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ABSTRACT

The objective of this work was to evaluate if the soil heterogeneity expressed by the different
soil classes would condition tree communities with different dynamic behaviors. The data were
collected from 25 plots sized 20 x 20 (400 m?), 10 of them with Inceptisols, 9 with Ultisols,
5 with Entisols B and 1 with Entisols A. All individuals with DBH > 5.0 cm in the plots were
sampled in 2000, 2005, 2009 and 2015. Rates of mortality, recruitment, gain, loss and turnover
dynamics in number of individuals and basal area were estimated for each soil class. The tree
communities present in the soil classes showed no differences in the dynamic behavior to the
point of expressing edaphic fragment heterogeneity. The differences are associated with stochastic
fluctuations in rates caused by small disturbances, suggesting little influence of the soils on the
dynamics of small-scale communities.
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1. INTRODUCTION AND OBJECTIVES

Tropical forests are dynamic systems that exhibit
variations throughout space and time. In semi-deciduous
forests, this variation has been associated with a history of
fragment disturbance and environmental heterogeneity
caused by water availability, topography, successional stages
and soil types (Botrel et al., 2002; Meyer et al., 2015; Morel
et al. 2016; Oliveira-Filho et al., 2007; Terra et al., 2015).

Among the factors that promote environmental
heterogeneity, soil stands out as one of the main
determinants of tropical forests on local scales. On this
scale, the specific characteristics of each habitat assume
a special role in conditioning vegetation. The abundance
and distribution of tree individuals, the richness and
diversity of species and the tropical forest’s structure
are strongly influenced by soil resource availability
(nutrients and water) on small scales (Bolhman et al.,
2008; Martins et al., 2015; Pefia-Claros et al., 2012).

Variations in soil characteristics may also cause
differences in the tree community’s dynamics. Growth,
mortality and recruitment rates are commonly higher
in environments with higher resource availability, such
as fertility and humidity, resulting in faster turnover
rates (Martins et al., 2015; Missio et al., 2016; Pontara
etal,, 2016; Russo et al., 2008), while slow growth, low
mortality and recruitment of individuals are observed
in poor-resourced soils (Martins et al., 2015; Missio
et al., 2016; Pontara et al., 2016; Russo et al., 2008).

In this sense, our study aims to analyze the dynamic
behavior of a semi-deciduous seasonal forest with
different soil types after 15 years of monitoring. Therefore,
we hypothesized that soil heterogeneity, expressed by
different soil classes, conditions tree communities with
different dynamic behaviors.

2. MATERIALS AND METHODS

2.1. Study area

The study area comprises a fragment of Seasonal
Semi-deciduous Forest located on the riverbanks of
Ingai River, municipality of Ingai, in the Alto Rio
Grande region of southern Minas Gerais, and at the
geographical coordinates 21° 24’ S and 44° 55’ W. The
fragment has a total area of 16.85 ha, with an altitude
varying between 870 and 890 m (Botrel et al., 2002).

The study area has no cutting history, only the
removal of some trees at the edge of the forest in the
1950s (Botrel et al., 2002), and presence of domestic
animals, such as cattle and horses, which were very
common until 2009. Currently, only some trails, which
may exist due to the sporadic presence of these animals
and visiting fishermen, have been observed in the
fragment. The matrix in the fragment’s surroundings
is formed by other small fragments and by anthropized
areas (pastures and eucalyptus, among others).

According to the Képpen classification, the climate of
the region is Cwa; a subtropical climate with dry winter
and rainy summer (Dantas et al., 2007). The average
annual temperature is 20°C, with maximum average
of 28.1°C and minimum of 9.3°C; the average annual
rainfall corresponds to 1476 mm (Oliveira-Filho, 2010).

2.2. Edaphic fragment characterization

The forest fragment features four soil types:
Gleico Eutrophic Tb Fluvent Entisols (Entisols A);
Typic psamitic Fluvent Entisols (Entisols B); Typic Tb
Dystrophic Haplic Cambisols (Inceptisols); and Typic
haplortox soil (Ultisols) (Botrel et al., 2002). Entisol
A was sampled from only 1 plot, located on the lower
alluvial terraces, in which the soil remains saturated or
flooded for alonger period of the year (poorly drained)
and with medium texture. Entisol B was sampled from
5 plots, being present in higher alluvial terraces with
occasional floods and with sandy and poorly-drained
texture. Inceptisols occurred in 10 plots above the alluvial
terraces or adjacent to the river, where the margin is
steeper. It has medium to clayey texture and drainage
ranging from imperfect to moderately drained. Ultisol
was sampled from 9 plots in higher areas further from
the river. This soil has medium texture and drainage
ranging from well to markedly drained. The variations
in soil type, fertility, humidity and relief suggest the
presence of a gradient: Ultisols < Inceptisols < Entisols
B < Entisols A; which corresponds to an increase in
water and nutrient availability (Botrel et al., 2002).

2.3. Monitoring the tree community

The first study of the tree community was conducted
between August 1999 and August 2000, when
25 permanent 20 x 20 m plots were allocated, totaling
1 ha of sampled area. The layout of the plots is detailed
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in Botrel et al. (2002). All tree individuals in the plots
with DBH (diameter at breast height) > 5.0 cm were
sampled, received numbered aluminum plates and
were identified (Botrel et al., 2002). Individuals with
multiple stems were recorded when the quadratic root
of the DBH was > 5.0 cm (Scolforo & Mello, 2006). The
plots were measured again in the years 2005, 2009 and
2015, with the objective of re-measuring the surviving
individuals, estimating dead individuals and including
those that met the minimum inclusion criterion.

2.4. Tree community dynamics by soil class

The tree community dynamics were analyzed for
each soil class according to the rates of: Equation 1
(mortality of individuals) and Equation 2 (recruitment of
individuals); Equation 3 (basal area loss); and Equation 4
(basal area gain). These formulas were obtained according
to Sheil et al. (1995) and Sheil & May (1996):
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M= -{NO Nm} %100 (1)
N

1
t
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L={1- "(—“J”"‘) %100 (3)
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The turnover rates in number of trees (Equation 5)
and in terms of basal area (Equation 6) were determined
from the formulas described by Phillips (1996) and
Phillips & Gentry (1994):

)] 5

In the equations, N, N, N_and N_represent
the numbers of initial, final, dead and recruited
tree individuals in time interval (t), respectively,

while BA, BA, BA , BA, BA and BA represent the
initial alive, final alive and dead basal areas of the trees,
the basal area lost with the decrease in survivors, the
basal area of the recruits and the basal area gained
with the increase in survivors, respectively.

The tree individuals’ mortality and recruitment
rates were corrected according to Lewis et al. (2004)
(Equation 7) due to time irregularities between the
sampling periods:

A =Axto (7)

N: corrected dynamic rates; A: verified dynamic rates.

2.5. Statistical analyses

The data had their normality verified by the
Shapiro-Wilk test (Zar, 2010). Structural and dynamic
parameters were analyzed to verify differences within
the soil classes between the studied time periods
(2000-2005; 2005-2009 and 2009-2015), and the space
between the soil classes at each monitoring interval.
In the temporal comparisons, the parameters of basal
area and abundance of individuals were compared
using the paired T-test at a significance level of 5%
(Zar, 2010), while for the spatial comparisons, the basal
area and abundance of individuals were compared
by the analysis of variance (ANOVA) followed by
Tukey’s test at a significance level of 5%. The changes
over time and between soil classes in relation to the
number of dead, recruits, losses (baseline area of the
deceased individuals plus the decrease in survivors)
and gains (baseline area of the recruits plus the increase
in survivors) were verified using the non-parametric
Kruskal-Wallis test with the Mann-Whitney test,
considering a significance level of 5% (Zar, 2010). The
turnover in numbers of individuals and in basal area
were compared over time and between the soil classes
also by the analysis of variance (ANOVA) followed
by Tukey’s test at a significance level of 5%. To meet
the statistical assumptions, the turnover rates were
transformed by the equation “arcsen = root (x/100)”
(Zar, 2010). The Entisols A class was removed from
the temporal comparisons and from the comparisons
between environments since it did not feature repetitions,
and thus was analyzed and discussed separately.
The statistical analyses were performed using the
PAST v.3.14 software (Hammer et al., 2001).
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3. RESULTS AND DISCUSSION

The abundance of individuals showed a trend of
decreasing over time in the classes of Ultisols, Inceptisols
and Entisols B, especially in the interval between 2009 and
2015, when the number of individuals was significantly
lower in each of these classes in the year 2015. In the
comparisons between them, the abundance of individuals
was significantly higher in Ultisols in the four studies,
Entisols B having featured an abundance of individuals
that was similar to that shown by Ultisols in 2009 (Table 1).

The number of deaths in Ultisols and Entisols B
was significantly higher in the third interval, resulting
in rates of 2.93 and 6.65 %.year™, respectively. The
mortality in Ultisols was also significant in the second
interval (2.97 %.year). Nonetheless, the comparisons
between soil classes did not show significant differences
in the number of deaths for any of the monitoring
intervals (Table 1).

The recruitment of individuals showed no temporal
differences in any soil class, and they also did not differ
from one another (Table 1). The turnover in number
of individuals showed temporal differences in Ultisols,
where the second interval had a significantly lower
turnover rate; and in Entisols B, with the turnover rate
0f2009-2015 having been higher than that of 2005-2009.
In the comparisons between classes, the environments
differed in the third interval, the turnover in number

of individuals having been faster in Inceptisols and
Entisols B (Table 1).

As for the biomass descriptors, basal area showed
a significant increase between 2000 and 2005 and from
2005 to 2009 in the soil classes of Ultisols, Inceptisols
and Entisols B. However, no significant differences in
basal area in the period between 2009 and 2015 were
found for any soil class. The basal area was significantly
higher in Entisols B in 2005, and no other significant
differences were found between soils for the other years
of monitoring (Table 1).

The loss in basal area was significantly higher for the
third interval in Ultisols, resulting in a rate of 1.97 %.year,
and in Entisols B, with a rate of 3.62 %.year. In the
comparisons between classes, differences were observed
between 2000 and 2005, when the loss was lower in
Ultisols, and between 2009 and 2015, when it was higher
in Entisols B (Table 1).

The basal area gains showed no differences over the
monitoring periods for any soil class (Table 1). Among
the environments, differences were verified only in the
first interval, in which Entisols B had a superior gain
in basal area. The basal area turnover was significantly
higher in the second interval of Ultisols. Differences in
classes were observed between 2005 and 2009, the fastest
turnover in basal area having been found in Ultisols;
and between 2009 and 2015, with Entisols B having
shown a faster turnover than Inceptisols (Table 1).

Table 1. Structural parameters and dynamic rates of the arboreal communities present in the classes of Ultisols,
Inceptisols and Entisols B at the Seasonal Semi-deciduous Forest fragment in the municipality of Ingai, MG. Capital
letters represent the significant statistical difference (p<0.05) between the environments in each monitoring interval,
and lowercase letters, the differences over time for each soil class.

Ultisols Inceptisols Entisols B
Rates
2000 2005 2009 2015 2000 2005 2009 2015 2000 2005 2009 2015
A 127194 126£19% 123224 115+20% 100+18%  97+18% 93420 8620 101+23% 97420 974184 77+20%

BA  0.95+0.32 1.08+0.34"° 1.18+0.36* 1.2620.33% 1.24+0.32** 1.3140.29"° 1.37+0.29* 1.37+0.31*

M - 160 297 2.93 - 2.38
R - 144 219 1.68 - 172
L - 134 2.28 197 - 1.93
G - 3.80 452 2.97 - 2.99
T, - 1520 2580 230w - 2.05%
T, - 2578 340% 2478w - 2.46M

Nm - 934 13x4 187N - 10455

1.33+0.10* 1.46+0.10% 1.57+0.12% 1.42+0.15*

3.39 3.44 - 2.78 2.25 6.65
244 1.87 = 1.93 2.08 2.37
221 2.10 - 2.03 1.86 4.12
3.35 2.07 - 3.84 3.62 2.54
2914 2.65% 2.3540 2.16M 4.51%
2.78% 2.084 = 2.93% 2.74% 3.33%
1144 16+0.034 1246 8+6M 294134
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Table 1. Continued...
Ultisols Inceptisols Entisols B
Rates _———————
2000 2005 2009 2015 2000 2005 2009 2000 2005 2009
Nr - 8154 9164 1064 - VEESR 844 8+34 - 8440 EES R 9+44
L, - 0.06+0.03** 0.10+£0.04** 0.21+0.05* 0.1240.06% 0.11+0.05** 0.16+0.08* 0.26+0.04% 0.11+0.05** 0.35+0.12%°
G, - 0.19£0.06** 0.19£0.05* 0.13+0.06"* - 0.18+0.04** 0.17+0.06* 0.16+0.034* - 0.13£0.06% 0.22+0.03% 0.20£0.044

2000, 2005, 2009 and 2015: years of vegetation monitoring; A: Mean abundance of individuals; BA: Mean basal area (m?); M: Mortality
rate (%.year"); R: Recruitment rate (%.year); L: Loss rate (%.year™); G: Gain rate (%.year"); T : turnover in number of individuals (%.year);
T,,: turnover in number of basal area (%.year'); Nm: Mean number of deaths; Nr: Average number of recruits; L, : Mean basal area
loss (decrease in survivors + basal area of deaths in m?); G,,: Mean basal area gain (increase in survivors + basal area of recruits in m?).

The only sample of Entisols A was characterized
by high dynamic rates. In the first interval, the high
rates were associated with the mortality of individuals
and losses in basal area (20.09 and 20.60 %.year™,
respectively). In the second interval, the processes
were reversed, with a high recruitment of individuals
and gains in basal area (19.73 and 21.35 %.year’,
respectively), while in the third period, the demographic
rates were low, but the basal area gain remained high
(7.91 %.year) (Table 2).

Table 2. Structural parameters and dynamic rates of
the arboreal community present of the Entisols A class
at the Semi-deciduous Seasonal Forest fragment in the
municipality of Ingai, MG.

it Entisols A

2000 2005 2009 2015

A 37 28 53 55
BA 0.78 0.39 0.71 1.01
M - 20.09 6.54 3.10
R - 12.94 19.73 3.29
L - 20.60 8.74 2.26
G - 8.91 21.35 7.91
T - 17.41 14.29 3.45
T, - 1475  15.04 5.08

Nm - 23 6 8

Nr - 14 31 10
. - 0.53 0.12 0.09
- 0.15 0.44 0.40

2000, 2005, 2009 and 2015: years of vegetation monitoring;
A: Abundance of individuals; BA: Basal area (m?); M: Mortality
rate (%.year'); R: Recruitment rate (%.year); L: Loss rate (%.year);
G: Gain rate (%.year); T : turnover in number of individuals (%.year);
T,: turnover in number of basal area (%.year"'); Nm: Number of
deaths; Nr: Number of recruits; L, : Basal area loss (decrease in
survivors + basal area of deaths in m?); G, : Basal area gain (increase
in survivors + basal area of recruits in m?).

The tree communities in the soil classes had a similar
temporal behavior characterized by the self-thinning of
trees. In the communities submitted to self-thinning,
mortality rates are higher than recruitment rates, which
reduces the density of individuals and causes a shift in
balance in favor of basal area gains, which provides an
increase in or stability of the tree community’s basal
area (Higuchi et al., 2008; Meyer et al., 2015).

The similar temporal behavior among tree communities
shows that, despite the existence of a fertility and texture
gradient between the soil classes, the dynamic processes
may not be conditioned by soil heterogeneity, since
the observed differences do not describe any pattern
associated with soil conditions. Other studies carried
out on local scales have also verified similar dynamic
behaviors among tree communities in different soil
classes (Higuchi et al., 2008; Meyer et al., 2015; Toledo
etal., 2011). The soils’ influence on the forest dynamics
has been mainly associated with large fertility variations
on regional scales, with higher rates being verified in
soils with greater resource availability (Phillips et al.,
2004; Quesadas et al., 2009). However, on local scales,
Toledo et al. (2011) state that soil fertility variations
may have a modest effect on forest dynamics. On this
scale, the reduced area favors lower heterogeneity due to
the more similar physical conditions (light, water, soil,
etc.) (Costa et al., 2012). On the other hand, on larger
area size entails greater environmental heterogeneity
(Cavender-Bares et al., 2009).

The low influence of soils on the tree community’s
dynamics verified on local scales (Higuchi et al., 2008;
Meyer et al,, 2015; Toledo et al., 2011; in the present
study) indicates that the soils play a more important
role in structuring these communities than in the
dynamic processes that modify them. This edaphic
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heterogeneity would mainly influence the abundance
and spatial distribution of the species in the plant
communities (Bohlman et al., 2008; Pan et al., 2013;
Pefia-Claros et al., 2012), selecting the individuals that
are more adapted to the environmental conditions
based on the niche need of each species (Begon et
al., 2007; Poulos & Camp, 2010). The abundance and
distribution of the species in the study area mainly
reflect variations in water and nutrient availability
(Botrel et al., 2002), demonstrating the importance
of the soil in structuring this community.

On the other hand, the temporal behavior would be
conditioned by agents that alter the successional advance
of the forests, such as disturbances. Disturbances are
events that drive changes in the forests due to resource
changes (Davis & Moritz, 2001; Denslow et al., 1998),
in substrate availability or in the physical environment
(Davis & Moritz, 2001), thus reducing density and
resulting in considerable losses of basal area, which
opens spaces for the recruitment of individuals and
recovery of biomass (Felfili, 1995; Chazdon et al., 2007;
Sheil et al., 2000; Swanson et al., 2011). However, the
absence of major disturbances that would promote the
resumption of forest succession attenuates the role of
soils in the studied fragment, since they would act to
select the species with colonization potential in each
environment. In tropical forests, the onset of succession
is not stochastic, but rather conditioned by processes,
such as plant-plant facilitation interactions, and local
environmental conditions, such as soil characteristics,
which determine the successional process in these
forests (Lebrija-Trejos et al., 2010; Martins et al. 2015).

The absence of major disturbances associated with
the the fragment’s protection favors the successional
advance of the tree communities standing over the
soil classes. Seasonal tropical forests usually exhibit
structural parameters of advanced successional stages
around 40-45 years after the area’s abandonment, when
the late colonizing species, which grow at a slower pace,
become dominant or reach significant development
rates (Aide et al., 1996; Lebrija-Trejos et al., 2010;
Morel et al., 2016; Toniato & Oliveira-Filho, 2004). The
advanced successional stage of the tree communities in
the fragment shows that they are already structured with
the species that compose them and already adapted to
the local environmental conditions, being dominated
by species with long life cycles that have remained in
the community for a long time in the absence of great

disturbances, thereby attenuating the role of the soils in
the selection of species. Thus, the differences among soil
classes may be associated with stochastic fluctuations
in dynamic rates (Carvalho & Felfili, 2011), which are
caused by small localized disturbances originated from
natural disturbances, such as seasonal flooding in plots
near the river bank (Silva et al., 2011).

River banks are environments characterized as
dynamic due to the influence of a number of factors
that alter their configuration and the patterns of plant
communities (Kyle & Leishman, 2009). One of these
factors is the river water’s action on the slope’s concave
margin, which promotes the continuous removal
of sediments (Christofoletti, 1980). In Entisols B,
this action resulted in the collapse of part of a plot
between 2009 and 2015, and in the death of several tree
individuals. Another factor is the occurrence of seasonal
floods caused by the overflow of the riverbed and/or
elevation of the water levels during periods of intense
precipitation (Almeida Junior et al., 2009; Carvalho et
al.,, 2007). Seasonal flooding represents an important
disturbance that changes the dynamics of Entisols A.
Floods increase the mortality of individuals and the
loss of basal area (Niu et al., 2014; Silva et al., 2011),
thus making room for the recruitment of individuals
(Felfili, 1995) and causing instability in the dynamics
of forests bordering water courses.

4. CONCLUSIONS

The tree communities did not show differences in
dynamic behavior to the point of expressing edaphic
fragment heterogeneity. The differences found are probably
more associated with stochastic fluctuations caused by
minor disturbances, suggesting lesser influence of the
soils on the dynamics of communities on small scales.
On this scale, soils may play a more important role in
structuring the community, influencing parameters such
as the abundance and distribution of species. However,
in this fragment, this influence may be attenuated by
the advanced stage of succession and the absence of
major disturbances.
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