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Research

Abstract

Background: Cereus jamacaru subsp. jamacaru is a columnar cactus with high utilization potential. It is used as of animal
feed in the semi-arid region of northeastern Brazil. This study aimed to characterize the knowledge, use, and management
of this species in a rural community in the semi-arid region of Brazil.

Methods: Semi-structured interviews were conducted with 35 family heads (n = 104) of the village of Santa Rita. Genetic
analyses were carried out to evaluate the structure and genetic diversity of populations exposed to different types of
management. A total of 90 individuals, 30 in each stand (wild, managed and cultivated) were selected and georeferenced.

Results: Interviews revealed that fodder was the most important use category. Both in situ (gathering and tolerance) and ex
situ (planting and transplanting) management were recorded. There was no significant difference in genetic diversity
between the wild, cultivated, and managed stand. The analysis of molecular variance showed that most of the variation
occurs within the populations (99.76%). Based on the Nei’s genetic distance matrix, it was possible to verify in the dendogram
that the cultivated population is more distinct than the wild and managed ones.

Conclusions: The different types of use and management practiced demonstrate the high cultural and economic value of the
mandacaru. In situ management, involves human selection in favor of individuals more robust and more and larger fruits.
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This selection is not detected by the genetic analysis performed, although it is possible to infer that gene flow among
populations is high thus counteracting effects of selection.

Keywords: Mandacaru; Caatinga; Ethnobotany; traditional population; Columnar cacti.

Background

Ethnobotanical studies have recorded and analyzed the interaction between people and plants, and a wide variety of use
and management types of individuals (Nilsen et al. 2005; Villalobos et al. 2007; Blancas et al. 2009; Lins-Neto et al. 2010;
Delgado-Lemus et al. 2014), populations (Casas et al. 2006; Yineger et al. 2008; Cruse-Sanders et al. 2013; Torres et al. 2015),
forests (Casas et al. 1997), and even landscapes (Parra et al. 2012; Chen et al. 2015; Casas and Parra 2016; Casas et al 2024)
have been observed and identified.

In traditional rural communities, there are some forms of management that can be classified as neither as agriculture nor as
simple gathering, but as incipient management, less complex than the agricultural management and more complex than
simple gathering (Casas and Cabalelero 1996; Casas et al. 1997; Casas et al. 2007; Casas et al. 2014; Casas et al. 2024). It is
worth mentioning that the management can be classified as in situ or ex situ; the first one is carried out based on methods
developed in areas where the plants occur naturally, such as forests, or in areas created by humans, such as grazing areas,
and the second one is carried from the natural environment of the plants (Blancas et al. 2010). Mandacaru has the vegetative
propagation as a mechanism of reproduction, and people use this mechanism as the main way of management. But sexual
reproduction can also occur and is important to generate genetic variation in the population.

Studies on plant management are essential to analyze the process of plant domestication, making it possible to understand
the practices related to human selection, their cultural reasons, and other evolutionary processes linked to human
management that affect plant populations. In addition, the study of traditional management allows evaluating how it can
contribute to biodiversity conservation and the sustainable use of natural resources (Gonzélez-Soberanis and Casas 2004;
Gonzalez-Insuasti et al. 2008; Casas et al. 2016, Casas et al. 2024).

This process of traditional management can occur unconsciously, through which the individuals with desirable characteristics
are moved to anthropic environments (e.g., backyards) which provide their maintenance, sometimes involving the
elimination of individuals with undesirable traits (Zohary 2004). But also can occur with a clear intentionality, when
individuals with favorable phenotypes are deliberately protected, preserved, or favored to be survive and reproduce, thus
increasing their fitness in anthropogenic areas (Patifio-Lopez et al. 2022). Moreover, managment is influenced not only by
the traditional knowledge about plants, but also by human cultural values, which can lead to changes in the availability and
quality of plant resources (Blancas et al 2013). The following factors may also influence the management: 1) the role of the
resources in subsistence, 2) the abundance or scarcity of wild resources to meet local human needs, 3) the duration of
seasonal availability of wild resources, 4) the distance between the area where the needed resources occur and the place
where people live, 5) the characteristics of the place where the resources are found, and 6) the possibility of management
taking into account the biological characteristics of the plants, such as life cycle, ease of manipulation and success of
establishment in anthropogenic areas (Casas et al. 1996; Gonzalez-Insuasti and Caballero 2007).

Mesoamerica is one of the main areas of plant domestication, because of its high floristic diversity combined with the cultural
inheritance of traditional people (e.g. indigenous or mestizo people who have been established in an area for a long time, in
some cases several centuries, in others several millennia) who use and manage native plants, such as columnar cacti, to meet
their cultural, social, economic and even technological needs (Casas et al. 1997; Casas et al. 1999; Arellano and Casas 2003).
In Mexico, a number of studies have reported management practices related to several species of columnar cacti with
coexisting wild and cultivated populations (Parra et al. 2012; Casas et al. 1999; Carmona and Casas 2005; Rodriguez-Arévalo
et al. 2006; Parra et al. 2010; Patifio-Lopez et al. 2022) which are mainly used as human food (mainly fruits, sometimes flower
buds and seeds) and for rural construction (e.g. hedges), medicine or fodder.

In Brazil, in semi-arid climates such as the Caatinga ecosystem, numerous native plant species are used by traditional
populations (Albuquerque and Andrade 2002; Sousa Junior et al. 2013; Campos et al. 2015; Nunes et al. 2015; Zank et al.
2015). Cacti that are native to this region, such as Pilosocereus gounellei subsp. gounellei, Melocactus sp. and Pilosocereus
pachycladus F. Ritter subsp. pernambucoensis (F. Ritter) Zappi are cited in several ethnobotanical studies that have
documented the economic, social and cultural importance of these species for human groups, such as local farmers (Lucena
et al. 2013, 2014; Nunes et al. 2015); however, there are few studies that focus on the management of species belonging to
the Cactaceae family.
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In the case of C. jamacaru subsp. jamacaru, some studies have demonstrated the relevance of this columnar cactus by
recording its potential of uses, but there is still no detailed information on the management of this species (Albuquerque
and Andrade 2002; Magalhdes 2006; Lucena et al. 2012 a,b, 2013, 2014; Bezerra-Silva et al. 2024), and the possible
phenotypic and genotypic consequences of such management on populations. This cactus species, also known as “cardeiro”
or “mandacaru”, is found throughout the northeastern region of Brazil (Zappi and Aona 2014) and is one of the main sources
of fodder for animals (e.g. use of cut branches) in the Brazilian semi-arid region during periods of drought (Cavalcanti and
Resende 2007; Lucena et al. 2013). This plant is also used as human food, mainly its fruits consumed in nature (Lucena et al.
2013), for ornamentation of gardens and backyards for rural construction (e.g. hedges), for building houses (e.g. fences,
doors and windows), and for making tools (e.g. tool handles), for medicinal purposes (e.g. treatment of inflammations), and
for providing shade (Lucena et al. 2012a,b, 2013).

Based on this information, from the current use and potential benefits, and the socioeconomic and cultural importance of
C. jamacaru subsp. jamacaru to traditional populations, it is relevant to investigate the management types and the likely
occurrence of artificial selection associated with the management of this species, similar to what has been documented for
other species in Mexico (Casas et al. 2007). The objectives of this study were to answer the following questions: Is there
phenotypic variation among individuals of C. jamacaru subsp. jamacaru (mandacaru) in wild and anthropogenic
environments? Is the phenotypic variation perceived by rural people? Do local farmers prefer to gather or collect C. jamacaru
subsp. jamacaru (mandacaru) in certain areas? Do farmers plant or cultivate C. jamacaru subsp. jamacaru (mandacaru)?
How do they do this? Do they select propagules from specific plants? If so, how?

The above questions raise the hypothesis that phenotypic variation, which is common in all biological populations, would be
distributed differently in the wild and in anthropogenially influenced areas. If the phenotypes are perceived and preferred
differently, then the phenotypes preferred by humans would be more abundant in managed environments. The different
forms of use and management of the C. jamacaru subsp. jamacaru populations promote their artificial selection. In addition,
the species can be managed both in situ in areas of secondary vegetation where other elements of the natural vegetation
are removed and jamacaru is selectively left standing; and ex situ in areas where this plant is cultivated and may involve the
propagation of selected sexual or asexual propagules. Therefore, this study aimed to characterize the knowledge, use,
management, and selection on phenotypic variation, as well as the consequence of such selection on genotypic variation of
Cereus jamacaru DC. subsp. jamacaru (mandacaru) in a rural community of the semi-arid region of Brazil.

Material and Methods

Study Area

This study was carried out in the rural community of Santa Rita, municipality of Congo, microregion of Cariri Ocidental and
mesoregion of Borborema, in the State of Paraiba, Brazil, at the geographical coordinates 07247°49” S and 36239’36” W, at
a distance of 212 km from Jodo Pessoa, the state capital city (Figure 1). Its population is estimated at 4,785 inhabitants
distributed in an area of 333,471 km?, bordering the municipalities of Serra Branca (north), Coxixola and Caraubas (east),
Camalaul and Sumé (west), and Santa Cruz do Capibaribe in the State of Pernambuco (south) (IBGE 2016). The municipality
has about ten rural communities (Riachdo, Salina, Riacho do Algoddo, Lagoa da Ilha, Santa Rita, Barra do Rio |, Barra do Rio
I, Carmo I, Ventura, and Laginha). The economy of the people is based on agriculture and cattle raising.

The climate of the region is tropical semi-arid, with an average annual rainfall of 431.8 mm, high temperatures (between 182
C and 322 C) and evapotranspiration. The municipality has few water bodies and perennial rivers, and the reduced
underground water storage increases the risk of desertification in the region (Sousa et al. 2012).

The municipality has rock outcrops in long fragments, in addition to slabs and stony soils with some pebbles. the predominant
soil type is non-calcareous brown, but there are also vertisols, lithosols and saline soils (solonietz and solontchak) (AESA
2013). The vegetation is represented by open shrub-tree caatinga.

The community is located near a rocky mountain, called Serra da Engabelada, which has geoforms of granitic rock blocks
with rupestrian records (about 22 inscriptions). The height of the mountain is about 820 meters, and it is known as
Engabelada because of the optical illusion that it gives the impression of following its observers, i.e., from any place we
observe the mountain, we have the impression of being facing it and, therefore, the people say that it deceives (“engabela”
in Portuguese) its observer (Sousa et al. 2012).
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Figure 1. Location of the municipality of Congo, in the mesoregion of Borborema and microregion of Western Cariri, in the
semi-arid region of the state of Paraiba, Northeast Brazil.

The urban center of the municipality of Congo is located about 8 km from the community of Santa Rita, which was chosen
for this study because of its accessibility and the availability of its inhabitants to participate in this research.

The community’s economy is based on subsistence agriculture, such as maize and bean, and livestock consisting of cattle,
goats and sheep raising. However, these activities are currently being little explored in the region due to the low rainfall,
which makes the planting and animal feeding difficult. Thus, benefits from the INSS (National Institute of Social Security) and
the federal government (Bolsa Familia), as well as sewing activities, supplement the income of many families in the
community (Sousa et al. 2012).

Regarding terms of education, students are transported daily by public transportation to the schools located downtown. In
terms of health services, the community is monitored by a community health agent. All homes have electricity and running
water.

Ethnobotanical assessment of Cereus jamacaru DC. subsp. Jamacaru management

Semi-structured interviews were conducted with 100% of the heads of household (104 = 45 men and 59 women) in the rural
community of Santa Rita, at different times (Albuquerque et al. 2010). After the purpose of the study was explained to the
participants, they were asked to sign the Free and Informed Consent Form, in accordance to the Resolution of the National
Health Council required by the Research Ethics Committee (Resolution 196/96). This study was approved by the Human
Research Ethics Committee (HREC) of the Lauro Wanderley Hospital of the Federal University of Paraiba.

The questionnaire used in the interviews included questions about the knowledge, use, and management of Cereus jamacaru
DC. subsp. jamacaru in the region (e.g., forms of use, useful parts, morphological variations noticed by the informants,
gathering areas, and planting methods). We considered the data from the informants who actually manage the species (97%
of the interviews 100/104).

The categories of use recorded in the interviews were classified, based on the literature, as human nutrition, bioindication
of natural phenomena (e.g. rain), fuel, construction, fodder, religious magic, medicinal, ornamental, shade, technology, and
veterinary (Andrade et al. 2006; Sousa et al. 2012; Lucena et al. 2012a,b, 2015a,b,).
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The categories in situ and ex situ management were considered, according to Casas et al. (1997, 2007, 2014) and Blancas et
al. (2010). The managed population (population 2) can represent both "in situ" and "ex situ" management. Among the in situ
management types we can mention:

- Gathering, which consists in obtaining useful parts of the plant (branches or fruits), from individuals in the population. This
activity may be simple, or involves social agreements among members of the community, and it may also be selective, with
some individuals being gathered and others do not.

- Tolerance, which occurs when individuals of certain species, and sometimes certain phenotypes, are left standing in areas
of vegetation that have been cleared for other purposes (agriculture, establishment of grasslands or construction of houses);

Induction or enhancement of desirable individual plant species or particular phenotypes of thereof. Usually carried out by
deliberate propagation of seeds or vegetative parts for asexual reproduction. This activity promotes an increase of the
abundance of desirable plants;

- Protection of specific individual plants through various practices to protect them from herbivores (e,g. fencing around the
plant, shading or clearing factors that determine quality, pruning, pest control, among others).

Among the types of ex situ management we identify:
- Sowing and planting of seeds and vegetative propagules from forests to areas of human influence, such as agroforestry
systems, homegardens, grasslands;

- Transplanting, in which entire plants, usually young plants but in some cases also adult plants, are moved, from natural
environments to human-made areas.

Genetic analyses of Cereus jamacaru DC. subsp. jamacaru

Sample of individuals

A total of 90 individuals forming the Santa Rita metapopulation were sampled, to have a general overview of the genetic
variation in different environmental contexts. A total of 30 individuals were sampled per stand of wild, silvicultural managed
and cultivated stands making up the metapopulation of Santa Rita (including wild, managed and cultivated stands of
individuals coexisting in the areas). Each individual was georeferenced using GPS to elaborate a map of local distribution and
availability.

The wild stand of the metapopulation (Stand 1) is represented by individuals found in sites of the “Serra da Engabelada” (the
mountain located in the community), which are far from the residences, considered as individuals of difficult access by the
residents. The silvicultural managed stand of the metapopulation (Stand 2) consists of individuals that are in sites not too far
away from the residences, found in cultivation areas, roadsides and secondary forest, which are subjected to sporadic
extraction. The cultivated stand of the metapopulation (Stand 3) was composed of individuals located in sites very close to
the residences (in gardens, backyards, and hedges), which are regularly managed.

DNA Extraction

Two to three young areoles were collected from each individual. The spines of the areoles were removed and processed in
a mill (MM 400) at a frequency of 30.0 (1/s) for up to 2:00 minutes, depending on the rigidity of the sample. The ground
material was then used for the DNA extraction. After each grinding of the spines, the mill vessels were washed to avoid
possible contamination.

The material was transferred from the grinding vessels to 2-ml Eppendorf tubes, by using a spatula. The DNA extraction was
performed according to the CTAB method of Doyle & Doyle (1987), with modifications.

After DNA extraction, the quality and quantity of DNA was verified by electrophoresis in 0.8% agarose gels and by the
NanoDrop 2000 (Thermo Scientific), respectively.

PCR amplification conditions

A total of nine primers were used, three of them from Haageocereus tenuis (Arakaki et al. 2010), three from Pilosocereus
machrisii (Perez et al. 2011) and three from Uebelmannia pectinifera subsp. pectinifera (Moraes et al. 2014). Each reaction
resulted in a final volume of between 5 and 6 pL, by using the QIAGEN Multiplex PCR Kit (www.giagen.com) as the
polymerase and using the cycle conditions and concentrations suggested by the manufacturer.
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Then, 0.5 pL of the amplified PCR products were mixed with Liz in Hi-Di formamide (Applied Biosystem) and with Gene Scan
LIZ-500 size standard (Applied Biosystem), and denatured at 95°C for 5 min. The PCR products were analyzed by capillary
electrophoresis on the Genetic Analyzer 3130xl Sequencer (Applied Biosystem). Genotypes were obtained from
electropherograms using the Peak Scanner software (Applied Biosystem).

Marker quality

The MicroChecker 2.2.3 software (Van Oosterhout 2004) was used to identify the presence of genotyping errors, such as the
presence of null alleles at each locus per stand.

Deviations from the Hardy-Weinberg equilibrium were analyzed using ARLEQUIN (Excoffier et al. 2005). Linkage equilibrium
(LE) deviations were assessed tby GenePop on the Web (Rousset 2008) using the Fisher's method for each locus pair
(Raymond and Genepop 1995).

Genetic diversity

From the information of all loci, the following basic genetic diversity parameters were calculated for each stand: number of
alleles per locus (Na), number of effective alleles (Ne), observed heterozygosity (Ho), expected heterozygosity (He), and
weighted expected heterozygosity (uHe), which were analyzed using GenAlIEx 6 (Peakall, et al. 2006).

Genetic structure

The fixation index (FST) was calculated using the FreeNa software, by the EMA method, allowing the null alleles (Chapuis and
Estoup 2007), and the coefficient of inbreeding was calculated using the INEst software (Chybicki and Burczyk 2009).

The genetic distances (DC) (Cavalli-Sforza and Edwards 1967) were estimated for each pair of stands, through the INA
correction described by Chapius & Estoup (2007), using the FreeNa software.

The Molecular Variance Analysis (AMOVA) was performed to evaluate the genetic differences of the different types of stands
of C. jamacaru subsp. jamacaru through by the stepwise mutation model (SMM), using the Arlequin software version 3.11
(Excoffier et al. 2005).

The genetic distances and identities of Nei (1972) were estimated through the Tools for Population Genetic Analysis (TFPGA)
1.3 software (Miller 1973) and, thus, a Unweighted Pair Group Method with Arithmetic Mean (UPGMA) dendrogram was
constructed (Sneath and Sokal, 1973).

Results

Use and management of Cereus jamacaru DC. subsp. jamacaru

All informants (97% of the 100/104 interviewed) reported knowing Cereus jamacaru DC. subsp. jamacaru (mandacaru).
When the informants were asked about the types of mandacaru they knew, only 7% stated that in addition to knowing the
native species (C. jamacaru subsp. jamacaru) they also knew the thornless species (Cereus sp.), which was introduced to the
community in 2011 (Figure 2). In this study, however, only the native species was considered for recording the uses and
management.

Regarding the planting of the species, 50% of the informants have already planted at least one individual of Cereus jamacaru
DC. subsp. jamacaru, in places such as gardens, backyards, hedges, and areas of agro-pastoral activities.

However, almost half of the inhabitants (47%) stated that they do not plant this species because when they need its useful
parts (e.g., branches and fruits) to feed their animals or themselves, they gather such parts from the individuals that already
exist on their land, or on neighboring land. Therefore, only a minority of informants (3%) do not carry out any type of
management, that is, they do not plant and do not gather the “mandacaru” native to the region.

Although the community of Santa Rita has a great diversity of Cactaceae species, the farmers reported that they prefer to
plant the “mandacaru” because it is useful for feeding animals (49%) and because it is also used as an ornament in the
gardens of the houses (15%). The most useful part of the tree is its branches (48%), which are mainly used as fodder (78%).
Regarding the morphological aspects of “mandacaru” (e.g., height, number of branches, and fruit size), 53% of the
respondents did not notice any difference between the individuals found in the community. However, 23% of them reported
that the individuals near the residences are generally larger, greener, and have thicker fruits and branches, different from
those found in the mountain and in the local forests (the wild stand). According to the residents, such differences can be
explained by the fact that the individuals near the houses are often irrigated and fertilized, which may explain these
morphological changes. There may also be other reasons, such as density diversity, which creates competition for light, air,
and micronutrients in the soil.
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Figure 2. Species of “Mandacaru” recorded in the rural community of Santa Rita, municipality of Congo, Paraiba State,
Northeast Brazil. A. “Mandacaru” with spines (Cereus jamacaru DC. subsp. jamacaru); B. “Mandacaru” without spines
(Cereus sp.).

Incipient management forms were recorded in the studied community, and they were divided into four categories (Figures
3 and 4). With regard the in situ management, farmers gather the branches of “mandacaru” to feed animals (e.g., goats),
especially during periods of low rainfall. Sporadically, they gather the fruits for human consumption. It is worth mentioning
that, between November (2016) and January (2017), the “mandacaru” was frequently used, since, according to the
inhabitants, it was a period of intense drought.

Management categories Examples of management

In situ management

Removal of fruit for human consumption

/ and removal of branches for animal
Gathering fandine

Tolerance It does not eliminate wild individuals in
\ areas of agro-pastoral activities and

around houses

Ex situ management

Removal of plant parts from individuals in

Planting their natural environment for planting in

controlled environment

Transplantation

Removal of young individuals from their
natural environment planting in controlled
environment

Figure 3. Forms of management of Cereus jamacaru DC. subsp. jamacaru recorded in the rural community of Santa Rita,
municipality of Congo, Paraiba State, Northeast Brazil.

It was also possible to record other forms of management such as tolerance, planting, and transplanting, which demonstrates
the high importance of “mandacaru” for the community studied. It should be noted that these forms of management are
carried out with the aim of conserving the species in the region, so that it can be used in animal feeding as an emergency
food (mainly used during periods of lack of rain).

Most of the informants (78%) said that when they use the “mandacaru” to feed their animals, they do not completely
eliminate the plant, thus demonstrating a sustainable use of the species.
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When they were asked about the possibility of (large-scale) cultivation of this species in the community, 59% of them had
never thought about this possibility; however, 41% had already intended to cultivate it, since they believe such practice
would contribute to the animal feed safety.

Figure 4. Main forms of management of Cereus jamacaru DC. subsp. jamacaru (“mandacaru”) in the rural community of
Santa Rita, municipality of Congo, Paraiba State, Northeast Brazil. A. Record of the removal of branches to be used as fodder;
B; W; D. Branches to be used as fodder; E. Animal eating “mandacaru” branches. F. Planting of “mandacaru” branches in the
fence; G; H. Planting of “mandacaru” around the residences.

Genetic diversity
When comparing the mean values of the parameters Na, Ne, Ho, He and uHe between the wild, cultivated and managed

stands, there was no statistically significant difference between these stands (Table 1).

Table 1. Parameters of genetic diversity estimated in wild, managed and cultivated stands of the metapopulation of of Cereus
jamacaru DC. subsp. jamacaru of Santa Rita. The results are based on nine microsatellite loci.

Stands Na Ne Ho He uHe

Wild 9.778+0.795 4.569+0.498 0.493+0.043 0.758+0.029 0.772+0.030
Silvicultural Managed 8.556+0.801 4.379+0.479 0.475+0.051 0.753+0.024 0.766+0.024
Cultivated 9.444+1.168 5.220+0.844 0.453+0.066 0.773+0.029 0.787+0.029

Legend:
Na = number of alleles per locus, Ne = number of effective alleles, Ho = observed heterozygosity, He = expected

heterozygosity, uHe = weighted expected heterozygosity.
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Genetic structure

The Global Fsr was 0.014 with a confidence interval (Cl) of 0.000519-0.027621, indicating a low genetic differentiation. The
inbreeding coefficient (Fis) values were practically the same for the managed (0.1827) and cultivated (0.1813) stands of the
metapopulation, whereas the wild stand had a lower value (0.1207).

In the molecular variance analysis (AMOVA) it was possible to observe that in the stepwise mutation model (SMM), most of
the variation occurs within the stands of the metapopulation, being 99.76% (Table 2).

Table 2. Molecular variance analysis (AMOVA) for three stands of the metapopulations of Cereus jamacaru DC. subsp.
Jamacaru of Santa Rita. The results were obtained from the stepwise mutation model (SMM).

Mutation Source of Sum of squares Variation Variation Statistic
model variation component Percentage
Between the Rst=
15215.128 15.95019 0.2326
SMM stands 0.00233**
Within the
1173883.767 6839.72940 99.76734
stands

When analyzing the dendrogram (UPGMA), based on the genetic distance of Nei, it was notorious that the stand 3 (the
cultivated groups of individuals) is more different from stand 1 (wild groups of individuals) (Nei's D= 0.1465) and stand 2
(silvicultural managed groups of individuals) (Nei’s D= 0.1369), and it was possible to observe two groups (Figure 5).

0.200 0.150 0.100 0.050 0.000

Figure 5. Dendrogram (UPGMA) based on the genetic distances of Nei (1978) with nine microsatellite loci of nucleus,
estimated for three stand of individuals making up the metapopulation of Cereus jamacaru DC. subsp. jamacaru in the rural
community of Santa Rita, municipality of Congo, Paraiba State, Northeast Brazil.

Discussion

Use and management of Cereus jamacaru DC. subsp. jamacaru

The farmers’ preference for Cereus jamacaru DC. subsp. jamacaru for planting and animal fodder is related to its morphology,
as it is one of the columnar cacti with larger size compared to other species and because it is easy to handle, since it has
fewer thorns than other native species. Other studies carried out in traditional communities in the Northeastern semi-arid
region of Brazil also report the intense use of “mandacaru” for feeding animals (Andrade et al. 2006; Lucena et al. 2012a,b,
2013, 2015a,b; Nunes et al. 2015; Lima-Nascimento et al. 2021), although they do not clearly show this preference of use.

The management of this species, both in situ and ex situ, can be explained by the fact that it is the most versatile species
among those present in the community (Lucena et al. 2015a,b; Lima-Nascimento et a. 2021) and that it is mainly found in
areas of lower altitude and in well-anthropized environments (e.g. gardens and backyards) (Lucena et al. 2015a,b). The
abundance of individuals in anthropized areas is usually associated with the process of artificial selection, which implies the
selection of individuals with traits relevant to human groups to be managed or cultivated (Lima-Nascimento et a. 2021). Such
selection can, over time, cause significant differences in morphological (Arellano and Casas 2003) and even in genetics traits
(Otero-Arnaiz et al. 2005), as has been reported in some studies of columnar cacti native to Mexico (Casas et al. 2006, 2016;
Parra et al. 2008).
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Similarly to the present study, the cultivation of branches of columnar cacti in gardens for use as human food and fodder has
already been recorded in some villages in the Tehuacan-Cuicatlan Valley, in Mexico (Blancas et al. 2010; Parra et al. 2010).

Considering the useful parts of “mandacaru”, several studies have documented the prominent use of its branches for human
consumption (Andrade et al. 2006; Chaves e Barros 2015), as fodder (Lucena et al. 2012 a,b, 2013; Sales et al. 2014), and for
therapeutic purposes (Andrade et al. 2006; Junior 2011; Lucena et al. 2014). However, some ethnobotanical studies carried
out with columnar cacti from Mexico report the intense use of the fruits for human consumption, which is one of the most
relevant categories (Arellano and Casas 2003; Carmona and Casas 2005).

The different forms of management recorded in Santa Rita show the interest in the conservation of the studied species in
the region, because of its economic and cultural importance for the farmers.

Considering the forms of in situ management, similar to the gathering, the tolerance was also well demonstrated in the
interviews. According to Casas et al. (1997; 2014), plants with desirable traits are generally tolerated, even in cultivated
areas.

Similar to the in situ management, the ex situ management recorded in Santa Rita can be considered as a practice involving
artificial selection. Casas et al. (2016) point out that these forms of cultivation of wild plants in controlled environments
differ from the agricultural management, which is a form of cultivation involving domesticated plants.

Genetic diversity and structure

The low genetic differentiation among the different types of mandacaru stands observed by the Global Fsr (0.014) and SMM
(0.23%) values can be explained by the intensity and type of management, geographical distance between the populations,
and the permanence of the gene flow. The influence of these aspects has already been reported in studies with other
columnar cacti in Central Mexico (Otero-Arnaiz et al. 2005; Casas et al. 2006; Cruse-Sanders 2013).

From the ethnobotanical research carried out in the community, it is evident that the form of management carried out by
the farmers it cannot influence the genetic dissimilarity between the populations (wild, managed and cultivated). This is
because the use of plant parts for the planting of individuals that make up the cultivated population generates the genetic
similarity within the population and, consequently, the divergence and dissimilarity in relation to the managed and wild
populations. According to Gonzalez-Insuasti & Caballero (2007), the intensity of the management follows an ascending scale,
depending on the type of management carried out and the number of people involved in this practice. In addition, the
intensity of management is influenced by the level of risk and uncertainty of the availability of the resource, resulting from
its economic and/or cultural importance and even from the scarcity of the resource in the region (Blancas et al. 2013). These
aspects may explain what is happening with the “mandacaru” in the community of Santa Rita; since it is an economically and
culturally important species, the farmers have planted and transplanted it more and more.

A study carried out in the State of Pernambuco, Northeastern Brazil, with a native tree species of the Caatinga (Spondia
tuberosa Arruda), popularly known as umbu, showed that the individuals of this species are in the process of incipient
domestication due to the forms of management to which they are subjected (Lins-Neto et al. 2013), but with regard to
“mandacaru”, we did not analyze the effects of a possible incipient domestication in the present study.

In addition to the management type, geographic factors (topography, barrier, and distance) should also be considered (Parra
et al. 2010). These factors can influence the natural gene flow between populations of individuals of the same plant species
and thus influence the genetic variation.

According to the dendrogram (UPGMA) (Figure 4), the genetic similarity of the cultivated stand of individuals, in relation to
the managed and wild stands, indicates that gene flow is very active, which can be explained by the geographic distance
between the individuals of the groups of individuals making up the metapopulation of Santa Rita., as it was mentioned above.
Some studies carried out with columnar cacti native to Mexico have found that the geographic distance was more relevant
than the form of management to explain the genetic distance between the populations (Otero-Arnaiz et al. 2005; Casas et
al. 2006), which is similar to what we found in this study. There are still questions to be answered, which could be explored
by comparing several metapopulations throughout the range of the species analyzed. Especially because ecological and
cultural factors can vary in the region. But this is an advance for understanding a process that is happening on an interesting
plant species in an important region of Northeastern Brazil.
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Conclusion

From the forms of use and management carried out by the farmers of Santa Rita, using the individuals of Cereus jamacaru
subsp. jamacaru, it is possible to prove that it is a species of high cultural and economic value.

The forms of management, especially the patterns of preferences associated to gathering can be in turn related to human
selection in other contexts where the species is managed. However, geographic factors and the occurrence of gene flow
between wild and cultivated populations may be factors influencing an absence of genetic differences detectable between
the populations of “mandacaru”. This fact confirms that even when people practice selection favoring certain individuals with
certain phenotypes, the gene flow occurring in all these contexts leads to consider all these stands as part of a
metapopulation, which is similar to those patterns found for several species of columnar cacti in Mexico.
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