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HIGHLIGHTS:
Soil arthropods and vegetation represent complex systems.
Soil arthropods and vegetation are related on multiple scales.
Joint correlations of soil arthropods and vegetation were stronger than their single statistical correlations.

ABSTRACT: The objective of this study was to assess the scale relationships of soil arthropods and the vegetation
structure of Cerrado phytophysiognomies. The experimental plots were set in areas with dense Cerrado (T1), typical
Cerrado (T2), and sparse Eerra 0 (T3). The edaphic fauna was collected at 128 points through pitfall traps, and
the vegetation was evaluated in subplots of 9 m®. The data were evaluated using descriptive statistics, geostatistics,
multifractal analysis, and joint multifractal analysis. The soil arthropods and vegetation structure were adjusted
to a geostatistical model, except for arborescent plants (T1) and arthropod abundance and arboreal plants (T2),
which showed a Fure nugget egect. The studied variables showed different degrees of multifractality. The graphs of
joint multifractal dimension showed circular lines with high values of joint correlation for the pairs of arthropod
richness versus the abundance of plant strata (r = -0.498), arthropod richness versus herbaceous plants (r = 0.323),
and arthropod richness versus arboreal plants (r = 0.451) at T1. The soil fauna was influenced by tlEe composition of
the plant strata. The plots with dense Cerrado (T1) and sparse Cerrado (T3) showed the greatest spatial dependence
between the samples. The multifractal analysis showed that the plot with sparse Cerrado (T3§ had the greatest
heterogeneity of measurement along the geometric supgort. In contrast, the greatest asymmetry of the singularity
spectrum was described for the plot with dense Cerrado (T1). The use of geostatistical and multifractal analysis
tools enabled us to characterize the scale relationships between the variables.

Key words: biological indicators, plant formations, Brazilian savanna, geostatistics, multifractal

RESUMO: O objetivo deste estudo foi avaliar as relacdes de escala de artrépodes do solo e da estrutura da vegetagdo
de fitofisionomias de Cerrado. As parcelas experimentais foram alocadas em dreas com Cerrado denso (T1), Cerrado
tipico (T2) e Cerrado ralo (T3). A fauna edafica foi coletada em 128 pontos, por meio de armadilhas de queda e a
vegetagdo avaliada em subparcelas de 9 m?. Os dados foram avaliados por meio da estatistica descritiva, geoestatistica,
analise multifractal e joint multifractal. Os artrg’[podes do solo e a estrutura de vegetagdo se ajustaram a um modelo
geoestatistico, exceto, plantas arborescentes (T1), abundéincia de artrépodes gf 2) e plantas arbéreas (T2), que
apresentaram efeito pepita puro. As variaveis estudadas apresentaram diferentes graus de multifratalidade. Os graficos

a dimensdo joint multifractal mostraram linhas circulares com altos valores de correla¢do conjunta para riqueza de
artropodes versus abundancia dos estratos vegetais (r = -0,498), riqueza de artropodes versus herbaceos (r =0,323) e
ri%ueza de artrépodes versus arboreo (r =0,451) em T1. A fauna do solo foi influenciada pela composi¢ao dos estratos
arbdreos em maior ou menor grau. As parcelas com Cerrado denso (T1) e Cerrado ralo (T3) apresentaram a maior
dependéncia espacial entre as amostras. A analise multifractal demonstrou que a parcela com Cerrado ralo (T3)
foi o sistema com maior heterogeneidade de medida ao longo do suporte geométrico; enquanto a maior assimetria
do espectro de sin%ularidade foi descrita para a parcela com Cerrado denso (T1). A utilizagdo de ferramentas de
geoestatistica e analise multifractal permitiu caracterizar as relagdes de escala entre as variaveis.

Palavras-chave: indicadores biologicos, formagdes vegetais, savana brasileira, geoestatistica, multifractal
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INTRODUCTION

The Cerrado is a heterogeneous system that presents
different plant formations and comprises forest formations,
savannas, and grasslands (Ribeiro & Walter, 2008). Therefore,
it is necessary to understand the scales of spatial variability of
soil and plant attributes in Cerrado areas using geostatistics
and multifractal and joint multifractal analyses.

According to Vieira (2000), geostatistics enable the
characterization of the spatial dependence between
samples based on modeling and adjusting the experimental
semivariogram. Gholami et al. (2017) used geostatistics
to characterize the spatial distribution of tree species and
soil arthropods, and Silva et al. (2018) assessed the spatial
variability of soil fauna in different land use and occupation
systems. Neves et al. (2010) studied the scales of spatial
variability of Cerrado fragments to show that the plant strata
had different scales of spatial distribution.

A multifractal analysis is applied to characterize datasets
at different moments of statistical order (Banerjee et al., 2011;
Biswas et al., 2012), considering different scales for a system
(Halsey et al., 1986; Wilson et al., 2016; Bertol et al., 2017;
Siqueira et al., 2018; Leiva et al., 2019; Silva & Siqueira, 2020).
A joint multifractal analysis enables the characterization of
variables on a joint scale (Banerjee et al., 2011; Biswas et al.,
2012; Bertol et al., 2017; Siqueira et al., 2018; Silva et al., 2020).
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Thus, Siqueira et al. (2022) evaluated the scale variability between
invertebrate fauna, organic carbon content, and altitude using
joint multifractal analysis and concluded a positive relationship
between the scales of variability in the landscape.

This study aimed to characterize the relationships between
scales of soil invertebrate fauna and vegetation structures using
geostatistical tools and multifractal, and joint multifractal
analyses.

MATERIAL AND METHODS

The experimental plots are located in the municipality
of Chapadinha (Maranhdo, Brazil), under the geographical
coordinates 3° 73’ 34.68” S and 43° 32’ 03.12” W, and in three
vegetation types of Cerrado (Figures 1A-D). The region’s
climate is classified as tropical hot and humid (Aw), with the
average annual temperature varying between 27 and 30 °C
and average annual precipitation between 1,400 and 1,600 mm
(Figure 1E). The soil of the study area is classified as Oxisol.
The main physical and chemical attributes in the 0-0.2 m layer,
determined according to EMBRAPA (2017), are summarized
in Table 1.

Sampling was carried out on November 14, 2014, in three
transects (T1, T2, and T3; Figure 1A) in an area with Cerrado
vegetation. The attributes of the edaphic fauna (abundance

C. D.

Figure 1. Topographic map and location of experimental plots (A); vegetation formations of Cerrado and tree cover profile:
dense Cerrado (B), typical Cerrado (C), and sparse Cerrado (D); precipitation and air temperature in the region under study
(E); abundance of the taxonomic groups of soil invertebrate fauna (F)
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Table 1. Physical and chemical attributes of the surface layer of soil (0-0.2 m) in the experimental plots

OC - Organic carbon; P - Phosphorus; K* - Potassium; Ca** - Calcium; Mg?** - Magnesium; SB - Sum of bases; CEC - Cation exchange capacity; V% - Base saturation

and richness of arthropods) and the vegetation structure of
the Cerrado [abundance of plant strata; number of herbaceous,
arborescent, and arboreal plants; and average diameter at
breast height (DBH 1.3 m)] were sampled over three transects
containing 128 sampling points per transect, with 3 m spacing
between points, totaling 381 m.

Transects were allocated to different vegetation formations
of Cerrado, classified according to Ribeiro & Walter (2008):
dense Cerrado (T1; Figure 1B), typical Cerrado (T2; Figure
1C), and sparse Cerrado (T3; Figure 1D). According to
Aquino (2001), the edaphic fauna was sampled using pitfall
traps containing 200 mL of a 4% formaldehyde solution and
remained in the field for 7 days. After this period, the traps
were packed in airtight containers for subsequent sorting
and identification of the organisms at the order, family, and
subfamily levels (Rafael et al., 2012).

In this study, 26 taxonomic groups were identified, with
T1 and T3 each having all 26 and T2 having 15 taxonomic
groups (Figure 1F). The abundance and richness of arthropods
were determined for each sampling point from the taxonomic
groups.

The vegetation structure was evaluated in subplots of 9 m?,
with the soil invertebrate fauna sampling point as the centroid.
The number of plants of different heights was determined: <0.5
m (herbaceous stratum), between 0.5 and 1.3 m (arborescent
stratum), and >1.3 m (tree stratum), where the average DBH
(in meters; tree stratum) was also determined, according to
Neves et al. (2010).

The mean, standard deviation, coeflicient of variation (CV,
%), asymmetry, and kurtosis were determined for the attributes
under study. The normality of the data was assessed using the
Kolmogorov-Smirnov test (p < 0.01). The Tukey test was used
to compare the means of the variables in the experimental
plots (p < 0.01).

The spatial analysis of the variables was performed using
geostatistics (Vieira et al., 1997; Vieira, 2000), multifractal
analysis (Hentschel & Procaccia, 1983; Halsey et al., 1986;
Vidal-Vazquez et al., 2013; Siqueira et al., 2018; Silva &
Siqueira, 2020), and joint and multifractal analysis (Zeleke &
Si, 2006; Biswas et al., 2012; Siqueira et al., 2018).

The spatial variability of data along transects was
characterized using geostatistical tools, as described by Vieira
(2000). Semivariograms were computed considering the
stationarity of the intrinsic hypothesis (Vieira, 2000) according
to the following equation:

y(h) =g 2 [2(x) - 2(x +h) (1)

where:
y(h) - semivariogram estimated for distance h;

X - position of the measure;
h - distance between measurements; and,
N(h) - number of observations separated by distance h.

The semivariograms were adjusted to mathematical models,
considering the nugget effect (C,), structural variance (C)), and
range (a), following the procedures described by Vieira (2000).

The experimental semivariogram was adjusted by cross-
validation using the methods of ordinary and weighted least
squares, where the best fit was chosen according to the “jack-
knifing” technique. The data presented semivariograms with
a trend that was removed by the logarithmic transformation
of the data.

The spatial dependency ratio (SDR, %) for the variables
was calculated, considering [C /(C, + C,)] x 100, according to
Cambardella et al. (1994), in which the spatial dependence was
classified as strong (<25%), moderate (between 25% and 75%),
and weak (275%). Subsequently, scaled semivariograms were
constructed for the variables that showed spatial dependence
in each of the experimental plots, according to Vieira et al.
(1997) Eq. 2:

y(h), = ()

where:
y(h)_ - scaled semivariograms;
y(h) - original semivariograms; and,
Var,, - data variance.

The multifractal character of the data was determined by
the method of the moment, generating the partition function
(Halsey et al., 1986) and the generalized dimension (Dq -
Hentschel & Procaccia, 1983). The spectrum of singularity of
function of f(a) versus a was generated by the direct method.
The data were evaluated at intervals of 2.0, and the successive
divisions for the segment (2*), with an interval from k = 0 to k
=7, for the moments of order q (-10 < q <10) in scales of 0.5,
with adjustment of coefficient of determination (R?) > 0.90.

The total length of each transect was divided into segments
(Eq. 3) and converted into a function of normalized mass
p.(8) or p.(8), which describes the contribution of a segment
or subintervals of size § to the total mass (Eq. 4), as follows:

n(3)

1(a.8)=2[p.(8)] (3)

i=l1

P (8)

Db (6) k) (4)
¢, (3)

i=1
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where:
n(8) - number of segments with size §, whose statistical
moments q are defined for -0 < q < +o0;
@i - measurement value in the i* segment in scale §; and,
Z "® ¢i(8) - represents the total mass of a transect.

The generalized dimension was obtained for the moments q
=0,q=1,and q =2 (Eqgs. 5 and 6), observing when q # 1 and
q = 1, which makes D, indeterminate when it is necessary to
use the rule of I’ Hopital, which was not the case in this study.

1 loe[x(a.8)] t(a)

D = f 1
4 q-1%0  logd q-1’ orar ©)
n(3)
ZHi(S)IOg[X(q’S)] r(q)
D, =lim-= = ,forq#1 (6)

850 logd q-1

The singularity spectra were obtained through the function of
f(a) versus a, which generates a parable for multifractal variables
and a linear function for monofractal data (Eqs. 7 and 8).

ni)ui (q,5)10g [Hi (8):|
Q) ) (7)
%ui (a.8)log[ p;(q.9)]
£ (o(q)) =oc = o2 (0) )

The degree of multifractality (A - Eq. 9) and the asymmetry
of the singularity spectrum (A - Eq. 10) were determined
following the procedures described by Halsey et al. (1986):

A=D_-D, ©)
o, —0a .

A —_ 20 min (10)
(x‘max - Q‘O

To assess the association of values by the joint multifractal
analysis, the transect was divided into segments of size 8. The
partitions were determined on the scales of measures of p
(total segment of variable p) and r (total segment of variable
r), which were partitioned into 6 and defined as p,(8) and r,(8)
(Banerjee et al., 2011; Biswas et al., 2012) (Eq. 11).

u;(q.1,8) = n(gpi (3)]'[x(3)]
[p.(3)]'[x(8)]

(11)
i=1
where:
q and t - real numbers that represent the orders of the

moment; and,
) - scale.
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The scale exponents of the function of f(a, p) determine
the singularity indices a(q, t) and B(q, t) in relation to the
measure (Zeleke & Si, 2006; Biswas et al., 2012; Vidal-Vazquez
etal, 2013; Bertol et al., 2017; Siqueira et al., 2022) as follows:

%[“i (q,t,S)logpi (6)]

— 11 i=1
a(q,t) =lim Togd (12)
n(s)
> [1i(a,t:8)logr (5)]
t) =lim-=
B(q.t) =lim ogd (13)
(e)
> [ (a.t.e)log(q,t,e) |
f(a,B)=1lim-= (14)
e—-0 10g8

The indices of the joint multifractal scale [a(qg, t) and B(q,
t)] were subjected to Pearson’s linear correlation to determine
the association on the joint scale under (p <0.01 and p < 0.05,
respectively). In addition, the relationship between pairs of
variables was assessed using Pearson’s linear correlation, which
enabled us to evaluate the single association between variables.

RESULTS AND DISCUSSION

In this study, 7,428 arthropods were collected [3,456 in T'1,
1,629 in T2, and 2,343 in T3 (Table 2)], with T1 having the
highest number of individuals (Tukey, p < 0.01). Regarding the
average richness of arthropods, the Tukey test demonstrated
statistical differences among all treatments. Vegetation
composition influenced the average arthropod richness (Table
2). There was a decrease in the average arthropod richness
with a decrease in tree cover (T3 < T2 < T1), confirming the
results of Korboulewsky et al. (2016), Gholami et al. (2017),
and Silva et al. (2018).

Thus, the composition of vegetation cover affects the
invertebrate fauna of soil through its effects on the availability
of food resources (Marichal et al., 2014), by improving the
physical and chemical soil attributes (Korboulewsky et al.,
2016) and favoring the development of suitable microclimates
for soil invertebrate fauna (Silva et al., 2018).

There was no statistical difference in plant abundance
between T1 and T2, whereas T3 showed a lower abundance.
According to the Warrick & Nielsen (1980) classification,
arthropod richness and plant attributes showed a mean
CV (%), and arthropod abundance showed high CV for all
3 transects (Table 2). Thus, the differentiation among the
transects describes the heterogeneity, complexity, and structure
of Cerrado formations, according to Ribeiro & Walter (2008).

The spatial variability of most of the variables under study
fitted to the spherical model (Table 3), whereas the abundance
of arthropods and tree plants in T1 and DBH (1.3 m) in T2
fitted to a Gaussian model. The variables arborescent (T1) and
abundance of arthropods and arboreal plants (T2) showed a
pure nugget effect. The range values (a, m) demonstrated that
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Table 2. Descriptive statistics of soil fauna and phytosociological variables in Cerrado areas

DBH - Average diameter at breast height of tree plants (> 1.3 m); SD - Standard deviation; CV% - Coefficient of variation; *D - Kolmogorov-Smirnov normality test at p < 0.01;
n - Normal distribution; Ln - Lognormal distribution; Mean values followed by the same letters in the column did not differ by the Tukey test (p < 0.01)

the variables had greater spatial dependence in T1 and T3,
while T2 variables had lower range values. Vieira (2000) and
Silva et al. (2018) stated that the pure nugget effect describes
the spatial variability occurring at distances smaller than the
spacing used, or homogeneity of measurements, according to
Neves et al. (2010).

Studying the vegetation cover of Cerrado fragments
using geostatistical tools, Neves et al. (2010) showed that the
tree strata (DBH > 1.3 m), described using the range values,
presented greater spatial continuity than the herbaceous
strata (plants < 0.5 m), thus concluding the existence of
different ranges of variability for the vegetation cover. The soil
invertebrate fauna assumed similar behavior in the landscape,
and the highest range values (Table 3) were described for the
dense Cerrado (T1), followed by the sparse Cerrado (T3) and
typical Cerrado (T2).

According to Gholami et al. (2017), the spatial structure
of soil fauna occurs in scales of variability, which reflect the
gradient of vegetation cover. Thus, the spatial variability of
vegetation influences the diversity of edaphic communities.
The higher range values for arthropod abundance and richness
in T3 compared to T2 are expected, considering that 26
taxonomic groups were identified in T3 and only 15 in T2.

In this study, the spherical model adjusted the analyzed
variables the most. The Gaussian model was fitted to three
variables, and another three variables showed a pure nugget
effect. The presence of a pure nugget effect indicates that
arborescent plants in T1 and arthropod abundance and
arboreal in T2 had scales of variability less than the spacing
used in this study. According to Vieira (2000), there is a high
spatial variability.

According to Cambardella et al. (1994), most of the
variables studied showed moderate SDR values (25-75%).
Nevertheless, the abundance of arthropods (SDR = 77.27%),

Table 3. Geostatistical parameters of soil fauna and
phytosociological variables in Cerrado areas

DBH - Average diameter at breast height of tree plants (> 1.3 m); C; Nugget effect; C,
Structural variance; a - Range (m); SDR (%) - Sspatial dependency ratio

arthropod richness (SDR = 74.07%), and DBH 1.3 m (SDR
= 71.42%) in T1; arthropod richness (SDR = 75.00%) and
arborescent plants (SDR = 76.92%) in T2; and herbaceous
plants (SDR = 72.58%) and plants between arborescent (SDR
=71.42%) in T3 showed low spatial dependence.

The scaled semivariogram (Figures 2A, C, and E) fitted
values in the range of 60 m (T3) and 90 m (T1). The variables
in T1 and T3 showed moderate spatial dependence (SDR =

Rev. Bras. Eng. Agric. Ambiental, v.26, n.7, p.479-487, 2022.
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*A - Multifractality; A - Asymmetry
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Figure 2. Scaled semivariogram and singularity spectra of soil arthropod fauna and phytosociological variables in the Cerrado
areas. Scaled semivariogram (A) and singularity spectrum in T1 (B); scaled semivariogram (C) and singularity spectrum in T2
(D); and scaled semivariogram (E) and singularity spectrum in T3 (F)

25-75%), whereas T2 presented a low spatial dependence (SDR
= 75.92%). The scaled semivariogram (Figures 2A, C, and E)
demonstrated different scales of variability between the plots,
where the adjusted scaled semivariogram in T1 had the highest
range (a = 90 m), followed by T2 (a =80 m) and T3 (a = 60 m).

According to Vieira et al. (1997), the scaled semivariogram
allows grouping and comparing different variables on the same
scale. All three transects showed moderate spatial dependence
between samples. However, it is worth highlighting that
although T3 had smaller ranges than T2, there was greater
spatial dependence between the samples for the simple
semivariogram, as shown by the mean values of SDR (64.48%,
Table 3), and for the scaled semivariogram (SDR__ =70.32%;
Figures 2A, C, and E).

All variables showed multifractal behavior, which was
assessed using the singularity spectrum (Figures 2B, D, and
F), with different degrees of multifractality (A) and asymmetry
(A). The multifractal spectrum constructed for the Dg moment
interval (q = 10 and q = -10) showed different degrees of

Rev. Bras. Eng. Agric. Ambiental, v.26, n.7, p.479-487, 2022.

multifractality (A) and asymmetry (A), reflecting moderate
heterogeneity (Figures 2B, D, and F).

The highest and lowest degree of multifractality in T1 was
described for arthropod abundance (A = 0.731; Figure 2B)
and arthropod richness (A = 0.237). In T2, the lowest value
corresponded to the abundance of plant strata (A =0.196) and
the highest to arthropod abundance (A = 0.592; Figure 2D). In
T3, the lowest value was described for the abundance of plant
strata (A = 0.374) and the highest for arthropod abundance
(A = 0.897; Figure 2F).

The lowest asymmetry value for singularity spectra was
described for DBH (1.3 m) in T3 (A = 0.154), whereas the
highest was reported for DBH (1.3 m) in T1 (A = 2.298). In
general, T3 and T2 showed the lowest asymmetry for the pairs
of variables (A = 0.525 and A = 1.066, respectively), while T1
presented the highest average asymmetry (A = 1.100).

The abundance of arthropods in all 3 transects showed
different degrees of multifractality (A). T3 was the most
heterogeneous (A = 0.897). In contrast, T2 showed the lowest
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degree of multifractality for the abundance of arthropods (A
= 0.592, Figure 2D), indicating that this variable was more
homogeneous along the transect.

T1 and T3 had the lowest values of average multifractality
(A =0.463 and A = 0.348, respectively) for the variables under
study, as they were more homogeneous environments than T2.
However, each of them had particularities, the tree layer was
predominant in T1, and the herbaceous layer dominated in T3.
Therefore, the multifractal scales of the singularity spectrum
reflected the heterogeneity or homogeneity of the different
vegetation formations, as reported by Vidal-Vazquez et al.
(2013) and Silva & Siqueira (2020).

In general, the singularity spectra described asymmetry
(Figures 2B, D, and F) for the branches on the left, indicating
the dominance of high measurement values along the transect.
According to Bertol et al. (2017) and Siqueira et al. (2018), the
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asymmetry of the branches of the singularity spectrum to the
right or left provides important information on the degree of
heterogeneity and domains of measurement of the scales of
a system.

The singularity spectra for the abundance of plant strata
showed similar behavior for the three plots studied; however,
it appears that there was a variability in the scales associated
with low measurement values distributed along the geometric
support. Regarding arthropod richness, T2 and T3 showed
singularity spectra elongated to the right, describing the
domain of low measurement values distributed over the
transects (Zeleke & Si, 2006; Vidal-Vazquez et al., 2013;
Yakimov et al., 2014; Wilson et al., 2016; Leiva et al., 2019;
Siqueira et al., 2022).

The graphs of the joint multifractal distribution were
obtained using the function of f(a, ) and are shown in Figure 3.
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Figure 3. Joint multifractal distribution for soil fauna and vegetation attributes: T1, arthropod richness versus the abundance
of plant strata (A); arthropod richness versus herbaceous (B); arthropod richness versus arboreal (C); abundance of plant strata
versus arthropod abundance (D); T2, arthropod richness versus abundance (E); arthropod richness versus herbaceous (F);
arthropod richness versus arboreal (G); T3, arthropod richness versus abundance (H); arthropod richness versus the abundance
of plant strata (I); arthropod richness versus herbaceous (J); and arthropod richness versus arboreal (K). Pearson’s correlation

at p <0.01 and p < 0.05 on a simple and joint multifractal scale
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Only the graphs showing Pearson’s correlation on a multifractal
joint scale are displayed.

The graphs of the joint multifractal spectrum [f (o, B);
Figure 3] are represented by contour lines that express the
scale relationship of the distribution of values between two
variables (Zeleke & Si, 2006; Banerjee et al., 2011; Biswas et al.,
2012; Siqueira et al., 2022). The association with high values
is represented in the lower-left part, whereas the upper-right
part is the association with low values (Zeleke & Si, 2006).

According to Biswas et al. (2012), the circular graphics of
the joint multifractal spectrum [f(a, B); Figure 3] indicate that
there is no association on the scales of variable distribution,
while graphics with an elliptical form show an association with
positive or negative values on the scales of variable distribution.

The graph of the joint multifractal distribution for
arthropod richness versus abundance in T2 (r = -0.092, p
< 0.05; Figure 3E) and T3 (r = 0.286, p < 0.01; Figure 3H)
presented elliptical contour lines. This indicates an association
in the joint distribution scales with high and low values of f(a,
B) (Banerjee etal., 2011; Biswas et al., 2012; Siqueira et al., 2018;
Silva et al., 2020; Siqueira et al., 2022). The other graphs shown
in Figure 3 have contour lines with a circular distribution,
demonstrating that there are no joint multifractal associations
on the distribution scales for the represented variables.

Geostatistical tools and multifractal and joint multifractal
analyses showed that soil invertebrate fauna attributes and
vegetation composition presented different scales of variability.
The geostatistical analysis described that the variables have
similar scales of variability when considering the particularities
of each phytophysiognomy of the Cerrado. T2 (typical
Cerrado) presented the lowest spatial continuity among the
samples, describing a certain data heterogeneity. According to
Ribeiro & Walter (2008), the typical Cerrado is an intermediate
environment to the dense Cerrado and sparse Cerrado, thus
justifying the lower spatial continuity between the samples.

The more homogeneous environments, T1 with
predominantly tree species and T3 with predominantly
herbaceous species, showed the greatest spatial continuity
in the samples. The multifractal analysis was important for
describing the scales of spatial variability along the geometric
support, characterizing systems with greater or lesser
multifractality and indicating the presence of high or low
measurement values along the transects.

Multifractal analysis proved an important tool for
describing scale variability. In addition, the joint multifractal
analysis described the magnitude of the relationships of the
joint scales [f(a, B)], enabling us to ascertain whether the
measurement values of the pairs of variables have a spatial
association in the geometric support. This is an important
tool for environmental studies, as it enables investigating the
variables with the potential for predicting other variables, as
described by Siqueira et al. (2018).

CONCLUSIONS

1. The soil arthropods and vegetation structure of Cerrado
phytophysiognomies showed relationships on multiple scales.

2. The dense Cerrado (T1) and sparse Cerrado (T3) showed
the greatest spatial dependence among the samples.
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3. Based on the multifractal analysis, the sparse Cerrado
(T3) had the greatest heterogeneity of measurement along
the geometric support. In contrast, the greatest asymmetry
of the singularity spectrum was described for the dense
Cerrado (T1).

4. The use of geostatistics and multifractal analysis enabled
us to characterize the scale relationships between the variables.
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