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Abstract

This is the first report on analysis of habitat complexity and heterogeneity of the Pantanal wetland. The Pantanal
encompasses a peculiar mosaic of environments, being important to evaluate and monitor this area concerning
conservation of biodiversity. Our objective was to indirectly measure the habitat complexity and heterogeneity of the
mosaic forming the sub-regions of the Pantanal, by means of remote sensing. We obtained free images of Normalized
Difference Vegetation Index (NDVI) from the sensor MODIS and calculated the mean value (complexity) and standard
deviation (heterogeneity) for each sub-region in the years 2000, 2008 and 2015. The sub-regions of Poconé, Canoeira,
Paraguai and Aquidauana presented the highest values of complexity (mean NDVI), between 0.69 and 0.64 in the
evaluated years. The highest horizontal heterogeneity (NDVI standard deviation) was observed in the sub-region of
Tuiuit, with values of 0.19 in the years 2000 and 2015, and 0.21 in the year 2008. We concluded that the use of NDVI
to estimate landscape parameters is an efficient tool for assessment and monitoring of the complexity and heterogeneity
of the Pantanal habitats, applicable in other regions.
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Analise da complexidade e heterogeneidade da paisagem do Pantanal

Resumo

Este ¢ o primeiro trabalho sobre analise da complexidade e heterogeneidade de habitats do Pantanal. O Pantanal ¢
constituido por um mosaico de ambientes com caracteristicas peculiares, sendo importante a avaliagdo ¢ 0 monitoramento
dessa area voltado para a conservagao da biodiversidade. O objetivo do estudo ¢ mensurar de forma indireta a
complexidade e a heterogeneidade do mosaico de habitats os quais formam as sub-regides do Pantanal, por meio
do sensoriamento remoto. Foram obtidas, gratuitamente, imagens de indice de vegetagdo por diferenca normalizada
(NDVTI) do sensor MODIS e calculado o valor de média (complexidade) e desvio padrio (heterogeneidade) para cada
sub-regiao do Pantanal, para os anos de 2000, 2008 ¢ 2015. Os pantanais de Poconé, Canoeira, Paraguai e Aquidauana
s30 as regides que apresentaram os maiores valores de complexidade (NDVI médio), variando entre 0.69 a 0.64 para
os anos avaliados. Maior heterogeneidade (NDVI desvio padrdo) foi observada na sub-regido pantaneira do Tuiuit,
sendo o valor para os anos de 2000 e 2015 igual a 0.19 e para o ano de 2008 o valor de 0.21, o que implica que a
regido tem a maior heterogeneidade horizontal quando comparada com as demais sub-regides. Constata-se que o uso
de NDVI na estimativa de pardmetros da paisagem ¢ uma ferramenta eficiente para o reconhecimento ¢ monitoramento
da complexidade e heterogeneidade de habitats do Pantanal, replicavel em outras regides.

Palavras-chave: geotecnologias, complexidade do habitat, heterogeneidade do habitat, NDVI.

1. Introduction

The Brazilian Pantanal wetland achieved a position  Earth, therefore declared National Patrimony by the Federal
of international focus for its peculiar socio-environmental ~ Constitution (Brasil, 1988). The region is formed by a
features, being considered one of the largest wetlands on ~ mosaic of different types of habitats, strongly dependent
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on the flood pulses. However, the Brazilian Pantanal
is not homogeneous, although the whole plain has a
common regional genesis, its vegetational physiognomy
exhibits distinct characteristics in various sub-regions,
subdivided according to natural intrinsec characteristics,
such as vegetation, flooding, and sedimentation process
(Mioto et al., 2012). There are various delimitations of
sub-regions of the Pantanal, summarized by Silva and Abdon
(1998) in two groups, those associated with the “Study of
the Integrated Development of the Upper Paraguay River
Basin “(EDIBAP), such as Sanchez (1977), Brasil (1974)
and Adamoli (1981), and those associados to the “Projeto
RADAMBRASIL”, such as Franco and Pinheiro (1982),
Alvarenga et al. (1982, 1984) and Amaral Filho (1984),
beside Silva and Abdon (1998). We followed Mioto et al.
(2012), considering that the structure of ecological hierarchy
for the sub-regions are mosaics of habitats distinguished by
defined criteria, and the mosaic the sub-regions are integrated
to form the Pantanal. The formation of the sub-regions of
the Pantanal is result of evolutive changes occurring since
the Quaternary, what probably influenced the drainage
patterns and differences in annual cycles of dry and wet
seasons plus exceptional periods of long inundations or
droughts causing retraction or expansion of the wetland
(Assine et al., 2015), related to vegetational changes.

Therefore, deepening knowledge upon the Pantanal
and to execute monitoring are important requirements
for conservation of its biodiversity. In addition, studies
having an ecological approach are scarce in the Pantanal
(Cunha et al., 2012). Such requirements can be reached
by means of remote sensing, the science of obtaining data
or images of an object or phenomenon distant from the
sampling sensor, the key device that captures data from
an object or scene remotely (Paranhos-Filho et al., 2016).
The target objects have unique spectral characteristics
(reflectance or emission regions) which can be identified
from detection by remote images (Xie et al., 2008). Due to
the spectral response characteristics of the vegetation it
is possible to utilize geoprocessing techniques for its
identification and evaluation. An example of such techniques
is the vegetation index.

The vegetation indexes are result of equations from
different combinations of the reflectances in various
spectral bands of electromagnetic radiation, as well as
radiometric adimensional measures. The objectives of the
vegetation indexes in general are to condense the spectral
information, discriminate the vegetation types, observe
the amount of green biomass, evaluate the conditions of
growth of crops, their diseases and pests, droughts, frosts
and meteorological events (Liu, 2006). Among several
described vegetation indexes, the main ones are Normalized
Difference Vegetation Index (NDVI) (Rouse et al., 1974),
Soil Brightness Index, Green Vegetation Index (Kauth and
Thomas, 1976), Perpendicular Vegetation Index (Richardson
and Wiegand, 1977), Soil Adjusted Vegetation Index (Huete,
1988), and Vegetation Condition Index (Kogan, 1990).

The Normalized Difference Vegetation Index (NDVI)
is widely utilized in the assessment of several biophysical
parameters, such as vegetation coverage, biomass, fraction
of the photosynthetically active radiation (Huete et al., 2002)
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and phenological variations (Prabakaran et al., 2013).
Furthermore, it is a classic example of vegetation mapping
utilizing remote sensing, as it deals with the information from
reflectances in the spectrum range of red and near-infrared
(Xie et al., 2008).

NASA (National Aeronautics and Space Administration)
has developed models for the monitoring of soil cover with
the objective to assess changes and foresee possible impacts
upon the Planet. Thus, a set of products is being routinely
generated by NASA with great precision. For example,
the products of the sensor Moderate Resolution Imaging
Spectroradiometer (MODIS), on board of the satellites
TERRA and AQUA, were projected to provide consistent
spatial and temporal comparisons of the conditions
of the global vegetation and can be used to monitore
photosynthetic activity (Running et al., 1994). The main
products of MODIS are the vegetation indeces, including
NDVI (Huete et al., 2002), obtained free. One of the
outstanding characteristics of MODIS is its wide spatial
and spectral cover, with imaged area of 2,330 Km wide,
with 36 bands, two of them having spatial resolution of
250 m, five bands of 500 m and the other 29 bands with
1000 m (Anderson et al., 2003).

The habitat complexity can be defined as the development
of the vertical stratum of the vegetation combined with
density of individuals (plants) per area unit (Root, 1973), and
the habitat heterogeneity is the vegetation structure in the
horizontal plane, i. e. the horizontal relations (Metzger, 2001).
Assessing the distribution of the ecological heterogeneity
about the space is fundamental to estimate biodiversity
(Boyd and Foody, 2011), once it can be directtly related
to species diversity (Rocchini et al., 2015).

In this context, our study aims to utilize remote sensing
data, especifically the NDVI images from the sensor
MODIS and to measure indirectly the habitat complexity
and heterogeneity of the mosaic of each sub-region of
the Pantanal.

2. Material and Methods
2.1. Study area

The study area comprehends the Pantanal plain, in the
states of Mato Grosso do Sul and Mato Grosso, with an
area of 140,640 Km?, located in central-western Brazil,
beside parts in Bolivia and Paraguay (Mioto et al., 2012)
(Figure 1). This large wetland shelters a rich biodiversity,
including a richness of over 2,000 species of plants,
464 birds, 124 mammals, 177 reptiles, 41 amphibians,
and 325 fishes (Junk et al., 20006).

The habitat heterogeneity and complexity was studied
for each of the 18 sub-regions ot the Pantanal, divided
according to Mioto et al. (2012), who utilized the NDVI
as a tool in photointerpretation to delimit them: Alto Barao
Melgaco, Apa-Amonguija Aquidab3, Aquidauana, Baixo
Bardo Melgago, Cabeceira do Pantanal, Caceres, Canoeira,
Entorno Pantaneiro, Miranda-Abobral, Nabileque, Negro,
Nhecolandia, Paiaguas, Paraguai, Poconé, Taboco, Taquari
and Tuiuiu.
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Figure 1. Location of the Brazilian Pantanal wetland in South America (in dark).

2.2. Normalized difference vegetation index

The Normalized Difference Vegetation Index (NDVI),
proposed by Rouse et al. (1974), is calculated by the
difference of the vegetation reflectances in the near-infrared
(NIR) wavelength and reflectance of the vegetation in the
red (R) band (Equation 1). This difference is normalized
by the division of NIR and R radiations. For being result
of the combination of two bands, the NDVI partially
covers-up the effects of the atmospheric constituints and
of radiometric and geometric disturbances. The NDVI
value varies from -1 to +1. The negative values represent
the water bodies, those close to zero represent bare soil
or without vegetation, and the values over zero represent
the vegetation (Liu, 2006).

NDVI =(NIR—~R)/(NIR +R) (1)

where, NIR: Reflectance of the vegetation in the near-infrared
wavelength, and R: Reflectance of the vegetation in the
red band.

The mean values of NDVI are considered an indirect
measure of the habitat complexity, since they indicate
the structural complexity (vertical) and quantity of aerial
phytomass of the habitat. Yet the standard deviation of the
NDVI values was considered an indirect measure of the habitat
heterogeneity, since it indicates the variation/dispersion of
the vertical complexity and of the aboveground phytomass
of the habitat in the horizontal plane (Corréa et al., 2011;
Oliveira et al., 2012, Gamarra, 2013).
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2.3. Data acquisition and processing of data

To perform our work, we obtained images from the
sensor MODIS of the satellite TERRA, product MOD13Ql,
quadrants h12v10 and h12vll1, available in a 16-day
composite of cloud-free images, spatial resolution of 250 m,
on the site of the USGS — United States Geological Survey.
Among the available scenes, we chose the espectral bands
ofred (R), near-infravred (NIR), and mean infrared (MIR),
for elaboration of the false-color compositions, i. e. the
channels RGB (red-green-blue) composed of MIR, NIR,
R, respectively, plus the already available NDVI (product
MOD13Q1). It is interesting to point out that the MODIS
products already present geometric and radiometric correction,
what eases their utilization. Worth mentioning is that such
images are capable to cover the whole studied region in a
single day, preventing seasonal and phenological variations
to interfere (Paranhos-Filho et al., 2014).

The selected dates were 12/08/2000, 12/08/2008 and
13/08/2015 (USGS, 2000, 2008, 2015), corresponding to
the dry season in the Pantanal. We performed the conversion
of the projection of the acquired scenes to cartographic
projection UTM, Datum WGS1984, zone 218, and next
we followed the procedure of image cropping for each
sub-region and for each evaluated year. We utilized the open
and free software QGIS 2.8 (QGIS Development Team,
2015) for the procedures with the images, including the
mean value of NDVI (indirect estimate of the complexity)
and the NDVI standard deviation (indirect estimate of
heterogeneity), beside minimum and maximum values.
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3. Results

The values extracted from the descriptive analysis of
the NDVI data are presented in Table 1. We ascertained
that for all the Pantanal sub-regions the mean NDVI
values showed a variation 0f 0.48 to 0.67 in the year 2000,
0.51t00.681n2008 and 0.51 to 0.69 in 2015. We observed
that in the year 2000 the Pantanal plain exhibited the largest
quantity of wet area and water bodies.

The sub-regions of Poconé, Canoeira, Paraguai and
Aquidauana are the sub-regions with the highest values of
complexity (mean NDVI), varying between 0.69 and 0.64 for
the evaluated years. We highlight that these sub-regions
are mostly composed of forest formations, what implies in
its vertical structure being more complex and with higher
phytomass when compared with the other sub-regions.
This finding was noted by the photointerpretation of the
composite image in false-color RGB (Figure 2). For each
year and in each sub-region of the Pantanal, it was possible
to observe areas with predominance of denser vegetation,
representing the arboreal/shrubby class and other areas
with predominance of short vegetation (grasslands) and
with presence of wet areas.

We verified the highest heterogeneity (NDVI standard
deviation) in the sub-region Tuiuiu, with values of 0.19 for
the years 2000 and 2015, and 0.21 for 2008, what signifies
that it had the highest horizontal heterogeneity compared
with other sub-regions. The heterogeneity in the sub-region
Tuiuiu is evidenced by its landscape formed by expressive
areas of water bodies, wet areas and vegetation. In the
other sub-regions, the standard deviation stays within
0.12 to 0.08 (Figure 3).

The NDVI values of the Pantanal sub-regions were
concentrated in the range 0.5 to 0.6. The sub-regions
which extrapolate this range for the entire analyzed period
are the same differing in heterogeneity and complexity:
Tuiuit, Poconé, Canoeira, Paraguai and Aquidauana.
In addition to those sub-regions, for the year 2000 the
sub-region of Apa-Amonguija-Aquidaba also extrapolates
the predominant band, and in the years 2008 and 2015 Alto
Bardo de Melgago is another sub-region with NDVI above
0.6 (Figure 3).

The highest NDVI values (above 0.75) were reached
by the sub-regions of Tuiuiu, Poconé, Canoeira and
Paraguai for the entire studied period. Nonetheless, only
the sub-region Tuiuit reached values above 0.8, what
confirmed the presence of florest formations there. Yet the
lowest values (bellow 0.4) were obtained in the year
2000 in the sub-region Entorno Pantaneiro, and in the
years 2008 and 2015 in the sub-region of Céceres.

The temporal dynamics of the habitat complexity
of the Pantanal sub-regions in the years 2000, 2008 and
2015 is observed in Figure 4. A constant increase was
observed during this period in the sub-regions of Alto
Bardo Melgaco, Baixo Bardo Melgaco and Entorno
Pantaneiro, with increase of 6%, 8% and 12%, respectively.
Nevertheless, in the sub-sub-region Taquari occurred a
5% reduction in complexity.

In the analyzed period it is possible to claim a reduction
of 15%, 21%, 19%, 21%, 11%, 9% and 26% in the dynamics
of habitat heterogeneity, respectively in the sub-regions
of Aquidauana, Canoeira, Entorno Pantaneiro, Nabileque,
Paraguai, Poconé and Taboco (Figure 5).

Table 1. Descriptive statistical values: Minimum (Min), Méximo (Max), Mean (Mea), Standard Deviation (SD), Normalized

Difference (NDVI) of the years 2000, 2008 and 2015.

Sub-regides NDVI (2000) NDVI (2008) NDVI (2015)
Min Max Mea SD Min Max Mea SD Min Max Mea SD
1.Caceres -0.20 097 055 0.12 -020 0.84 051 0.12 -020 0.80 051 0.12
2. Cab. do Pantanal -0.19 082 055 0.10 -0.18 0.86 0.55 0.11 -0.19 0.83 0.55 0.10
3.Tuiuia -0.20 087 0.62 0.19 -030 087 0.62 021 -020 0.87 062 0.19
4.Poconé -0.20 088 0.67 0.11 -030 086 0.68 0.10 -020 0.85 0.68 0.10
5.Canoeira 034 087 0.67 010 033 086 0.67 009 032 087 0.69 0.08
6. Baixo B. Melg. 024 085 051 009 028 083 053 009 020 084 0.56 0.09
7. Alto B. Melg. -0.07 087 059 0.11 0.09 087 060 0.12 0.11 088 0.62 0.11
8. Paiaguas -0.16 085 054 0.07 028 083 052 0.07 -0.16 085 054 0.07
9. Taquari -0.10  0.84 0.60 0.07 0.00 081 058 0.07 0.01 081 057 0.09
10. Paraguai -0.20 085 0.65 0.12 -020 084 0.64 0.11 -020 086 0.65 0.11
11. Nhecolandia -0.11 084 053 0.08 -002 083 053 007 0.19 0.82 054 0.08
12. Entorno Pant. 0.03 084 048 0.10 0.17 0.84 0.51 008 024 084 054 0.08
13. Negro 026 081 056 009 026 082 058 009 022 083 058 0.09
14. Taboco 0.27 0.81 058 008 030 0.82 057 007 029 081 0.59 0.06
15. Miranda-Ab. -0.19 085 059 0.09 001 08 059 0.09 0.12 083 059 0.08
16. Aquidauana 0.04 083 065 009 023 084 0.65 007 021 085 0.68 0.07
17. Nabileque -0.20 084 055 0.10 -0.19 085 0.52 0.10 -0.16 0.83 0.55 0.08
18. Apa-Am.-Aq. -0.17 085 0.62 0.08 -0.11 0.84 053 0.08 -0.08 083 059 0.09
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Figure 2. Sub-regions of the Brazilian Pantanal wetland over MODIS images (left) and NDVI images (right) of the years
2000, 2008 and 2015 (USGS, 2000, 2008, 2015), in R (MIR), G (NIR) B (Red) composition, with 250 m spatial resolution.
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Figure 3. Mean values (dot) and standard deviation (bar) of NDVI of the sub-regions of the Brazilian Pantanal wetland.
*Sub-regions: 1. Caceres; 2. Cabeceira do Pantanal; 3. Tuiuit; 4. Poconé 5. Canoeira; 6. Baixo Barfo de Melgago;
7. Alto Barao de Melgago; 8. Paiaguas; 9. Taquari; 10. Paraguai; 11. Nhecolandia; 12. Entorno Pantaneiro; 13. Negro;
14. Taboco; 15. Miranda-Abobral; 16. Aquidauana; 17. Nabileque; 18. Apa-Amonguija-Aquidaba.
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Figure 5. Analysis of the dynamics of the habitat heterogeneity (NDVI standard deviation) of the sub-regions of the
Brazilian Pantanal wetland in the years 2000, 2008 and 2015. *Sub-regions: 1. Caceres; 2. Cabeceira do Pantanal; 3. Tuiuit;
4. Poconé; 5. Canoeira; 6. Baixo Bardo de Melgago; 7. Alto Bardo de Melgago; 8. Paiaguas; 9. Taquari; 10. Paraguai;
11. Nhecolandia; 12. Entorno Pantaneiro; 13. Negro; 14. Taboco; 15. Miranda-Abobral; 16. Aquidauana; 17. Nabileque;

18. Apa-Amonguija-Aquidaba.

4. Discussion

There are other subdivisions of the Pantanal, but we
followed Mioto et al. (2012) because they used NVDI to
define a new map of sub-regions. For example, the previous
sub-region of Poconé had been split into Cabeceira do
Pantanal and Poconé because they have distinct flooding,
soil and vegetation. The sub-region Taquari is different from
Nhecolandia and Paiaguas where it traditionally belong
to, due to the increased flooded delta after silting of the
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Taquari river, and the consequent changes in vegetation
(Pott and Pott, 2006).

Inference upon the habitat complexity and heterogeneity
using the NDVI indirectly measured from the signal spectrum
by remote sensing is a valuable tool to estimate diversity,
considering whole communities instead of the distributions
of single species (Palmer et al., 2002). Beside, the technique
contributes to studies on ecology and conservation of
biodiversity, reducing time and costs of environmental
analysis (Gamarra, 2013; Galvanin et al., 2014).
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Thus, this study is a response in view of the need to
test methods to analyse lanscape changes and the habitat
complexity and heterogeneity considering the spatial and
temporal aspect. It is an important task for ecologists and
biogeographers (He et al., 2009). Another key issue is the
aplicability and the possibility of replication of the method
in other study areas, once the utilized images are from
the sensor MODIS and the software QGIS, of free global
access. Thus, we applied the method to indirectly evaluate
the habitat complexity and heterogeneity, respectively
by using the NDVI mean value and standard deviation.

We found that most habitats forming the Pantanal
have the NDVI concentrated in the range of 0.5 to 0.6,
such values represent a vegetation class of lower aerial
biomass compared with a forest formation. According to
Andrade et al. (2012), the aforementioned values fit into
the class of cerrado/savanna and grasslands, and yet in
accordance with Oliveira et al. (2012), NDVI values over
0.3 has higher refletance in the infra-red and correspond
to healthy vegetation. The sub-regions of Poconé,
Canoeira, Paraguai and Aquidauana presented the highest
mean values of NDVI, hence they have a higher habitat
complexity and consequently higher density of above
ground phytomass, an indicator of differentiation in relation
to habitat mosaics of the Pantanal (Huete et al., 2002;
Giraldelli and Paranhos-Filho, 2006; Andrade et al., 2012;
Galvanin et al., 2014). These sub-regions also extrapolate
the range of predominant NDVI values. Large areas of
Poconé, Canoeira and Paraguai have had encroachment
of trees, e.g. Vochysia divergens Pohl.

The structure and complexity of landscapes often
differ between protected areas and their surroundings
(Nagendra et al., 2013), since the increased habitat complexity
is indicative of regeneration of arboreal physiognomies
(Gamarra, 2013). Monitoring the complexity of the
mosaics of habitats of the Pantanal revealed the increase
over time in the sub-regions of Upper and Lower Barao
de Melgago and Entorno Pantaneiro. We can infer that a
possible increase of species richness occurred due to the
increased complexity of vertical structure, since more
niches would be available (Lang and Blaschke, 2009).
In Bardo de Melgago also occurred woody encroachment
and a large reserve (SESC Pantanal) established there is
under succession to denser vegetation, what probably
influenced the NDVI.

We observed that the spectral response of the vegetation
is a powerful tool in the analysis of variation of habitat
composition (Rocchini et al., 2010). Therefore, we utilized
the NDVI standard deviation measured for each mosaic
of habitats of the Pantanal to evaluate their heterogeneity.
We verified that the sub-region Tuiuit is the most heterogeneous,
what combined with the photointerpretation of satellite
image indicates a fragmented landscape composed of a
vegetational mosaic of forest, savanna and the expressive
presence of water bodies. The latter class is characterized
by its high standard deviation, probably explained by the
presence of vegetation inside water bodies, according to
Andrade et al. (2012), who performed an analysis of NDVI for
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each class of soil cover in the Pantanal and observed that
the class regarding water showed the highest standard
deviation, attributed to the presence of vegetation in the
class water. This justifies the highest standard deviation
of the sub-region Tuiuit. Although most sub-regions are
under the dry season in August, by then the Tuiuiu is still
flooded due to the delayed flow of the Paraguay river
from the upper basin (Arruda et al., 2016). Such aquatic
vegetation over water bodies was described in that area
(Catian et al., 2012).

The multitemporal analysis revealed a reduction in
habitat heterogeneity in the sub-regions of Aquidauana,
Canoeira, Entorno Pantaneiro, Nabileque, Paraguai,
Poconé and Taboco, what points out a simplification
in the vegetational mosaic. It is an indicative that the
physiognomies are evolving towards the same type of
vegetation form (Gamarra, 2013). In most of these sub-regions
the simplification can be attributed to cultivated pastures.

Nagendra et al. (2013) point out that the global monitoring
to pursue conservation of biodiversity should include the
assessment of changes in habitat and landscape structure.
The use of remote sensing proved to be an efficient tool for
assessment and monitoring conservation of biodiversity,
once it optimizes costs and time, with periodically available
data (Gamarra, 2013; Galvanin et al., 2014). Therefore, it
is a potential instrument in studies of landscape ecology,
since it allows to monitor species diversity, considering
the environmental gradients and spatial discontinuities
(Rocchini et al., 2010). The use of NDVI efficiently
otimized the discrimination of the main habitats, e. g. in the
sub-region of Céaceres (Galvanin et al., 2014), to estimate
habitat condition, particularly regarding vegetation cover,
compared to conventional mappings (He et al., 2009).

5. Conclusion

The generated products and the applied technique
could be useful for public managers and decision
makers to monitor landscape variables, complexity and
heterogeneity, in the habitat mosaics forming the Pantanal,
for implementation of public policies, plans of recovery,
delimitation of strategic areas for conservation and other
actions aiming maintenance of the ecosystemic services
of the Pantanal, a heritage of mankind.

Our results showed the viability of the chosen method
with the use of NDVTI since it allowed the discrimination of
the mosaic of habitats composing the Pantanal sub-regions
towards accomplishing identification and monitoring of
the habitat complexity and heterogeneity at a regional
scale. We concluded that, in addition to the generated
products, the concrete contribution of our work is to
report a replicable analysis of the differences of habitat
complexity and heterogeneity inside a large wetland
using remote sensing, by means of routine techniques to
evaluate and monitor variables of the landscape dynamics
over the years, supporting conservation of biodiversity
and maintenance of ecosystemic services of the Pantanal.
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