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2016; Larrea-Alcázar 2008). Cacti are one of the few 
sources of water available to human populations 
during periods of prolonged drought (Calvacanti and 
Resende 2007). The usefulness of cacti to human 
populations in these adverse environmental 
conditions favors the development of a close 
relationship between the two, which often takes the 
form of intentional or unintentional management 
(Blancas et al. 2013).  

People select species of Cactaceae for use based 
on characteristics that offer a means of supplying the 
demand of consumption, with various types of 
harvesting and management practices that may or may 
not keep cacti intact (Casas et al. 2001). The 
intentional selection of favorable characteristics in 
different species is established by local people. Such 
practices include the protection of individuals in in situ 
or ex situ environments, which can lead to future 
phenotypic changes (Casas et al. 2007). 

Conservation of biodiversity in tropical forests 
has allowed for a co-management system carried out 
by the government and local communities, 
recognizing that cultural perception is an important 

Introduction  
Traditional societies throughout the world have 
developed relationships with natural resources and 
established methods for their management, which are 
shaped according to local needs. These cultural 
practices reflect the types of interactions that occur 
between humans and their natural resources (Blancas 
et al. 2013). These interactions have important 
impacts on the diversity and distribution of non-
human species, particularly plants. Therefore, the vast 
knowledge that traditional populations possess 
regarding different forms of exploitation and 
management of natural resources, especially plants, is 
the subject of numerous ethnobotanical studies 
(Albuquerque and Hanazaki 2010; Lopes 2017).  

Among plants commonly managed by human 
populations are cacti (Cactaceae), which are used 
mainly during seasonal drought for human food, 
animal fodder, and medicine (Casas et al. 2014; 
Lucena et al. 2015). Cacti possess adaptive 
characteristics that allow them to grow and survive in 
conditions of low humidity typical of arid and semi-
arid regions (Godínez-Álvarez 2003; Ferreira et al. 
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component for directing conservation actions 
(Diegues 2000; Norton 2001). This is especially true 
because the management techniques and methods 
adopted by local populations reflect adaptive 
ecological strategies that concentrate efforts to 
conserve resources important to the local economy 
(Tickton et al. 2002). Management of cacti species by 
local communities contributes to their distribution 
and species richness, which serve to ensure the 
economic and sociocultural success of the 
communities. However, improper exploitation can 
negatively affect management and increase risks to 
cacti populations (Velásquez-Mila et al. 2011). 

The objective of the present review was to gather 
information on the types of uses and management of 
species of Cactaceae in various regions of the 
Americas. This review provides information relevant 
to conservation policies regarding this important 
resource for local populations in semi-arid regions. 

Cactaceae: Species Richness and Distribution in 
the Centers of Cacti Diversity 
The family Cactaceae is part of a group of perennial 
xerophilous plants with morphological, physiological, 
and functional adaptations that allow them to survive 
in hot climates (Sbrissa et al. 2012). Physiologically, 
species of Cactaceae are characterized by crassulacean 
acid metabolism (CAM), which is a specific type of 
metabolism that enables them to obtain high 
concentrations of CO2 (carbon dioxide) at night while 
the stomata are open, and store the carbon for 
photosynthesis during the day, when the stomata are 
closed; this reduces the loss of water to 
evapotranspiration (Taiz and Zeiger 2010). Due to 
adaptations to the environmental stresses caused by 
the edaphoclimatic conditions of the different regions 
where cacti are found, cacti have a competitive 
advantage in environments where water is a limiting 
factor, such as arid, semi-arid, and micro-epiphytic 
habitats (Taiz and Zeiger 2010). 

Species of cacti possess thorns, which are 
modified leaves that protect against predator attack 
and prevent dehydration due to the loss of excessive 
water through high leaf surface area. In addition, the 
roots of cacti give them an advantage in water storage 
(Sbrissa et al. 2012). Their fruits vary in shape and 
size, and can be capsulate, tomentose, spiny, and 
scaly; white, red, yellow, or blue in color (Abreu 
2008); carnose or dry; and dispersed by animals or by 
abiotic factors such as wind and water (Duarte et al. 
2013). 

There are about 2,000 species of Cactaceae across 
124 genera distributed in tropical and temperate 
regions of the Americas (North, Central, and South 
America) (Rego et al. 2012), with four main centers of 
diversity (Taylon in Oldfield 1997): the United States, 
Mexico, the Andean Region, and Brazil (Figure 1). 
However, some species of cacti are found on other 
continents, such as Rhipsalis baccifera ((J.M. Muell.) 
Stearn), which has been recorded on continental 
Africa, Madagascar, and Sri Lanka, where it is 
suspected to have been introduced by migratory birds 
(Cavalcante et al. 2013; Cerutti 1984). 

Species of Cactaceae are distributed from Canada 
in North America south to the region of Patagonia in 
southern South America, including some Caribbean 
islands (Hunt and Taylor 1990). In Central America, 
Cactaceae is most diverse and widely distributed in 
Mexico, where there are around 900 species; Mexico is 
considered the second most diverse center of cacti in 
the world. Another center of diversity is the Andes of 
South America, mainly in Peru and Bolivia (Taylon in 
Oldfield 1997). 

Brazil is considered the most diverse center of 
cacti in South America, with about 39 genera and 260 
species, 187 of which are endemic (Zappi et al. 2016), 
with the state of Bahia being the center of diversity 
(Castro 2008). In Brazil, cacti are distributed among 
environments of Caatinga (a type of tropical dry 
forest ), tropical forest, Cerrado, rock outcrops, and 
restinga forests (Cruz 2011). In central Brazil, species 
of the family Cactaceae occur on rocky outcrops in 
the Cerrado, and in some areas of the Pantanal (Zappi 
et al. 2011). The west-central region of the country 
has 33 recorded cacti species, of which six are 
endemic; southern Brazil has a diversity of epiphytic 
cacti and is considered the second largest center of 
diversity in the country, but with only eight endemic 
species (PAN 2011). 

The Caatinga ecoregion in the interior of 
northeast Brazil has the greatest number of individuals 
and species of cacti and the best edapho-climatic 
conditions for their growth (Bernardes 1999). Sixty-
two species of 19 genera of Caatinga cacti have been 
identified (Moro et al. 2014; Zappi et al. 2016). Of 
these, Pilosocereus pachycladus F. Ritter, Cereus jamacaru 
DC, and Pilosocereus gounellei (FAC Weber) are the 
species most used by local populations (male and 
female farmers [Duque 2004]). Rural human 
populations in the semi-arid regions of Brazil farm 
and raise livestock as their main subsistence; however, 
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the climate does not favor economic security 
throughout the year, which causes people to use cacti 
to meet their needs (Duque 2004). In the absence of 
pasture, species of Cactaceae are used for animal 
fodder and have become a strong cultural component 
of these traditional populations (Lucena et al. 2015). 

Human Uses of Cacti in the Americas 
Species of Cactaceae are of potential use to human 
populations in several regions of the world (Blancas et 
al. 2010; Casas et al. 2014; Fuentes 2005; Lucena et al. 
2012). The continuous manipulation of species by 
local communities for beneficial morphological and 
physiological characteristics contributes to their 
domestication, as is the case with the columnar cactus 
Stenocereus stellatus ((Pfeiff.) Riccob) in Mexico (Casas 
et al. 1999). One of the earliest records of a 
domesticated cactus species is from Mesoamaerica 
(Casas et al. 2003).  

Historical records in Mexico from 1200 to 1400 
years ago document a diversity of interactions 
between people and forest resources, with an 
emphasis on the cultivation and management of cacti 
for agricultural purposes (Casas et al. 2011). This 
relationship between local populations and their plant 
resources still occurs, and has been documented by 
several recent ethnobotanical studies (Lins-Neto et al. 
2012; Lucena et al. 2015). Recent studies in Mexico 
(Blancas et al. 2010; Casas et al. 2001), Cuba (Fuentes 
2005), Colombia (Fernández-Alonso 2006), the 
United States (Apadoca 2001), and Brazil (Lucena et 
al. 2012, Lucena et al. 2013; Lucena et al. 2015) have 
investigated the management of cacti (Casas et al. 
1997, 2006; Lucena et al. 2013; Pérez-Negron et al. 
2007) by different ethnic populations (local and 
traditional groups) who have used the resource for a 
variety of purposes (Lins-Neto et al. 2012). 

The need for, and abundance of, cacti relate to 
how they are used in the local culture and economy 
(Lucena et al. 2015). Mexico is characterized by an 
ancient culture of use and commercialization of cacti, 
wherein traditional populations use them primarily for 
human consumption (Casas et al. 2006). Records for 
the Tehuácan-Cuicatlán valley, which is the center of 
origin of columnar cacti, document the use of cacti as 
food by local populations beginning 1400 years ago 
(Casas 2002; MacNeish 1967). In addition, there are 
records of very early ceremonial use of cacti in 
Mesoamerica, especially with regard to mescaline. 
Mescaline is a naturally occurring psychedelic alkaloid 
known for its hallucinogenic effects comparable to 

those of LSD and psilocybin. It occurs naturally in the 
Peyote cactus (Lophophora williamsii), the San Pedro 
cactus (Trichocereus pachanoi), and other members of 
Cactaceae (Crosby and McLaughlin 1973). The San 
Pedro cactus has been used for healing and religious 
divination in the Andes Mountains for over 3000 
years, with strikingly realistic imagery found in early 
Chavín culture (ca. 900 BCE) (Burger 1992; 
Bussmann and Sharon 2006).   

In the semi-arid region of Brazil (northeastern 
Brazil), traditional human populations are usually 
farmers who use the parts of cacti that are most useful 
for rural construction (such as slats for houses and 
hedges) and as fodder for animals, since they are one 
of the few plant resources available throughout the 
year (Lucena et al. 2012; Lucena et al. 2013). The 
fruits of cacti are used in human food and in the 
manufacture of sweets (Lucena et al. 2015), with 
cladodes and rackets being used for animal fodder 
(Figure 2). 

Traditional Management of Cacti 
Some species of cacti may be undergoing involuntary 
or unintentional management by traditional 
communities, specifically by the selection of 
individuals with characteristics that meet the demand 
of consumption, and which can be maintained with 
different types of exploitative cuttings (Casas et al. 
2001). The intentional selection of favorable 
characteristics, by means of protecting certain 
individuals over others, can lead to phenotypic 
changes (Casas et al. 2007). In this way, local 
populations perform management techniques with 
cacti that preserve desirable (e.g., sweet, fleshy, and 
large fruits, large cladodes and rackets, fast growth) 
and/or eliminate undesirable phenotypes (e.g., cacti 
that do not have parts useful to the local population) 
depending on the particular edapho-climatic 
conditions of a given region (Blancas et al. 2010; 
Casas et al. 2006; 2017; Lucena et al. 2015). 

Traditional management can be done in two 
distinct ways, in situ or ex situ, both of which favor 
plant abundance or diversity, and may include 
strategies including deforestation, burning, or even 
irrigation of desirable species (Casas et al. 2014). The 
strategies used change according to the biocultural 
issues present in a community, and can vary from 
vegetative propagation of the species to the reduction 
of competition from non-useful plants (Blancas et al. 
2009; Clement et al. 2010; González-Insuasti et al. 
2007), by means of practices that employ selection 
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criteria aimed at eliminating undesirable phenotypes 
and increasing the availability of the preferentially 
used plants (Blancas et al. 2013). 

In situ management is when plants are managed in 
their natural environments, and has three 
manifestations: tolerance, protection, and promotion. 
Tolerance is when the aim is to preserve individuals 
of the desired species before the preparation of the 
land (Casas et al. 1997, 2001, 2006). Protection is 
when competitors that may harm the species of 
interest are eliminated (e.g., pest removal), thereby 
guaranteeing and/or expanding useful plants (Casas et 
al. 1997, 2001, 2006). Management by promotion 
facilitates an increase in the number of individuals 
using techniques applied in their natural habitat, such 
as the application of fertilizers, manure, or compost, 
and the preparation of the soil and pruning (Casas et 
al. 1997, 2001, 2006).  

On the other hand, ex situ management occurs 
within the anthropogenic fields with individuals being 
propagated through sowing and/or transplantation 
(Casas et al. 1997a). Ex situ management evolves over 
time through the selection of phenotypes that offer 
advantages, even when there are events that decrease 
the number of cacti (González-Insusti and Caballer 
2007). It also involves the selection of species for 
different types of exploitation (Casas et al. 2006). 

In Brazil, research concerning cacti management 
is emerging due to their importance in local 
economies and cultures, and the corresponding 
selection of individuals with economically viable 
characteristics (Arellano and Casas 2003). This kind of 
management has been recorded in the northeast 
region by Lucena et al. (2012, 2013, and 2015), who 
have sought to understand how traditional 
management techniques have contributed to the 
processes that determine genetic variation, as well as 
the possible domestication of Cereus jamacaru D.C. 
(mandacarú); C. jamacaru is one of several species of 
cacti that is used intensively by local populations in 
the semi-arid regions of Brazil. Lucena et al. (2015) 
point out that the overexploitation of cacti species, 
together with a lack of reforestation projects, has led 
to environmental problems that could result in 
decreased abundance of some species, including C. 
jamacaru.  

Other types of management were also found in 
the Brazilian semi-arid region by Pedrosa (2018), who 
recorded management in natural environments (in 

situ), with the application of partial use and burning of 
the vegetative parts of the cacti in order to provide 
fodder for domestic animals. On the other hand, they 
found that species in domestic environments (ex situ) 
were positively affected by techniques that protected 
and promoted them, which favored their development 
and increased population density. These activities are 
linked to the ornamental value that cacti species 
provide to the local culture, thus facilitating their 
propagation and conservation. Understanding how 
local practices can improve sustainable livelihoods is 
essential for maintaining the natural cycle of local 
biodiversity within varied socio-ecological contexts. 

Perspective for Conservation 
Regions that harbor cacti tend to be in 
socioeconomically developing countries. These 
regions lack established conservation practices, 
especially regarding Cactaceae, for which there are 
species that are of conservation priority. This is the 
case for species of the genera Discocatus, Melocactus, 
Uebelmannia, and Parodia  (Zappi et al. 2011), which are 
on the official endangered list of the Ministério do 
Meio Ambiente Brasileiro (Brazilian Ministry of the 
Environment 2013). 

By linking the need for conservation to local 
biocultural knowledge, traditional management can be 
used as an alternative approach to conservation. This 
is especially relevant for cacti because they are 
currently suffering pressure from destruction of 
habitat for agricultural purposes and the unrestrained 
use of cacti to meet rural needs. From this 
perspective, investigations into the processes and 
patterns of distribution, use, and management of cacti 
species are increasingly needed, particularly as climate 
change contributes to more severe droughts in arid 
and semi-arid regions. Furthermore, cacti 
conservation and management needs to be 
investigated carefully, taking into account risks to the 
genetic variability of cacti species. 
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