
 

 

 
 
 
 
 
 
 
 

 

Climate change and local medical 
systems: future availability of 
medicinal plants for the treatment 
of climate-sensitive diseases 
Eric Bem dos Santos, Ulysses Paulino Albuquerque, Elcida de 
Lima Araújo 
 

Correspondence 
 
Eric Bem dos Santos1,2, 3,4*, Ulysses Paulino Albuquerque1,3,4, Elcida de Lima Araújo1,2,4 

 

1Programa de Pós-Graduação em Etnobiologia e Conservação da Natureza, Universidade Federal Rural de Pernambuco 
(UFRPE), Recife, Pernambuco, Brazil. 
2Laboratório de Ecologia Vegetal dos Ecossistemas Nordestinos (LEVEN), Centro de Ciências Biológicas, Departamento de 
Botânica, Universidade Federal de Pernambuco (UFPE), Recife, Pernambuco, Brazil. 
3Laboratório de Ecologia e Evolução de Sistemas Socioecológicos (LEA), Departamento de Botânica, Universidade Federal de 
Pernambuco (UFPE), Recife, Pernambuco, Brazil. 
4Resiclima Network. International collaboration for the multidimensional and interdisciplinary study of global climate 
change. 
 
*Corresponding Author: eric.bem@ufpe.br  
 
Ethnobotany Research and Applications 34:42 (2026) - http://dx.doi.org/10.32859/era.34.42.1-23 
Manuscript received: 29/12/2025 - Revised manuscript received: 08/05/2026 - Published: 10/05/2026 
 

Research 
 

Abstract 
Background: Climate change has intensified the incidence of climate-sensitive diseases (CSD) while simultaneously altering 
the availability of medicinal plant resources, with potential consequences for human health and the functioning of local 
medical systems (LMS), particularly in semiarid regions. 
 
Methods: Species distribution models were developed for 83 woody medicinal plant species using occurrence records from 
GBIF and bioclimatic variables from WorldClim. Projections were generated for the year 2100 under current climatic 
conditions and three future scenarios (RCP 2.6, RCP 4.5, and RCP 8.5) to assess changes in the availability of medicinal 
resources used in the treatment of dengue, chikungunya, zika, malaria, leishmaniasis, and yellow fever. 
 
Results: Most species exhibited a contraction of suitable areas under future climate scenarios, with 68.7% showing consistent 
reductions across all projections. Losses were more pronounced among species associated with higher therapeutic diversity, 
and overall species richness declined markedly under the most extreme scenario (RCP 8.5). 
 
Conclusions: Projected climate change is likely to reduce the availability of medicinal plant resources in the semiarid region, 
increasing the vulnerability of local medical systems by limiting therapeutic options for the treatment of climate-sensitive 
diseases. 
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Background 
Semiarid and hot arid regions occupy a considerable area of the globe and climate change is expected to cause increased 
warming, a reduction in relative atmospheric humidity and greater restrictions on water availability (Scholes 2020, IPCC 
2023, Allen et al. 2024), with a projected increase in the incidence of climate-sensitive diseases (CSD), such as dengue, 
chikungunya, zika, malaria, leishmaniasis and yellow fever, which have epidemiological cycles modulated by climatic 
variables such as temperature, humidity and rainfall (McMichael 2003, Moreira et al. 2020, Romanello et al. 2023). In 
addition, the population contingent living in semiarid and arid regions is large, around 2.5 billion people, and the majority 
are economically vulnerable (Scholes 2020, Bouchaou et al. 2024) and highly dependent on forest resources, such as 
medicinal ones (Silva et al. 2017, Kumar & Rawat 2022), indicating that climate change may further increase the demand of 
human populations for therapeutic resources from forests. 
 
Combined with the increased incidence of CSD, climate change may reduce the suitability of areas favorable to the 
occurrence of medicinal species, creating problems and challenges for public health. For example, some studies have 
indicated that the suitable areas for the occurrence of many species may be reduced or altered. In the Himalayas, areas 
favorable to the occurrence of some medicinal species may shift, concentrating in Nepal's mountainous regions (Kunwar et 
al. 2023). By the 2050s, a 39% net loss of habitat favorable to the occurrence of medicinal orchid species in India may occur 
(Kumar & Rawat 2022). In the Mediterranean, climate change combined with land-use patterns may reduce the diversity of 
aromatic medicinal plants and homogenize the biota (Kougioumoutzis et al. 2024). In semiarid regions of North Africa, some 
medicinal plants widely used by local populations will have their availability negatively impacted by climate change (Kachmar 
et al. 2021, El-Ghazouani et al. 2024, Radi et al. 2024). In South America, studies indicate that although some species benefit 
from climate change, most are likely to be negatively impacted, with reductions and fragmentation in their ranges (Silva et 
al. 2022, Alanis-Mendez et al. 2024). These findings are alarming because they alter ecological boundaries and the health of 
nature, generating impacts on human health (Mago et al. 2024, Redvers et al. 2025), especially by influencing the provision 
of medicinal resources used by local populations. 
 
Although plants and animals in semiarid areas have evolved under conditions of water scarcity, presenting adaptive 
strategies that favor survival, the predicted changes in the variables temperature, relative humidity and water scarcity, 
combined with their interactions, can limit the productivity, richness, distribution and availability of organisms in forests, the 
production of secondary metabolites of medicinal importance, in addition to being able to modify the composition and 
content of secondary metabolites to reduce the effects of stresses caused by high temperature, reduced water availability 
and excess light, which can compromise the quality and efficiency of the medicinal use of the species (Thuiller et al. 2008, 
Foden et al. 2018, Pant et al. 2021, Cavalcante & Sampaio 2022, Exposito-Alonso 2023, Kougioumoutzis et al. 2024, Jangpangi 
et al. 2025). Furthermore, changes in the distribution, availability, quality, and accessibility of medicinal resources can alter 
the foraging behavior of human populations, leading to new learning about therapeutic resources and, possibly, cultural 
shifts. Consequently, it is challenging and extremely important to highlight the impact of climate change on services provided 
by biodiversity for human health (IPCC 2023, Romanello et al. 2023), which will also enable advances in projecting future 
changes in the functioning of local medical systems (LMS), such as changes in the availability of resources and therapeutic 
strategies, as well as their effects on the cultural transmission of medical knowledge (Ferreira-Júnior et al. 2015, Kumar & 
Rawat 2022, Dantas et al. 2024).  
 
LMS are complex systems that express adaptive health care strategies based on traditional knowledge and the continuous 
use of forest resources, especially medicinal plants. These systems are complex because they reflect the characteristics of 
different ecological contexts, governance systems, and sociocultural factors that shape the adaptive strategies adopted 
(Kleinman 1978, Ferreira Júnior et al. 2015, Albuquerque et al. 2024). However, LMS demonstrate the importance of 
biodiversity services for the health of human populations, enabling the treatment of various diseases and contributing to the 
physical well-being of local populations, especially those with low purchasing power, who predominate in semiarid regions 
(Scholes 2020). 
 
Species diversity and habitat availability strongly influence LMS by providing coverage of a broad spectrum of disease 
symptoms (Medeiros et al. 2020, Kougioumoutzis et al. 2024). Some LMS exhibit high functional redundancy because they 
are formed by different species with similar therapeutic uses, allowing the system to maintain its function even in the face 
of the loss or scarcity of a specific resource (Medeiros et al. 2012, Albuquerque et al. 2024). It is possible to perceive that 
functional redundancy in ethnobiological studies differs from the concept of ecological functional redundancy. According to 
Ferreira-Júnior et al. (2015), functional redundancy in ethnobiology refers to the number of species that share the same 
utilitarian function for human populations. In other words, functional redundancy in ethnobiology is a term used 
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synonymously with utilitarian redundancy, as it seeks to highlight the species that human populations use for the same 
purpose in different socio-ecological systems. Functional redundancy has been considered a key element of the resilience of 
LMS, enabling their reorganization and continuity in the face of environmental crises (Berkes & Turner 2006, Coe & Gaoue 
2021). Consequently, functional redundancy favors the adaptive value of LMS for local populations facing environmental 
changes (Medeiros et al. 2020). However, some medicinal species have versatile uses (Reyes-García et al. 2013, Campos & 
Albuquerque 2021, Coe & Gaoue 2021, Mykhailenko et al. 2025), being collected and used by local populations for other 
non-medicinal purposes, which increases their use pressure.  Therefore, if a resource with multiple functions in the system 
(i.e., with high use pressure) undergoes a reduction due to future climate change, its versatility may further exacerbate the 
decline in its availability to human populations. Thus, the reduction of versatile medicinal resources may decrease the 
resilience and adaptive value of LMS (Ferreira Júnior et al. 2015). 
 
Few studies present an integrated analysis between epidemiological and ecological risks, whether due to loss or reduction 
in the availability of medicinal species, and assess the impact of these risks on traditional pharmacopoeia and public health. 
The predicted increase in CSD underscores the challenge and extreme relevance conducting an integrated analysis of climate-
sensitive diseases, their symptoms, and the medicinal species that offer treatment. This remains unknown for different 
climate change scenarios, limiting our ability to: 1. assess the risks of health vulnerability of populations in semiarid regions; 
2. identify future changes in the treatment of CSD and the foraging behavior of local populations; 3. assess the impact of 
climate change on the functionality and adaptive capacity of LMS in health care; and 4. identify strategies to mitigate the 
impact of climate change on public health. 
 
In South America, semiarid regions occur in several countries, and in northeastern Brazil, they occupy almost the entire 
region, delimiting a geographic area known as the Caatinga region, which includes different types of vegetation, with a 
predominance of the largest seasonally dry tropical forest, locally also called the Caatinga (Araújo et al. 2007, Albuquerque 
et al. 2017, Antongiovanni et al. 2022). The Caatinga region exhibits high climatic and socioeconomic variability, and there 
are currently no studies assessing the joint effects of ecological and epidemiological risks. This region functions as a natural 
laboratory to observe the extreme effects of the climate crisis on local health systems. 
 
The biocultural aspects of the LMS in the Caatinga region are diverse, reflecting the cultures of peoples of European, African, 
and Indigenous origin, as well as the characteristics of the socio-ecological systems. The region covers an area of 844,453 
km² and currently houses more than 28 million people. Most residents of the rural areas engage in agricultural and livestock 
activities, have low purchasing power, limited access to schools and health centers, and a high dependence on vegetation 
resources such as firewood, timber, animal fodder, food, and medicinal plants. In some localities, local populations maintain 
the practice of cultivating and collecting medicinal and timber resources in their backyards, although they also collect directly 
from the forests or buy them in markets and open-air fairs. The socioeconomic characteristics of the populations in each 
area generally influence local knowledge about medicinal resources and their uses in the treatment of illnesses (Albuquerque 
et al. 2017, Silva et al. 2017, Farias et al. 2019, Campos & Albuquerque 2021, Medeiros et al. 2020, Sá-Filho et al. 2021, Souza 
et al. 2022). 
 
Based on the above, this study compiles woody species currently known and used in the treatment of CSD, identifies the 
symptoms treated by each species to evidence the utilitarian redundancy of Local Medical Systems (LMS) related to CSD, 
and projects the species occurrence under three climate scenarios. Our hypothesis is that increased climate severity will 
negatively affect Local Medical Systems (LMS), reducing the availability of medicinal resources and, consequently, limiting 
the therapeutic alternatives for the treatment of CSD. If this limitation of therapeutic alternatives is confirmed, future climate 
scenarios may lead to a weakening of the protective role of functional redundancy in maintaining the resilience of LMS, not 
due to the number of species that treat the same symptom, but rather due to the reduction in the availability of medicinal 
resources. Thus, the study integrates ecological modeling, ethnobotanical knowledge, and functional analysis to highlight 
the health risks associated with biodiversity loss. 
 

Materials and Methods 
Selection of Species 
The selected species were woody medicinal plants present in the Caatinga region of northeastern Brazil (Figure 1), including 
native and cultivated plants with documented use for the treatment of at least one symptom of diseases classified as CSD 
(Moreira et al. 2020).  Woody species were selected because they do not exhibit seasonal occurrence, that is, they remain 
visible to human populations throughout the year (Albuquerque et al. 2017, Campos & Albuquerque 2021). Although many 
herbaceous species have medicinal value, they were not included because in the Caatinga region, most complete their entire 
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life cycle in the rainy season. In other words, they belong to the therophyte life form and become unavailable to local 
populations in the dry season, which can last from 6 to 9 months (Araújo et al. 2007, Aguiar et al. 2024).  
 
The record of species use was based on the systematic review carried out by Campos and Albuquerque (2021), as this is the 
most recent work that compiled information from 75 studies on medicinal plants from the Caatinga region, bringing together 
147 species (105 genera and 36 families) used in the treatment of symptoms of different diseases, including CSD with a high 
occurrence in the Caatinga region (Moreira et al. 2020), such as dengue (Aguiar et al. 2021, Carmo et al. 2020), chikungunya 
(Bartholomeeusen et al. 2023, Silva Junior et al. 2018), zika (Campos et al. 2018, Vissoci et al. 2018), malaria (Carlos et al. 
2019, Griffing et al. 2015), leishmaniasis (Belo et al. 2023, Guimarães-Silva et al. 2023) and yellow fever (Cruz et al. 2023, 
Silva et al. 2020). 
 
The indication of CSD symptoms was based on the literature: dengue (Endy et al. 2002, Rigau-Perez & Laufer 2006, Waterman 
& Gubler 1989), chikungunya (Das et al. 2010, Sergon et al. 2004), zika (Freitas et al. 2016, Petersen et al. 2016, Thomas et 
al. 2016), malaria (Alexandre et al. 2010, Couto et al. 2010), leishmaniasis (Badaró et al. 1986) and yellow fever (Monath 
2001). 
 
The symptoms were standardized in terms of nomenclature, taking into account the various clinical forms and terminologies 
found in the literature, using the Virtual Health Library of the Brazilian Ministry of Health as a reference. For example, the 
symptom joint pain can also be referred to as arthralgia or joint ache; all of these terms were unified under the name joint 
pain. This procedure aimed to consolidate the information and enable analysis of symptom associations across the studies 
consulted (Supplementary Material). 
 
After standardizing the terminology, the symptoms were compared with the therapeutic uses attributed to the 147 species 
listed in the review by Campos and Albuquerque (2021), which allowed the identification and selection of 83 species (Table 
1) used to treat at least one symptom of CSD. The number of species that treated each symptom was counted to evidence 
the utilitarian redundancy of the LMS. In addition, the number of symptoms treated by the same species was also counted 
to highlight the species that may face greater risks from climate change due to their versatility within the medical system. 
The occurrence data for the 83 species in different locations of the Caatinga region were extracted from the Global 
Biodiversity Information Facility (GBIF). Then, in R, the dataset was filtered to remove incorrect records, such as incomplete 
information, inconsistent coordinates, and duplicate records. 
 
Species distribution modelling 
The distribution modeling of the 83 selected medicinal species was performed for the Caatinga region (Figure 1), according 
to the official cartographic delimitation of the Brazilian Ministry of the Environment. The Caatinga region presents a diversity 
of environmental conditions that favor the occurrence of cerrado, Atlantic Forest, and seasonally dry tropical forest 
vegetation, the latter being predominant and locally designated as Caatinga (Araújo et al. 2007, Ferraz et al. 2004, Silva et 
al. 2019). 
 
The models were designed for four climate predictions: one for the current scenario (year 2025) and three for the year 2100, 
based on the Representative Concentration Pathway (RCP) 2.6, 4.5, and 8.5. These scenarios, ratified by the 
Intergovernmental Panel on Climate Change (IPCC) (IPCC 2023, Vuuren et al. 2011), simulate different trajectories of 
greenhouse gas concentrations and their associated climate impacts. The RCP 2.6 scenario predicts controlled emissions and 
a global temperature rise of around 2°C by 2100, with a probability of occurrence greater than 67%. RCP 4.5 projects a 
moderate temperature increase of around 3°C, with a probability above 50%. At the same time, RCP 8.5 represents a 
pessimistic scenario, with an increase above 4°C and a high probability (above 50%) of occurrence, due to continued 
emissions without effective control (IPCC 2023, Ordonez et al. 2024). 
 
The climate data were obtained from the WorldClim database (v.1.4), which is widely used in species modeling studies due 
to its high precision of climate data (Hijmans et al. 2005). Considering a spatial resolution of 5 minutes (~9.3 km²), the 
bioclimatic variables used to model the distribution of the 83 species were: mean annual temperature (bio1), mean daily 
temperature range (bio2), isothermality (bio3), temperature seasonality (bio4), maximum temperature of the warmest 
month (bio5), minimum temperature of the coldest month (bio6), annual temperature range (bio7), mean temperature of 
the wettest quarter (bio8), mean temperature of the driest quarter (bio9), mean temperature of the warmest quarter 
(bio10), mean temperature of the coldest quarter (bio11), annual precipitation (bio12), precipitation of the wettest month 
(bio13), precipitation of the driest month (bio14) and precipitation seasonality (bio15). 
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Figure 1. Map Location of the Caatinga region in northeastern Brazil. Shapefile Source: Ministry of the Environment (MMA). 
 
Due to the characteristics of the set of bioclimatic variables used, the Random Forest (v.4.7.1.1) algorithm (Breiman 2001) 
was selected for modeling, as it presents greater accuracy in area under the curve (AUC) parameters when compared to 
other algorithms such as Bioclim, Domain, and MaxEnt (Luan et al. 2020). Modeling was performed in R using Machine 
Learning. To build the model, pseudo-absences were generated using the gRandom method, which creates records with 
locations based on the distribution of presences. For each of the 83 species, the data were split into training and validation 
sets, with 25% of the records reserved for independent performance evaluation. The average AUC for the 83 species was 
0.85, indicating good predictive capacity of the species distribution models (SDM).  
 
The climatic suitability of areas for each species' occurrence was calculated using the predict function of the 'dismo' (v. 
1.3.14) package, and the threshold of 0.5 proposed by Monserud and Leemans (1992) was used to assess suitability. Areas 
with values greater than 0.5 on the probabilistic scale of the models for each projected scenario were considered favorable 
for the species' occurrence. In the projections, continuous probability values were converted to georeferenced binary 
matrices to identify suitable or unsuitable cells. The area of each cell corresponded to the spatial resolution of 5 minutes 
(~0.08333 degrees), equivalent to 9.3 km². The sum of all cells with a threshold value greater than 0.5 (Monserud & Leemans 
1992) allowed us to calculate the extent of suitable occurrence for each species under the different climatic scenarios 
(current and RCPs 2.6, 4.5, and 8.5), expressed in km². Maps of future climate change scenarios are presented only for species 
exhibiting the greatest number of symptoms for each disease, as indicated by human populations (Campos & Albuquerque 
2021). 
 
Species Classification and Group Trends 
The percentages of reduction, increase, or maintenance of the area favorable to species occurrence were calculated for each 
climate scenario, allowing classification of species according to the intensity of variation in their favorable areas. In this study, 
the favorable area for each species was classified into six categories, based on the intensity and direction of variation: strong 
(>65%), moderate (>30%-<65%), and slight (>0%-<30%), applied to both negative (decrease) and positive (increase) changes 
in area. 
 
In addition, the tendency for future increase or decrease in the area occupied by the group of species used to treat each 
symptom was calculated. To calculate the group tendency, a numerical score (s) was assigned, ranging from 1 to 3, which 
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was positive when the category (Strong, Moderate, Slight) increased and negative when it decreased. The average score per 
symptom was calculated and converted to positive values by summing the maximum assigned scores (i.e., 3).  
 
The average group tendency (TMG) per symptom was calculated by the formula TMG = (ms + ps)/nc, where ms represented 
the mean of the species, ps represented the maximum score assigned, and nc represented the maximum number of 
categories. This allowed standardizing the variation tendency on a scale of 0 to 1. The closer to 0, the greater the decreasing 
tendency, and vice versa. The average trend of the species group by symptom of each climate scenario was subjected to a 
quantile analysis to identify the cutoff points and visualize the average trend of species availability for the treatment of each 
symptom, resulting in the identification of 5 ranges of species availability: very robust (>0.8), robust (> 60 < 0.79), moderate 
(> 0.4 < 0.59), limited (> 0.20 < 0.39) and uncovered (< 0.20). 
 

Results 
Increasing weather severity is projected to negatively affect the availability of woody medicinal plants used by local 
populations in the Caatinga region to treat climate-sensitive diseases (Table 1). Climate projections indicate that the areas 
currently occupied by several species, especially those with broader therapeutic uses, will tend to decline as climate 
scenarios become more severe (Figure 2), indicating that LMS will have fewer therapeutic alternatives for treating CSD. 
 
All species persisted across all projected scenarios, but among the 83 species evaluated, 57 (68.7%) showed a consistent 
trend of decreasing area of occurrence across the three future climate scenarios (RCP 2.6, 4.5, and 8.5). Only eight species 
(9.6%) showed an increasing trend, and 18 (21.7%) exhibited a mixed trend, sometimes increasing and sometimes decreasing 
(Table 1). The reduction in area of occurrence was remarkably consistent among species that treated a greater number of 
symptoms, that is, with greater versatility in treating CSD symptoms. Of the 28 species associated with four or more 
symptoms, 16 (57.1%) showed a trend toward decreasing their area of occurrence, which is favorable to their occurrence 
(Figure 2), potentially compromising the functional breadth of therapeutic arrangements in LMS. 
 
The climate scenario analysis revealed that the intensity of species range loss increases with climate severity. In RCP 2.6, 
although 68.7% of species will experience range decline, many will experience mild to moderate reductions. However, in RCP 
4.5 and RCP 8.5 scenarios, the effects of climate change will be more significant, with species experiencing sharp reductions 
in range, such as Croton odoratus Baill., Bauhinia forficata Link, Piper marginatum Jacq., and Ziziphus gardneriana R.Br. in 
RCP 4.5 and, in addition, Dioclea gardneriana Benth., Croton limae Müll.Arg., and Senna coronata (Benth.) H.S.Irwin & 
Barneby in RCP 8.5. Therefore, the reductions observed in the modeling indicate that the progression of climate change will 
likely limit therapeutic options for treating CSD symptoms. 
 
Some species may experience a significant increase in their range, such as Croton sonderianus Müll.Arg. in all projected 
scenarios, Copernicia prunifera (Mill.) H.E.Moore and Tacinga gardneriana (F.A.C.Weber) N.P.Taylor & Stuppy in scenario 
RCP 4.5, and Guadua spinosa Rupr. ex E.Fourn. in scenario RCP 8.5. However, all of them treat a small number (1 to 3) of 
symptoms (Figure 2). Therefore, the species that have increased in range (Figure 2; Table 1) have little diversity in their 
importance for the treatment of CSD in local medical systems, and perhaps this low versatility in treating symptoms does 
not compensate for the range losses recorded for most species that treat many symptoms. 
 
The reduction in favorable areas for species occurrence indicated that some symptoms may or may not be amenable to 
treatment using medicinal plants (Figure 3). For example, in RCP 2.6, the robust trend of increasing the favorable area of the 
set of species that treat muscle pain will be very limited in RCP 8.5. The very robust trend of the set of species that treat 
itching will fall to moderate in RCP 8.5. Some symptoms will not show a change in the favorable area trend of the set of 
species used in their treatment, such as fever, whose set of species shows a robust trend; joint pain, a moderate trend; and 
headache, a minimal trend, across all climate scenarios.  
 
Other symptoms may benefit from climate change, as the species that treat them tend to expand their favorable areas for 
occurrence, such as dehydration and liver disorders. The symptoms with the richest set of species for treatment in the 
current scenario are cough (37) and diarrhea (34), which occur only in leishmaniasis. In contrast, the symptoms with the 
lowest number of species for treatment are joint pain (1), which occurs in dengue, zika and chikungunya, and kidney 
problems (1), which occurs only in yellow fever and should have greater limitations for treatment, as the tendency of areas 
for the occurrence of the species is to become very limited from the RCP 4.5 scenario (Figure 3). 
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Figure 2. Intensity of change in the occurrence area of species used to treat symptoms of climate-sensitive diseases (CSD) 
under future climate scenarios (RCP 2.6, 4.5, and 8.5), organized by the number of symptoms treated by each species. 
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Figure 3. Species set treating symptoms, climate-sensitive diseases (CSD), and trends in the favorable occurrence area under 
the RCP 2.6, 4.5, and 8.5 climate scenarios. 
 
The species that treats the highest number of symptoms in the CSD set is Myracrodruon urundeuva Allemão. However, it is 
not the most important species for treating each symptom in isolation, since the association between symptom type (Figure 
2) and the species used in their treatment, as indicated by local populations (Table 1), revealed that the most important 
species in the Caatinga region for the treatment of dengue, zika, and chikungunya is Amburana cearensis (Allemão) A.C.Sm., 
treating 9, 6, and 5 symptoms, respectively. Bowdichia virgilioides Kunth, Libidibia ferrea (Mart. ex Tul.) L.P.Queiroz, and 
Myracrodruon urundeuva Allemão are equally important for the treatment of yellow fever, as they address five of its 
symptoms. Anacardium occidentale L., Hymenaea courbaril L., Myracrodruon urundeuva Allemão, and Ximenia americana L. 
treat three symptoms of malaria. Finally, Libidibia ferrea (Mart. ex Tul.) L.P.Queiroz, Myracrodruon urundeuva Allemão, 
Ximenia americana L., and Ziziphus joazeiro Mart. treat five symptoms of leishmaniasis (Table 1). The distributional 
projections indicated that there should be little change in the spatial location of the patches of areas most favorable for the 
occurrence of species that treat the highest number of symptoms for each disease (Figure 4 and Figure 5). 
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Figure 4. Spatial visualization of suitable areas for the occurrence of species that treat the most significant number of climate-
sensitive diseases (CSD) in the Caatinga region projected under the Current, RCP 2.6, RCP 4.5, and RCP 8.5 scenarios (A = 
Amburana cearensis; B = Libidibia ferrea; C = Myracrodruon urundeuva; D = Ximenia americana). 
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Figure 5. Spatial visualization of suitable areas for the occurrence of species that treat the most significant number of climate-
sensitive diseases (CSD) in the Caatinga region projected under the Current, RCP 2.6, RCP 4.5, and RCP 8.5 scenarios. (E = 
Ziziphus joazeiro; F = Anacardium occidentale; G = Hymenaea courbaril; H = Bowdichia virgilioides). 
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Table 1. Projections of area extension (Km2) favorable for the occurrence of woody species used in the treatment of climate-sensitive diseases (CSD) in the Caatinga region and percentage 
differences in relation to the current scenario (S = number of symptoms treated; AUC = Model accuracy; RCP = Representative Concentration Pathway). 
 

        CLIMATE SCENARIOS 

        CURRENT   RCP 2.6   RCP 4.5   RCP 8.5 

SPECIES NUMBER OF CSD SYMPTOMS TREATED AUC   Km2   Km2 %   Km2 %   Km2 % 

Acrocomia aculeata (Jacq.) Lodd. ex Mart. 4 (fever, anemia, cough, itching) 0.88   176.7   93 -47.37   74.4 -57.89   74.4 -57.89 

Amburana cearensis (Allemão) AC Sm. 
12 (fever, itching, headache, skin rash, muscle 
aches, dizziness, dehydration, joint pain, cough, 
stomach pain, diarrhea, back pain) 

0.82   8081.7   7356.3 -8.98   7477.2 -7.48   7924 -1.96 

Anacardium occidentale L. 5 (fever, anemia, headache, cough, stomach 
pain) 0.86   7616.7   7495.8 -1.59   7802.7 2.44   8165 7.20 

Anadenanthera colubrina (Vell.) Brenan 8 (fever, anemia, itching, diarrhea, muscle 
aches, cough, stomach pain, back pain) 0.75   31025   31202 0.57   31117.8 0.30   30430 -1.92 

Annona leptopetala (RE Fr.) H. Rainer 1 (anemia) 0.89   9272.1   7319.1 -21.06   6268.2 -32.40   5320 -42.63 

Aspidosperma pyrifolium Mart. 3 (fever, diarrhea, stomach pain) 0.80   26998   25780 -4.51   25063.5 -7.17   24217 -10:30 

Astronium fraxinifolium Schott 2 (fever, cough) 0.71   697.5   316.2 -54.67   269.7 -61.33   251.1 -64.00 

Bauhinia cheilantha (Bong.) Steud. 6 (diarrhea, headache, cough, stomachache, 
back pain, bone pain) 0.84   13215   10221 -22.66   8695.5 -34.20   7180 -45.67 

Bauhinia forficata Link 1 (itching) 0.83   465   223.2 -52.00   158.1 -66.00   130.2 -72.00 

Bowdichia virgilioides Kunth 9 (fever, rash, cough, body aches, stomachache, 
back pain, leg pain, bone pain, headache) 0.88   7774.8   7021.5 -9.69   6798.3 -12.56   6705 -13.76 

Brosimum gaudichaudii Trecul 1 (liver disorders) 0.87   1999.5   1915.8 -4.19   1869.3 -6.51   1869 -6.51 

Campomanesia aromatica (Aubl.) Griseb. 2 (fever, cough) 0.90   2362.2   2139 -9.45   2101.8 -11.02   2120 -10.24 

Campomanesia velutina (Cambess.) O. Berg 1 (itching) 0.96   381.3   344.1 -9.76   362.7 -4.88   372 -2.44 

Cedrela odorata L. 3 (fever, headache, liver disorders) 0.82   437.1   93 -78.72   65.1 -85.11   18.6 -95.74 

Ceiba glaziovii (Kuntze) K. Schum. 2 (anemia, back pain) 0.84   4947.6   3664.2 -25.94   3403.8 -31.20   3116 -37.03 

Cenostigma macrophyllum Tul. 1 (fever) 0.90   4743   5645.1 19.02   5784.6 21.96   6175 30.20 

Cereus jamacaru DC. 6 (fever, diarrhea, skin rash, liver disorders, 
cough, stomach pain, bone pain) 0.81   13522   12006 -11.21   12266.7 -9.28   12871 -4.81 

Chamaecrista ensiformis (Vell.) HS Irwin & 
Barneby 1 (anemia) 0.99   465   399.9 -14.00   437.1 -6.00   427.8 -8.00 
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Cnidoscolus pubescens Pohl 2 (liver disorders, cough) 0.86   1571.7   725.4 -53.85   716.1 -54.44   678.9 -56.80 

Cnidoscolus Quercifolius Pohl 2 (liver disorders, back pain) 0.89   10937   11820 8.08   12861.9 17.60   14666 34.10 

Combretum leprosum Mart. 4 (fever, high fever, diarrhea, headache, 
stomachache, cough) 0.88   9569.7   11151 16.52   11997 25.36   12713 32.85 

Commiphora leptophloeos (Mart.) JB Gillett 3 (fever, stomachache, cough) 0.81   16796   15010 -10.63   14424.3 -14.12   14062 -16.28 

Copaifera langsdorffii Desf. 8 (fever, headache, rash, dizziness, cough, body 
aches, stomachache, back pain) 0.88   4082.7   3320.1 -18.68   2836.5 -30.52   2660 -34.85 

Copernicia prunifera (Mill.) HE Moore 1 (itching) 0.96   2948.1   4082.7 38.49   5087.1 72.56   5803 96.85 

Coutarea hexandra (Jacq.) K. Schum. 6 (fever, high fever, diarrhea, headache, 
stomachache, cough) 0.84   8528.1   7272.6 -14.72   6547.2 -23.23   5971 -29.99 

Croton blanchetianus Baill. 5 (diarrhea, liver disorders, clotting disorders, 
cough, stomach pain) 0.87   18247   17614 -3.47   17567.7 -3.72   17465 -4.28 

Croton limae AP Gomes, MF Sales & PE Berry 1 (liver disorders) 0.86   1181.1   641.7 -45.67   502.2 -57.48   362.7 -69.29 

Croton sonderianus Müll. Arg. 3 (diarrhea, clotting disorders, stomach pain) 0.76   1488   3143.4 111.25   4240.8 185.00   5561 273.75 

Curatella americana L. 1 (fever) 0.85   2343.6   2046 -12.70   1999.5 -14.68   1925 -17.86 

Dimorphandra gardneriana Tul. 4 (diarrhea, cough, body aches, back pain) 0.84   744   344.1 -53.75   279 -62.50   241.8 -67.50 

Enterolobium contortisiliquum (Vell.) Morong 3 (muscle pain, body ache, back pain) 0.84   3199.2   1720.5 -46.22   1646.1 -48.55   2027 -36.63 

Erythrina velutina Willd. 4 (diarrhea, fever, headache, cough) 0.76   6640.2   4026.9 -39.36   3236.4 -51.26   2930 -55.88 

Euphorbia comosa Vell. 1 (diarrhea) 0.86   5552.1   3413.1 -38.53   2873.7 -48.24   2316 -58.29 

Genipa americana L. 2 (anemia, leg pain) 0.78   1581   1450.8 -8.24   1460.1 -7.65   1442 -8.82 

Geoffroea spinosa Jacq. 3 (fever, anemia, diarrhea) 0.90   883.5   883.5 0.00   1339.2 51.58   2158 144.21 

Guettarda Angelica Mart. ex Müll. Arg. 1 (fever) 0.82   7123.8   5598.6 -21.41   5384.7 -24.41   5227 -26.63 

Hancornia speciosa Gomes 1 (diarrhea) 0.85   1636.8   1469.4 -10.23   1311.3 -19.89   1209 -26.14 
Handroanthus impetiginosus (Mart. ex DC.) 
Mattos 

5 (anemia, itching, body aches, back pain, bone 
pain) 0.80   8928   5226.6 -41.46   4185 -53.13   3869 -56.67 

Himatanthus drasticus (Mart.) Plumel 4 (anemia, liver disorders, cough, stomach pain) 0.93   3366.6   3050.4 -9.39   3189.9 -5.25   3209 -4.70 

Hymenaea courbaril L. 5 (anemia, headache, cough, bone pain, fever) 0.87   3348   2427.3 -27.50   2101.8 -37.22   1739 -48.06 

Hymenaea stigonocarpa Mart. ex Hayne 4 (anemia, itching, cough, body aches) 0.95   2827.2   2176.2 -23.03   2018.1 -28.62   1683 -40.46 

Jacaranda jasminoides (Thunb.) Sandwith 1 (itching) 0.87   3031.8   2697 -11.04   2687.7 -11:35   2613 -13.80 
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Libidibia ferrea (Mart. ex Tul.) LP Queiroz 

12 (fever, high fever, anemia, diarrhea, liver 
disorders, leg pain, bone pain, back pain, 
stomach pain, pain in digestive organs, cough, 
itching) 

0.78   20655   20795 0.68   21157.5 2.43   22246 7.70 

Machaerium hirtum (Vell.) Stellfeld 1 (diarrhea) 0.90   3431.7   2752.8 -19.78   2557.5 -25.47   2492 -27.37 

Manihot carthagenensis (Jacq.) Müll. Arg. 1 (diarrhea) 0.81   9755.7   6472.8 -33.65   5273.1 -45.95   4083 -58.15 

Matayba guianensis Aubl. 2 (back pain, leg pain) 0.95   1004.4   688.2 -31.48   539.4 -46.30   446.4 -55.56 

Maytenus rigida Mart. 3 (liver disorders, cough, body aches) 0.87   4966.2   3813 -23.22   3320.1 -33.15   3209 -35.39 

Microdesmia rigida (Benth.) Sothers & Prance 1 (diarrhea) 0.94   2771.4   3348 20.81   3543.3 27.85   3571 28.86 

Mimosa caesalpiniifolia Benth. 1 (liver disorders) 0.80   3747.9   3320.1 -11.41   3534 -5.71   4176 11.41 

Mimosa ophthalmocentra Mart. ex Benth. 1 (skin irritation) 0.83   9969.6   8853.6 -11.19   8528.1 -14.46   8221 -17.54 

Mimosa tenuiflora (Willd.) Poir. 5 (fever, diarrhea, skin rash, cough, stomach 
pain) 0.84   21613   21995 1.76   22887.3 5.90   24366 12.74 

Myracrodruon urundeuva German 

13 (fever, anemia, itching, diarrhea, headache, 
skin irritation, liver disorders, cough, body ache, 
back pain, leg pain, stomach pain, pain in 
digestive organs) 

0.76   14229   10509 -26.14   8788.5 -38.24   7282 -48.82 

Myroxylon peruiferum Lf. 2 (liver disorders, back pain) 0.93   102.3   65.1 -36.36   46.5 -54.55   37.2 -63.64 

Parkia platycephala Benth. liver disorders, back pain 0.96   1181.1   762.6 -35.43   716.1 -39.37   632.4 -46.46 

Peltogyne pauciflora Benth. 1 (diarrhea) 0.89   2287.8   1664.7 -27.24   1534.5 -32.93   1423 -37.80 

Pilosocereus pachycladus F. Ritter 1 (skin irritation) 0.80   6761.1   5356.8 -20.77   4798.8 -29.02   4631 -31.50 

Piptadenia viridiflora (Kunth) Benth. 1 (anemia) 0.72   1915.8   1106.7 -42.23   1292.7 -32.52   1600 -16.50 

Plathymenia reticulata Benth. 1 (cough) 0.91   3059.7   2278.5 -25.53   2083.2 -31.91   2083 -31.91 

Poincianella pyramidalis (Tul.) LP Queiroz 1 (headache) 0.85   5291.7   3348 -36.73   2929.5 -44.64   2697 -49.03 
Pseudobombax marginatum (A. St.- Hil., Juss. & 
Cambess.) A. Robyns 2 (cough, back pain) 0.82   1757.7   744 -57.67   520.8 -70.37   269.7 -84.66 

Psidium guajava L. 3 (diarrhea, stomach pain, pain in the digestive 
organs) 0.79   2185.5   1915.8 -12.34   2408.7 10.21   3134 43.40 

Psidium guineense Sw. 1 (diarrhea) 0.88   3338.7   3682.8 10.31   3757.2 12.53   3850 15.32 

Psidium myrsinites DC. 2 (diarrhea, belly pain) 0.93   344.1   251.1 -27.03   223.2 -35.14   167.4 -51.35 

Roupala Montana Aubl. 5 (liver disorders, stomach pain, back pain, leg 
pain, itching) 0.98   2455.2   1860 -24.24   1636.8 -33.33   1479 -39.77 

Schinopsis brasiliensis Engl. 3 (diarrhea, cough, back pain) 0.90   16805   15038 -10.51   14415 -14.22   13708 -18.43 
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Senegal tenuifolia (L.) Britton & Rose 1 (cough) 0.81   3589.8   2362.2 -34.20   1785.6 -50.26   1302 -63.73 

Senna spectabilis (DC.) HS Irwin & Barneby 3 (anemia, skin irritation, cough) 0.84   15587   14099 -9.55   13540.8 -13.13   13225 -15.16 
Sideroxylon obtusifolium (Roem. & Schult.) TD 
Penn. 

6 (diarrhea, liver disorders, renal colic, muscle 
pain, cough, back pain) 0.85   10174   7653.9 -24.77   6649.5 -34.64   5794 -43.05 

Spondias mombin L. 3 (anemia, diarrhea, muscle pain) 0.74   269.7   241.8 -10.34   204.6 -24.14   176.7 -34.48 

Spondias tuberosa Rue 4 (diarrhea, dehydration, body aches, stomach 
pain) 0.78   17996   17568 -2.38   18432.6 2.43   19130 6.30 

Sterculia striata A. St.-Hil. & Naudin 1 (body pain) 0.89   855.6   660.3 -22.83   976.5 14.13   1190 39.13 

Stryphnodendron rotundifolium Mart. 5 (anemia, skin irritation, liver disorders, 
stomach pain, bone pain) 0.91   1441.5   976.5 -32.26   799.8 -44.52   669.6 -53.55 

Syagrus coronata (Mart.) Becc. 1 (cough) 0.92   2715.6   1562.4 -42.47   1181.1 -56.51   771.9 -71.58 
Tabebuia aurea (Silva Manso) Benth. & Hook.f. 
ex S. Moore 1 (cough) 0.89   6119.4   4371 -28.57   3468.9 -43.31   2939 -51.98 

Talisia esculenta (Cambess.) Radlk. 2 (diarrhea, dehydration) 0.84   2687.7   1906.5 -29.07   1897.2 -29.41   2000 -25.61 

Terminalia glabrescens Mart. 1 (diarrhea) 0.93   1683.3   1292.7 -23.20   1088.1 -35.36   948.6 -43.65 

Tocoyena formosa (Cham. & Schltdl.) K. Schum. 1 (headache) 0.86   11606   10100 -12.98   9504.6 -18.11   9672 -16.67 

Triplaris gardneriana Wedd. 2 (cough, back pain) 0.80   6212.4   8193.3 31.89   14005.8 125.45   16275 161.98 

Vitex gardneriana Schauer 1 (cough) 0.92   2250.6   1292.7 -42.56   1404.3 -37.60   1479 -34.30 

Ximenia americana L. 
10 (anemia, itching, diarrhea, headache, skin 
irritation, liver disorders, cough, stomach pain, 
back pain, fever) 

0.72   4984.8   3961.8 -20.52   3487.5 -30.04   3153 -36.75 

Zanthoxylum gardneri Engl. 2 (diarrhea, headache) 0.98   269.7   148.8 -44.83   93 -65.52   37.2 -86.21 

Ziziphus cotinifolia Reissek 1 (liver disorders) 0.73   818.4   632.4 -22.73   771.9 -5.68   1190 45.45 

Ziziphus joazeiro Mart. 7 (fever, anemia, itching, diarrhea, liver 
disorders, cough, stomach pain) 0.75   7477.2   6789 -9.20   7226.1 -3.36   8017 7.21 
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Discussion 
Increasing climate severity will reduce the extent of favorable areas for the occurrence of most woody medicinal plant 
species in the semiarid region of Brazil, signaling future climates with lower availability of medicinal plants, as recorded in 
semiarid regions of other countries, such as Nepal, India, Kenya, Greece, Mexico, South Africa, Marocco, and the United 
States (Souther & McGraw 2014, Kachmar et al. 2021, Kumar & Rawat 2022, Tshabalala et al. 2022, Kunwar et al. 2023, 
Kougioumoutzis et al. 2024, El-Ghazouani et al. 2024, Radi et al. 2024, Márquez-Rangel et al. 2025). This finding is worrying, 
as climate change will also increase the incidence of several diseases (McMichael 2003, Moreira et al. 2020, Romanello et al. 
2023), thereby increasing the demand for medicinal resources from forests. 
 
According to Pant et al. (2021), 80% of the world's population uses medicinal plants to treat illnesses, indicating that the 
trend toward reduced availability of medicinal plants is a global problem. This fact, combined with the increased incidence 
of CSD, can increase risks to the health systems of different countries, especially those in semiarid regions of the planet, 
which are home to approximately 2.5 billion people, most of whom are economically vulnerable (Albuquerque et al. 2017, 
Scholes 2020, El-Ghazouani et al. 2024, Bouchaou et al. 2024). This is a challenging problem and requires an urgent, careful 
assessment of the consequences of reducing medicinal plant availability for the safety and well-being of populations, as 
environmental integrity is fundamental to human health (Mago et al. 2024, Milazzo et al. 2025). 
 
In addition, the trend of reduction in medicinal plant availability from this and other studies (Kachmar et al. 2021, Cavalcante 
& Sampaio 2022, Kumar & Rawat 2022, Exposito-Alonso 2023, Kunwar et al. 2023, Silva et al. 2024, Kougioumoutzis et al. 
2024, Radi et al. 2024, Sherestha et al. 2022; McCulloch-Jones et al. 2025), points to the negative impact of climate change 
on the structuring and resilience of LMS, which are pretty complex and adaptive (Kleinman 1978, Albuquerque et al. 2024). 
According to Ferreira Júnior et al. (2015), the utilitarian redundancy of LMS is a key component for their resilience, 
contributing to the adaptative value of local populations in the face of environmental risks, including the negative of climate 
change (Medeiros et al. 2020, Coe & Gaoue 2021).  
 
Although the models indicate a reduction in areas favorable for the occurrence of many species, especially in scenarios 4.5 
and 8.5, we did not detect the loss of any species in any of the scenarios, which is positive for maintaining functional 
redundancy and, consequently, the resilience of the LMS. However, the reduction in the availability of medicinal plants 
observed across different climate scenarios signals limitations in future therapeutic alternatives. This reduction, also 
reported in other semiarid regions of the world (Souther & McGraw 2014, Kachmar et al. 2021, Kumar & Rawat 2022, Kunwar 
et al. 2023, Kougioumoutzis et al. 2024, El-Ghazouani et al. 2024, Radi et al. 2024, Márquez-Rangel et al. 2025), may influence 
the role of the functional redundancy of LMS, and should be further investigated in future studies across different locations. 
Thus, although functional redundancy at the species level can be maintained, in more restrictive climate scenarios, the 
contraction of areas favorable for species occurrence may weaken or modify the practical flexibility and adaptative capacity 
of LMS by favoring the discontinuation of the use of scarce or less accessible resources and, consequently, weakening the 
system's flexibility. This demonstrates that increased climate severity may affect LMS, as hypothesized in this study. In other 
words, lower effective availability of medicinal resources can make access to them more difficult and influence species 
selection, as well as the collection and use of plants by local populations, with direct consequences for public health. 
 
Furthermore, the risk of discontinuing the use of a medicinal resource previously attributed to predominantly cognitive 
factors, such as language (Albuquerque et al. 2024), is now understood as a concrete and relevant negative factor in 
understanding the dynamics of LMS. Increasing climate severity could trigger a cascade of effects in semiarid regions and 
alter the local relationships between people and species used to treat symptoms, potentially altering the structure of LMS. 
Over time, the limited availability of medicinal plants may result in changes in foraging strategies and resource management 
for treating illnesses, leading to the emergence of coevolutionary responses or increased use of biomedical remedies, which 
may influence the local transmission of medicinal knowledge (Applequist et al. 2020, Souza et al. 2022, Dantas et al. 2024) 
and need to be investigated in future studies.  
 
For example, restrictions on the availability of medicinal plants can accelerate the process of sociocultural adaptation, 
whether through the incorporation of new knowledge, the redefinition of the use of historically less valued species, or even 
the search for alternatives outside the local traditional repertoire (Applequist et al. 2020). Such adaptation movements, 
while partially mitigating the reduction of therapeutic alternatives, can also trigger changes in traditional health care 
methods, affect the symbolic well-being of communities, weaken cooperative bonds between community members, and 
hinder the transmission of knowledge between generations, aspects that are fundamental to the sociocultural resilience of 
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LMS (Reyes-García et al. 2013, Ferreira Júnior et al. 2015, Albuquerque et al. 2024), and may ultimately increase the health 
vulnerability of some areas. 
 
Another aspect to consider is that changes in climate characteristics can affect plant phenological cycles, such as leaf 
production, flowering, and fruiting periods (Kougioumoutzis et al. 2024, Aguiar et al. 2024, Jangpangi et al. 2025, Silva-Filha 
et al. 2025), potentially creating temporal mismatches between the availability of medicinal resources and the periods when 
communities traditionally carry out their collection (Lins Neto et al. 2021). In addition, climate change can induce changes in 
the adaptive physiological responses of plants to reduce the effects of thermal, water, and light stresses. This can modify the 
quality of the secondary compounds produced (Kougioumoutzis et al. 2024, Pant et al. 2021) and their efficiency in treating 
diseases. The change in secondary compounds when perceived and learned by local populations can negatively impact the 
LMS. Therefore, plant adaptive responses also influence LMS resilience, as even readily available resources may be 
discontinued over time if their efficiency is reduced or lost, signaling the possibility of changes in local cultures (Reyes-García 
et al. 2013). 
 
It is worth noting that although climate scenarios were projected for the 83 species that constitute therapeutic alternatives 
for treating CSD symptoms, many of them are also used to treat other diseases in the Caatinga region (Campos & 
Albuquerque 2021), which intensifies people's search for medicinal plants in the LMS. Although some species' favorable 
ranges expand, this expansion does not necessarily offset the reduction in species numbers, because those that expand treat 
only a small number of symptoms. The treatment of more than half of CSD symptoms will be negatively impacted by climate 
change, especially in the most critical climate scenarios. In the context of LMS, recent discussions (Applequist et al. 2020, 
Campos & Albuquerque 2021) have shown that the dynamics between supply, demand, and functional arrangement of 
medicinal plants tend to intensify if they have multiple uses, including destructive ones, such as firewood, fencing, and 
construction (Nascimento et al. 2019). Overlapping uses intensify pressure on certain species, as demand for energy, 
construction, or food can directly compete with their medicinal uses, accelerating the decline of plant populations, even if 
the areas are favorable for the species. Therefore, species benefiting from climate change will not necessarily reduce the 
medical system's vulnerability if they treat only a few symptoms and have other frequent non-medical uses. Therefore, the 
effective reduction in the availability of therapeutic species may have consequences for biodiversity conservation, as well as 
for the resilience of LMS.  
 
The cascade of consequences of climate change on the LMS increases its complexity, indicating the need for ongoing, 
interactive multilevel assessments (Berkes & Turner 2006) to better understand its dynamics of self-organization, learning, 
and adaptive value in the face of new realities. Current sociocultural adaptations in semiarid regions may not be sufficient 
to compensate for the scarcity of medicinal resources, exposing local populations to greater health risks. For example, muscle 
pain, a symptom of four of the CSD (zika, dengue, chikungunya, and yellow fever), will have severely reduced species 
availability, suggesting greater limitations for its treatment. 
 
The future outlook highlighted in this study is one of increased health risks and an overload on public health systems in 
semiarid regions, indicating that effective coping strategies must go beyond simply maintaining species stocks, as suggested 
by Mykhailenko et al. (2025). In other words, they must incorporate measures to mitigate climate impacts, promote 
therapeutic knowledge of more resilient plant species, and sustainably use species with greater versatility. Identifying the 
risks and monitoring the signs of depletion of a given medicinal resource is a strategic task for health planning and biocultural 
conservation in the region. 
 
Although this study projected negative changes in the availability of medicinal resources used to treat CSD, with 
consequences for LMS, it is necessary to recognize certain limitations that should be considered to improve our 
understanding of the impacts of climate change on LMS, which are inherently complex. Only woody species were considered 
in the analysis. However, the richness of herbaceous species in the Caatinga is high and, although most have temporally 
limited availability due to the rainy season (Araújo et al. 2007, Aguiar et al. 2024), many have medicinal value (Zank et al. 
2015, Farias et al. 2019, Cunha et al. 2022) and can function as an important therapeutic alternative for the treating some 
symptoms of CSD in case of reduced local availability of a particular woody species. In addition, in many locations in the 
semiarid region, local populations adopt the practice of cultivating herbaceous medicinal resources (native and exotic) in 
their backyards (Zank et al. 2015) maintaining them with irrigation, which increases their potential use as a therapeutic 
alternative to woody resources that may become less available. 
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Another limitation is that the modeling performed only estimated the environmental suitability and potential distribution of 
species based on climatic variables, without incorporating variables related to physiological, demographic, and phenological 
processes of the species, as well as variables related to resource access and use or  land-use change, which should be  
addressed to improve the accuracy of climate scenario projections for LMS. 
 
The discussion regarding the adaptive value of LMS could be improved if future studies incorporate variables related to 
people's perceptions of the effects of climate change on the availability of resources for treating CSD symptoms, as well as 
the adaptive strategies adopted in the absence or reduction of particular therapeutic resources. Although overcoming the 
indicated limitations is not straightforward, future studies should identify the variables that best address these gaps, enabling 
a more comprehensive discussion of the challenges posed by change for CSD and public health. 
 

Conclusion 
The biodiversity service provided for public health will face risks with climate change. The reduced availability of medicinal 
plants is a global problem with serious consequences for the management of public health systems in semiarid regions. It 
may increase the social vulnerability of populations, especially low-income ones. This highlights the need for closer dialogue 
between public health and biodiversity conservation at the governmental and international levels. This is already being 
discussed in the One Health and Planetary Health approaches, which advocate for the integration of human, animal, and 
environmental health to maintain health and ensure sustainable and equitable management of Earth's resources (Mago et 
al. 2024, Milazzo et al. 2025, Redvers et al. 2025). 
 
The ecological modeling approach used in this study showed that the climate crisis poses a concrete risk to the availability 
of several medicinal resources. The number of species that will experience reduced availability is high, and more than half 
of the symptoms of CSD will have limited treatment options with medicinal plants. The species that will experience increased 
availability treat a small number of CSD symptoms and do not outnumber the number that will experience a reduction. These 
findings demonstrate that increasing climate severity will exacerbate ecological problems, underscoring the importance of 
developing conservation strategies, especially for species that have experienced significant declines. Furthermore, climate 
change will increase the complexity of LMS and the health vulnerability of human populations in the different socio-
ecological systems of semiarid regions, indicating the importance of valuing the transmission of local knowledge about 
medicinal plants to reduce health-related vulnerability; identifying the abandonment of traditional practices and the 
introduction of new therapeutic alternatives into LMS; and assessing how this abandonment and/or introduction would 
impact local culture, resilience, and the adaptive value of local medical systems. 
 
Consequently, a government policy integrating biocultural conservation and public health must be encouraged in semiarid 
regions to address better the challenges posed by climate change. This policy can be a path to mitigating the risks of the 
climate crisis we face. Promoting the development of measures to monitor the availability of medicinal resources, 
encouraging community management practices and the cultivation of key species for diseases, especially those with high 
incidence, storing and preserving seeds, and continually evaluating the importance of these measures for the collection and 
use of resources by human populations are measures that need to be incorporated into this policy for the well-being of 
human populations and the conservation of the biological and cultural heritage of the regions. 
 

Declarations 
List of abbreviations: CSD - Climate-sensitive diseases; LMS - Local medical systems; SDM - Species distribution models; RCP 
- Representative Concentration Pathway; GBIF - Global Biodiversity Information Facility. 
Ethics approval and consent to participate: This article does not contain any studies involving human participants or animals 
performed by any of the authors. Therefore, ethical approval and informed consent were not required. 
Consent for publication: Not applicable. 
Availability of data and materials: The datasets generated and/or analyzed during this study are available from the 
corresponding author upon reasonable request. Environmental and climatic data were obtained from the WorldClim 
database, and species occurrence records were obtained from the Global Biodiversity Information Facility (GBIF). 
Competing interests: The authors declare no conflicts of interest. 
Funding: This study was supported by the National Council for Scientific and Technological Development (CNPq) through 
research grants 406557/2022-5 and 407968/2023-7, by research productivity fellowships awarded to UPA (305285/2020-3) 
and ELA (304947/2022-9), and by a doctoral scholarship granted to EBS by the Pernambuco Science and Technology Support 
Foundation (FACEPE) (IBPG-1343-2.05/22). 



Ethnobotany Research and Applications 

 

18 

Author contributions: EBS collected the data, conducted the analyses, and wrote the first version of the manuscript. UPA 
contributed to the study conception and methodology, participated in the analyses, and supervised the research. ELA 
contributed to the supervision and participated in the review of the manuscript. All authors contributed to the final version 
of the text.   
 

Acknowledgements 
We would like to thank the Graduate Program in Ethnobiology and Nature Conservation, the Federal Rural University of 
Pernambuco (UFRPE); the Pernambuco Science and Technology Support Foundation (FACEPE); the Coordination for the 
Improvement of Higher Education Personnel (CAPES); the Resiclima Network - International collaboration for the 
multidimensional and interdisciplinary study of global climate change; and the Instituto para Redução de Riscos e Desastres 
(IRRD) for their institutional and academic support. 
 

Literature cited 
Aguiar BAS, Lopes CGR, Sousa GM, Medeiros MJL, Silva KA, Araújo EL. 2024. Effect of simulated extreme rainfall on the 
vegetative phenology of perennial and annual herbaceous plants from a Brazilian dry forest. Plant Biology 26:1-10. doi: 
10.1111/plb.13674 

Aguiar DF, Barros ENC, Ribeiro GS, Brasil P, Mourão MPG, Luz K, Aoki FH, Freitas ARR, Calvet GA, Oliveira E, Franco FB, Abreu 
A, Cheuvart GA, Guignard A, Boer M, Duarte AC, Borges MB, Noronha TG. 2021. A prospective, multicentre, cohort study to 
assess the incidence of dengue illness in households from selected communities in Brazil (2014-2018). International Journal 
of Infectious Diseases 108:443-453. doi: 10.1016/j.ijid.2021.04.062 

Alanís-Méndez JL, Soto V, Limón-Salvador F. 2024. Effects of climate change on the distribution of Prosthechea mariae 
(Orchidaceae) and within protected areas in Mexico. Plants 13(6):839. doi:10.3390/plants13060839 

Albuquerque UP, Araújo EL, Castro CC, Alves RRN. 2017. People and natural resources in the Caatinga. In: Silva JMC, Leal IR, 
Tabarelli M (eds). Caatinga: The Largest Tropical Dry Forest Region in South America. Springer, Cham, Switzerland, pp. 369-
382. doi:10.1007/978-3-319-68339-3_11 

Albuquerque UP, Cantalice AS, Oliveira DVB, Oliveira ES, Santos FIR, Abreu MB, Brito Júnior VM, Ferreira Júnior WS. 2024. 
How do local medical systems work? An overview of the evidence. Economic Botany 78:52-67. doi: 10.1007/s12231-023-
09587-6 

Alexandre MA, Ferreira CO, Siqueira AM, Magalhães BL, Mourão MP, Lacerda MV, Monteiro WM, Siqueira PA. 2010. Severe 
Plasmodium vivax malaria, Brazilian Amazon. Emerging Infectious Diseases 16:1611-1614. doi: 10.3201/eid1610.100685 

Allen K, Dupuy JM, Gei MG, Hulshof C, Medvigy D, Pizano C, Salgado-Negret B, Smith CM, Trierweiler A, Bloem SJV. 2017. 
Will seasonally dry tropical forests be sensitive or resistant to future changes in rainfall regimes? Environmental Research 
Letters 12:023001. doi:10.1088/1748-9326/aa5968 

Antongiovanni M, Venticinque EM, Tambosi LR, Matsumoto M, Metzger JP, Fonseca CR. 2022. Restoration priorities for 
Caatinga dry forests: landscape resilience, connectivity and biodiversity value. Journal of Applied Ecology 59:1069-1080. 
doi:10.1111/1365-2664.14131 

Applequist WL, Brinckmann JA, Cunningham AB, Hart R, Heinrich M, Katerere DR, Van Andel T. 2020. Scientists warning on 
climate change and medicinal plants. Planta Medica 86:10-18. doi:10.1055/a-1041-3406 

Araújo EL, Castro CC, Albuquerque UP. 2007. Dynamics of Brazilian caatinga - a review concerning the plants, environment 
and people. Functional Ecosystems and Communities 1: 15-28   

Badaró R, Jones TC, Carvalho EM, Sampaio D, Reed SG, Barral A, Teixeira R, Johnson WD. 1986. New perspectives on a 
subclinical form of visceral leishmaniasis. The Journal of Infectious Diseases 154:1003-1011. doi:10.1093/infdis/154.6.1003 

Bartholomeeusen K, Daniel M, LaBeaud AD, Gasque P, Peeling RW, Stephenson KE, Ng LFP, Ariën KK. 2023. Chikungunya 
fever. Nature Reviews Disease Primers 9:29. doi:10.1038/s41572-023-00429-2 

Belo VS, Bruhn FRP, Barbosa DS, Câmara DCP, Simões TC, Buzanovsky LP, Werneck GL. 2023. Temporal patterns, spatial risks, 
and characteristics of tegumentary leishmaniasis in Brazil in the first twenty years of the 21st century. PLOS Neglected 
Tropical Diseases 17:e0011405. doi:10.1371/journal.pntd.0011405 

Berkes F, Turner NJ. 2006. Knowledge, learning and the evolution of conservation practice for social-ecological system 
resilience. Human Ecology 34:479-494. doi: 10.1007/s10745-006-9008-2 

Bouchaou L, El Alfy M, Shanafield M, Siffeddine A, Sharp J. 2024. Groundwater in arid and semiarid areas. Geosciences 
14:332. doi:10.3390/geosciences14120332 



Ethnobotany Research and Applications 

 

19 

Breiman L. 2001. Random forests. Machine Learning 45:5-32. doi:10.1023/A:1010933404324 

Campos JLA, Albuquerque UP. 2021. Indicators of conservation priorities for medicinal plants from seasonal dry forests of 
northeastern Brazil. Ecological Indicators 121:106993. doi:10.1016/j.ecolind.2020.106993 

Campos MC, Nascimento L, Silva S, Brito L, Rocha P. 2018. Zika might not be acting alone: using an ecological study approach 
to investigate potential co-acting risk factors for an unusual pattern of microcephaly in Brazil. PLOS ONE 13:e0201452. 
doi:10.1371/journal.pone.0201452 

Carlos BC, Rona LDP, Christophides GK, Souza-Neto JA. 2019. A comprehensive analysis of malaria transmission in Brazil. 
Pathogens and Global Health 113:1-13. doi:10.1080/20477724.2019.1581463 

Carmo RF, Silva Júnior JVJ, Pastor AF, de Souza CDF. 2020. Spatiotemporal dynamics, risk areas and social determinants of 
dengue in Northeastern Brazil, 2014-2017: an ecological study. Infectious Diseases of Poverty 9:153. doi:10.1186/s40249-
020-00772-6 

Cavalcante AMB, Sampaio ACP. 2022. Modeling the potential distribution of cacti under climate change scenarios in the 
largest tropical dry forest region in South America. Journal of Arid Environments 200:104725. 
doi:10.1016/j.jaridenv.2022.104725 

Coe MA, Gaoue OG. 2021. Phylogeny explains why less therapeutically redundant plant species are not necessarily facing 
greater use pressure. People Nat. 3:770-781. DOI: 10.1002/pan3.10216 

Couto RA, Latorre MRDO, Santi SM, Natal D. 2010. Autochthonous malaria notified in the state of São Paulo: clinical and 
epidemiological characteristics from 1980 to 2007. Revista da Sociedade Brasileira de Medicina Tropical 43:52-58. doi: 
10.1590/s0037-86822010000100012 

Cruz ACR, Hernandez LHA, Aragão CF, Da Paz TYB, da Silva SP, da Silva FS, Nunes-Neto JP. 2023. The importance of entomo-
virological investigation of yellow fever virus to strengthen surveillance in Brazil. Tropical Medicine and Infectious Disease 
8:329. doi: 10.3390/tropicalmed8060329 

Cunha SS, Ramos MB, Almeida HA, Maciel MGR, Souza SM, Pedrosa KM, Lopes SF. 2022. Vegetation cover and seasonality 
as indicators for selection of forage resources by local agro-pastoralists in the Brazilian semiarid region. Scientific Reports 
12:15174. doi:10.1038/s41598-022-18282-w  

Dantas JÍM, Nascimento ALB, Silva TC, Albuquerque UP, Araújo EL. 2024. Investigating the dynamics of cultural mutations in 
local medicinal plant use in NE Brazil. Ethnobotany Research and Applications 28:1-14. doi:10.32859/era.28.13.1-14 

Das T, Jaffar-Bandjee MC, Hoarau JJ, Krejbich Trotot P, Denizot M, Lee-Pat-Yuen G, Gasque P. 2010. Chikungunya fever: CNS 
infection and pathologies of a re-emerging arbovirus. Progress in Neurobiology 91:121-129. 
doi:10.1016/j.pneurobio.2009.12.006 

El-Ghazouani F, Boukhanfer R, Yacoubi B, Zekhnini A. 2024. Ethnobotanical study of medicinal plants used in the rural area 
of the Western High Atlas (Morocco). Ethnobotany Research and Applications 29:1-26. doi: 
https://ethnobotanyjournal.org/index.php/era/article/view/5984 

Endy TP, Chunsuttiwat S, Nisalak A, Libraty DH, Green S, Rothman AL, Vaughn DW, Ennis FA. 2002. Epidemiology of 
inapparent and symptomatic acute dengue virus infection: a prospective study of primary school children in Kamphaeng 
Phet, Thailand. American Journal of Epidemiology 156:40-51. doi:10.1093/aje/kwf005 

Exposito-Alonso M. 2023. Understanding plant local extinctions before it is too late: bridging evolutionary genomics and 
global change ecology. New Phytologist 237:2005-2011. doi:10.1111/nph.18718 

Farias JC, Miranda GDR, Santos MHB, Bomfim BLS, Fonseca Filho IC, França SM, Barros RFM, Silva PRR. 2019. Medicinal flora 
cultivated in backyards of a community in Northeast Brazil. Ethnobotany Research and Applications 18:1-13. 

Ferraz EMN, Silva SI, Araújo EL. 2004. Floristic similarities between lowland and montane areas of Atlantic Forest in 
Northeastern Brazil. Plant Ecology 174:1-12. doi: 0.1023/B:VEGE.0000046062.77560.f5 

Ferreira Júnior WS, Nascimento ALB, Ramos MA, Medeiros PM, Soldati GT, Santoro FR, Reyes-Garcia V, Albuquerque UP. 
2015. Resilience and adaptation in social-ecological systems. In: Albuquerque UP, Medeiros PM, Casas A. (eds). Evolutionary 
Ethnobiology. Springer, Cham, Switzerland, Pp. 105-119. doi: 10.1007/978-3-319-19917-7_8 

Foden WB, Young BE, Akçakaya HR, Garcia RA, Hoffmann AA, Stein BA, Thomas CD, Wheatley CJ, Bickford D, Carr JA, Hole 
DG, Martin TG, Pacifici M, Pearce-Higgins JW, Platts PJ, Visconti P, Watson JEM, Huntley B. 2018. Climate change vulnerability 
assessment of species. WIREs Climate Change 9:e551. doi:10.1002/wcc.551 



Ethnobotany Research and Applications 

 

20 

Freitas BP, Oliveira Dias JR, Prazeres J, Sacramento GA, Ko AI, Maia M, Belfort Jr R. 2016. Ocular findings in infants with 
microcephaly associated with presumed Zika virus congenital infection in Salvador, Brazil. JAMA Ophthalmology 134:529-
535. doi:10.1001/jamaophthalmol.2016.0267 

Griffing SM, Tauil PL, Udhayakumar V, Silva-Flannery L. 2015. A historical perspective on malaria control in Brazil. Memórias 
do Instituto Oswaldo Cruz 110:701-718. doi:10.1590/0074-02760150041 

Guimarães-Silva AS, Oliveira RS, Pimentel KBA, Silva RCR, Rodrigues BL, Rebêlo JMM, Pinheiro VCS. 2023. Spatiotemporal 
distribution of leishmaniasis in an endemic area of Northeast Brazil: implications for intervention actions. Journal of Medical 
Entomology 60(1):165-172. doi:10.1093/jme/tjac123 

Hijmans RJ, Cameron SE, Parra JL, Jones PG, Jarvis A. 2005. Very high resolution interpolated climate surfaces for global land 
areas. International Journal of Climatology 25:1965-1978. doi:10.1002/joc.1276 

IPCC. 2023. Summary for policymakers. In: Climate Change 2023: Synthesis Report. Contribution of Working Groups I, II and 
III to the Sixth Assessment Report of the Intergovernmental Panel on Climate Change. Lee H, Romero J. (eds). IPCC, Geneva, 
Switzerland, Pp. 1-34. doi:10.59327/IPCC/AR6-9789291691647.001 

Jangpangi D, Patni B, Chandola V, Chandra S. 2025. Medicinal plants in a changing climate: understanding the links between 
environmental stress and secondary metabolite synthesis. Frontiers in Plant Science 16:1587337. 
doi:10.3389/fpls.2025.1587337   

Kachmar MR, Naceiri Mrabti H, Bellahmar M, Ouahbi A, Haloui Z, El Badaoui K, Bouyahya A, Chakir S. 2021. Traditional 
knowledge of medicinal plants used in the northeastern part of Morocco. Evidence-Based Complementary and Alternative 
Medicine 2021:6002949. doi:10.1155/2021/6002949 

Kleinman A. 1978. Concepts and a model for the comparison of medical systems as cultural systems. Social Science & 
Medicine. Part B: Medical Anthropology 12:85-93. doi:10.1016/0160-7987(78)90014-5 

Kougioumoutzis K, Tsakiri M, Kokkoris IP, Trigas P, Iatrou G, Lamari FN, Tzanoudakis D, Koumoutsou E, Dimopoulos P, Strid 
A, Panitsa M. 2024. Assessing the Vulnerability of Medicinal and Aromatic Plants to Climate and Land-Use Changes in a 
Mediterranean Biodiversity Hotspot. land 13:197. doi:10.3390/land13020133 

Kumar D, Rawat S. 2022. Modeling the effect of climate change on the distribution of threatened medicinal orchid Satyrium 
nepalense D. Don in India. Environmental Science and Pollution Research 29:72431-72444. doi:10.1007/s11356-022-20412-
w 

Kunwar RM, Joshi NR, Thapa-Magar KB, Adhikari B, Subedi SC, Upadhyaya KS, Kutal DH, Thapa-Magar S, Ansari AS, Thapa GJ, 
Bhandari AR, Baral B. 2023. Distribution of important medicinal plants in Nepal under past, present and future climate 
conditions. Ecological Indicators 146:109879. doi: 10.1016/j.ecolind.2023.109879 

Lins Neto EMF, Santos SV, Ferreira Júnior WS. 2021. Does climatic seasonality of the Caatinga influence the composition of 
the free lists of medicinal plants? A case study. Ethnobiology Letters 12:44-54. doi:10.14237/ebl.12.1.2021.1678 

Luan J, Zhang C, Xu B, Xue Y, Ren Y. 2020. The predictive performance of random forest models with limited sample size and 
different species traits. Fisheries Research 227:105534. doi:10.1016/j.fishres.2020.105534 

Mago A, Dhali A, Kumar H, Maity R, Kumar B. 2024. Planetary health and its relevance in the modern era: a thematic review. 
SAGE Open Medicine 12:20503121241254231. doi:10.1177/20503121241254231 

Márquez-Rangel I, Cruz M, Neira-Vielma AA, Ramírez-Barrón SN, Aguilar-Zarate P, Belmares R. 2025. Plants from arid zones 
of Mexico: bioactive compounds and potential use for food production. Resources 14(1):13. doi:10.3390/resources14010013 

McCulloch-Jones EJ, Lemme BK, Winzer LF, Richardson DM, Wilson JRU. 2025. Colocasia esculenta (L.) Schott (Araceae; taro): 
global invasion history and prognosis for South Africa. South African Journal of Botany 177:665-673. doi: 
10.1016/j.sajb.2024.11.037 

McMichael AJ. 2003. Global climate change and health: an old story writ large. In: McMichael AJ, Campbell-Lendrum DH, 
Corvalán CF, Ebi KL, Githeko AK, Scheraga JD, Woodward A. (eds). Climate Change and Human Health: Risks and Responses. 
World Health Organization, Geneva, Switzerland. 

Medeiros PM, Ferreira Júnior WS, Queiroz FD. 2020. Utilitarian redundancy in local medical systems: theoretical and 
methodological contributions. Journal of Ethnobiology and Ethnomedicine 16:62. doi:10.1186/s13002-020-00416-x 

Medeiros PM, Soldati GT, Alencar NL, Vandebroek I, Pieroni A, Hanazaki N, Albuquerque UP. 2012. The use of medicinal 
plants by migrant people: adaptation, maintenance, and replacement. Evidence-Based Complementary and Alternative 
Medicine 2012:807452. doi:10.1155/2012/807452 



Ethnobotany Research and Applications 

 

21 

Milazzo A, Liu J, Multani P, Steele S, Hoon E, Chaber AL. 2025. One Health implementation: A systematic scoping review using 
the Quadripartite One Health Joint Plan of Action. One Health 20:101008. doi:10.1016/j.onehlt.2025.101008 

Monath TP. 2001. Yellow fever: an update. The Lancet Infectious Diseases 1:11-20. doi:10.1016/S1473-3099(01)00016-0 

Monserud RA, Leemans R. 1992. Comparing global vegetation maps with the Kappa statistic. Ecological Modelling 62:275-
293. doi:10.1016/0304-3800(92)90003-W 

Moreira RP, Costa AC, Gomes TF, Ferreira GO. 2020. Climate and climate-sensitive diseases in semiarid regions: a systematic 
review. International Journal of Public Health 65:1749-1761. doi: 10.1007/s00038-020-01464-6 

Mykhailenko O, Jalil B, McGaw LJ, Echeverría J, Takubessi M, Heinrich M. 2025. Climate change and the sustainable use of 
medicinal plants: a call for “new” research strategies. Frontiers in Pharmacology 15:1496792. 
doi:10.3389/fphar.2024.1496792 

Nascimento LGS, Ramos MA, Albuquerque UP, Araújo EL. 2019. The use of firewood in protected forests: gathering practices 
and analysis of the legal restrictions on extractivism. Acta Botanica Brasilica 33:292-302. doi:10.1590/0102-
33062019abb0050 

Ordonez A, Riede F, Normand S, Svenning JC. 2024. Towards a new biosphere in 2300: rapid and extensive global and cross-
biome climate novelty in the Anthropocene. Philosophical Transactions of the Royal Society B: Biological Sciences 
379:20230022. doi:10.1098/rstb.2023.0022 

Pant P, Pandey S, Dall'Acqua S. 2021. The influence of environmental conditions on secondary metabolites in medicinal 
plants: A literature review. Chemistry & Biodiversity 18:e2100345. doi:10.1002/cbdv.202100345 

Petersen E, Wilson ME, Touch S, McCloskey B, Mwaba P, Bates M, Dar O, Mattes F, Edwards S, Kidd M, Zumla A. 2016. Rapid 
spread of Zika virus in the Americas - implications for public health preparedness for mass gatherings at the 2016 Brazil 
Olympic Games. International Journal of Infectious Diseases 44:11-15. doi:10.1016/j.ijid.2016.02.001 

Radi M, Benlakhdar S, Ailli A, Ayyad FZ, Balafrej T, El Balghiti El Alaoui A, Hadi N, Khamar H, Asserraji R, El Imache A, Zair T. 
2024. Ethnobotanical study of medicinal plants with therapeutic interest in the province of Khemisset, Morocco. 
Ethnobotany Research and Applications 29:1-22. doi: ethnobotanyjournal.org/index.php/era/article/view/6177 

Redvers N, Wright K, Hartmann-Boyc J, Tonkin-Crine S. 2025. Planetary health for health systems: a scoping review and 
content analysis of frameworks. PLOS Global Public Health 5(6): e0004710. https://doi.org/10.1371/journal.pgph.0004710 

Reyes-García V, Luz AC, Gueze M, Paneque-Gálvez J, Macía MJ, Orta-Martínez M, Pino J, TAPS Bolivian Study Team. 2013. 
Secular trends on traditional ecological knowledge: An analysis of different domains of knowledge among Tsimane' men. 
Learning and Individual Differences 27:206-212. doi:10.1016/j.lindif.2013.01.011 

Rigau-Pérez JG, Laufer MK. 2006. Dengue-related deaths in Puerto Rico, 1992-1996: diagnosis and clinical warning signs. 
Clinical Infectious Diseases 42:1241-1246. doi: 10.1086/501355 

Romanello M, Di Napoli C, Green C, Kennard H, Lampard P, Scamman D, Walawender M, Ali Z, Ameli N, Ayeb-Karlsson S, 
Beggs PJ, Belesova K. 2023. The 2023 report of the Lancet Countdown on health and climate change: the imperative for a 
health-centred response in a world facing irreversible harms. The Lancet 402:2346-2394. doi:10.1016/S0140-
6736(23)01859-7 

Sá-Filho GF, Silva AIB, Costa EM, Nunes LE, Ribeiro LHF, Cavalcanti JRLP, Guzen FP, Oliveira LC, Cavalcante JS. 2021. Medicinal 
plants used in the Brazilian Caatinga and the therapeutic potential of secondary metabolites: a review. Research, Society and 
Development 10:e140101321096. doi:10.33448/rsd-v10i13.21096 

Scholes RJ. 2020. The future of semi-arid regions: A weak fabric unravels. Climate 8:43. doi:10.3390/cli8030043 

Sergon K, Njuguna C, Kalani R, Ofula V, Onyango C, Konongoi LS, Burke H, Dumilla AM, Konde J, Njenga MK, Sang R, Breiman 
RF. 2008. Seroprevalence of Chikungunya virus (CHIKV) infection on Lamu Island, Kenya, October 2004. The American Journal 
of Tropical Medicine and Hygiene 78:333-337. doi:10.4269/ajtmh.2008.78.333 

Shrestha UB, Lamsal P, Ghimire SK, Dhakal S, Shrestha S, Atreya K, Shrestha BB. 2022. Climate change-induced distributional 
changes of medicinal and aromatic plants in the Nepal Himalaya. Ecology and Evolution 12:e9204. doi:10.1002/ece3.9204 

Silva Filha MJ, Aguiar, BAS, Araujo VKR, Andrade JR, Santos JMFF, Lima EN, Araújo EL. 2025. Phenological mismatches of 
Myracrodruon urundeuva Allemão (Areira) between an anthropogenic and preserved caatinga fragment. Acta Botanica 
Brasilica 39:e20230290. doi:10.1590/1677-941X-ABB-2023-0290 

Silva JLS, Cruz-Neto O, Tabarelli M, Albuquerque UP, Lopes AV. 2022. Climate change is likely to threaten areas of suitable 
habitats for the most relevant native medicinal plants from the Caatinga dry forest. Ethnobiology and Conservation 11:10. 
doi: 10.15451/ec2022-06-11.15-1-24 



Ethnobotany Research and Applications 

 

22 

Silva JMC, Leal IR, Tabarelli M. 2017. Caatinga: The Largest Tropical Dry Forest Region in South America. Springer 
International Publishing, Cham, Switzerland. doi:10.1007/978-3-319-68339-3_1 

Silva Junior GBD, Pinto JR, Mota RMS, Pires Neto RDJ, Daher EF. 2018. Impact of chronic kidney disease on chikungunya virus 
infection clinical manifestations and outcome: highlights during an outbreak in northeastern Brazil. The American Journal of 
Tropical Medicine and Hygiene 99:1327-1330. doi:10.4269/ajtmh.18-0531  

Silva NF, Hanazaki N, Albuquerque UP, Campos JLA, Feitosa IS, Araújo EL. 2019. Local knowledge and conservation priorities 
of medicinal plants near a protected area in Brazil. Evidence-Based Complementary and Alternative Medicine 2019:8275084. 
doi:10.1155/2019/8275084 

Silva NIO, Sacchetto L, Rezende IM, Trindade GS, LaBeaud AD, Thoisy B, Drumond BP. 2020. Recent sylvatic yellow fever virus 
transmission in Brazil: the news from an old disease. Virology Journal 17:9. doi:10.1186/s12985-019-1277-7 

Sousa BM, Albuquerque UP, Araújo EL. 2022. Easy access to biomedicine and knowledge of medicinal plants: a case study in 
a semiarid region of Brazil. Evidence-Based Complementary and Alternative Medicine 2022:7545073. 
doi:10.1155/2022/5073625 

Souther S, McGraw JB. 2014. Synergistic effects of climate change and harvest on extinction risk of American ginseng. 
Ecological Applications 24:1463-1477. doi:10.1890/13-0653.1 

Thomas DL, Sharp TM, Torres J, Armstrong PA, Munoz-Jordan J, Ryff KR, Martinez-Quiñones A, Arias-Berríos J, Mayshack M, 
Garayalde GJ, Saavedra S, Luciano CA, Valencia-Prado M, Waterman S, Rivera-García B. 2016. Local transmission of Zika 
virus—Puerto Rico, November 23, 2015-January 28, 2016. MMWR Morbidity and Mortality Weekly Report 65:154-158. doi: 
10.15585/mmwr.mm6506e2 

Thuiller W, Albert C, Araújo MB, Berry PM, Cabeza M, Guisan A, Hickler T, Midgley GF, Paterson J, Schurr FM, Sykes MT, 
Zimmermann NE. 2008. Predicting global change impacts on plant species’ distributions: Future challenges. Perspectives in 
Plant Ecology, Evolution and Systematics 9:137-152. doi:10.1016/j.ppees.2007.09.004 

Tshabalala T, Mutanga O, Abdel-Rahman EM. 2022. Predicting the Geographical Distribution Shift of Medicinal Plants in 
South Africa Due to Climate Change. Conservation 2:694-708. doi:10.3390/conservation2040045 

Vissoci JRN, Rocha TAH, Silva NC, Queiroz RCS, Rocha JV, Nacif-Pimenta R, Rodrigues CG, Carvalho EB, Staton CA, Branco 
MRFC, Barreto ML. 2018. Zika virus infection and microcephaly: Evidence regarding geospatial associations. PLOS Neglected 
Tropical Diseases 12:e0006392. doi:10.1371/journal.pntd.0006392 

Waterman SH, Gubler DJ. 1989. Dengue fever. Clinics in Dermatology 7:117-122. doi:10.1016/0738-081X(89)90034-5 

Zank S, Peroni N, Araújo EL, Hanazaki N. 2015. Local health practices and the knowledge of medicinal plants in a Brazilian 
semi-arid region: environmental benefits to human health. Journal of Ethnobiology and Ethnomedicine 11:11. 
doi:10.1186/1746-4269-11-11 

  



Ethnobotany Research and Applications 

 

23 

Supplementary Material: Standardized symptoms and their clinical variants / alternative terms, consolidated to harmonize 
the different terminologies found in the literature. 

Standardized Symptom Clinical Variants / Alternatives Terms 

Anemia anemia 

Back pain back pain; lumbago 

Blood clotting disorders blood clotting disorders; blood coagulation problems; coagulation disorders 

Body aches body ache; body aches 

Cough cough 

Dehydration dehydration 

Diarrhea diarrhea 

Dizziness dizziness; vertigo 

Fever / High fever fever; high fever 

Headache headache; cephalalgia 

Itching itching; pruritus 

Joint pain joint pain; arthralgia; joint find 

Kidney involvement kidney involvement; renal insufficiency; kidney colic; kidney stones; kidney pain 

Liver disorders liver disorders; liver problems; liver disease 

Muscle pain muscle pain; myalgia  

Pain in digestive organs pain in digestive organs; gastrointestinal pain 

Pain in the abdomen stomach pain; stomachache; abdominal pain; belly pain 

Pain in the bones cap pain; osseous pain 

Pain in the legs leg pain 

Rash skin irritation; skin rash; exanthema 

 

 


