general, the values of uniformity and diversity were equal to 0.49 and
2.05, respectively.

More than half (approximately 56%) of the taxonomic groups of soil
arthropods showed higher relative participation at the Edge (0 m) and/
or in Range 1 (50 m from the forest edge) (Table 3). These groups
included Araneae, Coleoptera, Formicidae, Hymenoptera, Isoptera,
Pseudoscorpionida, Symphypleona, Thysanoptera, larvae of Coleoptera,
and larvae of Lepidoptera. On the other hand, approximately 39% of the
taxonomic groups, including Acari, principally, Chilopoda, Diplopoda,
Diplura, Entomobryomorpha, Symphyla, and larvae of Diptera, showed
higher relative participation in Range 2 and/or Interior (100 and 160 m
from the forest edge, respectively). There was no pattern of modification
in the relative participation of Isopoda, along the gradient of ranges of
distance from the forest edge.

Significant (p < 0.05) and positive correlations were verified be-
tween the relative participation of Isopoda in the soil arthropod com-
munity and the N content in the litter (r = 0.49) and between the relative
participation of Coleoptera larvae and K content in the litter (r = 0.55).
This same pattern of significant and positive correlation were verified
between the relative participation of Araneae and soil pH (r = 0.51),
Ca™? content (r = 0.74), Mg 2 content (r = 0.52), S Value (r = 0.68), and
V Value (r = 0.68) in the soil. The relative participation of Isoptera also
presented significant and positive correlation with total organic carbon
content (r = 0.47). However, significant and negative correlations were
observed between the relative participation of Symphyla and gravi-
metric moisture (r = —0.54), and between the relative participation of
Isoptera and N content in the litter (r = —0.45).

Total richness presented higher value at the Edge (0 m) when
compared to the other ranges of distance towards the interior of the
forest fragment (Table 3). In contrast, we did not observe a clear pattern
of edge effect on the uniformity index (higher in Range 2 and lower in
the Interior), diversity index (higher values both in Edge and Range 2,
and lower in the Interior), and total number of individuals (higher in the

Table 4

Interior and lower in Range 2) in the soil arthropod community.

3.4. Microbial biomass, GRSP and total enzymatic activity

Carbon of soil microbial biomass (C-SMB), total - glomalin related
soil protein (T-GRSP), and soil basal respiration (SBR), in general, were
higher at the Edge (0 m) when compared to the interior (160 m from the
forest edge) (Table 4). In contrast, the total enzymatic activity evaluated
by the quantification of the fluorescein diacetate hydrolysis (FDA) pre-
sented higher values in Range 2 and in the Interior of the forest fragment
(100 and 160 m, respectively), when compared to the Edge and Range 1
(0 and 50 m, respectively) (Table 4). The values of easily extractable -
glomalin related soil protein (EE-GRSP), metabolic quotient (qCO3), and
microbial quotient (QMIC) did not differ significantly among the ranges
from the forest edge (Table 4).

The distance from the edge was significantly (p < 0.05) and nega-
tively correlated with C-SMB (r = —0.68), T-GRSP (r = —0.70), EE-GRSP
(r = —0.53) and SBR (r = —0.49). Additionally, C-SMB was significantly
and positively correlated with litter stock (r = 0.46), pH (r = 0.68), CaZt
(r=0.60), Mngr (r =0.50), and TOC (r = 0.48) in the soil. On the other
hand, SBR showed a significant and negative correlation with the N
content in the litter (r = —0.52) and a significant and positive correla-
tion with Ca®" (r = 0.58), Mg?" (r = 0.57), and TOC (r = 0.57).

There were significant and positive correlations between GRSP
fractions and some attributes, such as litter stock (EE-GRSP and T-GRSP;
r=0.63 and 0.67, respectively), pH (EE-GRSP and T-GRSP; r = 0.49 and
0.71, respectively), Ca®t (EE-GRSP and T-GRSP; r = 0.62 and 0.84,
respectively), MgZJr (EE-GRSP and T-GRSP; r = 0.49 and 0.69, respec-
tively), P (EE-GRSP and T-GRSP; r = 0.70 and 0.59, respectively), and
TOC (EE-GRSP and T-GRSP; 0.63 and 0.73) in the soil. We also observed
significant and negative correlation between T-GRSP and P content in
the litter (r = —0.50).

There were significant (p < 0.05) and positive correlation between

Carbon of soil microbial biomass (C-SMB), soil basal respiration (SBR), metabolic quotient (qCO,), microbial quotient (QMIC), easily extractable - glomalin related soil
protein (EE-GRSP), total - glomalin related soil protein (T-GRSP), hydrolysis of fluorescein diacetate (FDA), and total richness (TR) and spore abundance (SA) of the
AMF at different ranges from the edge towards the interior, in a fragment of Semideciduous Seasonal Forest, Pirai, Rio de Janeiro, Brazil*.

Range C-SMB SBR qCO2 qMIC EE- T- TR SA FDA
GRSP GRSP

(distance from the edge, mg Cmic Mg C-CO2 kg ! mg C-CO2 g~ C-SBM % mg g} n. spores 50 g pgFluoresc g1 SS
m) kg! h! h! B hour™!

Edge (0 m) 230.50 a 1.04 ab 4.62 a 0.61a 2.48 a 4.26 a 9 190 ¢ 84.00 b

Range 1 (50 m) 195.60 ab 1.23 a 6.85 a 0.53a 2.69 a 3.52 ab 11 281 be 83.21 b

Range 2 (100 m) 148.75 ab 0.80b 5.89a 0.52a 2.24 a 2.21 ab 10 399 ab 97.66 a

Interior (160 m) 132.25b 0.84b 6.55 a 0.56 a 1.93 a 1.66 b 9 476 a 96.09 a

* Mean values obtained from five replicates followed by the same letter in the column do not differ by Tukey test.
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the distance from the edge and FDA (r = 0.76) and significant and
negative correlation between FDA and pH (r = —0.79), P (r = —0.54), K"
(r = —0.60), Ca®* (r = —0.59), Mg>" (r = —0.69), and TOC (r = —0.53)
in the soil.

3.5. Community of arbuscular mycorrhizal fungi

The AMF spore abundance (SA) showed the similar pattern that was
observed for the FDA, whose values were higher in the Interior (160 m
from the forest edge) compared to the values observed in the Edge and
Range 1 (0 and 50 m, respectively) (Table 4). While total richness (TR)
tended to present higher values in the intermediate ranges from the
edge, towards the forest interior (0 and 50 m, respectively) (Table 4).
There was a significant (p < 0.05) and positive correlation between the
distance from the edge and the SA (r = 0.84). We also verified significant
and negative correlation between SA and pH (r = —0.77), K™ (r =
—0.54), Ca?t (r = —0.53), and Mg?" (r = —0.53) in the soil.

A total of 12 species of AMF belonging to six genera and five families
were identified in the forest fragment (Table 5). The largest number of
species belongs to the genus Glomus (5), followed by Acaulospora (3),
Ambispora (1), Cetraspora (1), Sieverdingia (1), and Rhizoglomus (1).

Half of the collected FMA species occurred at all distances from the
edge towards the forest interior, with some variation among them
regarding the RFO of the species (Table 5). The exception was observed
for Sieverdingia tortuosa and Glomus macrocarpum, which showed no
variation for the RFO, when comparing the distances from the forest
edge. There were three patterns, regarding the RFO of the species. The
RFO increased, along the distance gradient from the edge to the interior
of the forest fragment, for Acaulospora mellea, which did not occur at the
edge, and Acaulospora foveata. The FRO of Glomus sp. 2, which did not
occur at the edge, Cetraspora pellucida, Glomus clavisporum, and Glomus
glomerulatum tended to be higher in at least one of the intermediate
distances from the edge (Range 1 and/or Range 2), in the referred
gradient. The species Acaulospora laevis was collected only at Range 2,
with a low FRO value. For the species Acaulospora leptoticha and Rhi-
zoglomus microaggregatum, there was not no clear pattern in relation to
the RFO.

We registered significant (p > 0.05) and positive correlations be-
tween the RFO of AMF species with some soil chemical attributes. This
pattern occurred between the RFO of Glomus spl and the contents of
Ca%" (r =0.61), Mg?" (r = 0.58), S Value (r = 0.61), T Value (r = 0.45),
V Value (r = 0.55), and TOC (r = 0.58). The RFO of C. pellucida also
presented significant and positive correlations with P (r = 0.62),

Table 5

Frequency of occurrence (%) of AMF species at different ranges from the edge
towards the interior, in a fragment of Semideciduous Seasonal Forest, Pirai, Rio
de Janeiro, Brazil.

AMF species Edge (0 Range 1 Range 2 Interior
m) (50 m) (100 m) (160 m)

ACAULOSPORACEAE

Acaulospora laevis - - 20 -

Acaulospora foveata 40 40 60 60

Acaulospora mellea - 20 40 60

AMBISPORACEAE

Ambispora leptoticha 40 20 40 20

GIGASPORACEAE

Cetraspora pellucida 60 80 80 -

DIVERSISPORACEAE

Sieverdingia tortuosa 60 60 60 60

GLOMERACEAE

Glomus clavisporum 40 20 60 40

Glomus glomerulatum 40 60 80 60

Glomus macrocarpum 100 100 100 100

Rhizoglomus 60 20 - 60
microaggregatum

Glomus spl 40 40 - -

Glomus sp 2 - 40 20 20
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whereas both RFO of A. laevis and A. mellea significantly and positively
correlated with AI** (r = 0.47 and 0.53, respectively). On the other
hand, significant and negative correlations were found between the RFO
of A. mellea and soil P (r = —0.52); and between the RFO of S. tortuosa
and TOC (r = —0.48) and T Value (r = —0.45).

The hierarchical cluster analysis indicated changes in the RFO of
AMF species, in the comparison among the ranges from the edge towards
the interior of the forest fragment. The composition of the AMF com-
munity in the interior (160 m from the edge of the forest) showed
dissimilarity around 60%, in relation to the community registered in the
other ranges (Fig. 2). In turn, the composition of the AMF community in
the Edge (0 m) showed dissimilarity of approximately 50%, in relation to
the community observed in the intermediate ranges (Ranges 1 and 2,
respectively at 50 and 100 m from the edge of the forest).

3.6. Influence of the edge effect on the set of soil attributes

The hierarchical cluster analysis (HCA), which considered the attri-
butes of soil arthropod community, gravimetric soil moisture, soil
chemical attributes and litter attributes, indicated the individualization
between the ranges from the forest edge towards the interior, in three
clusters (Fig. 1A). The first cluster was represented by the Edge (0 m),
the second by Range 1 (50 m from the forest edge) and the third cluster
was formed by the combination between Range 2 and the Interior
(ranges of 100 and 160 m from the forest edge, respectively). For the
Edge, there was a dissimilarity of approximately 52% in relation to the
distance closest to it (Range 1). On the other hand, the dissimilarity of
the Edge in relation to Range 2 and the Interior was comparatively
higher (about 68%).

Principal component analysis indicated the refinement of the indi-
vidualization among the ranges from the edge towards the forest interior
(Fig. 1B). The relationship between principal components 1 and 2
explained a total of approximately 95% of the data variability. Consid-
ering the principal component 1 (main axis), which explained most of
the data variability, in comparison with principal component 2
(approximately 58% and 36%, respectively), the areas closest to the
forest edge (Edge and Range 1, respectively 0 and 50 m from the forest
edge) were positioned on the right (eigenvectors with positive values).
On the other hand, the most distant areas from the forest edge (Range 2
and Interior, respectively 100 and 160 m) were positioned on the left
(eigenvectors with negative values). Based on the positioning of the
areas in Fig. 1B, it was found that the environments were arranged in an
increasing gradient of distance from the forest edge, in the sequence
Edge, Range 1, Range 2 and Interior (0, 50, 100 and 160 m, respec-
tively), from the left.

The ranges closest to the forest edge (Edge and Range 1, respectively
0 m and 50 m) were associated with higher values of total richness, total
number of soil arthropods, relative participation of Coleoptera (larvae
and adult individuals), Formicidae, Isopoda, Isoptera, and Symphy-
pleona in the total community (Fig. 1B). This same pattern of higher
values in the ranges closest to the forest edge occurred for litter stock,
gravimetric soil moisture, N and K concentrations in the litter stock, N, P
and K contents in the litter stock, and fertility of the soil surface layer,
which included pH, soil available P, K*, Ca?*, Mg?*, sum of bases, base
saturation, cation exchange capacity, and TOC). On the other hand, the
most distant areas from the edge (Range 2 and Interior, respectively 100
and 160 m from the forest edge) were associated with higher values of
relative participation of Entomobryomorpha and Symphyla, P concen-
tration in the litter, APT and HY+AIPT.

The results of HCA and PCA integrating the microclimatic data,
chemical and microbiological attributes of the soil, as well as the attri-
butes of the litter, can be visualized in Fig. 3. The dendrogram of the
HCA shows the formation of two clusters with a dissimilarity around
50% between them (Fig. 3A). The first cluster was formed by the
innermost ranges (Range 2 and Interior, respectively 100 and 160 m
from the forest edge) and the second cluster, by the outermost ranges
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Fig. 1. Principal component analysis (A) and hierarchical cluster analysis (B) considering the gravimetric soil moisture (GSM), soil chemical attributes, litter at-
tributes and soil arthropod community attributes in different ranges of distance from the edge (Edge: 0 m; Range 1: 50 m; Range 2: 100 m; Interior: 160 m), in a
fragment of Semideciduous Seasonal Forest, Pirai, Rio de Janeiro, Brazil. Total soil organic carbon content (TOC); Sum of bases (SB); Base saturation (BS);Cation
exchange capacity (CEC); Litter standing stock (LSS); litter concentration and stock of nutrients (Con_N, P, K; Sto_N, P, K, respectively); Total number of individuals
(TotNum) and total richness of taxonomic groups (TR) in the soil arthropod community; relative participation (%) of Coleoptera (Col), Entomobryomorpha (Ent),
Formicidae (For), Isopoda (Ipd), Isoptera (Ipt), Larvae of Coleoptera (L_Col), Symphyla (Sym), Symphypleona (Spl).
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Fig. 2. Hierarchical cluster analysis for the frequency of occurrence of AMF
species at different ranges from the edge towards the interior (Edge: 0 m; Range
1: 50 m; Range 2: 100 m; Interior: 160 m), in a fragment of Semideciduous
Seasonal Forest, Pirai, Rio de Janeiro, Brazil.

(Edge and Range 1, respectively 0 and 50 m) (Fig. 3A).

The PCA (Fig. 3B) confirms the HCA (Fig. 3A), showing the variables
that most contributed to the separation between these two groups. The
distributions of the attributes had accumulated variance of 92.16% for
components 1 and 2 (Fig. 3B). Most of the variables were positively
correlated (>0.70) with axis 1, which best explains (69.63%) the
dissimilarity between the ranges and were associated with Edge and

Range 1 (0 and 50 m, respectively), which are located in the upper and
lower right quadrants. On the other hand, Range 2 and Interior (100 and
160 m from the forest edge, respectively) were positioned on the
opposite side, i.e., in the upper and lower left quadrants, and were
associated with the variables A13+, Na™, SA and P content in the litter,
which were negatively correlated (>-0.70) with axis 1.

4. Discussion

In general, the analysis of the set of results obtained for the chemical
attributes of soil and litter stock, as well as the community of edaphic
arthropods, indicated an intermediate dissimilarity (around 50%) be-
tween the Edge and the distance closest to it (Range 1, 50 m from the
forest edge) and a high dissimilarity (around 70%) between the Edge
and the group formed by the Interior (160 m from the forest edge) and
the range closest to the Interior (Range 2, 100 m). In addition, the
principal component analysis and correlation test indicated the
following general patterns: (1) the forest edge (0 m) and/or the range of
distance closest to the edge (50 m) were associated with higher values of
PH, Ca2+, Mg2+, K™, available P, sum of bases, base saturation, cation
exchange capacity, TOC content and gravimetric soil moisture in the
surface layer (0-5 cm); total richness of the soil arthropod community;
relative participation of Araneae, Coleoptera (larvae and adults), For-
micidae, Hymenoptera, Isoptera, Lepidoptera larvae, Pseudoscorpio-
nida, Symphypleona and Thysanoptera; litter layer stocks; N and K
contents and N, P and K stocks in the litter layer; (2) the forest interior
(160 m) and/or the range of distance closest to the interior (100 m) were
associated with higher values of AI>*; P concentration in the litter layer;
total number of soil arthropod community, relative participation of
Acari, Chilopoda, Diplopoda, Diplura, Entomobryomorpha, Symphyla
and Diptera larvae; (3) the forest interior (160 m) was associated with
lower values of uniformity and diversity of the edaphic arthropod
community.

In an area of Deciduous Seasonal Forest in the municipality of Santa
Maria, State of Rio Grande do Sul, there was also an increase in pH, Ca, P
and organic matter in the soil (0-20 cm depth), from the edge to the
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Fig. 3. Hierarchical cluster analysis (A) and principal component analysis (B) considering gravimetric soil moisture (GSM), chemical and microbiological attributes
of the soil, TOC and litter attributes at different ranges from the edge towards the interior (Edge: 0 m; Range 1: 50 m; Range 2: 100 m; Interior: 160 m), in a fragment
of Semideciduous Seasonal Forest, Pirai, Rio de Janeiro, Brazil. Total soil organic carbon content: TOC; Sum of bases: SB; Base saturation: BS; Cation exchange
capacity: CEC; litter standing stock: LSS; litter concentration and stock of nutrients: Con N, P, K; Sto N, P, K, respectively. Assay for fluorescein diacetate: FDA;
Carbon - soil microbial biomass: C-SMB; Spore abundance: SA; Total richness: TR; Microbial quotient: qMIC; Glomalin-related soil protein (easily extractable and

total): EE-GRSP and T-GRSP, respectively.

distance of 50 m, whose values did not change as a function of the in-
crease in the distance towards the interior of the forest fragments, due to
changes in vegetation structure (Schroder and Fleig, 2017). The influ-
ence of vegetation was corroborated in studies conducted in a fragment
of Semideciduous Seasonal Forest in Vitdria da Conquista, in the interior
of Bahia, since higher pH values in the surface soil layer (0-5 cm) at the
edge (0-10 m) were significantly and positively correlated with the
absolute density of the tree community, compared to the distance ranges
of 40-50 m, 80-90 m and 400-410 m from the edge (Barreto-Garcia
etal., 2019). In an area of Seasonal Forest in Pouso Alegre, in the interior
of Minas Gerais, the soil at the edge showed higher availability of K for
plants, which was associated with the release of this element by the
occasional burning of plant material (Terra et al., 2018).

The litter stock on the surface of the forest varies according to the
balance between its production and decomposition. Higher litter stock
at the forest edge was a pattern also observed in an area of transition
between Coastal Atlantic Forest and Seasonal Semideciduous Atlantic
Forest (Portela and Santos, 2007) and in forest fragments in Central
Amazonia (Laurance and Vasconcelos, 2009). This pattern was probably
caused by the predominance of pioneer species (Lima-Ribeiro, 2008),
that is, fast-growing species, which supply large amounts of leaf litter to
the soil (Dickow et al., 2012). Higher litter stock value was also verified
in a fragment of Semideciduous Seasonal Forest in less advanced suc-
cessional stage, compared to one in a more advanced stage (Camara
et al., 2018), in which the edge effect is potentially lower (Tabarelli
et al., 2008).

Higher values of litter production in the edge area were also verified
in a fragment of Seasonal Semideciduous Atlantic Forest in the munic-
ipality of Além Paraiba, State of Minas Gerais, and this effect was
observed up to a distance of 60 m from the forest edge, while litter
production was lower from 100 m, whose value was similar to that
observed in the interior (distance of 350 m from the forest edge)
(Machado et al., 2018). Additionally, litter decomposition occurs more
slowly and contributes to its accumulation on the soil surface at the
forest edge, due to the control of the population of saprophagous ar-
thropods because of the important presence of predators in this com-
munity, when compared with the interior of forest fragments (Pereira
et al., 2013).

The increase in litter stock has conditioned higher total organic
carbon content in the soil and supply of nutrients through the litter
(Freitas et al., 2016), which contribute to the increase in soil fertility and
soil water content (Veen et al., 2019), a fact corroborated by the positive
correlations between litter stock and gravimetric moisture, Ca®" con-
tent, Mngr content, S Value and V Value in the soil, close to the forest
edge. These conditions favored the highest values of total richness, di-
versity and relative participation (%) of different taxonomic groups in
the community of edaphic arthropods present at the edge of the forest
fragment, which are distributed in various trophic guilds, such as Ara-
neae, Hymenoptera, Pseudoscorpionida, which involve exclusively
predatory organisms; Coleoptera (adults and larvae), Formicidae, Lepi-
doptera and Thysanoptera larvae, predators/saprophagous; Isoptera and
Symphypleona, saprophagous.

Some studies have shown that Formicidae had higher relative
participation in the soil arthropod community, at the edge of fragments
of Dense Montane Ombrophilous Forest, in comparison with the interior
(Pereira et al., 2013). Formicidae predominated in areas where the edge
effect is potentially greater, such as in small fragments (<3.5 ha), to the
detriment of medium and large size fragments (23 and 62 ha, respec-
tively) of Dense Montane Ombrophilous Forest (Camara et al., 2017); in
pasture areas and/or secondary fragments in the initial successional
stage, compared to those fragments in more advanced successional
stages, in the Submontane Semideciduous Seasonal Forest (Menezes
et al.,, 2009) and Lowland Dense Ombrophilous Forest (Ferreira et al.,
2017, 2018). Indeed, the activity of Formicidae in the soil may be higher
at the edge, a fact attested by the increase in the removal of seeds of
Erythroxylum pelleterianum A. St.-Hil, an abundant perennial shrub spe-
cies whose secondary dispersers are ants, in comparison with the inte-
rior, in Cerrado areas (Christianini and OLIVEIRA, 2013).

The lower values of uniformity and diversity in the community of
edaphic arthropods were due to the significant relative participation of
Acari, which involves predatory/saprophagous organisms, within the
forest fragment. Acari had relative participation approximately five
times greater in the interior of a fragment of Dense Montane Ombro-
philous Forest, when compared to the edge (Pereira et al., 2013). The
favoring of some taxonomic groups of edaphic arthropods at the ranges
closer to the interior of the forest fragment has also been reported in
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other studies. Representatives of the Chilopoda taxonomic group were
verified only in fragments of Dense Montane Ombrophilous Forest of
medium and large size (23 and 62 ha, respectively), not being verified in
a smaller fragment (<3.5 ha) (Camara et al., 2017). Symphyla in-
dividuals were only observed in a fragment of Semideciduous Seasonal
Forest in a more advanced successional stage and was absent in the
fragment with lower degree of evolution of the successional stage, which
was associated with Araneae, Coleoptera and Hymenoptera (Camara
et al., 2018). Diplura taxonomic group was restricted to an area of
Submontane Dense Ombrophilous Forest and was not verified in aban-
doned plantations of Corymbia citriodora at different stages of natural
regeneration of native arboreal and shrub species in the understory
(Camara et al., 2012).

In general, considering the relative participation in the soil
arthropod community, different taxonomic groups were significantly
and positively correlated with soil fertility, content and/or stock of
nutrients in the litter, temperature and gravimetric moisture. The higher
soil fertility in forest ecosystems, which can be expressed by higher
values of pH, base saturation (mainly Ca?* and Mg?"), cation exchange
capacity and P availability, favors the edaphic arthropod community
(Gidcomo et al., 2017). This pattern is due to the presence of litter with a
higher chemical quality for the action of soil arthropods, especially
saprophagous organisms, and the decomposing microbiota, due to
higher contents of nutrients, such as Ca (Camara et al., 2018), N, K, Mg,
and lower C/N ratio (Ferreira et al., 2018). Additionally, higher values
of gravimetric moisture also favor the edaphic arthropod community
(Correa Neto et al., 2018).

For the microbiological attributes, two main patterns were verified
for most of the variables. The first pattern indicated that the edge effect
promoted an increase in the values of the variables C-SMB, T-GRSP, and
SBR. The second pattern showed that the forest edge promoted a
decrease in the values of FDA, SA, and RFO of both A. mellea and
A. foveata. Higher levels of C-SMB, T-GRSP, and SBR may be associated
with higher stocks of litter and total organic carbon at the edge and in
the range closest to it (0 and 50 m, respectively, from the forest edge),
compared to Range 2 and the interior (100 and 160 m from the forest
edge, respectively). This result can be verified by the PCA, in which the
relationships between these variables were close, and also through
Pearson’s correlations, which were significant and positive between C-
SMB, SBR, and T-GRSP with litter stock and/or TOC in soil. These factors
can interfere with the microclimatic conditions of the soil, with decrease
in soil temperature (more stable variations and with lower amplitude)
and increase in soil moisture retention, which favors respiratory meta-
bolism, population, and microbial biomass of the soil (Silva et al., 2012).

The mean values observed for T-GRSP and EE-GRSP fractions in the
present study were lower and higher, respectively, compared to the
mean values observed in secondary fragments of the Atlantic Forest in
initial, intermediate and advanced successional stages (Silva et al.,
2016). The accumulation of glomalin in the soil depends on several
factors, such as species richness in the AMF community, composition of
the plant community and soil attributes (Singh et al., 2016). This pattern
was confirmed in this study by means of the positive correlations
observed between GRSP fractions and pH, Ca2+, Mg2+, P and TOC, in
addition to the litter stock.

Previous studies have reported positive correlations of GRSP frac-
tions with TOC, pH, P, Ca’* and MgZJr (Wu et al., 2014; Sarapatka et al.,
2019; Wang et al., 2019). Ca%" can participate in the establishment of
arbuscular mycorrhizae by stimulating the growth of hyphae, which,
with the consequent decomposition of this fungal structure, promotes
the deposition of GRSP, which may clarify the correlation between this
element and the protein produced by AMF (Wu et al., 2014). However,
some studies report the occurrence of negative correlations of GRSP
fractions with pH and Ca?* (Lovelock et al., 2004).

The pattern of higher values of FDA in the interior of the forest
fragment, in turn, may be related to the possible difference in the
chemical composition of the litter in the comparison among the ranges
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of distance from the forest edge. This result can also be verified by the
PCA, which separated the most distant ranges from the ranges closest to
the forest edge, with significant contributions of the chemical attributes
of the litter to such separation, regarding the correlations (>0.70) with
the principal components. Higher FDA activity in the interior of the
forest fragment and in the range closest to it (Range 2, 100 m from the
forest edge) may lead to higher rate of litter decomposition, which could
justify the lower stocks in the interior compared to the forest edge.
Indeed, there was a linear relation between litter decomposition rates
and soil enzymatic activity (Kang and Freeman, 2009).

Of the 12 AMF species observed, the species A. mellea and A. foveata
seem to demonstrate more clearly the edge effect. Both species showed a
decrease in the relative frequency of occurrence in the ranges closest to
the edge. The absence of spores of A. mellea was also observed at the
edge of another area of Seasonal Semideciduous Forest in the munici-
pality of Vitéria da Conquista, located in northeastern Brazil (Santos
et al., 2018). As far as the AMF community, the establishment of a
pattern of distribution of the species along an increasing gradient of
distance from the forest edge is hampered by the influence of several
biotic and abiotic factors related to the environments, as well as the
different survival strategies of these fungi (Souza et al., 2003). However,
the variation in spore abundance and relative frequency of occurrence of
the AMF species, in the comparison between the interior and edge of the
forest fragment, may be associated with differences between these areas
in relation to some soil chemical attributes. In this study, this pattern
was indicated by negative or positive correlations between SA and pH
and contents of nutrients in the soil (Ca2+, K*, and Mg2+), and between
the frequency of occurrence of certain AMF species and some of these
soil chemical attributes. In addition, possible variations in the compo-
sition of plant species, caused by the edge effect (Rabelo et al., 2015),
may also have influenced this result, because the plant community can
alter the composition and distribution of AMF in the soil (Oehl et al.,
2010).

Soil moisture can also influence the number of spores, with a ten-
dency of higher sporulation in drier environments, to the detriment of
those in which there is a higher soil water content (Durazzini et al.,
2016). The pattern of reduction in spore abundance at the ranges closest
to the edge, compared to the interior, was also observed in an area of
Montane Semideciduous Seasonal Forest, in the dry season (Santos et al.,
2018).

We recorded low and significant variations, respectively, in the total
richness and frequency of occurrence of AMF species, in the comparison
among the ranges from the forest edge, towards the forest interior. This
pattern is in accordance with the result obtained in Mediterranean-type
forest, in which the species richness in the mycorrhizal fungi community
was not significantly different along the disturbance gradient, while the
composition of the species was altered (Sapsford et al., 2020). Modifi-
cations in AMF communities may alter symbiotic interactions between
microorganisms and host plants, affecting the health and recruitment of
trees, especially for AMF-dependent tree species (Tonn and Ibanez,
2016). In addition, decreases in the population of certain species of
mycorrhizal fungi may predispose trees to decrease, as a result of other
abiotic or biotic factors, at the edges of forest fragments (Sapsford et al.,
2017).

The multivariate analyses indicated that forest fragmentation mod-
ifies the dynamics of chemical attributes and the community of soil in-
vertebrates and microorganisms at the edge and at the distance closest to
it (50 m), which are directly or indirectly related to changes in litter
attributes, in comparison with the interior and with the distance closest
to it, in the studied area.

5. Conclusions
The edge effect caused by forest fragmentation led to modifications

in most of the soil attributes, including the microclimatic, chemical and
biological (arthropod community and microbiological attributes)
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attributes of the soil up to the distance of 50 m, and these changes can be
attributed to variations in litter attributes.

Litter attributes influenced the highest values of virtually all the
chemical and biological (arthropod community and microbiological)
attributes evaluated, at the distances closest to the forest edge (Edge and
Range 1, respectively, 0 and 50 m from the forest edge).

We suggest the adoption of measures that contribute to the conser-
vation of local biodiversity. These include the planting of non-pioneer
native tree species (secondary and climax) at the Edge and Range 1
(0 m and 50 m from the edge toward the interior of the forest fragment,
respectively), as well as the assessment of the possibility of installing
ecological corridors to connect the studied forest fragment to other
remnants observed in the area of study.
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