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ABSTRACT

Urena lobata L. is a commercial species used for fiber
extraction in the Brazilian states of Amazonas and Para that
presents relevant socioeconomic importance for the Amazon
region. Despite its importance and wide distribution throughout
Brazil, there are no data on the species response to global climate
change. This study aimed to present the potential geographical
distribution of U. lobata in the current period (2009-2019) and
predict areas of climatic suitability for its occurrence in two
future scenarios (RCP 4.5 and RCP 8.5), at two time intervals
(2020-2050 and 2051-2070), in the face of global climate change.
A total of 19 bioclimatic variables were obtained from the
WorldClim database and four algorithms (Climate Space Model,
Envelope Score, Niche Mosaic and Environmental Distance),
from which the Envelope Score was the most representative
model for the species to verify its occurrence along the Brazilian
phytogeographic domains (Amazon, Caatinga, Cerrado,
Pantanal, Atlantic Forest and Pampa). Vulnerability was observed
for the species, since there were losses of favorable areas in
the Amazon, Pantanal, Atlantic Forest, Cerrado and Caatinga,
becoming practically extinct in the worst scenario (RCP 8.5), in
the year 2070. However, for this same scenario and year, there
was a significant area increase in the Pampa.

RESUMO

Predicao da distribui¢ao natural e
conservacao de Urena lobata L. no Brasil

Urena lobata L. ¢ uma espécie comercial, utilizada para a
extragdo de fibras nos estados do Amazonas e Para, que apresenta
relevante importancia socioecondmica para a regido Amazonica.
Apesar de sua importancia e vasta distribui¢do pelo Brasil, ndo
existem dados sobre a resposta da espécie as mudangas climaticas
globais. Objetivou-se apresentar a distribuicdo geografica
potencial de U. lobata no periodo atual (2009-2019) e prever
areas de adequabilidade climatica para sua ocorréncia em dois
cenarios futuros (RCP4.5 ¢ RCP 8.5), em dois intervalos de tempo
(2020-2050 € 2051-2070), diante das mudangas climaticas globais.
Foram utilizadas 19 variaveis bioclimaticas obtidas do WorldClim
e quatro algoritmos (Climate Space Model, Envelope Score, Niche
Mosaic e Environmental Distance), dos quais o Envelope Score
foi 0 modelo mais representativo para a espécie, para verificar
sua ocorréncia ao longo dos dominios fitogeograficos brasileiros
(Amazonia, Caatinga, Cerrado, Pantanal, Mata Atlantica e Pampa).
Observou-se vulnerabilidade para a espécie, ja que houve perdas de
areas favoraveis na Amazonia, Pantanal, Mata Atlantica, Cerrado
e Caatinga, tornando-se praticamente extinta no pior cenario (RCP
8.5), no ano de 2070. Entretanto, para esse mesmo cenario € ano,
observou-se aumento significativo de area no Pampa.

KEYWORDS: Caesar weed, Malvaceae, climate change,
vulnerability of plant species.

INTRODUCTION

Caesar weed (Urena lobata L.) is a perennial
shrub species belonging to the Malvaceae family.
Its good adaptation to floodplain soils made it the
most cultivated fibrous species in the Amazonas state
and one of the main sources of income for riverside
families (Maciel et al. 2019). It is estimated that,
directly and indirectly, the U. lobata production

PALAVRAS-CHAVE: Malva, Malvaceae, mudangas climaticas,
vulnerabilidade de espécies vegetais.

chain involves about 20,000 jobs in Brazil (Gomes
etal. 2019).

In addition, the species is considered a ruderal
plant (Bovini 2015) and may be found in different
regions (Fleppc 2011, PIER 2022). U. lobata presents
a mechanism of dispersion that can help to increase
its distribution in diverse regions, due to its high
seed production and because its fruits are covered by
trichomes (dispersed in the shape of small hooks).
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The dispersal of the species is then facilitated with
the fruits sticking to animals and humans, when they
touch the plant (Awan et al. 2014).

U. lobata is highly adaptable to different
environments and can grow from sea level to altitudes
of 1,500 m, in areas that receive about 1,400 to
3,000 mm of accumulated rainfall per year (Francis
2004).

Although it has a greater relevance in the
northern region, its rusticity facilitates its dispersion
and adaptation to different Brazilian environments.
So, it is important to know its current and future
distribution, when considering which regions will
suffer the most from climate change (Marengo 2014,
Marengo & Souza Junior 2018), in order to plan its
use and the conservation of its genetic resources,
thereby reducing future cultivation losses.

The ecological niche modeling is a method
that has been used to analyze the adaptation and
conservation of plant species (Loyola et al. 2013).
It allows the evaluation of environmental conditions
responsible for species distribution, and the obtained
results can be extrapolated when assessing future
climatic conditions and reaching predictions of where
these events may be repeated (Elith et al. 2011, Silva
etal. 2021). These results may also indicate whether
the region is suitable for the development of the
species (Giannini et al. 2012).

This study aimed to present the geographical
distribution of U. lobata L. in the present period and
predict favorable areas for its occurrence in future
climatic scenarios.

MATERIAL AND METHODS

Urena lobata data were obtained in 2021, from
open access databases of the Embrapa Florestas. The
points of occurrence, with their respective geographic
coordinates, were obtained from the SpeciesLink
(CRIA 2019), Reflora virtual herbarium (Reflora
2021) and from surveying geographical coordinates
of scientific articles on the species available in
the literature. All data was restricted to Brazilian
phytogeographic domains. This procedure was done
using the geographic information system (GIS), in
the ArcMap software (Esri 2011).

A total of 19 bioclimatic variables obtained
from the Worldclim (Hijmans et al. 2005), including
air temperatures (minimum and maximum) and
rainfall (Kumar & Stohlgren 2009, Fick & Hijmans

2017), were used. To identify the contribution of each
variable, the Principal Component Analysis (PCA)
was performed from the R software (R Development
Core Team 2021) and its complement RStudio Team
(2020). Of the 19 main components generated from
the PCA, the first six were used in the modeling
process of the species, which, together, represented
about 97 % of the total variability of the data. The
most important climatic variables (with higher
eigenvector values) were related to air temperatures
[minimum temperature in the coldest month (Bio 6),
average temperature in the driest quarter (Bio 9) and
average temperature in the coldest quarter (Bio 11)]
and rainfall [rainfall accumulated in the driest quarter
(Bio 17) and in the driest month (Bio 14), and rainfall
seasonality (Bio 15)].

The maps were elaborated using multiple
linear regression, relating the bioclimatic variables
with the numerical models of latitude, longitude and
altitude. According to the Intergovernmental Panel
on Climate Change (IPCC 2021), the maps were
generated considering two scenarios [RCP 4.5 (less
pessimistic) and RCP 8.5 (more pessimistic)], two
periods (2020-2050 and 2051-2070), in addition to
the current period (2009-2019), and six Brazilian
phytogeographic domains (Amazon, Caatinga,
Cerrado, Pantanal, Atlantic Forest and Pampa). For
the RCP 8.5 scenario, it is admitted that strategies that
reduce the greenhouse effect will not be considered
(Li et al. 2020).

To predict the species distribution, four
algorithm models were used (Climate Space Model,
Envelope Score, Niche Mosaic and Environmental
Distance), each obtained by integrating the receiver
operating characteristic (ROC) curve. To evaluate the
model that presented the best performance, the area
under the curve (AUC) was calculated. Remaining
consistent, Envelope Score was the algorithm that
presented the best distribution of the species, because
its AUC value was equal to 1.0, indicating a perfect
discrimination, while values less than 0.5 mean low
modeling performance.

Maps created in OpenModeller, in American
Standard Code for Information Interchange
(ASCII) text format, containing binary values, were
transformed to ‘raster’ format (Esri 2011). Categories
were created with a gradient ranging from 0 to 1,
where 0 corresponded to areas with no possibility of
occurrence and 1 to areas with maximum possibility
of occurrence (Muioz et al. 2011).
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RESULTS AND DISCUSSION

The number of occurrence points (282)
found after the consistency evaluation (removal of
outliers) was sufficient for the modeling study and for
obtaining the maps of the current period and future
climate scenarios (RCP 4.5 and RCP 8.5). Figure 1
shows the distribution of the species through the
points of occurrence in the Brazilian territory.

The map generated for the environmental
conditions of the current period evidenced a high
climatic suitability for the species (Figure 2), whose
distribution occurs practically throughout Brazil,
except for the Pampa, where no points were observed.
In fact, according to Bovini (2015) and Fernandes-
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Figure 1. Points of occurrence of Urena lobata in the Brazilian
phytogeographic domains, corresponding to the
current period (2009-2019), using the Envelope Score
model.

Junior & Gongalez (2020), the species has a wide
distribution in the country. Thus, the prediction of
the distribution made by using the Envelope Score
method is consistent with the distribution patterns of
the species described by the authors.

The projections for 2020-2050, for the less
pessimistic scenario (RCP 4.5), showed a reduction of
areas of occurrence of U. lobata in all phytogeographic
domains, with significant losses for the Amazon and
Pampa (Figure 2).

For 2051-2070, the loss of areas followed the
same behavior, also with significant losses for the
Amazon and Pampa (Figure 2). The considerable
loss in the Pampa, when compared to the Amazon,
can be observed by reducing the coverage of the
graphical distribution of the species, showing the
greater sensitivity of the Pampa to environmental
climate change.

The U. lobata distribution in the Amazon
has a higher probability of occurrence in the
current distribution. In the 2020-2050 period of
the RCP 4.5 scenario, there will be reductions in
area for the Amazon, Caatinga, Cerrado, Atlantic
Forest, Pampa and Pantanal by 7.38, 0.34, 0.34,
0.34, 98.94 and 0.34 %, respectively (Table 1). The
Amazon and Pampa presented the highest total area
loss (14,991,781.83 km? and 15,515,373.48 km?,
respectively) in the 2020-2050 period (Table 1).

Regarding the 2051-2070 period, there were
area reductions for the Amazon, Caatinga, Cerrado,
Atlantic Forest, Pampa and Pantanal by 7.86, 0.52,
0.52,0.52,98.93 and 0.52 %, respectively (Table 1).
Similarly, the Amazon and Pampa presented the
highest total area losses (15,973,205.78 km? and
15,513,353.44 km?, respectively).

The future projections for the less pessimistic
scenario (RCP 4.5), in the 2020-2050 and 2051-
2070 periods, showed climatic suitability for the

Table 1. Distribution area (km?) of Urena lobata in the projection of the RCP 4.5 scenario (less pessimistic) for the current period
(2009-2019), 2020-2050 and 2051-2070 and percentages of area change.

Phytogeographic Currrent period Area loss Area loss
” domains (2009-2019) 2020-2050 (km?) % 20512070 (km?) %

Amazon 203,177,085.20 188,185,303.40 14,991,781.83  7.38 187,203,879.50 15,973,205.78 7.86
Caatinga 15,681,200.00 15,628,200.00 53,000.00 0.34 15,599,400.00 81,800.00 0.52
Cerrado 15,681,214.86 15,628,214.86 53,000.00  0.34 15,599,414.86 81,800.00 0.52
Atlantic Forest 203,856,591.50  203,167,591.50 689,000.00  0.34  202,793,191.50 1,063,400.00 0.52
Pampa 15,681,285.31 165,911.83 15,515,373.48 98.94 167,931.87 15,513,353.44 98.93
Pantanal 15,681,200.00 15,628,200.00 53,000.00  0.34 15,599,400.00 81,800.00 0.52
Total 469,758,576.90  438,403,421.60 31,355,155.31  6.67 436,963,217.70  32,795,359.22 6.98
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occurrence of U. Lobata in the Amazon and Atlantic
Forest, while, in the Pampa, the species presented
a greater vulnerability to ongoing climate change
(Figure 3).
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For the more pessimistic scenario (RCP 8.5),
a reduction in species suitability areas was observed
for the current period (Figure 4). In the 2020-
2050 period, there were percentages of favorable
area reduction for the development of the species
equivalent to 98.6, 99.5 and 99 %, respectively for
the Amazon, Atlantic Forest and Pantanal (Table 2).
For the Caatinga and Cerrado, the area loss was 95.3
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Figure 3. Distribution area of Urena lobata by Brazilian
phytogeographic domain, using the Envelope Score
model, for the current period (2009-2019), 2020-
2050 and 2051-2070, in the less pessimistic scenario

(RCP 4.5).
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Figure 2. Distribution of Urena lobata in the Brazilian phytogeographic domains, using the Envelope Score model: A) current period
(2009-2019); B) RCP 4.5 scenario (less pessimistic) and 2020-2050 period; C) RCP 4.5 scenario and 2051-2070 period.
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and 89.3 %, respectively, while the Pampa showed an
area loss of less than 1 %, indicating that it may be a
favorable area in the future for U. lobata (Table 2).
It is also noted that intertropical areas will be
more affected in the RCP 8.5 scenario (Marengo 2014,
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Marengo & Souza Junior 2018), ergo the species is
more favored in adaptation in the Pampa, if compared
to the other Brazilian phytogeographic domains.
In a study of the effects of climate change in the
Peru’s intertropical area (2035-2050 projections), the
forecast is that approximately 6 % of the forest cover
in the region will experience a change to an area of
lower humidity (Zevallos & Lavado-Casimiro 2021).

For the 2051-2070 period, a scenario of near
extinction of the species is observed in the Amazon,
Pantanal and Atlantic Forest, since the area loss
for these regions was 99.9 %. The Caatinga and
Cerrado also expressed a severe area loss (97.2 and
93.3 %, respectively). However, the Pampa showed
an increase in area favorable to the species by more
than 200 % (Table 2).

The behavior of increase in favorable area
for U. lobata in the Pampa may be justified by
the fact that these changes in the distribution and
displacement of the species to a more favorable
climatic space is an expected effect arising from
climate change (Lemes & Loyola 2014, Matos et
al. 2017).

Changes in the distribution of plant species
projected in future scenarios have been cited in the
literature by several authors (Matos et al. 2017,
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Figure 4. Distribution of Urena lobata in the Brazilian phytogeographic domains, using the Envelope Score model: A) current period
(2009-2019); B) RCP 8.5 scenario (more pessimistic) and 2020-2050 period; C) RCP 8.5 scenario and 2051-2070 period.
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Table 2. Distribution area (km?) of Urena lobata in the projection of the more pessimistic scenario (RCP 8.5) for the current period
(2009-2019), 2020-2050 and 2051-2070 and percentage of area change.

Phytogeographic domains  Current period (2009-2019) 2020-2050 Area loss (%) 2051-2070 Area loss (%)
Amazon 203,177,085.20 2,864,737.83 98.60 125,586.90 99.9
Caatinga 15,681,200.00 7,373,872.18 95.30 453,898.49 97.2
Cerrado 15,681,214.86 1,687,496.15 89.30 1,049,693.58 93.3
Atlantic Forest 203,856,591.50 1,142,759.10 99.50 1,135,673.46 99.4
Pampa 15,681,285.31 15,628,285.31 0.34 62,397,600.00 0.0
Pantanal 15,681,200.00 151,233.00 99.00 18,733.59 99.9
Total 469,758,576.90 22,211,898,62 80.30 65,181,186,04 65.5

Silva et al. 2018, Castro et al. 2019, Cintra et al.
2020), indicating the possibility of decrease, or
even extinction, in sites of natural occurrence, as
well as the species may “migrate” to more favorable
regions (Guitérrez & Trejo 2014). Such is the case
of U. lobata, showing a greater distribution in
the Pampa, in the 2051-2070 period, in the more
pessimistic scenario.

Urena lobata will still be able to grow in most
of Brazil in the 2051-2070 period, in the RCP 4.5
scenario. Nonetheless, in the RCP 8.5 scenario, there
will be a significant reduction in favorable areas in
all the Brazilian phytogeographic domains (Figure 5).
The reduction in the favorable area of the species in
the Amazon is a cause of concern for the population
and public agents, regarding environmental and
economic consequences, due to the risk of decline
in the production of fiber and seeds in Amazonas
and Para, which are currently the largest Brazilian
producers (Idam 2020).

RCP 8.5
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Figure 5. Distribution area of Urena lobata by Brazilian
phytogeographic domain, using the Envelope Score
model, for the current period (2009-2019), 2020-2050
and 2051-2070, in the more pessimistic scenario
(RCP8.5).

The Amazon is one of the phytogeographic
domains with the greatest vulnerability to climate
threats, right after semi-arid regions, with a serious
risk of suffering “savannization” (PBMC 2014).
The possibility of periods of intense drought in the
Amazon region, such as that of 2005, may increase
the average percentage of current occurrence from
5 % (a strong drought every 20 years) to 50 % in
2030, and up to 90 % in 2100 (Cox et al. 2008). This
may represent an elongation of the dry season, thus
affecting the hydrology and ecosystems of the region
(Marengo 2014).

From the economic point of view, the
cultivation of the species, regarding fiber production,
will be challenging, since the species is cultivated in
floodplain soils, requiring water cycles. Furthermore,
producers make use of river waters at the time of
harvest for the process of maceration and washing the
fibers removed from plants. Besides the maturation
cycle of U. lobata being dependent on the water
regime (flooding, ebb and drought), its economic
and adaptive potential to the floodplain areas of the
region is remarkable (Gomes et al. 2019).

Water scarcity and temperature increase may
contribute to the change of the preferential zone
of U. lobata to areas with milder climates, such as
the higher altitude areas in the South and Southeast
regions of the country. To evaluate the Thornthwaite
water balance in Brazil from the IPCC-ARS
projections, Marcos-Junior et al. (2018) verified the
possibility of increased wet climates in the southern
region of the country under both the RCP 4.5 and
8.5 scenarios. Changes may also mean increased
water supply in these regions and may be taken into
consideration for this present study.

From an environmental point-of-view, regions
of milder climate, such as the Pampa, may function as
climatic refuges in a scenario of global warming for
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U. lobata. They may serve well as an alternative for
the management of the species. The literature reports
other species, such as Handroanthus impetiginosus
(Mart ex. Dc) (Matos et al. 2017), Ilex paraguariensis
A. St.-Hill. (Silva et al. 2018) and Stryphnodendron
pulcherrimum (Willd.) Hochr. (Tomaz et al. 2022),
which are sensitive to climate change, contributing
to their migration to milder climate regions, such as
in the southern part of the country.

The analysis performed in this study provides
evidence of the need of conservation studies for
U. lobata, in view of the risks of climate change in
future scenarios on the distribution of the species. The
induction of artificial mutation could be a process to
generate genetic variability in the short term to seek
a source of genes for tolerance to high temperatures
and rainfall. This will aim to ensure the adaptability
of the species to climatic conditions related to the
worst-case scenario in northern Brazil. Populations
from various locations may be collected for the study
of genetic diversity with molecular markers for ex
situ conservation, which will make allowances for a
greater variability to be gathered and avoid duplication
of genotypes. The in situ conservation of the species
should be directed to areas of greater adaptation.

The results of the modeling may also be used to
establish appropriate locations for the cultivation and
development of the species, facilitating the use of'its
products, since U. lobata is of commercial interest.
The adoption of conservation measures, either in situ
or ex situ, are necessary to avoid the loss of further
genetic variability.

CONCLUSION

Global climate change may severely affect
the occurrence of Urena lobata in the Brazilian
phytogeographic domains, mainly in the Amazon,
Atlantic Forest and Pantanal, where the species may
become completely extinct in the more pessimistic
scenario (RCP 8.5). The populations present in these
domains, especially in the Amazon, which is regarded
as the area of greatest current distribution and region
of cultivation relevance, should be considered in
conservation studies on genetic resources of the species.
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