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Abstract: Invasions by invasive alien species (IAS) are recognized as one of the largest threats to
earth’s ecosystem services and represent rapidly growing economic costs as they damage local
ecosystems and force surrounding communities to divert resources towards IAS management and
control. The study objectives were to assess the economic impacts of a Prosopis juliflora invasion
in Jordan and gauge community preferences for management plans. The study was conducted in
Sweimeh, Jordan Valley using a combination of focus groups and randomized interviews with 203
local households. Direct-use values for products derived from P. juliflora and direct costs owing to
P. juliflora’s presence have been calculated. A binary logistic regression model was then developed
to predict the households’ preferences between two policy responses: P. juliflora management or
complete eradication. The results revealed the dualistic role of P. juliflora in household livelihoods:
it was widely used for firewood, fodder, and charcoal offering benefits valued at JOD 2165 per
household/year (JOD 1 = USD 0.71). At the same time, the invasion reduced household welfare
by taking over arable lands and injuring humans and animals. Consequently, the income lost as
a result of the invasion was estimated by JOD 1410.5 per household/year. As a result, two-thirds of
respondents choose the option of P. juliflora invasion management. Only respondents’ monthly income
and perception of P. juliflora’s impact on the prevention of soil erosion were significant predictors
of respondents’ preferences for the management plans. In conclusion, more coordinated responses
between policy makers, institutions, and local communities are required to mitigate the negative
impact of P. juliflora invasion.

Keywords: benefit–cost analysis; Prospois juliflora; invasion management; binary logistic regression

1. Introduction

Invasive alien species (IAS) are species that, when introduced and/or spread outside their natural
past or present habitat, threaten ecosystems’ biodiversity and can harm the economy and even
human health [1–6]. Invasions by alien species are recognized as one of the greatest threats to earth’s
ecosystem services (ES) and represent rapidly growing economic costs due to the damage they cause
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and management they require [1–3]. Thus, effective policy and management responses are essential to
address the multiple threats posed by IAS. Such responses require support from local communities, land
managers and environmentalists and should take into account different ecological, social, economic
and livelihood considerations [7–9].

The discussion surrounding the costs and effects of IAS, and the underlying human influence
in moving species around the world, has been ongoing for millennia [4,10]. In the last few decades,
the constant documentation and research produced regarding IAS have highlighted difficulties in
identifying invasions and thus hint at the possible challenges conservation and restoration efforts may
face [4,9,11]. Further debate revolves around the magnitude of economic costs resulting from IAS
invasion, the levels of expenditure needed for management, the effectiveness of management, and
the feasibility of management from environmental and economic standpoints [12,13].

Although the dichotomous “friend or foe” designation of IAS has been broadly discussed [14,15],
the perceptions and opinions of peoples affected by IAS invasions in their local ecosystems and
the invasions’ effects on the ES they depend on for a living were rarely studied. To rectify this,
a number of lines of inquiry should be raised to determine how rural families view IAS, including
inquiries regarding benefits and costs they perceive having experienced, the impacts of IAS on their
main economic activities and health status and the types of risks they have faced due to IAS in their
communities [16]. The lack of information on the socioeconomic impacts of IAS has been singled
out as a major barrier to implementing comprehensive zonal management projects. Therefore, it is
crucial to understand the reasons for and costs of IAS introductions, beneficial uses of IAS, ecological
effects of IAS, scales of IAS invasions, perceptions of the invasion and potentially contentious issues
when creating sustainable management plans [17]. Successful sustainable development plans could
reduce the overall expenditure needed to address the effects of an invasion by diminishing losses
to human health, agriculture, and forestry and by preserving natural systems and the services that
they provide. Simply put, the IAS, as a part of the broader socio-ecological systems in which they are
located, are part of systems that shape human utilization and perceptions of the surrounding ecosystem
services. Successful IAS management is based on understanding all stakeholders—including local
communities—and inducing them to act [18].

Local communities are most directly exposed to IAS, where they incorporate IAS into their
livelihoods. Therefore, elucidating these links would provide important insight for understanding
IAS’s roles in socio-ecological systems since people perceive the effects of IAS according to the space,
time, and social groups/status (i.e., gender, wealth status, and residency period) to which they
belong [19–22]. Moreover, households and communities vary in their dependency on and usage of
invasive species [23].

Knowledge about IAS’s roles in socio-ecological systems provides implications for policy
formulation and external response plans. In other studies, local people demonstrated a receptive
response to the IAS in the surrounding ecosystems since, even though some households might be
negatively exposed to IAS, other households benefit from ecosystem services derived from IAS.
P. juliflora invasions forced local residents to incur a range of costs or ecosystem disservices that lead to
reduced human welfare and household wellbeing through the loss of household assets and livelihood
outcomes [4]. Other households benefit from ecosystem services derived from IAS [4,21,24]. For
instance, some studies identified some IAS as important sources of food, medicine, firewood, and
aesthetic value [25,26].

Prosopis is an evergreen shrub or tree belongs to Fabaceae family and native to Mexico, Central, and
South America [27]. Prosopis trees are 15 m tall with a 10-m spread and have an invasive root system
(water-hungry roots) which can be very destructive [28]. Due to its tolerance mechanisms to biotic and
abiotic stress, P. juliflora was introduced to different parts of the world with an aim of providing benefits
to rural communities and surrounding ecosystems (e.g., providing fuel, wood, charcoal, construction
material, and supporting soil in degraded ecosystems) [28]. P. juliflora is a multipurpose tree/shrub
with verifiable benefits and services as such as the provision of fuel [29,30], shelter [30] and fodder for
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livestock and broilers [31] as well as its medicinal uses and ability to pollinate [32]. P. juliflora wood
has been classified as hardwood and their wood is considered durable regarding decay resistance.
However, the shrubby form of P. juliflora leads to irregular grain or knots across the main stem and,
consequently, their use as a building material and carpentry can be challenging [33].

Nevertheless, several research studies report concerns regarding the negative effects of P. juliflora.
These negative effects include, but are not limited to posing hazardous threats to humans [31],
avifauna [34], and cattle [35] and causing the loss of biodiversity and native species [36,37]. Currently,
P. juliflora invasion is widely reported worldwide (Figure 1), including Yemen, Sudan, Kenya, Ethiopia,
South Africa, India, and Pakistan [27]. In fact, P. juliflora is listed on the IUCN world’s 100 worst
IAS [27].
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Figure 1. Global distribution of Prosopis species. Choropleth map is showings Prosopis spp. native
range, naturalized habitat and the areas facing the risk of invasion [30,38].

In Jordan, P. juliflora, one of the highly invasive IPS, is dominantly present in the Dead Sea
region and continues to spread into the surrounding region across the Jordan Valley (Figure 2) [39].
In the period between 1950 and 1980, P. juliflora (locally known as Al-Salm) was introduced by
Ministry of Agriculture along with other tree species into Sweimeh with the aim of afforestation [28].
The introduction of Prosopis was justified due to the fact of its ability to tolerate biotic (diseases) and
abiotic (drought and high temperatures) stresses [28].

Within the above context, the objectives of this research were to assess the socio-economic impacts
of P. juliflora invasion on the ecosystems in Sweimeh village in the Dead Sea area of Jordan Valley
and to explore community preferences for P. juliflora management plans. To achieve these objectives,
the following questions were addressed: what are the households’ perceptions of the impact of
the P. juliflora invasion on ES? What are the estimated economic benefits and costs of the P. juliflora
invasion for the livelihood of local families living at the study site? What is the most acceptable
management plan based on the knowledge of P. juliflora invasions for the local community based on
the knowledge of P. juliflora invasions in the study area?
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Figure 2. Prosopis juliflora distribution in Jordan including the study area Sweimeh village in the Dead
Sea area, Jordan [28,39].

2. Materials and Methods

2.1. Study Area

The Sweimeh village was selected for study on the basis of having the most severe invasion of
P. juliflora in the Jordan Valley [28]. The Sweimeh village occupies 340 ha and is located 74 km to
the southwest of the capital Amman (Figure 2).). The village is located within the Jordan Valley; it has
hot, dry summers with an average temperature of 40 ◦C. The location has mild winters with a 10-year
mean temperature of 11 ◦C for the coldest month and 40 ◦C for the warmest month, and an average
annual precipitation of 100 mm [40].

Sweimeh village is classified as being among the poorest areas in Jordan with a lack of basic
infrastructure and job opportunities. In the last decade, the farming systems have slowed down with
limited options for other economic activities outside of tourism. The population of Sweimeh village
is around 5000 individuals, within 726 households [41]. The main economic activities in Sweimeh
include agriculture and micro projects of trading and tourism. The level of employment is low. Many
households depend on seasonal work opportunities in tourism and governmental social support.
ArcMap (Version 10.2 for Windows; ESRI, Redlands, CA, USA) was used to generate the study map.
Shape files for Sweimeh and Jordan are provided free of charges by Ministry of Agriculture, Jordan.

2.2. Study Sample

The study used a mix of household surveys, focus groups and discussions with key persons at
the study area. Two focus groups meetings, with 15–20 community members for about 90–120 min,
were conducted. The discussion subjects in the focus group were to identify and rank the services
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and disservices of P. juliflora invasion the area, assign roles for different stakeholders in P. juliflora
management, and designate the responsibility for all stakeholders of P. juliflora invasion in the area.

Based on Department of Statistics population’s census in 2015, household surveys were conducted
with 203 randomly selected households, which represent 28% of the total households. Structured
interviews were then administered to individuals from the households and were selected to ensure
representation of different gender, age, occupation and wealth categories. The head of the household
or the wife was interviewed for about 45 min. The data collection started from August till November of
2018. The questionnaires were answered based on face-to-face interviews with the written consent of
the respondent to participate in the field study, based on the ethical approval granted by the University
of Jordan to conduct the study according to the general university regulations.

Key informants were engaged throughout the focus group meetings and household surveys,
providing information on previous and current projects implemented in this study area. Such projects
aimed to encourage ecotourism, sustain the agricultural ecosystem and highlight the official efforts
to maintain a safe environment for the local community. The key informants included the staff

of governmental institutions in the area, working non-governmental organizations (NGOs) and
conservation practitioners and researchers.

2.3. Study Instruments for Data Collection

A structured questionnaire was designed, pre-tested, and validated targeting the local community
in the study area. The structure and content of the questionnaire were based on the information gathered
from the focus group sessions. The questionnaire included six parts; the first part of the questionnaire
covered the demographic information of the respondents: gender, age, education level, job, residency
period in the area, family size and income. The second part focused on the respondents’ relations
with the surrounding environment: how P. juliflora contributed to vegetation cover, touristic activities,
number of visitors to this area and household dependency on tourism. The third part of the questionnaire
assessed the impact of P. juliflora on agricultural activities with respect to changes in soil, water sources
and the reduction of crop production.

In the fourth part, respondents identified and evaluated the effect and importance of P. juliflora
on ES (e.g., cultural services such as hiking, excursions and camping, provision services such as
fodder, fuel wood and charcoal and regulating services such as soil fixing). In the following, fifth part,
the respondents were asked to assess the impact of P. juliflora on biodiversity, tourism and agricultural
and economic activities and on protecting soil from erosion and desertification at the district level.
In the last part of the questionnaire, the respondents were asked to choose the management plan
that he/she thought would benefit their livelihood: either a plan includes the extensive trimming of
P. juliflora or other supporting eradication of the P. juliflora in the area.

2.4. Data Analysis

The benefits of P. julifora were estimated from individuals’ replies to direct questions about
the quantities of services and products provided by P. juliflora, regardless of whether these products
were for trading or domestic use. The quantity and types of potential services and products rendered
by P. juliflora were also informed by extant research. Two other studies [39,42], measured the average
production of pods, charcoal, and firewood based on experiments and field estimations of 20-year-old
trees, with an invasion level measured at 545 tree/ha, calculating that the average fodder production
of a 20-year-old tree was about 0.15 ton/year [39]. The estimated average production of good quality
charcoal was about 0.125 ton [43] that is then used for domestic consumption and trading.

The value of the direct benefits derived from P. juliflora product usage was determined, in Jordanian
Dinar (JOD, USD 1 = JOD 0.71), by multiplying the amount of P. juliflora products consumed per
household based on the data gathered from household interview as well as the local price for each
product. The value of family labor for collecting P. juliflora products was not deducted due to the very
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low opportunity costs of agricultural work in a region with a high unemployment rate. The consumption
of other P. juliflora products was associated with negligible cost of labor and transportation.

The value of direct costs of P. juliflora was estimated in JOD for direct losses associated with
the P. juliflora invasion and the amount paid to prevent, repair or treat disservices related to the presence
of P. juliflora. The estimation process considered the frequency of disservices’ occurrence and associated
costs for reducing or averting disservices at household levels. The benefit–cost estimations considered
the percentage of households that responded for each type of service and disserve, and the comparison
was performed at household level.

In terms of the analytical approach, binary logistic regression was selected as it is a model commonly
used to explore the decisions between alternatives [44,45]. This model predicts the probability that
a respondent with certain characteristics and perceptions will choose a given management plan. This
approach is used to study the factors influencing respondents’ preferences with respect to different
plans to manage the P. juliflora invasion in the study area. The model is used to study the choices
between two options and predicts the probability that, given certain socioeconomic and demographic
determinants, an individual will choose any of the given options. Respondents are expected to make
a decision based on the utility level perceived from proposed IAS management plans. In other words,
respondents prefer the on-site management plan so long as he or she perceives that the services
from the P. juliflora invasion outweigh the disservices and thus contribute to better living standards.
Otherwise, if the respondent perceives the disservices of the P. juliflora invasion as more costly, they
are expected to choose the eradication of P. juliflora. The respondents were asked to choose either
the first plan—the on-site management plan (coded as 1)—which refers to intensive trimming to reduce
the negative effects of the invasion, or the second plan (coded as 0), which refers to the complete
eradication of P. juliflora.

3. Results

3.1. Perceptions of P. Juliflora Invasion

All respondents recognized P. juliflora by sight and expressed an ability to identify it in
the surrounding environment, referring to it by its local Arabic name al-Salam. The majority (97%) of
the respondents stated that the propagation of P. juliflora had increased over the last 22 years. They
attributed this to its particular ability to produce abundant seeds which are spread by the wind and
livestock rooming.

During the household survey, the respondents exhibited mixed sentiments about P. julifora. Some
respondents wanted it removed, especially where it invaded fields or grew in close proximity to their
houses. Over 98% of households stated that the invasion of P. juliflora has affected agricultural lands and
related activities, with 75% of respondents pointing to a severe water shortage caused by the invasion
as an example (Table 1). However, 77% of the respondents welcomed it as a source of goods, especially
for firewood and fodder production, and indicated the role of P. juliflora in enhancing vegetation cover.
Most of the responses about the impact of the P. juliflora invasion on ES referenced the notable impact
the tree has had in enhancing the vegetation cover and the production of firewood and charcoal. It
is worth mentioning that most of the lands experiencing a P. juliflora invasion were not subjected to
the continuous control measures typically used to respond to IAS. This is because the Jordanian Ministry
of Agriculture has classified P. juliflora as a forestry tree, thereby prohibiting the implementation of any
kind of structured, massive or regular management as trimming or/and cutting.

The majority of the respondents used P. juliflora for firewood, charcoal production, fodder
production and recreation (Table 1). Respondents also pointed out a range of negative impacts or
ecosystem disservices connected to P. juliflora that lead to reduced human wellbeing. Among these,
they report that the invasion has further reduced the availability of freshwater, encroached on the land
suitable for grazing, and limited opportunities for educational excursion in the study area. Moreover,
the P. juliflora invasion has caused direct harm to both human and livestock: the sharp and strong
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thorns cause deep injuries for human and livestock, especially for old people, students and for those
with preexisting conditions such as diabetes which slow healing.

Table 1. Identified the important ecosystem services and the direction of change in the last decay.

Ecosystem Services
(ESs)

Number of Respondents
(n = 203) Importance of ESs

R * Degree ** % of the R

Recreation 110 Important 61%

Educational excursion 48 Not important 50%

Camping 17 Not important 57%

Firewood 171 Important 51%

Charcoal production 156 Important 42%

Animal fodder 172 Very important 47%

* Number of respondents reported ESs. ** Degree of importance: not important at all, not important, important, and
very important.

The focus groups pointed out that the invasive P. juliflora has dominated the southern region of
Dead Sea, displacing useful and native plant communities and affecting the unique flora and fauna
ecosystems. As such, respondents were asked to assess the environmental effects of P. juliflora invasion at
the district level in accordance with a predetermined range of possible impacts (Figure 3). The responses
reflected the perceived negative impact of the P. juliflora invasion on the local environment as 74% of
respondents identified the degree of impact on the local community to be “very bad”. Comparatively,
only 41% of the respondents identified the impact of P. juliflora on the tourism activities as “bad”,
especially for causing injuries. This reflects the general economic status and the agricultural activities
in the region that have been badly affected. Other points of view shed light on the positive effects of
P. juliflora as it enhances natural vegetation cover, improves soil content and reduces soil erosion.
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3.2. Economic Assessment of the P. Juliflora Invasion Impacts on the Livelihood

3.2.1. Benefits of Prosopis Juliflora Invasion

The benefits were categorized as ecosystem services received from the P. juliflora invasion, which
was then further divided into two classes of direct and indirect benefits. Direct benefits include
the returns and the use values of firewood, charcoal, and fodder for animals. Indirect benefits are
the gains for having P.juliflora in the surrounding environment, which would mainly be based on
non-use values such as the services of household sewage intake and improving tourism services.

The majority of the households used P. juliflora for firewood, fodder, and charcoal production,
besides other indirect uses such as tourism and sewage intake (Table 2). Every household stated
that they use or had used P. juliflora for fodder supplies for livestock herds during every season.
Though the dependency ratio differs between households; the fodder made of P. juliflora pods is
20% cheaper than the monthly cost of purchasing, making it an attractive option to households.
The firewood consumption was about 1.4 ton per year, where every household exhibited a different
level of dependency on firewood for heating and cooking.

Table 2. Summary of direct and indirect benefits of P. juliflora in the study site.

Services

Average
Consumed
Quantity

(Ton/year)

Average
Produced
Quantity
(Ton/ha)

Market Price
(JOD)

Monthly
Benefits (JOD)

Total Benefits
(year)

Direct benefits

Pods * 0.15 81.75 - 39 468

Firewood ** 1.4 272.5 180 252 252

Charcoal *** 0.125 68.125 150 18.75 56.25

Indirect benefits

Services Frequency Market price
(JOD)

Monthly
benefits (JOD)

Total benefits
(year)

Intake of
household

sewage
6 times/year 20 10 120

Enhancing
tourism **** Monthly (8 months) - 160 1280

Estimated
total return 489.75 2167.25

* Returns of pods based on the savings from the monthly fodder costs as 20%; the pods are collected by individuals.
** the average production of firewood was about 0.5 ton/tree in a year. *** Charcoal production is estimated to be
48% of the amount of firewood produced (source: (1) from the survey results, and (2) from: [43]). The charcoal is
consumed in winter season (3 months). **** Income from tourism calculated from survey results. JOD 1 = USD 0.71.

According to the respondents, P. juliflora delivers genuine livelihood assets in the form of job
creation, income generation and increased financial capital wherein locals may utilize the shade and
the tree structure of P. juliflora to open local cafes and restaurants for tourists visiting the Dead Sea.
Besides, P. juliflora also provides other direct benefits for the households through its ability to consume
water from sewage in ground tanks in the yards of homes, which saved households from incurring
significant costs to empty the sewage ground tanks every month. Accordingly, the expected benefit
from the P. juliflora invasion is estimated to be 2167.25 JOD/year considering the utilization levels
throughout the year by an average household.
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3.2.2. Costs of P. Juliflora Invasion

The most commonly reported negative impacts are the loss of agricultural land and
the corresponding loss of crops that used to be planted in the area (Table 3), the loss of grazing
land and livestock production, the limitations imposed on human mobility and transportation, and
the threats to the health and safety of humans. The greatest loss was associated with the loss of
natural resources of water and land in this region due to the additional water consumption by
P. juliflora. The average loss of the agricultural production of 1.72 ha of land was estimated at JOD 1259.
A significant shortage in irrigation water also prompted most of the families to stop farming and to
reduce the number of livestock they tended (Table 3).

Table 3. The total annual costs of P. juliflora’s invasion in the study area according to
respondents’ responses.

Disservices Quantity (±SD *) Cost
(JOD/unit)

Total Cost
(JOD)

Direct costs

Human injuries 2 persons (±1.1) 33.3 66.6

Livestock’ injuries 4.2 head (±4.7) 5.3 22.26

Disable vehicle’s tires 12.9 days (±4.04) 1.9 22.99

Indirect costs

Reduction in
the agricultural land
(previous land size)

17.2 du (±30.5) - 1259.7

Reduction in
the grazing area

20% added costs to
fodder 39 39

Total costs 1410.55

* SD: standard deviation. JOD 1 = USD 0.71.

Other costs included human and livestock injuries, and damages to vehicle tires due to the sharp
and strong thorns. The direct costs associated with these disservices were derived from the actual cost
paid for the human and livestock injuries treatments and vehicle maintenance. The financial costs
varied through the direct and indirect disservices identified by the local community, it turned out that
the annual average cost of the P. juliflora invasion was about JOD 1410.5 per household.

Thus, the invasion of P. juliflora in Sweimeh provided substantial benefits along with other serious
costs (Tables 2 and 3). That said, the P. juliflora invasion has positive gross margins in its effects on
the sustainability of livelihood strategies through its utilization throughout the year.

Factors influencing community preferences for P. juliflora management.
The sample surveyed was similar to the demography of the population living in the southern area

of the Dead Sea: the households’ heads were mostly retirement-age males, but a greater proportion
had at least a middle school education and experienced higher unemployment rates. Only 26.6% of
them were previously farmers who had stopped farming and the average residency period in this
village was about 35.6 years. This village is recognized as one of the poverty pockets in Jordan, where
the average family monthly income is about JOD 418.31—well under the official poverty line of JOD
814 [46].

The study site was undergoing several consecutive operations allowed by high ranking officials
to manage the P. juliflora invasion on street sides, school areas, and other public facilities, with one
such operation underway at the time of the study. This situation helped in balancing the pros and cons
of the P. juliflora invasion that were identified by the different respondents. However, only 34.5% of
the respondents supported the management option versus 65.5% of the respondents demanding for
complete eradication. To this end, respondents suggested various procedures, either severe trimming
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or mechanical uprooting—especially for clearing the agricultural land—or burning the tree to produce
charcoal for local consumption. However, other respondents supported the option of managing
the P. juliflora invasion by maintaining the distance between the tree and certain areas or controlling
the growth by regular trimming of the trees, thus providing an additional income through constant
provisioning of firewood and charcoal.

The logistic regression model revealed the relationship between the factors influencing respondents’
preferences for the different management plans for the P. juliflora invasion at this site. The regression
model was used to explore the variables that were suggested by other researchers as possible influences
on public preferences for IAS management [47,48]. Most of these variables (education level, job types,
residency period, and family size) were not significant and the AIC (Akaike information criterion)
for the initial model was high (AIC = 69.8), and thus were excluded from the analysis. Nonetheless,
other socio-economic factors (age, income, and gender), the respondent’s personal knowledge and
their perception of the impact of the P. juliflora invasion on the surrounding ecosystem (P. juliflora
invasion impacts on: economic situation, agricultural practices, vegetation cover, soil erosion and
desertification) were found to be significant and resulted in a robust logistic regression model, as
the AIC was dropped to 29.3. The definitions of these variables are presented in Table 4.

Table 4. Variables in binary logistic regression model predicting management preferences of P. juliflora
invasion in Sweimeh area.

Variables Definitions Value Cronbach’s Alpha **

Gender (% male) Dummy variable: 1 if male,
0 if female 82% -

Age (% of the sample)

Categorical variable:
1—Age (20–34 years old 9.9

-
2—Age (35–49 years old) 49.8

3—Age (50–64 years old) 36.9

4—Age (65–80 years old) 3.4

Family monthly income
(% of the sample)

Categorical variable:
1—level (JOD 150–299 *) 10.2

2—level (JOD 300–449) 56.8

3—level (JOD 450–599) 21.1

4—level (JOD 600–749) 6.8

5—level (JOD 750–900) 5.1

PJ impact—economic
situation

PJ impact on the economic
situation in Sweimeh village.

(Scale, 1 = nothing,
to 6 = excellent)

0.733
(No. of items on

scale = 6)
PJ impact—agricultural

practices

PJ impact on agriculture practices
(Scale, 1 = nothing,

to 6 = excellent)

PJ impact—improving
the vegetation cover

PJ impact on improving
the vegetation cover (Scale,

1 = nothing, to 6 = excellent)

PJ impact—preventing
soil erosion

PJ impact on preventing soil
erosion and desertification. Scale,

1 = nothing, to 6 = excellent)

* JOD 1 = USD 0.71. ** Number of items and Cronbach’s alpha only reported for one variable measured with
multiple items that was used to measure the consistency of the respondent’s perception of the impacts of P. juliflora
invasion on the surrounding environment. The measures were not combined in a single scale.
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The logistic regression model revealed the relationships between the socioeconomic characteristics
and perceptions of the local community and the preferences for different P. juliflora invasion management
plans. As a whole, the model performed well (p < 0.01) as indicated by the high value of the Omnibus
test and the lower value of log likelihood (Table 5). The goodness of fit test determined if there
was a significant relationship between the tested factors and the preferred management plan for
the P. juliflora invasion. The percentage of correct prediction is high at about 71.4%, which means
the explanatory variables are capable of accounting for 71.4% of the variation in respondents’ preferences
for different management plans of P. juliflora invasion. All explanatory variables included in the logistic
regression contributed well to building a final model reflecting public perceptions of P. juliflora invasion
management. It is also surprising that in the model, gender, age and perceptions of the invasion’s
impacts on the economic situation, agricultural practices and vegetation cover did not have a statistically
significant relationship with the choice of plan.

Table 5. Parameter estimation from the binomial logistic regression model predicting the management
preferences of P. juliflora invasion.

Variables B S.E Wald Sig. Exp (B)

Gender (male) 0.396 0.522 0.577 0.447 0.673

Age (20–34 years old) −1.414 1.176 1.445 0.229 0.243

Age (35–49 years old) −0.997 1.068 0.871 0.351 0.369

Age (50–64 years old) −1.288 1.035 1.548 0.213 0.276

Family monthly income
(150–299 JOD) 0.036 0.859 0.002 0.967 1.036

Family monthly income
(300–449 JOD) 1.255 0.424 8.772 0.003 ** 3.509

Family monthly income
(450–599 JOD) 1.776 0.585 9.203 0.002 ** 5.905

Family monthly income
(600–749 JOD) 2.396 0.940 6.495 0.011 * 10.984

Family monthly income
(750–900 JOD) 1.378 0.938 2.158 0.142 3.967

PJ impact on the economic
situation (nothing) 0.242 1.168 0.043 0.836 1.274

PJ impact on the economic
situation (very bad) −0.322 0.644 0.250 0.617 0.724

PJ impact on the economic
situation (bad) −0.092 0.546 0.028 0.866 0.912

PJ impact on agricultural
practices (nothing) 0.321 0.498 0.416 0.519 1.379

PJ impact on improving
the vegetation cover

(nothing)
0.996 0.563 3.128 0.077 *** 2.707

PJ impact on preventing soil
erosion and desertification

(nothing)
1.785 0.749 5.675 0.017 * 5.959

PJ impact on preventing soil
erosion and desertification

(very bad)
2.664 1.157 5.298 0.021 * 14.351

PJ impact on preventing soil
erosion and desertification

(bad)
1.604 0.829 3.738 0.053 *** 4.971
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Table 5. Cont.

Variables B S.E Wald Sig. Exp (B)

PJ impact on preventing soil
erosion and desertification

(good)
1.642 0.602 7.433 0.006 ** 5.166

PJ impact on preventing soil
erosion and desertification

(very good)
1.769 0.759 5.435 0.020 * 5.865

* Significant at 5% level. ** Significant at 1% level. *** Significant at 10% level. 2 Log likelihood = 211.441, Omnibus
test of model coefficients (X2, df, sig.) = 50.098,19, 0.01 Cox and Snell R2 = 0.219, Nagelkerke R2 = 0.302. Percentage
of correct predictions = 71.4%. The initial model had AIC (Akaike information criterion) equal to 69.8, while the final
model had AIC equal to 29.3.

The results from the logistic regression models showed that the respondents from the middle level
of monthly income had good odds to support the management option of P. juliflora in their region,
as those of income level of JOD 300–449 and 450–599 had positive and significant odds (p < 0.05) for
supporting the management option as the odds were 3.5 and 5.9, respectively. Those respondents of
higher income, JOD 600–749, had significant (p < 0.05) and the greatest odds (10.9) to be of a group
supporting the management plan.

Moreover, the respondent’s perceptions of P. juliflora impact on preventing soil erosion and
desertification were significant and contributed to explaining the respondent’s selection of a P. juliflora
invasion management plan. Apparently, respondents that supported a P. juliflora management plan
over eradication had different opinions on the impact of the invasion on soil erosion and desertification
(p < 0.01, p < 0.05, p < 0.1). Regardless of the perceived level of impact on soil erosion, those respondents
had the highest probability to be one of the households supporting the management plan of P. juliflora
invasion as the odds ranged between 4.9–14.35 (Table 5).

4. Discussion

Elderly respondents report that P. juliflora has been in the study area for at least four decades,
which indicates that the invasion has been well-established for some time. Additionally, all respondents
and key persons stated that its abundance has increased in the past twenty years and that it is still
expanding. This reflects the perceptions of villagers at Sweimeh as stated in the focus groups, where
P. juliflora was deemed to have increased dramatically over the previous twenty years with a confirmed
and clear expansion toward the south of Dead Sea, ultimately reaching Ghor Alsafi [40,43]. Local
villagers attributed this to the high quantity of seeds and to livestock’s ability to disperse seeds while
roaming in the village and surrounding grazing areas [49,50]. The fodder prepared by the locals is
mainly leaves and pods for maximum protein content, thus, as the villagers and local experts pointed
out, it helped in spreading the seeds and expanding P. juliflora invasion in the area. The experts
recommended using pods in the ration after seed grinding as much as possible to make sure the seeds
are crushed to more than half to decrease the possibility of endozoochoric dissemination when eaten
by livestock.

At the same time, many official workers and other active NGOs in the region have illustrated
the nature of P. juliflora as an alien species introduced to the region, which is tied to national efforts
to sensitize people to the impacts of P. juliflora invasion. This contradicts the fact that Jordanian law
considers P. juliflora to be a forestry tee, which is protected by law and not allowed to be cut down
unless the Minister of Agriculture provides permission in special cases for control operations in specific
areas for limited periods as stated by Agriculture law, 13 [51]. This diverges from law in other countries,
where it is allowed to be cut down as a method of controlling its spread [32,52]. Since law prohibits
P. juliflora from being cut down, civil endeavors have managed to secure restricted permissions for
intensive trimming under the supervision of the local administration.
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Respondents demonstrated remarkable clarity on the value of P. juliflora in the local landscapes and
were able to report the costs and benefits—both actual and potential benefits and costs—of the P. juliflora
invasion. The primary benefits were the provision of charcoal, pods for fodder and fuel wood as
sources of cheap energy in a remote area. These products directly contributed as income sources
(charcoal and fuel wood) and as replacements for expensive animal fodders (pods and leaves) as others
have indicated [29,31,52,53]. The results provided the estimated annual income for the household from
P. juliflora (JOD 2167) considering the scenario in which the current forestry law is modified to allow
for legal use.

However, the costs associated with P. juliflora in the village and the landscapes were not
insubstantial. First, the presence of P. juliflora in the regional ecosystem prevents the natural growth
of native species, as reported in other regional cases [54,55], though this has not yet been studied in
Jordan. Moreover, crops do not grow well in the vicinity of P. juliflora, wherein respondents referred
to P. juliflora as a competitor for irrigation water and soil moisture [56]. The presence of P. juliflora in
fields leads to significantly lower crop yields, forcing some to stop farming altogether and contributing
to the high rate of unemployment in an already poor region. Health hazards were also listed as a cost
as P. juliflora is able to injure humans and animals, forcing them to seek treatments and take time for
recovery. Once P. juliflora’s thorns prick, they cause severe inflammation and gangrene, sometimes
requiring amputation [32]. P. juliflora pollen can cause allergy-induced asthma, rhinitis, and dermal
allergic reactions [57]. Overall, the income lost when locals decided to stop farming contributed
substantially to the costs incurred by households—costs estimated to be JOD 1410.5 per year.

Results from the cost-benefit analysis revealed that in general, the benefits exceed the costs
(losses) of the P. juliflora invasion as it currently stands. Thus, either the current invasion level will be
maintained or more tightly controlled throughout the area of Swemeh, to the south of Dead Sea. In our
study, the higher benefits compared to the costs associated with P. juliflora might be due to the relatively
short period of P. juliflora proliferation. Its introduction and rapid growth and expansion in the past
two decades have produced short-term tangible benefits from which respondents have directly and
indirectly benefited. This is consistent with the empirical findings of [58] wherein the early years of
P. juliflora’s introduction; it was perceived positively but as it continued to proliferate locals became
increasingly less tolerant of its presence.

The management preferences demonstrate attitudes towards management outcomes, effectiveness
and methods. The results indicated that a majority of respondents preferred complete eradication
(65.5%), yet as previously stated, the cost–benefit analysis showed that the issue is not so straightforward.
The increases or reductions in welfare perceived to be related to the P. juliflora invasion may not
be the same across all ecosystems and the impact of the invasion on individuals within any given
community are unlikely to be identical. For example, pastoralists and farmers would be more likely to
incur costs as a result of the invasion due to the depletion of lands for grazing and agriculture whiles
other community members might depend on P. juliflora products for trading and enjoy benefits from
the invasion [59]. The econometric model indicated that only respondents’ monthly income and their
perception of P. juliflora’s ability to prevent soil erosion and desertification were significant predictors
of respondents’ preference for P. juliflora management plans. Most middle-income households in
the region supported the management option. This might be attributed to the fact that P. juliflora has
had a significant, positive impact on the households’ wellbeing as P. juliflora’s benefits outweigh its
costs (Tables 2 and 3). This is consistent with other studies that have shown income, along with other
socio-economic determinants, affects public attitudes towards IAS management [59–62]. Moreover,
the household’s concern for soil erosion and desertification affected their attitudes towards IAS
management. Locals surprisingly noticed the subtle impacts of P. juliflora on the soil structure and
vegetation patterns, as P. juliflora has had a significant impact on soil development and reforestation
projects [63], has exhibited an ability to preserve soil moisture and has built and increased the nutrient
pool in the soil structure [64].
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With such a complex and dynamic situation, in terms of the invasion status of P. juliflora, economic
determinants of locals (dependency on direct benefits, foreseeable costs, and living in a remote area
with low employment rate) and recent emerging institutional responses (governmental and civilian),
it is difficult to predict what the future might hold for this ecosystem and the local community.
The ecological studies indicate that the invasion of P. juliflora is likely to spatially expand and proliferate
throughout the region, certainly in the short to medium term. Therefore, there needs to be a push for
more co-operative management of P. juliflora that engages relevant stakeholders [4,24].

5. Conclusions

This study has revealed the dualistic impact of P. juliflora on the livelihoods of rural people living
in the Sweimeh area to the south of the Dead Sea. On one hand, the use of P. juliflora products for
several livelihood needs is common and represents a significant opportunity for households—most
of whom are poor by the national measures—to generate additional income and save. On the other
hand, the growing presence of P. juliflora increases local households’ vulnerability through the reported
reductions in areas for cultivation, crop yields, and grazing land, and health hazards.

This dilemma is further complicated by the fact that a considerable majority of respondents and
official workers not only do not want the presence of P. juliflora to increase, but many demand its
total removal from the landscape. Others, still, would like it to be maintained, probably in areas
spatially separated from homesteads, tourism sites, fields, and access routes where the disadvantages
are less tangible. Officials’ and local NGOs’ efforts currently focus on P. juliflora’s regular removal from
internal routes, schools and spaces in proximity to homesteads. More coordinated responses between
institutions and communities are needed if the P. juliflora invasion is to be controlled in more communal
areas such as the touristic sites, routes, and rangelands. Therefore, the legal framework governing
the forestry sector in Jordan needs to be revised and modified, and the restrictions on utilizing this tree
must be eliminated. The costs associated with losing agricultural land are huge.

Although this study has shown the situation to be complex, understanding perceptions and uses
of P. juliflora can help environmental policy makers formulate response strategies. First, whilst the use
of P. juliflora is widespread, its potential benefits are not fully utilized as rural communities often
opt to use alternative, legal sources of energy over those derived from P. juliflora. Thus, the entire
P. juliflora stock found in the local environment will not be used for firewood or its other derivatives.
This suggests that any control efforts should, in the short term, seek to limit the current invasion and
prepare and execute a national IAS strategy for eradication in the long term. Second, additional efforts
are needed from ecologists and local communities to determine on which sections of the landscape local
communities would be amenable to P. juliflora growth and where they explicitly prefer its removal. This
will facilitate collaboration, allow for spatial prioritization of control efforts and aid in the propagation
and planting of native, alternative species suited to the ecosystem.
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