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Abstract

Taxa of the family Cactaceae presents morphological and reproductive characteristics, which are
used by rural communities in arid and semi-arid areas, for food, medicinal and ornamental purposes. The
objectives were to identify the most used species and to relate the socioeconomic factors of the informants
with their knowledge of the species. To this end, 262 semi-structured interviews were applied, with
questions such as name, age, gender, educational level, source of employment, among others; eight
categories of use were established: agro-ecological, agricultural, commercial, environmental service, food,
medicinal, ornamental and technological; three indexes were calculated, relative importance, the value of
use for each of the species and wealth of knowledge of the interviewees. Nine species are reported, from
which eight are used as food and ornamental, standing out Opuntia ficus-indica for its diversity of uses,
while Cylindropuntia tunicata does not report any utility. Variables such as age and residence time showed
a significant relationship with the number of plants used by the interviewees. It is expected to contribute to
the preservation of cacti, local knowledge and encourage large-scale cultivation since species such as
Mammillaria columbiana, Melocactus andinus, and Melocactus curvispinus are being used in an

unsustainable way, which could cause their local extinction.
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Introduction

Climate change, erosive processes, and anthropogenic activities such as agriculture, lumbering, and
grazing have increased arid and semi-arid areas in Colombia, these areas have 4,828,875 hectares, which
corresponds to 4.1% of the national territory, extending mainly along with the western, central, and eastern

mountain ranges, and on the Caribbean coast, from sea level to 2,800 meters above sea level [1,2].

The department of Boyaca is affected by a serious desertification process with low sustainability,
presenting semi-arid enclaves in the Central and Ricaurte provinces, in the municipalities of Cucaita,
Raquira, and Villa de Leyva, characterized by superficial soils, with highly eroded sectors, slopes of up to
60° and water deficit [3—5], conditions that prevent them from being productive areas, directly affecting the
peasants' economy. However, the largest extension of cultivated land corresponds to the pea Pisum sativum-
Fabaceae, barley Hordeum vulgare, bulb onion Allium cepa, branch onion Allium fistulosum-Alliaceae,
maize Zea mays-Poaceae, potato Solanum tuberosum-Solanaceae, and carrot Daucus carota-Apiaceae [6,7],

which require constant humidity for high profitability, benefiting only farmers in humid areas.

The cacti of the Austrocylindropuntia and Opuntia generates stand out in the plant communities of
the rural region of Cucaita, Raquira, and Villa de Leyva, which present characteristics own for its
development and propagation, such as their asexual reproduction, low water, and nutritional requirements
for their growth, allowing them to occupy large extensions of land, and whose cultivation could become a
source of income for the inhabitants of these municipalities, by using the native flora as an alternative for a

more stable and lasting peasant economy, resulting in a higher index of food autonomy in these sectors.

Studies on knowledge and use of cacti in Colombia are limited; the food, medicinal and
technological use of the leaves, fruits, and stems of Acanthocereus pentagonus, Hylocereus undatus,
Melocactus coccineus, Melocactus curvispinus, Opuntia schumannii, Pereskia bleo, and Stenocereus

griseus has been reported [8—11].
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In municipalities with economic problems that lead to hunger and poverty, an understanding of the
human-nature relationship is fundamental to the design of culturally appropriate and sustainable economic
promotion and development projects [12]. Therefore, the objectives of this study were to identify the native
species and among them the most exploited ones, to assign the categories of use, and to analyze the

relationship between the socioeconomic factors of the interviewees and the knowledge of the taxa.

Material and Methods

Area of study

Three field trips were conducted, with a duration of five days each, between August and September
2019, to the semi-arid trails of the municipalities of Cucaita: Centro, Cuesta en Medio and Llano (5°31'S5"N,
73°27'44"W; 2650 masl); Raquira: Candelaria Occidente, Candelaria Oriente, Carapacho (5°31'12.22"N,
73°36'20.92"W; 2165 masl) and Villa de Leyva: Cafiuela, Llano Blanco, Moniquira, Ritoque, Sabana and

Sopotd (5°36'16.19"N, 73°31'34.92"W; 2149 masl), in the department of Boyaca (Fig 1).

The three municipalities form a semi-Arid-Andean corridor, with temperatures between 14 and
18°C and an average annual rainfall of 700 to 1000 mm. The soils are clayey and sandy, and there are sectors

of high erosion, with slopes of up to 60° and varied topography, between undulating and gullies [5,13—15].

The predominant type of vegetation corresponds to xerophytic and sub-xerophytic scrub, with
Agave americana and Furcraea sp. -Agavaceae, Puya nitida-Bromeliacee, Echeveria bicolor-Crassulaceae,
Caesalpinia spinosa- Caesalpiniaceae, Xylosma spiculifera-Flacourtiaceae, Dodonaea viscosa-
Sapindaceae, Solanum crinitipes, Solanum lycioides-Solanaceae, and cacti of the genera Mammillaria,

Melocactus and Opuntia [16-20].
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89  Fig 1. Study area. a. Municipalities located in the semi-arid inter-Andean enclaves of the Eastern

90  Cordillera. b. Trails sampled in each municipality.

91  Specimen Collection

92 Specimens of the nine taxa were randomly collected and deposited in the UPTC Colombia
93  herbarium of the Universidad Pedagogica y Tecnoldgica de Colombia, an institution that holds the Permit
94  for the Collection of wild species of Biological Diversity the purpose of non-commercial scientific research,

95  Resolution No. 724 of 2014, of the Autoridad Nacional de Licencias Ambientales—ANLA.

9¢ Taxonomic identification

97 It was carried out based on the consultation of the taxonomic treatments of [19-21]. A photographic
98  catalog was designed with the cactus species of each municipality, helping to facilitate the recognition of

99 the taxa by the informants (S1 Appendix).

100 Ethical aspects

101 This study was approved according to the guidelines and regulations of the Ethics Committee for
102  Scientific Research of the Universidad Pedagdgica y Tecnoldgica de Colombia (Agreement 063 of 2016).
103  Each informant declared to know the objectives and methods of the project, accepting their voluntary
104  participation by signing the Informed Consent Form, allowing the publication of ethnobotanical information

105  (S2 Appendix).

106 Estimation of the sample size (n) people to be interviewed

107 The number of inhabitants per village (N) was calculated according to the number of rural

108 inhabitants over 18 years old in each municipality and the population density [22]. The formula from [23]
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109  was applied to determine the statistically representative number of people to be interviewed (n) per

110  municipality:

_ NZ’pq
111 0= taz?) + (v — ez (D
112 where, n= sample size. N= estimated number of inhabitants of the semi-arid trails. Z= 1.96,

113 confidence level = 95%, a probability of success of p= 0.5, which it involves q= 0.5, permissible error, e=

114 0.1.

115 Given the difficulty of having a sampling frame, the non-probabilistic type of sampling was applied
116  under a criterion of proximity and by quotas [24], where the people who reported living in the study area

117 were selected.

118 Structure and application of the interview

119 A semi-structured interview was used, with two groups of questions, personal data, and
120  ethnobotanical information: name, age, gender, educational level, source of employment, time spent in the
121  area, common or vernacular name of each species, uses, manner of employment and structure of the plant
122 used (S2 Appendix), each person was assigned an identification code, and the respective depuration and

123 normalization was carried out to form the database.
124 The results of the interview were analyzed according to the categories proposed by [25], defined as:

125 Agro-ecological: they provide benefits to agro-ecosystems, such as living fences, compost, soil
126  protection, among others. Agricultural: they fulfill an agro-industrial function to facilitate agricultural
127  and/or livestock processes, such as fodder, sowing tools, and veterinary. Food: they provide food to the
128  inhabitants. Commercial: they are placed exclusively for sale. Medicinal: they have preventive and/or
129  curative properties for human diseases. Ornamental: due to their striking phenotype they are used to
130  decorate the interior and/or exterior of houses. Environmental services: they are wild and according to the
131  local inhabitants they are associated with the recovery of ecosystems or the preservation of fauna, for

6
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132 example, reforestation and food for wild animals. Technological: when transformed they provide
133 mechanical or chemical aids for the daily activities of human communities; they can generate innovative

134  products.

135 Ethnobotanical Indices

136 Three indices were estimated: Wealth of Knowledge (RQZi) [11], Relative Importance (RI), and

137  Use Value (UVs) [26]:

138 Rich Knowledge Index (RQZi): is the knowledge that the informant (i) has about the

139  species in relation to all the species found in each municipality.

: EU
140 RQZI = Maximum EU value (2)
141 where, EU=is the total number of species recognized by the informants. Maximum EU value= Total

142 number of species present in the area.

143 The RQZi index varies between 0 and 1, with 0 being the minimum,
144  thatis, they do not recognize any plant and 1, the maximum value of knowledge, know all the species present
145  in the territory.

146 Use Value Index (UVS): measures the socio-cultural importance that the species has for an

147 informant.

UVis
148 UVs=Xici- 3)
149 where, UV .= used value of species (s) to informant = i.
150 UV,= > U,/n;, where, U= number of uses of species (5) mentioned in each event by informant 7;

151  n;=number of events in which informant i cited species. sng=number of informants interviewed for species.

152 i: informant. s: species.
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153 Relative Importance Index (RI): reflects the utility of the plant according to the

154  versatility of uses; the maximum value that can be assigned to a species is 2.
155 RI=ENUC+NT (4)

156 where, NUC= number of categories of use of the species/number of categories of use of the most

157  used species

158 NT= number of uses attributed to the species/number of uses attributed to the most used species.

159  Relationship of ethnobotanical data and socioeconomic factors

160 The study carried out is of a descriptive correlational type, after standardization, depuration, and
161  codification of the information. Exploratory analyses were carried out in order to identify potentially
162  atypical values through the Box Plot diagram. Univariate and bivariate analysis techniques were applied
163  according to the number of plants used per municipality, part of the plant used, category of use and
164  knowledge wealth index, variables that were crossed to determine the relationship or association with

165  respect to a municipality, gender, occupation, and age of the interviewee.

166 The association between categorical qualitative variables, municipality, gender, and occupation
167  with quantitative variables was determined through the Chi-square test of independence. Being the test

168 statistic:

(0, —e)?

169 X2=y=—"= (5

170 where, o;= observed frequencies. e;= expected frequencies. The degrees of freedom are determined
171 by (f-1) (c-1), where f= number of rows in the contingency table, and c= number of columns in the

172 contingency table.

173 For associations where both variables are quantitative, the Pearson Correlation Coefficient (Ry)

174  was calculated, after reviewing the required assumptions, including normality.
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Sxy
175 Ry =755, (0)

176 where, S,,= covariance between variables x, y. S,= standard deviation of x. Sy= standard deviation
177 ofy.

178 Statistical hypothesis: null hypothesis. Hy: no relationship between variables. Alternate hypothesis.

179  Hj: if there is a relationship between the variables.

180 For the hypotheses of no relation or association between the variables, both for the Chi-square
181  statistic and for the R,y Correlation Coefficient, the P value is calculated, considering three reference points

182  for comparison: a =10% (*), a =5% (**), a =1% (***).

183 Results and Discussion

184 Cactus species present in the study area

185 Nine species were found (Table 1, Fig 2), which had been reported for the municipalities of Raquira
186  and Villa de Leyva by [5,11,18-20,27]; however, they were not observed in the sampling area Disocactus
187  sp, Melocactus hernandezii, Opuntia schumannii, and Rhipsalis baccifera, described for Villa de Leyva and

188 its surroundings by [5,11].

189  Fig2. Species reported for the study area. a. 4. cylindrica.b. A. subulata. c. C. tunicata. d. M. columbiana
190 e. M. andinus. f. M. curvispinus. g. O. ficus-indica. h. O. quitensis. 1. O. soederstromiana. Photographer:

191 Daniela Porras-Florez, a-d, g-i; Felipe Vargas: e, f.

192 Uses attributed to cacti

193 The most reported use category was as food (661 citations), followed by ornamental (251 citations)
194  and medicinal (138 citations). These categories are frequently mentioned in various studies in America, for

195  example, in Mexico, species such as O. ficus-indica were fundamental to the establishment of large cultures
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196  such as the Aztec, since it served them mainly as food, and later was given other uses: medicinal, ornamental
197  and forage for animals [28,29]. Currently, the constant consumption and commercialization of its fruits and

198  stems have contributed to the internal economic development of that country [30].

199 Also, in different latitudes of the Americas, cacti have been part of the daily and traditional activities
200  of communities, for example, indigenous peoples in Canada consume the fruits of Escobaria vivipara and
201  the stems of Opuntia fragilis as food and to treat skin infections. In the United States, indigenous
202  communities used Opuntia humifusa for medicinal purposes, to treat wounds produced by snake bites;
203  today, this species is used as an ornamental [31]. In Cuba, Honduras, and Guatemala, species of the genera
204  Brasiliopuntia, Disocactus, Epiphyllum, Hatiora, Hylocereus, Mammillaria, Melocactus, Opuntia,
205  Pereskia, Rhipsalis, Selenicereus, Stenocereus, are frequently reported as ornamental. In Bolivia the genera
206 Cleistocactus, Disocactus, Epiphyllum, Pfeifera, and Rhipsalis, and in Brazil species such as Cereus

207  jamacaru, Pilosocereus pachycladus, Pilosocereus gounellei, are mainly used as livestock feed [30,32—40].

208 Cactoideae subfamily: M. columbiana is known by its vernacular name of pifia, due to the

209  appearance of the ribs on the stem; the fruits are known as ajicitos and in Mexico as chilitos, because of
210  their color and shape [28] (Table 1). 53% of the informants consume the fruits occasionally (136 citations),
211 for their sweet flavor and striking color, which coincides with Mexico [28] (Table 2). In Villa de Leyva and
212 Sachica, the populations of this species have been decimated by the strong fires that occur periodically in
213 the upper parts of the mountains of these municipalities, and by commercialization for ornamental use [41].
214 M. columbiana is distributed from Central America to northern South America; in Colombia, it is found in

215  the inter-Andean valleys of the departments of Boyaca, Cundinamarca, Huila, and Santander [20,42,43].

216 Informants record the same uses for Melocactus andinus and M. curvispinus, because of their
217  morphological similarity they cannot differentiate them. In Raquira, 34% (28 citations) of residents use
218  them mainly as ornamentals. The Wayuu indigenous in the department of La Guajira, in addition to

219  consuming the fruit of M. curvispinus, use the pulp as a source of water, as the base of dough to prepare

10
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220  arepas and to make syrup [44] and in Venezuela they also use it as food [45]. The specific epithet of
221 Melocactus andinus refers to its distribution in the Andes of Colombia and Venezuela, while M. curvispinus
222 refers to the curved shape of its spines [19,46]. In Colombia, M. curvispinus is known by several vernacular

223  names, cabecinegro, cabeza de indio, cabeza de negro, and gorro de obispo [47].

224  Table 1. Vernacular names and number of citations of species in the area.

Collection Number/Herbarium | Citations
Species Vernacle
Number Number
Cactoideae
M. columbiana Ajicitos, Cauto, Pifia KH4/UPTC-H 30070 299
M. andinus Ajicitos, Cauto FV4/UPTC-H 30073 114
M. curvispinus Ajicitos, Cauto FV6/UPTC-H 30074 114
Opuntioideae
A. cylindrica Penco, Cactus, Cacho de | KH3/UPTC-H 30067 104
Buey
A. subulata Penco, Cactus, Cacho de | DP98/UPTC-H 30068 104
Buey
C. tunicata Vanilla Dp101/UPTC-H 30069 -
O. ficus—indica Higo, Higo de castilla KH6/UPTC-H 30071 341
O. quitensis Higo silvestre, Higo, | DP7/UPTC-H 30072 70
Penco de monte

11
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0. Higo silvestre, Higo, | DP95/UPTC-H 30066 244

soederstromiana Penco de monte

225 In the subfamily Cactoideae, M. columbiana, records the highest number of citations; in the
226 subfamily Opuntioideae, O. ficus-indica. The least cited species was O. quitensis. KH: Kendry
227 Hernandez, DP: Daniela Porras, FV: Felipe Vargas. (-) Not applicable.

228  Opuntioideae subfamily: More than 50% of the interviewees consider 4. cylindrica and A. subulata

229  to belong to the same species, as they share a high number of morphological characters. Between 12 and
230  25% of the inhabitants mentioned ornamental use (57 citations), and between 3 and 6% as a living fence (9
231  and 7 citations respectively) (Fig 3a, Table 2), which coincides with what was registered for Tunja [48]. In
232 Peru, they are cultivated as a living fence, and formerly the spines were used as needles for sewing and as
233 comb [29,39]. The etymology of A. subulata refers to the shape of its deciduous leaves, while 4. cylindrica
234  refers to the shape of its stems. In Pera, 4. subulata subspecies exaltata is known as "uchu uchu" and in
235  Colombia, the inhabitants distinguish it as Cacho de Buey (Ox Horn) due to the curved shape of some of its
236  branches (Table 1). These species are distributed throughout the Andean region in Bolivia, Colombia,

237  Ecuador, and Peru, except A. cylindrica which is not present in Bolivia [43].

238 In Villade Leyva C. tunicata it is known as Vanilla and no use is assigned to it, due to the dispersion
239  of the branches by zoochory, when there is an increase in temperature, the spines become embedded in the
240  skin of the animals and peasants, generating pain and discomfort [49]; therefore, the inhabitants have tried
241 to eradicate it. The specific epithet of C. tunicata refers to the papery epidermal sheaths on the spines. This
242  species has a wide Neotropical distribution, from the south of the United States to the north of Argentina

243 [50].
244

245

12
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246  Table 2. Categories and distribution of species.

Use Used
Species Use Utilization C|R |V
category part
Cactoideae
Co Sold in pot Sold in Pot CP X X
Sporadic
M. columbiana Fo In nature FR X [ x |x
consumption
Or Decorative pots - CP X [ x |x
Sporadic
Fo In nature FR - lx |-
M. andinus consumption
Or Decorative pots - CP - lx |-
Sporadic
Fo In nature FR -l x |-
M. curvispinus SOt
Or Decorative pots - CP - |x |-
Opuntioideae
Agr Living fence - CP X X
Me Cough treatment | Infused Petals FL X
A. cylindrica Or Decorative pots - CP X [ x |x
Water Mucilage is boiled
Tec ST X
purification with water

13
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Agr Living fence - Cp X | X | X
A. subulata Med Cough treatment | Infused Petals FL X
Or Decorative pots - CP X X
Veterinary to treat | Cladodes are
ST X
cattle indigestion | liquefied
Agt In nature or the
Cattle fodder cladodes are cut | ST X
into small pieces
Living fence - CP X | x |x
Dolomite lime or
Agr
Composting worms are added | ST X
to the stems
O. ficus—indica
Stems are sold to
Co promote new - ST X
crops
Decrease in
EnS Sow ST X
eroded soils
Consumption of
In nature or based
the fruit, desserts, FR X | x |x
Fo on fruit pulp
salads, ice cream
Salads Cooking ST X [ x

14
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The petals are
Cough treatment FL X | x
infused

Treating
pulmonary X X

conditions

Treating the flu X X

Controlling blood

In nature or in
pressure FR

juice

Cleansing the

colon

Med

Treating arthritis X

Managing

gastritis

Muscle pain and
Poultice X | x
deflation

Treating
pulmonary ST X [ x |x

conditions Liquefied

Mucilage
Treating the flu X [ X |Xx

Lose weight X
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Cancer

prevention

Treating arthritis X

Cleansing the

colon

Fever

management

Managing

diabetes

Controlling blood

pressure

Or Decoration - CP X X

The stem 1S
Mask for hair or
liquefied and
as a base for X | x
mixed with other

shampoo
Tec ingredients ST
Boils along with
Water
contaminated X
purification
water
Sporadic
O. quitensis Fo In nature FR - lx |-
consumption
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Med Treat cough Infused Petals FL - x |-

Agt Cattle fodder - CP X X

Agr Living fence - CP X X

EnS Wild bird food In natura FR X X
Sporadic

Fo In natura FR X [ x |x
consumption
Treating

O. soederstromiana pulmonary Infused Petals FL X X

conditions

Cleansing the | Liquefied

Med X | X |Xx

colon Mucilage

Treating varicose ST

X

veins Poultice

Back pain X
247 Cylindropuntia tunicata is not included because informants did not report uses. Use category:
248 Agriculture (Agt), Agroecological (Agr), Commercial (Co), Environmental service (EnS), Food
249 (Fo), Medicinal (Med), Ornamental (Or), Technological (Tec). Used part: Complete plant (CP).
250 Flower (FL). Fruit (FR). Stem (ST). Not applicable (-). Presence in the municipality
251 (x). Abbreviation: Cucaita (C), Raquira (R), Villa de Leyva (V).
252
253 Four crops of O. ficus-indica were found in the study area for the commercialization of the cladodes

254  and fruits (Fig 3b). Besides, the discarded stems are used as organic fertilizer (composting) (Fig 3d), which
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255  shows that the species is being valued in the region, which coincides with the agricultural, agroecological,
256  nutritional and medicinal uses that it has in other countries [29,35,51]. O. ficus-indica is used between 68

257  and 87% as a food (230 citations), especially the fruits in Cucaita, Raquira, and Villa de Leyva.

258 The etymology of O. ficus-indica refers to its fruit, ficus corresponds to the higo, and indica to the
259  West Indies [39]. In Colombia it is known as cactus, higo, penca de Castilla, and tuna [47], in the area of
260  study is commonly called higo de Castilla, according to [52], this name is because Castilla was the first
261  European center where the species was disseminated, in Bolivia as airampu or tuna, in Peru as the higo de
262 las Indias. It is naturally distributed in the Neotropical region, from Canada to Patagonia in Argentina, and
263 has been introduced for food, forage, and ornamental purposes in the Southern, Holarctic, and Paleotropical

264  regions [53,54].

265 43% of the rural community interviewed (64 citations), sporadically consume the fruits of O.
266  quitensis, and express that the presence of abundant glochids makes it difficult to manipulate them. Some
267  farmers were able to distinguish it from the other Opuntia species because of its smaller fruits, others
268  confused it with O. soederstromiana and therefore reported the same categories of use. In Ecuador, it is
269  known in the province of Loja as Tuna and Tunilla, and its fruits are also consumed [55,56]. This species is

270  distributed in Colombia, Ecuador, and Pera [21,57,58].

271 According to the inhabitants interviewed, O. soederstromiana is similar to O. ficus-indica, but with
272 more spines, sweeter and smaller fruit, and they assign the same properties to it, therefore, they report some
273  similar uses. 64% of people occasionally consume the fruit (185 citations) and 4% use it as a living fence
274 (7 citations) (Fig 3c); coinciding with what has been registered in Ecuador, however, there they attribute
275  other medicinal properties to it, since, according to popular knowledge, the roots serve to treat some stomach

276  ailments and the mucilage of the cladodes is used as an expectorant, to treat fever and skin spots [59].
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277 The specific epithet of O. soederstromiana is due to the first collector, Ludovic Soderstrom,; it is
278  found in Colombia [27] and is commonly known as higo silvestre and in Ecuador, it is known as tuna de

279  San Antonio or pishku tuna.

280  Fig 3. Some uses by the community are studied. a. Plantpot with young plants of 4. cylindrica and A.
281  subulata along with other introduced species. b. Cultivation of O. ficus-indica in the municipality of Cucaita
282  (Boyacd). c. O. soederstromiana as a live fence. d. Cladodes of O. ficus-indica in decomposition for

283  composting. Photographer: Daniela Porras-Florez, a-d.

284 Ethnobotanical Indexes

285 Knowledge wealth index (RQZi)

286 The knowledge of the species in the three municipalities is low, in Cucaita and Raquira 16% and
287  10% respectively know all the species. Between 10% and 40% of the people reached an RQZi index of 0.3

288  to 0.6 (Fig 4).

289  Fig 4. Informants knowledge wealth Index of by municipality. The maximum value corresponds to 1,

290  which means the interviewee recognized all the species in his/her municipality.
291 Relative importance index (RI)

292 O. ficus-indica had the highest value, 2, in the three municipalities (Table 3), because 28 uses were
293  reported, grouped in the eight categories. This species is considered the most economically valuable in the
294  world [52]. It is cultivated mainly for human consumption and medicine and as forage in Argentina, Bolivia,
295  Brazil, Chile, Cuba, Guatemala, Honduras, Nicaragua, Dominican Republic, and for the production of the
296  cochineal insect (Dactilopius opuntiae-Dactylopiidae), which is economically important in Ecuador and

297  Peru for obtaining the main natural carmine red pigment [32,34,37,39,54,60—64].

298
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Use Index Value (UVs)

In the three municipalities, O. ficus-indica registered the highest use value because it is the only
species cultivated, and its cladodes and fruits are sold locally and nationally, indicating the species is
becoming known better and used in rural communities. A value of 1.85 in Cucaita is the most outstanding
(Table 3); its use at the local level can be influenced by its morphological characteristics, absence or few
spines, cladodes, and larger fruits, besides being well positioned in international markets. O.
soederstromiana was the second most used species, these results agree with [59] in Ecuador, where it is
used for several purposes; this species has advantages that could introduce it in the local market, as its

sweeter fruit and is also dominant in its ecosystem, and could be used as a natural barrier against winds

causing erosion in the area.
Table 3. Use value and relative importance indexes for each municipality.
USE VALUE RELATIVE IMPORTANCE
Species (UVs) (RI)
C R \% C R \%
Cactoideae
M. columbiana 0.9 0.74 0.82 0.7 0.41 0.87
M. andinus - 0.63 - - 0.41 -
M. curvispinus - 0.63 - - 0.41 -
Opuntioideae
A. cylindrica 0.27 0.26 0.2 0.97 0.2 0.87
A. subulata 0.26 0.26 0.3 0.7 0.2 0.58
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C. tunicata - - 0 - - 0

O. ficus-indica 1.85 1.06 1.06 2 2 2

O. quitensis - 0.45 - - 0.41 -

O. soederstromiana 0.94 0.86 1 1 0.41 1.7
310 The highlighted numbers correspond to the maximum value obtained among the species. (-) Not
311 present in the municipality. Cucaita (C), Raquira (R), and Villa de Leyva (V).

312 Ethnobotanical data and socioeconomic factors

313 Several studies that integrate ethnobotany and socioeconomic factors at the global level, not only
314  for the conservation of biodiversity and local knowledge but also for the benefits in the quality of life that

315  plants bring to communities [65—68].

316 Several ethnobotanical studies have focused on the influence of socioeconomic factors on
317  knowledge and uses of natural resources [69] since it has been shown that there is a complexity of variables
318  that influence human behavior concerning its management. Socioeconomic analysis of variables has
319 increased the understanding of factors that affect the knowledge and use of native plants, which helps to

320 identify better strategies to favor regional sustainability [67].

321 Correlations were made between the number of use categories mentioned, the number of plants
322  used, and the parts used, age, gender, level of studies, occupation, and residence time living in the area

323  (Table 4).

324  Table 4. Summary of relationships between ethnobotanical data and socioeconomic factors.

Number of wused | Number of used
Use categories RQZi
plants parts
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P P
P P
Statistical Statistical Statistical | Valu | Statistical | Valu
value value
e e
Age R=0.126* 0.041 | R=0.189** | 0.002 | R=0.139* 0.025 | R=0.16* 0.01
Gender Chi=4.23 0.237 | Chi=8.46** | 0.037 | Chi=6.50* | 0.090 | Chi=1.37 | 0.712

Level of | Chi=20.28
0.062 | R=-0.096 0.122 | R=-0,073 | 0.236 | Chi=8.34 | 0.5

studies <
Chi=15.6%* Chi=13.01* Chi=11.50

Occupation 0.016 0.043 0.074 | Chi=7.90 | 0.245
£ * £

Residence R=0.112%
R=0.112%* 0.014 | R=0.112** | 0.010 | R=0.12 0.053 0.01

time &

Report of the statistician and his P-value. Significance of null hypothesis al: Sig. (10%) (*), Sig.

(5%) (**), Sig. (1%) (***). See S3 Appendix.

Age: Pearson's correlation coefficient shows that there is a statistically significant correlation at

5%, between the age of the interviewee and the knowledge index (R=0.16), as well as with the categories
of use, the number of plants used and the number of parts used (Table 4). There is evidence of a slightly
higher level of knowledge among respondents aged 50 or more, and a lower level of knowledge among
those under 30 (Fig 5). These results coincide with those reported by [70], who maintain that people between
the ages of 55 and 90 are the greatest holders of local knowledge, due to the long history of contact that has
favored the exchange of knowledge and experiences created with plants throughout their lives [71]. [72]
point out that access to technologies by young people such as television, cell phones, radio, among others,

has decreased their interest in outdoor activities, therefore their relationship with local biodiversity is weak.
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336 In the 31-39 age group, outliers were reported (Fig 5), ranging from zero, not recognizing the species
337  present in their territory (147 and 216), and other values equal to or close to one (19, 36, 118, and 204), that
338 s, they recognized all or a large number of species, demonstrating a high level of heterogeneity in terms of

339 the RQZi.

340 Fig 5. Relationship between age and knowledge index. The ranges were estimated as follows (1) of 30

341  years or less. (2) 31-39 years old. (3) 40-49 years old. (4) 50 to 59 years old. (5) 60 years or older.

342 Gender: There is a statistically significant relationship, Chi=6.50 (0.090), between gender and

343  categories of use (Table 4), and with the number of parts used, Chi=8.46 (0.037), where on average women
344  use more plant parts than men (3.4 and 3.2 respectively). Women's predominant uses are medicinal (69.1%)
345 and ornamental (54.6%), since they are more involved in household activities, while men's predominant

346  uses are agro-ecological (52.2%) and agricultural (75%) since they are mostly involved in farming and trade.

347 Our results show no significant differences between the female and male knowledge indexes.
348  Women obtained an average of 0.56 (+0.257), which implies a variation coefficient of 45.5%, and men
349  obtained an average of 0.54 (£0.246), with a variation coefficient of 46.1%. However, it can be seen each
350 municipality has its tendency, in Cucaita, men are the most knowledgeable, while in Raquira and Villa de

351  Leyvaitis women (Fig 6a).

352 [36] found that men and women present the same knowledge, but differ in the type of categories
353  reported, as men are more dedicated to cultivation and forage, and women are related to food preparation

354  and personal hygiene.

355 Level of studies: There is no statistically significant relationship between the level of study

356  with the wealth index knowledge index, number of plants and parts used, or categories of use. However, it
357  should be pointed out that while in some municipalities such as Cucaita there is a tendency that the higher
358 the level of study, the higher the level of knowledge, in Raquira this behavior is inverse, which indicates the

359  higher level of study, the lower level of knowledge of plants.
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360 In Cucaita, informants with some degree of technical or university level were those who obtained a
361  higher index of knowledge, RQZi between 0.7 to 0.8, concerning people who had a lower degree of
362  schooling, RQZi between 0.4 to 0.6; people with high levels of training, have been able to move to the city
363  of Tunja (the capital of Boyacd) to complete their studies, without the need to migrate completely, due to
364  its proximity (18 km, approximately 30 minutes by car), which makes them not lose their relationship with

365 their local rural environment.

366 In Villa de Leyva, regardless of the study level, the RQZi remains constant, 0.4 and 0.5. In Raquira,
367  the RQZi is higher in informants who have some degree of secondary study, RQZi between 0.5 and 0.6,

368  than in interviewees who have reached a technical or university level, RQZi=0.2 (Fig 6d).

369 In Argentina, people with higher education who know more about medicinal plants, since they
370  periodically carry out training in traditional medicine; also, the knowers, who do not have a level of study,
371  have acquired this knowledge, since they have developed in their rural environment, allowing the
372  transmission of traditional knowledge [73]. [74] have shown that traditional knowledge can often have a
373  negative relationship with the level of schooling since children or adolescents migrate from their natural
374  and cultural environment to receive a formal education, which prevents them from participating in local

375  activities related to the transmission of traditional knowledge by elders.

376 Occupation: 34.7% of the total number of interviewees are farmers, 33.2% are dedicated to the

377  household trade, 5% are artisans, 5% are merchants, 1% are independent and the remaining percentage is
378  dedicated to other trades, such as construction, electrical network, mining, spinning wool, welding, driving,

379  tour guide, and security guard.

380 Most farmers were found in Cucaita (44/91) followed by Villa de Leyva (31/91); in Raquira and
381 Villa de Leyva they were mostly traders (5/13 and 6/13 respectively) and artisans (7/13 and 6/13)
382  respectively). These tasks coincide with the type of economy which is managed in each of these

383  municipalities, Cucaita being mainly agricultural, and Réquira and Villa de Leyva touristic ones, and similar
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384  commerce; however, this type of economic activity affects the human-nature relationship, since people are
385  dedicated to new sources of economic income, generating increasing urbanization and loss of local

386  biodiversity [51].

387 It was expected in the three municipalities, that farmers would present a higher level of knowledge
388  Dbecause of their constant relationship with their territory, however, it was the people involved in commerce,
389  home trades, and handicrafts, the ones who obtained a greater knowledge score for these species (Fig 6c¢);
390 Cucaita's commercial activities are mainly focused on the trade of cultivated products, and there is evidence
391  of O. ficus-indica cultivation, people relate these species to commercial activity and recognize them easily;
392  people in the home relate mainly to ornamental and food species, and some artisans express they are in
393  search of natural materials for manufacturing their products. They also comment factories are located in

394  rural areas, reasons that keep them in frequent contact with their local biodiversity.

395 Residence time living in the area: There is a statistically significant relationship between

396  the number of plants used and the wealth of knowledge index. Informants who have resided in the area for
397  most of their lives, from 31 to 50 years or even more, have the greatest knowledge of cactus species (Fig
398  6b). In the semi-arid areas of Brazil, [67] also found that those who have resided in the area for the longest
399 time are the ones who know the native food species the most and argue this relationship is because of time

400 interaction between the inhabitants and the resource.

401  Fig 6. Relationship of socioeconomic factors and the knowledge wealth index for each municipality.
402  a. Gender. b. Time of residence: 20 years or less (1), 21 to 30 years (2), 31 to 50 years (3), 51 years, or more
403  (4).c. Occupation: artisan (1), farmer (2), household trade (3), merchant (4), others (5). d. Level of education

404  organized in four categories: no study (1), primary (2), secondary (3), technical or university (4).

405 Factors which statistically influence the wealth index of knowledge were age and time of residence
406  in the area; that is to say that people with ages between 40 and 60 or more, and who have resided in the area

407  for a longer time, are the ones who recognize the species of the cactus present in their municipality the most.
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408  However, [68] consider that socioeconomic factors such as education, gender, and occupation are not
409  sufficient to explain the local importance of native plant species in a socioecological system; these authors
410  express that other historical, cultural, ecological, and psychological factors should be taken into account,
411  which can interfere in the socioecological system and would better explain the local importance of the

412  species.

413 The management and knowledge of cacti in each municipality varied despite being geographically
414  close (approximately 170 km2 was the area sampled) and presenting similar plant formations such as
415  xerophytic and sub xerophytic scrub; in general, Cucaita presented the highest averages of knowledge
416  wealth index according to factors such as gender, occupation, time of residence in the area and educational

417  level, unlike Raquira and Villa de Leyva, in the latter the lower values of the index were observed (Fig 6).

418 Cucaita is a municipality with an agricultural tradition, relatively small in extension (43. 6 km2)
419  concerning the other two municipalities, and where the rural population interviewed had some kind of
420 interpersonal relationship and knew each other; Raquira and Villa de Leyva are larger (233 km2 and 128
421  km?2 respectively), and most of the interviewees did not know each other; This may explain why the smaller
422  the municipality or the urban area, the closer the social network and the greater the interaction between the
423  inhabitants, which facilitates the transfer of knowledge; unlike the larger municipalities, where homes are

424  more separate and there are usually no close family relationships.

425 Urbanization increasing also brings a work diversification among inhabitants, especially in the
426  municipalities of Raquira and Villa de Leyva that present a great touristic activity, emphasized in commerce
427  within the urban area, like craft sale, gastronomy, and plans outdoors but in modified environments for the
428  enjoyment of visitors; the previous thing could affect knowledge of its local biodiversity since its economic
429  income doesn't depend directly on it. It is worth noting that in Villa de Leyva, foreign people have

430  immigrated, changing cultural aspects of this territory.
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431 It is important to keep in mind that the extension of semi-arid zones varies in each municipality and
432  these also have other humid ecosystems where the traditional crops characteristic of the department are
433 grown, such as onions, potatoes, peas, corn, barley, fruits, and tomatoes; the above according to the
434  development plans, to meet the demand and national and international interests [13—15], undervaluing the
435  semi-arid territories and generating people who live there to move daily to work as laborers in these

436  productive sectors.

437 Following the proposal of [66], conservation strategies for these species should be specific to each
438  municipality due to the influence of the factors mentioned above. Recent studies in Colombia highlight the
439  use of cultivated and wild plants in peasant communities because they play a fundamental role in self-
440  consumption and local agro-biodiversity, which sustains family nutrition. They also highlight the
441  importance of valuing and integrating peasant’s knowledge into ecosystem biodiversity management and

442  conservation plans [75,76].

443 It should be noted that at the global level and in different studies there has been evidence of a gradual
444  decline in traditional and local knowledge, due not only to the influence of socioeconomic factors of the
445 inhabitants but also to the interaction with other situations such as economic globalization, market interests,

446  lack of interest for new generations and the migration of the rural population to large cities [75,77].

247  Conclusions

448 Of the nine species found, O. ficus-indica stands out for having the highest use value and relative
449  importance. O. soederstromiana is the second most used species and could be constituted as a potential
450  economic species in the region; the remaining seven species are occasionally valued, for informal sale or

451  fruit consumption at home.
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452 The most-reported use category was food, especially the fruits of O. ficus-indica and O.
453  soederstromiana, secondly ornamental, of M. columbiana, M. andinus, and M. curvispinus; and thirdly

454  medicinal use, the stems and flowers of O. ficus-indica and O. soederstromiana.

455 Factors such as age and time of residence in the area, affect the local knowledge of cacti, which has
456  been lost in the younger generations and has been maintained by people who have lived much or all of their
457 lives in these territories. Other factors such as gender, educational level, and occupation were not
458  determining factors in the general ethnobotanical knowledge of the area of study, but they do influence in
459  some way the use of these plants in each municipality; in Cucaita, a traditionally agricultural municipality,
460 the highest values of knowledge were registered; followed by Raquira and Villa de Leyva, where the high

461  tourist and commercial activity has an impact.

462 The extraction of wild individuals from their habitat of Mammillaria columbiana, Melocactus
463  andinus, and M. curvispinus, for ornamental purposes, has them seriously threatened. Also, the populations
464  of C. tunicata have been reduced because the inhabitants consider it dangerous. Therefore, this study

465  highlights the importance of making a conservation plan for these species, which allows its sustainable use.

466 Most of the interviewees recognize less than half of the species since they are dedicated to the
467  cultivation of other commercial species (especially Allium cepa, Allium fistulosum, and Solanum
468  tuberosum), established in humid zones; this emphasizes the need to make the inhabitants aware that it is

469  more profitable in economic terms to use both ecosystems than just using one of it.

470  Acknowledgements

471 To all the farmers from the municipalities of Cucaita, Raquira, and Villa de Leyva who responded
472  to the interviews. To Yamith Vega, Andrés Espino, and Carlos Alberto Saba, for their accompaniment in

473  the explorations.

28


https://doi.org/10.1101/2020.12.08.416065
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2020.12.08.416065; this version posted December 8, 2020. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under a CC-BY 4.0 International license.

474 This research is part of the project with institutional code SGI 2707 in the Research Management
475  System, evaluated and approved by the Vicerectoria de Investigacion y Extension-VIE of the Universidad

476  Pedagodgica y Tecnologica de Colombia.

277 References

478 1. Cuervo GV, Gémez CE. La desertificacion en Colombia y el cambio global. Cuad Geogr Rev

479  Colomb Geogr. 2003;(12): 121-34.

480 2. Albesiano S, Rangel-Ch. JO. Estructura de la vegetacion del cafion del rio Chicamocha, 500-1200

481  m; Santander Colombia: una herramienta para la conservacion. Caldasia. 2006; 28(2): 307-25.

482 3. Molano J. Villa de Leiva: ensayo de interpretacion social de una catastrofe ecoldgica. Bogota:

483  Fondo FEN Colombia; 1990.

484 4. Hernandez-Camacho JI, Samper Martinez D, Sanchez Paez H, Rueda Almonacid V, Vasquez
485 Cardozo S, Correa Correa H. Desiertos, zonas aridas y semiaridas de Colombia. Cali: Banco de Occidente;

486  1995.

487 5. Gonzalez F. Villa de Leyva florece: Guia Ilustrada de las Plantas de Villa de Leyva y alrededores.

488  Bogota: Panamericana; 2014.

489 6. Heywood VH, Brummitt RK, Culham A, Seberg O. Flowering plant families of the world. Vol. 88.

490  Moscu: Firefly Books Ontario; 2007.

491 7. Gobernacion de Boyaca. Ordenamiento Territorial Departamental de Boyaca-OTDB. 2018. [cited
492 15 November 2019]. Available from: http://www.dapboyaca.gov.co/wp-

493  content/uploads/2018/09/ESTRUCTURA-BIOF%C3%8DSICA.pdf

494 8. Garcia-Barriga H. Flora medicinal de Colombia: Botanica médica. vol 3. Bogota: Tercer Mundo;

495  1992.

29


https://doi.org/10.1101/2020.12.08.416065
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2020.12.08.416065; this version posted December 8, 2020. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under a CC-BY 4.0 International license.

496 9. Figueroa Y, Galeano G. Lista comentada de las Plantas vasculares del enclave seco interandino de

497  la Tatacoa (Huila, Colombia). Caldasia. 2007;29(2): 263-81.

498  10. Villalobos S, Vargas O, Melo S. Uso, manejo y conservacion de “yost” Stenocereus griseus

499  (Cactaceae) en la alta guajira colombiana. Acta Bioldgica Colomb. 2007;12(1): 99-112.

500 11. Camacho LIC. Conocimiento etnobotanico, patrones de uso y manejo de plantas ttiles en la cuenca
501  del rio Cane-Iguaque (Boyaca-Colombia): una aproximacion desde los sistemas de uso de la biodiversidad.

502  Ambient Soc. 2011;14(1): 45-75. doi: 10.1590/S1414-753X2011000100004

503 12. Quave CL, Pieroni A. A reservoir of ethnobotanical knowledge informs resilient food security and

504  health strategies in the Balkans. Nat Plants. 2015;1(14021): 1-6. doi: 10.1038/nplants.2014.21

505  13. Alcaldia Municipal de Cucaita. Plan de Desarrollo Municipal 2016-2019. 2016. [cited 4 December
506  2019]. Available from:
507 https://cucaitaboyaca.micolombiadigital.gov.co/sites/cucaitaboyaca/content/files/000082/4058 pdm 2016

508 2019 cucaita.pdf

509 14. Alcaldia Municipal de Raquira. Plan de Desarrollo Municipal 2016-2019. 2016. [cited 8 November
510 2019]. Available from:

511  https://raquiraboyaca.micolombiadigital.gov.co/sites/raquiraboyaca/content/files/000061/3024 pdmraquir

512 aboy20162019webok.pdf

513  15. Alcaldia Municipal de Villa de Leyva. Plan de Desarrollo Municipal 2016-2019. 2016. [cited 15
514  November 2019]. Available from:
515  http://www.villadeleyvaboyaca.gov.co/Transparencia/PlaneacionGestionyControl/PLAN%20DE%20DES
516 ARROLLO%20MUNICIPAL%20PRIMERO%20VILLA%20DE%20LEYVA%202016%20—

517  %202019.pdf

30


https://doi.org/10.1101/2020.12.08.416065
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2020.12.08.416065; this version posted December 8, 2020. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under a CC-BY 4.0 International license.

518 16. Guzman M del R, Fajardo Z. Primer informe nacional de implementacion de la convencion de las
519  Naciones Unidas de lucha contra la desertificacion y la sequia-CCD. Bogota: Ministerio del Medio

520 Ambiente, Direccion General de Ecosistemas; 2000.

521 17. Calvachi-Zambrano B. Los ecosistemas semisecos del altiplano cundiboyacense, bioma azonal
522  singular de Colombia, en gran riesgo de desaparicion. Revista Mutis. 2012. 28;2(2): 26-59. doi:

523  10.21789/22561498.364

524  18. Porras-Florez D, Albesiano S, Arrieta-Violet L. Tratamiento taxondémico de la subfamilia
525  Opuntioideae (Cactaceae) en los departamentos de Boyaca y Santander-Colombia. Undergraduate Thesis,

526  Universidad Pedagogica y Tecnologica de Colombia. 2017.

527 19. Vargas F, Albesiano S, Arrieta-Violet L. Tratamiento taxondémico del género Melocactus en los
528  departamentos de Boyaca y Santander, Colombia—Sur América. Undergraduate Thesis, Universidad

529  Pedagodgica y Tecnologica de Colombia. 2017.

530  20. Montes-Mondragén LJ, Albesiano S, Arrieta-Violet L. Revision taxondmica de las especies de la
531  subfamilia Cactoideae—Cactaceae para los departamentos de Boyaca y Santander—Colombia. Undergraduate

532  Thesis, Universidad Pedagogica y Tecnoldgica de Colombia. 2019.

533  21. Porras-Florez D, Albesiano S, Arrieta-Violet L. El género Opuntia (Opuntioideac—Cactaceae) en el
534  departamento de Santander, Colombia. Biota Colomb. 2017. 13;18(2): 112-31. doi:

535  10.21068/c2017.v18n02a07.

536  22. DNP-Departamento Nacional de Planeacion. TerriData. 2019 [cited 15 November 2019]. Available

537  from: https://terridata.dnp.gov.co/index-app.html#/perfiles

538  23. Badii MH, Castillo J, Guillen A. Tamafio éptimo de la muestra. Innovaciones de Negocios. 2008.

539 5(1): 53-65.

540 24. Lastra RP. Encuestas probabilisticas vs. no probabilisticas. Politica y Cultura. 2000. (13): 263-76.

31


https://doi.org/10.1101/2020.12.08.416065
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2020.12.08.416065; this version posted December 8, 2020. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under a CC-BY 4.0 International license.

541  25. Estupinan-Gonzalez AC, Jiménez-Escobar ND. Uso de las plantas por grupos campesinos en la

542  franja tropical del Parque Nacional Natural Paramillo (Cérdoba, Colombia). Caldasia. 2010. 32(1): 21-38.

543  26. da Silva VA, do Nascimento VT, Soldati GT, Medeiros MFT, Albuquerque UP. Techniques for
544  analysis of quantitative ethnobiological data: use of indices. In: Albuquerque UP, Fernandes Cruz da Cunha
545 LV, Farias Paiva de Lucena R, Nobrega Alves RR, editors. Methods and techniques in Ethnobiology and

546  Ethnoecology. New York: Humana Press; 2014. pp. 379-95.

547  27. Porras-Florez D, Albesiano S, Arrieta-Violet L. Typification of the name Opuntia soederstromiana
548  (cactaceae), a new record for the flora of Colombia. Phytotaxa. 2020;452(2):116-23.  doi:

549  10.11646/phytotaxa.452.2.1

550  28. Bravo-Hollis H, Sanchez-Mejorada H. Las cacticeas de México vol. 1. Ciudad de México:

551  Universidad Nacional Auténoma de México; 1991.

552 29. Anderson EF. The cactus family. Portland: Timber Press (OR); 2001.

553  30. Barbarich MF, Suarez ME. Los guardianes silenciosos de la Quebrada de Humahuaca: Etnobotanica
554  del “cardon”(Trichocereus atacamensis, Cactaceae) entre pobladores originarios en el departamento Tilcara,

555  Jujuy, Argentina. Bonplandia. 2018;27(1):59-80. doi: 10.30972/bon.2712985

556  3l. Cota-Sanchez JH. Taxonomy, distribution, rarity status and uses of Canadian cacti. Haseltonia.

557  2002;9: 17-25.

558  32. Schulze Rojas JP, Linares J. Elaboracién de una guia ilustrada de Cactaceas en Honduras.

559  Zamorano: Escuela Agricola Panamericana; 2004.

560 33. Fuentes VR. Etnobotanica de Cactaceae en Cuba. Memorias del taller conservacion de cactus

561  cubanos, Jardin Botanico National, Universidad de La Habana. 2005;15: 23-25.

562  34. Arias S, Véliz M. Diversidad y distribucion de las cactaceas de Guatemala. Biodivers Guatemala.

563  2006;1: 219-38.

32


https://doi.org/10.1101/2020.12.08.416065
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2020.12.08.416065; this version posted December 8, 2020. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under a CC-BY 4.0 International license.

564  35. Casas A, Otero-Arnaiz A, Pérez-Negron E, Valiente-Banuet A. Manejo y domesticacion de

565  Cactaceas en Mesoamérica. Zonas Aridas. 2006;7(1):73—103. doi: 10.21704/za.v7i1.719

566  36. Lucena CM, Lucena RFP, Costa GM, Carvalho TKN, Costa GG da S, Alves RR da N, et al. Use
567 and knowledge of Cactaceae in Northeastern Brazil. J Ethnobiol Ethnomed. 2013;9(1):62. doi:

568  10.1186/1746-4269-9-62

569 37. Lucena CM, Carvalho TKN, Ribeiro JES, Quirino ZGM, Casas A, Lucena RFP. Conhecimento

570  botanico tradicional sobre cactaceas no semiarido do Brasil. Gaia scientia. 2015;9(2): 77-99.

571  38. Huaylla L, Soliz JO, Salvatierra C. Uso y manejo de las cactaceas del parque nacional y area natural
572  de manejo integrado serraniadel ifiao (PN-ANMI). In: Ramos M, editor. Ciencias Tecnologicas y
573  AgrariasHandbook vol 1. Sucre: Universidad Mayor, Real y Pontificia de San Francisco Xavier de

574  Chuquisaca; 2014. pp. 355-66.
575  39. Ostolaza C. Todos los cactus del Pert. 1a ed. Lima: Ministerio del Ambiente; 2014.

576  40. Pedrosa KM, Lopes S de F, Carvalho TKN, Lucena CM, Lima-Nascimento AM, Lucena RFP.
577  Traditional management of Cactaceae by local populations in the semi-arid region of Brazil. Ethnobiol

578  Conserv. 2020;9(28):13. doi: 10.15451/ec2020-05-9.28-1-13

579  41. Villalobos S, Quiceno MP. Identificacion de alternativas para la conservacion de las especies utiles
580  de Cactaceae Melocactus hernandezii & Mammillaria columbiana en la regién de Villa de Leyva (Boyaca-

581  Colombia). Boletin la Soc Latinoam y del Caribe Cactaceas y otras Suculentas. 2006;3(2):4-5.

582  42. Albesiano S, Fernandez-Alonso JL. Catalogo comentado de la flora vascular de la franja tropical
583  (500-1200m) del cafion del rio Chicamocha (Boyaca-Santander, Colombia). Primera parte. Caldasia.

584 2006;28(1):23-44.

585  43. Hunt D, Taylor NP, Charles G. The new cactus lexicon. Milborne Port: dh books; 2006.

33


https://doi.org/10.1101/2020.12.08.416065
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2020.12.08.416065; this version posted December 8, 2020. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under a CC-BY 4.0 International license.

586  44. Loépez Camacho R, Sarmiento C, Espitia L, Barrero AM, Consuegra C, Gallego Castillo B. 100
587  plantas del Caribe Colombiano. Usar para conservar: aprendiendo de los habitantes del bosque seco. Bogota:

588  Fondo Patrimonio Natural; 2016.

589  45. Jiménez E, Acosta V, Veldsquez R, Jiménez-Ramos E. Aspectos floristicos, fenologicos y
590 etnobotanicos en el sector suroccidental de la peninsula de Araya, Venezuela. Acta Bot Venez. 2017;40(2):

591  211-37.

592  46. Nassar JM, Velasquez G, Romero J, Medina E. Las cactaceas como elementos de caracterizacion
593 de ambientes aridos y semiaridos en Venezuela. In: Medina H, Hubber O, Nassar JM, Navarro P, editors.
594  Recorriendo el paisaje vegetal de Venezuela. Caracas: Ediciones IVIC, Instituto Venezolano de

595 Investigaciones Cientificas (IVIC); 2013. pp. 320.

506  47. Bernal R, Galeano G, Rodriguez A, Sarmiento H, Gutiérrez M. Nombres Comunes de las Plantas
597 de Colombia. 2017 [cited 1 November 2019]. Available from:

598  http://www.biovirtual.unal.edu.co/nombrescomunes

599  48. Alvaro Alba WR, Diaz Pita MP. Listado de plantas ornamentales urbanas de Tunja (Boyaca,

600 Colombia). Revista Mutis. 2020;10(1): 57-78. doi: 10.21789/22561498.1602

601  49. Hoffmann A. Cactaceas, en la flora silvestre de Chile: una guia para la identificacion de los cactos

602  que crecen en el pais. Santiago de Chile: Ediciones Fundacion Claudio Gay; 1989.
603  50. Hunt D. CITES Cactaceae checklist. 3rd ed. London: Royal Botanic Gardens; 2016.

604 51. Chalabe JKT, Trillo C. Diferencias de conocimientos, valoracion y uso de Cacticeas entre
605  pobladores de Salinas Grandes y Sistema Serrano (Cordoba, Argentina). Boletin la Soc Argentina Botanica.

606  2019;54(1): 125-36. doi: 10.21704/za.v7i1.719

607  52. Kiesling R. Origen, domesticacion y distribucion de Opuntia ficus-indica. J Prof Assoc Cactus Dev.

608 1999;3: 50-9.

34


https://doi.org/10.1101/2020.12.08.416065
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2020.12.08.416065; this version posted December 8, 2020. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under a CC-BY 4.0 International license.

609  53. Griffith MP. The origins of an important cactus crop, Opuntia ficus-indica (Cactaceae): new

610  molecular evidence. Am J Bot. 2004;91(11): 1915-21. doi: 10.3732/ajb.91.11.1915

611  54. Ochoa MJ, Barbera G. Historia e importancia agroecoldgica y economica. In: Inglese P, Mondragon
612  Jacobo C, Nefzaoui A, Sdenz C, editors. Ecologia del cultivo, manejo y usos del nopal. Roma: FAO, Centro

613  Internacional de Investigaciones Agricolas en Zonas Aridas; 2018. pp. 232.

614  55. Van den Eynden V. Plantas comestibles en la provincia de Loja. In: Rios M, Borgtoft Pedersen H,
615  editors. Uso y manejo de recursos vegetales Memorias del segundo simposio ecuatoriano de etnobotanica y

616  botanica economica. Quito: Ediciones Abya-Yala; 1997. pp. 203—12.

617  56. Mendoza Aguirre Z, Ochoa Gaona T. Flora anotada de la Hoya de Loja y sus Flancos. Loja:

618  Universidad Nacional de Loja y Herbario de Loja; 2016.

619 57. Fernandez-Alonso JL, Estupifian M. Echinopsis pachanoi y Opuntia quitensis, dos cactdceas nuevas

620  para la Flora de Colombia. Bol la Soc Latinoam y del Caribe Cact y Suculentas. 2005;2(3):3-4.

621  58. Eduardo-Palomino F, Chuquillanqui H, Najarro P, Linares-Palomino R. Contribucion a la flora
622  vascular y vegetacion de los valles secos interandinos de los rios Torobamba (Ayacucho) y Pampas

623  (Apurimac). Ecologia Aplicada; 2017: 115-25. doi: 10.21704/rea.v16i2.1015

624  59. Jaramillo T. Plantas nativas de la Hoya de Quito: jardin botanico de Quito. Quito: Jardin Botanico

625  de Quito; 2013.

626  60. Ososki A, Lohr P, Reiff M, Balick M, Kronenberg F, Fugh-Berman A, et al. Ethnobotanical
627  literature survey of medicinal plants in the Dominican Republic used for women’s health condition. J

628  Ethnopharmacol. 2002; 79:285-98. doi: 10.1016/S0378-8741(01)00376-2

629  6l. Pineda AG. Flora util: etnobotanica de Nicaragua. 1st ed. Managua: MARENA; 2006.

35


https://doi.org/10.1101/2020.12.08.416065
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2020.12.08.416065; this version posted December 8, 2020. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under a CC-BY 4.0 International license.

630  62. Ahumada ML, Trillo C. Diversidad de especies naturalizadas del género Opuntia (Cactaceae)
631  utilizadas por los pobladores del norte de Cérdoba (Argentina). Boletin la Soc Argentina Botanica.

632  2017;52(1):191-206. doi: 10.31055/1851.2372.v52.n1.16919

633 63. dos Santos Machado J, de Lucena CM, SANTOS SDAS, da Costa Ferreira E, Nunes GM, de Lucena
634  RFP. Conhecimento botanico local sobre cactaceas: um estudo de caso no municipio de Boqueirdo, Paraiba,
635 Nordeste do Brasil. FLOVET-Boletim do Grupo de Pesquisa da Flora, Vegetacdo e Etnobotanica.

636  2018;1(10):1-21.

637  64. Araujo-Murakami A. Jardin de las Cactaceas de Bolivia: Vegetacion y plantas de Pulquina. Santa
638  Cruz: Museo de Historia Natural Noel Kempff Mercado, Direccion de Investigacion Cientifica e Innovacion

639  Tecnoldgica - DICIiT, UAGRM

640  65. Nabhan GP. Food Security, Biodiversity and Human Health: Ethnobiology as a Predictive Science.

641 ] Ethnobiol. 2014;34(1):7-11. doi: 10.2993/0278-0771-34.1.7

642 66. Paniagua-Zambrana NY, Camara-Lerét R, Bussmann RW, Macia MJ. The influence of

643  socioeconomic factors on traditional knowledge. Ecol Soc. 2014;19(4):9. doi: 10.5751/ES-06934-190409

644  67. Campos LZ de O, Albuquerque UP, Peroni N, Aratjo EL. Do socioeconomic characteristics explain
645  the knowledge and use of native food plants in semiarid environments in Northeastern Brazil?. J Arid

646  Environ. 2015; 115: 53—61. doi: 10.1016/j.jaridenv.2015.01.002

647  68. Sousa R da S, Medeiros PM de, Albuquerque UP. Can socioeconomic factors explain the local
648  importance of culturally salient plants in a social-ecological system? vol. 33, Acta Botanica Brasilica. 2019:

649  283-91. doi: 10.1590/0102-33062018abb0320

650  69. Santos MN, Zarate-Salazar JR, de Carvalho R, Albuquerque UP. Intraspecific variation, knowledge
651 and local management of cassava (Manihot esculenta Crantz) in the semiarid region of Pernambuco,

652  Northeast Brazil. Environ Dev Sustain. 2020;22(4): 2881-903. doi: 10.1007/s10668-019-00323-6

36


https://doi.org/10.1101/2020.12.08.416065
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2020.12.08.416065; this version posted December 8, 2020. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under a CC-BY 4.0 International license.

653  70. Rueda MG, Torres MT. Etnobotanica y usos de las plantas de la comunidad rural de Sogamoso,

654  Boyaca, Colombia. Rev Investig Agrar y Ambient. 2017;8(2): 187-206.

655  7I. Casas A, Caballero J. Domesticacion de plantas y el origen de la agricultura en Mesoamérica.

656  Ciencias. 1995;(40): 36—44.

657 72. Santos S da SN, Guerreiro Martins CS, Martins F de C. Is the knowledge about the wild birds
658 influenced by the socioeconomic conditions of the human populations? Ethnobiol Conserv. 2020;9(14): 1-

659  19. doi: 10.15451/ec2020-05-9.14-1-19

660  73. Toledo BA, Galleto L, Colantonio S. Uso de plantas medicinales y alimenticias segin caracteristicas

661  socioculturales en Villa Los Aromos (Coérdoba, Argentina). Kurtziana. 2007;33(1): 79-88.

662  74. Ladio AH, Lozada M. Patterns of use and knowledge of wild edible plants in distinct ecological
663  environments: a case study of a Mapuche community from northwestern Patagonia. Biodivers Conserv.

664  2004;13(6): 1153-73. doi: 10.1023/B:BIOC.0000018150.79156.50

665 75. Pérez D, Matiz-Guerra LC, Pérez D, Matiz-Guerra LC. Uso de las plantas por comunidades
666  campesinas en la ruralidad de Bogota D.C., Colombia. Caldasia. 2017;39: 68. doi:

667 10.15446/caldasia.v39n1.59932

668  76. Villa D, Garcia N. Food plants in home gardens of the Middle Magdalena basin of Colombia.

669  Caldasia. 2017;39(2): 292-309. doi: 10.15446/caldasia.v39n2.63661

670 77. Gonzalez JYT. Uso tradicional de plantas medicinales en la vereda San Isidro, municipio de San
671  José de Pare-Boyacad: un estudio preliminar usando técnicas cuantitativas. Acta biologica Colomb.

672 2006;11(2): 137-146.

673

674

37


https://doi.org/10.1101/2020.12.08.416065
http://creativecommons.org/licenses/by/4.0/

675

676

677

678

679

680

681

682

683

bioRxiv preprint doi: https://doi.org/10.1101/2020.12.08.416065; this version posted December 8, 2020. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under a CC-BY 4.0 International license.

Supporting information

S1 Appendix. Photographic catalogs of the species shown to informants for each municipality.
S2 Appendix. Semi-structured interview.

S3 Appendix. Relationships between ethnobotanical data and socioeconomic factors.

38


https://doi.org/10.1101/2020.12.08.416065
http://creativecommons.org/licenses/by/4.0/

South America

0 235 4.5 @ 135 18

e Kilometers

Rural Settlement

Raguirn Villa de Levva

I:l Candelana Oceidente - Cafuela
- Candelaria Oriente - Llano Blanco
: Carapacho - Moniquird
Cucaita | Ritoque

: Centro _ Sabana
- Cuesta en Medo | Sopoti

D 175 58 1 12
e e R, 1. | 111 € TS |. | Llano

Figure



https://doi.org/10.1101/2020.12.08.416065
http://creativecommons.org/licenses/by/4.0/

T
il

AT

%
e}
S
=
ol
=

:
B
Q-
=)
e
o

/10.1: 112(?.
vibw)?g e aut

ert

ﬂ;epril do
Was ot
iy
L
n Ea

4

XIV



https://doi.org/10.1101/2020.12.08.416065
http://creativecommons.org/licenses/by/4.0/

o
G

L] '-“"'..i";E-

i

o
a

- 'E".r [

L7

5 _-..
Wi

e Tl =
o & Al
12.08 .41 ES; this version post eee‘l‘nber 8, 2020. Theyco

tno A E-{0—¢ &y fhe.D
able Whflera- €C-BY 4.0 Int?

' B

2020

_iai®

Figure3



https://doi.org/10.1101/2020.12.08.416065
http://creativecommons.org/licenses/by/4.0/

= N N W W b
g © h O O O O

PERCENTAGE OF PEOPLE
S

o n

1 i 1 1 1 L

0.1 0.2 0.3 04 05 0.6 I 0.8
RQZi

O Cucaita BRaquira mVilla de Leyva

h 1M |

1

Figure4


https://doi.org/10.1101/2020.12.08.416065
http://creativecommons.org/licenses/by/4.0/

B R R N N
available under a CC-BY 4.0 International license.

ou 110
- ¥ =
g T 190 1§
|
201 -
£0 _
S
=
40 (o)
204
26 147
L0 t .y 1 1
i 2 3 5

Figure5

Age



https://doi.org/10.1101/2020.12.08.416065
http://creativecommons.org/licenses/by/4.0/

Occupation

Fa Vil
Municipality

Rag Vil
Municipality

Madia

RO
W &0 4
[ [
B B0
1]
A0
E 3
3
wh
S 2
]
ke

Residence time

Q@

e

L

L]

Raq
Municipality

Fag
Municipality

W 50

fEEE
H8 5883



https://doi.org/10.1101/2020.12.08.416065
http://creativecommons.org/licenses/by/4.0/

