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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 Hipdlito, Piauf.

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 x? 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-caido”
(‘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 Hipdlito, state of Piaui, 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 Hipdlito, Piaui, Northeastern Brazil, about 14 km
from the headquarters of the municipality (Fig. 1). The
municipality has a territory of 401.568 km? (06°59'47” S
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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 Piaui 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 Hipdlito, Piaui, 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
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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 Piaui —
UEFPI 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://floradobrasil.jbrj.gov.
br), and when the species were not present in this data-
base, the database of the Missouri Botanical Garden
(https:// https://www.tropicos.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,
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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 (y*) 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
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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 (x*=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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Table 2 Results of Poisson and Binomial GLMs in therapeutic targets with physical and spiritual causes in Morrinhos

Therapeutic targets GLM Estimated value Standard error zvalue p value

Physical Poisson 0.098327 0.006628 14.84 <0.007***
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

Significance levels: p>0.05; ***p <0.001
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Fig. 2 Distribution of exotic and native species in therapeutic targets with physical (A) and spiritual (B) causes in Morrinhos

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

Versatility o Me Md sD Vv Q1 Q3 Mann-Whitney
Physical therapeutic targets e 5.1 3 521453 27.19135 1 6 W=1967,

n 423 3 418218 17.49058 175 5 p=0:4401
Spiritual therapeutic targets e 278 2 2.83328 8.02747 1 3 W=86

n 275 2 241680 5.84091 2 2.25 p=0.9358

O: origin (e: exotic to Brazil; n: native to Brazil); Me: mean; Md: median; SD: standard deviation; V: variance; Q7: 1st quartile; Q3: 3rd quartile

Mentha X villosa Huds. (Lamiaceae) (17) stood out with
a greater number of indications for physical therapeutic
targets. Among the native species, Amburana cearensis
(Alleméo) A.C.Sm. (Fabaceae) and Lippia alba (Mill.)
N.E.Br. ex Britton & P.Wilson (Verbenaceae) had 18 indi-
cations, while Astronium urundeuva (M. Alleméo) 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 (x*=79.15, p<0.001). A different result was found
in illnesses with spiritual causes: native species were pri-
oritized (x*=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 Ceard 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
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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.
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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
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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 (“pinhdo-roxo”), were the magical-
religious plants most cultivated in the backyards for spir-
itual ailments. In rural backyards of South-Central Piaui,
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 Maranhéo, Rabelo,
Aratjo and Almeida Janior [65] did not find exclusivity in
the use of magical-religious plants, but perceived a clear
preference for two native plants (. 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
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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.
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