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Resumo

Modelagem preditiva de Mimosa tenuiflora (Willd) Poiret: como as mudangas climaticas poderdo afetar a
ocorréncia da espécie? Estudos que caracterizam os efeitos dos fatores climaticos na distribuigdo geografica
de individuos arboreos sdo de fundamental importancia, principalmente para espécies de potencial madeireiro
amplamente exploradas, como ¢ o caso da Mimosa tenuiflora (Willd) Poiret (jurema-preta). Nesse sentido, o
objetivo deste trabalho foi predizer as areas climaticamente adequadas para a ocorréncia de Mimosa tenuiflora
no presente (1960-1990) e no futuro (2070). O algoritmo Maxent foi utilizado para relacionar os registros de
ocorréncia da espécie com as variaveis climaticas. Para o ano de 2070, foram testados dois cendrios para os
seguintes modelos de circulagdo geral da atmosfera: HadGEM2-ES, GISS-E2-R ¢ MIROC-ESM. A modelagem
para o presente apresentou um indice de AUC (4rea sob a curva) de 0,94 (+0,02), indicando bom ajuste do
modelo utilizado. J& para o cenario futuro, o valor da AUC variou entre 0,88 a 0,89 ¢ 0,87 a 0,88 para os cendrios
otimista e pessimista, respectivamente. A maior porcentagem de contribuicéio foi para a varidvel precipitacdo
anual. As areas de adequabilidade ocuparam, em maior intensidade e quase que por totalidade, os Estados do
Ceara e do Rio Grande do Norte. Quando comparado ao presente, o territorio geografico com alta
adequabilidade para o futuro apresentou redugéo de 28,7% a 53,7% no cendrio otimista, ¢ 30,9% a 59,4% para
0 cenario pessimista. As informagdes obtidas podem ser utilizadas como subsidio para o estabelecimento de
plantios comerciais, defini¢do de estratégias de manejo e conservagdo, bem como a criagdo de um banco de
conservagao in situ para a espécie Mimosa tenuiflora.

Palavras-chave: jurema-preta, predi¢ao de habitat, Caatinga, Fabaceae.

Abstract

Studies that characterize the effects of climatic factors on the geographic distribution of arboreal individuals
are of fundamental importance, especially for widely exploited species of wood potential, such as Mimosa
tenuiflora (Willd) Poiret (jurema-preta). In this sense, the objective of this work was to predict the climatically
adequate areas for the occurrence of Mimosa tenuiflora, present (1960-1990) and future (2070). We used the
Maxent algorithm to relate the occurrence records of the species to the climatic variables. For the year 2070,
we test two scenarios and three general atmospheric circulation models, HadGEM2-ES, GISS-E2-R and
MIROC-ESM. Modeling for the present presented an AUC index (area under the curve) of 0.94 (+ 0.02),
indicating a good fit of the model used. For the future scenario, the AUC value ranged from 0.88 to 0.89 and
0.87 to 0.88 for the optimistic and pessimistic scenarios, respectively. The highest percentage of contribution
was to the annual precipitation variable. The areas of adequacy occupied the states of Ceara and Rio Grande do
Norte in higher intensity and almost all of them. When compared to the present, the geographic territory with
high suitability for the future presented a reduction from 28.7% to 53.7% in the optimistic scenario and 30.9%
to 59.4% in the pessimistic scenario. The information obtained can be used as a subsidy for the establishment
of commercial plantations, the definition of management and conservation strategies, and the creation of an in
situ conservation bank for Mimosa tenuiflora species.

Keywords: jurema-preta, habitat prediction, Caatinga, Fabaceae.

INTRODUCTION

The Brazilian Northeast is mostly composed of xerophytic vegetation called Caatinga, a little-studied
biome very threatened and occupying approximately 11% of the national territory. The low level of precipitation
is a limiting factor for the vegetative occurrence in this biome, together with the intense process of anthropization
and illegal deforestation for the purpose of obtaining firewood (OLIVEIRA; BERNARD, 2017).
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Logging is one of the main factors responsible for the alteration in forest composition, which can lead to
the mischaracterization of habitats or the extinction of species. In the State of Paraiba, for example, approximately
71% of timber demand comes from native forest species. Therefore, it is estimated that 55.8% comes from illegal
deforestation (NDAGIJIMANA et al., 2015). According to Pareyn (2010), the timber market in the Northeast is
very informal, with a high supply of illegal firewood at low cost. The low price of this illegal firewood allows for
indiscriminate exploitation, which can cause serious ecological problems, in addition to the extinction of rare
species.

In recent decades, global climate change has altered the distribution of species, becoming the main factor
responsible for the extinction of many plant species (PEARSON et al., 2014). Among the four global climate
domains, the tropical one has the highest rate of forest destruction and degradation (HANSEN et al., 2013). In this
way, ecological conservation studies with tropical vegetation are growing increasingly. Among forms of life, trees
are more susceptible to the effects of climate change, presenting changes in phenology and its distribution, which
can affect the entire forest ecosystem (BUTT et al., 2015). Therefore, it is important to know the ecological factors
that influence the distribution of individuals and the areas of geographical distribution. Ecological niche models
(ENM) are used as tools to predict the geographic distribution of species, based on geographic information of
species occurrences and data on environmental variables (PHILLIPS et al., 2006). These models can help to
understand the geographical limits and the mechanisms that determine the distribution of species of interest
(GUISAN; ZIMMERMANN, 2000). Also, they can act as indicators of priority in the development of management
plans and the definition of priority areas for conservation.

Among the various algorithms used for modeling is the Maxent (Maximum Entropy Model), widely used
for its ease of handling and good performance (ELITH et al., 2006; PHILLIPS et al., 2006). This algorithm
estimates the probability of occurrence of a given species based on the maximum entropy probability distribution,
the distribution closest to the uniform distribution. It has the advantage of requiring only the points of occurrence
(presence) and climate variables to perform the modeling (PHILLIPS et al., 2006).

In this sense, the objective of this work was to analyze the geographic distribution and to predict the
climatically adequate areas for the occurrence of Mimosa tenuiflora. 1t is believed that the results presented in the
present work can serve as a basis for the establishment of management and conservation strategies for the species.
Have the following hypotheses been tested: I) over the years, will climate change negatively affect the occurrence
of Mimosa tenuiflora? 11) could areas with low suitability in the present become areas with high suitability in
future prediction? III) will annual rainfall be the variable with the most significant influence in determining the
potential suitability of areas?

MATERIAL AND METHODS

Target species

Mimosa tenuiflora is popularly known as “jurema-preta”, and representative of the Fabaceae family. Its
main products are stakes, firewood and coal, in addition to the medicinal properties and tanning substances present
in its shell (MAGALHAES et al., 2018). It typically occurs in semi-arid natural areas from the State of Piaui to
Bahia, besides being an indicator of early stages of ecological succession in anthropized environments
(CARVALHO, 2000).

Acquisition and data processing

Mimosa tenuiflora occurrence records were obtained from the collections catalogued on the free
SpeciesLink scientific platform (http://splink.cria.org.br), selecting only data that contained geographic
coordinates. Besides the selected records, known geographical coordinates were used, those coming from
expeditions in the State of Rio Grande do Norte. For the current (present) period prediction, 19 layers of climate
data were used, with different temperature, precipitation and seasonal conditions, obtained through the WorldClim
version 1.4 site, with a spatial resolution of 30 arc-second (~1 km).

With the help of ENMTools v. 1.4.3 (http://purl.oclc.org/enmtools), the geographical data were analysed,
and subsequently the overlapping points and lost coordinates, such as location in the ocean, houses, squares, among
others, were excluded. For the 19 climate variables calculated, Pearson's correlation coefficients were used to
reduce the model overfitting. The variables that were highly correlated, i.e., had a value of r > 0.85 were excluded,
either this positive or negative value (WEI ef al., 2017). From this procedure, the multicollinearity between the
variables is reduced, and the model provides accurate information without overfitting the contribution of climate
variables (COSTA et al., 2018; WEI et al., 2017).
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Modeling of ecological niche

The analyses were carried out for the current period, defined on the basis of the average of the years
1960-1990, and for the future period, average of the years 2061 to 2080. Regarding the future (2070), the
predictions for the optimistic scenario RCP2.6 and the pessimistic scenario RCP8.5 were carried out, both in three
models of the general circulation of the atmosphere (AGCM), HadGEM2-ES, GISS-E2-R and MIROC-ESM
(GOBERVILLE et al., 2015; WATANABE et al., 2011). In the optimistic scenario RCP2.6, CO2 concentrations
not exceeding about 450 ppm (close to current estimates of greenhouse gas concentrations) and CH4 reaching
approximately 1800 ppb. The pessimistic RCP8.5 scenario reflects high levels of greenhouse gas emissions,
resulting in radioactive forces of 8.5 W/m? by 2100 (representative concentration route - Intergovernmental Panel
on Climate Change - [IPCC) (VAN VUUREN et al., 2011).

Maxent software version 3.3.3k was used to model potential geographical distribution areas (PHILLIPS
et al., 2006). Maxent, a model of maximum entropy, predicts the distribution of a given species through a
combination of occurrence data with climatic variables. Also, to verify the contribution of each variable, the
Jackknife statistical test was used.

In order to obtain a more comprehensive distribution to allow the model time for convergence, five
thousand interactions were used. In addition, the data were submitted to 10 cross-validate repetitions. The
evaluation of the models was performed by calculating the parameter area under the curve (AUC), which ranges
from 0,5 to 1, being 1 the best value for model adjustment (PHILLIPS et al., 2006).

For the construction of the distribution map and potential suitability of the species, the information was
submitted to the Quantum GIS program (QGIS) v. 3.0.0 (https://www.qgis.org/pt BR/site/). Suitability has its
indication performed using a color gradient scale, where each pixel has the value ranging from 0 to 1. The values
that indicate higher environmental suitability have a redder color, while the bluer shades indicate a lower
probability of occurrence. In addition with the help of the QGIS, the territorial extension (km?) was quantified with
the suitability classified as high.

RESULTS

After the survey of available collections, 146 records of occurrence of the species were obtained. It was
verified the occurrence in eight of the nine states of the Northeast region: Alagoas, Bahia, Ceara, Paraiba,
Pernambuco, Piaui, Rio Grande do Norte and Sergipe (Figure 1).
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Figura 1. Distribuicdo geogréfica de Mimosa tenuiflora nos Estados do Brasil.
Figure 1. Geographic distribution of Mimosa tenuiflora in the Brazilian states.

The State of Bahia presented the highest number of occurrences, representing 37.67% of the total,
followed by Ceard, with 26.03%, and Rio Grande do Norte, with 13.01% (Table 1). The sum of records in these
three states represents 76.71% of the total number of occurrences. The States with lower percentage values were
Alagoas, Paraiba and Piaui, with only 0.68%, 2.74% and 3.42%, respectively.

Tabela 1. Registros de ocorréncia de Mimosa tenuiflora por Estados brasileiros.
Table 1. Records of occurrence of Mimosa tenuiflora by the Brazilian states.

States N° of occurrences Occurrences (%)
Alagoas 1 0.68
Bahia 55 37.67
Ceara 38 26.04
Paraiba 4 2.74
Pernambuco 13 8.90
Piaui 5 3.42
Rio Grande do Norte 19 13.02
Sergipe 11 7.53
Total 146 100

For the ecological niche modeling, among the 19 variables initially analyzed, 11 were selected for the
final model after the analysis of Pearson's correlation coefficients (Table 2). The modeling for the present period
presented an AUC index of 0.94 and a standard deviation of +0.02. The Jackknife test demonstrated that the
variable with the most significant gain, when used alone, is the annual rainfall, with the higher value of useful
information aggregated. The highest contribution percentages were for the variables annual precipitation, thermal
amplitude and average daytime temperature variation, with values of 58.3, 11.4 and 11.3%, respectively. Regarding
the percentage of permutation, the most significant variables were annual precipitation, minimum temperature of
the coldest month and current thermal amplitude (Table 2).

Tabela 2. Valores de contribui¢do e importancia de permutagdo das variaveis ambientais para a modelagem de
nicho ecolégico da Mimosa tenuiflora para o periodo de 1960-1990.

Table 2. Contribution values and importance of permutation of environmental variables for Mimosa tenuiflora
ecological niche modeling for the current period 1960-1990.

Importance of

Variables Description Contribution (%) permutation (%)
bio 12 Annual precipitation 583 73.8
bio 07 Current temperature range 11.4 6.9
bio 02 Average daytime temperature change 11.3 2.8
bio 18 Hottest quarter precipitation 7.3 0.6
bio 14 Precipitation of the driest month 2.6 1.0
bio 06 Minimum temperature of the coldest month 2.3 7.6
bio 13 Precipitation of the rainiest month 1.9 3.4
bio 05 Mximum temperature of the hottest month 1.6 0.5
bio 03 Isotermality 1.5 0.5
bio 08 Average temperature of the wettest quarter 1.1 1.7
bio 19 Precipitation of the coldest quarter 0.7 1.2

For the future, in the RCP2.6 scenario, the highest percentage of contribution and the highest importance
of permutation was observed for the annual precipitation variable, for the three models of the general circulation
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of the atmosphere analyzed (AGCM) (Table 3). The value of AUC had little variation between the models, with
the lowest value of 0.88 for MIROC-ESM and GISS-ES-R and the highest of 0.89 for HadGEM2-ES. Concerning
the RCP8.5 scenario, it was observed the same behavior of the present and the optimistic scenario, where the
variable with higher values for percentage of contribution and importance of permutation was the annual
precipitation, in all the analyzed models (Table 3). The lowest value of AUC was 0.87 for MIROC-ESM and higher
than 0.88 for HadGEM2-ES and GISS-ES-R.

Tabela 3. Valores de contribuigdo, importancia de permutagdo e AUC das variaveis ambientais para a modelagem
de nicho ecoldgico da Mimosa tenuiflora para o ano de 2070, nos cenarios RCP2.6 (otimista) e RCP8.5
(pessimista), considerando os trés modelos de circulagao geral da atmosfera.

Table 3. Contribution values, the importance of permutation and AUC of the environmental variables for Mimosa
tenuiflora ecological niche modeling for the year 2070, in the scenarios RCP2.6 (optimistic) and RCP8.5
(pessimistic), considering the three general circulation models of the atmosphere.

Scenario/ Period RCP2.6 optimist (2070)
HadGEM2-ES  GISS-ES-R  MIROC-ESM

Variables Description %C %IP %C %IP %C %IP
bio 02 Average daytime temperature change 5.7 4.0 148 5.3 4.9 3.1
bio 03 Isotermality 4.2 1.4 11 14 0.7 1.3
bio 05 Maximum temperature of the hottest month 2.3 2.6 14 11 19 16
bio 06 Minimum temperature of the coldest month 0.8 0.8 28 84 1.2 14
bio 07 Current temperature range 27.1 181 224 106 304 124
bio 08 Average temperature of the wettest quarter 2.9 1.2 31 21 3.5 2.0
bio 12 Annual precipitation 49.1 409 459 544 420 559
bio 13 Precipitation of the rainest month 1.2 3.9 24 9.0 6.7 9.6
bio 14 Precipitation of the driest month 0.9 2.2 06 1.2 1.0 4.0
bio 18 Precipitacdo do trimestre mais quente 3.6 117 47 138 6.3 6.2
bio 19 Precipitation of the coldest quarter 2.4 132 0.7 46 14 2.5

AUC 0.89+0.02 0.88+0.02 0.88+0.02

Scenario/ Period RCP8.5 pessimistic (2070)
HadGEM2-ES GISS-ES-R  MIROC-ESM

Variables Description %C %IP %C %IP %C %IP
bio 02 Average daytime temperature change 6.0 4.2 29.1 43 159 16
bio 03 Isotermality 2.9 1.4 1.0 03 1.9 1.4
bio 05 Maximum temperature of the hottest month 7.1 6.2 1.7 08 1.2 0.1
bio 06 Minimum temperature of the coldest month 0.4 1.6 20 25 3.6 2.7
bio 07 Current temperature range 22.4 191 96 6.5 124 196
bio 08 Average temperature of the wettest quarter 4.6 3.8 36 11 25 1.9
bio 12 Annual precipitation 47.5 43 336 605 288 285
bio 13 Precipitation of the rainest month 2.7 4.5 36 183 6.9 6.8
bio 14 Precipitation of the driest month 1.0 2.0 14 18 2.2 4.3
bio 18 Hottest quarter precipitation 3.3 9.4 124 16 155 1438
bio 19 Precipitation of the coldest quarter 2.0 4.8 22 23 9.2 18.3

AUC 0.88+0.01 0.88+0.02 0.87+0.02

% C = Contribution; % IP = Importance of permutation.
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For the environmental conditions of the current period, Mimosa tenuiflora presented an area of suitability
widely distributed throughout the Northeast of Brazil, occupying the states of Ceara and Rio Grande do Norte to
a large extent, and almost entirely (Figure 2). The states of Alagoas, Bahia, Paraiba, Pernambuco, Piaui and Sergipe
present more suitable areas in lesser territorial extension.

It was verified a reduction in the areas of suitability from the current period to the future (2070), both in
the optimistic and pessimistic scenarios and in all the models tested (Figure 2). However, it was not verified the
appearance of new classified areas with high suitability, indicating that, in general, for the future period, there will
be a reduction of existing areas. Only for the states of Alagoas and Pernambuco, in the coastal region, and for
Bahia, in the Northwest region, the appearance of a small area with high suitability was verified in the HadGEM2-
ES and GISS-E2-R models (Figure 2B and2C).
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Figura 2. Distribuigdo e potencial de adequabilidade de Mimosa tenuiflora no Brasil para o periodo atual e futuro
(2070). Presente (A); cenario otimista RCP2.6 para 2070: HadGEM2-ES (B), GISS-E2-R (C), MIROC-ESM (D);
cenario pessimista RCP8.5 para 2070: HadGEM2-ES (E), GISS-E2-R (F) e MIROC-ESM (G).

Figure 2. Distribution and the potential suitability of Mimosa tenuiflora in Brazil for the current and future period
(2070). Present (A); optimistic scenario RCP2.6 to 2070: HadGEM2-ES (B), GISS-E2-R (C), MIROC-ESM (D);
pessimistic scenario RCP8.5 to 2070: HadGEM2-ES (E), GISS-E2-R (F) and MIROC-ESM (G).
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In relation to the geographic territory, the current period presented 139,577 km? of the classified area with
high suitability. When analyzing these areas in the optimistic scenario, it was quantified a reduction in the
suitability territory of 53.7% for the HadGEM2-ES model, 42.9% for GISS-E2-R and 28.7% for MIROC-ESM.
Regarding the pessimistic scenario, compared to the current period, there was a more significantreduction in the
territory of suitability, with the HadGEM2-ES model losing about 59.4%, GISS-E2-R 44.8% and MIROC-ESM
30.9%.

DISCUSSION

Most occurrences of Mimosa tenuiflora are located in the Caatinga vegetation, and some other points
occur in distinct vegetational types, such as Cerrado, Restinga and transition zones. The only State in the Northeast
that did not present the occurrence of Mimosa tenuiflora was the State of Maranhdo, for which no researches of
floristic survey with this species have been found in the literature This fact can be explained because of the other
predominant vegetational types in the State, being these: Mangues, Cerrado, Mata dos Cocais and Amazonia
(BARRETO et al., 2013; SILVA et al., 2008)

Lemos and Zappi (2012), when studying the geographical distribution of woody plants, observed that the
species Mimosa tenuiflora showed a disjunct distribution. In other words, it can be found in geographically distant
regions in South America, such as Venezuela, Colombia, Panama, Honduras, Mexico and Brazil. When considering
the geographical distribution only in Brazil, a pattern of occurrence similar to the present study was obtained, in
which the State of Bahia had the highest proportion of occurrences of individuals, followed by the State of Ceara
(LEMOS; ZAPPI, 2012).

Based on the results obtained, it can be stated that the Northeast region provides favorable environmental
characteristics for the establishment and development of individuals of Mimosa tenuiflora. This species is rustic,
tolerating extreme situations, such as long periods of drought, and has a deep root system for appropriate
development in degraded soils (AZEVEDO et al., 2012).

Regarding the modeling for the present, the AUC value obtained (0.94) was considered high, which
indicates a suitable adjustment of the model used and high predictive power (COSTA et al., 2018). The areas of
suitability almost entirely occupied Ceara and Rio Grande do Norte, which suggests that these states are highly
recommended for the creation of conservation banks in situ, enabling the conservation of genetic materials of this
species. When the species has a more restricted distribution, AUC values tend to be higher (YANG et al., 2013),
which was observed for the present study, because the species Mimosa tenuiflora presents a restricted distribution
in the Northeast region of Brazil, predominantly in areas of Caatinga, but occurring in transition zones.

The variable with the most significant influence was the annual precipitation, which was expected, since,
in the Caatinga, place of natural incidence of the species, this climatic variable is a limiting factor for the vegetative
occurrence. The high importance of the annual precipitation variable is probably related to the process of fruit
dispersion, anemochory type, characteristic of Mimosa tenuiflora, performed during the driest periods (PIRANI et
al., 2009).

The use of modeling tools is growing due to the possibility of obtaining information that may help in
conservation strategies, since it is possible to predict the behavior of the species in the face of the effects of climate
change, in addition to the determination of areas susceptible to the occurrence of invasive species (GIANNINI,
2012; RODRIGUES et al., 2015). In addition, it contributes information on the definition of favourable sites for
commercial plantations and the establishment of conservation strategies for threatened species (CONTRERAS-
MEDINA et al., 2010).

In general, the models of the future varied little concerning the AUC value, between 0.87 and 0.88,
showing good prediction of the model (RODRIGUES et al., 2015). However, they varied according to the areas
per state and according to the models of the general circulation of the atmosphere, whereby, for HadGEM2-ES,
the southwestern region of Ceara, Paraiba and Alagoas presented the most evident reduction. For the GISS-E2-R
model, the highlight is for the State of Piaui, which, in this prediction, did not show appropriate areas for the
occurrence Mimosa tenuiflora. The MIROC-ESM model indicated a relatively more subtle reduction in suitability
when compared to the others, exhibiting areas of suitability in smaller size, but basically in the same places as the
prediction for the present.

Among the models tested, the HadGEM2-E2 showed the prediction with the most drastic change scenario,
in which the area had the most considerable reduction of territory, decreasing to less than half of the present area.
Thus, the long-term effects of climate change will have a negative effect. New studies should be carried out to
allow the comparison between the areas, through the use of other variables, such as soil characteristics, relief and
economic factors, which can help in decision-making for commercial implementation or conservationist purposes
(NABOUT et al., 2016). The prediction tool can have a positive influence on the maintenance of population
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ecosystems, since by analyzing climate variations, areas can be defined that are conducive to the implementation
of new conservation strategies, such as in situ conservation banks (COSTA et al., 2018). Furthermore, the map of
suitability can be used as a tool for the definition of suitable sites for commercial deployment, determining an
environment where the species will have the appropriate conditions for its proper development.

The information obtained can be used for ecological studies, which subsidize the understanding of
evolutionary history, when associated with phylogeography studies, besides the establishment of appropriate areas
for the planting and development of the species. It is becoming more and more important to create a program to
improve the species, allowing better use and utilization of its products, in addition to enabling the maintenance of
Mimosa tenuiflora in native vegetation.

CONCLUSION

e The models used performed well, with high predictive power. The states of Ceara and Rio Grande do Norte
were the ones that presented the most extensive territorial range of areas with high suitability for the current
period.

e When compared to the future, the areas of suitability showed a reduction, indicating that climate change may
negatively affect the occurrence of Mimosa tenuiflora.

e For future prediction, the emergence of large areas with high suitability was not visualized

e The climate variable with the most significant influence to determine the occurrence of the species was the
annual precipitation
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