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ABSTRACT

This paper uses the concept of ecosystem disservices to explore and understand how rapid environmental change
associated with an invasive plant species is framed and understood by different stakeholders. Through a focus on
narratives, the paper explores how socially-differentiated populations understand the causes and consequences
of a plant invasion and express preferences for often contrasting management interventions. The research design
uses a workshop format to instigate a series of conversations with socially-differentiated groups of people to
explore how people perceive and respond to the impact of Prosopis juliflora (a species of mesquite) in the dry-
lands of Ethiopia. The results show that preferences for interventions differs by age, gender, location and li-
velihood and also by primary and secondary stakeholder. Different sets of values underpin people’s views and
these contribute to the variation in the preference for different management interventions. To understand
complex issues associated with alien invasive species, we find that the dichotomy between ecosystem services
and disservices is artificial and call for a more dynamic and graduated view of ecosystem outputs. More prac-
tically, our research shows that P. julifiora management options need wider consideration of socially-differ-

entiated implications and trade-offs and this requires greater efforts to engage with primary stakeholders.

1. Introduction

Native to the Americas, Prosopis juliflora, a species of mesquite, now
occurs in almost all the world’s hot arid and semi-arid regions.
Facilitated by the movement of people around the world, the thorny
shrub has come to be one of the most widely known and recognised
invasive plants (Shackleton et al., 2014). P. juliflora is associated with a
number of negative impacts on ecosystems and human populations that
rely upon those ecosystems for their livelihoods. Such impacts include
altering soil ecology and water hydrology, reducing biodiversity,
causing injury to people and livestock, and impeding movement and
access to water sources for example (Patnaik et al., 2017). The plant
also has widely recognised positive impacts and is commonly used for
fuel, fodder, and as a construction material, for shade, and to stabilize
soil (Pasiecznik et al., 2001). In Ethiopia, P. juliflora is considered an
invasive alien species and has been identified as a significant threat in
the arid and semi-arid lands, prompting efforts by government and
other agencies to attempt to control and limit its spread (Government of

Ethiopia, 2017). A recent study by Shiferaw et al. (2019) found that
35 years after its introduction P. juliflora has invaded 1.17 million
hectares at varying coverage densities which equates to 12.3% of the
total land cover in the Afar region. Both the study by Shiferaw et al.
(2019) and other analyses for Afar (for example Haregeweyn et al.,
2013; Wakie et al., 2014) model increasing densities of the shrub in
lightly invaded areas and its continuing expansion within its ecological
niche in the future.

Invasive species are often labelled as ‘alien’, but, nonetheless, they
are inherently part of the ecology of the areas they inhabit with the
potential to transform their surroundings, impacting on native species
and habitats, and reshaping ecological functions that affect animal,
plant and human communities (Shackleton et al., 2014; Vaz et al.,
2017). Despite the well-attested benefits ecosystem services bring to
human wellbeing, we cannot ignore that there are also, in some in-
stances, negative ecological consequences on populations. Alien spe-
cies, such as P. juliflora, are a case in point and impact on the wellbeing
of people living in areas experiencing invasion (Potgieter et al., 2017).
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Just as elements of ecosystems have been articulated as ‘services’ so we
have to recognise that there can be elements that function as ‘dis-
services’ (Vaz et al., 2017). Despite this, knowledge and understanding
of ecosystem disservices, and their relationship to human wellbeing,
remain under-attended in comparison to work on ecosystem services
(Von Dohren and Haase, 2015). Moreover, the links between ecosystem
services and the ways in which they are imbued with values through
people’s lived experiences, position within society and broader social
and cultural filters have been inadequately addressed in the literature
to date (Howe et al., 2014; Vaz et al., 2017).

We are embedded within our social, political and ecological en-
vironment and this has a profound impact on how we see the world
around us. Concepts of ecosystem services and disservices are discursive
structures, and, as such, they both draw on, and generate, narrative
constructions (Barnaud and Antona, 2014). These narrative construc-
tions, or frames, guide what we see and how we understand the world
around us. In so doing, they privilege certain explanations whilst dis-
allowing alternative interpretations of a problem or solution, often re-
flecting pre-existing systems of political and economic control (Bryant,
1998; Raymond et al., 2010). By exploring how issues are discursively
constructed we can explore and critique the motivations that underpin
notionally apolitical activities (Robbins, 2004). Understanding and re-
vealing the underlying rationale for certain actions is of paramount
importance when power asymmetries between actors are large, and
represent a risk of exploitation and social injustice (Kull et al., 2015).

Using the invasion of P. juliflora in the southern Afar (Awash Fentale
and Amibara Woredas) region of Ethiopia as a case study, this paper
explores how the invasive species is perceived and discussed by stake-
holders. The stakeholders include different levels of government, local
manifestations of international non-governmental organisations
(NGOs), locally-based organisations and directly affected (though
comparatively disempowered) communities. The case study focuses
especially on the management of ‘Prosopis’ (as it is referred to hereafter
in the paper, reflecting how it is generally known in the country), and
how perspectives on that articulate with the idea of differentiated
narratives associated with ecosystem services and disservices. The
paper is structured as follows: the next section reviews the literature on
narratives of Prosopis and on ecosystem disservices. The scenario-based
methodology used to generate the empirical data is then described,
followed by the presentation of the results. The discussion section then
analyses the scenario results using the insights presented in the litera-
ture review. Specifically, we focus on ecosystem disservices, trade-offs
and the role of narratives in structuring the way problems are framed
and preferences for different solutions are articulated. The conclusion
argues for greater incorporation of affected populations into decision-
making processes that have a tangible impact on their lives and for a
more dynamic view of ecosystem outputs that recognises the influence
of social differentiation on the values ascribed to those outputs.

2. Literature review
2.1. Narratives of prosopis

The ways in which issues are discursively constructed structures
ways of thinking and acts to legitimize or delegitimize a specific posi-
tion or course of action (Goffman, 1974; Schon and Rein, 1994; Bryant,
1998). These storylines or narratives help people to understand and
explain a complex phenomenon, position actors in relation to it (either
positively or negatively) and attribute ‘specific ideas of “blame” and
“responsibility”, and of “urgency” and “responsible behaviour™ (Hajer,
1995: 64-65). Analytically, understanding the narratives or frames that
actors employ is useful as it offers an entry point to begin to explore the
assumptions that underpin apparently neutral and objective positions
about specific issues, such as Prosopis. Put another way, by analysing
the way in which issues are communicated discursively one can shed
light on the positions’ actors adopt and how often radically different
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views can be maintained whilst drawing on the same or similar sources
of information.

Research on Prosopis in Ethiopia has tended to focus on under-
standing and describing the impacts (Rettberg, 2010; Mehari, 2015;
Wakie et al., 2016b; Rogers et al., 2017; Zeray et al., 2017), mapping
the spread and rate of change (Haregeweyn et al., 2013; Wakie et al.,
2014; Ayanu et al., 2015; Shiferaw et al., 2019) and developing effec-
tive interventions (Shiferaw et al., 2004; Ilukor et al., 2016; Wakie
et al., 2016a; Tilahun et al., 2017). Within this corpus of work there are
a number of elements that discursively draw upon four framings of
Prosopis. At either end of the spectrum are two more stringent per-
spectives (Prosopis as ‘menace’ and Prosopis as ‘resource’) (see for ex-
ample Tiwari, 1999; Fre and Pasiecznic, 2015; Patnaik et al., 2017;
Arumugam et al., 2018). Between these two poles are an additional two
frames (Prosopis as ‘sufferable’, and Prosopis as ‘utilisable’) that are
becoming increasingly common as understanding about Prosopis ma-
tures. These framings are now described below.

The first narrative portrays Prosopis purely as a menace (see, for
example Rettberg, 2010). In this framing the negative impacts of the
plant are so significant that they completely outweigh any benefits.
Prosopis is harmful to indigenous flora, damaging the native ecology of
the rangelands and threatens already vulnerable populations (Ayanu
et al.,, 2015; Mehari, 2015). The often-unspoken implication of this
argument is that the invasion needs to be eradicated and completely
removed from the environment, thus helping to return the rangelands
to a previous (imagined?) state that is more sympathetic to the popu-
lations’ needs. As this representation of events tends to draw upon the
hardships experienced by local populations (communities), the state or
external agents are held partly responsible as they are linked with the
introduction of the plant initially and also seen as failing to effectively
manage it thereafter.

In contrast, the second narrative focuses on utilization and high-
lights the significant benefits that Prosopis can bring to environments
that are portrayed as unable to support such vigorous vegetative growth
without significant artificial inputs. These benefits include the plants
restorative ability for degraded and salinized rangeland, its ability to
grow in almost any conditions and ‘green’ the desert, and the oppor-
tunities it provides for livelihoods (see Fre and Pasiecznic, 2015 for
good examples of elements of this narrative). Rather than frame the
problem around the aggressive and invasive characteristics of the plant
as impeding populations’ ability to practice livelihoods, this narrative
identifies the central strand of the problem as the population’s inability
to see and exploit the plant as a resource. A key element of this way of
seeing is the focus on utilization - so rather than seeking to eradicate
the plant attention is directed towards how livelihood systems can
adapt and respond to make use of the resources and opportunities that
are now available (Tsegay et al., 2015; Pastoral Environment Network
in the Horn of Africa (PENHA) 2016a,b). Solutions that flow from
framing the issue as a resource tend to revolve around incentivising
actors to better harness the plant as an asset, thereby controlling its
spread whilst deriving livelihood benefits.

Between these two poles are two other (shared) perspectives that
have many similar characteristics but differ in terms of the focus on
control or utilization. Prosopis as either sufferable (e.g. Tegegn, 2008;
Finighan, 2012; Worku and Zewde, 2013; Government of Ethiopia,
2017), with mainly negative impacts that can be managed to lessen the
harm, or as utilisable (e.g. Food and Agriculture Organisation, 2008),
focusing more strongly on the positive characteristics that bring (po-
tential) benefits to the people and the landscape. In both framings,
eradicating Prosopis is regarded as highly unlikely, and so the focus of
attention switches to minimising the harm that the invasion causes by
trying to control its spread through different measures (Wakie et al.,
2016b; Rogers et al., et al., 2017; Zeray et al., 2017). In both of these
problem structures, proponents are international NGOs or government
ministries and blame is apportioned to nature (the characteristics of the
plant and the environment) and a wider set of constraints (such as poor
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Narrative 1:
Prosopis as menace - it
brings nothing but harm

Narrative 3a
Prosopis as sufferable — itisn’t
nice butitis not going away

Narrative 2:
Prosopis as resource — the
plant should be seen as an

asset and not as a weed

Narrative 3b
Prosopis as utilisable —it’s
here, focus on the positives

Fig. 1. Framings of Prosopis.

infrastructure, inability to access markets, and lack of buy-in from local
populations to address the problem).

Taken together, elements of these four views of Prosopis (see Fig. 1)
are evident in much of the literature and, we argue, structure ap-
proaches to generating knowledge and its subsequent application.
There has therefore been a tendency towards more managerial and
technocratic approaches that rely on experts to frame the problem and
define the solution space. The voices of populations affected by the
Prosopis have, on the whole, been deprioritised, disregarded or ex-
cluded. Approaches that rely on experts tend to flatten local distinc-
tiveness and social variation (homogenise communities) and rarely
capture the significance of social, cultural and value-based judgements
made by people on the ground who are living with particular risks
(O'Brien and Wolf, 2010). The first-hand experience (and expertise) of
lay people in perceiving and living with risk is crucial to understanding
those risks and to identifying the interventions necessary to bring about
positive changes in their lives and livelihoods (Forsyth, 2003; Raymond
et al., 2010).

2.2. Ecosystem disservices and trade-offs

Thinking on and conceptualisations of the links between ecosystem
services and human wellbeing has tended to focus on benefits (‘goods’
and services) without sufficient consideration about how people can
also be harmed through ecosystem outputs (‘bads’ and disservices)
(Few, 2013; Rasmussen et al., 2017; Vaz et al., 2017). Moreover, eco-
system outputs, whether positive or negative, are mediated by social as
well as ecological processes. The functioning of an ecosystem and the
services or disservices that are derived from it can and does mean dif-
ferent things to different people depending on world views, the societal
context, and the scale of analysis (Lazos-Chavero et al., 2016;
Rasmussen et al., 2017; Spake et al., 2017). Trade-offs exist in any
complex socio-ecological system and are the norm rather than the ex-
ception (McShane et al., 2011). Trade-offs are commonly described in
terms of exchanges between and within ecosystem service categories.
For example, they can include trading the loss of a regulating service for
greater provisioning (Bennett et al., 2009), sacrificing longer-term
productivity benefits at the expense of shorter-term gains, or valuing
more local benefits at the expense of landscape level coherence and
continuity (Rodriguez et al., 2006; Daw et al., 2015). Despite the
widespread use of trade-offs and ecosystem services as a means to
conceptualise human - environment interactions, challenges remain.
Notable among these challenges is the tendency to portray communities
in aggregate and ecosystem services or outputs as immutable.

A key weakness in much of the literature on ecosystem services and
trade-offs is the failure to deal adequately with social differentiation.
Populations are commonly conceptualised in aggregate without ex-
ploring the differences of who benefits, how and why (Daw et al., 2011;
Lele, 2013; Brown and Fortnam, 2018). People and social groups within
populations experience ecosystems differently. For example, in many
countries, women have very specific gendered roles in terms of col-
lecting water and wood for house construction that shapes their per-
ception of the ecosystems compared to men. Elderly men are often in
more privileged positions compared to all other social groupings and,
though they may be considered the decision makers within a commu-
nity, it does not mean that their voice is representative of all community
members (Brown and Fortnam, 2018; Dawson et al., 2018). Therefore,
when evaluating trade-offs and understanding who or what is likely to
win or lose as a result of an intervention or change, the consideration of
gender and other forms of intersecting social difference are key con-
siderations.

Trade-offs are often portrayed as static allied to a view of ecosystem
services as universal and depoliticised; the underlying assumption
being that their value is commonly accepted and agreed upon (Lazos-
Chavero et al., 2016). Such a view downplays the importance of issues
such as personal preference, discursive power, where one is situated
within society, and cultural and societal norms that mediate how one
interprets the world (O'Brien and Wolf, 2010; Howe et al., 2014; Daw
et al., 2015; Vaz et al., 2017). For example, Van Wilgen and Richardson
(2014) refer to people’s value systems as influencing the nature and
types of conflicts that exist in regard to alien tree species, and Reilly and
Adamowski (2017) state that the way in which people framed changes
to ecosystem services in relation to the proposed removal of a dam
strongly influenced their support or otherwise of the intervention. The
values that people hold critically shape awareness of ecosystem func-
tioning and mediate how people perceive and understand trade-offs. As
people have varying perspectives about what is important and why,
then an ecosystem functioning can be ascribed with a plural set of va-
lues that differ substantially. In such circumstances, seemingly uni-
versally-valued ecosystem services become instead sites of contestation.

3. Methodology
3.1. Participatory scenario analysis (PSA) method
The main data was generated through an approach called partici-

patory scenario analysis (PSA), blending and refocussing aspects from a
range of existing deliberative methods (see Hatzilacou et al. (2007);
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Tompkins et al. (2008); Rinaudo et al. (2012); Milestad et al. (2014);
Wesche and Armitage (2014); Butler et al. (2016)). During the PSA,
stakeholders are guided through a structured and facilitated process
that addressed different elements linked to the issue of Prosopis inva-
sion within a coherent workshop structure. Through this approach
participants were supported to explore the positive and negative trade-
offs associated with different scenarios or visions of the future. The
determination of what was considered positive and negative was left to
the interpretation of the participants as they evaluated the different
strengths and weaknesses of the scenarios and impacts of Prosopis.
Stakeholders are engaged in separate workshops so as to better explore
and deliberate group-specific challenges. The process explicitly targets
disempowered stakeholder groups (in addition to other stakeholders)
that have traditionally not been able or given an opportunity to think
through and voice their opinions on issues or challenges that affect their
daily lives and livelihoods. Specifically, we worked with participants
from three communities and with separate sets of representatives from
NGOs and from local government. The real value of the method lies in
stimulating critical discussion at the grassroots level, to foreground
differentiated valuations of ecosystem outputs and how these may
change under different management interventions.

The PSA method uses a workshop format and includes 7 compo-
nents (see Table 1), with each component introducing one issue or topic
for discussion that builds on the previous components. In the commu-
nities, the workshop was held over two days. For most of the discus-
sions the participants were split into four groups: older women, older
men, younger women and younger men. This was to ensure that people
felt more at ease to speak freely, rather than deferring to others whose
age and gender traditionally affords them greater social standing. The
logic underpinning the disaggregation was to understand if there were
any key differences in perception according to age or gender and to
recognise and manage, to some extent, the power asymmetries present
during social interactions (Greenbaum, 1998; Carey and Asbury, 2012).

The first day focused on introducing issues and generating under-
standing about the nature of the problem, its impacts and how it had
changed up to now, before looking at how the situation might continue
to change in the future. The second day of the workshop focused on
analysing and evaluating each scenario in turn and then identifying
barriers and enablers preventing or supporting the implementation of a
management intervention. The evaluation component included ranking
each scenario (four votes for the most preferred, three for second best,
two for the third best, and one for the least) according to personal
preference. These results were aggregated for each socially-differ-
entiated group (based on age and gender) to create group scores, which
were discussed further by the participants as a whole. Our findings
combine the statistics from the scoring (number of votes cast, and the
first and second-choice preferences) with key points arising from the
discussions. The separate workshops with representatives from NGOs
and government followed a similar format but took place over one day
and groups were not based on socially-differentiated criteria.

3.2. Scenarios

The scenarios were developed by the joint UK and Ethiopia research
teams (with extensive experience of working in dryland and pastoral
environments) through a detailed literature review of published and
grey literature focusing primarily on sources addressing the issue of
Prosopis in Ethiopia. The purpose of the scenarios was to develop a set
of plausible management interventions that would stimulate con-
versations and discussions amongst the workshop participants (see
Fig. 2 and Appendix 1 for a more detailed explanation of each scenario).
The underlying rationale was to use the scenarios as a methodological
tool to facilitate deliberative engagement with workshop participants.
This approach necessitated the development of scenarios that were
plausible enough whilst ensuring that the likely range of interventions
were adequately represented without necessarily replicating exactly
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past (or potential future) interventions. Underpinning the scenarios was
a set of assumptions concerning the inability to completely eradicate
Prosopis, and of key trends within the region around continuing po-
pulation growth, anthropogenic climate change, increase in commercial
agriculture, livelihood diversification, increased levels of migration and
villagization (see Table 2). These assumptions were held the same for
each of the scenarios.

Once the scenarios were developed, images were created (Fig. 2) to
facilitate engagement and to act as an aide-memoire during the work-
shops. To improve the robustness of the scenarios and the commu-
nication material and approach, feedback was gained from a group of
stakeholders not involved in the workshops and through a pilot work-
shop held in a community of similar characteristics to those engaged
through the PSA process. Following feedback received from the stake-
holders and the pilot workshop, minor changes were made to the
images and the translated scenario descriptions.

3.3. Sites and sampling

The study was conducted in the Middle Awash Valley (MAV) in
Awash Fentale and Amibara woredas from the south of Afar National
Regional State (AfNRS). Awash Fentale and Amibara woredas are pre-
dominantly semi-arid or arid with the majority of the population
practising pastoral and agro-pastoral livelihoods. The area is exposed to
frequent drought and flood hazards, is affected by issue of food in-
security, and is showing signs of substantial ecological disturbances
(such as changes in hydrology and invasion of alien species). The case
study area has been the subject of a number of development interven-
tions (irrigated sugarcane and cotton plantation for example) over a
sustained period and is also seen as a potential site for expansion of
government and private investment opportunities, commercial live-
stock and crop production (Shiferaw et al., 2004; Miiller-Mahn et al.,
2010; Rettberg, 2010; Ayanu et al., 2015).

Five workshops were held in total, one in each of the communities
of Alola, Bedula’ali, and Gonita Birka (see Table 3 and Fig. 3) and two
further workshops in Awash Sabat Kilo with representatives of NGOs
and local government respectively. Each community workshop in-
volved 20 individuals disaggregated into four groups (n = 5) by age
and gender. Participants were purposively selected to match the age/
gender profiles. Though identification of participants was managed by
the local research team in partnership with local contacts in the vil-
lages. An initial group of participants was identified with selection
based on pre-agreed criteria related to age and status. Every effort was
made to work with people who were not considered part of the elite
within the communities where the workshops were taking place. This
expectation was managed through effective communication with local
contacts and through discussions with prospective workshops partici-
pants concerning their roles within the community (for example, po-
tential participants were excluded if they were a member of any deci-
sion-making body within the community). Whilst we were not able to
eliminate bias linked to participant selection and subsequent data
generation we are confident that these issues were managed sa-
tisfactorily to ensure the integrity of the data collection process. NGO
(n = 7) and government organisations (n = 12) were selected based on
organisational experience and expertise in relation to rural livelihoods
and development, farming and pastoralism and expertise on the man-
agement of Prosopis’.

! Only limited details about the organisations and departments that the NGO
and governmental participants are drawn from is provided to protect partici-
pants’ anonymity.
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Table 1
Major discussion components of a Participatory Scenario Analysis workshop.
Component Purpose
Impacts of Prosopis ® Introduce the issue of Prosopis
® Understand the present-day impacts of Prosopis on participants and their local community
Drivers of change ® Elicit views about the drivers of change that have impacted on the availability of pasture/pasture scarcity
Future change ® Explore how the situation may change in the future

@ Introduce the risks/opportunities brought about by that change

Introducing the scenarios ® Introduce four scenarios of the future

® Introduce to the participants the idea that the future can evolve in different ways

® Seek feedback on the scenarios

Analysing the scenarios ® Understand the elements of the scenarios that are or are not valued, and by whom
® Explore trade-offs implied by the scenarios between social and environmental goals and between the interests of different social groups
® Reveal which evaluation criteria the socially differentiated groups value
Scenario evaluation ® Enable individuals to think about their preferred scenario and the reasons why it is preferred
® Explore personal preferences for individual scenarios
® Rank each scenario according to preference
Barriers and enablers ® Understand the main barriers preventing the realisation of a scenario
® Understand the main enablers to support the realisation of a scenario
® Explore the extent to which the participants feel they have agency (power and influence) to bring about change

Scenario 1:

Containment

The main focus of management activities is on limiting its spread
of Prosopis and containing the invasion.

Local networks are formed to prevent spread into areas that are
highly valued and currently free from Prosopis (but susceptible
to invasion).

Existing infestations are tackled to prevent expansion by
controlling the outer perimeter.

Greater efforts are made to reduce reliance on pods for feed
and at times of scarcity (during the dry season and droughts).

Scenario 2:

Targeted eradication

The main focus of management activities is on targeted
eradication: that is clearing Prosopis in areas of high value and
not intervening in areas considered low value.

Where practicable, mechanized or biological controls are used
and in other locations more labour-intensive methods are
employed (such as cutting and burning, chemical application).
As land must be utilized to prevent reinvasion, the areas
targeted for clearance tend to be those that are suitable for
more intensive land uses (such as farming).

Scenario 3:

Large-scale, commercial utilization

Prosopis infestations are managed with the intention of
producing a useable biomass resource at a commercial scale
Prosopis is actively managed and controlled in locations close to
the road network and around biomass plants.

In more remote locations, where exploitation is not possible,
Prosopis continues to spread.

Support provided for affected communities is concentrated in
areas that are suitable for the commercial exploitation of
Prosopis.

Scenario 4:

Community-focused utilization

Communities are central to the overarching policy goal of
utilisation, control is encouraged by creating a favourable
environment through which communities can derive livelihoods
from Prosopis.

The main focus of utilization efforts is through smaller-scale
exploitation by cooperatives and business that focus on things
like charcoal and flour production, animal feed, etc.

High inputs of skills, knowledge and labour in geographical
dispersed locations.

Attempts to control Prosopis are widespread as affected
communities lead the efforts but very dense and aggressive
infestations are difficult to tackle.

Fig. 2. The four scenarios used to explore preferences for different management interventions.

4. Results

4.1. Perceived impacts of Prosopis

(see Fig. 3). The participants primarily highlighted impacts that directly
touched upon their wellbeing. Four out of the five most commonly cited
impacts related to the health and productivity of livestock or farmland,
the injuries to people brought about by Prosopis and the disruption as

The negative impacts of Prosopis reported by communities relate paths were blocked or access to water bodies was impeded. The only
primarily to crops and livestock, access to resources and human health commonly cited impact that related more directly to the ecological
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Table 2
Key trends that apply to all scenarios.
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Key trends

Supporting literature

® The presence of Prosopis is accepted as inevitable and considered impossible to
completely eradicate

® Population growth

® Increasing uncertainty regarding the future climate in terms of aridity and extreme
events

® Growth in large-scale commercial agriculture

® Diversification underpins many current pastoral livelihoods

® Increased levels of human migration

® Increasing villagisation (resettlement of pastoralists into fixed-location sites)

Haregeweyn et al. (2013); Aberra and Abdulahi (2015); Cervigni and Morris (2016);
Jenet et al. (2016)

Table 3
Characteristics of the study sites/kebeles.

Study site/Kebele ~ Woreda Livelihood type  Further information

Alola Awash Fentale  Pastoral Located close to main town of Awash Sabat Kilo. Prosopis is present in the area but is yet to form very dense thickets
proximate to the settlement

Bedula’ali Awash Fentale  Agro-pastoral All households have been allocated farmland and the land is used more intensively with irrigated sugar cane and cotton

plantations close to the settlement. The area around the settlement is densely invested with Prosopis

Gonita Birka Amibara Pastoral

More remote settlement and the one most reliant on pastoralism. Land around the settlement is rangeland of which large

areas are infested with Prosopis. In some areas this is impeding movement and migration corridors

.
.

Addis Ababa

ETHIOPIA

D Study Area

Awash Fentale Woreda

- Amibara Woreda

Major Roads

0510 20 30 40

Km

Awash Sabat Kilo

Fig. 3. Map of study area showing locations of the three community workshops and the NGO and government workshop.

changes arising from the invasion of Prosopis was the loss of native
flora. Implicit in many of the impacts highlighted by the participants
relates to the drain on people’s resources (time and energy) that is due
to the increased prevalence of Prosopis. One group talked about the
amount of time and effort required to keep areas free from invasion.
However, this cost is also implicit within many other of the impacts
given. For example, native flora were preferred for house construction
yet these are becoming less available and harder to access, thus in-
creasing the amount of time and energy required to collect them. Water
is another case in point in terms of the increase in time and effort it
takes to collect, as are the costs to herders in regard to the time taken to
access pasture that is becoming more scarce and harder to reach. Al-
though not shown on Fig. 3, representatives from government and
NGOs identified a similar set of negative impacts but tended to relate
them more to the ecological and environmental changes brought about
by Prosopis, these changes were then linked to impact on livelihoods.

As alluded to above, the impacts of Prosopis are not felt equally

within populations. Participants reported that herders were away for
longer and had to migrate further to access pasture and water as tra-
ditional migration routes were becoming blocked and pasture avail-
ability was decreasing. Women were particularly affected as they have
responsibility for house construction and water and firewood collec-
tion. All of these activities were negatively impacted on by Prosopis.
The elderly members of populations were regarded as more at risk of
injury from the plant, especially at night. One participant reported that
there were instances when people had become lost in dense thickets of
Prosopis. Children were also considered more vulnerable. Participants
report that the invasion of the plant into settlements reduced the safe
places for play for children, who are often barefoot. Furthermore,
concern about dense cover for large predators increased the anxiety
amongst parents and had curtailed the willingness of them to let their
children move far from the settlement.

Notwithstanding the negative impacts, a range of positive attributes
were also associated with Prosopis. Table 4 shows those attributes that
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Table 4
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Positive attributes as cited by at least two socially-differentiated groups (n = 12 groups).

Use # of groups

Comment

Fencing to demarcate dwelling boundaries and for animal enclosures 5
House construction 6
As shade for people and animals 4
Firewood 8
Charcoal making 7
Animal feed (Prosopis pods) 3
Soil conservation 2

Not preferred as supports expansion of plant

Not as durable as native woods

Native species are preferred

Not viewed as favourably compared to native species.

Not viewed as favourably compared to native species and prohibited by AfNRS policy.
Utilised only in times of scarcity

Disputed within the proponents’ groups

were identified within the communities by at least two socially-differ-
entiated groups. The most commonly listed uses related primarily to
livelihoods (such as firewood, charcoal making, and as animal feed) or
people’s wellbeing (house construction and shade for example). Despite
the identification of these uses as positive, many of the respondents
stated that native flora was still preferred and the use of Prosopis was
occurring due to the scarcity of more traditional resources (brought
about in part by the continued expansion of Prosopis).

The positive attributes identified by the government and NGO re-
presentatives bear interesting comparison with those identified by the
community participants. The more frequently cited benefits of Prosopis
were associated with the landscape more generally and included the
plants’ ability to control soil erosion and wind erosion and flooding, to
address high levels of salinity, to support nutrient cycling and to pro-
vide year-round greenery and as a sink for carbon dioxide. These at-
tributes relate much more closely to the regulating and supporting
functions of the ecosystem rather than the provisioning benefits iden-
tified by the community participants.

4.2. Overall preferences/voting patterns

Across the three communities, scenario 3 (commercial utilization)
and scenario 2 (targeted eradication) scored the highest (see Fig. 5) and
received the greatest number of first-choice preferences (see Appendix
2, Fig. Al). In Alola, scenario 3 was scored the highest by each of the
socially-differentiated groups and received the most first-choice pre-
ferences. In Bedula’ali there was slightly more variation in scoring and
in the preferences exhibited by the socially-differentiated groups com-
pared to Alola, but, overall, scenario 2 scored the highest and received
the greatest number of first-choice preferences. The voting patterns in
Gonita Birka were much more uniform compared to the other two
communities. Scenario 2 was scored the highest by all four socially-

highest in Alola and the second highest in Bedula’ali was scored the
lowest in Gonita Birka.

First-choice preference voting reveals distinctions based on age in
the communities of Alola and Bedula’ali. In these communities, the
groups of younger men and younger women exhibited a preference for
scenario 3. In contrast, the groups of older men and women universally
favoured scenario 2 (in the case of Bedula’ali) or exhibited more mixed
preferences split between scenarios 2, 3 and 4. The most likely ex-
planation for this divergence is linked to the perceived distribution of
benefits amongst the socially-differentiated members of the commu-
nity. All groups in Alola felt that the younger generation were more
likely to benefit from scenario 3 as they have more skills (linked with
higher educational attainment) and labour and are better placed to take
advantage of the sorts of opportunities that would arise through the
development of a commercial operation. Similarly, in Bedula’ali, the
main reason given for selecting scenario 3 was that the younger gen-
eration thought it would lead to more livelihood and income-generating
activities. By way of contrast, the group of older men showed much
more scepticism and questioned whether their community would ben-
efit from this sort of livelihood and income-generating development.

In terms of scoring and first choice preference the intention of the
government group most closely matched the overall preferences of the
communities in selecting scenario 2 (see Fig. 6 and Appendix 2, Fig. A2
respectively). In contrast, the NGO representatives favoured scenario 4.
Interestingly, this scenario was not the favoured scenario in any of the
community workshops. The difference may be related to the strong
advocacy for community-focused intervention that is central to many of
the NGOs.

4.3. Pros and cons of control methods

Two of the four management scenarios (‘containment’ and ‘targeted

differentiated groups. Interestingly, scenario 3, which scored the eradication’) focused primarily on controlling Prosopis. The
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‘containment’ scenario was the least favoured of all the management
interventions in each of the communities. The most positive attributes
of the scenario were the focusing of containment efforts on areas con-
sidered high value such as water points, settlements and migration
corridors; this was highlighted as particularly beneficial to pastoral li-
velihoods hence the slightly stronger support in Gonita Birka. However,
in all three communities (across the majority of socially-differentiated
groups) and in the groups of Government and NGO representatives, two
of the main elements of the scenario (limiting the spread of Prosopis by
controlling the movement of livestock and people and, in areas already
infested, managing the perimeter of the infestation) were considered
unworkable on a large scale. Livestock mobility is essential to liveli-
hoods, preventing the animals from consuming Prosopis pods aiding
dispersing is not feasible. Similarly, trying to limit spread of existing
invasions through locally-targeted activities is considered ineffective as
the plant is so prevalent in the environment.

One of the key concerns highlighted by the community participants
was associated with the method of clearance. All communities had
extensive experience of manual clearance, considering it highly de-
manding physically and carrying a significant risk of injury.
Furthermore, the plant coppices exceptionally well enabling it to grow

back rapidly, nullifying previous attempts at control. The participants
from Bedula’ali described how the area around their settlement was
very densely colonized by the plant and manual approaches to clearing
had become largely ineffective. In contrast, and while acknowledging
that containment was a failure and unable to control the spread of
Prosopis, government representatives saw value in implementation at a
community level as it required little equipment and was cheap to im-
plement. Similarly, in the NGO workshop, participants discussed the
need to create incentives to encourage the local populations to work
more intensively to tackle the problem of Prosopis, some even claiming
that communities in Afar lack a culture of hard work. Such views per-
haps help to explain why the promotion of a manual clearance ap-
proach continues to persist.

Scenario 2 (targeted eradication) was the most favoured scenario in
two (Gonita Birka and Bedula’ali) of the three communities and with
government representatives. The participants highlighted the im-
portance of maintaining access to water points for animals and do-
mestic use, keeping the most productive rangeland and farmland free
from Prosopis, ensuring that access routes and movement corridors
were actively managed and keeping areas within and around settle-
ments clear of the plant. The near universal preference for scenario 2 in
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Gonita Birka could, in part, be attributed to the purely pastoral liveli-
hoods and remoteness when compared to the other two communities.
The participants felt this scenario offered the greatest potential to
support the pastoral livelihoods by maintaining and reclaiming access
to rangelands and water resources. For Bedula’ali, scenario 2 offered
potential to support the ongoing transition into agro-pastoralism. The
participants in Bedula’ali felt that this approach would support their
existing livelihoods while also helping them to develop alternative ones
focused on farming. The continued transition of the community from
one of pastoralism to agro-pastoralism was a theme underpinning many
of the elements considered strong in this scenario. Conversely, parti-
cipants from Alola, which is proximate to Awash Sabat Kilo, felt that
this scenario would be less likely to benefit them. They did not perceive
their location to be ‘high value’ as it lacks a source of water to support
irrigation and they felt it would therefore be excluded from the targeted
eradication measures.

There was some divergence with regard to the clearance methods.
Though the mechanised removal techniques (using machines like
bulldozers) were seen, on the whole, as a strength of the scenario
(ability to clear large areas of land quickly with low risk of injury),
community participants highlighted that such approaches were indis-
criminate and removed native flora in addition to Prosopis. The com-
munity participants were hesitant to comment in much detail on bio-
logical and chemical measures, as they had little direct experience of
them (especially in comparison to mechanised clearance), although
they did express significant caution in using technological approaches
with potentially negative side effects. In contrast, the discussion of
chemical and biological approaches was discussed in more detail by
government and NGO representatives and viewed more favourably and
of lower risk. One other notable difference was that the community
participants, particularly from Gonita Birka, highlighted the risk of land
appropriation following large-scale clearance. In contrast, the govern-
ment and NGO representatives did not perceive there to be a significant
risk that communities would lose usage rights to land during or im-
mediately after it had been cleared.

4.4. Pros and cons of utilisation methods

Across the three communities, the preferences for scenario 3 (large-
scale, commercial utilisation) exhibited the greatest variation. The
perception that the younger generation were more likely to benefit
helps to explain the divergence in Alola whereby both younger groups
unanimously supported this scenario compared to the groups of older
people who showed more mixed preferences. Similarly, in Bedula’ali,
the scenario was the preferred choice of the younger generation who
felt that it would lead to more livelihood opportunities and income-
generating activities. As with the participants in Alola, the participants
also thought that the commercial activities would bring improvements
in infrastructure (roads for example) and the provision of services
(water points and better health and education provision). In contrast to
the views expressed in the other two community workshops, the par-
ticipants in Gonita Birka felt that scenario 3 would more likely serve the
interests of others. Some of the most common viewpoints expressed
were that people who work in the factory would come from outside the
area, utilization of Prosopis would not benefit pastoralists and might
result in its continued expansion rather than greater control, and the
village might be displaced should a factory be located nearby.
Underpinning these concerns was a distrust of government: many par-
ticipants felt that state actors could not be trusted to prioritise the needs
of the community. The NGO and government representatives also
highlighted similar concerns to those raised in Gonita Birka and, to a
lesser extent, in Bedula’ali - the likelihood that opportunities associated
with the development would go to people outside of Afar.

Scenario 4 received some support in the three communities, parti-
cularly in Gonita Birka. For example, the participants responded posi-
tively to the emphasis on training, skills and financial support to enable
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them to utilize and generate livelihoods from Prosopis. In Gonita Birka,
the scenario was more favoured by the groups of older men and older
women in particular. The scenario was seen to provide the greatest
level of community control and self-determination, minimising the risk
that external actors would seek to gain control of critical land and water
resources (to be seen in light of the comments made in regard to sce-
narios 2 and 3). Whilst the benefits of a community-focused approach
were acknowledged, it was also the source of the greatest concerns. In
all three communities, participants emphasised that the additional
time, energy, and resources that would be required to make the sce-
nario succeed are substantial. For example, in Alola, both the female
groups argued that women would lose out due to the increased labour
demands on them to collect Prosopis pods. In Bedula’ali, similar sen-
timents to those in Alola were expressed but not differentiated by
gender, with men and women both expecting to have to work harder to
generate benefits. Underpinning many of the viewpoints on this sce-
nario was the belief that, although the scenario would support liveli-
hoods, it would not, ultimately be successful in controlling the under-
lying problem. For example, the younger women in Bedua’ali explained
that the scenario will not be effective in addressing highly infested areas
and the older women in Gonita Birka thought it would not be as ef-
fective in managing Prosopis spread as Scenario 2 (targeted eradica-
tion).

Scenario 4 was viewed more positively by representatives from
government and NGOs in particular. As with the community views, the
key strengths of this scenario centred on the participatory and inclusive
approach that placed the community at the centre of the management
intervention. The training and financial support would increase liveli-
hood opportunities and help the community to develop. A key risk for
this scenario related to the level and nature of external support required
and that it might create dependencies on external actors. Concern about
the support was not an issue that was raised for any of the other sce-
narios, even those that required extensive capital investment, sug-
gesting that it was the nature of training support required, and the
difficulty in providing it (to dispersed, rural and highly mobile com-
munities) that was the key problem, rather than the cost burden directly
implied by use of the technology.

5. Discussion

The results presented above describe the main impacts of Prosopis
on the environment and people’s livelihoods and wellbeing, sum-
marised the voting preferences for the different scenarios and then set
out the perceived strengths and weaknesses for different approaches to
the control and utilisation of Prosopis. We now discuss these results in
relation to ecosystem disservices, trade-offs and the framing of the
problem and solutions.

5.1. Ecosystem disservices

The research highlights the strongly negative perceptions that
communities had in regard to the invasion of Prosopis. The results
showed a range of negative impacts (see Fig. 4) on the lives and live-
lihoods of populations and on the ecology of the drylands, lending
weight to the calls for greater recognition of ecosystem disservices
especially in relation to invasive species (Potgieter et al., 2017; Vaz
et al., 2017).

Within the literature, ecosystem services and disservices are often
portrayed as apolitical and universally accepted outputs and not open
to contestation (Kull et al., 2015). Howe et al. (2014) argue that dif-
ferent groups of people derive differing benefits from ecosystem ser-
vices and value these services differently. Therefore, when including
stakeholders in the assessment of trade-offs between ecosystem services
(and, by implication, human wellbeing), the values the stakeholders
have become ‘intrinsic’ or embedded within ecosystem outputs (Howe
et al., 2014: 264). If one accepts the importance of values, social and
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cultural norms, and where one is positioned within society as influen-
cing what is considered as an ecosystem service, then it becomes in-
creasingly difficult to maintain the argument that an ecosystem service
or disservice is as universal and static as portrayed. As values change so
the ways in which an ecosystem service or disservice is perceived will
also change suggesting that an ecosystem output is much more dynamic
than can be portrayed in the literature.

Second, the nature of ecosystem services and disservices debate is
often presented as a dichotomy (Von Dohren and Haase, 2015;
Saunders and Luck, 2016; Schaubroeck, 2017). Our data has shown that
an ecosystem output can be both a service and disservice concurrently
suggesting a much stronger and mutually constituted relationship for
some ecosystem outputs, depending on the context and framing, the
scale of analysis, and who is being asked. For example, government and
NGO representatives highlighted the value of Prosopis at a landscape
scale in terms of its ability to reduce soil erosion and promote nutrient
cycling, address excess levels of soil salinity and manage flood risk.
Local community members tended to focus more on negative personal
impacts, emphasising the loss of native grazing and browsing resources
and the associated implications of this on their lives and livelihoods.
Similarly, Prosopis is used as fencing for bomas but this usage supports
the continued spread of the plant highlighting simultaneously its value
(fencing) and detrimental effect (supporting the expansion of the plant
into settlements). More recent scholarship on ecosystem outputs argues
for a more malleable and dynamic conceptualisation of ecosystem
outputs (Lazos-Chavero et al., 2016; Shackleton et al., 2016; Rasmussen
et al., 2017; Vaz et al., 2017), and our study lends empirical weight to
these calls.

5.2. Trade-offs: between and within stakeholder groups

The results show that the preferences for scenarios vary according to
intersecting elements of social difference. The preferences for in-
dividual scenarios are influenced by location, for example, with
proximity to urban areas resulting in more development-focused
choices (commercial utilisation with assumptions that this will lead to
improvements in infrastructure and provide greater paid employment
opportunities). Similar divisions also appear within communities, for
example, by age, with the younger participants leaning towards those
options that offered greater potential for diversifying livelihoods, and
by livelihood, with agro-pastoralists and pastoralists differing in which
scenario they preferred. Together, these preference patterns show the
differentiated environmental, social, and economic nature of commu-
nities and community members. What this means is that any blanket
application of a Prosopis management measure is likely to lead to
conflicting effects on different groups, in other words creating trade-
offs of one amenity against another (Small et al., 2017).

In this light, it is interesting to reflect on how benefits of Prosopis
were viewed by different stakeholders. In terms of impacts, differences
between perceptions were more apparent with regard to positive uses of
the plant. Within the communities, the most commonly cited positive
impacts were related to the increased availability of material for fuel
(firewood and charcoal), house construction and fencing. Government
and NGO representatives emphasised the benefits of the plant to the
landscape in terms of its ability to ‘green the desert’, for nutrient cycling
and soil fertility, to prevent flooding and as a sink for carbon dioxide.
This supports the reasoning of Daw et al. (2015), who argues that such a
divergence arises, in part, from the focus of secondary stakeholders on
system-level objectives set against the more differentiated and inter-
sectional set of values that contribute to the wellbeing of primary sta-
keholders. Similar divergences, although not the focus of this paper, are
also likely to be present when looking at the ways in which scientific
experts frame issues and consider certain types of knowledge as more
legitimate than other types (O'Brien and Wolf, 2010; Ingold et al., 2012)

Implicit within the preferences that people have are different con-
ceptions of what is important and why (Costanza et al., 2017). In
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acknowledging these differences, trade-offs become at once more tan-
gible and intractable. The notion of achieving ‘win-win scenarios’
predicated on aggregated notions of wellbeing and commonly accepted
and understood ideas about specific ecosystem services, appears an
impossible goal (Daw et al., 2011; McShane et al., 2011). Trade-offs are
widely recognised within ecosystem service literature and have tended
to focus on changes in ecosystem services over time and space. Our
research has shown that differences in how advantages and dis-
advantages accrue arise through the intersection of age, gender, live-
lihood and location, and between primary and secondary stakeholders,
supporting more recent work by Daw et al. (2015), Galafassi et al.
(2017) and Few et al. (2017), for example. However, and despite the
importance of understanding these sorts of trade-offs, they remain re-
latively marginal to mainstream literature (Howe et al., 2014).

5.3. Framing the problem and identifying solutions

Differently positioned actors draw upon unique sets of experiences
and values to understand the world around them. These experiences
influence how actors see and make sense of events, they act as filters
through which some things are considered more ‘right’ and believable
and other things more ‘wrong’ and to be disregarded (Hajer, 1995).
Such schemes of understanding are evident in relation to Prosopis and
influence what (and who) is considered important and what solutions
are most likely to succeed. As such, these narratives are crucial in
structuring debates around courses of action, making certain trade-offs
visible and masking others, and identifying those with expert knowl-
edge and the authority to make judgements (Forsyth, 2003).

Within the communities, different narratives around Prosopis were
present. Although Prosopis was regarded as a threat to people’s way of
life in all communities, this was most viscerally expressed in Gonita
Birka, the community for which pastoralism was the single most im-
portant livelihood. Scenario 2, which was perceived to provide the
greatest opportunities for pastoralism, was the most preferred overall.
Additionally, the participants were resistant to scenarios that implied
greater intervention by government and other (linked) actors, fearing
that it would lead to a loss of control and a further erosion of the via-
bility of their livelihoods and culture. In justifying these choices, the
participants drew predominantly on the narrative that portrays a view
of Prosopis as a menace. In this framing, the pastoralist way of life as
fundamentally threatened and under attack from multiple sources
(Prosopis, government agents, drought, etc.) (Rettberg, 2010; Rogers
et al., 2017). Actions by the government were viewed with distrust and
the community would prefer, in an ideal world, to see Prosopis eradi-
cated from the environment. At the other end of the spectrum was the
recognition that Prosopis has the potential to be beneficial. Greater
utilization of Prosopis would lead to a range of ancillary infrastructural
and social developmental benefits highlighting that presence of the
plant can lead to positive outcomes if approached in the right way.
Underpinning this line of reasoning was a modernising agenda which
advocates a transition away from lifestyles associated with mobile
pastoralism (for a more indepth analysis of this issue see Makki and
Geisler, 2011; Makki, 2012; Mosley and Watson, 2016). This framing of
events, drawing on the narratives of Prosopis as either a resource or as
utilisable was present within two of the three communities (more so
with the younger groups) as well as with the representatives from
government and NGOs.

Whilst the use of narratives that see Prosopis as a resource or uti-
lisable were employed by some community members and re-
presentatives from government and NGOs there was a notable diver-
gence around blame and attribution. Community proponents were more
critical of actors responsible for introducing the plant to the area and
the weak response in attempting to bring the invasion under control. In
contrast, many government and NGO representatives attributed blame
to the native population, arguing that they lacked a culture of hard
work necessary to control the plant’s spread. In identifying different
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factors as responsible for the problem it follows that different solutions apolitical framings that much ecosystem services literature rely on be-
are favoured (Forsyth, 2003: 98-99; Miiller-Mahn et al., 2010). In the come untenable.
case of the government and NGOs there was some support for existing The views and perspectives of affected communities must be in-
measures (encapsulated in the containment scenario) but with addi- cluded within decisions on the most appropriate ways and means to
tional incentives to address the alleged weak motivation within the Afar manage environmental change. In the context of Prosopis, this is im-
population. In contrast, community responses were directed towards a portant because the invasive plant does result in ecosystem disservices
more engaged state and the development of markets to support utili- and that these will be distributed unevenly across affected populations.
zation. Policy and action cannot rely on decontextualized narratives and ag-
Narratives or problem framings help to set boundaries about what gregated notions of wellbeing that pre-define and structure how in-
can be discussed and provide a means through which actors coalesce stitutional actors see, understand and, by implication, frame solutions.
and, more fundamentally, are an expression of discursive power Affected populations experience the impacts of Prosopis in socially-
(Bryant, 1998; Castree and Braun, 2001). In the case of Prosopis, we see differentiated ways and, crucially, have a plurality of views and opi-
evidence of socially-differentiated groups drawing on different narra- nions on the most appropriate responses to the issue in hand. When
tives to help attribute responsibility, understand cause and con- dealing with complex issues, the plural positions of affected populations
sequence, and promote potential solutions. Any attempts to generate and their situated understanding of risk and reward may not match the
knowledge on impacts of Prosopis and potential interventions needs to perspectives of more remote institutional actors who notionally speak
be cognisant of these broader discursive structures and the ways in on their behalf. Any intervention will produce trade-offs, exposing and
which they influence who or what is privileged, the trade-offs that are making these trade-offs explicit, particularly those that affect margin-
made visible, and the extent to which the priorities of social groups alised populations, can aid institutional actors identify not only which
drawing on subaltern views of the world are valued (Van Wilgen and interventions are preferred, but by whom and at what cost or benefit.

Richardson, 2014).
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Appendix 1. Scenarios
Scenario 1: Containment

The main objective therefore focuses on containment and limiting the spread of P. juliflora by early detection and rapid response. As resources are
constrained, efforts to contain the spread are based on local needs, the degree or infestation and the how aggressively it is spreading. Local networks
of actors are established to identify, assess and rapidly remove P. juliflora from areas that are not currently invaded. Movement of people, livestock
and things (e.g. vehicles) from areas of P. juliflora to areas at risk are controlled/restricted (Breithaupt, 2008: 23; Government of Ethiopia (GoE),
2017: 13-16). Concurrently, efforts are made to contain P. juliflora in areas that are already invaded through active control of the outer perimeter of
infestations (Shackleton et al., 2017: 7). Additionally, efforts are made to reduce reliance on P. juliflora pods by increasing access to fodder and feed
resources at times of drought. As resources to tackle P. juliflora are constrained, those areas that are of highest value are controlled first (for example
in areas with irrigated farming potential, drought reserve and land of high value to pastoralists and in important migration corridors) (Afar
Environmental Protection, Rural land use and Administration Agency (AEPRLUAA) 2015). Access routes through areas that are invaded are actively
maintained (GoE, 2017: 13-17). Limited livelihoods are derived directly from P. juliflora although the current more traditional uses persist.

o Eradication of P. juliflora is accepted as impossible

e The main focus of management activities is on limiting its spread of P. juliflora and containing the invasion.

e Local networks are formed to prevent spread into areas that are highly valued and currently free from P. juliflora (but susceptible to invasion)
e Existing infestations are tackled to prevent expansion by controlling the outer perimeter

o Greater efforts are made to reduce reliance on pods for feed and at times of scarcity (during the dry season and droughts)

e Weather becomes more uncertain and less predictable
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Scenario 2: Targeted eradication

The presence of P. juliflora is accepted as inevitable and considered impossible to completely eradicate (Haregeweyn et al., 2013: 7538). The main
objective is targeted eradication: that is eradicating P. juliflora in specific high-value areas using a range of different approaches dependent on the
type and nature of the infestation (e.g. density); and adopting an approach of no active intervention in other areas if they are deemed to be of low
value. In locations where infestation is high and aggressive (GoE, 2017: 19) more mechanised approaches are considered (such as with bulldozers,
tractors/chaining etc.) or even biological control (e.g. beetle). In locations where a mechanised or biological approach is considered impracticable,
more labour-intensive approaches such as cutting and burning, chemical application, digging out the root ball of individual plants is pursued (GoE,
2017: 18). The more labour-intensive methods tend to take longer and are not as effective (Shackleton et al., 2014: 10). However, they do create
more employment opportunities (through the eradication process, and in charcoal production or harvesting of seed pods) than those that rely on
machinery. Furthermore, they can prevent other types of land degradation as well (Shackleton et al., 2017: 7). In all cases the risk of reinvasion is
high if the land is not used immediately following clearance (Labrada, 2008: 30-32; GoE, 2017: 18).

o Eradication of P. juliflora is accepted as impossible

o The main focus of management activities is on targeted eradication: that is clearing P. juliflora in areas of high value and not intervening in areas
considered low value

® Where practicable, mechanized or biological controls are used and in other locations more labour-intensive methods are employed (such as
cutting and burning, chemical application etc.)

o As land must be utilized to prevent reinvasion, the areas targeted for clearance tend to be those that are suitable for more intensive land uses
(such as farming)

e Weather becomes more uncertain and less predictable

Scenario 3: Large-scale, commercial utilization

An overarching policy goal of utilisation is adopted. Infestations are managed with the intention of producing a useable energy resource at a
commercial scale (biomass/gasification) with some existing uses also supported (such as for construction, fencing, charcoal) (Tsegay et al., 2015: 21;
Bekele, 2008: 59-67). Affected communities receive some training and awareness raising on activities required to manage infestations but only small
amounts of additional resources are made available to help them to tackle P. juliflora as the priority lies with commercial exploitation (Breithaupt,
2008: 23; GoE, 2017: 13-16). At a larger scale, control mechanisms start to function effectively, infestations are better managed (through stand
management for example) to produce a biomass resource that can be used for fuel etc. (Pasiecznik et al., 2001; Haregeweyn et al., 2013; Worku and
Zewde, 2013: 15-17). Ultimately, this scenario is focused at the commercial scale and the majority of derived benefits accrue to large private or state-
run institutions. At a landscape level, in some areas P. juliflora is effectively controlled and managed (these are areas deemed to have a high value). In
other areas, more remote from key communication and biomass infrastructure P. juliflora is increasingly evident: the area colonized expands and the
density also increases.

o Eradication of P. juliflora is accepted as impossible

o P. juliflora infestations are managed with the intention of producing a useable biomass resource at a commercial scale

o P. juliflora is actively managed and controlled in locations close to the road network and around biomass plants

e In more remote locations, where exploitation is not possible, P. juliflora continues to spread

e There is not much support provided for affected communities outside of areas that are suitable for the commercial exploitation of P. juliflora
o Weather becomes more uncertain and less predictable

Scenario 4: Community-focused utilization

Similar to above method but approach places communities more centrally within the utilization plans via cooperatives and lower tech, smaller-
scale businesses (charcoal, seeds for flour and animal feed (only if ground) etc.) (Tegegn, 2008; Haregeweyn et al., 2013: 7539; Tsegay et al., 2015:
21). Some of these activities (particularly associated pod products) will need additional assistance with start-up costs, marketing and other support to
increase profitability (Tegegn, 2008; Wakie et al., 2016). Activities linked to clearing areas of P. juliflora that have been identified as critical by
communities. Clearing of P. juliflora is focused at a community level (Shackleton et al., 2014: 10; Shackleton et al., 2017: 7) and success is dependent
on high-levels of inputs at a local level in terms of skills, knowledge and labour. However, there are risks that the community-level attempts to
control and remove the P. juliflora are unsuccessful as, ultimately, success depends on utilization and the ability of communities to derive sustainable
livelihoods from P. juliflora (facilitated through a favourable policy and institutional environment). At a landscape level, attempts to control P.
juliflora are more widespread than in the previous scenario but it is more difficult to tackle high density infestations over large areas.

o Eradication of P. juliflora is accepted as impossible

e Communities are central to the overarching policy goal of utilisation, control is encouraged by creating a favourable environment through which
communities can derive livelihoods from P. juliflora

o The main focus of utilization efforts is through smaller-scale exploitation by cooperatives and business that focus on things like charcoal and flour
production, animal feed, etc.

e High inputs of skills, knowledge and labour in geographical dispersed locations

e Attempts to control P. juliflora are widespread as affected communities lead the efforts but very dense and aggressive infestations are difficult to
tackle

® Weather becomes more uncertain and less predictable

Underlying trends that are a feature of all scenarios
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o The presence of P. juliflora is accepted as inevitable and considered impossible to completely eradicate (Haregeweyn et al., 2013: 7538)
® Population growth (Cervigni and Morris, 2016; Cervigni et al., 2016)

e Increasing uncertainty re climate in terms of aridity and extreme events (Cervigni et al., 2016: 69-73)

e Growth in large-scale commercial agriculture

e Diversification underpins many current pastoral livelihoods

e Mobility (almost all citations)

o Increasing villagisation

Cf Cervigni and Morris (2016), Jenet et al. (2016), Aberra and Abdulahi (2015), Haregeweyn et al. (2013)

The PSA work was part of and underpinned by a wider programme of research on responses to environmental change in East Africa under the
Adaptation at Scale in Semi-Arid Regions project. In addition to the cited literature, the development of scenarios draw on a body of knowledge of
Awash Fentale and Amibara Woredas generated through 45 semi-structured group interviews, 14 household-level interviews, 8 rural appraisal
activities (mobility and social mapping), and 25 key informant interviews. Further insights were derived through 15 key informant interviews at
national and sub-national levels. All data collected between October 2015 and December 2016.

Appendix 2. First choice preferences
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Fig. A2. First choice preferences (community n = 60, Gov.n = 12, NGO n = 7), combined preference shows mean of all community participants. Weighted to enable
comparison.

13



M.G.L. Tebboth, et al.

References

Aberra, Y., Abdulahi, M. (Eds.), 2015. The Intricate Road to Development: Government
Development Strategies in the Pastoral Areas of the Horn of Africa. Institute for Peace
and Security Studies, Addis Ababa, Ethiopia, pp. 444.

Afar Environmental Protection, Rural Land Use and Administration Agency 2015. State of
the Environment Report, 2015, Afar. Afar, Ethiopia.

Arumugam, N., Boobalan, T., Kavitha, T., Arun, A., Basu, M.J., 2018. Prosopis Juliflora
(Sw,) Dc. (Seemai Karuvelam) in Tamil Nadu, India: Boon or Bane? Everymans
Science 53, 304-310.

Ayanu, Y., Jentsch, A., Muller-Mahn, D., Rettberg, S., Romankiewicz, C., Koellner, T.,
2015. Ecosystem engineer unleashed: Prosopis Juliflora threatening ecosystem ser-
vices? Reg. Environ. Change 15, 155-167.

Barnaud, C., Antona, M., 2014. Deconstructing ecosystem services: uncertainties and
controversies around a socially constructed concept. Geoforum 56, 113-123.

Bekele, E., 2008. Design and manufacture of down-draft gasifier plant for use Prosopis
juliflora as feedstock: analysis and evaluation of performance. In: Steele, P.,
Breithaupt, J., Labrada, R. (Eds.), Increased Food Security: Control and Management
of Prosopis. Food and Agriculture Organisation, Awash, Ethiopia.

Bennett, E.M., Peterson, G.D., Gordon, L.J., 2009. Understanding relationships among
multiple ecosystem services. Ecol. Lett. 12, 1394-1404.

Breithaupt, J., 2008. Increased food security through Prosopis control, management and
utilization. In: Steele, P., Breithaupt, J., Labrada, R. (Eds.), Increased Food Security:
Control and Management of Prosopis. Food and Agriculture Organisation, Awash,
Ethiopia.

Brown, K., Fortnam, M., 2018. Gender and ecosystem services. In: Schreckenberg, K.,
Mace, G., Poudyal, M. (Eds.), Ecosystem Services and Poverty Alleviation: Trade-Offs
and Governance, First ed. Routledge, London, pp. 16.

Bryant, R.L., 1998. Power, knowledge and political ecology in the Third World: a review.
Prog. Phys. Geogr. 22, 79-94.

Butler, J.R.A., Suadnya, W., Yanuartati, Y., Meharg, S., Wise, R.M., Sutaryono, Y.,
Duggan, K., 2016. Priming adaptation pathways through adaptive co-management:
design and evaluation for developing countries. Clim. Risk Manage. 12, 1-16.

Carey, M.A., Asbury, J.E., 2012. Focus Group Research. Left Coast Press, pp. 118.

Castree, N., Braun, B. (Eds.), 2001. Social Nature: Theory, Practice, and Politics.
Blackwell Publishers, Malden, Mass, pp. 249.

Cervigni, R., Morris, M., Scandizzo, P., Savastano, S., Paolantonio, A., Alfani, F., Zezza, A.,
Guo, Z., D’errico, M., Biancalani, R., Bunning, S., Petri, M., Manssouri, M., Kerven, C.,
Behnke, R. 2016. Vulnerability in the drylands today. In: Cervigni, R. Morris, M. (eds.
) Confronting Drought in Africa's Drylands: Opportunities for Enhancing Resilience.
The World Bank. 16.

Cervigni, R., Morris, M. (Eds.), 2016. Confronting Drought in Africa's Drylands:
Opportunities for Enhancing Resilience. The World Bank, pp. 296.

Costanza, R., De Groot, R., Braat, L., Kubiszewski, I., Fioramonti, L., Sutton, P., Farber, S.,
Grasso, M., 2017. Twenty years of ecosystem services: how far have we come and
how far do we still need to go? Ecosyst. Serv. 28, 1-16.

Daw, T., Brown, K., Rosendo, S., Pomeroy, R., 2011. Applying the ecosystem services
concept to poverty alleviation: the need to disaggregate human well-being. Environ.
Conserv. 38, 370-379.

Daw, T.M., Coulthard, S., Cheung, W.W.L., Brown, K., Abunge, C., Galafassi, D., Peterson,
G.D., Mcclanahan, T.R., Omukoto, J.O., Munyi, L., 2015. Evaluating taboo trade-offs
in ecosystems services and human well-being. Proc. Natl. Acad. Sci. 112, 6949-6954.

Dawson, N., Coolsaet, B., Martin, A., 2018. Justice and equity. In: Schreckenberg, K.,
Mace, G., Poudyal, M. (Eds.), Ecosystem Services and Poverty Alleviation: Trade-Offs
and Governance, First ed. Routledge, London, pp. 17.

Few, R., 2013. Health, environment, and ecosystem services: a justice critique. In: Sikor,
T. (Ed.), The Justices and Injustices of Ecosystem Services. Earthscan, London, pp.
120-160.

Few, R., Martin, A., Gross-Camp, N., 2017. Trade-offs in linking adaptation and mitiga-
tion in the forests of the congo basin. Reg. Environ. Change 17, 851-863.

Finighan, J. 2012. Impact Evaluation of the Afar Prosopis Management Project (Et55).
FARM-Africa.

Food and Agriculture Organisation. Proceedings Expert Consultation (No. 4). In: Steele,
P., Breithaupt, J. & Labrada, R., eds. Increased Food Security: Control and
Management of Prosopis, 2008 Awash, Ethiopia. Food and Agriculture Organisation,
132 pp.

Forsyth, T., 2003. Critical Political Ecology: The Politics of Environmental Science.
Routledge, London, pp. 1 320 p.

Fre, Z., Pasiecznic, N.M., 2015. Prosopis: a growing resource for the greater horn of Africa
- turning a “Foe into a Friend”. In: Tsegay, B.T., Livingston, J., Fre, Z. (Eds.),
Exploring Prosopis Management and Policy Optionsin the Greater Horn of Africa.
Pastoral and Environmental Network of the Horn of Africa; International Fund for
Agricultural Development; Ethiopian Agro-pastoralist Development Association;
University College London, Addis Ababa.

Galafassi, D., Daw, T.M., Munyi, L., Brown, K., Barnaud, C., Fazey, 1., 2017. Learning
about social-ecological trade-offs. Ecol. Soc. 22, 27 pp.

Goffman, E., 1974. Frame Analysis: An Essay on the Organization of Experience. Harvard
University Press, Cambridge, Mass., pp. 1 586 p.

Government of Ethiopia, 2017. National Strategy on Prosopis Juliflora Management. Addis
Ababa, Ethiopia.

Greenbaum, T.L., 1998. The Handbook for Focus Group Research, 2 ed. SAGE, Thousand
Oaks, California; London, England.

Hajer, M.A., 1995. The Politics of Environmental Discourse: Ecological Modernization
and the Policy Process. Clarendon Press; Oxford University Press, Oxford; New York,

14

Ecosystem Services 42 (2020) 101068

pp. 1 332 p.

Haregeweyn, N., Tsunekawa, A., Tsubo, M., Meshesha, D., Melkie, A., 2013. Analysis of
the invasion rate, impacts and control measures of Prosopis Juliflora: a case study of
Amibara District, Eastern Ethiopia. Environ. Monit. Assess. 185, 7527-7542.

Hatzilacou, D., Kallis, G., Mexa, A., Coccosis, H., Svoronou, E., 2007. Scenario workshops:
a useful method for participatory water resources planning? Water Resour. Res. 43,
1-12.

Howe, C., Suich, H., Vira, B., Mace, G.M., 2014. Creating win-wins from trade-offs?
Ecosystem services for human well-being: a meta-analysis of ecosystem service trade-
offs and synergies in the real world. Global Environ. Change-Human Policy Dimens.
28, 263-275.

Tlukor, J., Rettberg, S., Treydte, A., Birner, R., 2016. To eradicate or not to eradicate?
Recommendations on Prosopis Juliflora management in Afar, Ethiopia, from an in-
terdisciplinary perspective. Pastoralism-Res. Policy Pract. 6, 8.

Ingold, T., Foer, J.S., Doniger, W., 2012. Hunting and gathering as ways of perceiving the
environment. In: Gross, A., Vallely, A. (Eds.), Animals and the Human Imagination.
Columbia University Press, pp. 31-54.

Jenet, A., Buono, N., Di Lello, S., Gomarasca, M., Heine, C., Mason, S., Nori, M., Saavedra,
R. & Van Troos, K. 2016. The Path to Greener Pastures. Pastoralism, the Backbone of
the World’s Drylands. Brussels, Belgium.

Kull, C.A., Arnauld De Sartre, X., Castro-Larranaga, M., 2015. The political ecology of
ecosystem services. Geoforum 61, 122-134.

Labrada, R., 2008. Problems posed by the introduction of the Prosopis plant. In: Steele, P.,
Breithaupt, J., Labrada, R. (Eds.), Increased Food Security: Control and Management
of Prosopis. Food and Agriculture Organisation, Awash, Ethiopia.

Lazos-Chavero, E., Zinda, J., Bennett-Curry, A., Balvanera, P., Bloomfield, G., Lindell, C.,
Negra, C., 2016. Stakeholders and tropical reforestation: challenges, trade-offs, and
strategies in dynamic environments. Biotropica 48, 900-914.

Lele, S., 2013. Environmentalisms, justices and the limits of ecosystem services frame-
works. In: Sikor, T. (Ed.), The Justices and Injustices of Ecosystem Services.
Routledge, Taylor & Francis Group, New York, pp. 21.

Makki, F., 2012. Power and property: commercialization, enclosures, and the transfor-
mation of agrarian relations in Ethiopia. J. Peasant Stud. 39, 81-104.

Makki, F., Geisler, C., 2011. Development by dispossession: land grabbing as new en-
closures in contemporary Ethiopia. International Conference on Global Land
Grabbing. Future Agricultures, Sussex, UK.

McShane, T.O., Hirsch, P.D., Trung, T.C., Songorwa, A.N., Kinzig, A., Monteferri, B.,
Mutekanga, D., Thang, H.V., Dammert, J.L., Pulgar-Vidal, M., Welch-Devine, M.,
Peter Brosius, J., Coppolillo, P., O’connor, S., 2011. Hard choices: making trade-offs
between biodiversity conservation and human well-being. Biol. Conserv. 144,
966-972.

Mehari, Z.H., 2015. The invasion of Prosopis juliflora and afar pastoral livelihoods in the
Middle Awash Area of Ethiopia. Ecological Processes 4, 13.

Milestad, R., Svenfelt, A., Dreborg, K.H., 2014. Developing integrated explorative and
normative scenarios: the case of future land use in a climate-neutral Sweden. Futures
60, 59-71.

Mosley, J., Watson, E.E., 2016. Frontier transformations: development visions, spaces and
processes in Northern Kenya and Southern Ethiopia. J. East. Afri. Stud. 10, 452-475.

Miiller-Mahn, D., Rettberg, S., Getachew, G., 2010. Pathways and dead ends of pastoral
development among the Afar and Karrayu in Ethiopia. Eur. J. Dev. Res. 22, 660-677.

O'Brien, K.L., Wolf, J., 2010. A values-based approach to vulnerability and adaptation to
climate change. Wiley Interdisciplinary Rev.-Climate Change 1, 232-242.

Pasiecznik, N.M., Felker, P., Harris, P.J.C., Harsh, L.N., Cruz, G., Tewari, J.C., Cadoret, K.,
Maldonado, L.J. 2001. The Prosopis Juliflora - Prosopis Pallida Complex: A
Monograph. Coventry, UK.

Pastoral and Environmental Network of the Horn of Africa 2016. Control and Utilization
of Prosopis Juliflora: Ideas into Action.

Pastoral and Environmental Network of the Horn of Africa 2016. Turning Invasive
Garaanwa (Prosopis) Trees into a New Resource for Feed, Fuel and Food Security in
Somaliland.

Patnaik, P., Abbasi, T., Abbasi, S.A., 2017. Prosopis (Prosopis Juliflora): Blessing and
Bane. Trop. Ecol. 58, 455-483.

Potgieter, L.J., Gaertner, M., Kueffer, C., Larson, B.M.H., Livingstone, S.W., O'farrell, P.J.,
Richardson, D.M., 2017. Alien plants as mediators of ecosystem services and dis-
services in urban systems: a global review. Biol. Invasions 19, 3571-3588.

Rasmussen, L.V., Christensen, A.E., Danielsen, F., Dawson, N., Martin, A., Mertz, O.,
Sikor, T., Thongmanivong, S., Xaydongvanh, P., 2017. From food to pest: conversion
factors determine switches between ecosystem services and disservices. Ambio 46,
173-183.

Raymond, C.M., Fazey, L., Reed, M.S., Stringer, L.C., Robinson, G.M., Evely, A.C., 2010.
Integrating local and scientific knowledge for environmental management. J.
Environ. Manage. 91, 1766-1777.

Reilly, K.H., Adamowski, J.F., 2017. Stakeholders' frames and ecosystem service use in
the context of a debate over rebuilding or removing a dam in New Brunswick,
Canada. Ecol. Soc. 22, 20.

Rettberg, S., 2010. Contested narratives of pastoral vulnerability and risk in Ethiopia’ S
Afar Region. Pastoralism 1, 248-273.

Rinaudo, J.D., Montginoul, M., Varanda, M., Bento, S., 2012. Envisioning innovative
groundwater regulation policies through scenario workshops in France and Portugal.
Irrig. Drain. 61, 65-74.

Robbins, P., 2004. Political Ecology: A Critical Introduction. Oxford, Blackwell Pub.,
Malden, MA, pp. xxi 242 p.

Rodriguez, J.P., Beard, T.D., Bennett, E.M., Cumming, G.S., Cork, S.J., Agard, J., Dobson,
A.P., Peterson, G.D., 2006. Trade-offs across space, time, and ecosystem services.
Ecol. Soc. 11, 14 pp.


http://refhub.elsevier.com/S2212-0416(20)30010-3/h0005
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0005
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0005
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0015
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0015
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0015
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0020
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0020
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0020
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0025
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0025
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0030
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0030
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0030
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0030
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0035
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0035
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0040
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0040
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0040
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0040
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0045
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0045
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0045
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0050
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0050
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0055
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0055
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0055
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0060
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0065
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0065
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0075
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0075
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0080
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0080
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0080
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0085
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0085
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0085
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0090
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0090
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0090
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0095
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0095
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0095
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0100
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0100
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0100
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0105
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0105
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0120
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0120
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0125
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0125
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0125
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0125
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0125
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0125
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0130
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0130
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0135
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0135
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0140
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0140
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0145
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0145
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0150
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0150
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0150
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0155
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0155
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0155
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0160
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0160
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0160
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0165
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0165
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0165
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0165
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0170
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0170
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0170
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0175
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0175
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0175
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0185
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0185
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0190
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0190
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0190
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0195
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0195
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0195
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0200
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0200
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0200
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0205
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0205
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0210
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0210
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0210
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0215
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0215
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0215
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0215
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0215
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0220
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0220
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0225
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0225
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0225
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0230
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0230
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0235
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0235
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0240
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0240
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0260
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0260
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0265
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0265
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0265
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0270
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0270
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0270
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0270
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0275
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0275
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0275
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0280
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0280
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0280
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0285
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0285
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0290
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0290
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0290
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0295
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0295
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0300
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0300
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0300

M.G.L. Tebboth, et al.

Rogers, P., Nunan, F., Fentie, A.A., 2017. Reimagining invasions: the social and cultural
impacts of Prosopis on pastoralists in Southern Afar, Ethiopia. Pastoralism-Res. Policy
Pract. 7, 13.

Saunders, M.E., Luck, G.W., 2016. Limitations of the ecosystem services versus disservices
dichotomy. Conserv. Biol. 30, 1363-1365.

Schaubroeck, T., 2017. A need for equal consideration of ecosystem disservices and
services when valuing nature; countering arguments against disservices. Ecosyst.
Serv. 26, 95-97.

Schon, D.A., Rein, M., 1994. Frame Reflection: Toward the Resolution of Intractable
Policy Controversies. BasicBooks, New York, pp. 1 247 p.

Shackleton, R.T., Le Maitre, D.C., Pasiecznik, N.M., Richardson, D.M., 2014. Prosopis: a
global assessment of the biogeography, benefits, impacts and management of one of
the world's worst woody invasive Plant Taxa. Aob Plants 6, 1-18.

Shackleton, R.T., Le Maitre, D.C., Van Wilgen, B.W., Richardson, D.M., 2017. Towards a
national strategy to optimise the management of a widespread invasive tree (Prosopis
Species; Mesquite) in South Africa. Ecosyst. Serv. 27, 242-252.

Shackleton, C.M., Ruwanza, S., Sinasson Sanni, G.K., Bennett, S., De Lacy, P., Modipa, R.,
Mtati, N., Sachikonye, M., Thondhlana, G., 2016. Unpacking Pandora’s box: under-
standing and categorising ecosystem disservices for environmental management and
human wellbeing. Ecosystems 19, 587-600.

Shiferaw, H., Teketay, D., Nemomissa, S., Assefa, F., 2004. Some biological characteristics
that foster the invasion of Prosopis Juliflora (Sw.) Dc. At Middle Awash Rift Valley
Area, North-Eastern Ethiopia. J. Arid Environ. 58, 135-154.

Shiferaw, H., Schaffner, U., Bewket, W., Alamirew, T., Zeleke, G., Teketay, D., Eckert, S.,
2019. Modelling the current fractional cover of an invasive alien plant and drivers of
its invasion in a dryland ecosystem. Sci. Rep. 9, 1576.

Small, N., Munday, M., Durance, I., 2017. The challenge of valuing ecosystem services
that have no material benefits. Global Environ. Change-Human Policy Dimens. 44,
57-67.

Spake, R., Lasseur, R., Crouzat, E., Bullock, J.M., Lavorel, S., Parks, K.E., Schaafsma, M.,
Bennett, E.M., Maes, J., Mulligan, M., Mouchet, M., Peterson, G.D., Schulp, C.J.E.,
Thuiller, W., Turner, M.G., Verburg, P.H., Eigenbrod, F., 2017. Unpacking ecosystem
service bundles: towards predictive mapping of synergies and trade-offs between
ecosystem services. Global Environ. Change 47, 37-50.

Tegegn, G.G., 2008. Experiences on Prosopois Management: Case of Afar Region. FARM-
Africa.

15

Ecosystem Services 42 (2020) 101068

Tilahun, M., Birner, R., Ilukor, J., 2017. Household-level preferences for mitigation of
Prosopis Juliflora invasion in the afar region of Ethiopia: a contingent valuation. J.
Environ. Plann. Manage. 60, 282-308.

Tiwari, J.W.K., 1999. Exotic weed Prosopis Juliflora in Gujarat and Rajasthan, India —
Boon or Bane? Tigerpaper 26, 21-25.

Tompkins, E.L., Few, R., Brown, K., 2008. Scenario-based stakeholder engagement: in-
corporating stakeholders preferences into coastal planning for climate change. J.
Environ. Manage. 88, 1580-1592.

Tsegay, B.T., Livingston, J., Fre, Z. (Eds.), 2015. Exploring Prosopis Management and
Policy Options in the Greater Horn of Africa: Proceedings of a Regional Conference.
Pastoral and Environmental Network of the Horn of Africa; International Fund for
Agricultural Development; Ethiopian Agro-pastoralist Development Association;
University College London, Addis Ababa, pp. 28.

Van Wilgen, B.W., Richardson, D.M., 2014. Challenges and trade-offs in the management
of invasive alien trees. Biol. Invasions 16, 721-734.

Vaz, A.S., Kueffer, C., Kull, C.A., Richardson, D.M., Vicente, J.R., Kuehn, I., Schroeter, M.,
Hauck, J., Bonn, A., Honrado, J.P., 2017. Integrating ecosystem services and dis-
services: insights from plant invasions. Ecosyst. Serv. 23, 94-107.

Von Dohren, P., Haase, D., 2015. Ecosystem disservices research: a review of the state of
the art with a focus on cities. Ecol. Ind. 52, 490-497.

Wakie, T.T., Evangelista, P.H., Jarnevich, C.S., Laituri, M., 2014. Mapping Current and
Potential Distribution of Non-Native Prosopis Juliflora in the Afar Region of Ethiopia.
PLOS ONE 9, 9.

Wakie, T.T., Hoag, D., Evangelista, P.H., Luizza, M., Laituri, M., 2016a. Is control through
utilization a cost effective Prosopis Juliflora management strategy? J. Environ.
Manage. 168, 74-86.

Wakie, T.T., Laituri, M., Evangelista, P.H., 2016b. Assessing the distribution and impacts
of Prosopis Juliflora through participatory approaches. Appl. Geogr. 66, 132-143.

Wesche, S.D., Armitage, D.R., 2014. Using qualitative scenarios to understand regional
environmental change in the Canadian North. Reg. Environ. Change 14, 1095-1108.

Worku, A., Zewde, W., 2013. A Guide to Commuinty Based Management and Control of
Prosopis. FARM-Africa.

Zeray, N., Legesse, B., Mohamed, J.H., Aredo, M.K., 2017. Impacts of Prosopis Juliflora
invasion on livelihoods of pastoral and agro-pastoral households of Dire Dawa
Administration, Ethiopia. Pastoral.-Res. Policy Pract. 7, 14.


http://refhub.elsevier.com/S2212-0416(20)30010-3/h0305
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0305
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0305
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0310
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0310
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0315
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0315
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0315
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0320
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0320
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0325
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0325
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0325
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0330
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0330
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0330
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0335
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0335
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0335
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0335
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0340
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0340
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0340
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0345
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0345
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0345
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0350
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0350
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0350
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0355
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0355
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0355
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0355
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0355
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0360
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0360
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0365
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0365
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0365
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0370
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0370
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0375
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0375
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0375
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0380
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0380
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0380
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0380
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0380
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0385
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0385
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0390
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0390
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0390
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0395
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0395
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0400
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0400
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0400
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0405
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0405
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0405
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0410
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0410
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0415
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0415
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0420
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0420
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0425
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0425
http://refhub.elsevier.com/S2212-0416(20)30010-3/h0425

	Valuing local perspectives on invasive species management: Moving beyond the ecosystem service-disservice dichotomy
	Introduction
	Literature review
	Narratives of prosopis
	Ecosystem disservices and trade-offs

	Methodology
	Participatory scenario analysis (PSA) method
	Scenarios
	Sites and sampling

	Results
	Perceived impacts of Prosopis
	Overall preferences/voting patterns
	Pros and cons of control methods
	Pros and cons of utilisation methods

	Discussion
	Ecosystem disservices
	Trade-offs: between and within stakeholder groups
	Framing the problem and identifying solutions

	Conclusion
	mk:H1_19
	Acknowledgements
	Scenarios
	Scenario 1: Containment
	Scenario 2: Targeted eradication
	Scenario 3: Large-scale, commercial utilization
	Scenario 4: Community-focused utilization

	First choice preferences
	References




