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Abstract 

Background Local medical systems (LMS) include native and exotic plants used for the treatment of diseases 
of physical and spiritual nature. The incorporation of exotic plants into these systems has been the subject of many 
studies. In this context, an analysis was conducted on the influence of the origin of plants on diseases of physical 
and spiritual nature in order to evaluate the therapeutic versatility of native and exotic species in these therapeutic 
targets, to investigate whether exotic plants mainly fill gaps not met by native plants (diversification hypothesis), 
and identify which species are prioritized in the redundant targets in these two therapeutic groups in the rural com-
munity of Morrinhos, Monsenhor Hipólito, Piauí.

Methods Data collection took place in 2 stages. First, free lists and semi-structured interviews with local residents 
(n = 134) were conducted to survey plants used for therapeutic purposes and the associated illnesses. Then, another 
phase of interviews was carried out to evaluate the prioritization between native and exotic plants in redundant 
therapeutic targets. To test the diversification hypothesis (DH) in each group of illnesses, data were analyzed using 
generalized linear models (Poisson and Binomial GLMs); versatility was measured by the number of therapeutic indi-
cations and compared between resources using the Mann–Whitney test, and prioritization in each group was verified 
by comparing the proportions of native and exotic plants with the χ2 test.

Results One hundred and thirty-two species of plants were surveyed, being 71 exotic and 61 native, with indications 
for physical and spiritual illnesses. The results revealed that the diversification hypothesis did not explain the inclusion 
of exotic plants in the local medical system to treat physical or spiritual illnesses and that the therapeutic versatility 
of exotic and native resources in the two groups was also similar (p > 0.05). However, exotic plants were prioritized 
in illnesses with physical causes and native plants in illnesses with spiritual causes.

Conclusions The local medical system presents similar and distinct patterns in the therapeutic targets, depending 
on the perspective evaluated. Therefore, it is necessary to investigate the patterns of use of medicinal plants in differ-
ent sociocultural contexts in order to broaden the debate about the role of plant origin in the selection of treatments 
for illnesses with different causes.
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Background
Through the therapeutic use of plants, human groups 
have developed classification systems, beliefs and prac-
tices that are important for the treatment of the illnesses 
that affect them [1]. Knowledge systems that encompass 
the use of medicinal natural resources are known as local 
medical systems (LMS) and involve the active partici-
pation of individuals in diagnosis, therapy, and healing 
strategies [2]. These medical systems are composed of 
both native species that occur in the natural areas where 
a particular human group is settled and exotic species 
originating from other regions, countries or continents 
[3]. The incorporation of exotic species in LMS has been 
the investigative scope of different studies over time 
[4–9].

Some researchers have observed that one of the aspects 
that contribute to the incorporation of exotic plants in 
LMS is their versatility in relation to native plants. It is 
likely that these plants are firstly adopted for purposes 
other than medicinal applications, such as food or orna-
mental use, and it is only after continuous experience and 
use that they become part of the medicinal repertoire, as 
suggested by the versatility hypothesis [10]. In this case, 
the more versatile an exotic species is, the more likely it 
is to be incorporated into the daily lives of local popula-
tions [11]. However, no evidence supporting this idea 
was found by Alencar et  al. [6] in a study conducted in 
the Caatinga, in Northeastern Brazil, since native plants 
showed greater versatility in terms of general uses. Fur-
thermore, the authors found no significant differences 
between native and exotic plants with regard to medici-
nal versatility, demonstrating the need to investigate 
more closely the factors that determine the inclusion of 
exotic species in LMS. In view of this, it has been sug-
gested that once inserted in LMS, exotic species offer two 
possibilities of action: (1) they expand the capacity of the 
medical system to resolve health problems, treating ther-
apeutic targets to which no medicinal resource is found 
among native species; or (2) they provide new therapeu-
tic options for diseases already treated with native spe-
cies, favoring utilitarian redundancy [7].

The idea of the first possibility was raised in the 
work of Albuquerque [4], who proposed the diversi-
fication hypothesis (DH), which sustains that exotic 
plants are introduced in LMS to fill therapeutic gaps 
left by native species, thus diversifying the therapeu-
tic spectrum of the system. Some studies have already 
tested this hypothesis, but evidence supporting it is still 
inconclusive [6, 9, 12, 13]. As for the second possibility, 

we first need to understand the concept of utilitarian 
redundancy. The term was introduced in the work of 
Albuquerque and Oliveira [5] who, based on an analo-
gous concept (ecological redundancy), developed the 
utilitarian redundancy model (URM) with the pur-
pose of evaluating the functional overlap of resources 
in LMS. The use of several medicinal species with the 
same therapeutic function indicates the existence of 
redundancy in this function within the system [14]. 
Consequently, the increase of utilitarian redundancy in 
a system implies a growth in the variety of treatment 
options, providing flexibility of choice for people [15]. 
This flexibility is a crucial component of the resilience 
of the system [15], that is, its ability to absorb distur-
bances and adapt to environmental changes, maintain-
ing therapeutic functions and processes [16, 17].

The presence of exotic plants in LMS can also reduce 
the use-pressure on redundant native species in the 
same function [18]. This is because the pressure is 
shared with the exotic species, and the latter can even 
be used more often than native plants that perform the 
same function in the system [19]. Although the use of 
exotic plants in the systems may reflect an accultura-
tion process in the view of some authors, it may actu-
ally involve choices based on adaptive advantages, 
influencing human behavior toward the management of 
these plant resources [15, 20].

The LMS and healing practices around the world 
show that each cultural group has a unique understand-
ing of illnesses and of how they connect with cosmolog-
ical spheres, which is reflected on therapeutic aspects 
[21]. Studies have indicated that the cause of the illness 
influences the treatment, leading to different strategies 
in healing systems, depending on the perceived context 
[21–23]. From this perspective, the causes of illnesses 
or “therapeutic targets” may present variations depend-
ing on the perception of human groups. They can be 
categorized into: (1) illnesses or therapeutic targets 
with physical causes, when they are related to natural 
causes and linked to physical perceptions, with some 
degree of correspondence with biomedical systems 
[21, 24, 25]; or (2) illnesses or therapeutic targets with 
spiritual causes, when the causes are not recognized by 
biomedicine, but are associated with a symbolic and 
immaterial dimension, with explanations linked to a 
supernatural atmosphere accepted by a human group 
or ethnicity [21, 26, 27]. Thus, disease and health are 
not limited to biological and objective configurations, 
but are rather sociocultural constructions that vary 
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according to each social group and its cultural identity 
[28, 29].

Plants play a fundamental role within the sociocultural 
context of health and disease. They are used to treat not 
only diseases caused by physical factors, but also disor-
ders of a spiritual nature; they are used for example for 
energy cleansing, “mau olhado” (evil eye), “vento-caído” 
(‘fallen wind’, when a child takes a fright), “quebranto” 
(‘brokenness’), spells, and so on [26, 30, 31]. Exotic plants 
have been incorporated into spiritual therapeutic prac-
tices, including rituals and related therapies, resulting in 
modifications within cultural systems [32]. However, the 
role of the perceived causes of spiritual diseases in the 
process of incorporation of exotic species into LMS has 
been addressed only in a few studies.

In these circumstances, it is essential to investigate 
the patterns of use of plant resources [6] in therapeutic 
targets involving different causes (physical and spirit-
ual) because, in LMS, the perceived cause of the illness 
is usually the factor that triggers the treatment [21]. 
This approach will allow a more detailed understanding 
of the dynamics of these resources in the local system, 
since previous studies investigating the incorporation of 
plants aimed at therapeutic targets addressed the medi-
cal system in general, encompassing a variety of diseases 
without performing a specific analysis of their perceived 
causes.

In the present study, we propose the rural community 
of Morrinhos, an area of Caatinga in the municipality of 
Monsenhor Hipólito, state of Piauí, Brazil, as scenario 
for the study of the following central question: what is 
the influence of the origin of plants (native and exotic) 
in the selection of treatments for illnesses with differ-
ent perceived causes (physical and spiritual) in the LMS? 
Through the survey of the plants used in therapeutic 
practices in this community, this study primarily aims: 
(a) to investigate whether exotic species predominantly 
fill therapeutic gaps left by native species in illnesses with 
physical and spiritual causes (diversification hypothesis); 
(b) to evaluate the versatility of native and exotic species 
in these therapeutic targets separately; and (c) to analyze 
the utilitarian redundancy between native and exotic 
species in these therapeutic targets, identifying the spe-
cies prioritized in each redundant target.

Material and methods
Study area
This is an ethnobotanical study with a qualitative and 
quantitative approach conducted in the rural commu-
nity of Morrinhos, located in the municipality of Mon-
senhor Hipólito, Piauí, Northeastern Brazil, about 14 km 
from the headquarters of the municipality (Fig.  1). The 
municipality has a territory of 401.568  km2 (06º59′47″ S 

and 41°01′47″ W) and a population of 7577 inhabitants, 
of whom more than half live in rural areas [33]. Regard-
ing physiographic aspects, the area has a hot semiarid 
tropical climate [34] and mixed vegetation of a transition 
zone between Caatinga and Cerrado (deciduous/hyperx-
erophyllous Caatinga forest and sub-deciduous Cerrado) 
[35]. The soils of the region are derived from the altera-
tion of sandstones, shale, conglomerate and siltstone, 
comprising litholic, alic, dystrophic soils in association 
with red-yellow podzol soils and quartz sands [35].

According to information provided by the two commu-
nity health agents working in the area, obtained through 
the Family Health Program (FHP), the community is 
organized into family groups and has about 340 residents 
distributed in 120 households. The residents basically 
survive on subsistence agriculture, with seasonal culti-
vation of beans, corn and cassava, in addition to cashew 
harvesting as main activities. Rearing of cattle and small 
animals such as chickens, guineas and pigs is also prac-
ticed. The production is consumed within the community 
and the surplus is sold at the municipality’s open market 
or sold to local or regional buyers, generating income and 
businesses.

There are some public services in the region, such as 
three Primary schools (one school for early childhood 
education and two schools for elementary education), a 
health center serving local residents and the surround-
ing communities, and public school transport to take 
students to the urban area for them to attend school 
grades not available in the community. The community 
has access to electricity, piped water (most of the popula-
tion), media, and internet. The area has an easy access, 
with good quality side roads, and it is crossed by the 
Benedito Joaquim de Carvalho highway (PI-229), which 
guarantees good mobility and production flow.

In terms of religions, Catholicism predominates. For 
health care, in addition to biomedicine and industrial-
ized medicines, the residents use plant resources grown 
in backyards/farmyards, extracted from natural areas or 
acquired at fairs and markets, in order to complement 
the therapeutic system and seek their well-being. Many 
have a clear preference for these resources over biomedi-
cine. Ritualistic practices of blessings to treat problems 
that cause affliction, as well as the use of protective amu-
lets, are also common.

Ethical and legal aspects
This study was approved by the Ethics and Research 
Committee of the Federal University of Piauí through the 
Brazil Platform under opinion number 5637518 (CAAE: 
60898722.3.0000.8057), as provided for in Resolutions 
466/2012 and 510/2016 of the National Health Coun-
cil, which regulate research involving human beings. 
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Fig. 1 Location of the rural community of Morrinhos, Monsenhor Hipólito, Piauí, Northeastern Brazil
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Each participant signed an Informed Consent Form 
(ICF) and was informed of the guarantee of confidenti-
ality of the information collected, integrity, and the right 
to withdraw at any time. The study was registered in the 
National System of Genetic Resource Management and 
Associated Traditional Knowledge (SisGen) under num-
ber AADE637 and received authorization from SISBIO 
(Biodiversity Information and Authorization System) 
for collection of botanical material (registration number 
85297-1).

Data collection
The community health agents were initially contacted 
and invited to provide information about the community 
in general and the residents assisted by them and then 
the guidelines and stages of the study were presented to 
them. After that, the objectives of the study were pre-
sented to some selected community leaders (religious 
leaders, health professionals, rural unionists). After this 
phase of clarifications, data collection was implemented 
in two stages, in the period between November/2022 and 
May/2023.

A stratified representative sample was taken from a 
population composed of residents aged 18 years or older 
(n = 205 adults), following a 95% confidence level, result-
ing in a sample of 134 people. The community is struc-
tured in nuclei: Morrinhos I, II, III and IV. The sampling 
was performed proportionally and randomly to represent 
these nuclei, corresponding, respectively, to 22% (29), 
22.4% (30), 17.1% (23) and 38.5% (52) of the sample set.

In the first stage, visits were made to the residents of the 
community. The technique of free listing of plants used 
for therapeutic purposes was initially applied to each par-
ticipant, through the question “What plants do you know 
to treat illnesses with physical and spiritual causes?” 
associated with nonspecific induction and the technique 
of re-reading at the end of the list. After listing the plants, 
an individual semi-structured interview was conducted 
to explore the mentioned resources and the illnesses 
associated with them also using the technique of direct 
observation in the community [36]. The objective of this 
phase was to gather socioeconomic data and information 
about the plants used in the treatment of illnesses with 
physical and spiritual causes based on the relationship of 
the residents with local plant diversity, covering aspects 
such as: vernacular names; therapeutic indications; per-
ceived causes of the mentioned targets; plant parts and 
forms of preparation; places of acquisition, among others. 
The categorization of the therapeutic targets mentioned 
according to the perceived causes (physical or spiritual) 
was made for each illness mentioned by the participant, 
taking into account the characteristics that they thought 
to be related: whether the illnesses originated naturally in 

the body itself or were caused by factors such as microor-
ganisms and/or physicochemical elements, in the case of 
diseases of physical nature; or if they were attributed to 
supernatural and energy factors, in the case of spiritual 
illnesses. During this stage, the expected number of 134 
residents were interviewed, being 82 women (61.2%) and 
52 men (38.8%), aged between 18 and 85 years.

Parallel to the interviews, the guided tour technique 
[37] was used to obtain photographic records and col-
lect fertile specimens of the plants mentioned by the 
participants. The collected material was herborized 
[38], identified with the aid of analytical keys, special-
ized bibliographies, and consultations with specialists, 
and deposited in the collection of the Graziela Barroso 
Herbarium (TEPB) of the Federal University of Piauí – 
UFPI as testimony material of this study (voucher). In the 
case of plant resources acquired at fairs and markets, in 
which only parts of the plants (whole or processed) were 
obtained, the most coherent identification, according 
to the general identification of the products used in the 
region, was used, because the collection of these plants 
was not possible.

The classification system adopted was APG IV [39]. 
The scientific nomenclature of taxa and the status of the 
plants as native or exotic were checked in the database 
Flora and Fungi of Brazil (http:// flora dobra sil. jbrj. gov. 
br), and when the species were not present in this data-
base, the database of the Missouri Botanical Garden 
(https:// https:// www. tropi cos. org/ home) was consulted. 
As for the biogeographic origin of the species, all species 
with origin in the Brazilian territory were categorized as 
native, regardless of region or biome, and species with 
origin outside Brazil were categorized as exotic [6, 8] 
regardless of the degree of naturalization (see [40]). Also, 
the term “magical-religious plant” was adopted for plant 
resources related to therapeutic targets with spiritual 
causes.

After collecting the data, a second round of interviews 
was carried out with the same participants of the first 
interviews to evaluate whether native or exotic species 
were prioritized for the redundant therapeutic targets 
mentioned in the first interviews. To this end, the names 
of the plants mentioned for each redundant target were 
presented and the participants were asked to order them 
according to the priority of use [36]. One hundred and 
thirty-two (132) individuals participated in this stage, 
and they showed some overlap of species in the thera-
peutic targets mentioned.

Data analysis
The collected data were systematized in Microsoft Excel® 
spreadsheets and descriptive statistics were applied for 
an overview of the data. Considering the local nosology, 

http://floradobrasil.jbrj.gov.br
http://floradobrasil.jbrj.gov.br
https://www.tropicos.org/home
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the surveyed plants were grouped according to the physi-
cal and spiritual therapeutic indications mentioned by 
the participants [5].

In order to evaluate the versatility of native and exotic 
species in illnesses of physical and spiritual nature sepa-
rately in the local medical system, the measure of versa-
tility took into account only the number of therapeutic 
indications in these 2 groups. The normality of the data 
in each therapeutic group (physical and spiritual) was 
verified using the Shapiro–Wilk test (p < 0.001 in both). 
Then, the results between samples of native and exotic 
species were statistically compared using the nonpara-
metric Mann–Whitney test in order to check if differ-
ences between these samples were significant in each of 
these groups.

To test the diversification hypothesis, the number of 
native and exotic species mentioned to treat diseases in 
each therapeutic group was measured. Then, for each 
group, two generalized linear models were built: a GLM 
with Poisson distribution and a GLM with binomial dis-
tribution. In each model with Poisson distribution, the 
objective was to investigate whether, in each therapeutic 
group, exotic resources tended to be fewer when more 
native resources were available; the richness of exotic 
species was considered as the dependent variable and 
the number of native species was the independent vari-
able. In turn, in each Binomial model, the independent 
variable was the number of native species known to treat 
each illness, and the dependent variable was the presence 
(1) or absence (0) of exotic species for this function. The 
objective was to investigate whether, in each group of ill-
nesses, the therapeutic indications without exotic species 
presented a greater number of native species.

In order to evaluate whether exotic or native species 
were prioritized in the treatment of illnesses with physi-
cal and spiritual causes, based on the ordering generated 
by the participants, the first option mentioned in each 
target was considered and its biogeographic status (native 
or exotic) was noted. Then, the quantities of prioritized 
native and exotic species were counted in each therapeu-
tic group and a chi-square test (χ2) was applied to check 
if there were differences in the proportions between the 
targets in which exotic species were more often used ver-
sus targets in which native species were prioritized.

All analyses were performed in the R statistical envi-
ronment version 4.2.3 [41]. Therapeutic groups (physical 
and spiritual) were analyzed separately, and significant 
results were obtained at p < 0.05.

Results
The 134 participants cited 132 plant species that are 
known and/or used in the local medical system, distrib-
uted in 111 genera and 52 botanical families, with one 

species identified only at the genus level. Among this set, 
71 were exotic (53.8%) and 61 were native to the Brazilian 
territory (46.2%); among the native species, only 22.9% 
were endemic to Brazil. Regarding the habit, the exotic 
species were predominantly herbs (45.1%), followed by 
trees (25.8%), shrubs (22.5%), lianas (5.6%), and palm 
trees (1.4%). The native species were mostly trees (44.3%), 
followed by shrubs (23%), herbs (21.3%) and lianas 
(11.4%). These plants were indicated for 125 therapeutic 
targets, 107 of physical nature and 18 of spiritual nature. 
According to local perception, 106 plants are useful only 
for therapeutic targets with physical causes, 11 exclu-
sively for therapeutic targets with spiritual causes, and 15 
for both types of targets. The exotic species were distrib-
uted in 34 families and the native species in 28 families. 
In general, the botanical families most represented in the 
LMS in terms of number of species were Fabaceae (16 
spp.), Euphorbiaceae (9 ssp.), Lamiaceae and Asteraceae 
(7 spp. each). The data on plant resources are systema-
tized in Table 1.

Although the group of exotic species was greater than 
that of native species, the difference in proportions was 
not significant (χ2 = 1.51, p = 0.21). Furthermore, the 
participants made use of certain plant resources to treat 
both physical and spiritual illnesses. However, not every 
plant used to treat physical health problems was used to 
treat spiritual problems and vice versa.

The Poisson GLMs showed a positive relationship 
between the number of exotic species (dependent vari-
able) and the number of native species (independent 
variable) in the therapeutic targets, with statistical signif-
icance (p < 0.05) in both groups (physical and spiritual). 
However, when the influence of the amount of native 
plants on the presence or absence of exotic species in the 
therapeutic targets was investigated (Binomial GLMs), 
no significant relationships (p > 0.05) were identified in 
any of the groups, as shown in Table 2.

We observed a significant overlap between native 
and exotic species in targets with physical and spiritual 
causes. Notably, targets treated with a variety of exotic 
plants were also treated with many native species, con-
trary to our expectations (Fig. 2). Furthermore, the pres-
ence of exotic species in these therapeutic targets was not 
related to the presence of native species (p > 0.05). Based 
on these results and the data collected, the diversification 
hypothesis was not able to consistently explain the role of 
exotic species in the therapeutic groups evaluated in the 
community, at least in the current context.

As for the versatility of the species, no significant dif-
ferences were found between native and exotic species 
regarding indications for therapeutic targets with physi-
cal (p > 0.05) or spiritual (p > 0.05) causes. Therefore, ther-
apeutic versatility between native and exotic resources 
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was similar in both groups, as shown in Table  3. It is 
noteworthy that, despite the absence of significant dif-
ferences in versatility, the mean of exotic species in tar-
gets of physical nature was higher. Among the 10 most 

versatile species, only 3 were native. The exotic species 
Dysphania ambrosioides (L.) Mosyakin & Clemants 
(Amaranthaceae) (24), Aloe vera (L.) Burm.f. (Aspara-
gaceae) (20), Ruta graveolens L. (Rutaceae) (17), and 

Table 2 Results of Poisson and Binomial GLMs in therapeutic targets with physical and spiritual causes in Morrinhos

Significance levels: p > 0.05; ***p ≤ 0.001

Therapeutic targets GLM Estimated value Standard error z value p value

Physical Poisson 0.098327 0.006628 14.84  < 0.001***

Binomial 0.1595 0.1266 1.260 0.208

Spiritual Poisson 0.23871 0.06033 3.957  < 0.001***

Binomial 0.1765 0.3062 0.576 0.564

Fig. 2 Distribution of exotic and native species in therapeutic targets with physical (A) and spiritual (B) causes in Morrinhos
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Mentha × villosa Huds. (Lamiaceae) (17) stood out with 
a greater number of indications for physical therapeutic 
targets. Among the native species, Amburana cearensis 
(Allemão) A.C.Sm. (Fabaceae) and Lippia alba (Mill.) 
N.E.Br. ex Britton & P.Wilson (Verbenaceae) had 18 indi-
cations, while Astronium urundeuva (M. Allemão) Engl. 
(Anacardiaceae) stood out with 15. In the group of spir-
itual targets, there was a smaller number of species and 
therapeutic indications. The most versatile included R. 
graveolens (12 therapeutic indications), Jatropha gossypii-
folia L. (Euphorbiaceae) (10), Allium sativum L. (Amaryl-
lidaceae) (4) and Cereus jamacaru DC. (Cactaceae) (4).

With regard to the set of redundant illnesses with phys-
ical causes, exotic species were prioritized over native 
ones (χ2 = 79.15, p < 0.001). A different result was found 
in illnesses with spiritual causes: native species were pri-
oritized (χ2 = 4.09, p = 0.043). Thus, in this perspective, 
there was a differentiation in the behavior of the medical 
system with respect to the influence of exotic and native 
resources on their dynamics of use, depending on the 
type of treatment.

Discussion
Diversification hypothesis in therapeutic targets 
with physical and spiritual causes
In the current context of Morrinhos, the diversification 
hypothesis [4] does not seem to explain the role of exotic 
species in the local medical system. At this point, it is also 
important to question the definition of the biogeographic 
origin of the species, since the very classification of a spe-
cies as “exotic” can be influenced by political and cultural 
factors [42]. Therefore, in future studies on the interac-
tion between people and plants, especially when evaluat-
ing the influence of the origin and role of plants in LMS, 
it is important to take into account not only etic criteria 
determined by the interpretation of the researchers, but 
also the emic perception of the people involved, how 
they understand the introduction of the species in their 
therapeutic demands, and how they perceive a resource 
as “exotic” and “native” in their environment, without the 
biases of the associated political, cultural and environ-
mental circumstances. As an example, in French Guiana, 
a recent study explored the emic view of quilombolas in 

relation to invasive exotic tree species and highlighted 
that these peoples often consider these plants as native to 
their socio-ecological systems, making etic definitions of 
little significance for them [43].

A systematic analysis of the diversification hypothesis 
in Brazilian biomes at different levels (national, regional 
and local) conducted by Medeiros et  al. [44] revealed 
disparities between the main Brazilian ecosystems, from 
small differences to considerable overlap between native 
and exotic plants (p > 0.05), suggesting weaknesses in this 
hypothesis depending on the scope of the analysis. In 
Ecuador, introduced plants were more likely to be used to 
treat diseases with fewer native plant treatment options 
and to fill therapeutic gaps, lending support to the central 
idea of the diversification hypothesis [12]. However, cul-
tural and environmental differences need to be taken into 
consideration when we compare these results [8], since 
the very understanding of what constitutes an illness can 
vary from place to place [11].

In this sense, in agreement with the literature, the 
incorporation of exotic plants aimed at targets already 
well covered by native species may represent an adap-
tive strategy of local communities to enhance the resil-
ience of their medical systems, increasing the utilitarian 
redundancy and, consequently, the flexibility of alterna-
tives, in addition to serving as a buffering mechanism 
against possible environmental disturbances that may 
compromise one or more species [15, 19]. The ability of 
the system to respond to disturbances is thus enhanced, 
ensuring the continuity of healing practices, whether 
physical or spiritual, by human groups. Furthermore, it is 
noted that human groups tend to incorporate plants into 
their medical systems not to favor redundancy in a large 
number of therapeutic targets, but rather in a particular 
set of targets locally considered the most important, thus 
suggesting that the inclusion of plants into LMS, regard-
less of the biogeographic origin of the resources, follows 
the logic of protecting specific therapeutic targets.

In line with this idea, studies carried out in rural com-
munities in the semiarid region of Ceará found that the 
more redundant therapeutic targets were the most com-
mon and least severe, since the participants concentrated 
their efforts in gaining knowledge in events that were 

Table 3 Versatility of native and exotic plants in therapeutic targets with physical and spiritual causes in Morrinhos

O: origin (e: exotic to Brazil; n: native to Brazil); Me: mean; Md: median; SD: standard deviation; V: variance; Q1: 1st quartile; Q3: 3rd quartile

Versatility O Me Md SD V Q1 Q3 Mann–Whitney

Physical therapeutic targets e 5.1 3 5.21453 27.19135 1 6 W = 1967,
p = 0.4401n 4.23 3 4.18218 17.49058 1.75 5

Spiritual therapeutic targets e 2.78 2 2.83328 8.02747 1 3 W = 86
p = 0.9358n 2.75 2 2.41680 5.84091 2 2.25
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more likely to occur, promoting the resilience of the sys-
tem [45, 46]. We understand that investing in strategies 
to increase redundancy in targets that rarely affect peo-
ple is costly and unsafe, as the frequency of disease onset 
in the environment can be so low that the memorization 
of resources becomes difficult, compromising their use 
when necessary and the persistence of this information in 
time and space.

Experiments on adaptive memory and the evolution of 
the human mind in the context of medicinal plants found 
that people tend to remember more easily plants associ-
ated with common and less serious health problems [47]. 
This mnemonic capacity associated with these diseases 
can be explained by the high frequency with which they 
occur and by previous personal experiences, which facili-
tates the process of remembering therapeutic informa-
tion [47]. Following this reasoning, we may look into the 
possibility that the diversity of plants in the most redun-
dant therapeutic targets may have been favored by the 
recall of several species that treat the most common dis-
eases of physical and spiritual nature, regardless of their 
origin, while non-overlapping and/or little redundant 
targets were affected by the lower retention of data in 
memory, possibly due to less frequent indications in the 
community.

Versatility in therapeutic targets with physical and spiritual 
causes
The therapeutic versatility of exotic and native resources 
was similar in the two groups of illnesses studied, con-
trary to what was initially proposed in the definition of 
the versatility hypothesis by Bennet and Prance [10]. 
Our findings differ from those of Hart et  al. [12] in the 
Ecuadorian medicinal flora, in which greater therapeutic 
versatility was found for exotic species. Hart et  al. [12] 
attributed this finding to the fact that the wide geograph-
ical distribution of exotic species, which were generally 
cosmopolitan, increased the chances of use, expand-
ing discoveries and therapeutic possibilities, leading to 
the selection of exotic species based on their versatility. 
However, this same premise was not validated in other 
scenarios with drier conditions. In the semiarid region of 
Pernambuco, Alencar et  al. [6] found that native plants 
were more versatile in general uses, with no significant 
differences between native and exotic plants in terms 
of therapeutic versatility. Likewise, no significant dif-
ferences were found between native and exotic species 
in the Cerrado of Minas Gerais [8]. And in the present 
study, no differences were found either. Thus, the selec-
tion of exotic species in these systems, although geo-
graphically and culturally different, is not supported by 
the variety of therapeutic indications.

In these circumstances, we may consider the possibil-
ity that the differences observed in the studies may be 
associated with seasonality patterns in ecosystems and 
the way people have evolutionarily incorporated plants 
in the construction of their medical systems over time. 
In Ecuadorian ecosystems, seasonality is less pronounced 
[12] and does not play an important role as in Caatinga 
and Cerrado. The annual availability of plant resources is 
not a limitation for plant use patterns in the same way as 
in drier environments, where the temporary availability 
of many plants leads to greater attention and use of spe-
cific resources, such as woody species and their perennial 
parts, such as roots and bark [4, 48]. In addition, in past 
times, droughts in semiarid regions limited the access to 
water, posing difficulties to the management of several 
plant species, especially exotic plants in these areas.

Based on the assumptions presented above, the 
resources most likely to be found and used throughout 
the year in drier ecosystems, such as woody species and 
their permanent parts, have particularities that favor 
their frequent use, promoting experimentation and maxi-
mization of therapeutic benefits in local populations [49]. 
This may lead to the valorization of certain native spe-
cies over time and consequent discovery of a variety of 
therapeutic functions, contributing to their versatility in 
relation to ephemeral species, including many exotic her-
baceous species. This probably does not apply to Ecuado-
rian ecosystems. Thus, we believe that these factors have 
influenced the discovery of therapeutic properties of 
native plants and, thus, their versatility in drier environ-
ments. However, the advent of improvements in access to 
water for various purposes, including the cultivation and 
facilitation of the use of many exotic species, is a factor 
to be taken into account. Such improvements and issues 
related to seasonality together may have contributed 
to the variety of therapeutic indications and, thus, the 
similarity observed in terms of versatility between native 
and exotic plants in the present study. In this study, for 
example, we observed that most of the exotic plants 
mentioned by the participants were herbaceous species 
generally with a restricted distribution in the environ-
ment because of climatic seasonality or kept in backyards 
under human management and care, while native species 
consisted mostly of arboreal plants.

Plants with a wide range of medicinal applications have 
particularities that favor their selection by human groups 
[6]. In the Morrinhos community analyzed in this study, 
rue (R. graveolens), a plant native to the Mediterranean 
area and Southwest Asia [50], stood out with high ver-
satility in therapeutic targets with physical and spiritual 
causes. Several ethnobotanical works have reported the 
use of this species for physical and spiritual purposes 
[21, 30, 31]. These results demonstrate that the same 
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plant resources can satisfy targets of different natures in 
a therapeutic continuum that involves physical and magi-
cal aspects. The experimentation and inclusion of these 
plants may follow a similar dynamic in both contexts, 
with their therapeutic functions intertwining in the pro-
motion of personal well-being.

Utilitarian redundancy and prioritization in therapeutic 
targets with physical and spiritual causes
Two scenarios were found regarding the prioritization of 
resources in the evaluated targets: exotic plants were pri-
oritized in diseases of physical nature and native plants 
were prioritized in those of spiritual nature. To explain 
these differences, we propose two main influencing fac-
tors, according to the context analyzed: 1) the current 
ease of access to exotic plants, which are usually grown in 
home gardens and backyards, favoring their frequent use 
to treat physical diseases; 2) and the more intense con-
nection between historical-cultural factors and spiritual 
problems, creating a certain resistance to the prioritiza-
tion of redundant exotic resources, at least in the short 
term; people prefer to use native plants that have played a 
magical-religious role over generations.

In recent decades, public policies have affected the 
access to water in the Brazilian semiarid region, includ-
ing the implementation of water supply systems through 
artesian wells and the adoption of cisterns and other 
reservoirs to collect rainwater, and this has contributed 
enormously to the reconfiguration and diversification of 
the water use pattern [51]. These measures have not only 
mitigated the effects of droughts, but also enabled and/
or facilitated the maintenance of backyards and the cul-
tivation of plants for subsistence [52], including medici-
nal species and, among them, many exotic plants whose 
cultivation would not otherwise be feasible. Thus, several 
exotic medicinal species are grown in backyards in the 
Northeastern semiarid region of Brazil [1, 53, 54], and 
this proximity with these plants may influence the choice 
of medicinal elements. In decision making, the percep-
tion of availability of plants can be influenced by their 
accessibility [55], since an abundant species can be per-
ceived as unavailable if it occurs far from homes [56].

Environmental degradation caused by human activi-
ties is a critical factor that reduces the availability of for-
ests for plant collection, implying greater time and effort 
required to obtain native plants [57]. At the same time, 
and in line with the ecological appearance hypothesis 
[4], local exotic plants in the current scenario, especially 
those grown and kept in domestic backyards at the ser-
vice of people, in this case, consumers, end up becom-
ing the most “apparent” in the community, that is, the 
most likely of being found and collected [56]. The reduc-
tion and distance of native forests, therefore, may have 

influenced the prioritization and consumption of exotic 
resources. This complex dynamics among access to water, 
plant use, and environmental changes can be fundamen-
tal to understand the choices of resources to treat physi-
cal diseases in semiarid communities such as Morrinhos.

Due to their multifunctionality, local backyards can 
work as therapeutic reservoirs and their medicinal 
resources tend to be prioritized, a trend that may also be 
present in other communities with similar conditions. In 
turn, this prioritization can bring benefits to the system 
from an adaptive and also environmental point of view, 
since the use-pressure concentrated on exotic resources 
somehow minimizes the impact on native species with 
redundant indications, ultimately contributing to their 
preservation [18, 19], besides maintaining local func-
tions, and favoring the resilience of the system [14].

On the other hand, several exotic plants are often por-
trayed as species with high invasive potential, consti-
tuting the second largest threat to biodiversity [43] and 
bringing a negative impact on the conservation of native 
species [58]. However,  in areas of dry forests, such as 
Caatinga, many exotic species only persist in favorable 
environments, such as backyards, due to human inter-
vention, through management and care in their cul-
tivation [20, 40], because most of them are unable to 
propagate and survive in areas of dry native forest, thus 
reducing the risks of invasion and the subsequent eco-
logical impacts [59].

In the light of biocultural adaptation, Gama et al. [20] 
report that in certain environmental contexts there is a 
tendency for introduced plants to offer advantages over 
native ones due to the perception of greater therapeu-
tic efficacy, palatability and availability. Yet the authors 
point out that, despite the advantages, these species only 
stand out in LMS when the cost–benefit ratio is favora-
ble. Therefore, extrapolating this idea to our data, we can 
assume that many exotic species used to treat diseases of 
physical nature are not only the “most accessible” under 
current conditions, but also have a favorable cost–benefit 
ratio. These results show the dynamicity of culture and 
how socio-environmental variations can influence use 
patterns and prioritization within the system.

With regard to the prioritization of native plants for 
spiritual purposes, a plausible explanation may be the 
strong cultural attachment to these plants. Social and cul-
tural factors can influence the selection process and use 
patterns [4]. Among plants with magical-religious use, 
we can infer that some native plants play the role of key 
cultural species in this context, whose existence in the 
community and intrinsic spiritual value are fundamen-
tal to the stability of spiritual therapeutic practices over 
time, given their symbolic and ritualistic role [60] and 
cultural prestige in the collective opinion that is difficult 
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to replace [61]. Based on the concept of cultural key-
stone species, Tareau et al. [62] developed the definition 
of “spiritual keystone species” in reference to this sym-
bolic, magical and spiritual centrality of certain species in 
magico-religious practices. In this study based on Neo-
tropical cosmovisions, the authors highlighted the Ama-
zonian tree Ceiba pentandra (L.) Gaertn (Malvaceae) as a 
significant “spiritual keystone species” in indigenous and 
Afro-descendant communities across America [62]. So, 
species of the native flora can play a very relevant role in 
the local cultural identity [61], especially when it comes 
to spiritual matters.

In line with the above, Bussmann and Sharon [63] 
found that most of the plants used in the treatment of 
magical/ritual ailments in Northern Peru come from 
mountainous forests of the Andes, especially those found 
in the vicinity of sacred sites, as they are considered more 
powerful and energetic and tend, thus, to be the most 
used in the Andean culture. Similarly, local communities 
in India believe that local trees play a central role in mag-
ical-religious processes, so that they maintain the knowl-
edge and a close relationship with these native resources 
[64].

In a rural region of the Brazilian Amazon, Kawa [30] 
observed that species native to the Brazilian territory, 
such as J. gossypiifolia (“pinhão-roxo”), were the magical-
religious plants most cultivated in the backyards for spir-
itual ailments. In rural backyards of South-Central Piauí, 
native species were the most cultivated for this purpose, 
especially J. gossypiifolia and Melocactus zehntneri (Brit-
ton & Rose) Luetzelb. (Cactaceae) [31]. The deliberate 
management of these species seems to be related to the 
preference of the maintainers for these plants, the greater 
confidence in their magical-religious efficiency, and the 
cultural link with these resources compared to other 
species, such as many exotic species used for similar 
purposes. In a study with prayers in Maranhão, Rabelo, 
Araújo and Almeida Júnior [65] did not find exclusivity in 
the use of magical-religious plants, but perceived a clear 
preference for two native plants (J. gossypiifolia and Sco-
paria dulcis L.—Plantaginaceae) due to the perception of 
their mystical efficiency and because of the greater cul-
tural affinity with them.

Based on the above, the preference for certain magical-
religious plants in the treatment of spiritual ailments per-
meates symbolic phenomena and is intrinsically linked to 
the cultural formation of each human group, as well as 
to their cosmovisions, identities, and empirical percep-
tions. In the context of this immateriality, it is believed 
that the cultural proximity of “sertanejo” human groups 
(inhabitants of the Northeastern semiarid region), such 
as the residents of Morrinhos, with native plants gener-
ates a more intense socio-cultural connection with these 

resources. Thus, the relationship between plants, the 
cultural context, and the identity of each group can be 
understood as playing a relevant role in the perception 
and appreciation of magical-religious resources in the 
context of ailments with spiritual causes.

Within the scope of this discussion, it is also important 
to highlight that some publications [66, 67] suggest that 
the use of plants in certain spiritual treatments, such as in 
rituals that involve direct contact with the patient’s body, 
can be based not only on magical properties attributed to 
these plants, but also on their active ingredients. In this 
sense, another challenging task pointed by Pagani, San-
tos and Rodrigues [68] is establishing a correspondence 
between the emic terms of traditional medicine and the 
symptoms or diseases known by conventional medicine. 
The authors demonstrated that some Culture-Bound 
Syndromes (CBS) resemble physical illnesses more than 
others. Therefore, in CBS in which there is a strong con-
nection with the local belief system and cosmovision, it 
can be challenging to accurately discern the boundaries 
between magical and physical or between scientific and 
spiritual [21].

It is noteworthy that the priority given to native plants 
for magical-religious purposes may eventually create 
or intensify risks to these species. The family Cactaceae 
has a considerable number of species endemic to the 
Northeastern semiarid region of Brazil, such as Melocac-
tus spp., among others, which are used in various ways 
in the “sertaneja” culture, including for magical-religious 
purposes [31, 69–71], as observed in the present work. 
Thus, the use-pressure on these resources can pose or 
aggravate threats to their diversity. This is especially true 
in the case of certain cacti of the genus Melocactus Link 
& Otto which occur mainly in Bahia and already appear 
as Critically Endangered (CR) or in other statuses of 
concern in the National List of Endangered Species [72]. 
The main threat to populations of these succulent plants 
comes from the extraction for commercialization in open 
markets and highways, intended for various forms of use 
[73]. Cultural factors and the additional uses of these 
plants for spiritual ends may affect the trade dynamics 
and extraction may be intensified. This reinforces the 
need for sustainable actions to preserve these plants and 
highlights that the involvement of local communities and 
the respect for their traditional knowledge are essential 
to ensure that magical-religious processes coexist harmo-
niously with environmental preservation.

Conclusions
In this study, the diversification and versatility hypoth-
eses were not able to explain the role of exotic plants in 
illnesses with physical and spiritual causes. This indicates 
that the ideas in these hypotheses may not be sustained 
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in communities of the Caatinga, such as Morrinhos, 
due to specific environmental and sociocultural factors 
of these environments. Regarding the patterns of use of 
plant resources in the treatment of physical and spiritual 
illnesses, the system had similar and distinct patterns in 
the exotic and native plants, depending on the perspec-
tive evaluated. This finding shows the importance to 
avoid limiting studies on medicinal plants to therapeu-
tic indications involving physical illnesses, neglecting 
the magical-religious uses that can play a significant role 
in LMS, or treating them as a single therapeutic group, 
because although the symptoms may overlap, the causes 
are perceived in different ways.

The expansion of investigations on the relationship 
between peoples and plant symbolism is sorely needed. 
Future studies should consider the diversity of cultures, 
understanding the patterns that govern them and rec-
ognizing the importance of these medical systems. It is 
essential to explore the dynamics in groups with differ-
ent empirical perceptions, such as indigenous peoples, 
prayers, quilombolas, “terreiro” peoples, gypsy groups, 
rural workers, riverside dwellers, among others, tak-
ing into account divergent socio-cultural, economic, 
environmental and contextual issues in order to better 
assimilate the behavior of these therapeutic targets with 
different causes. Furthermore, it is important to deepen 
the understanding of physical and spiritual boundaries 
in these contexts. These approaches will undoubtedly 
broaden the debate on the role of native and exotic plants 
in health processes, as well as on how the biogeographic 
origin of the plants can influence their use in folk medi-
cine for illnesses with physical and spiritual causes.

Abbreviations
LMS  Local medical system
DH  Diversification hypothesis
GLM  Generalized linear model
URM  Utilitarian redundancy model
FHP  Family Health Program
PI  Piauí
CAAE  Certificate Of Presentation for Ethical Appreciation
ICF  Informed Consent Form
SisGen  National System of Genetic Resource Management and Associated 

Traditional Knowledge
SISBIO  Biodiversity Information and Authorization System
UFPI  Federal University of Piauí
TEPB  Graziela Barroso Herbarium
APG  Angiosperm Phylogeny Group
spp.  Species
χ2  Chi-square test statistic
CR  Critically Endangered
O  Origin
Me  Mean
Md  Median
SD  Standard deviation
V  Variance
Q1  1St quartile
Q3  3Rd quartile
e  Exotic to Brazil

n  Native to Brazil
n*  Native and endemic to Brazil
PU  Part used
lf  Leaf
br  Branch
bb  Bulb
ba  Bark
ib  Inner bark
fr  Fruit
sd  Seed
lt  Latex
wp  Whole plant
rt  Root
fl  Flower
st  Stigma
rz  Rhizome
tb  Tuber
Hb  Habit
H  Herb
S  Shrub
T  Tree
L  Liana
PT  Palm tree
Vph  Versatility in therapeutic targets with physical causes
Vsp  Versatility in therapeutic targets with spiritual causes
NC  Not collected

Acknowledgements
We thank the residents of the Morrinhos community for their welcoming 
reception, kindness and exchange of knowledge, the taxonomists who 
assisted in botanical identification, the State Secretariat of Education of 
Piauí—SEDUC/PI for granting full leave to the first author to develop academic 
activities in the PPGBC-UFPI (master’s degree).

Author contributions
PHS collected and organized the data under the supervision of MCA; PHS, 
WSFJ, SZ, ALBN, MCA developed the ideas and planning of the study; ALBN 
suggested and verified the statistical analyses; PHS wrote the initial draft of the 
manuscript; all authors contributed to the analysis and interpretation of the 
results, the revision of the manuscript, and approval of the final version.

Funding
This study was supported from the Dean of Graduate Studies of the Federal 
University of Piauí—UFPI.

Availability of data and materials
All data generated or analyzed during this study are included in this published 
article.

Declarations

Ethics approval and consent to participate
The research was authorized by the Ethics and Research Commit-
tee of the Federal University of Piauí (ERC/UFPI), under CAAE number: 
60898722.3.0000.8057. Each participant signed the Informed Consent Form 
(ICF) and had their integrity ensured, according to National Health Council 
Resolution 466/12. Access to traditional knowledge was registered in the 
National System of Management of Genetic Heritage and Associated Tradi-
tional Knowledge (SisGen) under number AADE637.

Consent for publication
The individual informed consent of each participant was obtained when they 
signed a term (ICF) according to the Ethics and Research Committee of the 
Federal University of Piauí (ERC/UFPI).

Competing interests
The authors declare that they have financial or non-financial no competing 
interests.



Page 22 of 24da Silva et al. Journal of Ethnobiology and Ethnomedicine           (2024) 20:24 

Author details
1 Programa de Pós-Graduação em Biodiversidade e Conservação (PPGBC), 
Universidade Federal do Piauí (UFPI), Floriano, Piauí, Brazil. 2 Laboratório de 
Estudos Etnobiológicos (LEET), Universidade de Pernambuco (UPE), Nazaré da 
Mata, Pernambuco, Brazil. 3 Laboratório de Ecologia Humana e Etnobotânica 
(ECOHE), Universidade Federal de Santa Catarina (UFSC), Florianópolis, Brazil. 
4 Programa de Pós-Graduação em Biodiversidade e Conservação (PPGBC), 
Universidade Federal do Maranhão (UFMA), São Luís, Maranhão, Brazil. 

Received: 27 December 2023   Accepted: 21 February 2024

References
 1. Freitas AVL, Coelho MFBC, Maia SSS, Azevedo RAB. Plantas medicinais: um 

estudo etnobotânico nos quintais do Sítio Cruz, São Miguel, Rio Grande 
do Norte, Brasil. R Bras Bioci. 2012;10(1):48–59.

 2. Kleinman A. Concepts and a model for the comparison of medical sys-
tems as cultural systems. Soc Sci Med. 1978;12(2):85–95. https:// doi. org/ 
10. 1016/ 0160- 7987(78) 90014-5.

 3. Araújo TAS, Melo JG, Ferreira Júnior WS, Albuquerque UP. Plantas medici-
nais. In: Albuquerque UP, Alves RRN, editors. Introdução à etnobiologia. 
2nd ed. Recife: NUPPEA; 2018. p. 147–55.

 4. Albuquerque UP. Re-examining hypotheses concerning the use and 
knowledge of medicinal plants: a study in the caatinga vegetation of NE 
Brazil. J Ethnobiol Ethnomed. 2006;2(30):1–10. https:// doi. org/ 10. 1186/ 
1746- 4269-2- 30.

 5. Albuquerque UP, Oliveira RF. Is the use-impact on native caatinga species 
in Brazil reduced by the high species richness of medicinal plants? J 
Ethnopharmacol. 2007;113(1):156–70. https:// doi. org/ 10. 1016/j. jep. 2007. 
05. 025.

 6. Alencar NL, Araújo TAS, Amorim ELC, Albuquerque UP. The inclusion and 
selection of medicinal plants in traditional pharmacopoeias – evidence 
in support of the diversification hypothesis. Econ Bot. 2010;64(1):68–79. 
https:// doi. org/ 10. 1007/ s12231- 009- 9104-5.

 7. Alencar NL, Santoro FR, Albuquerque UP. What is the role of exotic 
medicinal plants in local medical systems? A study from the perspective 
of utilitarian redundancy. Rev Bras Farmacogn. 2014;24(5):506–15. https:// 
doi. org/ 10. 1016/j. bjp. 2014. 09. 003.

 8. Rossi-Santos B, Jacintho JO, Milliken W, Messias MCTB. The role of exotic 
species in traditional pharmacopeias of the Cerrado: a case study in 
southeast Brazil. Econ Bot. 2018;20(10):1–18. https:// doi. org/ 10. 1007/ 
s12231- 018- 9406-6.

 9. Santoro FR, Toledo BA, Richeri M, Ladio AH. Exotic and native species 
used by traditional populations of the Patagonian steppe: an approach 
based on redundancy and versatility. Austral Ecol. 2023;00:1–16. https:// 
doi. org/ 10. 1111/ aec. 13321.

 10. Bennett BC, Prance GT. Introduced plants in the indigenous pharmaco-
peia of Northern South America. Econ Bot. 2000;54(1):90–102. https:// doi. 
org/ 10. 1007/ BF028 66603.

 11. Medeiros PM, Albuquerque UP. Padrões de uso de plantas medicinais 
por populações locais. In: Albuquerque UP, editor. Etnobiologia: bases 
ecológicas e evolutivas. 2nd ed. Recife-PE: NUPEEA; 2018. p. 155–68.

 12. Hart G, Gaoue O, Torre L, Hugo Navarrete H, Muriel P, Macía M, Balslev 
JH, León-Yánez S, Jórgensen P, Duffy DC. Availability, diversification and 
versatility explain human selection of introduced plants in Ecuadorian 
traditional medicine. PLoS ONE. 2017;12(9):1–16. https:// doi. org/ 10. 1371/ 
journ al. pone. 01843 69.

 13. Silva TC, Silva JM, Ramos MA. What factors guide the selection of medici-
nal plants in a local pharmacopoeia? A case study in a rural community 
from a historically transformed Atlantic Forest landscape. Evid Based 
Complement Alternat Med. 2018;2018:1–10. https:// doi. org/ 10. 1155/ 
2018/ 25192 12.

 14. Nascimento ALB, Ferreira Júnior WS, Ramos MA, Medeiros PM, Soldati 
GT, Santoro FR, Albuquerque UP. Redundância utilitária: adaptação e 
funcionalidade de sistemas sociecológicos. In: Albuquerque UP, editor. 
Etnobiologia: bases ecológicas e evolutivas. 2nd ed. Recife-PE: NUPPEA; 
2018. p. 91–106.

 15. Ferreira Júnior WS, Nascimento ALB, Ramos MA, Medeiros PM, Soldati GT, 
Santoro FR, Albuquerque UP. Resiliência e adaptação em sistemas socio-
ecológicos. In: Albuquerque UP, editor. Etnobiologia: bases ecológicas e 
evolutivas. 2nd ed. Recife-PE: NUPPEA; 2018. p. 67–89.

 16. Holling CS. Resilience and Stability of Ecological Systems. Annu Rev Ecol 
Syst. 1973;4:1–23.

 17. Walker BH. Resilience: what it is and is not. Ecol Soc. 2020;25(2):11. https:// 
doi. org/ 10. 5751/ ES- 11647- 250211.

 18. Silva FS, Albuquerque UP, Costa Júnior LM, Lima AS, Nascimento ALB, 
Monteiro JM. An ethnopharmacological assessment of the use of plants 
against parasitic diseases in humans and animals. J Ethnopharmacol. 
2014;155(2):1332–41. https:// doi. org/ 10. 1016/j. jep. 2014. 07. 036.

 19. Medeiros PM, Ferreira Júnior WS, Queiroz FS. Utilitarian redundancy 
in local medical systems—theoretical and methodological contribu-
tions. J Ethnobiol Ethnomed. 2020;16(62):1–12. https:// doi. org/ 10. 1186/ 
s13002- 020- 00416-x.

 20. Gama ADS, De Paula M, Silva RRV, Ferreira Júnior WS, Medeiros PM. Exotic 
species as models to understand biocultural adaptation: challenges to 
mainstream views of human-nature relations. PLoS ONE. 2018;13(4):1–18. 
https:// doi. org/ 10. 1371/ journ al. pone. 01960 91.

 21. Gruca M, Cámara-Leret R, Macía MJ, Balslev H. New categories for 
traditional medicine in the economic botany data collection standard. J 
Ethnopharmacol. 2014;155(2):1388–92. https:// doi. org/ 10. 1016/j. jep. 2014. 
06. 047.

 22. Haque MI, Chowdhury ABMA, Shahjahan M, Harun MGD. Traditional 
healing practices in rural Bangladesh: a qualitative investigation. BMC 
Complement Altern Med. 2018;18(62):1–15. https:// doi. org/ 10. 1186/ 
s12906- 018- 2129-5.

 23. Romeiras MM, Duarte MC, Idjai B, Catarino L. Medicinal plants used to 
treat neurological disorders in west Africa: a case study with Guinea-
Bissau flora. Am J Plant Sci. 2012;3(7):1028–36. https:// doi. org/ 10. 4236/ 
ajps. 2012. 327122.

 24. Amorozo MCM. Uso e diversidade de plantas medicinais em Santo 
Antônio do Leverger, MT, Brasil. Acta Bot Bras. 2002;16(2):189–203. 
https:// doi. org/ 10. 1590/ S0102- 33062 00200 02000 06.

 25. Ferreira EC, Anselmo MGV, Guerra NM, Lucena CM, Felix CMP, Bussmann 
RW, Paniagua-Zambrana N, Lucena RFP. Local knowledge and use of 
medicinal plants in a rural community in the agreste of Paraíba, Northeast 
Brazil. Evid-Based Complement Altern Med. 2021;2021:1–16. https:// doi. 
org/ 10. 1155/ 2021/ 99443 57.

 26. Silva CF, Zank S. Between tradition and modernity: the relationship 
among healers and medicinal plants in an urban center in southern 
Brazil. Ethnobot Res Appl. 2022;23(2):1–12.

 27. Zank S, Hanazaki N. Healing faith: knowledge, learning and social 
relationships of healers from Araripe plateau, Brazil. Ethnobiol Conserv. 
2016;5(3):1–15. https:// doi. org/ 10. 15451/ ec2016- 6-5. 3-1- 15.

 28. Dalmolin BB, Backes DS, Zamberlan C, Schaurich D, Colomé JS, Gehlen 
MH. Significados do conceito de saúde na perspectiva de docentes da 
área da saúde. Esc Anna Nery. 2011;15(2):389–94. https:// doi. org/ 10. 1590/ 
S1414- 81452 01100 02000 23.

 29. Mello ML, Oliveira SS. Saúde, religião e cultura: um diálogo a partir das 
práticas afro-brasileiras. Saúde Social. 2013;22(4):1024–35. https:// doi. org/ 
10. 1590/ S0104- 12902 01300 04000 06.

 30. Kawa NC. Magic plants of Amazonia and their contribution to agrobiodi-
versity. Hum Organ. 2012;71(3):225–33.

 31. Silva PH, Oliveira YR, Abreu MC. Entre símbolos, mistérios e a cura: plantas 
místicas dos quintais de uma comunidade rural piauiense. Gaia Scientia. 
2018;12(1):1–16. https:// doi. org/ 10. 22478/ ufpb. 1981- 1268. 2018v 12n1. 
33196.

 32. Coutinho AL, Lucena RFP, Bonifácio KM. Conhecimento e utilização 
de plantas mágico-religiosas por rezadeiras do semiárido da Paraíba, 
Nordeste do Brasil. Revista Ibero-Americana de Ciências Ambientais. 
2018;9(8):235–48. https:// doi. org/ 10. 6008/ CBPC2 179- 6858. 2018. 008. 0021.

 33. Instituto Brasileiro de Geografia e Estatística [homepage na internet]. 
Panorama da cidade de Monsenhor Hipólito-PI. Censo 2022. https:// 
cidad es. ibge. gov. br/ brasil/ pi/ monse nhor- hipol ito/ panor ama. Accessed 
June 15, 2023.

 34. Aguiar RB, Gomes JRC (Org.). Projeto cadastro de fontes de abasteci-
mento por água subterrânea, estado do Piauí: diagnóstico do município 
de Monsenhor Hipólito. Fortaleza-CE: CPRM, 2004. https:// rigeo. cprm. 
gov. br/ bitst ream/ doc/ 16185/1/ Rel_ Monse nhorH ipoli to. pdf

https://doi.org/10.1016/0160-7987(78)90014-5
https://doi.org/10.1016/0160-7987(78)90014-5
https://doi.org/10.1186/1746-4269-2-30
https://doi.org/10.1186/1746-4269-2-30
https://doi.org/10.1016/j.jep.2007.05.025
https://doi.org/10.1016/j.jep.2007.05.025
https://doi.org/10.1007/s12231-009-9104-5
https://doi.org/10.1016/j.bjp.2014.09.003
https://doi.org/10.1016/j.bjp.2014.09.003
https://doi.org/10.1007/s12231-018-9406-6
https://doi.org/10.1007/s12231-018-9406-6
https://doi.org/10.1111/aec.13321
https://doi.org/10.1111/aec.13321
https://doi.org/10.1007/BF02866603
https://doi.org/10.1007/BF02866603
https://doi.org/10.1371/journal.pone.0184369
https://doi.org/10.1371/journal.pone.0184369
https://doi.org/10.1155/2018/2519212
https://doi.org/10.1155/2018/2519212
https://doi.org/10.5751/ES-11647-250211
https://doi.org/10.5751/ES-11647-250211
https://doi.org/10.1016/j.jep.2014.07.036
https://doi.org/10.1186/s13002-020-00416-x
https://doi.org/10.1186/s13002-020-00416-x
https://doi.org/10.1371/journal.pone.0196091
https://doi.org/10.1016/j.jep.2014.06.047
https://doi.org/10.1016/j.jep.2014.06.047
https://doi.org/10.1186/s12906-018-2129-5
https://doi.org/10.1186/s12906-018-2129-5
https://doi.org/10.4236/ajps.2012.327122
https://doi.org/10.4236/ajps.2012.327122
https://doi.org/10.1590/S0102-33062002000200006
https://doi.org/10.1155/2021/9944357
https://doi.org/10.1155/2021/9944357
https://doi.org/10.15451/ec2016-6-5.3-1-15
https://doi.org/10.1590/S1414-81452011000200023
https://doi.org/10.1590/S1414-81452011000200023
https://doi.org/10.1590/S0104-12902013000400006
https://doi.org/10.1590/S0104-12902013000400006
https://doi.org/10.22478/ufpb.1981-1268.2018v12n1.33196
https://doi.org/10.22478/ufpb.1981-1268.2018v12n1.33196
https://doi.org/10.6008/CBPC2179-6858.2018.008.0021
https://cidades.ibge.gov.br/brasil/pi/monsenhor-hipolito/panorama
https://cidades.ibge.gov.br/brasil/pi/monsenhor-hipolito/panorama
https://rigeo.cprm.gov.br/bitstream/doc/16185/1/Rel_MonsenhorHipolito.pdf
https://rigeo.cprm.gov.br/bitstream/doc/16185/1/Rel_MonsenhorHipolito.pdf


Page 23 of 24da Silva et al. Journal of Ethnobiology and Ethnomedicine           (2024) 20:24  

 35. Jacomine PKT, Cavalcanti AC, Pessoa SCP, Burgos N, Melo Filho HFR, 
Lopes OF, Medeiros LAR, Formiga RA, Stange A, Duriez MAM, Melo 
MECM, Johas RAL, Barreto WO, Bloise RM, Moreira GNC, Araújo WS, 
Oliveira LB, Ferreira RC, Menezes MCM. Levantamento exploratório: 
reconhecimento de solos do estado do Piauí. Recife-PE: EMBRAPA-
SNLCS/SUDENE-DRN. 1986.

 36. Albuquerque UP, Lucena RFP, Alencar NL. Métodos e Técnicas para 
coleta de dados etnobiológicos. In: Albuquerque UP, Lucena RFP, 
Cunha LVFC (Org.). Métodos e Técnicas na Pesquisa Etnobiológica e 
Etnoecológica. Recife-PE: NUPPEA. 2010; 41–64.

 37. Bernard HR. Research methods in cultural anthropology. Newbury Park, 
CA: Sage Publ; 1988.

 38. Mori AS, Silva LAM, Lisboa G, Coradin L. Manual de manejo do herbário 
fanerogâmico. 2. ed. Ilhéus: CEPLAC/CEPLEC. 1989.

 39. The Angiosperm Phylogeny Group IV. An update of the Angiosperm 
Phylogeny Group classification for the orders and families of flowering 
plants: APG IV. Bot J Linn Soc. 2016;181:1–20. https:// doi. org/ 10. 1111/ 
boj. 12385.

 40. Moro MF, Souza VC, Oliveira-Filho AT, Queiroz LP, Fraga CN, Rodal MJN, 
Araújo FS, Martins FR. Alienígenas na sala: o que fazer com espécies 
exóticas em trabalhos de taxonomia, florística e fitossociologia? Acta 
Bot Bras. 2012;26(4):991–9. https:// doi. org/ 10. 1590/ S0102- 33062 01200 
04000 29.

 41. R Core Team. R: A language and environment for statistical computing. 
(Version 4.2.3 for Windows). R Foundation for Statistical Computing, 
Vienna, Austria. 2023. https:// www.r- proje ct. org/

 42. Robbins P. Comparing invasive networks: cultural and political biogra-
phies of invasive species. Geogr Rev. 2004;94(2):139–56.

 43. Theys J, Tareau MA, Ansoe-Tareau C, Greene A, Palisse M, Ricardou 
A, Odonne G. Adaptive ecological knowledge among the Ndjuka 
Maroons of French Guiana: a case study of two ‘invasive species’: 
Melaleuca quinquenervia and Acacia mangium. J Ethnobiol Ethnomed. 
2023;19(29):1–12. https:// doi. org/ 10. 1186/ s13002- 023- 00602-7.

 44. Medeiros PM, Ferreira Júnior WS, Ramos MA, Silva TC, Ladio AH, Albu-
querque UP. Why do people use exotic plants in their local medical 
systems? A systematic review based on Brazilian local communities. 
PLoS ONE. 2017;12(9):1–14. https:// doi. org/ 10. 1371/ journ al. pone. 01853 
58.

 45. Nascimento ALB, Lozano A, Melo JG, Alves RRN, Albuquerque UP. 
Functional aspects of the use of plants and animals in local medi-
cal systems and their implications for resilience. J Ethnopharmacol. 
2016;24(194):348–57. https:// doi. org/ 10. 1016/j. jep. 2016. 08. 017.

 46. Santoro FR, Ferreira Júnior WS, Araújo TAS, Ladio AH, Albuquerque UP. 
Does plant species richness guarantee the resilience of local medi-
cal systems? A perspective from utilitarian redundancy. PLoS ONE. 
2015;10(3):1–18. https:// doi. org/ 10. 1371/ journ al. pone. 01198 26.

 47. Silva RH, Ferreira Júnior WS, Medeiros PM, Albuquerque UP. Adaptive 
memory and evolution of the human naturalistic mind: Insights from 
the use of medicinal plants. PLoS ONE. 2019;14(3):1–15. https:// doi. 
org/ 10. 1371/ journ al. pone. 02143 00.

 48. Medeiros PM, Ladio AH, Albuquerque UP. Patterns of medicinal plant 
use by inhabitants of Brazilian urban and rural areas: a macroscale 
investigation based on available literature. J Ethnopharmacol. 
2013;150(2):729–46. https:// doi. org/ 10. 1016/j. jep. 2013. 09. 026.

 49. Albuquerque UP, Medeiros PM, Ferreira Júnior WS, Silva TC, Silva RRV, 
Gonçalves-Sousa T. Social-ecological Theory of Maximization: basic 
concepts and two initial models. Biol Theory. 2019;14(2):73–85. https:// 
doi. org/ 10. 1007/ s13752- 019- 00316-8.

 50. Tang JY, Ren MX. Sex allocation and functional bias of quaternary and 
quinary flowers on same inflorescence in the hermaphrodite Ruta 
graveolens. Acta Oecol. 2011;37(5):449–54. https:// doi. org/ 10. 1016/j. 
actao. 2011. 05. 013.

 51. Arsky IC. Os efeitos do Programa Cisternas no acesso à água no semi-
árido. Desenvolvimento e Meio Ambiente. 2020;55:408–32. https:// doi. 
org/ 10. 5380/ dma. v55i0. 73378.

 52. Nobre FEC, Lima PVPS, Moreira MLS, Juvêncio SMS, Fernandes ILC. 
Potencialidades e caracterização da produção agrícola familiar: uma 
análise a partir dos quintais produtivos. Revista Retratos de Assenta-
mentos. 2021;24(2):179–203. https:// doi. org/ 10. 25059/ 2527- 2594/ retra 
tosde assen tamen tos/ 2021. v24i2. 461.

 53. Oliveira FCS, Barros RFM, Moita-Neto JM. Plantas medicinais utiliza-
das em comunidades rurais de Oeiras, semiárido piauiense. Rev Bras 
Plantas Med. 2010;12(3):282–301. https:// doi. org/ 10. 1590/ S1516- 05722 
01000 03000 06.

 54. Silva PH, Oliveira YR, Abreu MC. Uma abordagem etnobotânica acerca 
das plantas úteis cultivadas em quintais em uma comunidade rural 
do semiárido piauiense, Nordeste do Brasil. J Environ Anal Prog. 
2017;2(2):144–59. https:// doi. org/ 10. 24221/ jeap.2. 2. 2017. 1175. 144- 159.

 55. Caetano RA, Albuquerque UP, Medeiros PM. What are the drivers of 
popularity and versatility of medicinal plants in local medical systems? 
Acta Bot Bras. 2020;34(2):256–65. https:// doi. org/ 10. 1590/ 0102- 33062 
019ab b0233.

 56. Albuquerque UP, Soldati GT, Ramos MA, Melo JG, Medeiros PM, Nasci-
mento ALB, Ferreira Júnior WS. A influência do ambiente sobre o uso 
dos recursos naturais—evidências da aparência. In: Albuquerque UP, 
editor. Etnobiologia: bases ecológicas e evolutivas. 2nd ed. Recife-PE: 
NUPPEA; 2018. p. 107–33.

 57. Estomba D, Ladio A, Lozada M. Medicinal wild plant knowledge and 
gathering patterns in a Mapuche community from North-western 
Patagonia. J Ethnopharmacol. 2006;103(1):109–19. https:// doi. org/ 10. 
1016/j. jep. 2005. 07. 015.

 58. Zenni RD, Ziller SR. An overview of invasive plants in Brazil. Revista Bra-
sil Bot. 2011;34(3):431–46. https:// doi. org/ 10. 1590/ S0100- 84042 01100 
03000 16.

 59. Richardson DM, Pysek P, Rejmanek M, Barbour MG, Panetta FD, West CJ. 
Naturalization and invasion of alien plants: concepts and definitions. 
Divers Distrib. 2000;6(2):93–107. https:// doi. org/ 10. 1046/j. 1472- 4642. 
2000. 00083.x.

 60. Cristancho S, Vining J. Culturally defined keystone species. Hum Ecol 
Rev. 2004;11(2):153–64.

 61. Garibaldi A, Turner N. Cultural keystone species: implications for eco-
logical conservation and restoration. Ecol Soc. 2004;9(3):1. https:// doi. 
org/ 10. 5751/ ES- 00669- 090301.

 62. Tareau MA, Greene A, Odonne G, Davy D. Ceiba pentandra (Malvaceae) 
and associated species: spiritual keystone species of the neotropics. 
Botany. 2022;100(2):127–40. https:// doi. org/ 10. 1139/ cjb- 2021- 0099.

 63. Bussmann RW, Sharon D. Traditional medicinal plant use in Northern 
Peru: tracking two thousand years of healing culture. J Ethnobiol 
Ethnomed. 2006;2(47):1–18. https:// doi. org/ 10. 1186/ 1746- 4269-2- 47.

 64. Sharma UK, Pegu S. Ethnobotany of religious and supernatural beliefs 
of the Mising tribes of Assam with special reference to the ‘Dobur 
Uie.’ J Ethnobiol Ethnomed. 2011;7(16):1–13. https:// doi. org/ 10. 1186/ 
1746- 4269-7- 16.

 65. Rabelo TO, Araújo RIS, Almeida Júnior EB. Plantas utilizadas por 
benzedores em quilombos do Maranhão, Brasil. Revista Etnobiología. 
2022;20(2):20–39.

 66. Pagnocca TS, Zank S, Hanazaki N. “The plants have axé”: investigating 
the use of plants in Afro-Brazilian religions of Santa Catarina Island. 
J Ethnobiol Ethnomed. 2020;16(20):2–13. https:// doi. org/ 10. 1186/ 
s13002- 020- 00372-6.

 67. Quiroz D, Sosef M, van Andel T. Why ritual plant use has ethnopharma-
cological relevance. J Ethnopharmacol. 2016;188(1):48–56. https:// doi. 
org/ 10. 1016/j. jep. 2016. 05. 006.

 68. Pagani E, Santos JFL, Rodrigues E. Culture-Bound Syndromes of a Bra-
zilian Amazon Riverine population: Tentative correspondence between 
traditional and conventional medicine terms and possible ethnophar-
macological implications. J Ethnopharmacol. 2017;203(1):80–9. https:// 
doi. org/ 10. 1016/j. jep. 2017. 03. 024.

 69. Lucena CM, Costa GM, Sousa RF, Carvalho TKN, Marreiros NA, Alves 
CAB, Pereira DD, Lucena RFP. Conhecimento local sobre cactáceas em 
comunidades rurais na mesorregião do sertão da Paraíba (Nordeste, 
Brasil). Biotemas. 2012;25(3):281–91. https:// doi. org/ 10. 5007/ 2175- 
7925. 2012v 25n3p 281.

 70. Silva VA. Diversidade de uso das cactáceas no Nordeste do Brasil: uma 
revisão. Gaia Scientia. 2015;9(2):137–54.

 71. Lucena CM, Carvalho TKN, Ribeiro JES, Quirino ZGM, Casas A, Lucena 
RFP. Conhecimento Botânico Tradicional sobre Cactáceas no Semiárido 
do Brasil. Gaia Scientia. 2015;9(2):77–90.

 72. Comissão Nacional de Biodiversidade—CONABIO. Resolução nº 8, de 
08 de dezembro de 2021. Dispõe sobre a Lista nacional de espécies 
ameaçadas de extinção. Brasília-DF, 2021. https:// www. gov. br/ mma/ 

https://doi.org/10.1111/boj.12385
https://doi.org/10.1111/boj.12385
https://doi.org/10.1590/S0102-33062012000400029
https://doi.org/10.1590/S0102-33062012000400029
https://www.r-project.org/
https://doi.org/10.1186/s13002-023-00602-7
https://doi.org/10.1371/journal.pone.0185358
https://doi.org/10.1371/journal.pone.0185358
https://doi.org/10.1016/j.jep.2016.08.017
https://doi.org/10.1371/journal.pone.0119826
https://doi.org/10.1371/journal.pone.0214300
https://doi.org/10.1371/journal.pone.0214300
https://doi.org/10.1016/j.jep.2013.09.026
https://doi.org/10.1007/s13752-019-00316-8
https://doi.org/10.1007/s13752-019-00316-8
https://doi.org/10.1016/j.actao.2011.05.013
https://doi.org/10.1016/j.actao.2011.05.013
https://doi.org/10.5380/dma.v55i0.73378
https://doi.org/10.5380/dma.v55i0.73378
https://doi.org/10.25059/2527-2594/retratosdeassentamentos/2021.v24i2.461
https://doi.org/10.25059/2527-2594/retratosdeassentamentos/2021.v24i2.461
https://doi.org/10.1590/S1516-05722010000300006
https://doi.org/10.1590/S1516-05722010000300006
https://doi.org/10.24221/jeap.2.2.2017.1175.144-159
https://doi.org/10.1590/0102-33062019abb0233
https://doi.org/10.1590/0102-33062019abb0233
https://doi.org/10.1016/j.jep.2005.07.015
https://doi.org/10.1016/j.jep.2005.07.015
https://doi.org/10.1590/S0100-84042011000300016
https://doi.org/10.1590/S0100-84042011000300016
https://doi.org/10.1046/j.1472-4642.2000.00083.x
https://doi.org/10.1046/j.1472-4642.2000.00083.x
https://doi.org/10.5751/ES-00669-090301
https://doi.org/10.5751/ES-00669-090301
https://doi.org/10.1139/cjb-2021-0099
https://doi.org/10.1186/1746-4269-2-47
https://doi.org/10.1186/1746-4269-7-16
https://doi.org/10.1186/1746-4269-7-16
https://doi.org/10.1186/s13002-020-00372-6
https://doi.org/10.1186/s13002-020-00372-6
https://doi.org/10.1016/j.jep.2016.05.006
https://doi.org/10.1016/j.jep.2016.05.006
https://doi.org/10.1016/j.jep.2017.03.024
https://doi.org/10.1016/j.jep.2017.03.024
https://doi.org/10.5007/2175-7925.2012v25n3p281
https://doi.org/10.5007/2175-7925.2012v25n3p281
https://www.gov.br/mma/pt-br/assuntos/biodiversidade/sei_mma0855123resoluo.pdf


Page 24 of 24da Silva et al. Journal of Ethnobiology and Ethnomedicine           (2024) 20:24 

pt- br/ assun tos/ biodi versi dade/ sei_ mma08 55123 resol uo. pdf. Accessed: 
June 18, 2023

 73. Silva SRS, Zappi D, Taylor N, Machado M (Org.). Plano de ação nacional 
para a conservação das Cactáceas. Brasília-DF: ICMBIO, Série Espé-
cies—24, 2011. https:// ainfo. cnptia. embra pa. br/ digit al/ bitst ream/ item/ 
60737/1/ CLV12 001. pdf

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://www.gov.br/mma/pt-br/assuntos/biodiversidade/sei_mma0855123resoluo.pdf
https://ainfo.cnptia.embrapa.br/digital/bitstream/item/60737/1/CLV12001.pdf
https://ainfo.cnptia.embrapa.br/digital/bitstream/item/60737/1/CLV12001.pdf

	The influence of exotic and native plants on illnesses with physical and spiritual causes in the semiarid region of Piauí, Northeast of Brazil
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Material and methods
	Study area
	Ethical and legal aspects
	Data collection
	Data analysis

	Results
	Discussion
	Diversification hypothesis in therapeutic targets with physical and spiritual causes
	Versatility in therapeutic targets with physical and spiritual causes
	Utilitarian redundancy and prioritization in therapeutic targets with physical and spiritual causes

	Conclusions
	Acknowledgements
	References


