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Abstract  
The term agroforestry covers practices that are promoted to maintain or even 
enhance biodiversity. However, the relationship between agroforestry and invasive 
species is rarely addressed, even though the spread of such species is an important 
issue, not only ecologically but also economically and socially. Over the past few 
decades, humans have greatly accelerated the process of biological invasions, to 
such an extent that they are now recognized as the second cause of rapid decline 
in biodiversity.  
In France (as in other parts in Europe) abandonment of agricultural land in remote 
areas is a major problem having socio-economic, landscape and environmental 
implications. The objective of the research presented here was to find a method for 
studying the relationship between traditional agroforestry systems and invasive 
species, despite a lack of available data. We investigated the evolution of a 
traditional agroforestry system in the Pyrenean foothills, where invasive species are 
abundant, by implementing two complementary methods: i/ interviews 
highlighting the local stakeholders’ perception of landscape evolution, invasive 
species and the challenges they represent for the local traditional agroforestry 
landscapes, and ii/ detailed mapping of an area occupied by invasive plants, by 
means of very high resolution spatial technologies using UAV’s and aerial 
photography.  
The results show that invasive species have spread in relation with the 
abandonment of agricultural land, which has also led to “landscape closure” by the 
encroachment of natural afforestation. They also underline the difficulty of 
assessing the spread of invasive species. This situation is of major importance in 
terms of land-use planning, as the various stakeholders have different perceptions 
of the problem, and it raises questions about the sustainability of practices and 
territories.  
 
Keywords 
Agroforestry, Land abandonment, Landscape dynamics, Invasive Alien Species 
(IAS), Perceptions, Place attachment, UAV Technology  
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Introduction 

 
Agroforestry systems, based on tree components, are usually viewed as sustainable 
land use options (Rigueiro-Rodríguez et al. 2009; McAdam et al. 2009; Jose 2012), 
offering the potential to solve important ecological and biodiversity problems while 
enabling the production of food, wood products and/or fodder for animals at the 
same time (Nerlich and al. 2013). The term “High Nature Value Farming” (Baldock 
et al. 1996) reflects the advantages offered by traditional agroforestry systems as 
well as the valued semi-natural habitats that are associated with them, the majority 
of which are found in remote areas under extensive land use.  
 
While the pressure on agricultural land is increasing on a global scale in terms of 
availability, the dynamics of European landscapes is characterized by contrasting 
trends, which have been particularly marked since the end of World War II: i/ the 
disappearance of tree elements in areas most suitable for large-scale cultivation 
and ii/ the developing encroachment of natural forest where farming practices 
(particularly those linked to livestock) have been abandoned or are in decline.  
 
Thus, although trees represent a structuring element of many rural landscapes 
associated with traditional forms of agroforestry, in the first case, the pursuit of 
increased productivity has led to a specialization of modern agricultural or livestock 
systems, while the second has led to the non-use of trees. Both trends have resulted 
in a decline in the use and value of trees outside forests (Guillerme et al. 2009). 
 
Agricultural land abandonment is one of the main processes of change in land use 
in Europe (Keenleyside et al. 2010; van der Zanden et al. 2017; Vinogradovs et al. 
2018). It leads to a homogenization of landscapes and has been increasing since the 
1950s (Cramer et al. 2008). Land abandonment is a complex and multidimensional 
process (Munroe et al. 2013) that causes changes in rural livelihoods and 
agricultural practices. It has become a major concern due to its environmental, 
socio-economic and landscape dimensions (Lasanta et al. 2017). It also constitutes 
an important challenge in terms of sustainability and land use planning, especially 
in marginal agricultural areas and remote and/or mountainous zones. 
 
Agricultural land abandonment and rural depopulation provide a special 
opportunity for cultivated alien plants (Pandi et al. 2014). Species that are non-
native and non-invasive can become invasive as habitats and dispersers change. 
This combination of changes can cause rapid increase of a non-native species, 
allowing it to become invasive (Lenda et al. 2012).  
 
Invasive species have become an issue all over the world, on all types of land 
(agricultural or natural). Over the past few decades, humans have greatly 
accelerated the process of biological invasions, to the point where they are now 
recognized as the second cause of accelerated decline in biodiversity (Simberloff 
and Rejmánek 2011; Lévêque et al. 2012). The impact of invasive plants on natural 
vegetation is currently being widely studied (Powel et al. 2011; Barney 2016; 
McCary et al 2016). It has been shown that, when non-native plants invade an 
environment, they are capable of outcompeting native plant species through either 
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direct (Daehler 2003) or indirect competition (Tanner and Gange 2013). Invasive 
weeds are an increasing problem because they are difficult and costly to control.  
 
One of the difficulties is that, even when an invasion is territorially assessed, it 
remains very complex to quantify, and its spatial extension is hard to assess. 
Although IAS are widely explored by research in the ecological sciences, knowledge 
of their spatial dynamics and characterization remains complicated (Michez et al. 
2016), which is a barrier to their management. Since the 1990s, remote sensing has 
been used to monitor and map the first outbreaks (Huang and Asner 2009; Große-
Stoltenberg et al. 2016; Alvarez-Taboada et al. 2017), to identify optimal periods for 
applying mitigation treatments (Wallace et al. 2016), to model invasion risks (Huang 
et al. 2009; Bradley 2014) or to monitor the effectiveness of management measures 
(West et al. 2017).  
 
High spatial resolution imagery (about 10 m resolution) has been widely used to 
detect and monitor invasive plants but it is only effective when plots and/or stands 
occupy a large area (Wallace et al. 2016) and remains unsatisfactory for detecting 
alien plants in the ecotone or for mapping a small area in detail (Alvarez-Taboada et 
al. 2017). However, the evolution of technologies, and of drones in particular, is 
removing a number of scientific barriers by allowing very high spatial resolution 
(~10 cm) acquisition.  
 
During the last decade, in which the advent of these technologies has been 
particularly marked, several studies have found effective approaches for identifying 
invasive plants (Bradley 2014; Alvarez-Taboada et al. 2017). However, the difficulty 
of measuring the spatial expansion of these species accurately, especially in a tree-
covered environment, has also been highlighted (Dash et al. 2019). 
 
Various studies (Arim et al. 2006; Davidson et al. 2015; Akodéwou et al. 2019) have 
been conducted with the aim of understanding the spatial dynamics of invasive 
species but recent decades have seen a marked shift in focus from topics addressing 
the mechanisms of invasions and the underlying process towards more a complex 
perception of invasions, where the socioeconomic and social perspective on 
invasive species is recognized as increasingly important (Pysek 2017; Shackleton et 
al. 2019). 
 
Many non-native trees (NNT) have been planted worldwide in agroforestry systems 
for timber, fodder, erosion control, shade and aesthetics, and some of them are 
now qualified as invasive (Richardson and Rejmánek 2011). Some research projects 
conducted in Brazil (Ramos et al. 2015; Cordeiro et al. 2018) have shown that 
agroforestry systems provide less favourable habitats for exotic species, filtering 
them from the understory, but the mechanisms that may select against exotic 
species in agroforestry remain unknown (Ramos et al. 2015) and data are lacking in 
other places, including temperate environments.  
 
The relationship between agroforestry and invasive plant species is rarely 
addressed. Yet the spread of invasive species is an important issue, not only 
ecologically but also economically and socially. The objective of the present work 
was to study the evolution of the traditional agroforestry system in the Oussouet 
valley (foothills of the Pyrenees mountains in France) where invasive plant species 
are abundant. Here (as in other parts in Europe), the abandonment of agricultural 
activities is a major problem, having environmental, socio-economic and landscape 
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implications. The paper considers the landscape dynamics as well as the diverse 
perceptions expressed by the stakeholders we interviewed concerning the invasive 
species that have spread. The issue of mapping the invasive species is then 
addressed. Finally the link with sustainable development is discussed. 
 
Materials and methods 
 
The approach used to address these issues integrates social geography and spatial 
sciences, and provides an analytical framework for understanding how territorial 
and agrosystem changes interact with the dynamics of social systems. 
 
Study area 
 
The area surveyed in France is located in the Oussouet valley, which is 
representative of local traditional agroforestry landscapes based on a combination 
of grazing lands, trees, and livestock, located in the Pyrenees mountains in the 
south of France (Fig.1A). This sector of the Hautes-Pyrénées department is on the 
fringe of the Pyrenees National Park and near the town of Bagnères-de-Bigorre. It 
is a mid-mountain area with a climate having oceanic influences. Rainfall is high due 
to the location in the foothills of the mountain range. The altitude and climatic 
conditions in this area result in two types of landscapes characterized by specific 
vegetation: 
- i/ in the hillside level (<800-1000m), where precipitation is normally high, habitats 
are composed of meadows and stream banks in the valley bottoms. On the slopes, 
deciduous forest and thickets dominated by beech [Fagus sylvatica L.) cover most 
areas, but there are also some grasslands and some bracken fields (extensive, often 
closed, communities of the large fern Pteridium aquilinum L. [Devillers et al. 1991]). 
- ii/ in the mountainous level (>800-1000m), which is cool and very humid with 
strong cloud cover, the vegetation consists of deciduous and coniferous forests, 
bracken fields and recolonizing thickets (mainly of holly [Ilex aquifolium L ] and 
willow trees [Salix spp.]). 
 
This area – where the population is gradually decreasing - is characterized by three 
main types of human activities, based upon the exploitation of the natural 
resources of this rural mid-mountain region (data provided by the municipal 
authorities): i/ pastoralism (associated with bovine, sheep, goat and horse 
breeding); ii/ forestry, which is quite an important activity in numerous areas of 
coniferous and beech forest, mainly in the mountain area; and iii/ slate mining, 
which used to be the particularity of the Oussouet valley. The municipality of 
Labassère (Fig. 1A) is situated on an outcrop of high-quality slate schist and three 
slate quarries are present in the area but all have ceased mining operations. The 
region is also characterized by a strong neo-rural population and numerous second 
homes. 
 
As far as vegetation is concerned, this very rural and pastoral valley ultimately 
presents the paradox of benefiting from high specific biodiversity with a diversified 
flora (Corriol 2016) while, at the same time, being a place where many invasive alien 
species have spread (Fontaine et al. 2014). 
 
 
 
 

https://fr.wikipedia.org/wiki/Carl_von_Linn%C3%A9
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Fig. 1. Location of the study area in France (A), the presence of Spiraea japonica in the 
Occitania region (B) and the survey site for UAV capture (C) of Spiraea japonica (D) [The 
presence of the plants was mapped from the Siflore database (National Botanical 
Conservatory - France)] 

 
 
Survey method 

 
Practices and perceptions were placed in the spatial and temporal context of the 
territory, which was considered as a set of elements in dynamic interaction. It also 
corresponds to a functional spatial entity, with landscapes reflecting different 
environmental and anthropogenic processes. People’s perceptions and practices 
concerning the evolution of the agroforestry landscape and invasive species were 
studied through qualitative interviews, and assessed by a botanical survey.  
 
A qualitative approach to agroforestry and invasive (or qualified as such) species 
present in the study area was sought. We wished to adopt an "intermediate" 
posture between the "theoretical saturation" and "qualitative tradition" described 
by Savoie-Zajc (2009), in order to define the corpus of semi-directed interviews. In 
qualitative research based on an ethno-phenomenological and discursive 
approach, several authors refer to a maximum number of about ten interviews. In 
the aim of remaining as close as possible to the experience of those acting "in the 
field" (Retaillé, 2010) and capturing a broader diversity of perceptions, we finally 
conducted 18 open or semi-directive interviews. The local stakeholders were 
randomly selected, in order to triangulate data. We interviewed people of the 
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valley having diverse activities, including livestock farmers, local elected officials, 
teachers, actors in the biodiversity field, the slate mining activity, and residents 
(formerly settled and neo-rural residents (Table 1).  
 

 
Table 1. Description of the sample of interviewees in terms of their main activity (Note: in 
case of multiple activities the main one considered during the interview is mentioned) 

 
 
 
The interviews were conducted in the field and/or in the homes of the respondents, 
in a conversational mode rather than following a strict pre-defined list of questions. 
All interviews started with broad questions on the interviewee’s professional and 
associative activities, and life history in connection with the valley. It was followed 
by questions about the experience of the respondents regarding the valley, the 
evolution of landscapes and activities, biodiversity and their perception of invasive 
species. An interview guide with the main themes and questions addressed during 
the interviews was used as a guideline but enriched by additional questions in 
accordance with each person's profile and responses. The agroforestry concept was 
never explicitly used in the interviews, but was a conceptual lens to analyse the 
transcripts. In contrast, the term invasive species was deliberately used in order to 
understand the way respondents understood this expression, and what they 
personally considered as “invasive”. 
 
The interviews were recorded (with the oral consent of the respondents), 
transcribed in full, and manually coded using a thematic coding. A regressive 
approach was used to understand the processes of evolution of this landscape, and 
the associated agrarian practices and perceptions, in a spatial and temporal 
dimension. The objective was to start from the stakeholders' experience in order to 
reconstruct "the structural aspect of the situation or the intervention area 
considered in terms of stakeholders, challenges, interests […] that give meaning 
and coherence to this life experience” (Friedberg 1993). In identifying these 
representation systems and local practices, we sought to seize the perceptions of 
the landscape's evolution and the issues related to it, and the meaning that the 
stakeholders assigned to their practices and to the events they may have witnessed 
(Blanchet and Gotman 2010).  
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Hence, the results of the qualitative analysis of the interviews focus on i/ the 
evolution of the landscape (in order to describe the structure and history of the 
agroforestry landscapes of the valley from the beginning of the century to the 
present day and to understand the context in which the invasive species have 
spread), ii/ the factors perceived as favouring invasiveness, and iii/ a typology of 
perceptions about invasive species To achieve more detailed insight into the spread 
of IAS, we also carried out a mapping process that was complementary to this social 
survey. 
 
Mapping method 
 
In order to characterize the spatial dimension of invasive species, a fine (metre 
scale) mapping of a pastoral area of the valley (upstream sector of the Oussouet 
valley - Labassere, Fig.1C) was carried out. The species targeted was Spiraea 
japonica (Fig.1D), which was easy to identify for the purpose of testing the method. 
 
The areas occupied by these invasive plants were assessed by means of very high 
spatial resolution drone-based technologies (UAV’s - Unmanned Aerial Vehicles) 
and aerial photography. However, this method could not be implemented 
everywhere (places with heavy tree cover were not suitable for UAV investigation, 
except with LIDAR sensors). Aerial photography helped to understand the evolution 
of a landscape over the last two decades, while UAV images showed the spatial 
extent and recent progression of Spiraea japonica over the last 2 years and attested 
to the evolution of this pastoral area of the valley. 
 
These supervised classifications, based on the random forest algorithm developed 
by Breiman in 2001, enabled the elements of a dataset to be quickly labelled from 
a set of previously known examples. To generate the classification mode used with 
ortho-photographs, we took the same data set to provide examples for all years. 
The data were collected in the field in 2018, photo-interpreted on images from 
2001 and visually verified for all years.  
 
For the classification generated from the drone images, we used the spectral bands 
provided by the sensor (G-R-NIR-RE), to which we added various indices 
highlighting vegetation, soil or the chlorophyll content of plants (NDVI [Trucker, 
1979], RVI [Jordan, 1969], DVI [Richardson and Weigand 1977], TSAVI [Baret et al. 
1989], MTVI 2 [Haboudane et al. 2004]) that enhanced the detection of relevant 
objects. The classification was also based on data collected during field 
investigations and/or photo-interpreted on the RGB drone image. These data were 
divided into two independent sets, 60% of the data being used for training and 40% 
for validation. The findings from this method are presented in the last part of the 
results section. 
 
Results 
 
An age-old agroforestry landscape: a consensual description of the evolution of 
landscapes and practices  
 
A key initial result emerging from the interviews was the existence of a consensual 
description of the evolution of the landscapes and activities in the valley by the 
respondents who had always lived there, or had heard about it (from neighbours 
or relatives) if they were too young to have had their own experience or if they 
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were recently settled. Only two persons (neo-rural residents) were unable to speak 
much about the past of the valley. Not surprisingly, the livestock farmers provided 
a multitude of details and narratives. The main features evoked concerning the 
practices and the evolution of the landscapes are given below. 
 
Hedges were a key element of the landscapes, with fenced fields, hay meadows and 
grazing meadows. Trees were fundamental in the lives of the families, not only for 
the timber, firewood and fruit they provided, but also for the protection they 
furnished for animals and the soils. Livestock farmers qualified trees as essential in 
the lives of the families. However, they also pointed out that open, extensive 
meadows found at higher altitudes were crucial for the animals as well. Livestock 
rearing and traditional cultivation methods described by the interviewees created 
a landscape mosaic with various species-rich grasslands. Such landscapes were the 
result of labour-intensive agricultural land-use.  
 
The farming system of the valley was based on a strong predominance of small-
scale livestock farms (cattle, sheep and goats, linked with cattle breeding) when 
rearing animals was a major activity. This was a prosperous activity for the valley's 
livestock farmers grew corn for the family, the poultry and other animals. No-one 
in this valley lived from crop farming alone as yields were low. Peasants used to go 
onto communal grazing lands to collect bracken to use as bedding for animals. Most 
of the older stakeholders and farmers insisted on the presence of a large rural 
population involved in agricultural activities in the valley. 
 
This age-old agroforestry that shaped the landscapes of the area was also linked to 
the economic activity of slate quarries. The availability of what the respondents 
used to call “high-quality slate schist” was responsible for the presence of three 
slate quarries in the valley. Their activity was linked with the agricultural decline 
that started 70 years ago. The population began to abandon unprofitable 
agriculture to work in the slate quarries, which were hiring manpower. All the 
respondents who knew this period were unanimous in stating that at least one 
member of each family was employed there in order to improve the family income, 
and managed to combine this job with the farming activities.  
 
It was underlined that the valley has later underwent significant depopulation and 
a decline in traditional farming and agroforestry practices. Many farmers have left 
the valley and their activity to look for work in the cities, so the agricultural land of 
the valley has gradually became abandoned. The depopulation of the valley was 
reported by various stakeholders (and could also be assessed from data provided 
by the village), some of them specifying that they had witnessed the disappearance 
of one third of its farmers in the last 20 years. Some farmers remain, but have not 
been able to maintain the agroforestry structure. Now they only grow fodder crops. 
Livestock breeding is also declining, even though most of the remaining farmers still 
continue some pastoral activities. However it was mentioned that the herds that 
can be seen in the valley no longer belong to the valley's breeders only. Hence the 
farmers are finding the pastoral activity overly constraining and are withdrawing 
from it. 
 
Interviews revealed that nowadays, half the inhabitants of the valley are said not 
to be farmers. While many farming families have gradually left in the past two 
decades, neo-rural residents have recently been settling in the valley and buying 
some of the old farms. These new settlers are attracted by the proximity of the 
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town where they work, the lower price of land, and the landscapes. They are mostly 
people who have come to live in the area but have other professional activities in 
the nearby town of Bagnères-de-Bigorre or its surroundings. 
 
A decline of the agroforestry complex: factors perceived as favouring invasiveness 
 
The narrative data collected through the interviews about the evolution of 
landscapes and practices highlighted what species were considered as invasive by 
the respondents and the factors behind their spreading in the valley. Two types of 
drivers were identified: the first is linked with the farming activity, and the second 
with the slate mining. 
 
i/ The set of explanations given first and foremost concerned the gradual 
abandonment of agricultural activity in connection with the general depopulation 
of the valley. Hence only the few farmers remaining in the valley still help to 
maintain the landscape through pastoralism, and the presence of trees in the 
landscapes bears witness to their past use in agroforestry. As the hedges are no 
longer being exploited or managed, many trees (such as ash [Fraxinus excelsior L.] 
or birch [Betula L.], the tree species that were most easily named by the 
respondents) were pointed out as having grown spontaneously from hedgerows. 
Here, the feeling of invasiveness is expressed to qualify the development of this 
vegetation which has gradually colonized the abandoned fields and meadows, 
contributing to a “landscape closure” by encroachment of natural afforestation. A 
young livestock breeder said “I like a valley when it's clean and tidy. You say to 
yourself, "Here, they worked". Arriving in a valley like ours, which is wooded 
everywhere, you say to yourself, "But there are no farmers here, what's going 
on? ».  
 
Questions about the family history and activities of the interviewees showed that 
many farming families have left the valley to settle and seek work in cities. In the 
majority of the farming families who have decided to stay in the valley, at least one 
member has been compelled to develop a second activity in order to supplement 
their income because neither the farm nor the quarries can ensure a livelihood for 
their families, as mentioned earlier. And this reduces the time they can invest in 
maintaining the landscapes, a situation again favouring the spread of unwanted 
vegetation. 
On the one hand, the number of people able (and willing) to maintain the landscape 
as it was in the past is decreasing and, on the other hand, potential young farmers 
are discouraged from settling here (by many obstacles, such as high investment 
costs). In consequence new establishments are rare. 
The land left vacant following the cessation of agricultural activity has mainly been 
bought or rented by farmers from outside the valley. The local farmers who 
mentioned that point were complaining that these non-resident farmers do not 
have the same practices (the practices of the newcomers being considered more 
extensive and failing to maintain the landscape of the valley as finely as they 
themselves do).  
The last correlated argument expressed to explain the spread of invasive vegetation 
is the lack of mechanization possibilities in this mountainous area: pasture lands 
cannot be maintained and are gradually being abandoned, part of the reason being 
because the steep slopes make mechanization impractical.  
To sum up this first set of factors, “Landscape changes have occurred because man 
was no longer there to control nature”, as a mayor put it.  

https://fr.wikipedia.org/wiki/Carl_von_Linn%C3%A9
https://fr.wikipedia.org/wiki/Carl_von_Linn%C3%A9
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ii/ The second type of explanation for the feeling of invasiveness is linked with the 
presence of the slate mining quarries. It was mentioned that, in addition to the 
weakening of agriculture, international competition has put an end to the slate 
mining activity. The three slate quarries, which had become economically 
unprofitable in their turn, have gradually closed (two of them 20 years ago and the 
other 5 years ago). These sites, left abandoned, have been pointed out as the first 
places to be invaded by Spiraea japonica. Other IAS, such as Reynoutria japonica, 

Impatiens glandulifera (Fig.2) and Buddleja davidii [note: most interviewees could 
recognize and show them in the valley, but few were able to name them, either by 
a scientific or a local name] were also mentioned on the slate quarry sites, but 
mostly for having invaded the banks of rivers and roads. The consequence of this 
double dynamics is that woods, brambles (Rubus fruticosus L.), bracken (Pteridium 
aquilinum L.) and the various invasive species have also gradually spread into the 
abandoned agricultural plots, contributing to a profound change in the landscapes 
(Figs. 3 and 4).  
Most interviewees, especially the elderly, identified the slate quarries as the cradle 
for the development of the invasive alien species currently present in the valley, 
through the extensive movement and transport of soil and rock. The subsequent 
cessation of slate quarry activity left large areas of "disturbed" schist that would 
then have favoured the installation and dispersal of these species. The spread of 
IAS to the forest understorey as well as to the agroforestry plots and meadows was 
facilitated because the vegetation was no longer managed through the agricultural 
activity. The abandonment of agroforestry practices gradually facilitated IAS 
invasion in the landscape. However, none of the respondents were able to assess 
the process and rapidity of the invasion by IAS more precisely. 
 
 

 
Fig. 2. Abandoned meadow, totally invaded by Impatiens glandulifera and subject 
to spontaneous reforestation 
 
 
 
 
 

11954 11954 

https://journals-openedition-org.inee.bib.cnrs.fr/rga/1582
https://journals-openedition-org.inee.bib.cnrs.fr/rga/1582
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Fig. 3. Traditional agroforestry landscape in a process of abandonment materialized by the 
expansion of tree components in the fields, and the presence of brambles, bracken and 
invasive species like Spiraea japonica (Upstream of the Oussouet valley, Labassère, Hautes 
Pyrénées). 

 
 
 
 

 
 Fig. 4. Evolution of traditional agroforestry landscapes of the Pyrenees (Oussouet 
valley, Trébons village, France, 1948-2016). The “landscape closure” process by natural 
afforestation (B, 2016) is a result of the previous agricultural and pastoral activity (A, 1948) 
that maintained them and avoided their being abandoned, which also favoured overgrowth 
by various invasive species (IGN aerial images). 
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A contrasting perception of invasive alien species (IAS) 

 
The emergence and development of several IAS in the valley (mainly Reynoutria 
japonica, Impatiens glandulifera, Buddleja davidii and Spiraea japonica) have 
contributed to the landscape changes and are seen as an environmental impact of 
the decline of agriculture. Inductive analysis of qualitative data compiled from 
interview transcriptions revealed three types of perceptions concerning the IAS in 
the valley: two took an environmental standpoint (but oriented towards different 
views), and one was heritage oriented.  
 
i/ Protecting habitats: a conservationist view  
For environmental technicians and managers, and also for ecologists involved in 
different associations, IAS are considered as species to be eradicated. In their 
opinion, these species, because they are exotic, should not be there. These people 
are convinced that the presence of such plants is evidence of a loss of biodiversity. 
They do not consider IAS as a possible additional component of landscape diversity 
but as a sign of habitat degradation because, in some spots, IAS dominate the 
landscapes of the valley. They also fear that their expansion will become 
uncontrollable. Only a minority is of the opinion that biodiversity also includes 
these species and that it is sufficient to avoid their excessive spread.  
 
ii/ A so-called “wilderness”: aesthetic attractiveness for a neo-rural population 
Most of the neo-rural people interviewed were not deeply aware of the local 
history and activities of the valley. One of the motivations of these interviewees, 
who mostly worked in the nearby town, to settle in this valley was what they 
termed its “wilderness” quality. For them, the valley looks “wild” due to its forest 
landscapes. They do not realize that what they call “wilderness” is, in fact, not 
natural but the result of abandonment of traditional agroforestry practices. It is 
now the "wild" character conferred by the natural afforestation and the aesthetic  
value of these IAS (qualified as "colourful and flowery" because Spiraea japonica 
and Impatiens glandulifera in particular colour the valley pink during summer) that 
make the valley attractive for some neo-rural people who have decided to settle 
here, as well as for tourists, who do not know these plants and think that they have 
always been present in the valley (according to reports).  
 
iii/ What “invasive species” means: the point of view of farmers and the elderly 
Farmers, on the other hand, do not care much about IAS. However, all the farmers 
we met stressed that, at present, mostly brambles, but also bracken and various 
trees, are invading the land very quickly. This factor was stressed as the main 
argument explaining the spread of a dense vegetal cover: "The vegetation swallows 
up everything, it's moving at breakneck speed" (an old, long settled resident). 
Farmers no longer use bracken for animal bedding and, to have good, clean grazing 
lands, brambles and bracken have to be eradicated, which is difficult and costly. It 
is essentially brambles and brackens that they consider as invasive species to be 
eradicated, because they overcome the vegetation of the grazing lands: “It is the 
brambles that cause the invasion...” (a livestock farmer). They are, in fact, nostalgic 
for the very well maintained landscapes of the past that testified to agricultural 
work and a rural way of life that no longer exists “The hedges, they were trimmed, 
it was neat” (an old farmer). For some of those concerned, brambles, ferns and IAS 
are simply reminders of the past landscapes to which they were attached and which 
have now disappeared. For others, they evoke fantasized, wild landscapes. Finally, 

https://journals-openedition-org.inee.bib.cnrs.fr/rga/1582
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only beekeepers see either brambles or IAS as a resource, since they increase the 
honey potential of their bees. 
 
The difficulty of mapping invasiveness 
 
In this section we will consider the results of the mapping method tested. To assess 
the rapid spread of IAS, mentioned by most of the stakeholders interviewed, and 
to alleviate the problem of a lack of available data for mapping these species, 
highlighted by ecologists, we attempted to carry out a fine mapping of an invaded 
pastoral area of the valley (Fig.1C).  
 
Mapping of IAS has mostly been achieved on a limited scale so far and based on 
occasional botanical records. The few existing IAS maps have been drawn up on the 
basis of spot surveys (SI FLORE database) or established by botanical inventory 
directly in the field but with very limited geographical extents (at best several 
hundred linear metres) due to the complexity of the work. Yet mapping patterns of 
invasive plants requires metre or sub-metre spatial resolution to capture the 
complex nature of the invasion process in order to understand its spatial dynamics. 
The use of a UAV was therefore preferred. Airborne technology with a drone (UAV) 
equipped with a multispectral sensor enables a sub-metre land-use map to be 
produced by remote sensing and, in particular, allows targeted invasive plants to 
be extracted. It was first used on an open space of grazing land colonized by Spiraea 
japonica, near one of the old slate quarries. 
 
Detection of invasive species such as Spiraea japonica was especially used to 
identify the changes in habitats and agroforestry landscapes. The first observations 
of Spiraea japonica in the selected area (Fig. 1C) were made by the interviewees in 
the 1950s but, as mentioned above, these plants have been expanding spatially in 
this area since the early 2000s (Table 2), as also recorded in the SI FLORE data base 
(http://siflore.fcbn.fr). 
 
 

 
Table 2. % of the total area surveyed 
 
 
The mapping provides milestones for characterizing “landscape closure” by natural 
afforestation. The image in Fig. 5B shows the results obtained from an 
orthorectified aerial image (Fig. 5A) by classifying the bracken and brambles that 
have accompanied the natural afforestation since 2013. For 2013, we did not have 
accurate information about the presence of Spiraea japonica. Consequently, due to 
the absence of previous field data, we were unable to distinguish Spiraea japonica 
from brambles or bracken and therefore grouped them together in a single class 
because our botanical surveys show that, in its initial stage, Spirea develops 
preferentially under the cover of these plants.  
 
The image in Fig. 5D shows the result obtained with a UAV (Fig.5C) for the 
classification of Spiraea japonica in 2018. The decimetre resolution obtained with 

http://siflore.fcbn.fr/
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the UAV provides images of the spatial distribution of the invasive Spiraea japonica 
plants that are not visible on conventional aerial photos at a resolution of 40 cm. 
The classification based on the drone image shows 88% of Spiraea japonica, and 
56% of bracken/brambles. The understanding of this fine spatial dynamics of the 
Spiraea invasion is still in its initial stages because the survey of this testing area by 
UAV only started in 2017. We will continue to conduct drone flights every year to 
understand its evolution. The advent of UAV technologies will allow us to investigate 
the dynamics of invasion further via multi-date annual imagery whereas, until 
recent years, we could rely only on archives of aerial photographs. 
 
 
 

 
Fig. 5. Images obtained by classification of brambles, bracken and Spiraea japonica in the 
field area (described in Figure 1): A) Aerial ortho image taken in 2013; B) Detection of 
bracken/brambles in 2013 superimposed on image A; C) UAV ortho image taken in 2018; D) 
Detection of bracken, brambles and Spiraea japonica in 2018 superimposed on image C. 

 
 
Discussion 
 
Reviews of the literature on land abandonment in European mountains assess its 
environmental impacts and the decline in traditional farming practices (MacDonald 
et al. 2000; Antrop 2005). The homogenization of biodiversity as a result of the 
introduction and migration of species is a global change that profoundly alters the 
functioning of terrestrial ecosystems (MacDougall and Turkington 2005; Moser et 
al. 2009). Some authors underline its negative impacts on economic and 
agricultural activities (Perrings et al. 2002; Paini et al. 2016) and its contribution to 
the vulnerability of human populations (Andersen et al. 2004). However, the results 
presented here show that, even if invasive alien plant species are part of the 
processes of natural afforestation in the study area, they are not perceived 
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negatively by all the stakeholders. The presence of invasive species in this valley is 
a symptom of two interrelated phenomena: land abandonment and anthropogenic 
disturbance, but mapping the spatial extent of these species and assessing their 
evolution remains a major challenge for the management of the territories 
concerned. 
 

The challenge of assessing the evolution of landscapes and ecosystems  
 
In terms of sustainable development, an approach to invasiveness in agroforestry 
landscapes requires a precise diagnosis of the spatial extension of invasive plants. 
This could be obtained by drawing up local maps of IAS distribution in order to 
compare them with vernacular stakeholders’ knowledge. The presence/absence of 
the species is not enough, even though the inventory of targeted taxa in databases 
is useful in a first assessment of this environmental issue. It would then be 
necessary to produce maps reflecting the reality at infra-metre resolution, which 
could be utilized for discussion in order to confront it with the perceptions of 
invasive plants voiced by local stakeholders and impacted populations. This 
question could, hopefully, be answered by the use of multi-date UAV imagery for 
better monitoring of IAS expansion (Martin et al. 2018).  
 
The success of large-scale control programmes for established invasive species is 
challenging to evaluate because of spatial variability in expansion rates (Pepin et al. 
2019). Mapping the spatial expansion of invasive species is highly strategic for 
future management but is also a technical challenge in agroforestry conditions 
since the presence of trees complicates the use of drones for surveys. That is why 
the challenge for the next few years will be to combine different UAV technologies 
in order to ensure high-resolution mapping of the invasiveness from the open 
landscape to the denser tree cover over large areas (> 200 ha). This will be made 
possible by multi-date remote sensing combining two types of UAVs: long-range 
fixed wing vehicles and multicopters equipped with LIDAR sensors for areas located 
in tree-covered areas of agroforestry landscapes (Dash et al. 2019).  
 
In the event of natural afforestation and loss of agroforestry structure, such data 
may provide a better understanding of how invasive species are expanding 
spatially. This would also be very useful for making appropriate management 
choices. But this raises the question of the reference state that will be used as a 
basis for future management, and the time that will elapse between successive 
recordings, in order to observe the evolution. This will require not only technical 
means but also human resources to carry out the analyses of the images that will 
be taken. The budget required will be considerable, especially if the areas to be 
monitored are large. 
 
From the work described here, we can also affirm that high-resolution mapping will 
become one of the major challenges in characterizing the processes that allow 
invasive plants to spread, the aim being to manage them in the best possible way 
in order to maintain the sustainability of agroforestry landscapes. At present, this 
approach, which is still in its infancy, has limitations that will have to be overcome 
if it is to be used over larger areas. The technique is currently very place-specific, 
whereas a reflection in terms of sustainable landscape management needs to be 
undertaken on a broader scale. Nevertheless, the results can provide much 
essential quantitative and qualitative information about IAS that will be very useful 
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not only for ecologists but also for decision makers responsible for land-use 
management. Measuring invasiveness dynamics in the landscapes is therefore 
essential. But the difficulty of assessing the expansion of invasive plants lies not 
only in the spatial aspect; ecological analyses are largely influenced by 
stakeholders’ contrasting perceptions of the phenomenon and the species.  
 

Social perceptions of agroforestry and invasive plants: whose sustainability?  
 
Manners of perceiving the landscape can be many and varied. The interviews 
provided an opportunity to understand the main constraints and potentialities 
perceived by the participants, and thus to explore the landscapes perceived by 
individual stakeholders and their close connection with the environment. Research 
in anthropology as well as in geography (Buijs et al. 2006; Tilley and Cameron-Daum 
2017; Soudière 2019) shows how the landscape is constructed by the different 
perceptions that individuals have of it. Mountain agroforestry systems can play a 
major role by providing high nature value and maintaining the countryside. But the 
diversity of stakeholders, who do not necessarily share the same conservation 
values regarding a territory, is a major issue. Hence approaching this question 
through IAS is a source of learning in terms of sustainable landscape management. 
 
The interest of any study of invasive alien species obviously concerns the 
consequences of their expansion, both on the environment and on human 
activities. However, this subject remains highly controversial in the scientific 
community itself. Some authors describe these species as "ecological threats" or 
"harmful" (Gobster 2005; Marbuah et al. 2014; Doherty et al. 2015), while others 
see actions against these invasive alien species as a form of racism or xenophobia 
(Simberloff 2003; Lefeuvre 2004; Tassin 2020). 
 
The notion of invasiveness is assessed in a subjective way and we have seen that 
the value attributed to a species depends on the social perception of the 
phenomenon. For example no stakeholders interviewed referred to black locust 
(Robinia pseudoacacia), which is also widespread in the valley. Yet this tree, which 
was one of the first North American trees introduced into Europe, is ranked among 
the top plants in Europe having the highest negative impact. In many places it is 
considered as a part of the rural landscape, economy and culture, having positive 
aspects such as nitrogen fixation, wide habitat tolerance, fast growth and vigorous 
vegetative propagation. So the same properties that make Robinia attractive for 
cultivation are also the source of problems in nature conservation and 
environmental management (Vitkova et al. 2017). 
 

Agroforestry and alien species management: towards which sustainability? 
 
The difficulty also lies in the fact that the notion of invasiveness is related to what 
we know (about the proven – or supposed - threats of these plants, for example, 
and according to the context) but also to how each stakeholder wants to use the 
environment. For example, managers of natural areas often encounter public 
misunderstanding of this problem and it can even become an obstacle to action 
(Lefeuvre 2004). The time frame for a manager is very narrow because it is easier 
to act early to be more efficient and minimize costs (Rejmanek and Pitcairn 2002). 
If it is already difficult for them to act on public spaces, it is even more problematic 
on private lands, where they have little authority or influence. Thus, abandoned 
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plots of land can quickly present a high potential for invasions. This is what we 
observe in the dynamics of the Oussouet valley. The choice of species introduced 
into an agroforestry system, the management of the plot, and the species present 
in the surroundings can constitute sources of invasion when the system is no longer 
maintained. Many authors point out that IAS can cause significant damage to 
human activities, not only in ecological terms but also in economic ones (Simberloff 
2003) but scientists themselves are not unanimous on this point (Atramentowicz 
and Barbault 2010; Simberloff et al 2013). 
 
For Udawatta et al. (2019:14) “Agroforestry can promote undesirable species 
including invasive species if proper measures were not implemented”. Based on 
our results we can also argue that, although agroforestry is seen as a key 
agrosystem, valuable in terms of sustainability, this is only the case if these 
landscapes are appropriately maintained, mainly through farming practices. The 
evolution observed in the Oussouet valley is rich in lessons for many other 
territories. We have seen that agroforestry landscapes are not immutable, and 
abandonment of farming practices can be detrimental to them. However, the 
invasion of these landscapes by exotic species following their abandonment is not 
necessarily a bad experience for all stakeholders. It is therefore necessary to ask 
ourselves what sustainable development means: what reference system should we 
use as a basis? Sustainability as seen by an ecologist will be different from the 
perception of a farmer or a manager. This consideration is important for decision-
makers and a compromise has to be found between economy, ecology and society, 
while taking the spatial and temporal dimensions into account (Antrop 2005; Maire 
et al. 2012; Guillerme et al. 2015). 
 
Conclusion 
 
In a context of unprecedented environmental crisis, sustainability science has 
emerged as a new field of research. It aims to create and apply knowledge to 
support decision-making for more sustainable development (Clark and Dickson 
2003; Komiyama and Takeuchi 2006; Lang et al. 2012).  
 
Invasive species represent temporal, spatial and human issues for agroforestry, 
which is an emblematic response promoting a sustainable approach to landscape 
management. In the study area of the Oussouet valley, the decline of agroforestry 
by land-use abandonment has favoured the spread of invasive species, as the 
landscapes are no longer being maintained. New management strategies are 
difficult to undertake due to the contrasting perceptions of the different 
stakeholders as to what is considered as invasive and what has to be protected or 
eradicated.  
 
Our intention was to carry out an assessment of the sensitive dimension of 
interviewees’ perception of the landscapes and the changes induced by the 
presence of invasive species by initiating a fine mapping process in order to enrich 
stakeholders’ interviews with precise data. The spatial expansion of IAS observed 
by UAVs gives very precise results, but does not allow us to understand which 
territorial dynamics it belongs to (field validations not allowing such global 
understanding). However, this understanding is possible thanks to detailed surveys 
conducted among local stakeholders. Conversely, social surveys alone cannot 
accurately spatialize the extent of IASs, their spatial dispersion or the speed at 
which they spread. This is possible with high-resolution mapping conducted over 
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time. The interdisciplinary approach proposed, combining these two different and 
complementary methods, represents an asset in understanding what becomes of 
traditional agroforestry systems when they are left abandoned.  
 
The spread of invasive species is a symptom of such abandonment of practices, and 
poses challenges in terms of sustainable development. In order to respond to these 
challenges, it is necessary to consider the diversity of stakeholders with a view to 
revitalizing agroforestry systems and the multifunctional landscapes associated 
with them, to get them out of abandonment. This implies assessing the spatial 
expansion of IAS but also the usefulness - or otherwise - of these invasive plants 
without qualifying them as threats from the outset.  
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