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ABSTRACT

Sierras de

and Jessica Manzano-Garcia'

The perception, knowledge and use of non-native and invasive flora by social actors associated with protected areas
in central Argentina were analyzed. Contemporary ethnoecology methods were followed. A total of 108 non-native
species of botanical interest was documented. An organization of species is proposed according to their Relative
Importance, and on an attitude scale in relation to conservation/elimination interest. In the case of invasive species,
perceptions on ecology, importance and/or control are discussed based on the profiles of the social actors. The results
shed light upon local points of view and nuances of what “non-native” and “invasive” means to the studied rural
population. The use spectrum for some of the non-native species has shed light on adaptation to the cultural use of
species based on resource availability, not necessarily associated with preference. Additionally, it should be noted
that local actors perceive non-native and invasive species differently, which should be considered in the development

of management and conservation guidelines.
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Introduction

Invasive plants are naturalized plants that produce
reproductive offspring, often in very large numbers, at
considerable distances from parent plants, thus having the
potential to spread over a considerable area (Richardson et al.
2000). The naturalization of non-native species introduced
is a continuous process, which includes as results by means
of different terms used in the literature, such as cultivated,
naturalized adventitious and invasive species (Hurrell &
Deluchi 2013). In particular, non-native species are plants
introduced by humans from one geographic area to another
non-native one, either intentionally or unintentionally, and
which have become established, proliferated and spread
out (Das & Duarah 2013). Such species have also been

given greater and greater emphasis due to their negative
impact on landscapes, ecosystems, biodiversity and the
subsistence of local populations (Bardsley & Edward-Jones
2006; Mack et al. 2000; Busso et al. 2013; Rapoport 2000).
The numerous environmental impacts include loss of native
species, changes in the structure and the composition of
invaded habitats, in the nutrient and water cycle, in the fire
regiment and in the ability to produce goods and ecosystemic
services (Busso et al. 2013; Giorgis & Tecco 2014; Souza et
al. 2018). In this sense, it is often believed that invasive
plants have a destructive impact on their ecosystems, posing
threats on native vegetation and species.

However, some of these invasive plants not only
generate no costs, they also offer benefits when used by
local inhabitants for daily life (for example, firewood, food,
medicine or forage), making them holders of ethnobotanical
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use-value (Bardsley & Edwards-Jones 2006; Sundaram
et al. 2012; Das & Duarah 2013; Hurrell & Deluchi 2013;
Santos et al. 2014; Souza et al. 2018). For instance, great
emphasis has been placed on: a vast number of invasive
species due to their medical benefits in India (Wagh &
Jain 2018) and South Africa (Maema et al. 2016), the food
use of a wide range of weeds (Diaz-Betancourt et al. 1999;
Rapoport et al. 2009; Santos et al. 2014), the use of fuel
species (Martinez 2015) or the use of species as a source of
forage (Mekoya et al. 2008). Even though there are some
examples, more detailed information is needed about the
traditional and ethnobotanical knowledge of non-native
plants, especially with regard to the impact of invasive
plants on the well-being of traditional and/or indigenous
populations. This is so if we consider the need of having
control programs based on cost-benefit analysis of non-
native species management (Bardsley & Edwards-Jones
2006). Or rather, the negative impact exerted on indigenous
and/or traditional communities must be considered when
setting priorities in control programs.

In Argentina, over the last few years, greater interest
hasbeen placed on non-native plants found away from their
area of natural distribution due to anthropic reasons, either
because they are potential invasive species or because of
their potential naturalization in the flora of the country,
especially, the ornamental species escaped from cultivation
(see Cantero et al. 2016 and references therein). Thus, these
studies on invasive plants have only focused on ecological
aspects and, except for the work reported by Hurrell &
Deluchi (2013), neither the ethnobotanical perspectives
nor the approaches based on environmental perceptions
have been considered.

Concerning perception studies on environmental
changes, these have also been researched in some indigenous
and peasant populations both in Latin America and
worldwide. This has contributed to a variety of environmental
views related to different variables, including personal
(such as the personal and historic career in relation to the
milieu), sociocultural (gender-based work), economic and
even political ones (Barri 2012). In particular, studies on
environmental perception in various local actors offer a
diverging approach to ecological studies, showing the view
of local people at stake in relation to biodiversity (Mekoya
etal. 2008; Caceres et al. 2015; Martinez & Manzano-Garcia
2016). These studies analyze different topics, including
variations in biodiversity and the provision of ecosystemic
services in transformed environments; local meaning of
living creatures in the environment; local priorities of
conservation; transformation in daily life due to changes
in resource availability; displacement of local knowledge by
scientific-technical knowledge; and transformation from
a model based on use of resources to patrimonialization
process of nature for conservation practices and policies
in protected areas (Santamarina-Campos & Bodi 2012).
Finally, there are few references to studies on environmental
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perception of invasive species in protected areas. Some
examples/cases include the works of Wilgen (2012), and
Richardson & Wilgen (2004).

The aim of this work is to analyze the perception,
knowledge and use of non-native and invasive non-native
flora in social actors associated with two protected areas in
Sierras de Cérdoba, interpreting the local notion of biological
invasion phenomena.

Specific objectives include: Identifying the non-native
species used in the regions under study and describe their
main applications following categories of ethnobotanical
use; characterizing local perceptions on the importance,
ecology and/or control of flora that has been “introduced”
and is “non-native and invasive” in different social actors
associated with protected areas based on qualitative and
quantitative indicators; interpreting the ethnobotanical and
perceptual information related to practices of conservation,
management and/or control of these species in protected
areas.

Materials and methods
Study site and cultural background

According to Cabrera (1994), most of the region of
Sierras de Cérdoba belongs to the Chaco Serrano, a
phytogeographical district in the province of Chaco.
According to Torrella & Adamoli (2005), it is part of the
ecoregion of Chaco Seco. The floristic composition of these
forests changes with latitude and altitude at a regional scale
as well as with edaphic characteristics and the disturbance
background at alocal scale, turning it into a heterogeneous
system with significant variations in the composition of
species at short distances (Giorgis et al. 2017).

This research was conducted in two protected areas in the
mountainous range of Cérdoba with different characteristics
in relation to practices of conservation, management, and
use of natural resources as well as population associated
with such areas and their environmental background. One
area has been declared the Bamba Natural Water Reserve
(Reserva Hidrica Natural Bamba); yet, no plan or strategy
for environmental management has been developed
accordingly. The other area, called La Rancherita Natural
Reserve (Reserva Natural La Rancherita), has been recently
created, and its regulations and management are underway.

The Bamba Natural Water and Recreation Reserve, in
Colén district, covers around 20,000 hectares (around
49,500 acres) located West of the city of Cérdoba, between
San Roque Lake and East of the Punilla valley. Its territories
as well as La Calera Natural Military Reserve, which is
contiguous to the latter, are being considered as potential
areas for the creation of a National Park and a Memory
Park (see additional information at www.escalera.org.ar).
It has been recently declared a National Area of Interest
for Conservation (Espacio Nacional de Interés para la
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Conservacién, ENIC). In particular, the Bamba reserve is a
very important reservoir that supplies water to the city of
Cérdoba. Despite this, its background of environmental use is
notlinked to conservation; so much so that there are different
major socio-environmental and territorial challenges in the
area, which have been posed by mining, land expropriation
for urban development, water pollution, among others.
Some independent organizations have recently proposed
to issue regulations and develop management plans for
the reserve (Palacios et al. 2010). However, in practice,
such measures have not been implemented/applied given
the resistance and lack of consent ofby political leaders.
This territory features very valuable natural qualities
and historical-cultural characteristics, which at times are
unknown or not recognized by its residents. Those involved
in the composition of this territory are small-scale livestock
producers, depeasantized natives and urban population
members of different backgrounds that have recently settled
down. The total population of Bamba Reserve is estimated
to reach 93 inhabitants in the center of the reserve and 850
in the buffer zone.

La Rancherita Multi-Purpose Reserve is located in the
Paravachasca region, Santa Maria district, southwest of
Cérdoba. It is a protected area covering 45 hectares (112
acres) of mountain forests that are very well preserved.
Its community has suggested to start a participation
process for issuing regulations as well as creating a land
management and organization plan through which a
Provincial Multi-Purpose Reserve can be built and the
common land altogether, included—this would reach 300
hectares (742 acres). At present, the population living there
is made up of about 200 inhabitants with permanent and
temporal residence, the peasant population being minority
and the remaining population a community of neorural
foreign inhabitants especially interested in the practice
of conversation and the use for recreation and tourism
(Martinez et al. 2016).

Plant collection

The collection of local species of ethnobotanical interest
that serve as a reference for both protected areas was
conducted in different periods and throughout several years:
La Rancherita reserve (2001-2013) and Bamba Natural
Water and Recreation Reserve (2009-2013). Furthermore, a
database of collections and ethnobotanical uses in Sierras de
Cérdoba was used by the team as a reference. The material
collected was conditioned and deposited in the Herbariums
of the School of Agricultural Sciences (ACOR) and the
Multidisciplinary Institute of Plant Biology (CORD).

Data collection

Some methodologies used in social and natural sciences
were applied following the interdisciplinary approach of
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ethnoecology (Alexiades 1996; Berkes 2011) and by conducting
mixed quantitative and qualitative analyses (Albuquerque et
al. 2010; Svanverg et al. 2011; Arenas & Martinez 2012). To
this end, the following plan was carried out:

Open and in-depth interviews in 12 households.
The content of the narratives obtained were interpreted
by means of qualitative analysis (Valles 1999; Guber 2005)

Semi-structured and structured interviews
(with precategorized data) to native, resident and foreign
populations, among others, with a total of 44 interviewees
chosen intentionally by the snowball method. For semi-
structured interviews, in order to establish the sample size,
we adopted the data saturation criterion. Additionally, it
was intended to avoid redundancy and represent the wide
range of actors as well as their views on conservation and
its association with biodiversity. To make a more detailed
analysis, based on a previous demographic and cultural
characterization of the interviewees, three types of social
actors were determined, including: a) native population
(PN)— members of the population born there or having been
lived for long there, peasant population currently associated
with subsistence activities (peasants) or associated with these
in the recent past (the depeasantized); b) foreign or neorural
population (PF)— non-native population coming from
urban areas, newly arrived, temporal or sporadic residents,
non-peasant population; c¢) other actors (OA)— external
actors settled in the area and associated with conservation
organisms and local environmental groups, or real estate
and tour businesses and state/governmental entities. In
addition, a socio-economic characterization was taken into
account for the analysis, for which, from the continuum of
economic capitalization, the following polar categories were
defined: more capitalization (C), and less capitalization with
features of a subsistence economy (S). Table 1 shows the
number of inhabitants by area and the type of social actors.

Table 1. Quantity, type and gender of social actors in protected
areas.

mmmnn

La Rancherita Reserve 7 4 11 11

Bamba Natural Water and

Recreation Reserve 1 6 > 1 1

The semi-structured interviews helped carry out
different quantitative studies, such as: amount of species
and ethnobotanical uses of non-native flora; distribution of
the most common uses; Relative Importance: the Relative
Importance of Species (RI) adapted from Bennett & Prance
(2000) was calculated. This values species according to
the number of ethnobotanical areas (EA) attributed to
the taxon (e.g., 2: medicinal and edible), and the number
of uses (NU) to which it is applied (e.g., 3: 2 different
medicinal uses and 1 as a firewood species): RI = ((Rel
EA + Rel NU) % 2) x 100; =0.25, where: Rel EA: relative
number of ethnobotanical areas of uses attributed to a
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species (normalized to a maximum value of 1); Rel NU:
relative number of ethnobotanical uses of a given species
(normalized to a maximum value of 1).

An organization of non-native species in a positive
and negative ranking for non-native species based on the
mention of species based on perception of: importance
due to use (+); relevance for conservation (+); retraction or
environmental pressure (+); need for control/elimination (-)

Analysis of the perception from visual stimuli:
Based on a task consisting of identifying a landscape that,
due to its characteristics, the subjects would eliminate or
change, interpretations of the perception on landscapes
from visual stimuli were made (choosing pictures of different
environmental areas). A Multiple Correspondence Analysis
was also applied, as described below. To this end, a matrix
of qualitative data was built, consisting of three variables
or categories with their respective features, namely: a) type
of actor (native, foreign and others); b) type of landscape to
be eliminated or controlled; and c) socio-economic profile
(capitalized and subsistence one). The analysis was made in
the statistical program Infostat 2017 (Di Rienzo et al. 2017).

Participation workshops on diagnosis and
environmental planning (held at La Rancherita reserve):
complementary information on environmental perceptions
was gathered in seven workshops. Here, excerpts from
narratives and/or accounts referring to the issue of invasive
plants as well as the role of emblematic non-native plants
were transcribed.

Participant observation (Guber 2005).

Terminology

To define the status of plants, we adopted the terminology
proposed by Richardson et al. (2000). In that study they

Ornamentation

Esthetic and ritual use

Livestock management (forage, veterinary medicine
and toxicity)
Ecological indicators and environmental services
(annual cicle, water indicators etc.)

Health and medicine

consider exotic plants, non-native plants, introduced
plants and non-indigenous plants, the plant taxa in a given
area whose presence there is attributed to intentional or
accidental introduction from human activity. Naturalized
plants are also alien plants that reproduce consistently and
sustain population over many life cycles without direct
intervention by humans; they often recruit offspring
freely, usually close to adult plants, and do not necessarily
invade natural, seminatural or human-made ecosystems.
Finally, invasive plants are naturalized plants that produce
reproductive offspring, often in very large numbers, at
considerable distances from parent plants, thus having the
potential of spreading over a considerable area.

Results and discussion

The amount of species and ethnobotanical uses of
non-native flora

A total of 209 applications corresponding to 108 non-
native species of ethnobotanical interest belonging to 41
botanical families were recorded (Fig. 1). Among these,
16.11 % (29 species) correspond to non-native invasive
species according to a database for the province of Cordoba,
Argentina (Giorgis & Tecco 2014). It was found that the
most frequent applications are those associated with
health and medicine fields (108 uses/88 species). These
are important medical resources since they are often used
in home orchards and gardens, which gives the peasant
population access to them as well as the easy availability of
adventitious species of wide dissemination. Following the
medicinal plants we can find those used for construction,
technologies and material culture (36 uses/15 species),

#N2
Species

# N2 Uses

Construction, local technologies and material culture

(textiles, dry cleaning, basket weaving, rope making)

Fuel

Food

0

20 40 60 80 100 120

Figure 1. Absolute frequency of the amount of species and ethnobotanical uses of exotic species (both adventitious and cultivated).
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fuel species (23 uses/17 species), ecological indicators and
environmental services (such as shade and water indicator)
(17 uses/9 species), followed by other uses.

As stated by Santos et al. (2014), herbaceous species can
complement the stock of local wild vegetable species, which
often represent critical elements in local nutritional profiles,
and even fulfill the therapeutic needs that native medical
plants cannot meet. In this sense, Santos et al. (2014) argue
that it is wrong to assume that invasive species only have a
completely negative biocultural influence because, in some
cases, these species are more useful than non-invasive
species. They have many uses, but the main focus is often on
the category of forage for animals and medications (Stepp
& Moerman 2001; Vieyra-Odilon & Vibrans 2001; Stepp
2004; Blanckaert et al. 2007). By comparing our records
with others, in a study on non-native and invasive plants
in India, Wagh & Jain (2018) documented 102 medicinal
plants belonging to 38 botanical families, with assessment
values similar to ours. Furthermore, Das & Duarah (2013)
kept a record of 18 medical and invasive species for another
region in this country. Blanckaert et al. (2007) reported that,
in Mexico, 91.9 % of invasive plants in a region keep one
or more uses, forage being the most relevant one, followed
by medicinal, food and ornamental uses.

As shown in the preceding examples, these species, in
addition to bringing benefits to the inhabitants, can affect

environmental systems on a temporal and spatial scale.
However, the assessment made by villagers can be found on
a scale of individuals, that is, they value species that grow
in their peridomestic zones, which they make use of given
that such species are not perceived as troublesome. In this
sense, we consider that the control of invasive and non-
native species must weigh both time and landscape scales.
This implies establishing a reference line for management
purposes, which will depend on the capacity of multiplication
and the invasiveness of each species through a detailed study
of all species.

Most common uses distribution

Figure 2 shows that in the ranking of non-native species
with the most applications, there are some that include
various medical uses, such as Ruta chalepensis (ruda), Malva
sylvestris/M: parviflora (malva) and Plantago major (lantén),
along with other species from the Old World with wide
domestic medicine dissemination, such as Marrubium
vulgare (marrubio), Rosmarinus officinalis (romero), Aloe
spp. (aloe) and Artemisia absinthium (ajenjo). All of them,
except for Aloe spp. and Rosmarinus officinalis, are also listed
as invasive species.

It has been noted that species considered as “plagues”
or “invasive” from an ecological viewpoint are important

Salix fragilis (*) 7/ ——=
Robinia pseudo-acacia
Gleditsia triacanthos (*) Y/ /——

Ficus carica

Artemisia absinthium

Tanacetum parthenium
Aloe spp.

Rosmarinus officinalis
Marrubium vulgare (*)
Ligustrum lucidum (*)
Plantago major (¥)

Melia azederach (*)

Malva parviflora / M. sylvestris

Ruta chalepensis

& Food

# Fuels

= Construction, local technologies jand cultural

material (textiles, dyeing, basketry, rope)

# Balance, health and medicine

= Ecological deicators and environmental services
(annual cycle, water indicators, shade, etc.}

# Livestock Management (Forage, Veterinary and
Toxic Medicine)

B Use ritual and aesthetic (ornaments, tattoos,
music, propitiatory, ornamental, perfumes}

10 15 20 25

Figure 2. Ranking of exotic species with the most applications. [(*) Invasive species].
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for a number of non-medical uses, such as Melia azedarach
(paraiso) as a natural insecticide, Ligustrum lucidum
(siempreverde) for shade, Gleditsia triacanthos (acacia negra)
as fodder and for shade, Robinia pseudoacacia (acacia, acacia
blanca) for poles and for its edible flowers, and Salix fragilis
(mimbre) for shade. Among these species, Melia azederach,
Gleditsia triacanthos, Robinia pseudoacacia and Ligustrum
lucidum have been cited as invasive and problematic flora
in Cérdoba by Furey et al. (2013), Ferreras et al. (2014),
Giorgis & Tecco (2014) and Ferreras et al. (2015). Moreover,
Plantago major (llantén) has been classified as invasive for
meadows in Argentina by Busso et al. (2013).

In particular, the tree called Gleditsia triacanthos (Fabaceae)
is the most frequent invader of invaded environments in
Chaco Serrano of Cérdoba (Giorgis et al. 2011b), where
it tampers with the floristic composition and processes
associated with the nutrient cycle. The non-native firewood
species that spread out and create monospecific vegetation
patches are Ligustrum lucidum, Gleditsia triacanthos and Pinus
spp. (Gavier & Bucher 2004; Hoyos et al. 2010; Giorgis et
al. 2011a; b; Gavier-Pizarro et al. 2012).

In contrast, from an ethnobotanical view, and as an
example, peasants use the fruit of Melia azederach as a
pediculicide, and as a forage for herds. It is valued as it

provides environmental services, such as shade; it is used as
wood for constructions; and it makes good firewood when
no other choices are available. Likewise, Ligustrum lucidum
and Gleditsia triacanthos are used as forage for livestock, in
constructions and as firewood.

Relative importance

Table 2 shows, in descending order, the non-native
species in the areas under study based on their Relative
Importance. Three species considered as invasive are first
on the list: Melia azederach, Salix fragilis and Ligustrum
Iucidum. These species feature multiple uses in different
ethnobotanical areas. Other invasive species that also have
considerable RI values for peasants include Morus alba
var. alba, Ruta chalepensis, Malva parviflora / M. sylvestirs,
Gleditsia triacanthos, Robinia pseuo-acacia, Salix babylonica
and Pyracantha angustifolia, which is indicative of variety
of uses. Other species with high RI values include plants
with several medicinal uses, such as Ruta chalepensis and
Malva spp., already mentioned within the species most
frequently used.

A thorough floristic survey of the vegetable communities
of Chaco Serrano of Cérdoba, which included forests in

Table 2. Organization of exotic and invasive species based on their Relative Importance (RI) in descending order. [(*) Invasive species
according to the National System of Information on Exotic and Invasive Species (Sistema Nacional de Informacién de Especies Exéticas

Invasoras 2018)].

| spedes | Famiy | Llifeform | Ri-(RelBSRelPHI100)%2

Melia azederach L. (*)

Salix fragilis L. (*)
Ligustrum lucidum W.T.Aiton (*)
Morus alba L. var. alba (*)

Ruta chalepensis L. (*)

Malva parviflora L. / M. sylvestris L. (*)
Gleditsia triacanthos L. (*)
Robinia pseudoacacia L. (*)

Salix babylonica L. (*)
Plantago major L.

Ulmus sp.

Maclura pomifera (Raf.) C.K.Schneid.
Pyracantha angustifolia (Franch.) C.K.Schneid. (*)
Ficus carica L.
Marrubium vulgare L.
Rosmarinus officinalis L.
Betula pendula Roth (*)

Aloe spp.

Tanacetum parthenium (L.) Sch.Bip.
Pinus spp.

Citrus x limon (L.) Burm.f.,
Artemisia absinthium L. (*)
Broussonetia papyrifera (L.) Vent. (*)
Cichorium intybus L.
Cupressus spp.
Foeniculum vulgare Mill.
Juglans regia L.

Ligustrum sinense Lour. (*)
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Meliaceae Tree 81.82
Salicaceae Tree 65.91
Oleaceae Tree 65.00
Moraceae Tree 61.36
Rutaceae Herb 60.00
Malvaceae Herb 58.64
Fabaceae Tree 55.91
Fabaceae Tree 55.91
Salicaceae Tree 49.09
Plantaginaceae Herb 41.82
Ulmaceae Tree 41.36
Moraceae Tree 36.82
Rosaceae Shrub 36.82
Moraceae Tree 35.91
Lamiaceae Herb 35.00
Lamiaceae Herb 35.00
Betulaceae Tree 33.64
Xanthorrhoeaceae Shrub 32.73
Asteraceae Herb 32.73
Pinaceae Tree 29.09
Rutaceae Tree 26.82
Asteraceae Herb 25.91
Moraceae Tree 24.55
Asteraceae Herb 24.55
Cupressaceae Tree 24.55
Apiaceae Herb 24.55
Juglandaceae Tree 24.55
Oleaceae Shrub 24.55
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Table 2. Cont.

L spedes | _Famiy | Lifeform | Ri-(RelBSRelPHI100)%2

Portulaca oleracea L.
Ricinus communis L.

Salix alba L. (*)
Chenopodium spp.: Ch. album
Morus nigra L.

Artemisia douglasiana Besser
Cydonia oblonga Miller
Eriobotrya japonica (Thumb.) Lindl.
Mentha x rotundifolia (L.) Huds.
Urtica urens L.

Allium cepa L-

Allium sativum L
Amaranthus spp.: A. hybridus
Ammi majus L./Ammi visnaga (L.) Lam
Anthemis cotula L.

Arctium minus (Hill) Bernh.
Artemisia camphorata Vill.
Artemisia annua L.
Artemisia verlotiorum Lamotte
Borago officinalis L.
Capsella bursa-pastoris (L.) Medik.
Citrus sinensis L.

Conium maculatum L.
Cupressus lusitanica Mill.
Datura ferox L.

Digitalis purpurea L.
Eucalyptus cinerea F.v. Muell.
Eucalyptus spp.: E. viminalis; E. camaldulensis Dehnh.(*)
Fraxinus americana L.
Hibiscus rosa-sinensis L.
Indet. Invasive Poaceae (*)

Iris pseudacorus L. (*)
Juglans regia L.

Lactuca sativa L.

Laurus nobilis L.
Lavandula officinalis var. angustifolia (DeGring.) Brig.
Leccinum spp.

Lonicera japonica Thunberg.
Malus domestica Borkh.
Manihot grahamii Hook. (*)
Matricaria recutita L.
Medicago sativa L.

Melia azedarach L. (*)
Melissa officinalis L.
Mentha spp.
Nasturtium officinale W.T. Aitonb (*)
Ocimum basilicum L.

Olea europaea L.
Origanum vulgare L.
Parietaria sp. (*)
Petroselinum crispum (Mill.) Nym.
Phlebopus tropicus (Rick in Rehm & Rick) Sing.
Pinus spp. ()

Populus spp.

Prunus persica (L.) Batsch
Punica granatum L.

Portulacaceae Herb
Euphorbiaceae Shrub
Salicaceae Tree
Chenopodiaceae Herb
Moraceae Tree
Asteraceae Herb
Rosaceae Tree
Rosaceae Tree
Lamiaceae Herb
Urticaceae Herb
Amaryllidaceae Herb
Amaryllidaceae Herb
Amaranthaceae Herb
Apiaceae Herb
Asteraceae Herb
Asteraceae Herb
Asteraceae Shrub
Asteraceae Shrub
Asteraceae Herb
Boraginaceae Herb
Brassicaceae Herb
Rutaceae Tree
Apiaceae Herb
Cupressaceae Tree
Solanaceae Herb
Plantaginaceae Herb
Myrtaceae Tree
Myrtaceae Tree
Oleaceae Tree
Malvaceae Shrub
Poaceae Herb
Iridaceae Herb
Juglandaceae Tree
Asteraceae Herb
Lauraceae Shrub
Lamiaceae Herb
Boletaceae Fungus
Caprifoliaceae Shrub
Rosaceae Tree
Euphorbiaceae Tree
Asteraceae Herb
Fabaceae Herb
Meliaceae Tree
Lamiaceae Herb
Lamiaceae Herb
Brassicaceae Herb
Lamiaceae Herb
Oleaceae Tree
Lamiaceae Herb
Urticaceae Herb
Apiaceae Herb
Boletinellaceae Fungus
Pinaceae Tree
Salicaceae Tree
Rosaceae Tree
Lythraceae Tree
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24.55
24.55
24.55
21.36
16.82
14.55
14.55
14.55
14.55
14.55
12.27
12.27
12.27
12.27
12.27
12.27
12.27
12.27
12.27
12.27
12.27
12.27
12.27
12.27
12.27
12.27
12.27
12.27
12.27
12.27
12.27
12.27
12.27
12.27
12.27
12.27
12.27
12.27
12.27
12.27
12.27
12.27
12.27
12.27
12.27
12.27
12.27
12.27
12.27
12.27
12.27
12.27
12.27
12.27
12.27
12.27
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Table 2. Cont.

| spedes | Famiy | Lifeform | R-(RelBSRelPHI100)%2

Rheum sp.
Rosa rubiginosa L. (*)
Rosa sp.
Rubus ulmifolius Schott (*)
Rumex crispus L. (*)
Salvia officinalis L.

Sedum maximum Suter var. variegatum Hort.
Solidago chilensis Meyen var.chilensis
Suillus granulatus (Fries) Kuntze y Suillus spp.
Talinum paniculatum (Jacq.) Gaertn.
Tanacetum vulgare L.

Taraxacum officinale Weber ex E.H. Wigg (*)
Tilia aff. moltkei Spaeth
Verbascum thapsus L. (*)
Verbascum virgatum Stokes ex With. (*)
Vitis sp. (*)

Xanthium cavanillesii Schouw

different stages of succession, meadows and damaged
shrublands, found Gleditsia triacanthos and Ligustrum
Iucidum as the major invasive species (Giorgis et al. 2011a; b).
Moreover, the studies on Pyracantha angustifolia indicate
that the plant coverage of this species includes even richer
native and non-native species in comparison with other
treatments, such as that of native Condalia montana or
other shrubs, with Ligustrum lucidum as the one that
was recruited with the most abundance and density in
its area of coverage (Tecco et al. 2006). This species gains
ethnobotanical importance because of its ornamental use
and the ecosystemic services that it provides, such as shade
and food for birds.

Eucalyptus spp.
Acacia aroma

Pyracantha spp. / Crataegus Sp.
Pinus spp. ’
Ulmus sp.

Ligustrum lucidum
Gleditsia triacanthos

Melia azedarach

Polygonaceae Herb 12.27
Rosaceae Shrub 12.27
Rosaceae Shrub 12.27
Rosaceae Shrub 12.27

Polygonaceae Herb 12.27

Lamiaceae Herb 12.27
Crassulaceae Herb 12.27
Asteraceae Herb 12.27
Suillaceae Fungus 12.27
Talinaceae Herb 12.27
Asteraceae Herb 12.27
Asteraceae Herb 12.27
Malvaceae Tree 12.27
Scrophulariaceae Herb 12.27
Scrophulariaceae Herb 12.27
Vitaceae Shrub 12.27
Asteraceae Herb 12.27

Perception on species control

After conducting an in-depth analysis of the species
that have been mentioned the most as for their control/
elimination (Fig. 3), three groups of species can be found:
Species such as Pyracantha and Crataegus spp. (Crataegus)
valued negatively by foreign population and other actors;
Species such as Melia azedarach (paraiso) and Ligustrum
lucidum (siempreverde) for which the need for control/
elimination has been more emphasized by foreign
population and other actors than by the native population,
who shows more acceptance towards these species. Melia
azedarach was the first species on the list, based on Relative

B Small-scale producers

Foreign population

B Other actors

Figure 3. Species that have been mentioned the most as for their “control/elimination” according to the perception of various local actors.
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Importance, given the wide range of applications by the
population; Species for which control is suggested in the
same manner or exclusively by small-scale native producers,
such as Eucalyptus spp. (eucaliptus), Gleditsia triacanthos
(acacia negra), and native species, Acacia aroma (tusca),
considered as disturbing for livestock activities due to its
thorns.

These differences perceived by the population was
pointed out by Bardsley & Edwards-Jones (2006), who
compared perception of the benefits of invasive species
among ecologists and non-ecologists.

Perception and overall assessment of species:
mentioned as for control/elimination, considering
assessment of their importance and conservation.

Figure 4 shows, on the left, the negative characteristics
related to the need for control/elimination species;
positive assessment related to species the importance and
conservation of species is shown on the right. The lighter
shades refer to non-native species; the darker shades denote
native species with negative perceptions and for which
control is deemed necessary.

Based on the perception interview related to the species
that should be controlled or eliminated in the area, we can
find: Some non-native species for which assessment was
only negative (Ulmus sp., Pyracantha spp. /Crataegus and
Gleditsia triacanthos); Non-native species that, according to
interviewees, had a negative assessment. Yet, in other cases,
they were considered important/relevant for conservation
(Melia azederach, Ligustrum lucidum). In some other cases,
they were assessed mainly positively (Pinus spp., Morus
spp., Eucalyptus spp.); Although native species were assessed

mostly positively, they were considered as being potentially
“invasive” as they hinder (in general, due to its thorns) the
development of subsistence activities (livestock, access to
the field), as in the case of Acacia aroma, Celtis ehrenbergiana
and Condalia buxifolia.

From these results, the notion that peasants have of
“invasive”, not always in agreement with the definition
provided by the Convention of Biological Biodiversity,
also includes native species that hinder daily household
activities, such as those mentioned above. In this sense, the
biological invasion by non-native species must be evaluated
not only from the perspective of ecological sustainability,
but also from a socio-environmental viewpoint/angle, for
which a cost-benefit relation must be valued (Bardsley &
Edwards-Jones 2006). Finally, we agree with Santos et al.
(2014) who argue that it is wrong to assume that invasive
species have a completely negative biocultural influence,
since in some cases these species are more useful than
non-invasive ones.

Perception of landscapes that various social actors
would eliminate or change.

The preference criteria of various actors in relation to
the landscapes that they would eliminate were identified
by means of correspondence analysis (Fig. 5). Such analysis
was conducted by asking about the immediate environment
that these actors would change or eliminate, showing it
as a tool for ecological control. To this end, photographic
material was used as visual stimulus, including 8 pictures
of environments that differ in their floristic, physiognomic-
visual composition, involving: native vegetation (Nt), such
as Chaco Serrano (Nt-ChS1, Nt-ChS2) Espinal (Nt-Espn)

Ulmus sp.

Pyracantha spp. / Crataegus Sp.
Pinus spp.

Morus spp.

Melia azedarach
Ligustrum lucidum

Jacaranda mimosifolia " I

Gleditsia triacanthos
Eucalyptus spp.

Dolichandra cynanchoides
Condalia buxifolia
Celtis ehrenbergiana

Acacia aroma

-20 -15 -10 -5 0 5

10 15 20 25 30 35 40

Figure 4. Assessment of exotic and native species based on interviews of environmental perception for importance/conservation/
retraction (positive assessment) and control/elimination (negative assessment). (n=44 only spp. was presented with two mentions;

native species with darker tones).
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and environments with silvopastoral systems (Nt-Mnj);
exotic vegetation (Ex), such as gardens cultivated (Ex-Clt);
and mixed vegetation (Mx), such as Chaco Serrano with
pine trees (Mx-ChSpin) and grasslands with pine trees (Mx-
Ptzpinl, Mx-Ptzpin?). The idea of adding this was to obtain
not only the interviewees’ opinion, but also their criteria
and perceptual styles, including interpretative aspects (such
as sensitivity, visual impact, taste and preference). The
BiPlot shows the difference in preference for the elimination
of certain landscapes among the three types of actors,
since each is in a different quadrant. Therefore, regarding
axis 1, a contrast can be found between the profile of the
native population (PN) and the profile of subsistence (S),
on the one hand, and between the profile of the foreign
population (PF) and the profile of the capitalized one (C),
on the other. Whereas the former group shows preference
for not eliminating any landscape or for eliminating native
landscapes with Espinal (Nt.Espn), the latter group prefers
eliminating the exotic cultivated landscapes (ExClt).
Furthermore, the other actors prefer/favor eliminating
mixed landscapes, such as meadows with pine trees (Mx.
Ptzpin2). These differences are probably attributed to the
different perception styles, according to the socioeconomic
and cultural situation and the role played by the different
social actors. The native population is more dependent on
resources for subsistence, while the other actors perceive
nature from a conservationist perspective. This indicates
that there is not a unique and clear-cut way of thinking about
what is non-native, invasive or what needs to be eliminated
or controlled. This goes in line with research reported by
Caceres et al. (2015) who, by means of an iterative method,
showed how various social actors perceived the provision of
several ecosystemic services in different natural or changed
environments.

287 oo

1.96

Axis 2

O ) 1 5 .Mx—PlleZ * * 05
§ino

-Espn
& s

-0.08 0.65 1.39
Axis 1

-0.76

-1.55 -0.81

Figure 5. BiPlot of the Multiple Correspondence Analysis
between images (visual stimulus) of environmental change or
elimination (blue shapes), type of social actors (red shapes), and
socioeconomic profile (yellow shape). (Inertia or Chi-square value
divided; grand total of contingency table: 52%; : Native vegetation
(N't), such as Chaco Serrano (Nt-ChS1, Nt-ChS?2) Espinal (Nt-Espn),
and environments with silvopastoral systems (Nt-Mnj); exotic
vegetation (Ex), such as gardens that are cultivated (Ex-Clt); and
Chaco Serrano with pine trees (Mx-ChSpin) and grasslands with
pine trees (Mx-Ptzpinl, Mx-Ptzpin2).
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Analysis of local accounts and narratives

The perception of non-native and “invasive” plants—a
category often used in the field of ecology—is not consistent
among actors, which is also the case when dealing with
other topics, divergences and tensions as regards academic
discourse.

Among the native population of the Bamba reserve,
for instance, it is not unusual to refer to or assess some
non-native or “invasive” plants in term of the ecosystemic
services that they provide.

The species that are highly valued include those
that give shade—Melia azedarach (paraiso), Morus alba
var. alba (mora), Broussonetia papyrifera (mora turca)—,
resources for material culture (rods), forage—Ligustrum
lucidum (siempreverde) and Melia azedarach (paraiso), and
even ornaments—Pyracantha angustifolia (crataegus),
whose segments are multiplied in gardens with fences or
“decorations”. Moreover, after having delved into this topic,
some members of the peasant population stated that some
autochthonous species are invasive or need to be controlled,
including Acacia aroma (tusca) or Acacia caven (espinillo),
tampering with livestock activities. We agree with Santos
etal. (2014) in their categories for native plants, including
both non-native and native species.

“I think that the reason why so many native plants
are dying out, such as “peperina” or even “tomillo”, is
because they are being attacked by several types of
little ants. It doesn’t seem to be real, but the truth
is that these plants are telling us that something is
wrong and that, quite on the contrary, I believe that
plants, such as” paraiso”, invasive plants as they are
called, “mora”, “siempreverde”; look around, G., look
around! Imagine if this “paraiso” or these “mora”
plants were not here, check out those invasive plants,
what would there be? This would be a wasteland. So,
for me this whole thing about the invasive plants,
and the stupid fights that come up are not important,
because there are some nature protectors that say
that the plants this and that... when it comes to
afforestation and what not. I think that they should
start by finding out why these native plants are
dying out! If you analyze this situation thoroughly,
even the “mora” plant has its attacker, did you know
that? (L., other actors Pje. Boca Dos, Bamba Natural
Water Reserve [RHNB])

“Paraiso is extremely strong to be used as a
post.” (P,, member of the native population in Villa
El Diquecito, RHNB)

“Can you guess which plants have spread out?
Espinillo and tusca, because, in the past, there were
chivas, the chivas themselves have sowed them, they
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eat algarrobo tree, broad chaucha (the fruit). Walking
in the field is nearly impossible.” (R., member of the
native population, El Diquecito, RHNB)

“Aplant that really thrived was the “siempreverde”.
It’s useful for the birds, they have leaves all year
round, the little gray dove uses it as shelter, the
song thrush takes the “grateus”, it can become a nice
ornament; it is useful to build fences.” (H., member
of the foreign population, El Diquecito, RHNB)

The previous statements can be compared with those
uttered by the population in La Rancherita, mostly members
of the foreign population, whose socioeconomic profile
includes more schooling years. With a discourse closer
to that of academic ecology, the interviewees highlight
the difference between what is native and what is non-
native, and they show their differential impact in relation to
water consumption as well as how important it is to control
the latter to avoid biological invasions. This is indicated
through the results from the participation workshops held
in the community. Such results reveal that the spreading
of Iris pseudoacorus (lirio amarillo) on the stream bed, or
the propagation the species Pyracantha spp., Crataegus sp.
and Gleditsia triacanthos has been cumbersome. During
these workshops, control and elimination measures to deal
with some of them were put forth.

“To get firewood, I make use of plants that are
not from here—paraiso, olmos, acacia negra, which
are plagues...” (H., La Rancherita)

“There are rushes and weeds that retain a lot of
water, mud is formed.... that place was beautiful. It
should be restored for touristic purposes. When you
leave the reserve and you get to the bed stream, you
can head for the water fall and walk past all native
plants first, and then you can walk past all the non-
native ones. It’s a wholly different landscape! It’s
full of water flags, honey locusts and rushes. And
it’s full of this one with small red balls (crataegus).
You cannot move forward, there are times when
you cannot see the river. There are some animals
in that area, but the number is decreasing more
and more, since there is no water for them. In Villa
Giardino, the yellow flag (lirio amarillo) is used for
water improvement, but here it’s out of control. The
non-native plants should be controlled, and changed
little by little.” (Participants of the 3rd. “Rooting
Paravachasca” Workshop, La Rancherita)

Based on the narratives, “invasive” species are those
that “are not from here”, “spread out” or “thrive”, showing
the predominance of both a phytogeographic and an
ecological abundance criteria. By contrast, narratives make
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no reference to reproductive mechanisms or propagation
form of species, key to understand invasions (Giorgis
et al. 2016). This indicates that local perceptions on an
ecological phenomenon, such as invasions, do not go in
line with the academic ecology criterion. In order to gain
local support, it is vital that environmental scientists do
not discredit all non-native species that could potentially
be invasive, but rather, the focus should be on programs
and policies on the study of individual species that cause
the most negative social and ecological impact (Bardsley &
Edwards-Jones 2006). Many studies (including DiTomaso
2000 and Bardsley & Edwards-Jones 2006) suggest that
the strategic holistic plans should be developed carefully
with key species and ecosystems, applying techniques of
mechanical, cultural, biological, and chemical management.
Moreover, the estimates used to evaluate underlying factors
in attitudes, such as perceptions or individual assessment,
may help understand public viewpoints. They may also help
facilitate the development of environmental management
policies and the application of communication strategies
mo4re widely accepted by the public sphere in conservation
biology (Fischer & Wal 2007).

Conclusions

Despite the negative features that have been widely
advertised (for example, rivalry with native species, which
damages either plants for cultivation or productivity),
“invasive weeds” help enrich the local species reserve that
are useful in rural areas and some urban communities. In
this study, it has been shown that local populations value
both non-native and invasive species due to their relevance.
The use spectrum of some non-native species contributes
to their adaptation to the cultural use of species based
on resource availability, not necessarily associated with
preference (such as firewood obtained from “paraiso” or
forage obtained from “acacia negra”). It should also be noted
that the use of non-native invasive plants may be useful
to traditional medicine, a need that autochthonous plants
alone would have fulfilled before.

Additionally, it should be pointed out that local actors
perceived non-native and invasive species differently, with
significant divergences regarding their ecological knowledge.
This should be taken into account during the development
of management and conservation guidelines.

It is also worth mentioning considering species
individually for the management and control plans of
“invasive species”, and special emphasis should be placed
on those of interest and which are ethnobotanically relevant
in terms of how useful they are for the peasant population
when it comes to material culture, household activities and
ecological services.

As regards invasive species, the narratives highlight
that, although they have a significant impact on landscapes,
ecosystems and biodiversity levels, not only negative impacts
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are included, since non-native invasive species provide the
local population with both costs and benefits. As a result of
the growth of these species, they can be the basis for many
systems that could help manage economically relevant
resources, such as agriculture, horticulture, afforestation and
ornamental or garden landscapes. In spite of the economic
importance of many invasive species, most research studies
published so far have dealt with the biological aspects of
invasions. However, this is not enough, seeing that the
invasion processes of non-native species are a natural and
social process. Indeed, individuals make choices increasing
or decreasing the likelihood of a species becoming invasive.
Our results show precisely how important it is to consider
the social side of these processes. In sum, it is necessary/
needed to deconstruct and resignify the use of the terms
“non-native” and “invasive” in conservation practices while
taking into account the diversity of local actors and the
social side of invasiveness.

As for the different actors, the PNs do not perceive
issues which come from complex ecological processes
or ecosystemic changes, and which do not tamper with
production activities conspicuously (for example, non-native
and invasive species). Concerning biological invasions, the
idea of “invasive/invader” applies both to non-native flora
and native species that tamper with household activities
(livestock breeding, collection in forests). It is not unusual
for some species listed in academic contexts as “invasive” to
have a fairly positive assessment due to their ethnobotanical
applications (shade, enjoyment, ornamentation). By
contrast, PNS and OAs perceive environmental issues
associated with ecological processes that are not always
conspicuous (as in the relation between water shortage and
the spreading of invasive species, such as Melia azedarach,
Gleditsia triacanthos and Pyracantha spp.).
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