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Abstract

Comparative studies of tree dynamics can be useful for the conservation of forest fragments in the Cerrado.
We tested if the successional dynamics in fragments of semideciduous forest (SF) and cerraddo (CE) are influenced by
edge effects (EE). Two surveys were carried out with plots allocation in both physiognomies, from the edge towards
the interior of the fragments. All trees with diameter at breast height > 5cm were measured, identified and classified
(ecological groups). Both physiognomies showed high recruitment and mortality rates when compared with other
forests in Cerrado. We found an EE on tree density (SF), and on mortality, total basal area and basal area of dead
(CE), although do not so notorious on a short-term scale. Probably because EE did not influence the ecological
groups and canopy cover. Our results suggest that the forest fragmentation can act as a disturbance agent, causing

changes in the tree dynamics of the Cerrado forests.
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1. INTRODUCTION AND OBJECTIVES

Deforestation in continuous natural ecosystems results in
fragmentation and consequent edge zones, which afford the
so-called edge effects (Murcia, 1995). This promotes biotic and
abiotic changes resulting from the abrupt transition between
the fragment and adjacent matrix (Laurance & Vasconcelos,
2009), e.g. cattle pastures, monocultures and highways. Such
changes can be abiotic, affecting microclimate conditions,
incidence of light and wind (Camargo & Kapos, 1995; Didham
& Lawton, 1999). Or biotic, modifying over time, the plant
species abundance and composition, interactions between
organisms, structure and dynamics of natural ecosystems
(Harper et al., 2005; Magrach et al., 2014; Terra et al., 2018).

Edge effects have been widely studied in tropical forests,
especially the Amazon (Nascimento & Laurance, 2006;
Laurance & Vasconcelos, 2009). For savannas, these studies
have deserved attention in recent years. In African savannas,
borders can alter plant and animal distributions (Porensky,
2011), vegetation composition and structure (Hennenberg,
2005; Smit & Asner, 2012). Specifically, in Brazilian Cerrado,
the most significant edge influence threatening the conservation

of Cerrado vegetation seems to be the exotic grasses invasion
(Dodonov et al., 2013; Mendonga et al., 2015). Other studies
have observed the edge effects in plant litter (Dodonov et al.,
2016), on native vegetation phenology (Ishino et al., 2012;
Vogado etal., 2016), composition and structure (Lima-Ribeiro,
2008), plants with different dispersal mechanisms (Jardim
& Batalha 2009), and interactions between animal-plants
(Christianini & Oliveira, 2013). However, most of these
studies were carried out on typically savanna physiognomies.

Some few studies relating the edge influence on forests
ecosystems in Brazilian Cerrado have been carried out by
Sampaio & Scariot (2011) and Arruda & Eisenlohr (2016),
in seasonal dry forests. Like these, semideciduous forests
and cerraddes (woody savanna) occur in well-drained and
interfluvial regions typical of the biome. Both have horizontal
and vertical structure relatively similar (Guilherme & Nakajima,
2007), although the flora of the cerraddes resembles a more
xeromorphic condition, typical of open savannas, with both
savanna and forest species (Ribeiro & Walter, 2008). Therefore,
the Cerrado is quite heterogeneous, alternating physiognomies
over short distances, which sometimes increases the difficulty
of understanding the anthropogenic consequences in natural
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ecosystems. This is worsened by increased fragmentation
in Central Plateau of Brazil, threatening the ecosystems
functioning and biodiversity (Guilherme et al., 2016).

Forests dynamics are determined by mortality, recruitment
and growth of individuals, and the contact between the edge
and surrounding matrix (e.g., pastures) can change species
abundance and most dynamic parameters (Oliveira-Filho
et al., 2007).The change of these parameters, due to forest
fragmentation, consequently modifies the successional dynamics
of trees (Laurance et al., 2006) and canopy cover (Matlack,
1993; Harper et al., 2004). Previous studies about forest
ecosystems in the Cerrado Biome have also shown that the
anthropogenic threats could influence successional dynamics
(Silva & Aratjo, 2009; Peixoto et al., 2012; Marimon et al.,
2014; Reis et al., 2015), but their results are still inconclusive.

Although the consequences of fragmentation between
border-interior of this ecosystems are expected to be different
between them (Mendonga et al., 2015), edge effects studies
comparing the tree community dynamics of seasonal forests
and cerraddo are unknown. However, the evaluation of edge
influence in these different physiognomies in the same
region may help to understand the fragmentation effects
in Cerrado. So, our study aimed to assess edge influence
on the dynamics of semideciduous forest and cerradio
fragments. Specifically, we tested how the dynamics of the
tree community, successional stages, and canopy cover of
fragments are influenced by edge effects.

2. MATERIALS AND METHODS

We conducted this study in seven forest fragments along
the Indaia River Basin, Cassilandia, Mato Grosso do Sul

(see the data of field in supplementary material 1). Five
represent semideciduous forest (SF) and two cerraddo (CE).
The climate of the region is Koppen’s Aw, with two well-
defined periods, one dry and cold (April to September) and
the other wet and hot (October to March), as is characteristic
in the Midwest region of Brazil. The rainfall levels show an
annual average of about 1500 mm, with maximum rainfall
in December and January, and average annual temperature
between 23-24°C (Wachholz et al., 2020). Oxisols and
Argisols are the predominant soil type in the region, and the
fragments do not show noticeable differences in soil texture.

The studied region is anthropized and fragments of SF
predominate, which explains a greater number of samples
than in the CE (Table 1). None of the fragments show
traces of recent fire and are surrounded predominantly
by pastures, except a small stretch of two SF fragments
connected with riparian forests. Although all plots were
sampled on the side facing the pasture matrix. The number
of plots was variable for each fragment, since we tried to
standardize the allocation of pairs of plots (edge-interior)
according to the conservation status and physical aspects,
such as same edaphic conditions. Therefore, we adopt the
assumptions that the environmental conditions are similar
for both physiognomies.

The first vegetation survey was carried out between
December 2010 and October 2011. We systematically
established 72-200 m? (10x20 m) plots, 48 and 24 in SF and
CE, respectively, always covering edge (edge vegetation start)
and interior of the fragments, at an approximately distance
of 100 m for each pair of plots (edge-interior), totalizing 1.44
ha. In each plot, we labeled, recorded, and identified all trees
with diameter at breast height (DBH )=5cm.

1.30 m

Table 1. Fragment size, number of plots and geographic coordinates of semideciduous forest (SF) and cerradio (CE) fragments in the

Indaid River Basin in Cassilandia, Mato Grosso do Sul, Brazil.

Number of plots (200 m?)

Geographic coordinates

Fragment Area (ha) Edge
SF1 65 5
SF2 20 4
SF3 24 3
SF4* 78 6
SE5* 76 6
CEl 242 6
CE2 33 6

* Connected with riparian forests.

In July 2014, we performed the second survey in all plots
when we measured the surviving individuals, and registering
recruited trees, which reached the minimum inclusion DBH,
and dead trees as well. Specimens with doubtful identification

Interior

5 10 19°10°41.08”S / 52°19°56.75”"W
4 8 19°9°32.55”S / 52°23’9.37°W

3 6 19°16’24.59”S / 52°24’38.22”W
6 12 19°13°36.86”S / 52°22’3.01"W
6 12 19°8’29.417S / 52°24’16.20"W
6 12 19°13°27.95”S / 52°27°9.11"W
6 12 19°6°51.26”S / 52°16'25.93”W

were collected and deposited in the Herbarium Jataiense (HJ),
Federal University of Jatai, Goids State. Nomenclature for families
followed APG IV (2016) and for species followed the ‘Flora
Species List of Brazil’ (http://floradobrasil.jbrj.gov.br/2020).
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In order to compare the vegetation response to
successional groups between edge and interior of fragments,
we classified the species according to the demand for light,
in three categories: pioneer (P), light demanding (LD), and
shade tolerant (SD) (sensu Swaine & Whitmore, 1988).
We measured canopy cover (%) in each plot in the dry (April
to September) and rainy periods (October to March), using
a concave spherical densiometer. Measurements were taken
in four cardinal directions in the center of each plotat 1.3 m
above the ground, to determine an average value per plot.

We calculated the average annual rates of mortality and
recruitment for the edge and interior, considering the number of
individuals (NI) and basal area (BA), followed by the correction
factor for bias related to the interval variation between censuses
(Lewis et al., 2004). We also calculated stability time (number
of years needed to stabilize the NI or BA), turnover rate (years
to reestablish the initial NI or BA), net change rate (annual
percentage change in NI or BA), and average annual rates of
basal area gain and loss (Sheil et al., 2000). The formulas of
the dynamics parameters are in the supplementary material 2.

Using the plots with sample, we compared canopy cover,
successional group, community parameters, and number and
basal area of living, recruit, and dead individuals between edge
and interior using a Student ¢-test for each physiognomy. When
residuals were not normal with the Shapiro-Wilk test, we log-
transformed the data or used a Mann-Whitney tests (U). We
tested the homogeneity of variance using a Levene test, and
we ran a separate variances t-test for data with heterogeneous
variances (Zar, 2010). One plot at the edge of a CE fragment
was damaged and excluded from further analysis.

3. RESULTS
3.1. Community dynamics

SF showed a small change (+0.7%) in density between
2011 and 2014, recruitment rate was higher than mortality
rate, while net change of the individuals increased slightly
(Table 2). The NI change was close to zero and turnover
was 24.51% year. BA decreased (3.4%), due to the death of
individuals, and the net change was small. Furthermore, BA
in the SF was unstable with slow turnover.

In the CE, the NT also increased (+1.4%) between 2011 and
2014, and the recruitment was higher than the mortality rate,
like in the SE. Thus, net change indicated gain of individuals
and growth in BA (5.4%). This gain was mostly due to
survivors, since the BA of dead individuals was greater than
that of recruits. Therefore, the loss of BA surpassed its gain.
Thus, its net change was positive, although the BA of the CE
was unstable and turnover slow, but faster than in the SE
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Table 2. Tree community dynamics parameters of semideciduous
forest (SF) and cerradio (CE) fragments in Cassilandia, Mato Grosso
do Sul, Brazil.

Parameters SF CE Total

Number of individuals

Initial (2011) 1107 934 2041
Final (2014) 1115 947 2062
Survivors 1015 858 1873
Deads 92 76 168
Recruits 100 89 189
Mortality rate (% year) 3.05 3.95 2.62
Recruitment rate (% year™) 3.64 5.07 3.24
Stability time (% year ') -0.07 1.24 0.86
Turnover (% year ') 24.51 17.74 28.46

Net change (% year ') 0.38 0.28

Basal area (m?)

Initial (2011) 26.26 10.91 37.18
Final (2014) 25.36 11.53 36.90
Survivors 25.07 11.24 36.31
Deads 3.09 0.76 3.86
Recruits 0.29 0.29 0.58
Rate of loss (% year™) 4.65 4.39 3.63
Rate of gain (% year™) 3.60 4.71 3.49
Stability time (% year™) -174.44 -37.06 21.26
Turnover (% year™) 104.17 39.90 12.00
Net change (% year™) -1.13 1.56 -0.21

3.2. Edge and interior dynamics

The NI at the edge of SF was the same in both inventories,
mainly due to the similarity in number of dying and
recruiting individuals, with an increase of eight individuals
inside the fragments (Table 3). Tree density at the edge of
SF was higher than in the interior, but both did not differ
in NI dead and recruits.

The average annual recruitment rate (individual-basis)
was slightly higher than the mortality rate at the edge of the SE,
but not there to net change (Table 3). Conversely, recruitment
rate at the interior was 33% higher than mortality, but the net
change was less than 1%. The edge and interior did not differ in
mortality and recruitment rates, turnover, and net change for NI

In SE for the second inventory (2014), the BA of the edge
and the interior were lower than in 2011, since the BA of
recruits and survivors growth did not compensate the dead
individuals (Table 3). However, there were no differences
between edge and interior in its final, recruits, and dead
individuals BA. The loss of BA at the edge and interior
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exceeded the gain, and net change was negative in both
environments. BA loss and gain, net change, and turnover
of SF did not differ between the edge and interior.

In the CE there was an increase of four and nine individuals
between the surveys at the edge and interior, respectively
(Table 3). The density and number of recruits did not differ,
but the edge plots showed, on average, almost two dead
individuals more than the interior. Recruitment rates exceeded
mortality, and net change was positive in both environments,
and turnover was higher in the interior than the edge. There
was a difference in mortality rate for the edge and interior,
but not for recruitment, net change, and turnover.

The BA of dead individuals at the edge of CE was
significatively higher than the interior, whereas the BA of
recruits did not differ (Table 3). The final BA at the edge
of CE was on average 0.12 m” larger than in the interior.
The BA loss rate at the edge was higher than the gain, while
the opposite occurred in the interior. The loss, gain, net
change, and turnover did not differ between the edge and
interior of the CE.

Table 3. Tree community dynamics parameters between the edge
(E) and interior (T) in semideciduous forest (SF) and cerraddo (CE)
fragments in Cassilandia, Mato Grosso do Sul, Brazil. In= initial;
F= final; r= recruits; d= dead; average annual rates of mortality
(M) and recruitment (R) (% yr'); NC = net change (% yr);
T = turnover (% yr); average annual rates of loss (L) and gain (G)
in basal area (% yr).

SF
E I Comparison E I n
Number of individuals
In 623 484 463 471
1=2.74; df=46; t=0.55; df=21;
F 623 492 p=0.01 467 480 p=0.58
t, =174
r 55 45 U=3305p=037 51 38 (log)
df=21; p=0.09
t=2.41; df=21;
d 55 37 U=354;p=0.16 47 29 =002
Eron=2-18;
M 324 280 U=3085;p=0.67 4.95 2.97 (log)
df=21; p=0.04
t,  =1.86;
R 357 3.72 U=310; p=0.65 6.02 4.18 (log)
df=21; p=0.07
NC 0.00 0.53 U=269;p=0.70 0.24 0.52 £=-0.67;df=21;
p=0.50
t, =-0.36; t, .=-1.35;
T 24.04 25.29 (log) 14.7 2231 (log)
df=30; p=0.72 df=20; p=0.19
Basal area (m?)
In 13.79 1247 598 4.93
t, =1.25; 1=2.94; df=21;
F 13.13 12.24 (log) 6.23 5.30 ’ >
df=38.31; p=0.21 p=0.007
t=0.97; df=22;
r 0.17 0.11 U=3485p=021 0.16 0.12 =034
4

Table 3. Continued...

t=2.77;
d 169 139 U__zosgg, 0.56 0.20 df=11.22;
p=0 p=0.01
t. =-0.58; t. =1.77;
L 502 425 (log) 5.75 2.76 (log)
df=46; p=0.55 df=21; p=0.08
t. =-0.68; —-0.16; df=21;
G 351 369 o sy e ei=al
df=46; p=0.49 p=0.86
t=-1.10; df=21;
NC -1.61 -0.61 U=263;p=0.61 1.15 2.05 p=0.28
t. =-0.21; t, =-1.55;
T 9310 120.12 %9 35.77 49.35 (oo
df=30; p=0.83 df=20; p=0.13

3.3. Successional stages and canopy cover

Both forests types had higher abundance of light
demanding species, followed by pioneer species. However,
the abundance and species richness of successional groups
did not differ between edge and interior (Table 4).

Table 4. Abundance and tree species richness in each successional
stage in the edge (E) and interior (I) of semideciduous forest (SF)
and cerraddo (CE) fragments in Cassilandia, Mato Grosso do Sul,
Brazil. LD=light demanding; P=pioneers; SD=shade tolerant.
The table with species list and successional groups is provided in
the supplementary material 3.

Comparison E Comparison
Abundance
LD 1350 1000 =197 A6 o3 0 0 66 170-25: di=25
p=0.054 p=0.80
t=1.97; df=46; t =-0.03;
P 629 42 3 1481 14. (log)
629 429 0.054 81 1450 46 31; p=0.97
SD 412 445 U005 40 pgy 15098dES2L
p=0.80 p=0.33
LD 625 4g3 F1IBAEEA6 ) G0 e 12024 dES2l
p=0.053 p=0.81
p 387 316 CI00AEE o g66 U=75. p=0.89
p=0.12
U=266.5; o
D175 188 S 133 122 U=51.p=0.55

The canopy cover of both physiognomies did not differ
between the edge and interior, regardless of the period
(Table 5). However, canopy cover varied throughout the
year considering both forests, being significantly higher in
the rainy than in the dry period.
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Table 5. Canopy cover (%) in the edge (E) and interior (I) for each and between periods in semideciduous forest (SF) and cerraddo (CE)

fragments in Cassilandia, Mato Grosso do Sul, Brazil.

SF
Periods
E I Comparison
Rainy 83.03 85.58 U=259; p=0.55
Dry 81.82 82.55 t=-0.40; df=46; p=0.68
Rainy 84.30
U=279; p=0.004
Dry 82.19
4. DISCUSSION

4.1. Community dynamics

The increased density and decreased BA in the SF
contrasted with the increased density and BA in the CE
in the second survey (2014), but there was little variation
to the net change between physiognomies. This suggest
that the physical aspects, such as soil and climate, and the
fragmented nature of these forests, offer the same vegetation
dynamics responses. The mortality and recruitment rates of
the studied fragments are high compared to undisturbed and
non-fragmented Amazon forests (Lewis et al., 2004; Phillips
et al., 2004), and other forest ecosystems of the Cerrado,
such as gallery forests (Miguel et al., 2011; Oliveira et al.,
2014), semideciduous forest (Higuchi et al., 2008; Marimon
etal., 2014; Oliveira et al., 2014) and cerraddes (Franczak et
al., 2011; Reis et al., 2015). Thus, the rates reported in this
study are among the highest even compared to fragmented
forests (Oliveira-Filho et al., 1997; Oliveira-Filho et al.,
2007; Higuchi et al., 2008).

Tree community dynamics usually change after
natural (Guilherme et al., 2004; Appolinério et al., 2005;
Guimaraes et al., 2008) or man-made disturbances (Oliveira-
Filho et al., 1997; Oliveira-Filho et al., 2007; Peixoto et al.,
2012), whereas they are typically at a steady state in the absence
of disturbances (Saiter et al., 2011). High mortality rates, as
shown here, may be related to anthropogenic disturbances,
as registered in a fragment of semideciduous seasonal forest
surrounded by pasture (Silva & Aradjo, 2009), similar to our
study area. If we consider fragmentation as a disturbance,
high mortality and recruitment rates (and high dynamics)
may be related to the deleterious effects of fragmentation
itself. Previous studies in SF fragments (Oliveira-Filho et al.,
1997; Appolinario et al., 2005; Oliveira-Filho et al., 2007;
Higuchi et al., 2008) found disequilibrium in several parameters
of tree community dynamics, as pointed out in this study.

Both mortality and recruitment rates estimated here for
CE are similar to those of a preserved CE in Mato Grosso
(Franczaketal.,2011; Reis et al., 2015), whose tree community
is considered hyperdynamic (Marimon et al., 2014). Therefore,
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CE
E I Comparison
87.63 86.11 t=0.87; df=21; p=0.39
78.51 79.52 t=0.87; df=21; p=0.39
86.84
t=-6.11; df=22; p=0.001
79.04

the similarity of mortality and recruitment rates between
studies suggests that fragmentation can accelerates the
dynamics of cerraddo vegetation.

4.2. Edge and interior dynamics and canopy cover

Edge effects did not influence most parameters of the
tree community dynamics in the semideciduous forest and
cerradio. Edge effects can be caused by the flows of materials
and energy between the matrix and fragment (Paula et al,,
2015), affecting the energy flows on microclimatic variables
(Didham & Lawton, 1999), and changing biotic characteristics
in the community at broad spatial scales (Laurance et al.,
2006; Nascimento & Laurence, 2006; Aragoén et al., 2015).

Forests in several Brazilian and global biomes, including
the gallery forests in the Cerrado, are evergreen. While
interfluvial forests, such as those of our study, in general are
deciduous, whose canopy cover varies throughout the year,
and may decrease to less than 50% in the dry period (Ribeiro
& Walter, 2008). Thus, this canopy cover deciduousness in
semideciduous forest and cerraddo should promote similar
conditions between edge and interior of the fragments
throughout the year, and may explain the similarity in the
dynamics parameters registered between the edge and the
interior of the studied fragments. Therefore, as interfluvial
forests are more adapted to stressful conditions, they are
also expected to be more resilient to edge effects (Arruda
& Eisenlohr, 2016), contrary to evergreen tropical forests
(Camargo & Kapos, 1995; Guimaries et al., 2008). This
climate condition can be related to the predominance of
light-demanding and pioneer species, whose physiological
adaptations allow them to survive in environments with
intense sunlight and low humidity, as occurs in open
physiognomies of the Cerrado.

However, despite the remarkable resilience of interfluvial
forests, their edges are subject to changes. A previous study
in a SF showed subtle edge effects in community parameters
(Sampaio & Scariot, 2011). The authors pointed out that
effects of edge were not important, due to species adaptation
to harsh environmental conditions and rapid growth in
nutrient-rich soils. Indeed, the complexity of edge effects can
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be even greater in the Cerrado than in Amazonian forests,
since in the former we have to consider deciduousness
and seasonality. Thus, mortality and increase in BA at the
edge of the CE may be due to this complexity and linked to
natural factors, such as increased light incidence near the
edge, which favors pioneer and light-demanding species,
that usually have rapid growth and shorter life cycle than
shade-tolerant species.

Interfluvial forests are usually less susceptible to edge
effects or the interference of the surrounding matrix
is less expressive on the fragment (e.g., present study;
Oliveira-Filho et al., 1997; Sampaio & Scariot, 2011; Arruda
& Eisenlohr, 2016). However, the absence, or subtle, edge
effects may be partially due to physiological adaptation of
species, providing resilience to environmental conditions. In
this case, the contact between the forest fragment edge and
pasture matrix, as in our study, may increase the environmental
heterogeneity of the fragments.

4.3. Successional stages and edge effects

Our study represents an important contribution to the
understanding of the mechanisms involved in the edge
effects of forest fragments, because is one of the few that have
addressed this issue with focus to the Cerrado (Lima-Ribeiro
2008; Sampaio & Scariot, 2011; Arruda & Eisenlohr, 2016).
The tree successional dynamics between physiognomies
and between the edge-interior of semideciduous forest and
cerraddo did not reveal notable differences, even though
they are different floristic and structurally. Although, these
effects can be long-term evidenced, and requiring future
monitoring. However, our results are especially relevant
considering that the original Cerrado coverage reduced by
almost 80% until 2010 in the state of Mato Grosso do Sul
(IBGE, 2015), and comparative assessments are important
for the development of future conservation strategies in
Cerrado ecosystems.

5. CONCLUSIONS

The SF and CE fragments showed marked forest dynamics,
with high mortality and recruitment rates, although the
net changes in NI and AB were not as pronounced in both
physiognomies. Therefore, our study indicates that the
fragmentation of ecosystems can act as a disturbance agent,
causing changes in the dynamics of the Cerrado vegetation.

The dynamics were slightly higher in CE than in SE SF
had a higher NI in the edge, while the CE showed higher
mortality (NI) and loss (AB) rates in the edge. There was no
difference in abundance and species richness of successional

groups between edge and interior. There was seasonal variation
in the canopy cover, although we did not found differences
between edge and interior. In summary, edge effects in
Cerrado forests fragments do not seem to be deleterious
on a short-term scale. However, monitoring vegetation is
necessary, since especially CE fragments seems to be more
dynamic in the edge.
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