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ABSTRACT 
Prosopis spp. are non-native species present in the arid parts of southern Africa. 
These trees originated in the Americas and were first introduced as a source of fodder, 
shade, and wood, but have become invasive, negatively impacting local biodiversity, 
and disrupting the delivery of ecosystem services. Some species of Prosopis hybridise 
freely, complicating identification and subsequent control. The control of Prosopis in 
the Northern Cape Province of South Africa is still contentious, because of the 
perceived benefits to some landowners. The effectiveness of biological control agents 
to control the spread of Prosopis has been quantified, more damaging agents have 
been considered in recent years because of the continued increase in Prosopis 
density. Research into the establishment of a Community of Practice (CoP) to address 
the differences in perceptions regarding the control of Prosopis in the Northern Cape 
Province is considered an appropriate starting point to conceptualise the challenges 
to the successful integrated management of Prosopis. As farmers are the main 
stakeholders involved with Prosopis control, understanding the role of farmers and the 
functioning of farming enterprises in the Northern Cape is imperative for the 
development of both a CoP as well as the appropriate management of Prosopis. To 
foster engagement with as many stakeholders as possible, workshops dealing with 
biological control as part on an integrated approach to the control of Prosopis were 
held in towns in the Northern Cape Province: Groblershoop, Brandvlei, Kenhardt, 
Upington, Prieska and Williston. Some of the main concerns of the landusers include 
the host specificity of the released biocontrol agents, as well as increased 
transparency and communication. This is especially in regards to the research on 
present and future biological control agents that will possibly improve the perceptions 
of stakeholders. The mechanical harvesting and use of biomass as a control method 
was supported, especially where farmers were removing Prosopis from their 
properties, leaving large amounts of biomass in the veld. Continued research into 
Prosopis in the Northern Cape needs to consider the possibility of secondary 
invasions, especially in areas where native bush encroachment is already a concern. 
The impact of clearing in terms of natural grazing and animal improvement needs to 
be quantified, to conceptualise the importance of maintaining better veld quality versus 
using Prosopis for fodder. Biological control targeting not only the reproductive output 
of the trees, but also the standing biomass has support from the majority of the land 
users in the Northern Cape Province following these workshops and this study shows 
the importance of a socio-ecological approach to the control of landscape scale 
invasion. 
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OPSOMMING 
Prosopis spp. is spesies van uitheemse bome wat teenwoordig is in die semi-woestyn 
en woestyn gebiede van Suid-Afrika. Die bome kom oorspronklik vanaf Noord- en 
Suid-Amerika en was oorspronklik in Suid-Afrika ingebring as ‘n bron van veevoer, 
skadu en hout. Die bome het vinnig ander areas begin indring, wat die plaaslike 
biodiversiteit geaffekteer het, en die voorsiening van ekosisteem dienste ontwrig het. 
Sommige spesies van Prosopis baster vrylik met mekaar, wat identifisering en beheer 
baie bemoeilik. Die beheer van Prosopis in die Noord-Kaap is steeds omstrede, 
gegewe die feit dat daar voordele geassosieer word met die spesies. Baie boere ag 
die gebruik van Prosopis as een van die redes dat hul dit deur die onlangse droogte 
gemaak het. Die implementering van biologiese beheer agente vir die beheer van die 
verspreiding van Prosopis is gekwantifiseer en meer beskadigende opsies is eers in 
onlangse jare oorweeg, vanweë die verdigting van die Prosopis indringing in die 
Noord-Kaap. Navorsing in die vestiging van ‘n “Community of Practice” (gemeenskap 
van aksie) om die verskillende in persepsies en vaardighede rakende die beheer van 
Prosopis in die Noord-Kaap te adresseer word as ‘n gepaste begin geag. Sodoende 
kan die uitdagings vir die suksesvolle en geïntegreerde beheer van Prosopis 
gekonsepsualiseer word. Sien dat baie van die belanghebbendes betrokke met die 
beheer van Prosopis boere is, is dit krities om die rol en funksionering van boerderye 
in Suid-Afrika en die Noord-Kaap te verstaan, om sodoende die gemeenskap van 
aksie suksesvol tot stand te kan bring. Om soveel interaksie as moontlik met 
belanghebbendes te bevorder, is aanlyn kommunikasie gebruik om die projek aan die 
begin van 2021 te adverteer asook om ‘n aanvanklike vraelys te versprei, om 
belangstellendes na ‘n werkswinkel in Groblershoop te nooi sowel as alle 
daaropvolgende kommunikasie vir die werkswinkel reeks met sessies in Brandvlei, 
Kenhardt, Upington, Prieska en Williston. Belangstelling het toegeneem met die 
werkswinkels. Een van die hoof bekommernisse van die grondeienaars en -gebruikers 
was die gasheer spesifisiteit van die biologiese beheer agente. Verhoogde 
deursigtigheid en kommunikasie rakende die navorsing en ontwikkeling van huidige 
en toekomstige biologiese beheer agente sal die uitsien daarna verbeter, so ook 
verbeterde vertroue verhoudings. Die gebruik van biomassa as ‘n metode van 
Prosopis beheer was entoesiasties oorweeg, veral deur boere wat reeds besig is met 
meganiese verwydering van Prosopis vanaf hul eiendom. Volgehoue navorsing in 
Prosopis in die Noord-Kaap moet die voorkoms van sekondêre indringing oorweeg, 
met ŉ fokus op areas waar daar reeds voorkoms van inheemse bos verdigting is. Die 
impak van Prosopis verwydering in terme van natuurlike weiding en vee kwaliteit moet 
gekwantifiseer word, om sodoende die belang van beter natuurlike veld onderhoud 
teenoor die gebruik van Prosopis te konseptualiseer. Dit sal die geïntegreerde beheer 
van Prosopis op boerdery grond as deel van ‘n plaas gebaseerde benadering 
ondersteun.  
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GLOSSARY OF TERMS 
IAS Invasive Alien Species. 
Champion An individual who informally emerges to promote an idea 

with conviction, persistence and energy, and willingly 
risks their position and reputation to ensure the success 
of the innovation. 

Collaboration The pooling of appreciations and/or tangible resources, 
e.g., information, money, labour, etc., by two or more 
stakeholders, to solve a set of problems which neither 
can solve individually. 

ISM Invasive Species Management. 
Stakeholder Any individual, group or organisation who is affected 

(positively or negatively) by invasive species, or who has 
the capacity to promote or limit the spread of invasive 
species. 

Stakeholder 
engagement 

The process of involving stakeholders (actors) in 
decision making, management actions and knowledge 
creation surrounding invasive species. 

Sustainable Capable of being maintained at a certain rate or level. 
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CHAPTER ONE  1 

GENERAL INTRODUCTION 2 

1. Introduction 3 

Biological invasions are a critical factor of human-induced global change, alongside 4 

other factors such as habitat transformation and climate change (Vitousek, 1990; 5 

Shackleton et al., 2017). The growing number of destructive invasive alien species 6 

(IAS), including disease-causing organisms, fungi, agricultural weeds, and insect 7 

pests, is increasing pressure on both human communities and natural ecosystems 8 

(Richardson et al., 2004). IAS erode natural capital, compromise ecosystem stability 9 

and could be a threat to economic productivity (Richardson et al., 2004). In addition to 10 

their impact on agriculture, forestry and human health, biological invasions are widely 11 

recognized as the second-largest global threat to biodiversity, after direct habitat 12 

destruction (Wilcove et al., 1998; Walker et al.,  1999; Richardson et al., 2004). 13 

Studies on the majority of consequences of IAS for the delivery of ecosystem goods 14 

and services to people of the affected regions are limited, but the impact of IAS on 15 

water availability in some regions is relatively well understood (Richardson et al., 16 

2004). In South Africa, most of the available information on site-specific impacts 17 

originates from the fynbos biome, and is largely absent for other biomes (Richardson 18 

et al., 2004). The problems caused by IAS are growing in severity and geographical 19 

extent, in particular because of the acceleration of trade and travel, as well as 20 

increased ecosystem disruption (which makes these ecosystems more susceptible to 21 

invasion) (Richardson et al., 2004). 22 

Invasive alien trees were not widely recognised as a major threat to biodiversity and 23 

ecosystem productivity in comparison to cacti and waterweeds, for example, but  this 24 

outlook has changed in the last 30 years, where they are  now considered to be among 25 

the most widespread and damaging of global invasive species (Richardson et al., 26 

2011; Shackleton et al., 2016). Invasive trees, including Prosopis spp. (the topic of this 27 

thesis), are believed to be a major contributor to global change, while also having a 28 

negative effect on biodiversity, ecosystem services and the livelihoods of affected 29 

human populations (Shackleton et al., 2014, 2016). 30 



2 
 

1.1. Prosopis in South Africa 31 

Prosopis Leguminosae (Fabaceae) Linnaeus emend. Burkart (from (Burkart, 1976)), 32 

is a group of deep-rooted leguminous trees with numerous species. The International 33 

Union for the Conservation of Nature (IUCN) has declared Prosopis as one the worst 34 

global invasive species (Mwangi et al., 2005; Bromilow, 2010; Dzikiti et al., 2013). 35 

Species in the genus are considered an invasive weed in Ethiopia, Kenya, Sudan, 36 

Eritrea, Iraq, Pakistan, India, Australia, South Africa, the Caribbean, the Atlantic 37 

Islands, Bolivia, Brazil, the Dominican Republic, El Salvador, Nicaragua, the United 38 

States and Uruguay (Pasiecznik et al., 2001; Abdulahi et al., 2017).  39 

Van Wyk et al. (1997) describe Prosopis as a multi-stemmed shrub or small tree, 40 

growing up to 10m tall (Zimmermann, 1991). Branches are reddish brown, with straight 41 

spines located at the nodes. Leaves are widely spaced, with 1 pair of dark green 42 

pinnae, with 7-18 leaflet pairs per pinna (Van Wyk et al., 1997). Yellow flowers are 43 

present in many-flowered auxiliary spikes, and slender woody pods form after 44 

flowering concludes (Van Wyk et al., 1997). 45 

Several species of this desert adapted woody weed (Shackleton et al., 2014; Dzikiti et 46 

al., 2017) have become invasive in the arid north-western parts of South Africa 47 

(Zachariades et al., 2011), including Prosopis veluntina Wooton, P. glandulosa var. 48 

glandulosa, P. glandulosa var. torreyana Torrey and P. chilensis (Molina) Stuntz 49 

emend. Burkhart, all of which are classified as section Algorobia (Burkart, 1976; Van 50 

den Berg et al., 2013) 51 

1.1.1. Introduction of Prosopis into South Africa 52 

Originally forestry and farming officials introduced Prosopis species from North 53 

America in the late 1800’s, to provide shade for livestock, timber for construction, pods 54 

for fodder, wood for fuel and as nectar source for honey production (Zimmermann, 55 

1991; Zimmermann et al., 2006; Zachariades et al., 2011). The identity of much of the 56 

Prosopis material brought into South Africa in the late 19th and 20th centuries is 57 

uncertain, with mixtures of seed from a minimum of three species imported from North 58 

America, resulting in hybridization and taxonomic uncertainty (Harding, 1987; 59 

Zachariades et al., 2011).  60 
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According to Poynton (1990) the first reported introduction of this species was 61 

P.  glandulosa var. torreyana, under the name P. dulcis Kunth  (Zimmermann, 1991).  62 

Alston (1914) stated that he received a consignment of seed from John Marquard for 63 

trials on his farm near Vanwyksvlei, although the origin of the seeds was not recorded 64 

(Zimmermann, 1991). A Cape of Good Hope Departmental Forest Commission report 65 

from 1884 mentions P. chilensis, and the raising thereof in the Hanover Forest, 66 

although Poynton (1990) suggested that these specimens may have been P. juliflora 67 

(Zimmermann, 1991).  68 

In the period of 1897 to 1916, the Cape and Transvaal Forestry Administrations 69 

obtained 63 kg of seeds of supposedly P. juliflora, in 23 different consignments from 70 

various public and private sources in both the USA and Mexico (Poynton, 1990; 71 

Zimmermann, 1991). It is, however, highly unlikely for only P. juliflora to have been 72 

represented in the consignments, which makes it highly probable that these seeds are 73 

the source of most of the Prosopis species and their variants present in South Africa 74 

(Zimmermann, 1991). 75 

1.1.2. Range and spread of Prosopis in South Africa 76 

The Northern Cape is South Africa’s largest and most arid province, covering 363 203 77 

km2, nearly a third of the country’s land area. It is a dry region with fluctuating 78 

temperatures and varying topographies (Van den Berg et al., 2013). The province 79 

consists of 6 biomes (Mucina et al., 2006). The northern part is dominated by the 80 

Savanna and Desert biomes, and the west by the Succulent Karoo biome. The central 81 

part of the Northern Cape is primarily the Nama Karoo biome (Van den Berg et al., 82 

2013) (Fig. 1.1). 83 
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 84 

Figure 1.1: Southern African Biomes (Van Wyk et al., 1997). 85 

Widespread planting of Prosopis across the province was encouraged, resulting in 86 

multiple sources of seeds. The seeds have been spread deliberately by humans, 87 

through animals grazing pods and along rivers during floods (Dzikiti et al., 2013, 2017). 88 

The historical rate of spread of Prosopis species in South Africa is estimated to range 89 

from 3.5-18% per annum, although this can increase to 30-40% at times (Zachariades 90 

et al., 2011; Wise et al., 2012). Once Prosopis is established in an area, the density of 91 

the infestation increases at annual rates of 2.5-10% (Zachariades et al., 2011; Wise 92 

et al., 2012). 93 

All Prosopis species in South Africa are exotic and as a result, virtually free of insect 94 

herbivores, however, in  their natural habitat in North America, more than 657 species 95 

of phytophagous insects have been recorded on various Prosopis species (Ward et 96 

al., 1977; Zimmermann, 1991). The absence of damaging insects that inhabit these 97 

trees have undoubtedly facilitated the invasion and rapid spread of Prosopis in South 98 

Africa, differing greatly from the situation in their native habitat in the America’s 99 

(Zimmermann, 1991).  100 
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Prosopis species are naturalised in South Africa, mainly occurring in the arid western 101 

parts of the country (Zimmermann, 1991). Extensive Prosopis invasions occur in three 102 

major South African biomes: the Savanna, the Nama-Karoo and the Succulent Karoo. 103 

Small Prosopis populations are present in both the Fynbos and Arid grasslands 104 

(Shackleton et al., 2015, 2016). Henderson (2007) ranked invasive alien plants in 105 

South Africa using a biome-based approach, Prosopis species were the most 106 

prominent in the Nama-Karoo Biome (the second largest biome in South Africa) and 107 

the third most prominent in the Succulent Karoo Biome. Prosopis species were within 108 

the top ten invasive species in riparian and wetland habitats (Zachariades et al., 2011; 109 

Wise et al., 2012). Other assessments also rank Prosopis species among the most 110 

problematic of the invasive plant species in South Africa (Robertson et al., 2002; Nel 111 

et al., 2004).  112 

The Nama-Karoo covers an estimated 22.7% of the interior of southern Africa (Palmer 113 

et al., 1997; Ndhlovu et al., 2011). This biome supports an important industry of small-114 

stock rearing that is based in its entirety on natural pasture and groundwater (Palmer 115 

et al., 1997; Ndhlovu et al., 2011). The biggest threat to these indigenous pastures is 116 

various IAS, including cacti (Opuntia spp.), saltbushes (Atriplex spp.), and most 117 

notably Prosopis in low-lying alluvial plains and seasonal watercourses (Richardson 118 

et al., 2004; Ndhlovu et al., 2011).  119 

Factors that make Prosopis such a successful invader are: “1) rapid growth rate, 2) 120 

the production of a large number of seeds that remain viable for decades, 3) the ability 121 

to coppice after damage (Shiferaw et al., 2004; Forsyth et al., 2012; Ng et al., 2017; 122 

Felker, 2019), 4) a deep root system that taps into the groundwater table (Nilsen et 123 

al., 1983; Dzikiti et al., 2013; Ng et al., 2017), 5) a high tolerance to climate extremes, 124 

6) a high tolerance to various soil types and 7) negative allelopathic effects on 125 

competing plants” (Elfadl et al., 2006; Ng et al., 2017). Recent studies estimate that 126 

invasive Prosopis trees cover 1.8 million ha of South Africa, 83% of which is in the 127 

Northern Cape Province (Versfeld et al., 1998; Van den Berg et al., 2013; Shackleton 128 

et al., 2017). This includes a majority of drought prone regions, where communities 129 

are almost fully reliant on groundwater (Dzikiti et al., 2017). Using compounded annual 130 

spread rates of 8% (Van den Berg et al., 2013) in conjunction with recent distribution 131 

records, Shackleton et al. (2017) estimated that present Prosopis invasions cover over 132 

6 million ha in South Africa, 43% of which is in the Northern Cape. 133 



6 
 

The spread of Prosopis and the formation of dense thickets have been enhanced by 134 

livestock and game, which consume the ripe pods and disperse seeds. According to  135 

Martin (1970), Prosopis seeds are long-lived and accumulate over time in large seed 136 

banks, which can persist for at least 20 years. The size of seed banks in South Africa 137 

varies across the distributional range of Prosopis and is affected by the presence or 138 

absence of livestock, with accumulations of as many as 2500 seeds/m2 in some areas 139 

(Roberts, 2006; Zachariades et al., 2011). 140 

The use of remote sensing provides researchers with a cost-efficient means to assess 141 

the distribution of IAS as well as monitoring the spread of their invasion in both 142 

populated areas and remote areas that are difficult to access  (Aplin, 2005; Huang et 143 

al., 2009; Ng et al., 2017). Prosopis invasions in Ethiopia amount to an estimated 1.1 144 

million ha and about 500 000 ha in Kenya (Witt et al., 2013; Dzikiti et al., 2017). Wakie 145 

et al. (2014) used Moderate Resolution Imaging Spectroradiometer (MODIS) 146 

vegetation indices as well as topo-climatic predictors to map the present Prosopis 147 

distribution in Ethiopia using maximum entropy modelling software (Maxent) (Ng et al., 148 

2017). The results of this study readjusted the approximate extent of the Ethiopian 149 

invasion to 5024 km2.  Van den Berg et al. (2013) used a combination of Landsat 150 

satellite and topographic data and developed a decision tree and threshold-based 151 

approach to map Prosopis in the Northern Cape Province of South Africa (Ng et al., 152 

2017). 153 

1.1.3. Impact of Prosopis in South Africa 154 

Studies have shown that invasive alien plant species directly or indirectly affect the 155 

food security of local and agricultural communities (Admasu, 2008; Van den Berg et 156 

al.,  2013). Global reviews on the effects that plant invasions have on the areas they 157 

invade suggest that the species that cause the most damage, transform ecosystems 158 

by altering the use of resources through the excessive use of available resources 159 

(including water, light and oxygen) or the addition of resources (such as nitrogen). 160 

Damage is also caused by the ability of IAS to promote or suppress fire, the 161 

stabilization of sand movement or the encouragement of erosion as well as their ability 162 

to accumulate litter and redistribute salt (Richardson et al., 2000, 2004). Changes such 163 

as these to an ecosystem can potentially alter the flow, availability and quality of 164 
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nutrient resources as well as possibly modifying trophic resources within food webs 165 

(Vitousek, 1990; Richardson et al., 2004). 166 

Expanding Prosopis invasions can result in the destruction of natural pastures as well 167 

as the displacement of native trees, shrubs and grasses, (Admasu, 2008; Van Wilgen 168 

et al., 2008; Visser, 2009; Van den Berg et al., 2013). The largest density of Prosopis 169 

invasions presently occur in the alluvial floodplains of the Northern Cape (Dzikiti et al., 170 

2013). These invasions compete with the dominant vegetation types such as the 171 

native grasses and dwarf shrubs (Mucina et al., 2006; Dzikiti et al., 2013). Large areas 172 

of riparian habitats are severely degraded by invasive alien plant species, especially 173 

tree communities on riverbanks (Van den Berg et al., 2013).  In the arid savanna 174 

biome, the widespread replacement of native Acacia (=Vachellia) -dominated 175 

communities by alien Prosopis species radically changes bird habitats, which causes 176 

a reduction in species richness and diversity. These changes also include the 177 

elimination of raptors and a decrease in frugivore and insectivore bird populations 178 

(Dean et al., 2002; Richardson et al., 2004).  179 

Prosopis trees can form dense thickets, which dominate grazing land, having a 180 

negative impact on groundwater and reduce indigenous biodiversity (Zachariades et 181 

al., 2011). These stands can lead to altered soil properties, with extensive effects on 182 

herbivores and soil fauna (Richardson et al., 2004). The Prosopis plants within the 183 

dense infestations no longer provide the services for which they were imported, 184 

meaning they have fewer flowers and fewer pods; their dense thorns prevent livestock 185 

from accessing the few pods that are produced; they are too small to provide shade; 186 

their trunks are too thin to be useable, (Zachariades et al., 2011), and the thickets 187 

provide cover for predators. 188 

1.1.4. Impact of Prosopis on water availability 189 

Limited water resources in arid and semi-arid regions are under increasing pressure 190 

from growing human populations, climate change and invasive alien plants that 191 

consume massive quantities of water (Le Maitre, 1999; Dzikiti et al., 2017). Impacts of 192 

Prosopis species on water, resources and biodiversity in Southern Africa have recently 193 

received heightened recognition (Zachariades et al., 2011). The need for fresh water 194 

for both human and animal consumption, agriculture, manufacturing and other uses in 195 

the Northern Cape has resulted in the increased use of groundwater, causing severe 196 
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competition between humans, the native environment and Prosopis (Fourie et al., 197 

2007; Dzikiti et al., 2013). Prosopis invasions alter the hydrology of water-198 

impoverished ecosystems (Dzikiti et al., 2013).  199 

In South Africa, the invasive Prosopis population uses approximately 192 million m3 200 

of water annually (Le Maitre et al., 2000; Zachariades et al., 2011).  This is the 201 

equivalent to approximately 1100mm of rainfall, which is four times the average 202 

amount received in the affected areas (Versfeld et al., 1998; Zimmermann et al., 2006; 203 

Zachariades et al., 2011).  The plants cope with the resulting deficit by using 204 

groundwater, lowering the water table and increasing the impact their presence has 205 

on the ecology of the affected areas. This is especially noticeable by the increased 206 

effect Prosopis presence has on the mortality of Acacia (= Vachelia) erioloba E.Mey. 207 

(Fabaceae), a keystone indigenous species, (Robertson et al., 2002; 208 

Schachtschneider, 2010; Zachariades et al., 2011). Both botanical and avian diversity 209 

were lower in dense Prosopis stands, especially compared with the native Vachellia 210 

woodland along drainage lines in the Kalahari region of South Africa (Dean et al., 211 

2002; Zachariades et al., 2011). Prosopis infestations reach a much greater density in 212 

floodplains and drainage lines, with incremental water usage higher in these areas 213 

compared with native vegetation as well as compared with Prosopis stands not in 214 

drainage lines (Zachariades et al., 2011; Wise et al., 2012). 215 

The clearing of alien invasive plants such as Prosopis as a way of maintaining 216 

groundwater is a common management practice used in various countries, including 217 

Australia, China, USA and South Africa (Richardson et al., 2004; Doody et al., 2011; 218 

Dzikiti et al., 2013). This clearing is done to reduce excess water-use by the invasive 219 

species to better provide for the water demands of people and the environment with 220 

return of groundwater and streamflow (Dzikiti et al., 2013). A review by Doody et al. 221 

(2011) concluded that the definite volume of water retained by clearing invasive alien 222 

plants depends on: “(1) the eco-hydrological setting of the aquifer; (2) the water use 223 

characteristics of the vegetation that replaces the invasions once they have been 224 

cleared, and; (3) the hydrogeological properties of the aquifer” (Dzikiti et al., 2017). 225 

Studies by Hart et al. (2005 ) and McDonald (2010) showed that, in arid regions, 226 

decreases in evapotranspiration because of removal of alien vegetation did not 227 

translate to increased streamflow (Dzikiti et al., 2013). According to Wise et al. (2012) 228 

the quantity of water retained after the removal of alien plant invasions depends on 229 
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the characteristics of the native vegetation that re-establishes after clearing (Dzikiti et 230 

al., 2013). 231 

Dzikiti et al. (2017) hypothesised that groundwater uptake increased with increasing 232 

tree density, therefore dense Prosopis invasions had larger impacts on groundwater 233 

than sparsely spread indigenous trees such as Vachellia karroo (Hayne) Banfi & 234 

Galasso, family Fabaceae. These authors determined that, at stand scale, Prosopis 235 

uses substantially more water than V. karroo. This suggests that the “adverse 236 

hydrological impacts of Prosopis” are because of its ability to form dense stands rather 237 

than higher transpiration rates of individual trees. Thus, if V. karroo is allowed to form 238 

dense stands (similar to those formed by Prosopis), they are likely to have similar 239 

significant impacts on groundwater because of high individual transpiration rates 240 

(Dzikiti et al., 2017). The impact and presence of natural enemies that reduce the 241 

spread and impact of native trees need to be considered when comparing a native 242 

species with an invasive species. This provides insight on the potential hydrological 243 

impacts of bush encroachment/thickening because of indigenous trees recolonizing 244 

poorly managed or abandoned farmland (Dzikiti et al., 2017). This highlights the 245 

importance of monitoring water levels post clearing as well as understanding the water 246 

use characteristics of the vegetation that replace the invasions (Doody et al., 2011; 247 

Dzikiti et al., 2016, 2017) as well as understanding the importance of groundwater for 248 

managing and maintaining healthy ecosystems while also providing water for human 249 

needs (Dzikiti et al., 2013). 250 

1.1.5. Economic impact of Prosopis 251 

In addition to the damaging effect Prosopis has on groundwater (Fourie et al., 2007; 252 

Dzikiti et al., 2013, 2017; Ntshidi, 2015), invasions also have a substantial economic 253 

effect (Zachariades et al., 2011; Wise et al., 2012). Prime grazing and irrigable lands 254 

are taken over, while indigenous species are displaced with habitat destruction for 255 

various fauna and avian species as well as an overall reduced human access to water 256 

(Dean et al., 2002; Dzikiti et al., 2013, 2017; Schachtschneider et al., 2013; Shackleton 257 

et al., 2015). This impact has a profound effect on the income generation capabilities 258 

of communities that are dependent on agriculture as well as eco-tourism, with 259 

increased pressure on ecosystems and the disruption of ecosystem goods and 260 

services  (Dzikiti et al., 2013). The effects of climate change are also intensifying the 261 
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impact of Prosopis on water resources, with continued changes in climatic conditions 262 

possibly accelerating the spread of invasion (Richardson et al., 2004; Dzikiti et al., 263 

2013, 2017; Witt et al., 2013). According to Witt et al. (2013) the increased atmospheric 264 

evaporative demand because of rising air temperatures in certain regions are set to 265 

increase the water requirements of already aggressive water consuming invasions 266 

(Dzikiti et al., 2013, 2017).   267 

Much of the area invaded by Prosopis is natural rangeland (Richardson et al., 2004; 268 

Ndhlovu et al., 2011). According to Milton et al. (2003) and MacDonald (2004) the 269 

most widespread use of natural rangeland is livestock production, which contributes 270 

substantially to national employment, local economic growth and gross domestic 271 

product (Ndhlovu et al., 2011). A study by Nqobizitha (2009) assessed the value sheep 272 

farmers in the Northern Cape Province placed on Prosopis pods, as well as the 273 

economic effects that a 50% and 100% reduction in pods would have on their farming 274 

practice. Although the farmers did place some value on the pods, the general 275 

consensus was that the negative impact of Prosopis regarding water loss was of much 276 

greater importance (Nqobizitha, 2009; Zachariades et al., 2011). 277 

Ndhlovu et al. (2011) conducted research on the impact Prosopis invasion and 278 

clearing has on the grazing capacity of degraded, heavily grazed Nama-Karoo 279 

rangeland in the Beaufort West district of the Western Cape Province. Their study was 280 

conducted on two sheep farms in the district, with the aims of: “1) assessing and 281 

quantifying the impact of Prosopis invasion and clearance on rangeland grazing 282 

capacity, 2) identifying and describing the vegetation dynamics that underlay the 283 

changes in grazing capacity following both invasion and clearance, and, 3) describing 284 

and quantifying the response of rangeland grazing capacity in response to increasing 285 

Prosopis cover” (Ndhlovu et al., 2011). Their study concluded that the presence of 286 

Prosopis can lower the grazing potential of invaded overgrazed and degraded Nama-287 

Karoo rangeland. The clearing of Prosopis from such a rangeland can substantially 288 

increase the grazing potential of the area within 4-6 years, even under heavy grazing 289 

(Ndhlovu et al., 2011). The presence of both grazing-resilient grasses and perennial 290 

grasses increases in the absence of living Prosopis, while the branches of felled 291 

Prosopis may be used to protect these grasses and enable establishment (Ndhlovu et 292 

al., 2011). 293 
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1.2. Prosopis in Africa 294 

Prosopis species originating from the Americas have been promoted as agroforestry 295 

species in the tropical, arid and semi-arid regions of Africa since the early 20th century 296 

(Babiker, 2006; Choge et al., 2006; Zachariades et al., 2011). These species have 297 

become highly invasive, but according to Geesing et al. (2004) can still be useful if 298 

exploited optimally (Pasiecznik et al., 2006; Zachariades et al., 2011).  299 

The Food and Agriculture Organisation (FAO) working in Kenya introduced Prosopis 300 

spp. in the early 1980’s (Lenachuru, 2003; Anderson, 2005; Ng et al., 2017). This was 301 

done with the aims of preventing desertification, providing an alternative to fuelwood 302 

(to try and curb the high demand for Vachellia) and reducing the stress placed on 303 

indigenous flora by the human population (Kariuki, 1993; Lenachuru, 2003; Ng et al., 304 

2017). A large number of Prosopis plantations were established around Lake Baringo, 305 

with smaller scale plantations created for ornamental plants (Anderson, 2005; Ng et 306 

al., 2017). The hybrids originating from these plantations form part of the Prosopis 307 

juliflora-Prosopis pallida complex, as described by (Pasiecznik et al., 2001), and is 308 

listed by the World Conservation Union as one of the 100 ‘world’s worst invasive alien 309 

species’ (Lowe et al., 2000; Ng et al., 2017). In Ethiopia, the most adversely affected 310 

areas, in terms of coverage, include the Afar and Somali regions in the east and 311 

southeast as well as the area around Dire Dawa city in Ethiopia. Other areas of 312 

concern include the Amhara, Oromia, Southern Nations Nationalities and Peoples 313 

(SNNP) and Tigray regions (Steele et al., 2007; Abdulahi et al., 2017). Historically 314 

Namibian authorities also encouraged the large-scale planting of Prosopis spp. on 315 

farmed properties (Zimmermann, 1991).  316 

Negative impacts of Prosopis invasion in East Africa include the formation of 317 

impenetrable thickets, invasion of water courses, the lowering of the water table 318 

(starving other plants of water and nutrients) and negatively impacting biodiversity 319 

(Abdulahi et al., 2017). The formation of ‘green deserts’, areas largely devoid of life 320 

(other than the presence of Prosopis invasions), are especially concerning for the 321 

continuation of pastoralist livelihoods (Abdulahi et al., 2017). Soil erosion and loss in 322 

livestock productivity because of Prosopis invasion of rangelands have resulted in the 323 

reduction in overall availability and quality of rangelands (Angassa et al., 2008; Nkonya 324 

et al., 2011; Wakie et al., 2012; Abdulahi et al., 2017). Injuries to both humans and 325 

livestock from Prosopis thorns in East Africa may also result in infection, amputation 326 
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or in extreme cases death (Mwangi et al., 2005; Maundu et al., 2009; Abdulahi et al., 327 

2017). 328 

1.3. Failures and success in Prosopis control 329 

Managing invasive species is often challenging and complicated, primarily because 330 

many invaders are considered to also provide benefits as well as having negative 331 

impacts on the invaded area. This often results in a conflict of interest regarding their 332 

use and management between different stakeholders (Vitousek et al., 1997; 333 

Shackleton et al., 2017). According to Zachariades et al. (2011) present clearing 334 

efforts have not had a measurable impact on Prosopis invasions in South Africa. Wise 335 

et al. (2012) suggest that, to maintain net economic gain from perceived Prosopis 336 

benefits, it would be better to focus clearing efforts on drainage lines and floodplains 337 

as well as developing cheaper control methods.  338 

Understanding the various social, ecological and economic aspects of invasions, and 339 

the implications these aspects have for various stakeholders, are important for guiding 340 

best-management practices (Brown et al., 2004; Shackleton et al., 2017). An 341 

integrated understanding of this nature also requires a transdisciplinary approach 342 

which exceeds the existing knowledge systems’ ability to incorporate different actors 343 

to develop solutions which are acceptable to a diverse collection of stakeholders 344 

(Brown et al., 2004; Shackleton et al., 2017). 345 

Historically, managers have investigated several methods for control of Prosopis. 346 

These include mechanical removal, felling, herbicide treatment of cut stumps, foliar 347 

spraying of saplings and burning (Harding, 1987; Van Klinken et al., 2009; 348 

Zachariades et al., 2011). Overall, chemical management methods in combination with 349 

manual and mechanical clearing can be successful in addressing Prosopis invasion in 350 

an area (Direba Balcha, 2022). Systemic herbicides will gradually affect tree health 351 

and eventually kill the tree. Depending on the active ingredient used, the herbicides 352 

are extremely targeted, with little to no non-target effects (Witt et al., 2013; Direba 353 

Balcha, 2022). 354 

None of these methods are considered to be affordable or practical on a large scale, 355 

and costs of control generally far exceed the value of invaded land (Zachariades et 356 

al., 2011). Zimmermann et al. (2006) discussed the use of Prosopis pods and wood 357 
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as management tools. They concluded that this is largely uneconomical because of 358 

the remote areas in which Prosopis grows and the lack of harvestable material 359 

(Zachariades et al., 2011).  360 

The negative impacts of invasive species have led to the global establishment of 361 

control programs, occasionally referred to as natural resource management. Some 362 

initiatives of note include the ‘Weeds of National Significance (WONS) programme in 363 

Australia, the Working for Water (WfW) programme in South Africa (Van Wilgen et al., 364 

2016) and the U.S. Department of Agriculture’s invasive-species clearing programme 365 

in the United States of America (Shackleton et al., 2017). 366 

1.3.1. South Africa 367 

The requirements and regulations for invasive species management in South Africa 368 

are set out in broad terms in the National Environmental Management: Biodiversity 369 

Act (NEM:BA) (DEA, 2014). Present legislation provides “that the Department of 370 

Forestry, Fisheries and the Environment must produce and coordinate strategies to 371 

avert new introductions and control or eradicate present invasive species” (Shackleton 372 

et al., 2017). The act also stipulates that “all organs of state must prepare plans for 373 

eradication, control and monitoring of the assorted listed invasive species on state 374 

owned land” (Shackleton et al., 2017). However, different IAS require different control 375 

knowledge and different management approaches to be effective (Shackleton et al., 376 

2017). The present NEM: BA regulations are widely considered to be ambitious and 377 

unrealistic for many widespread taxa, including Prosopis, especially where 378 

management success is determined by effective cooperation between stakeholders 379 

and organisers (Shackleton et al., 2017). 380 

Prosopis in the Northern Cape is listed as a Category 3 invasive taxon, meaning that 381 

existing plants do not have to be removed, though propagation, use and trade is 382 

prohibited (Shackleton et al., 2017). The utilisation of Prosopis pods for fodder 383 

specifically is exempt from the prohibitions. While this allows farmers to use pods as 384 

a resource for livestock feed, it may promote the spread of the plant and increase the 385 

negative ecosystem impacts associated with Prosopis invasions (Shackleton et al., 386 

2017). In all other South African provinces, Prosopis is listed as a Category 1 invasive 387 

species. This means that all invasive populations must be controlled (Shackleton et 388 

al., 2017). 389 
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Working for Water (WfW) (now referred to as the National Resources Management 390 

Programme of the Department of Forestry, Fisheries and the Environment, but 391 

hereafter still referred to as WfW because of its internationally recognized brand) is a 392 

government-funded public-works programme tasked with two primary goals, “1) 393 

provide employment to and develop skills of disadvantaged communities, and 2) 394 

manage invasive species to reduce the negative impact they have on the environment 395 

and restore ecosystem services delivery to improve human well-being” (Van Wilgen 396 

et al., 2012; Van Wilgen et al., 2016; Shackleton et al., 2017).  397 

WfW projects are managed on behalf of the Department of Forestry Fisheries and the 398 

Environment by implementing agents (including government departments, 399 

municipalities, national and provincial conservation authorities, agricultural and water 400 

management organizations) (Van Wilgen et al., 2016; Shackleton et al., 2017). The 401 

projects are contracted out to local service providers, primarily from previously 402 

disadvantaged backgrounds, and supervised by regional managers who are employed 403 

by the implementing authority (Van Wilgen et al., 2016; Shackleton et al., 2017). WfW 404 

receives an annual budget to manage invasive alien species nationally. Compared 405 

with other natural resource management and ecosystem restoration projects in South 406 

Africa, the WfW programme was relatively well-funded (Van Wilgen et al., 2012; 407 

Shackleton et al., 2017). Despite this substantial investment in invasive species 408 

management, the effort has failed to prevent the spread and densification of Prosopis 409 

in South Africa (Shackleton et al., 2017). This has resulted in increased negative 410 

impacts on ecosystem services and human well-being. The ineffectiveness of the WfW 411 

programme may be partially attributed to the lack of effective prioritisation and 412 

strategic planning, particularly because the main focus of the programme is job 413 

creation rather than ecological outcomes (Shackleton et al., 2017). 414 

The success of WfW initiatives is primarily measured by their socioeconomic worth, 415 

rather than their role in environmental conservation (Turpie, 2004; Ndhlovu et al., 416 

2011). Unfortunately, this means that the funding for WfW is dependent on 417 

successfully competing with other government initiatives likewise concerned with 418 

addressing certain socioeconomic concerns and problems (Turpie, 2004; Ndhlovu et 419 

al., 2011). This drastically shifts the focus of WfW from environmental to 420 

developmental, where the WfW programme must demonstrate their full 421 
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socioeconomic worth, instead of adequately addressing the problem of IAS (Turpie, 422 

2004; Ndhlovu et al., 2011). 423 

According to Richardson et al. (2004) priorities for future research should include “the 424 

development of achievable goals for ecosystem repair after clearing”. This includes 425 

measurable criteria to assess the success of restoration in cleared areas (Richardson 426 

et al., 2004). Understanding several of the broader aspects of invasion ecology also 427 

require improvement. Unfortunately, in many parts of the world conservation biologists 428 

are tasked with controlling alien species and preventing impacts, while also 429 

increasingly having to repair systems damaged by IAS (Byers et al., 2002; Richardson 430 

et al., 2004). 431 

Control efforts by a single entity are unlikely to have the desired effect on Prosopis 432 

invasions in the Northern Cape. This is especially true when considering the 433 

dependence of government to either obligate control via the issue of directives for 434 

landowners to either satisfactorily control Prosopis invasions or risk a fine, which 435 

reduces the ability of the landowner to control the invasion on their property, or to 436 

single-handedly control Prosopis via WfW and National Resource Management 437 

(NRM). The unified provision of accurate information, new developments and support 438 

should put landowners in a much better position to address the invasion on their 439 

properties. 440 

1.3.2. Africa 441 

Prosopis juliflora was first introduced in Eastern Africa to be used as an ecosystem 442 

engineer for the stabilisation of dune systems and the rehabilitation of degraded land 443 

(Pasiecznik et al., 2001; Meroni et al., 2017). Despite the negative effects of Prosopis, 444 

the invasions also generate environmental, social and economic benefits (Wise et al., 445 

2012; Abdulahi et al., 2017). This has resulted in contentious issues surrounding the 446 

genus and the control thereof, with some advocates promoting Prosopis as a ‘wonder 447 

plant’, while others call for total eradication (Van Wilgen et al., 2014; Abdulahi et al., 448 

2017). Being a drought-tolerant plant, it threatens the native desert and semi-desert 449 

shrubland ecosystems (Tessema, 2012), many harbouring valuable animal and plant 450 

species (Meroni et al., 2017). P. juliflora has been recorded to have been successfully 451 

used to fight desertification, because of its ability to reduce soil erosion (Steele et al., 452 

2007; Meroni et al., 2017). 453 
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The Kenyan government is making use of a utilisation strategy, despite contrary 454 

indications that successful containment is unlikely to be achieved with this approach 455 

(Zimmermann et al., 2006; Shackleton et al., 2014; Kleinjan et al., 2021). Employing 456 

a utilisation strategy to control IAS was suggested by Tessema (2012) in an effort to 457 

illustrate the economic exploitation of invasive plants as a way of meeting basic human 458 

needs as well as controlling the spread of the invasive species (Abdulahi et al., 2017). 459 

Tessema (2012) reviewed the Ecological and Economic Dimensions of Paradoxical 460 

Invasive Species Prosopis juliflora and Policy Challenges in Ethiopia, noting that there 461 

has not been a clear policy or strategy towards Prosopis or towards general invasive 462 

species management (Abdulahi et al., 2017). Prosopis is recognized in Ethiopia as a 463 

key threat to biodiversity and economic wellbeing by initiatives such as the 464 

Environmental Policy of Ethiopia (EPE) and the Biodiversity Strategy and Action Plan 465 

(NBSAP) and Forest Resource Strategy (Institute of Biodiversity Conservation (IBC), 466 

2005; Abdulahi et al., 2017). Nonetheless, the National Action Plan of Ethiopia 467 

recommends Prosopis as a potential option to combat desertification, illustrating the 468 

existing policy dilemma concerning Prosopis (Anagae et al., 2004; Abdulahi et al., 469 

2017). 470 

Practices of Prosopis eradication and utilization in Ethiopia include conversion of 471 

invaded rangelands into irrigated agriculture, charcoal production and flour production 472 

(Admasu, 2008; Abdulahi et al., 2017). Contrasting views, contradictory perceptions 473 

as well as unclear policies are all limiting factors influencing the effective control of 474 

Prosopis in Africa. This, in conjunction with taxonomic confusion, general lack of 475 

distribution information and scale of the invasion hamper effective Prosopis 476 

management (Abdulahi et al., 2017). 477 

1.4. Biological control of Prosopis 478 

Classical biological control programmes make use of scientifically selected, host 479 

specific, natural enemies of invasive alien plants in hopes to mitigate the impact of IAS 480 

(Van Wilgen et al., 2020). These natural enemies are usually plant-feeding arthropods 481 

or fungal pathogens. The risks associated with biological control are moderated by 482 

means of well-established, global screening protocols that are based on risk analysis, 483 

reducing the risks to minimal levels (Sheppard et al., 2003; Van Wilgen et al., 2020). 484 

The regulatory and risk perception hurdles in accordance with biological control use 485 
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are increasing, even if biological control is relatively cost effective compared with 486 

conventional mechanical and chemical control, as well as being considered more 487 

sustainable (Van Wilgen et al., 2020). Although biological control does not eradicate 488 

the IAS, it can result in weakened competitiveness with native plant species, 489 

repressing its density, environmental impacts and allowing the native vegetation to 490 

recover (Witt et al., 2013; Abdulahi et al., 2017).  491 

The use of highly specific biological control agents to control IAS is also in stark 492 

contrast (Clewley et al., 2012; Suckling et al., 2014; Schwarzländer et al., 2018) to the 493 

historic use of unregulated generalist vertebrate predators or herbivores in misguided 494 

attempts to control either pests or vegetation (Santha et al., 1991; Peacock et al., 495 

2010; Van Wilgen et al., 2020). A report by Suckling et al. (2014) shows that more 496 

than 99% of 512 agents introduced for classical biological control of IAS around the 497 

world have no known significant adverse non-target effects (Van Wilgen et al., 2020). 498 

1.4.1. Africa 499 

The use of classical biological control on Prosopis species in African regions remains 500 

controversial (Zachariades et al., 2011). Primarily because of concern that control 501 

agents will attack Prosopis species indigenous to Africa and Asia (Pasiecznik et al., 502 

2006; Zachariades et al., 2011), despite the large phylogenetic distance between the 503 

American and Old World taxa (Catalano et al., 2008; Zachariades et al., 2011). For 504 

example, Prosopis africana (Guill. & Perr.) Taub. is an important but over-exploited 505 

agroforestry species through the Sahel region (Tchoundjeu et al., 1997; Zachariades 506 

et al., 2011). During the approval for the release of more damaging agents in South 507 

Africa, due consideration was given to the possibility that species are likely to spread 508 

to other African countries (Kleinjan et al., 2021). Several recent studies from the 509 

broader African community have emphasised the profound negative impacts as a 510 

result of Prosopis invasion, recognising the need for more effective management 511 

interventions (Maundu et al., 2009; Haregeweyn et al., 2013; Mbaabu et al., 2019; 512 

Sintayehu et al., 2020; Kleinjan et al., 2021). 513 

Further management strategies aimed at achieving effective control through the sole 514 

intensive use of Prosopis biomass has now considered to be unlikely to alleviate the 515 

problem at large spatial or prolonged temporal scales (Shackleton et al., 2014; Wakie 516 

et al., 2016; Mbaabu et al., 2019; Kleinjan et al., 2021). With all indications being that, 517 
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even with highly effective biological control, Prosopis will remain relatively abundant 518 

with decreased density, and able to provide the services and benefits for which it is 519 

valued (Van Klinken et al., 2009; Shackleton et al., 2017; Kleinjan et al., 2021). 520 

Algarobius prosopis (LeConte) (Coleoptera: Bruchidae) is already present in north 521 

eastern Africa and the Arabian Peninsula, and although it attacks the seeds of 522 

introduced Prosopis species, it has not been recorded from P. africana or P. cineraria 523 

(L.) Druce. (Ali et al., 2006; Babiker, 2006; Zachariades et al., 2011). It is likely that 524 

one of the new agents, the green podlet borer, Coelocephalapion gandolfoi (Kissinger) 525 

(Coleoptera: Brentidae: Apioninae) will attack P. pallida, since it was collected off P. 526 

affinis Spreng. (series Pallidae) in Argentina. Several indigenous insect species attack 527 

P. juliflora in Ethiopia, however classical biocontrol is still needed (Zachariades et al., 528 

2011). 529 

There is also concern that the introduction of biological control agents will lead to a 530 

reduction in introduced species of Prosopis, in particular less invasive species such 531 

as P. pallida, possibly compromising their usefulness (Zachariades et al., 2011). 532 

However, the seed-attacking agents are unlikely to reduce the value of the trees, as 533 

is the case for most classical biological control projects using such agents. They may 534 

even increase usefulness by reducing propagule production, resulting in thinning of 535 

stands with increases in flower and pod production as well as wood quality 536 

(Zachariades et al., 2011).  537 

1.4.2. South Africa 538 

Taxonomic confusion was heightened and prolonged because of difficulty identifying 539 

individual Prosopis species (Pasiecznik et al., 2006; Zachariades et al., 2011). 540 

Properly identifying the invasive Prosopis species in South Africa may have 541 

implications for successful biological control, especially in terms of ensuring 542 

compatibility of biocontrol agents with their host-plant species (Zwölfer et al., 1971; 543 

Volchansky et al., 1999; Lym et al., 2002; Manrique et al., 2008; Mathenge et al., 2010; 544 

Zachariades et al., 2011). 545 

The majority of the invasive Prosopis species present in South Africa are members of 546 

section Algarobia, series Chilensis. This explains the hybridization, which has 547 

complicated both taxonomy and control measures in South Africa (Zachariades et al., 548 

2011). The development of biocontrol measures can be focused on the species in the 549 
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section Algarobia, because of any oligophagous agents that feed across several 550 

species within this section alone having great promise for controlling the mix of 551 

invasive Prosopis species present in South Africa. These oligophagous biocontrol 552 

agents present no risk to the Old-World species of the genus (Zachariades et al., 553 

2011). 554 

1.4.2.1. Historical biological control agents 555 

In the mid-1980s a biological control programme was initiated against Prosopis. To 556 

date the focus of the programme was seed-feeding insects, which curbs spread while 557 

allowing the exploitation of the perceived assets and services (Zachariades et al., 558 

2011). Biological control researchers instigated the reduction of seed production, and 559 

therefore recruitment rates of young plants, with the intent of creating sparse 560 

populations of useful trees without the formation of dense thickets. This strategy 561 

resulted in the introduction and release of three beetle species, Algarobius prosopis 562 

(LeConte) (Fig. 1.2 (B)) and Algarobius bottimeri Kingsolver, in 1987 and 1990, 563 

respectively (Zimmermann, 1991; Zachariades et al., 2011) and Neltumius arizonensis 564 

(Schaeffer) (Fig. 1.2 (A)) in 1992 (all Coleoptera: Chrysomelidae: Bruchinae) (Impson 565 

et al., 1999; Zachariades et al., 2011). A. bottimeri persisted for a short period after 566 

release, but eventually failed to establish (Hoffmann et al., 1993; Impson et al., 1999). 567 

Both Moran et al. (1993) and Impson et al. (1999) reviewed biological control in SA in 568 

the 1980’s and 1990’s, collectively control efforts in South Africa have not been 569 

successful in alleviating the Prosopis problem. 570 
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 571 

Figure 1.2: Seed feeding bruchids. A) N. arizonensis. B) A. prosopis. (Credit: Carien 572 
Kleinjan, UCT). 573 

Both A. prosopis and N. arizonensis persist on Prosopis throughout SA, with A. 574 

bottimeri absent (Impson et al., 1999; Zachariades et al., 2011). This may be because 575 

of the release of A. bottimeri in areas (Free State Province) that are unfavourable for 576 

the beetles, suggested by the low populations A. prosopis populations in these areas 577 

(Roberts, 2006; Zachariades et al., 2011). Neltimius arizonensis seldom accounts for 578 

more than 10% of the total seed destruction by bruchines in a year (Roberts, 2006). 579 

The scarcity of N. arizonensis can be attributed to competition with A. prosopis 580 

(Impson et al., 1999) and indigenous egg and larval parasitoids particularly the egg 581 

parasitoid Uscana sp. (Hymenoptera: Trichogrammatidae), which may account for as 582 

much as 80% egg loss at certain times (Coetzer et al., 1997; Roberts, 2006). 583 

The variable nature of the interactions between livestock, climate and biological control 584 

contribute to the difficulty in establishing the degree of effect, if any, A. prosopis is 585 

having on the population dynamics of Prosopis species in South Africa (Zachariades 586 

et al .,2011). Both A. prosopis and N. arizonensis are now widespread in the field in 587 

South Africa in the invasive range of Prosopis, A. prosopis being by far the most 588 

abundant and accounting for the majority of seed destruction (Zachariades et al., 589 

2011). In the more arid parts of the invasive range of Prosopis in South Africa, A. 590 

prosopis appears to have the potential to have a significant impact on the size of soil 591 

seed banks (Zachariades et al., 2011). 592 

A B 
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1.4.2.2. More damaging biological control agents 593 

While there are still concerns on the release of more damaging biological control 594 

insects to try and address the continuing spread of Prosopis invasion, nine beetle, four 595 

moth and one gall midge species collected from Prosopis species in Argentina within 596 

the section Algarobia, series Chilensis (six species), Sericanthae (one species), 597 

Pallidae (one species) and Ruscifoliae (two species), were assessed (McKay et al., 598 

2007). One of these, the straight-snouted weevil Coelocephalapion gandolfoi 599 

Kissinger (Kissinger, 2005) (Coleoptera: Brentidae: Apioninae), whose larvae attack 600 

seeds within green pods on the trees, was considered especially promising (Fig. 1.3) 601 

(Zachariades et al., 2011). Concurrent with this, a study was conducted in the USA on 602 

aspects of the biology, ecology and host range of the flowerbud galler Asphondylia 603 

prosopidis Cockerell (Diptera: Cecidomyiidae), also considered a promising agent. 604 

Pathogens were investigated as both classical biological control agents and as 605 

mycoherbicides. Further assessment of the agents already established in the field was 606 

also conducted (Roberts, 2006; Van Klinken et al., 2009; Zachariades et al., 2011). 607 

The apionid, Coelocephalapion gandolfoi, was collected from nine Prosopis species 608 

(all section Algarobia) over a latitudinal gradient of 1500 km in Argentina under 609 

contract between the ARC-PPRI and the South American Biological Control 610 

Laboratory of the United States Department of Agriculture (USDA-SABCL) in Buenos 611 

Aires (Zachariades et al., 2011). Adult C. gandolfoi weevils are small and brown to 612 

black in colour. Mature reproducing adults first appear at the beginning of spring (late 613 

September), feeding on the young green pods and leaves. They oviposit near the 614 

seeds inside the tender pod tissues (McKay et al., 2007; Zachariades et al., 2011). 615 

 616 

Figure 1.3: Coelocephalapion gandolfoi adult weevil (Credit: Carien Kleinjan, UCT). 617 
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After an array of no-choice and paired choice tests relating to host-specificity and 618 

feeding preferences, it appears that Coelocephalapion gandolfoi is adequately host 619 

specific for release in South Africa (Zachariades et al., 2011). Given the concerns 620 

regarding the ability to continue using Prosopis pods as fodder, C. gandolfoi appears 621 

well placed to reduce seed viability without reducing pod production (Zachariades et 622 

al., 2011). By utilizing the pods still attached to the trees, C. gandolfoi will avoid the 623 

problem of having to compete with livestock and wildlife for pods that are on the ground 624 

faced by the Algarobius bruchine beetles (Zachariades et al., 2011).  625 

Permission to release Coelocephalapion gandolfoi was conditionally approved in 626 

2014, subject to confirmation that Xerocladia virdiramis (a native tree closely related 627 

to American Prosopis) was not a suitable host (Kleinjan et al., 2021). A small 628 

consignment of reproductively mature C. gandolfoi was imported into the Agricultural 629 

Research Council-Plant Health and Protection (ARC-PHP) quarantine facility in 630 

Stellenbosch, South Africa in October 2019 (Kleinjan et al., 2021). With host specificity 631 

tests proving unambiguously that X. viridiramis is not a suitable host for C. gandolfoi 632 

(Kleinjan et al., 2021). 633 

There are no conflicts of interest regarding the biological control of Prosopis species 634 

in Australia (Zachariades et al., 2011). This has allowed the release of two foliar-635 

feeding agents, Evippe sp. #1 (Lepidoptera: Gelechiidae) (Fig.1.4) and 636 

Prosopidopsylla flava Burckhardt (Hemiptera: Psyllidae) (Van Klinken et al., 2009; 637 

Zachariades et al., 2011). Although both species have established populations, Evippe 638 

sp. #1 is by far the more successful agent (Zachariades et al., 2011). 639 



23 
 

 640 

Figure 1.4: Evippe sp. #1 adult moth (Credit: Fritz Heystek, ARC). 641 

Evippe sp. #1 is an undescribed ‘leaf-tying’ gelechiid, originating from Argentina, 642 

recorded to inhabit Prosopis species from the Algarobia s.s. clade (Kleinjan et al., 643 

2021). A consignment of Evippe sp. #1 was sourced from the Pilbara region of 644 

Australia through collaboration with Australian colleagues in December 2014, and 645 

imported into the quarantine facility at the ARC-PHP in Pretoria (Kleinjan et al., 2021). 646 

This was done to establish an insectary colony with which to conduct additional host 647 

specificity tests. Specificity tests concluded that although Evippe sp. #1 oviposit 648 

indiscriminately in no-choice tests, complete development was limited to the Prosopis 649 

taxa tested (Kleinjan et al., 2021). 650 

Evippe sp. #1 is considered to have the greatest impact in the Pilbara region, the 651 

hottest site in Australia (Van Klinken et al., 2002; Van Klinken, Fichera and Cordo, 652 

2003; Kleinjan et al., 2021). Substantial reductions in rates of both plant growth and 653 

seed production as well as mortality of trees have been documented in this region 654 

(Van Klinken, 2012; Kleinjan et al., 2021). Although the release of Evippe sp. #1 for 655 

biocontrol in hotter regions globally has been suggested, in South Africa the areas 656 

where Prosopis has invaded is characterised by hot summers and mean winter 657 

temperatures considerably less than those occurring in the Pilbara region (Kleinjan et 658 

al., 2021). Nevertheless, an application to release Evippe sp. #1 from quarantine was 659 

lodged with the South African regulating authorities in September 2020. Clearance 660 

was granted in December 2020, with releases commencing in February 2021 in the 661 

Northern Cape and North West Provinces of South Africa (Kleinjan et al., 2021). 662 
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1.5. Community of Practice in environmental programmes  663 

The term Community of Practice (CoP) is relatively recent, and as a concept it has 664 

provided a useful perspective on knowing and learning (Wenger, 2011). A CoP is 665 

formed, and thus defined by, “a group (or groups) of people who share a concern or a 666 

passion for something they do and learn how to do it better as they regularly interact” 667 

(Wenger, 2011). These individuals engage in a process of communal learning in a 668 

shared domain of human enterprise (Wenger, 2011). CoP in accordance with invasion 669 

science and invasive species management can lead to more responsible and ethical 670 

engagement by humans with their fellow man and the planet (Cockburn et al., 2018). 671 

With present global funding for invasive species management insufficient, especially 672 

given the expected rates of invasion expansion (Lodge et al., 2006; Hellmann et al., 673 

2008), there are concerns regarding the sustainability of effective invasive species 674 

management (Larson et al., 2011). Sustainable management may result in minimised 675 

environmental, social, and economic costs, with restored ecosystem resilience and 676 

increased social and economic support for the implementation of management plans, 677 

without depleting financial and social capital (Larson et al., 2011). Sustainable invasive 678 

management is dependent on three pillars, (as shown by (Pope et al., 2004)), namely 679 

environmental, social, and economic. This suggests the fundamentals of integrated 680 

pest management (Kogan, 1998; Larson et al., 2011). 681 

Clear and inclusive objectives are critical for the outset and duration of the execution 682 

of ISM (invasive species management) programmes (Larson et al., 2011). These 683 

objectives function as measurable benchmarks to assess the progress toward a 684 

management goal. Measurable, meaningful, and understandable objectives are 685 

imperative for the successful implementation of a sustainable programme (Larson et 686 

al., 2011). All stakeholders should acknowledge and if possible, support these 687 

objectives. Objectives are also adaptable because of re-evaluation to assess progress 688 

and determine the relevancy of the stated objectives in the changing environmental, 689 

social and economic contexts (Larson et al., 2011). 690 

Researchers and managers must consider the temporal and spatial scale of an 691 

invasion to develop environmentally sustainable management plans (Denslow, 2007; 692 

Larson et al., 2011). These management plans should consider the most effective 693 

control methods, based on the stage of invasion, while also limiting non-target effects 694 
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and promoting the recovery and restoration of native species diversity and ecosystem 695 

functioning (Denslow, 2007; Larson et al., 2011). 696 

The increased interest in a more integrated way of studying human and natural 697 

systems has resulted in the development of frameworks in different fields and 698 

disciplines (Binder et al., 2013; Cockburn et al., 2018) The social-ecological systems 699 

(SES) framework originated in ecology, arising out of the development of resilience 700 

theory for the adaptive analysis and management of ecosystems (Holling, 1973; 701 

Cockburn et al., 2018). The concept of SES is used to describe an integrated 702 

perspective of humans and nature (Berkes and Folke, 1998; Folke et al., 2016), and 703 

the application thereof has resulted in increased interest in the concept of stewardship  704 

(Cockburn et al., 2018). A core principle of SES is that human systems are embedded 705 

in, and entirely dependent on, the biosphere (the global ecological system) (Folke et 706 

al., 2016; Cockburn et al., 2018). 707 

There has also been an increase in global calls for stewardship of the biosphere in 708 

support of social-ecological sustainability for present and future generations (Chapin 709 

et al., 2010; Steffen et al., 2011; Cockburn et al., 2018). This, in conjunction with the 710 

recognition that global ecological destruction and social inequalities continue to rise 711 

(Steffen et al., 2011; Leach et al., 2013; ISSC IDS; UNESCO, 2016), suggests that the 712 

ideals of stewardship are not being realised in practice. The study of stewardship 713 

within the SES framework raises questions about how to support the ethical and 714 

responsible human interactions within dynamic social-ecological systems towards 715 

interlinked social-ecological sustainability outcomes, benefitting the planet as a whole 716 

(Cockburn et al., 2018). 717 

1.6. Stewardship, landscapes and collaboration in environment programmes  718 
Increasing interest in both the idea and use of stewardship in the sustainability 719 

discourse has most likely arisen from the growing global recognition of the coupled 720 

challenges of rapidly increasing ecological degradation and social inequalities 721 

(Raworth, 2012; ISSC IDS; UNESCO, 2016; Cockburn et al., 2018). To address some 722 

of these concerns, stewardship has been widely used as a call for more responsible 723 

and ethical engagement by humans for humans and the planet (Cockburn et al., 2018). 724 

In the study of social-ecological systems (SES), landscapes can offer an appropriate 725 

unit of analysis to investigate stewardship in practice (Angelstam et al., 2013; Bieling 726 

et al., 2017; Cockburn et al., 2018). 727 
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Stewardship has an ethical basis, connected to a moral imperative, with the result that 728 

humans who practise stewardship manage ecosystems out of moral concern (Worrell 729 

et al., 2000; Welchman, 2012; Raymond et al., 2013; Cockburn et al., 2018). 730 

Stewardship is a concept that directs individual and collective action (Ridings, 2018), 731 

with possible influence from underlying political and ideological aspects (Cockburn et 732 

al., 2018; Mathevet et al., 2018). Recent interpretations of stewardship illustrate the 733 

global sustainability discourse (Worrell et al., 2000; Welchman, 2012), indicating a 734 

move towards more integrated and systemic understandings of the interactions 735 

between humans and nature (Cockburn et al., 2018). This is in contrast to previous 736 

interpretations of the concept of stewardship, which were based on a more 737 

dichotomous relationship of humans having either dominion (Peterson et al., 2010) 738 

over nature or fulfilling the role of nature protectors (McArthur, 2012; Cockburn et al., 739 

2018). 740 

The recent conceptualisations of stewardship emerge from two distinct perspectives: 741 

environmental stewardship and ecosystem stewardship (Cockburn et al., 2018). 742 

Environmental stewardship expresses the classic and intuitive understanding of the 743 

concept, namely the illustration of a moral-ethical basis (Welchman, 2012; Cockburn 744 

et al., 2018). Welchman (2012) also states that, because stewardship is a role played 745 

by a person, the moral justification of stewardship is a function of its overall 746 

consistency with common moral norms. These moral norms include justice, tolerance 747 

and equity in the distribution of social benefits and burdens (Cockburn et al., 2018).  748 

Ecosystem stewardship is associated with an SES approach in accordance with 749 

resilience thinking, and is outlined in the context of rapid global change (Chapin et al., 750 

2010; Cockburn et al., 2018). As an action-oriented framework, ecosystem 751 

stewardship aims to bring about better management and governance of complex 752 

social-ecological systems (Cockburn et al., 2018). Ecosystem stewardship is a model 753 

based on resource management, proposed to guide human interactions with SES 754 

(Chapin et al., 2009; Cockburn et al., 2018).  755 

Cockburn et al. (2018) suggest the use of social-ecological stewardship as descriptive 756 

term as a middle ground, recognising the value of SES framing while incorporating the 757 

moral-ethical basis and enduring understanding of stewardship as offered by 758 

environmental stewardship (Welchman, 2012; Cockburn et al., 2018). Social-759 
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ecological stewardship is defined by Cockburn et al. (2018) as “the ethical and 760 

responsible interaction of humans with social-ecological systems to sustain the supply 761 

of diverse ecosystem services and values for the sake of present and future 762 

generations of humans and other life on earth”. The practical applications of 763 

stewardship are relatively diverse, e.g., policy-driven initiatives (private land 764 

conservation approaches, agri-environmental schemes, catchment management 765 

initiatives) as well as more bottom-up stewardship practices such as community-based 766 

natural resource management initiatives and, integrated landscape approaches 767 

(Cockburn et al., 2018). 768 

Landscapes as place-based social-ecological systems (Minang et al., 2014; Robinson 769 

et al., 2017) are multifunctional and heterogeneous terrestrial regions. They connect 770 

in a particular place the ‘many multiples’ which characterise SES, and also challenge 771 

governance and management (Poteete, 2012; Lescourret et al., 2015; Cockburn et 772 

al., 2018). They emerge from the interactions between people, through their values, 773 

with land-based ecosystems and the natural resources they generate (Minang et al., 774 

2014; Robinson et al., 2017; Cockburn et al., 2018). Landscapes include stakeholders, 775 

ecosystem services, land uses, institutions and organisations, scales of action and 776 

decision-making (Poteete, 2012; Lescourret et al., 2015; Cockburn et al., 2018). The 777 

boundaries of landscapes are defined in various ways, for instance by catchment 778 

areas or as a subunit of a natural jurisdictional region (Prager, Reed and Scott, 2012; 779 

Cockburn et al., 2018). 780 

Landscapes generate a flow of ecosystem services, which support and influence 781 

human well-being (Cockburn et al., 2018). This includes the provision, regulation and 782 

support of ecosystem services (De Groot et al., 2002; Millennium Assessment, 2005; 783 

Cockburn et al., 2018). A higher diversity of ecosystem services in a particular 784 

landscape indicates a higher multifunctionality, which correlates with higher levels of 785 

regulating and cultural ecosystem services (Raudsepp-Hearne et al., 2010; Lescourret 786 

et al., 2015; Cockburn et al., 2018). In many rural landscapes, such as the Northern 787 

Cape Province, agricultural production is one of the most important human utilisations 788 

of the landscape (for both commercial and subsistence purposes) (Scherr et al., 2008; 789 

Penker et al., 2013; Minang et al., 2014; Cockburn et al., 2018).  Agricultural 790 

production typically increases provisioning ecosystem services in a landscape, while 791 

also altering the structure and functioning of ecosystems. This can result in the 792 
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reduced production of regulating and cultural ecosystem services (Gordon et al., 793 

2010), although healthy functioning ecosystems and biodiversity are important for the 794 

long-term sustainability of agriculture (Cockburn et al., 2018).  795 

All landscapes are inherently multifunctional (Fischer et al., 2014), with the 796 

understanding of multifunctionality based on the diversity of delivered ecosystem 797 

services (Cockburn et al., 2018). This suggests that multifunctionality is typically higher 798 

in near-natural or natural landscapes than in intensively farmed and simplified 799 

agricultural landscapes, and that managing for multifunctionality can result in 800 

ecosystem services being produced in more balanced proportions. This leads to more 801 

sustainable landscapes (O’Farrell et al., 2010; Cockburn et al., 2018). The spatial 802 

configuration of ecosystems in agricultural landscapes is critical to the supply of many 803 

ecosystem services (Cockburn et al., 2018). The landscape is the primary level at 804 

which the actions and decisions of individual farmers, managing companies or local 805 

research-user groups, intersect with those of other stakeholders and decision-makers 806 

(Frost et al., 2006; Cockburn et al., 2018). This requires that farms be managed 807 

(stewarded) in a coordinated way at landscape level rather than as individual units 808 

(Goldman et al., 2007; Stallman, 2011; Cockburn et al., 2018). 809 

1.7. Management strategies for invasive alien control programmes  810 
Due to the variable nature of plant invasions, there is a range of available options for 811 

invasion containment and protecting the investment of property ownership 812 

(Shackleton et al., 2017). This includes combinations of mechanical and chemical 813 

control, control by means of utilisation, biological control and cultural control. 814 

Stakeholder involvement in assessing wants, needs, efficacy and practicality is 815 

imperative in deciding upon a method of control and the degree of integration needed 816 

for success (Van Wilgen et al., 2011; Shackleton et al., 2014, 2017). Understanding 817 

the mechanisms that facilitate or inhibit invasion, as well as the identification of the 818 

harm invasive species are causing (Evans et al., 2008) is central in assessing threats 819 

and defining control options (Larson et al., 2011). 820 

Present invasive species management (ISM) funding is clearly insufficient to address 821 

the accelerating rates of global invasion (Lodge et al., 2006; Hellmann et al., 2008; 822 

Larson et al., 2011). This brings into question the sustainability of effective ISM, given 823 

the high costs of ISM and increasing rates of invasion. The aim therefore must be to 824 

sustain management efforts in the future while also supporting financial and social 825 
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capital (Larson et al., 2011). Managers must consider the temporal and spatial scale 826 

of an invasion to develop management plans that are environmentally sustainable. 827 

These management plans have to consider the most effective control methods in 828 

regards to the stage of invasion and type of system invaded (Larson et al., 2011). Non-829 

target effects have to be limited, while promoting the recovery and restoration of 830 

endangered- and native species, diversity and ecosystem processes (Denslow, 2007; 831 

Larson et al., 2011). Keeping in mind that in some cases, where eradication is 832 

successful, vacated niches are often filled by another invader (Ogden et al., 2005; 833 

Larson et al., 2011). 834 

Objective spatial prioritisation, ranking areas by importance and invasive potential, 835 

must be implemented to effectively guide management and expenditure to optimally 836 

allocate both time and financial aid (Van Wilgen et al., 2012; Shackleton et al., 2017).  837 

Lack of strategic planning and objective prioritisation for specific species and land 838 

areas has reduced the effectiveness of large-scale invasive species management 839 

programs such as WfW (Kull et al., 2011; Shackleton et al., 2017). Monitoring and 840 

evaluation are crucial to environmental management programmes and strategies, 841 

since these are methods of assessment that can be used to determine if the 842 

management plans are implemented correctly and working. This is also an easy way 843 

to identify successes and failures (Stem et al., 2005; Shackleton et al., 2015). 844 

Objectives as “measurable benchmarks by which progress toward a management goal 845 

will be assessed” are crucial in the likelihood of an implemented management plan 846 

succeeding (Larson et al., 2011). The goal of the management area is also critical, for 847 

example if the goal is to increase dominance of native species to improve ecosystem 848 

services, the stated objectives need to reflect this (Larson et al., 2011). To improve 849 

the sustainability of the management framework, stated objectives should be 850 

measurable, meaningful and understandable to all stakeholders. Clear objectives also 851 

have the ability to demonstrate progress throughout the life of the management plan 852 

(Larson et al., 2011).  853 

Under their WONS programme, Australia has plans for 20 species (Thorp et al., 2000), 854 

whereas South Africa has case-study examples for Australian Acacia species and 855 

Parthenium hysterophorus invasions (Van Wilgen et al., 2011; Terblanche et al., 2016; 856 

Shackleton et al., 2017). Apart from Australia and Ascension Island, the 857 
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implementation of detailed management plans remains largely absent (Shackleton et 858 

al., 2014). 859 

1.8. Project aims 860 

Prosopis invasion in the Northern Cape of South Africa is a problem, posing a real 861 

threat to biodiversity, the delivery of ecosystem services and the welfare and continued 862 

existence of both subsistence and family farms that support a large part of the 863 

provinces’ economy. Presently there is increased interest and research into utilising 864 

the available resources in an integrated manner, to benefit all involved parties and 865 

stakeholders. The integrated management of Prosopis using biological control, 866 

chemical control, mechanical control in conjunction with management plans and 867 

improved regulations has the possibility of making a marked difference in the 868 

concentrated efforts of containing and managing the continued invasion of Prosopis in 869 

the Northern Cape. Thus, the three main aims of this project are to: 870 

1. improve the understanding and implementation of biological control as part of an 871 

integrated management approach for Prosopis in the Northern Cape by the involved 872 

stakeholders, including farmers and researchers 873 

2. identify the most appropriate approach to a community of practice, which effectively 874 

addresses the integrated management of Prosopis.  875 

3. assess the role and impact of a coordinator to promote an engaged community of 876 

practice for Prosopis management in the Northern Cape. 877 

  878 
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CHAPTER TWO 879 

FARMERS’PERCEPTIONS OF PROSOPIS INVASION 880 

AND ITS MANAGEMENT  881 

2. Introduction 882 

The agricultural sector accounts for a relatively small share of the global economy, 883 

although it remains central to the lives and livelihoods of a large number of people 884 

(Alston et al., 2014). According to the World Bank, an estimated 1.3 billion people were 885 

directly engaged in farming in 2012, although agriculture (including hunting/fishing and 886 

forestry sectors) represented just 2.8% of the overall income (World Bank, 2012; 887 

Alston et al., 2014). Most of the world’s farmers are found in middle- and low-income 888 

countries, where agriculture plays a much larger part in national income and 889 

employment (Alston et al., 2014; Martín-Retortillo et al., 2021). 890 

Agricultural production mostly increases provisioning ecosystems in a landscape 891 

(such as food, fibre and fuel) whilst altering the structure and function of ecosystems, 892 

which can result in reduced production of regulating and cultural ecosystem services 893 

(Gordon et al., 2010; Cockburn, 2018). The long-term sustainability of agriculture is 894 

dependent on functioning, healthy ecosystems and biodiversity, especially regarding 895 

pest control, pollination, water provision and soil formation (Zhang et al., 2007; 896 

Cockburn, 2018). 897 

2.1. Farming in South Africa and the Northern Cape 898 

South Africa has a rich biodiversity and a wealth of natural resources (Cadman et al., 899 

2010), although unsustainable use and degradation of these resources are of 900 

increasing worry (Wynberg, 2002; Cockburn, 2018). The unsustainable usage of 901 

resources in agriculture is of particular concern to the science community (Scotcher, 902 

2009), especially in terms of intensive cropping systems (Van der Laan et al., 2017) 903 

and on extensive rangelands (Hoffman and Todd, 2000; Cockburn, 2018). These 904 

agricultural activities play an important role in addressing food security and provide 905 

critical employment in rural areas (Musvoto et al., 2015; Cockburn, 2018). 906 

With 372 882 km2 land, the Northern Cape is the largest of South Africa’s nine 907 

provinces, accounting for up to 30.5% of the landmass of South Africa, but it is the 908 

most sparsely populated with just over 2% of the total population living in the Northern 909 
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Cape in 26 municipalities (Jordaan et al., 2013) (Fig 2.1). The annual mean 910 

precipitation for the province is 200mm, with extreme cold and frost (< -10°C) in the 911 

winter and extreme heat (> 40°C) during the summer (Jordaan et al., 2013).  912 

The primary farming system in the Northern Cape is extensive livestock farming, with 913 

(Jordaan et al., 2013). The Northern Cape Province has fertile agricultural land along 914 

the Orange River valley, where high value agricultural products are produced under 915 

irrigation, further inland away from this major river are arid grasslands where extensive 916 

livestock production is the main source of farming income (Jordaan et al., 2013). 917 

Commercial livestock production farms are primarily family-owned and inherited by the 918 

next generation. Some families have been on their properties for more than 150 years. 919 

The aim of this chapter was to contextualise the impact of Prosopis invasion and the 920 

perceptions of local stakeholders towards invasive species in the rural farming 921 

background of the Northern Cape, towards the possible establishment of a Community 922 

of Practice. The student was considered to play a pivotal non-threatening role in both 923 

communicating with interested parties and stakeholders as well as organising the 924 

workshops and drafting the newsletters.  925 

  926 

Figure 2.1: Northern Cape local municipalities (Northern Cape Municipalities, 2022). 927 
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2.2 Materials and Methods 928 

The student grew up near Groblershoop, her family has been established and active 929 

in the area for many generations. It was considered to be a good starting point to 930 

establish initial contact with possible stakeholders and other interested parties, 931 

especially considering the perceived suspicion towards researchers and biological 932 

control. Hence why the initial poster was put-up in the area, as well as hosting the 933 

first workshop in the area. The locales for the Prosopis roadshow were decided 934 

following from feedback from stakeholders who completed the questionnaires and 935 

attended the Groblershoop workshop. 936 

The Prosopis WhatsApp group had been established before the project, for the 937 

purpose of communicating general Prosopis news with a diverse group of 938 

stakeholders. The group is open to anyone interested in developments regarding 939 

Prosopis management, legislation etc. The group was initially established by Mr. 940 

Philip Ivey. From the inception of the project, the group numbers have increased 941 

from 70 individuals to 100. 942 

The project has an overall ethical clearance, covering both the workshops and all 943 

questionnaires. 944 

2.2.1. Questionnaire 945 
The survey entitled, “Prosopis in die Noord-Kaap: ‘n MSc studie” (Appendix B), with 946 

ethical clearance number SCI2018/033 (issued by the head of the Rhodes University 947 

Ethical Standards Committee), was opened on 23 August 2021 and shared on a 948 

Prosopis WhatsApp-group with 70 members. The survey consisted of 45 questions, 949 

including text answers, multiple selection and single selection answer styles, taking an 950 

estimated 15 minutes to complete. The survey was designed and distributed using the 951 

Survey Monkey programme (Name: Momentive Inc. Location: San Mateo, California, 952 

USA Main Website: www.momentive.ai, Survey Monkey Website: 953 

https://www.surveymonkey.com/). The answers were anonymous and the respondent 954 

information kept confidential. A separate English version of the survey was also 955 

distributed after a request was received to do so, but no respondents completed it. 956 

Responses were either collected using a weblink to the survey or via a QR-code 957 

included in the poster. The poster (Appendix A) was distributed through the KLK 958 

Landbou Beperk (Karakoel- en Lewendehawe Kooperasie) main office, located in 959 
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Upington, Northern Cape. KLK is a cooperative supplying fuel, feed and other farming 960 

implements and supplies as well as the marketing of livestock via auctions. The poster 961 

was sent to the KLK branches that deal with farming supplies across the province. It 962 

is unsure how many were actually put up, although email communication was received 963 

from a few parties who saw the poster in the Deben and Hotazel branches. 964 

2.2.2. Statistical analysis 965 
To evaluate which factors influence a respondent’s likelihood of scoring Prosopis as a 966 

nuisance, a general linear model (GLM) was used. Originally, respondents were asked 967 

how likely they were to classify Prosopis as a pest into four categories, namely: “Not 968 

at all”, “Unlikely”, “Likely” and “Highly likely”. However, due to low sample sizes (< 5) 969 

in some categories, we collapsed this variable into a single Boolean vector, defined 970 

as whether the respondent was “Highly likely” or “not” (encompassing the remaining 971 

categories) to classify Prosopis as a pest. We modelled this vector as a function of the 972 

answers to six questions extracted from the questionnaire data, based on a priori 973 

hypotheses of potential factors affecting respondents’ perceptions of Prosopis. These 974 

six variables included: (1) property size (<100 ha, 100-1999 ha, 2000-3999 ha, 4000-975 

5999 ha, 6000-7999ha, 8000-9999 ha and >10000 ha), (2) Prosopis densities on these 976 

properties (“None”, “1-9 trees p/ha”, “10-29 trees p/ha”, “30-59 trees p/ha”, “60-100 977 

trees p/ha” and “>100 trees p/ha”), (3) the frequency of implementing control of 978 

Prosopis (“Not at all”, “Yearly”, “Monthly”, “Seasonal”, “Quarterly” and “Full time”), (4) 979 

the frequency of Prosopis biomass use on these properties (“Not at all”, “Only in times 980 

of drought”, “Sometimes”, “Regularly” and “Daily”), (5) the likelihood of using Prosopis 981 

as feed (“Not at all”, “Unlikely”, “Likely” and “Highly likely” ), and (6) the stock type run 982 

on these properties (“Sheep” or “Other”, whereby “Other” could be mixed flocks (e.g. 983 

sheep and cattle) or cattle alone. All variables barring the stock type variable were 984 

converted into ordered factors to preserve the information provided by the 985 

frequency/likelihood variables which would otherwise be lost treating them as 986 

categorical predictors.  987 

Initially, a simple logistic GLM was specified using a binomial error distribution and a 988 

logit link function. However, this model encountered convergence issues due to the 989 

low sample size in the negative (i.e. “not” likely to score Prosopis as a pest the 990 

response variable categories [n = 6] versus “Highly likely” to score Prosopis as a pest 991 

[n = 36]). As such, we implemented the mixed bias-adjustment correction of Kosmidis 992 
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et al. (2020), and refit the model using penalized maximum likelihood (Kosmidis and 993 

Firth, 2009). Models were specified using the ‘brglm2’ R package. To evaluate the 994 

hypotheses of a significant effect of the six predictor variables on the likelihood of 995 

classifying Prosopis as a pest or not, a Likelihood Ratio Test (LRT) was performed 996 

using the ‘car’ R package (Fox and Weisberg, 2019).  997 

2.3. Results 998 

2.3.1. Response volume 999 
Most responses were received in August, with ten responses received by 24 August 1000 

(24 hours after distribution of the survey on WhatsApp) (Figure 2.3 (H)). In total 24 1001 

surveys were completed in August 2021, accounting for 57.1% of the survey response 1002 

volume. The posters were handed over to the head secretary of the KLK main office 1003 

on 14 September 2021. This had relatively little impact on survey response, with most 1004 

communication received in response to the poster being some variation of “I have a 1005 

lot of trees, you can come and spray herbicide anytime”. By 23 September the total 1006 

survey number of responses received was 29, meaning 5 surveys were completed in 1007 

September (accounting for 11.9% of the total responses volume). No surveys were 1008 

completed in October.  1009 

On 2 November 2021, there was a call on the Prosopis WhatsApp group for areas with 1010 

green pods, in an effort to release the green podlet weevil (Coelocephalpion 1011 

gandolfoi). This elicited a small response, with several famers in contact for release of 1012 

this biological control agent. The number of insects available for release was very 1013 

limited, and eventually five sites were identified based on climate mapping and the 1014 

likelihood of successful establishment of the green podlet weevil. 1015 

The survey and advertisement poster were shared for a second time on the Prosopis 1016 

WhatsApp group on 3 November 2021, with 35 responses noted the same day. On 24 1017 

November 2021 the survey and poster were shared on the Rhodes University Centre 1018 

for Biological Control official Facebook page. The post was shared six times. At the 1019 

end of November, a total number of 41 surveys were completed, with the 12 responses 1020 

noted in November accounting for 28.6% of the survey responses volume. 1021 

One survey was completed in December 2021, accounting for 2.4% of the survey 1022 

responses volume. No interventions occurred in December before the survey was 1023 

closed on 12 December 2021. Technology exposure is not as large a factor in survey 1024 
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distribution as it once was, the problem is the cost of data and availability of signal 1025 

from cell phone towers. In the Northern Cape, MTN has the largest network, although 1026 

dead zones are relatively common and farmers have to install their own infrastructure 1027 

in their homes, such as signal repeaters and home Wi-Fi. This situation has an 1028 

important bearing on the dissemination of information. 1029 

 2.3.2. Age 1030 
Out of the 42 respondents, 28.6% were between the ages of 50-59, and only one 1031 

person (2.4%) was older than 80 years of age. There was also a single person aged 1032 

between 20-29 (2.4%, light green in the below graph) (Fig 2.2 (B)). A possible reason 1033 

for this division is that almost all farmers aged 80 and older have retired, with the 1034 

children (aged 50-59) taking over. Their children, in the 20-29 group, have yet to take 1035 

over, hence the lack of respondents in this group. Farming is also not as financially 1036 

viable an occupation as it once was, with many of the younger generation working in 1037 

cities while their parents continue on the farm (despite being of retirement age).  1038 

The age groups 60-69 years and 30-39 years have both the second largest number of 1039 

respondents, 9 each, 21.4% respectively. This could indicate the beginning of the 1040 

transfer of farming responsibility from the older generation to the younger generation. 1041 

The farming enterprise can also be structured in such a manner, or large enough, that 1042 

a few generations can feasibly be present on the farm. 1043 

2.3.3. Property 1044 
The Northern Cape is divided into five larger district municipalities, namely Frances 1045 

Baard District Municipality, John Taolo Gaetsewe District Municipality, Namakwa 1046 

District Municipality, Pixley Ka Seme District Municipality and the ZF Mgcawu District 1047 

Municipality. These district municipalities are then divided into a number of local 1048 

municipalities (Fig 2.1). 1049 

Municipal services are not delivered to the majority of the farms in the Northern Cape, 1050 

including police and emergency services. During the drought, aid forms were used as 1051 

a way to determine the ownership of properties, their size and carrying capacity as 1052 

well as the local municipality in which it lies. This was used to divide the aid received 1053 

in accordance with the size and capabilities of the individual farm. Due to this, more 1054 

people are now aware of their municipal district and local municipality.  1055 
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The largest number of respondents live in Emathanjeni and Siyatemba local 1056 

municipalities, with 20.4% (10 respondents) respectively. Both Emathanjeni and 1057 

Siyatemba form part of the Pixley Ka Seme District Municipality, the second largest 1058 

district in the province (Municipalities of South Africa, 2022). Single respondents live 1059 

in the Ga-Segonyana, Sol Plaatjie, Richtersveld and !Kheis local municipalities (2% 1060 

each). Three respondents each live in the Thembelihie, Renosterberg, Karoo 1061 

Hoogland and Tsantsabane local municipalities, 6.1 % respectively (Fig 2.2 (A)).  1062 

The average farming property size in the Northern Cape is generally larger than those 1063 

found elsewhere in South Africa, because of the low carrying capability of the native 1064 

vegetation present in these areas as well as the limited availability of underground 1065 

water. Smaller holdings are found near the Orange River, where irrigation and the 1066 

production of high value crops allow for smaller, more valuable property than further 1067 

away from this perennial river. In the graph below, 28.6% of respondents’ home 1068 

property is between 2 000 and 3 999 ha, accounting for 12 of the 42 respondents who 1069 

answered the question “What is the estimated size of the property that you live on”. 1070 

No one skipped this question. 11.9% of respondents live on a property that is larger 1071 

than 10 000 ha and 4.8% of respondents live on a property smaller than 100 ha, 1072 

accounting for 5 and 2 respectively, of the total responses (Fig 2.2 (D)). 1073 

Property size and the size of the farming enterprise also differs in most cases, 1074 

especially as family farms usually consist of more than one property. This is done to 1075 

ensure that the sons can farm in partnership with the father, as well as serving as 1076 

home and livelihood in cases where the offspring rely on the income from the farm. 1077 

Family farms as a farming enterprise are also the insurance policy and inheritance for 1078 

the present and following generations. The continued heritage of family farms is 1079 

critical.  1080 

The majority of respondents own between 5 000 and 9 999 ha, accounting for 12 1081 

respondents (Fig 2.2 (C)). This is an average ownership for the centre of the province, 1082 

with property ownership in the Karoo usually much larger. This is closely followed by 1083 

27.5% of respondents owning a total property size of 1 000 to 4 999 ha, accounting 1084 

for 11 responses from the total response for this question. Ten percent, 4 respondents, 1085 

of the total question response volume have a total property ownership size of less than 1086 

1 000 ha. Three respondents, 7.5%, own more than 20 000 ha. A quarter of the 1087 
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respondents own between 10 000 and 20 000 ha, with 10% owning between 10 000 1088 

and 14 999 ha and 15% owning 15 000 to 19 999 ha. 1089 

As is the case with all individuals, priorities differ from person to person. In farming 1090 

enterprise priorities are linked to the overall farming enterprise and the future success 1091 

thereof. In some cases, a large singular objective becomes the heritage of a farmer, 1092 

for instance repairing the fences of the whole farming enterprise in an effort to spare 1093 

the following generation. The following generation then has to deal with the pipe 1094 

infrastructure, now that the fences are not the most pressing concern. In this way 1095 

family farms shift some of the responsibility from a single generation, to not have to 1096 

build the warehouses, but improve the livestock, for example. The problem comes in 1097 

when one generation slacks, or “boer uit”, resulting in loss of generations of hard work 1098 

or leaving the next generation with massive sustainability issues. 1099 

Farming infrastructure is indicated as a first priority for 3.03 % of respondents, a 1100 

second priority for 18% of respondents and a third priority for 7% of respondents. No-1101 

one considered it to be a fourth priority. Farming infrastructure is critical in the grand 1102 

scheme of a farming enterprise, having warehouses to store feed, appropriate animal 1103 

handling facilities to make herd management easier, strong fences, stable water 1104 

provisioning through clean boreholes and pipes and tools such as water pumps and 1105 

horn burners (Fig 2.3 (G)).  1106 

Animals and general animal health (including medicine) is rated as a first priority by 1107 

3.11% of respondents, a second priority by 10% of respondents, a third priority by 2% 1108 

of respondents and a fourth priority by 11% of respondents. Animal purchasing is not 1109 

the goal of a farming enterprise, livestock quality is important to the eventual sale of 1110 

the animals or for breeding purposes. Healthy and genetically sound, animals produce 1111 

better offspring and maintain better condition on the veld, resulting in a better income 1112 

for the farmers. Thus, investing in animals and animal health is important, but 1113 

artificially selecting for better livestock can save money in the long run. There is a 1114 

trade-off for both good quality animals and investing more money in their health. 1115 

Prosopis- and bush encroachment management was considered to be a first priority 1116 

by 2.19% of respondents, even though it is not, for example, as pertinent to the 1117 

immediate survival of a farm as water infrastructure. Management of Prosopis- and 1118 

bush encroachment was considered a second priority by 4% of respondents, a third 1119 
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priority by 15% of respondents and a fourth priority by 11% of respondents (Fig. 2.3 1120 

(G))  1121 

Security and vehicles were considered to be a first priority by 1.91% of respondents, 1122 

a second priority by 5% of respondents, a third priority by 7% of respondents and a 1123 

fourth priority by 18% of respondents. It is interesting to note that security is overall a 1124 

fourth priority, after Prosopis- and bush encroachment management, even though 1125 

rural safety is a growing concern with the increased occurrences of farm attacks and 1126 

farm murders. Overall, farming infrastructure and animal health was the first priority 1127 

for the respondents who answered this question. 1128 

The use of Prosopis biomass in farming is a known occurrence, and concern. Feeding 1129 

pods to livestock is one of the ways the trees have invaded such a large part of the 1130 

Northern Cape. To the question “What is the frequency of Prosopis biomass use in 1131 

your farming practice?”, 29.3% (the majority) of respondents answered ‘none’. This is 1132 

closely followed by 26.8% of respondents who indicated that they regularly use 1133 

Prosopis biomass. 14.6% of respondents indicated they only use Prosopis biomass 1134 

during periods of drought, while 19.5% of respondents use Prosopis biomass only 1135 

sometimes. Daily use of Prosopis material was indicated by 9.8% of respondents. This 1136 

question did not differentiate between the use of wood, leaves or pods, and does not 1137 

therefore provide an accurate picture of the needs of Prosopis material on farms (Fig 1138 

2.2 (F)). 1139 

While 14.6% of respondents indicated that they use Prosopis biomass during times of 1140 

drought, 10.9% of respondents indicated that during the drought they made use of the 1141 

official ‘Bos tot Kos’ method. The majority of respondents made use of drought feed 1142 

aid in the form of feed bales (wheat, oats and grass) as well as drought feed mixtures 1143 

sold in lick or pill form by feed companies. Lick (a feed with mineral supplementation) 1144 

with ruminant additives, to enhance the functioning livestock rumen to enable them to 1145 

eat dryer and more rough plant material, was used by 29.1% of respondents (Fig 2.3 1146 

(C)). 1147 

2.3.4. Prosopis control 1148 
In the survey, 36 respondents answered the question "what is the ideal density of 1149 

Prosopis on your property" with variations of zero trees being the ideal, "nul, ek wil 1150 

hulle nie hê nie", "niks, ek haat ‘n Prosopis" while three respondents indicated one 1151 
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large tree for shade every 1-9ha, and three respondents skipped the question. One 1152 

respondent also had the opinion that the project was useless and that this script 1153 

(unseen) was theoretical and irrelevant. 1154 

Unfortunately wanting zero trees and the reality thereof is relatively different. 41 1155 

respondents answered the question “What is the estimated density of Prosopis on 1156 

your property?”, and one person skipped the question. Of the 41 respondents, 7 1157 

(17.1%) answered that they do not have Prosopis on their property and 11 (26.8%) 1158 

answered that they estimate the Prosopis density on their property to be more than 1159 

100 trees per ha (Fig 2.2 (G)). 26.8 % of respondents indicated that they estimate to 1160 

have between 1 and 9 Prosopis trees per ha, which is a lot closer to actuality than 1161 

having none at all, as there could be seedling trees unnoticed on properties. 12.2% of 1162 

respondents indicated that they have 10 to 29 trees p/ha and 60 to 100 trees p/ha, 1163 

respectively. 1164 

To address the increasing density of Prosopis invasion on farming properties, control 1165 

measures need to be implemented. These control methods vary according to the 1166 

financial position of the owner, the terrain of their property and the density of the stands 1167 

of Prosopis. The question, “Which control methods do you mainly use” was a multiple 1168 

answer question, where respondents could select more than one option. In response, 1169 

49.3% of respondents indicated that the primary control method they use is herbicide 1170 

application. Herbicide application is used in conjunction with other methods, such as 1171 

workers with chainsaws (33.3%) and a tractor with a hydraulic saw attached (9.3%). 1172 

The use of a bulldozer, 6.7% of respondents, is a relatively more expensive option 1173 

compared with the rest, with concerns raised as to the impact this method has on the 1174 

environment compared with other control methods. One respondent indicated that no 1175 

control method was used on his property (Fig 2.2 (H)). 1176 

The frequency of Prosopis control on a farm is critical to curb the spread of Prosopis, 1177 

as well as keeping momentum and not losing hope. It is important to note that 1178 

expecting full-time Prosopis control at the cost of a successful farming enterprise is 1179 

not sustainable nor fair. Sustainable Prosopis control is achieved when consistent 1180 

progress is made in such a manner that the goals of the property owner can be 1181 

achieved in the timeframe they set out. 1182 
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Although 1% of respondents indicated in the above figure that they do not use any 1183 

control methods, 7.1% of respondents reacted to the question asking “What is the 1184 

frequency of Prosopis control method application” with no control being applied. Just 1185 

over a quarter of respondents (26.2%) indicated that Prosopis control on their property 1186 

was controlled full-time, while 7.1% indicated they control Prosopis on a monthly basis. 1187 

Seasonal control of Prosopis was indicated by the majority of the respondents, at 1188 

35.7%, and 7.1% of respondents control Prosopis on a yearly basis (Fig 2.3 (A)). 1189 

Prosopis control is more effective when accompanied with timely and correct follow-1190 

up treatment. Noticeably 26.2% of respondents indicated that they control Prosopis 1191 

full-time, with follow-up treatments also indicated to be full-time by 26.2% of 1192 

respondents. Worryingly, 16.7% of respondents do not use follow-up treatments, 1193 

possibly in the case where a bulldozer was used to remove the tree stump, although 1194 

this does not account for the growth of seedlings in the absence of the larger trees. 1195 

Both seasonal and yearly follow-up treatments, respectively, are used by 23.8% of 1196 

respondents. Monthly follow-up treatments were indicated by 9.5% of the survey 1197 

respondents who answered this question (Fig 2.3 (B)). 1198 

Using the biomass of the dead and or removed trees is considered to be a method to 1199 

try and alleviate some of the costs of Prosopis control. There is value in large, single 1200 

trees on homesteads, where 4.2% of respondents indicated they use such trees for 1201 

shade. Some respondents, 2.1%, dry out the pods before feeding it to livestock, 1202 

whereas 16.7% of respondents do not dry out the pods before using these to feed their 1203 

livestock. Thus, pod use alone accounts for 18.8% of Prosopis use by the 1204 

respondents. 18.8% of respondents do not use any Prosopis biomass, while 12.5% 1205 

indicated the use of Prosopis biomass (leaves, twigs and pods) for feeding livestock. 1206 

One respondent uses Prosopis biomass for groundcover, while another uses it for 1207 

compost. The overall primary use for Prosopis material is wood (41.7%), for braais 1208 

and fireplaces as well as cooking fires (Fig 2.3 (F)). 1209 

2.3.5. Biological control 1210 
The use of biological control as part of an integrated approach to Prosopis invasion on 1211 

farming properties may go a long way to mitigate the need for aggressive follow-up 1212 

treatments. Unfortunately, 52.5% of respondents consider it highly likely and 12.5% of 1213 

respondents consider it likely that the biological agents presently used in response to 1214 

Prosopis invasion can and will attack native plants, having a negative impact on the 1215 
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environment. The largest number concerns are for the native thorny trees, including 1216 

camel thorn (Vachellia erioloba) and grey camel thorn (Vachellia haematoxylon). A 1217 

quarter of respondents (25%) consider it unlikely that biological control agents will 1218 

attack native plants, while 10% are not concerned (Fig 2.3 (D)). 1219 

Even though more than half of respondents are concerned with the likelihood that the 1220 

biological control agents used to address Prosopis invasion in the Northern Cape will 1221 

have a negative environmental effect by attacking native thorny trees, 40% indicated 1222 

that they were highly likely to recommend the use of biological control to their friends, 1223 

neighbours and colleagues (Fig 2.3 (E)). 42% of respondents indicated that they were 1224 

likely to recommend the use of biological control agents to their friends and colleagues, 1225 

whereas 15% were unlikely to recommend biological control and 2.5% were not likely 1226 

to at all.           1227 

 1228 
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Figure 2.2: A) Municipal district wherein respondents reside; B) Age of respondents; 1238 
C) Total size of property ownership; D) Size of the residing property; E) Primary 1239 
farming practice; F) Main use of Prosopis biomass on property/in farming practice; 1240 
G) Estimated density of Prosopis on property; H) Primary Prosopis control methods 1241 
used on property. 1242 
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Figure 2.3. A) Frequency of Prosopis control; B) Frequency of follow-up treatment 1244 
application; C) Feed type used during the drought; D) The likelihood that biological 1245 
control insects will survive on indigenous trees and have a negative impact on the 1246 
environment; E) The likelihood of suggesting the use of biological control methods to 1247 
manage Prosopis to others; F) General use of Prosopis biomass on respondent 1248 
property; G) Financial priority on respondent property; H) Response volume. 1249 
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2.3.6. Statistical analysis 1250 
We found no evidence for a statistically significant effect of any of the six predictor 1251 

variables in explaining the likelihood of a respondent scoring Prosopis as a nuisance 1252 

or not. Even with applying bias-adjustments to the baseline statistical model to try to 1253 

improve the accuracy and reduce the bias of the estimated regression coefficients, 1254 

there are several reasons why the regression parameters presented above may still 1255 

be biased (see ‘Discussion’). As such, below we highlight several specific comparisons 1256 

and potential associations based on visual inspection and scrutiny of the raw data, 1257 

while cautioning against overinterpreting these data and making any significant 1258 

inference from these possible associations.  1259 

In contrast, there is a potentially positive relationship between the estimated Prosopis 1260 

density on a property and the likelihood of a respondent scoring Prosopis as a 1261 

nuisance or not, with all five respondents who did not score Prosopis as being “Highly 1262 

likely” to be a nuisance coming from either the no Prosopis density category or the 1263 

lowest density category (1-9 trees p/ha) (Fig. 2.4 (B)). On the other hand, the 1264 

frequency of Prosopis biomass may potentially influence respondents’ perceptions of 1265 

Prosopis, with only respondents who reported using Prosopis biomass on a ‘daily’ 1266 

basis consistently being “Highly likely” to score Prosopis as a nuisance (Fig. 2.4 (C)). 1267 

Similarly, only respondents who reported to control Prosopis on a full-time basis 1268 

consistently were “Highly likely” to score Prosopis as a nuisance (Fig. 2.4 (E)). Lastly, 1269 

only respondents who owned properties in the largest two property size classes (8000-1270 

9999 p/ha and >10000 trees p/ha) were consistently “Highly likely” to score Prosopis 1271 

as a nuisance (Fig. 2.4 (A)).  1272 



46 
 

  1273 

Figure 2.4. The relationship between the likelihood of considering Prosopis a nuisance 1274 
and (A) property size; (B) Prosopis density; (C) Prosopis biomass use; (D) Prosopis 1275 
fodder use; (E) frequency of Prosopis control and (F) stock type on property. 1276 

 1277 
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2.4 Discussion 1278 
The role of a Champion is to facilitate the move towards, and implementation, of 1279 

actions that benefit the Community of Practice wherein they function. A unidirectional 1280 

survey may not be the most accurate way of determining the value a Champion can 1281 

have in invasion science in the Northern Cape, as it distances both the Champion and 1282 

the stakeholders from the CoP. This results in the inability for both parties to make 1283 

lasting impressions on each other, to realise the purpose of this project and to change 1284 

perceptions regarding biological control in the area. A CoP can only be considered as 1285 

such when all involved parties have a common aim before them, control of Prosopis, 1286 

although many of the stakeholders disagree on the degree and method of control. 1287 

Without coming to a respectful accord, the establishment and continued existence of 1288 

a CoP in this area will be greatly hampered. A database of stakeholders and 1289 

information needs to be established from which to move forward. Considering this, the 1290 

initial questionnaire served the purpose of re-starting the conversation on Prosopis 1291 

management post-draught and garnering interest in the information available on 1292 

Prosopis in the Northern Cape. 1293 

Unfortunately, most of the interest gained at the start of this project was because of 1294 

the misunderstanding the project was involved in the physical control of Prosopis in 1295 

the study area, and when this was proven to be wrong, some interest was lost. Some 1296 

interested parties also believed that being part of the project would allow them to shift 1297 

the responsibility of Prosopis control onto either researchers or biological control 1298 

agents. 1299 

  1300 
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CHAPTER THREE 1301 

STAKEHOLDER WORKSHOPS AND ENGAGEMENT 1302 

3. Introduction 1303 

Since the 1980’s, stakeholder participation has become increasingly important in the 1304 

international development discourse (Mohan et al., 2000; Easterly, 2006; Sachs, 2006; 1305 

Denney et al., 2018). Participation refers to the inclusion of stakeholders in the 1306 

planning and/or implementation of projects. The aim of doing this is to enhance 1307 

outcomes, often by integrating local socio-economic knowledge and implementation 1308 

capacity (Wheeler et al., 1998; Glicken, 2000; Maathai, 2011; Denier et al., 2015; 1309 

Denney et al., 2018). With participatory processes also receiving renewed attention in 1310 

the sustainability science literature (Heras et al., 2014; Wittmayer et al., 2014; 1311 

Steelman et al., 2015; Hara et al., 2016; Leventon et al., 2016; Denney et al., 2018), 1312 

there has been an increased focus on interdisciplinarity (Polk, 2014; Steelman et al., 1313 

2015; Leventon et al., 2016) and participation of non-academic stakeholders in terms 1314 

of problem definition, solution identification and policy formation (Lang et al., 2012; 1315 

Heras et al., 2014; Miller et al., 2014; Denney et al., 2018).  1316 

The use of participation as part of sustainable and conservation projects is based on 1317 

the reasoning that the detailed understandings of the local socio-ecological system 1318 

are essentially different between local stakeholders and outsiders. The incorporation 1319 

thereof can provide valuable information and perspectives for the success of 1320 

sustainability interventions (Berkes et al., 2000; Walker et al., 2002; Folke et al., 2005; 1321 

Denney et al., 2018). Unfortunately, development interventions and research often rely 1322 

on existing top-down networks facilitated by local governmental institutions. The 1323 

institutions often treat local beneficiaries as victims who do not understand their own 1324 

problems (Nuijten, 2004; Denney et al., 2018). 1325 

3.1. Invasive species stakeholder engagement and their impact 1326 
To achieve effective and sustainable invasive species management, barriers that 1327 

hinder the implementation of long-term integrated management plans should be 1328 

identified and addressed (Larson et al., 2011), whilst understanding that perspectives 1329 

on the environmental, social, and economic importance of invasive species 1330 

management will differ among stakeholders (Lodge et al., 2003; Maguire, 2004; 1331 

Stokes et al., 2006; Larson et al., 2011).  1332 
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When stakeholders are excluded from decision making processes, potential allies may 1333 

become potential adversaries (Van Driesche et al., 2004; Larson et al., 2011). Thus, 1334 

great care must be taken to involve all possible stakeholders in invasive species 1335 

management, developing outreach tools for translating scientific benchmarks into 1336 

everyday language as well as communicating measurable progress to the community 1337 

(Larson et al., 2011). Assessing people’s perceptions can provide insights into the 1338 

negative impacts of the invasive species (Witt et al., 2019).  1339 

With management of IAS necessary to mitigate negative impacts associated with alien 1340 

invasions (Hulme, 2006; Pyšek et al., 2010), it is often assumed that native biodiversity 1341 

recovery will follow the removal of IAS from invaded ecosystems (Wittenberg et al., 1342 

2005; Blanchard et al., 2008; Nsikani et al., 2020). Invasive plant management, 1343 

however, is inherently complex with the knowledge that the removal of invaders may 1344 

not always result in full or even partial recovery of native biodiversity (Zavaleta et al., 1345 

2001; Pearson et al., 2016; Mangachena et al., 2017, 2019; Nsikani et al., 2020). 1346 

Some proposed reasons for the lack of biodiversity recovery after the removal of IAS 1347 

include the depletion of native seed banks (Le Maitre et al., 2011), re-invasion 1348 

(Richardson et al., 2008) as well as secondary invasion and dominance of native 1349 

weedy species (bush encroachment) (Pearson et al., 2016; Nsikani et al., 2018), with 1350 

secondary invasion broadly defined as “the proliferation of non-target alien species 1351 

following effort to suppress dominant target invaders” (Pearson et al., 2016; Nsikani 1352 

et al., 2018; Nsikani et al., 2019, 2020).  1353 

Nsikani et al. (2020) conducted a study to try and address the absence of country-1354 

specific reviews on secondary invasion and weedy native species dominance in South 1355 

Africa. Their research consisted of a literature review as well as a participatory 1356 

interactive expert workshop. The workshop, intended to evaluate the knowledge on 1357 

secondary invasion and weedy native species dominance in South Africa was hosted 1358 

by Nsikani et al. (2020) at the 46th National Symposium on Biological Invasions in 1359 

Tulbagh, Western Cape. The workshop was attended by 52 participants, mostly 1360 

researchers. The delegates were from the Agricultural Research Council, 1361 

CapeNature, Centre for Biological Control, Centre for Invasion Biology, Department of 1362 

Environment, Forestry and Fisheries, South African National Biodiversity Institute and 1363 

several universities (Nsikani et al., 2020). 1364 
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The workshop recognised that grasses, herbs, shrubs and trees can be secondary 1365 

invaders after clearing target invaders, and that while secondary invasion is often 1366 

observed after primary clearing, they are seldom focused on or identified (Nsikani et 1367 

al., 2020). They also indicated that the nature and severity of the effects of secondary 1368 

invasion are dependent on context with secondary invasions hindering native species 1369 

recovery. The workshop recognised that little to no management efforts target 1370 

secondary invasions in South African ecosystems, which was attributed to the present 1371 

policy regulating IAS, the NEM: BA act. This lists IAS requiring management, with most 1372 

secondary invaders not included as they are not considered high-impact weeds 1373 

(Nsikani et al., 2020). Some participants also expressed the strong view that 1374 

secondary invaders give way to native species after a few years, while other 1375 

expressed concerns for arrested succession (where early and mid-successional 1376 

species dominate the plant community). Relatively little global research has been 1377 

conducted on either of these points (Nsikani et al., 2020). 1378 

Due to the lack of knowledge on secondary invasions and weedy native species 1379 

dominance in South Africa, there is a definite need for more research to inform a policy 1380 

shift towards appropriate management of secondary invaders and weedy native 1381 

species (Nsikani et al., 2020). The creation and maintenance of comprehensive 1382 

noxious weed lists that include both alien and native species would be useful inputs to 1383 

formal policies for dealing with this issue. Increased collaboration between 1384 

researchers and practitioners may result in an enhanced understanding of the drivers 1385 

and impacts of secondary invasion and weedy native species dominance (Nsikani et 1386 

al., 2020). 1387 

In consultation with stakeholders in 2001, a decision was made to expand the 1388 

development of biological control efforts against Prosopis by including potential agents 1389 

that attack all reproductive components (Kleinjan et al., 2021). Zachariades et al. 1390 

(2011) reported on the preliminary developments of this, while in recent years a 1391 

conclusion was reached to research potential agents that damage the vegetative 1392 

components of Prosopis (Kleinjan et al., 2021). 1393 

Shackleton et al. (2017) developed a framework for a national strategy for the 1394 

management of Prosopis in South Africa. Their process involved a series of steps, 1395 

where the first two involved the gathering of background information on the positive 1396 
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and negative impacts of Prosopis in South Africa, distribution and ecology of Prosopis 1397 

using existing literature which often involved different stakeholders. Their third step 1398 

was to include a literature review, workshops and surveys to identify key barriers that 1399 

hinder the effective management of Prosopis, as well as the identification of strategic 1400 

and adaptive approaches that need to be applied to improve control of Prosopis 1401 

(Shackleton et al., 2016, 2017). The fourth step was to use various approaches to 1402 

define components of a national strategy for the management of Prosopis (Shackleton 1403 

et al., 2017). 1404 

Multi-stakeholder workshops involving farmers, academics and private and public 1405 

managers were arranged to debate and develop an overarching goal for the strategy 1406 

(Shackleton et al., 2017). The workshops were also used to identify crucial needs and 1407 

outcomes for the strategy. The effectiveness and role of different control options and 1408 

approaches were discussed in the workshops and via interviews with key informants 1409 

(Shackleton et al., 2017). Decision tree models were used to assign appropriate 1410 

control objectives to different parts of South Africa, allocating management priorities 1411 

to each of the 234 municipalities in South Africa. Questionnaires were sent to farmers 1412 

and managers to collect information on perception of the different control objectives 1413 

(Shackleton et al., 2017). 1414 

The framework for the strategy outlines important factors needed to guide the 1415 

management of Prosopis in South Africa (Shackleton et al., 2017). It outlines how the 1416 

management of Prosopis needs to be coordinated, which stakeholders need to be 1417 

involved, mandates and legislation requirements, the assessment of different control 1418 

options, the role and importance of spatial planning and monitoring and evaluation 1419 

needs (Shackleton et al., 2017). The goal of the management strategy developed by  1420 

Shackleton et al. (2017) was agreed upon by multiple stakeholders, “to effectively 1421 

control, contain, and monitor Prosopis invasions to reduce their costs to humans and 1422 

the environment in South Africa over the next 20 years”. The stakeholders present at 1423 

the workshop also emphasised the need for coordination and cooperation at different 1424 

levels, especially in terms of alignment with South African legislation and to ensure the 1425 

overall success of management initiatives (Shackleton et al., 2017). To address this, 1426 

Shackleton et al. (2017) suggested the establishment of a multiple stakeholder 1427 

working group, consisting of WfW managers, representatives from different 1428 

government departments and research institutions as well as private stakeholders. 1429 
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The working group would then direct Prosopis management implementation, the 1430 

formulation of a research agenda and a best-practice manual for private landowners. 1431 

They would also oversee stakeholder engagement, monitoring and performance 1432 

evaluations and manage bureaucracy between stakeholders and in the WfW program 1433 

(Shackleton et al., 2017). 1434 

Initiatives aimed at achieving a comprehensive national strategy for management of 1435 

Prosopis in South Africa, as set out by Shackleton et al. (2017), were implemented in 1436 

2018 with the appointment of a national coordinator by the Rhodes University Centre 1437 

for Biological Control (Kleinjan et al., 2021). Subsequently the Centre for Biological 1438 

Control, in collaboration with Agri-Northern Cape, organised a stakeholder workshop 1439 

in 2019. A working group with broad stakeholder representation was formed, to 1440 

facilitate and develop a ‘National Programme for Management of Prosopis’ (Kleinjan 1441 

et al., 2021).  1442 

The aim of this chapter was to illustrate a few of the different approaches in citizen 1443 

sciences. The inclusion of a stakeholder project in South Africa about invasions of 1444 

alien species is important so as to consider the effects of invasive control, for possible 1445 

inclusion in management programs and legislation. 1446 

3.2. Materials and Methods  1447 

3.2.1. Groblershoop workshop 1448 

Initially two workshops were planned, one in 2021 and one in 2022, unfortunately, 1449 

because of the nation-wide COVID-19 pandemic restrictions, this was not possible, 1450 

and thus one workshop was organised for 15 June 2022. The main aims of the 1451 

workshop were to make the research into Prosopis management and the use of 1452 

biological control more accessible to land users, as well as improving the transference 1453 

of scientific knowledge and research to stakeholders. The workshop was held in 1454 

Groblershoop (Fig 3.1), a small town in the Northern Cape situated along the Orange 1455 

River, 116 km from Upington. An advertisement programme was distributed via the 1456 

Prosopis Whatsapp group, which was then shared by individuals to other community 1457 

groups (Appendix J). 1458 
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 1459 

Figure 3.1: Location of Groblershoop (red pin), and Upington, Prieska, Kenhardt, 1460 
Brandvlei and Williston indicated by the yellow pins. 1461 

As a prelude to the workshop, a survey entitled, “Prosopis in die Noord-Kaap 1462 

Registrasie”, (Appendix C) was opened on 25 May 2022 and shared on a Prosopis 1463 

WhatsApp-group with 70 members. The survey consisted of 5 questions, with an 1464 

average completion time of 1 minute and 48 seconds. The survey was designed and 1465 

distributed using the Survey Monkey programme (Name: Momentive Inc. Location: 1466 

San Mateo, California, USA Main Website: www.momentive.ai, Survey Monkey 1467 

Website: https://www.surveymonkey.com/). The registration survey was distributed via 1468 

an array of other WhatsApp groups, including local agricultural organisations, women’s 1469 

organisations, and rural security groups in order to try and reach as many interested 1470 

parties as possible. In total 34 respondents completed the survey and indicated that 1471 

they would be attending the Prosopis workshop hosted in Groblershoop on 15 June 1472 

2022. The survey was only available in Afrikaans, due to the experience with the initial 1473 

questionnaire where the English questionnaire did not receive a single response.  1474 

The workshop was attended by a diverse group of stakeholders, including farm 1475 

workers -and managers as well as family farmers from as far as Williston and 1476 

delegates from various governmental departments. 1477 
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3.2.2. Prosopis ‘roadshow’ 1478 

As a direct result of the reception of the Groblershoop workshop, a Prosopis 1479 

‘roadshow’ was organised. The speakers present for this series of workshops were 1480 

invited because of a comment from a participant at the Groblershoop workshop, 1481 

stating that they would like to hear something other than biological control of Prosopis. 1482 

The goal of the workshop series was to discuss the utilization of Prosopis biomass to 1483 

aid in control, be it through harvesting or through removal of biomass from properties 1484 

to be used in construction. Emphasis was also placed on the importance of a 1485 

management plan, to prevent overreaching, biodiversity damage and disruption of 1486 

ecosystem services through harmful practices. The importance of Prosopis control in 1487 

a ‘whole farm approach’ was also reiterated, with the utilization of Prosopis only 1488 

considered as a way of eventually being able to farm in a more sustainable manner. 1489 

Five workshops were held in five towns, starting on 26 October 2022 in Brandvlei, 1490 

Kenhardt (27 October), Upington (28 October), Prieska (31 October) and ending on 1 1491 

November in Williston (Fig. 3.1). The location decision was based on communications 1492 

received from individuals from these towns, either for more information, aid or interest 1493 

in the release of biological control agents. These areas all have a marked presence of 1494 

Prosopis invasion, with most of the waterways clogged with impenetrable Prosopis 1495 

thickets.  1496 

3.3. Results 1497 
3.3.1. Groblershoop workshop                  1498 

The response volume for the workshop showed the distribution of responses received 1499 

by day from the survey that was opened on 24 May, until 14 June when the survey 1500 

was closed (Fig 3.2). The highest number of registrations occurred on 10 June, after 1501 

a reminder was sent on the Prosopis WhatsApp-group, as well as to a variety of other 1502 

local groups with possible interested parties. The second highest number of 1503 

registrations were received on 14 June. The main purpose of the registration survey 1504 

was to gauge the number of people that would be attending the workshop, although 1505 

no cut-off date was indicated in the invitation. Four respondents also indicated having 1506 

trouble with the online registration, resulting in the student manually registering them 1507 

on the Survey Monkey website. 1508 

The workshop presentations were 20 minutes in duration, followed by discussion time 1509 

and included; 1) the history of Prosopis invasion and control; 2) project presentation 1510 
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on small-scale management of Prosopis and perceptions on biological control; 3) 1511 

utilization of Prosopis biomass for fodder; 4) Seed-feeding Prosopis beetles; 5) Evippe 1512 

sp. #1 as Prosopis biological control and finally; 6) Small-scale management plans 1513 

and control of Prosopis. The workshop was in an informal setting, with farmers 1514 

comfortable to contribute to the discussion. Even though, the workshop was facilitated 1515 

by Mr. Philip Ivey and the student. The student was also the first point of welcoming, 1516 

administration, questions and general order. 1517 

 1518 

Figure 3.2. Registration response volume for the Prosopis workshop in Groblershoop. 1519 

3.3.2. Groblershoop workshop outcomes 1520 
Various stakeholders expressed their concern about the use of biological control and 1521 

the possible risks associated with it. Special attention was paid to the likelihood of the 1522 

released biological control agents utilising native thorny trees such as Camel thorn 1523 

(Vachellia erioliba) Fabaceae (E. May). It was concluded at the workshop that 1524 

researchers need to be more open with the general public and interested stakeholders 1525 

with the research and development process of biological control agents, as well as 1526 

being clearer on the ongoing and intended projects concerning the target species (in 1527 

this case Prosopis). 1528 
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Another great frustration discussed at the workshop concerns politics and funding, 1529 

with many participants upset with projects starting with great promise, and then 1530 

stopped, leaving them in the same (or sometimes worse) position than they were in 1531 

before. The continuity of projects and researchers was also discussed, participants 1532 

are frustrated with spending time and energy with a researcher on a project, while they 1533 

complete their research, and then little to no effect is felt on the ground with the 1534 

situation of the landowner unchanging. One landowner was very unsatisfied with the 1535 

release of Evippe sp. #1 at the SKA near Carnarvon in February 2021, firstly because 1536 

of land disputes in that area and the government considered responsible for the 1537 

majority of Prosopis, and secondly because of lack of information on this release. The 1538 

researcher responsible for the release indicated that while the area is not ideal for a 1539 

release, it was considered relatively appropriate to garner both publicity and public 1540 

interest, which results in better funding for the project and allows further releases in 1541 

better areas. While the landowner seemed to consider the explanation, he was not 1542 

satisfied, becoming withdrawn for the duration of the workshop and leaving directly 1543 

after the workshop was concluded. 1544 

3.3.3. Groblershoop post-workshop actions 1545 
A post-workshop newsletter (Appendix D) was considered as a concise 1546 

communication device to provide a summary of the workshop topics for those who 1547 

could not attend, as well as other pertinent information such as developments in 1548 

Prosopis biomass use and correct information on the biological control agents 1549 

presently being utilised. The content of the newsletter was curated by the student, with 1550 

input from the workshop speakers and general concern learned at the workshop. The 1551 

newsletter was designed using Canva (Name: Canva Pty Ltd, Location: Sydney, 1552 

Australia Main website: canva.com). It was distributed via email to all respondents who 1553 

have completed either the first survey in 2021 or the workshop registration survey. It 1554 

was also shared on the Prosopis WhatsApp-group. A total of 94 respondents were 1555 

included in a mailing list for the distribution of the newsletter. Sixteen emails were not 1556 

delivered because of inactivity on the account or the address being non-existent. As 1557 

the newsletter was distributed via email, and WhatsApp, and open to share by all, this 1558 

was not concerning. In the newsletter, two surveys were included, one being 1559 

concerned with the organisation of other workshops and interest in the continuation of 1560 

the newsletter, and the other concerned with workshops as a tool of stakeholder 1561 
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engagement. The surveys were completed by 7 and 5 respondents respectively, with 1562 

one respondent having great difficulty completing the online surveys. This can be 1563 

attributed to troubles hyperlinking information in the newsletter, the possibility of which 1564 

was addressed in the email accompanying the newsletter sent out, and confusion of if 1565 

they have already completed a survey or not. The results from the two post-workshop 1566 

questionnaires were considered to be inadequate and not fit for further consideration. 1567 

Included in the newsletter was information leaflets from the ARC and other 1568 

researchers, providing accurate information on the biocontrol agents discussed at the 1569 

workshop. This was included as a way of strengthening communication between 1570 

researchers and stakeholders, and to appease concerns on the utilisation of biological 1571 

control agents and the environmental impact thereof. Communication details of the 1572 

ARC was also included. It was realised that subsistence and communal farmers as 1573 

well as smaller commercial farmers in the Northern Cape have no real scope of the 1574 

work that the ARC is involved in, as well as the impact the organisation has on 1575 

development in the Agricultural sector. Improving communication on this is important 1576 

to the success of further endeavours. In future editions of the newsletter, it would be 1577 

imperative to include small biographies of the organisations involved with Prosopis 1578 

research and the control thereof. 1579 

Another organisation included in the newsletter was ADTech (African Data 1580 

Technologies (Pty) Ltd), a company in Stellenbosch, Western Cape, investigating 1581 

carbon credits, biochar and carbon sequestration. This was included to show one of 1582 

the possibilities of Prosopis biomass utilisation, as a means of both addressing the 1583 

Prosopis biomass on landowner properties, but also possibly covering some of the 1584 

costs associated with Prosopis control. Two landowners brought 1kg bags, 1585 

respectively, of charcoal they produced on their properties from removed Prosopis 1586 

biomass. The interest in biochar and the possible financial impacts thereof needs to 1587 

be researched further, although interest therein is increasing. The transport of both the 1588 

raw Prosopis mass and the biochar is the main concern impacting the probability of 1589 

such a project. The production of kilns for charcoal and biochar production is being 1590 

looked at, with researchers conversing with large irrigation farming companies. One 1591 

of the landowners who produced their own charcoal, is also building a wood-gas 1592 

machine, to use charcoal made from Prosopis to run a generator which can be used 1593 

for electricity, drastically reducing his dependence on fuel for a generator. 1594 
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3.3.4. Prosopis roadshow results 1595 
A message invitation regarding the workshop series was distributed via organised 1596 

agriculture groups and meetings, with the majority of the questionnaire’s respondents 1597 

indicating they were made aware of the workshops via their agricultural union 1598 

WhatsApp group. Some respondents indicated they were informed by agricultural 1599 

extension officers or NAFU (National African Farmers Union). Word of mouth and 1600 

private conversations was also one of the major communication ways used to inform 1601 

parties of the workshop series. The workshops were arranged in various venues and 1602 

attended by people of various demographics and backgrounds. In total 132 signatures 1603 

were accounted for on the registers for each session (Fig. 3.3 (A)). The most attended 1604 

session was the Prieska workshop, with 30.4% of the total attendees. The second 1605 

most attended session was Kenhardt with 24.4% of the total attendees, followed by 1606 

Williston (21.4%), Brandvlei (14.9%) and Upington (8.9%). 1607 

A physical questionnaire was handed out at the beginning of each session during 1608 

registration (Appendix G). There was also an option available to scan a QR code to 1609 

complete the questionnaire online, which was not opted for. A total of 120 completed 1610 

questionnaires were collected from 132 individuals over the 5 sessions. This variance 1611 

in attendance and completed questionnaires can be attributed to either couples or 1612 

groups filling in one questionnaire between them, it was also noted that a small number 1613 

of attendees at the sessions were not comfortable with either reading or writing. A total 1614 

of 158 individuals registered for the various workshop sessions, with the biggest 1615 

difference in the number of people registered for the session and present at the 1616 

session occurring in Brandvlei. The attendance in Upington was also less than 1617 

registered. In Kenhardt, Prieska and Williston the number of people present was 1618 

higher than the number of registrations. Overall, the ‘roadshow’ can be considered as 1619 

successful with most individuals present expressing their satisfaction with the 1620 

speakers present in the town they attended (Fig. 3.3 (A-F)). 3.3% of respondents from 1621 

Williston considered it likely that they were unsatisfied with the session they attended. 1622 

This could be because of their expectations not being met, having attended the 1623 

sessions with the purpose of receiving aid, or confusion on completing the form. 1624 
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Figure 3.3. Likelihood of satisfaction with the speakers at the session attended in A) 1625 
Brandvlei; B) Kenhardt; C) Upington; D) Prieska; E) Williston. 1626 

Included in the questionnaire was a question requesting if there were any other 1627 

subjects the respondents would have liked to have discussed during the session they 1628 

attended. The majority of respondents indicated that they were satisfied with the 1629 

speakers and that they consider the session to have been relatively informative. Some 1630 

other comments were that more time should be spent on the topics discussed by the 1631 

speakers, as well as practical solutions for herbicide application and physical removal 1632 

of Prosopis and more information in general. The sustainability of projects and 1633 

Prosopis control was also noted for further discussion. At both Prieska and Upington 1634 

the use of biomass in construction and the offset of finished products was also added 1635 

for further consideration, whereas the development and implementation of biological 1636 
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control agents was also noted. This question was also skipped by quite a few of the 1637 

respondents over the five sessions. 1638 

An introductory presentation was used to detail the reasoning behind the 1639 

implementation of biological control and the main goal of the workshop series. At each 1640 

town the first question asked was to the safety of biological control and the research 1641 

pertaining to it. Respondents were asked if they were aware of the implemented 1642 

biological control agents, with 74 of respondents indicating yes, 37 indicating no. Nine 1643 

respondents skipped the question. When asked to provide an example of biological 1644 

control agents used for Prosopis invasion, 75 respondents skipped the question. The 1645 

remaining respondents indicated varieties of ‘insect,’ ‘kewer’ and ‘mot’ with two 1646 

respondents noting Evippe sp. #1 by name. While interest in the release of biological 1647 

control agents in the area is marked, less attention is paid to the actual functioning of 1648 

the different species. 1649 

Respondents were asked how likely they thought it that biological control agents would 1650 

be successful in the control of Prosopis (Fig. 3.4 (A-E)). There was no distinction made 1651 

that this would be part of an integrated farm-level approach to Prosopis as ‘pest’ on 1652 

properties, which should be rectified in future surveys of this kind. Of the 119 1653 

respondents who answered the question, 25 respondents consider it highly likely, and 1654 

64 of respondents consider it likely that biological control agents will be successful in 1655 

controlling Prosopis, with the majority of respondents indicating likelihood of success 1656 

attending the Prieska session. Twelve respondents consider the successful control of 1657 

Prosopis through biological control unlikely. Over the five sessions 13 respondents 1658 

skipped the question.  1659 

 1660 

 1661 
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Figure 3.4. Likelihood that biological control agents would be considered successful 1662 
for Prosopis management in session attended at A) Brandvlei; B) Kenhardt; C) 1663 
Upington; D) Prieska; E) Williston. 1664 

Included in the questionnaire was the question “What is the likelihood that Prosopis 1665 

biological control agents will have a negative impact on native trees?” (Fig. 3.5 (A-E)). 1666 

Overall, eighteen respondents indicated that it was highly likely and 46 respondents 1667 

indicated that it was likely that Prosopis biological agents will have a negative impact 1668 

on native trees. 35 respondents consider it unlikely and 7 respondents consider it 1669 

highly unlikely that Prosopis biological control agents will have a negative impact on 1670 

native trees. This question was skipped by 14 respondents. 1671 
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Figure 3.5. Likelihood that biological control agents will have a negative on 1672 
indigenous plant growth in session attended in A) Brandvlei; B) Kenhardt, C) 1673 
Upington; D) Prieska; E) Williston. 1674 

When asked what the likelihood of Prosopis control is on their property (Fig. 3.6 (A-1675 

E)), over the five workshop sessions 57 respondents indicated that it was highly likely 1676 

they were presently busy with control of Prosopis. Of these respondents, 19 individuals 1677 

attended Prieska and Williston, respectively. 35 respondents indicated it likely that 1678 

they were presently busy with control of Prosopis on their property. 4 respondents 1679 

indicated it to by unlikely, and 9 respondents indicated it to be highly unlikely that they 1680 

were controlling Prosopis on their property. 15 respondents skipped the question. 1681 

Brandvlei is presently still experiencing the effects of the drought, as is Kenhardt, with 1682 
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many landowners abandoning their farms to work in the nearest town. This could be 1683 

contributing to both the attitude of the attendees of the sessions hosted in Kenhardt 1684 

and Brandvlei, as well as their present outlook on invasive species and Prosopis 1685 

control. The overall financial position of these towns is different to that of Prieska, 1686 

where there is a high presence of large irrigation farms as well as specialist farming 1687 

industries. 1688 

 

 

 

 

 

 

Figure 3.6. The likelihood that respondents were busy with Prosopis management 1689 
on their properties in A) Brandvlei; B) Kenhardt; C) Upington; D) Prieska; E) Williston. 1690 

An open text question relating to factors that hinder the control of Prosopis on the 1691 

property of the various respondents who attended the workshop series was included 1692 

in the questionnaire (Fig. 3.7 (A-E)). 49 respondents indicated that the main 1693 

hinderance to the sustained control of Prosopis the overall cost of control (50% of the 1694 

question respondents in Brandvlei, 34.5% of respondents in Kenhardt, 38.5% of 1695 
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respondents in Upington, 39.5% of respondents in Prieska and 28.2% of respondents 1696 

in Williston. Respondents from Kenhardt (13.8%), Prieska (7%) and Williston (2.6%) 1697 

also indicated that they were farming on community property surrounding the town, 1698 

with little to no control over animal movement nor an organised approach to the control 1699 

of invasive plants. Over the four sessions, 14 respondents also expressed concern 1700 

towards the labour intensity of Prosopis control and the dependability of the labour 1701 

force, resulting in higher costs because of the required manpower for sustained 1702 

Prosopis control, with. Four respondents from Williston indicated that they were 1703 

situated next to the Sakriver, and that the Prosopis stands were simply too dense to 1704 

start with control on their properties. The availability of resources was also noted to be 1705 

a hindrance, especially in conjunction with the use of a management plan. Time 1706 

constraints were also considered a factor influencing the control of Prosopis by 1 1707 

respondent from Kenhardt and three respondents from Williston. Overall, 21 1708 

respondents indicated that there are no factors hindering the control of Prosopis on 1709 

their property, while 27 respondents skipped the question. 1710 
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Figure 3.7. General factors that hinder the control of Prosopis on respondents’ 1719 
property in A) Brandvlei; B) Kenhardt; C) Upington; D) Prieska; E) Williston. 1720 

When asked what other resources the respondents would consider to support their 1721 

efforts of controlling Prosopis on their property (Fig. 3.8 (A-E), 51 respondents 1722 

indicated that herbicide aid, more affordable herbicide and more information on 1723 

herbicide use will assist them in controlling Prosopis. Manpower and labour were also 1724 

indicated as additional resources that would support Prosopis control by 19 1725 

respondents, as well as fuel (13 respondents), improved machinery and other 1726 

mechanical tools such as chainsaws (23 respondents). Financial aid was also added 1727 

as consideration, either privately funded (17 respondents) or through increased 1728 

cooperation with government departments (2 respondents). The possible need of a 1729 

A B 

C D 
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management plan was indicated by respondents from Brandvlei (1 respondent), 1730 

Prieska (2 respondents) and Williston (3 respondents). Four respondents from Prieska 1731 

also indicated that having an offset for various biomass products will support their 1732 

efforts in controlling Prosopis (8.5%). Being able to have biological control agents on 1733 

their property was also noted to be a supplementary resource by one respondent in 1734 

Prieska and Williston, respectively. Two respondents also indicated having more time 1735 

available for Prosopis control will enable them to more successfully control Prosopis. 1736 

This question was skipped by 32 respondents. 1737 

 

 

 
 

 

 

Figure 3.8. Resources that respondents would consider to aid the management of 1738 
Prosopis on their properties in A) Brandvlei; B) Kenhardt; C) Upington; D) Prieska; E) 1739 
Williston. 1740 

E 
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3.4 Discussion 1741 
After the workshop series it was decided to move to using a Telegram channel as the 1742 

platform to engage with interested parties on Prosopis research in the Northern Cape. 1743 

The Telegram channel was launched the day after the conclusion of the workshop 1744 

series, gaining seven subscribers in the first day and currently standing at 17 1745 

subscribers. The suggestion of Telegram was relatively well received, with the hope 1746 

that this results in improved communication and sharing of information. This is in part 1747 

because of the cloud-based nature of Telegram, allowing new subscribers to have 1748 

access to previous messages. 1749 

Upon receiving several messages from individuals who were unable to attend, 1750 

indicating their interest in the workshop series, a second newsletter had been compiled 1751 

(Appendix H). The newsletter was designed using Canva (Name: Canva Pty Ltd, 1752 

Location: Sydney, Australia Main website: canva.com). It was distributed via email to 1753 

all respondents who have completed the first survey in 2021 and the registration 1754 

survey for the Groblershoop workshop. It was also shared on the Prosopis WhatsApp-1755 

group and via WhatsApp message to the individuals who were in contact to indicate 1756 

their presence at the workshop sessions. As well as on the newly established 1757 

Telegram channel. The newsletter focuses more on the use of Prosopis biomass in a 1758 

whole-farm approach as part of the integrated management of Prosopis. Included in 1759 

the newsletter are two pages detailing the concept of Integrated Pest Management 1760 

(IPM), usually applied to agricultural pest insects, but still applicable to pest species in 1761 

general. The pillars that IPM is based on was also included, although in future it would 1762 

be helpful to include examples of actions that could be used in an integrated manner 1763 

to address Prosopis invasion in the Northern Cape. Three threshold values were also 1764 

included and described using Prosopis as an example, detailing the economic 1765 

threshold value (the level where the impact of invasion justifies the cost of control), 1766 

economic injury level (the level where the population density will cause economic 1767 

damage) and the action threshold (the level where control is needed to prevent the 1768 

pest population from reaching the economic injury level). 1769 

The implementation of biological control is still a concern, with the question “how are 1770 

you sure that it will not impact native trees after killing all the Prosopis?” asked at every 1771 

session. Communication efforts in this regard needs improvement. The use of biomass 1772 

in construction garnered a lot of attention over the five sessions, respondents asking 1773 
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where they can offset the finished products or provide the company with biomass. 1774 

Several conversations on this were also had during the various lunches. A carpenter 1775 

from Brandvlei indicated that he already has moulds to use for owl- and bat houses, 1776 

he just needs the biomass based ‘cement’ with which to make the products. He also 1777 

already has a client base, and can use the biomass from invasive Prosopis on his 1778 

property. 1779 

Respondents were concerned with how to move forward in respect to the topics 1780 

covered in the workshop sessions. After discussing the use of an invasive 1781 

management plan on their properties, respondents in Kenhardt indicated that while 1782 

they would be interested, they have too much experience with NRM (Natural Resource 1783 

Management) issuing directives the moment they are made aware of the property 1784 

owner. The director of ORLU (Oranje Rivier Landbou Unie) confirmed this, saying their 1785 

organisation has been working for three years to get directives issued to farmers 1786 

during the drought, withdrawn. The practice of issuing directives to farmers is not only 1787 

damaging to trust between private landowners and the government, but also to 1788 

biodiversity because of the continued invasion of Prosopis where landowners across 1789 

the board are punished rather than supported.  1790 

The offset for finished biomass products was also raised, with the speakers focusing 1791 

on property owners either working independently, forming a cooperative agreement or 1792 

as part of a business. The onus is on the landowner to identify a demand they want to 1793 

supply and, with the needed support in terms of knowledge and qualifications, start. 1794 

Parties concerned with the utilization of Prosopis in their successful companies and a 1795 

farming enterprise that is successfully controlling Prosopis on their property (as well 1796 

as researching uses of biomass for alternative energy and soil enrichment), have 1797 

combined their knowledge to further biodiversity and environmentally friendly farming 1798 

practices with carbon sequestration and sustainable biomass use. The use of a 1799 

conservancy was suggested, to consolidate both control efforts and transport of 1800 

removed biomass from secluded properties.  1801 

Addressing IAS is a complex relationship, and the integration of both ecological and 1802 

social processes with equal consideration in invasion science is trying. Integrating 1803 

local socio-economic knowledge can both assist and hinder the process, but ultimately 1804 

help in showing how different views can be maintained (while making use of the same 1805 
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information sources). Addressing barriers for the control of IAS, as well as developing 1806 

outreach tools for translating scientific benchmarks into layman’s terms and 1807 

communicating measurable progress, are factors that are imperative in gaining and 1808 

holding stakeholder attention and support. The control of Prosopis invasions in South 1809 

Africa is impacted by different views on its costs and benefits, as well as the 1810 

consideration that Prosopis is naturalised and part of the ecosystems they have 1811 

invaded. Controlling Prosopis is still contentious among community stakeholders. 1812 

Some projects also have a way of approaching stakeholders as victims who do not 1813 

understand their own problems.   1814 

The invasion of Caulerpa taxifolia in Croatia was addressed relatively quickly on, 1815 

although insufficient follow-up planning has resulted in secondary invasions occurring 1816 

along the coast. Compared with the rapid response towards the invasion of Caulerpa 1817 

taxifolia in the Agua Hedionda Lagoon in California, USA, Prosopis invasions in South 1818 

Africa can only be addressed in this manner in smaller areas, with little to no previous 1819 

Prosopis presence and with massive initial effort. In the USA case study, barriers that 1820 

would hinder successful control of C. taxifolia were identified swiftly and thoroughly, 1821 

enabling the working group to address them accordingly, allowing for quick decision 1822 

turn around. With C. taxifolia considered as an accidental introduction in California and 1823 

the invaded area considered as recreational area, there are fewer conflicts of interest 1824 

compared with IAS present in more diverse areas with a different history of 1825 

introduction.  Even if a CoP was not explicitly formed, private and public stakeholders 1826 

were involved from inception through funding and scouting, resulting in successfully 1827 

controlling the invasive alga.  1828 

The presence of Tithionia diversifolia in Zambia is comparable to Prosopis in South 1829 

Africa, in the sense that although both species have large impacts on agricultural 1830 

holdings, pastures and rangelands, the management thereof is either too expensive, 1831 

too labour intensive, or not worth the effort because of the considered costs and 1832 

benefits. Both species were also introduced deliberately, with the benefits of the 1833 

species experienced for a limited time after introduction. Where T. diversifolia has 1834 

invaded in the Afar region, less than 20% of the provincial population is considered to 1835 

be small-scale farmers. Of the respondents’ part of the study, 70% own livestock and 1836 

99% grew crops. In the study, 84% of respondents also indicated that management of 1837 

T. diversifolia made no difference to their livelihoods. This contrasts with the control of 1838 
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Prosopis in South Africa, where the majority of the stakeholders are landowners and 1839 

farmers with direct interest in controlling the species. The control of Prosopis is also 1840 

proven to improve grazing, animal health and water provision, supporting the overall 1841 

endeavour to raise awareness of the impact of Prosopis on farming in the Northern 1842 

Cape. The costs of both Prosopis and T. diversifolia show some intersection, 1843 

impacting movement, reduced grass cover, water availability, livestock health and 1844 

causing the extinction of local plants. 1845 

In most studies of invasion science, it is assumed that native biodiversity will follow the 1846 

removal of the target species, in this case Prosopis. Unfortunately, in some cases the 1847 

native seed bank is too depleted to fully recover the previous level of growth, resulting 1848 

in dominant native weedy species. Some landowners and farmers have concerns on 1849 

the increased presence of three-thorn bushes and black thorn trees. In the case of 1850 

successful Prosopis control, contingency plans must take the presence of these and 1851 

other species into account, to adequately restore native biodiversity and resume the 1852 

provision of ecosystem services, improving the resilience of the area. 1853 

Invasive Prosopis in India is threatening livestock-based economies, because of 1854 

dense infestations in livestock pastures. This is the same in South Africa, although 1855 

South African farmers use Prosopis as livestock feed whereas Indian farmers consider 1856 

the pods of invasive Prosopis indigestible to cattle and buffalo, even resulting in 1857 

livestock losses. The researchers emphasised the importance of reporting research 1858 

findings to stakeholders, they used a final workshop where the majority of stakeholders 1859 

were present. They also suggested to maximise the use of Prosopis, and eradicated 1860 

and control the invasion in protected and vulnerable areas.  1861 

Prosopis in Argentina has a rich history of use, and the utilization of Prosopis has been 1862 

investigated in India, Kenya and Somalia. In South Africa the commercially viable 1863 

utilization of Prosopis is hampered by the cost of removing the trees from the invaded 1864 

areas, and transporting them to where they can be used to form part of either 1865 

construction, furniture, or foodstuffs. The aim with the workshop series was to provide 1866 

stakeholders with ideas on what they could do with ‘their’ Prosopis on their properties, 1867 

reducing the need for transporting the raw biomass and localising the economic 1868 

benefits of a successful product. The present spread of the Prosopis invasion in the 1869 

Northern Cape is too large a problem to be tackled by a single entity and with a single 1870 
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purpose. Supporting the provision of herbicide and information, investigating the 1871 

various possible uses for Prosopis biomass are some of the supporting factors which 1872 

could aid landowners clear their property. If 40 neighbouring landowners have 1873 

sufficiently cleared their properties, making use of follow-up treatments, there is a 1874 

chance of not only restoring biodiversity, but also support local rural economies.  1875 

  1876 
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CHAPTER FOUR 1877 

GENERAL DISCUSSION AND CONCLUSION 1878 

4.  Introduction 1879 

The Prosopis invasion in South Africa and the Northern Cape poses a direct threat to 1880 

biodiversity, the delivery of ecosystem services and farmers and indirect threat to 1881 

consumers, and thus there is an increased interest in the integrated control of Prosopis 1882 

and utilising its biomass. The aims of this thesis were to 1) improve the understanding 1883 

of the implementation of biological control as part of an integrated management 1884 

approach for Prosopis in the Northern Cape; 2) identify the most appropriate approach 1885 

to a community of practice; and 3) assess the role and impact of a coordinator 1886 

(champion) to promote an engaged community of practice.  1887 

The research aims were approached in a manner that would allow for flexibility, 1888 

because neither the problem of Prosopis invasion nor the stakeholders can be 1889 

confined or defined by a single approach. To try and achieve these aims it was decided 1890 

to focus on open communication to interested affected parties and stakeholders. Due 1891 

to the vast distances of the Northern Cape, and differing views and interests of 1892 

possible stakeholders, it was decided the primary communication channels would be 1893 

a Prosopis WhatsApp group and email list as well as establishment of a Telegram 1894 

channel rather than try and arrange to see individual stakeholders.  1895 

This approach was taken to improve on previous situations where researchers only 1896 

communicated with stakeholders with the purpose of completing their research, with 1897 

little to no concern with the effect this may have on future research projects or 1898 

livelihoods. The hosted workshops served as short-term ‘microcosms’ where like-1899 

minded people could have discussions guided by the topics of the workshop, as well 1900 

as having easy access to experts in the field. The inclusion of ‘experts in their field’ to 1901 

present at the workshops gave the workshops a credibility on which to improve the 1902 

implementation of biological control projects, and contribute to a community of practice 1903 

and a more engaged community through the actions of a coordinator as champion, 1904 

which proved to be key to the success of this programme. 1905 

4.1. The role of a Champion 1906 

Schön (1963) defines champions as “individuals who informally emerge to promote 1907 

the idea with conviction, persistence and energy, and willingly risk their position and 1908 
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reputation to ensure the success of the innovation” (Gallagher, 2009). According to 1909 

Anderson et al. (2000), champions bring about widespread support for innovative 1910 

products, methods and processes (Gallagher, 2009), since champions have a long-1911 

term interest in a project, and are able to bring stakeholders together to effectively 1912 

work towards a common goal (Turner et al., 2016; Shackleton et al., 2018).  1913 

Maidique (1980) also suggests that champions are personally committed to innovative 1914 

ideas, and to ensure success use personal activism and informal networks (Gallagher, 1915 

2009). The construct of the champion behaviour includes three facets: enthusiasm 1916 

and confidence about the success of the innovation, persistence in the face of 1917 

adversity and involvement of key actors (Howell, 2005; Gallagher, 2009). During this 1918 

project is was initially considered that the student was the champion, and although she 1919 

did take on much of the role, there were other individuals identified who had a more 1920 

invested interest and the ability to motivate their local communities. These individuals 1921 

were responsible for getting stakeholders to the workshops. In future, identifying a 1922 

champion should come from within in the local community. These champions should 1923 

then be coordinated by a person such as the student, who acts as a liaison agent 1924 

between organisations and the champions. 1925 

4.2. Stakeholder engagement in invasion science 1926 
Complex and dynamic challenges require engagement with diverse and conflicting 1927 

stakeholder and public priorities (Reed, 2008; Reed et al., 2018). Engagement is 1928 

important for understanding perceptions and practices, promoting awareness and 1929 

social learning. This builds collaborative research and improves the possibility of 1930 

reaching consensus and agreements as well as solving conflicts and aiding in 1931 

prioritisation and planning (Stokes et al., 2006; García-Llorente et al., 2008; Reed, 1932 

2008; Dehnen-Schmutz et al., 2010; Liu et al., 2010; Bryce et al., 2011; Fischer et al., 1933 

2014; Touza et al., 2014; Adriaens et al., 2015; Novoa et al., 2016; Gaertner et al., 1934 

2017; Cockburn et al., 2018; Bravo-Vargas et al., 2019). Widespread species, 1935 

traditionally, require the greatest amount of engagement for research and 1936 

management since they are the most likely to have effects on a wider cross-section of 1937 

the community  and the environment (Shackleton et al., 2018). For instance, the 1938 

Acacia and Prosopis genera have been commonly studied because they are globally 1939 

two of the most widespread invasive tree taxa (Rejmánek et al., 2013), providing 1940 

substantial economic benefits and costs (Shackleton et al., 2018). 1941 
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The role and importance of stakeholder engagement has received increased attention 1942 

in the context of environmental decision-making, including the formulation of national 1943 

and international policies (Reed, 2008; Novoa et al., 2015; Sterling et al., 2017; 1944 

Shackleton et al., 2018) as well is in academic research, with the number of 1945 

publications concerned with invasion science and addressing stakeholder importance 1946 

markedly increasing over the past decade (Shackleton et al., 2018). 1947 

The research into stakeholder engagement in invasion science is dispersed across 1948 

multiple countries and island states around the world, representing different social-1949 

ecological contexts and developmental states (Shackleton et al., 2018). The majority 1950 

of this research has been concentrated in a few countries (primarily the USA and South 1951 

Africa, also including Australia, Canada, India, Spain and the UK). These countries 1952 

contribute nearly three quarters of the existing work, which coincides with global 1953 

invasion hotspots (Dawson et al., 2017; Shackleton et al., 2018). A great number of 1954 

studies undertaken in invasion science have also included multiple land-tenure types, 1955 

followed by those concerned with only private rangelands and protected/conservation 1956 

areas, agricultural fields and urban areas and communal lands (Shackleton et al., 1957 

2018).  1958 

In the Northern Cape, many farms have been in family-ownership for multiple 1959 

generations, within multiple properties not uncommon. Stakeholders who attended the 1960 

workshops where mainly family farmers, but community farmers were also in 1961 

attendance as well as NRM managers. The concern of Prosopis invasion is much less 1962 

dependent on property size than previously considered as well as stock type and 1963 

interest in conversation. One of the main concerns for all stakeholders who attended 1964 

the workshops were the question of property ownership rights and expropriation (with 1965 

or without compensation). Property use and size influences the stakeholder that would 1966 

be in attendance, as stakeholders with bigger farms are considered to have more 1967 

resources available to them. The study area needs to be taken into consideration, as 1968 

in the case of the Northern Cape property sizes are generally much larger than 1969 

elsewhere due to the nature of the rangelands and availability of water. This also 1970 

influences the farming practice and financial position of the farmer (commercial or 1971 

community), which influences their capacity for study participation. 1972 
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4.3. Social learning and stakeholder engagement 1973 
Social learning has increasingly become a normative goal for environmental 1974 

management and policy making (Reed et al., 2010; Shackleton et al., 2018). Social 1975 

learning should result in changes in the knowledge and perceptions of individuals in 1976 

the engagement process. Building on stakeholders’ social capital, this information 1977 

should then reach the broader public or other less involved stakeholders through social 1978 

interaction and processes (Shackleton et al., 2018). In the case of invasive species, 1979 

social learning can lead to increased awareness and literacy of issues in regards to 1980 

biological invasions. This is crucial in tackling such complex environmental issues 1981 

(Mascia et al., 2003; Lucy et al., 2016; Shackleton et al., 2018), especially as 1982 

knowledge is often lacking where the lowest level of management normally occurs 1983 

(i.e., the purchasing of native plants and removal of invasive plants in an ornamental 1984 

garden) (Shackleton et al., 2016; Shackleton et al., 2018). The promotion of social 1985 

learning can therefore promote management and beneficial decision making at the 1986 

smallest scale (Shackleton et al., 2018). 1987 

It is important to note that the users of biological control are not the subject of the 1988 

research, much as the researchers are not the causation of their research. All parties 1989 

are partners in how to make the best use of biological control and implement it in the 1990 

most efficient way (Ivey et al., 2019). The goal is to have an equal minded partnership, 1991 

which ensures the cyclic flow of information between stakeholders, researchers and 1992 

implementers of biological control to maximise the benefits of using biological control 1993 

methods (Ivey et al., 2019). Providing feedback from the research findings is 1994 

imperative, especially to both stakeholders and the larger public, as this will aid in 1995 

improving social learning, local awareness and keep stakeholders interested in the 1996 

topic and further developments (Shackleton et al., 2018). 1997 

Shackleton et al. (2018) found it justifiably concerning that several studies they 1998 

included in their paper findings gave little to no background information on the invasive 1999 

species or on the stakeholder groups they engaged. A crucial part of stakeholder 2000 

engagement, which is often glossed over, is to report-back findings to the participating 2001 

stakeholders and to promote social learning amongst them (Shackleton et al., 2018). 2002 

The lack of reporting is primarily because of the fact that most studies are concerned 2003 

with conducting one-way consultations extracting information from participants without 2004 

providing learning or feedback (Shackleton et al., 2018). Manetti (2011) emphasised 2005 
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that the majority of stakeholder engagement studies were undertaken as a way to 2006 

learn from and control stakeholders rather than to improve collaboration. In some 2007 

biodiversity conservation literature, it appears that stakeholder engagement was 2008 

included as an afterthought, instead of being an integral part of the project from onset 2009 

(Shackleton et al., 2018).  2010 

Insights into the human aspects of IAS are essential for effective decision making as, 2011 

in many cases, there are complex social issues at play which delineate the full suite 2012 

of benefits and costs associated with invasions (García-Llorente et al., 2008; 2013 

Shackleton et al., 2015). It is particularly important for researchers and stakeholders 2014 

to evaluate their knowledge, perceptions, practices, awareness and wants and needs 2015 

in regards to biological invasions to accurately address the complex conflicts of 2016 

interest that might arise from managing invasive species, such as Prosopis, which 2017 

were introduced for specific reasons and still provide valuable services to some 2018 

community members  (Shackleton et al., 2007; Low, 2012; Dickie et al., 2014; Van 2019 

Wilgen et al., 2014; Shackleton et al., 2015). 2020 

Implementing a national strategy for control of the present Prosopis invasion in South 2021 

Africa is hampered by the fact that vested parties do not have a concrete grasp on the 2022 

social dimensions of the problem (Shackleton et al., 2015). Recurrently, management 2023 

strategies have been implemented without proper consultation with stakeholders and 2024 

those directly influenced by the implemented strategies, especially regarding their 2025 

perceptions and needs (Shackleton et al., 2015). Regarding Prosopis in South Africa, 2026 

improved knowledge of the human dimension could most certainly contribute in 2027 

highlighting benefits versus costs, exploring new opportunities for effective 2028 

management and justifying contentious interventions (Shackleton et al., 2015). The 2029 

social situation in the Northern Cape needs to be taken into account when conducting 2030 

research in the province, irrespective of the financial capacity of the stakeholders 2031 

being engaged with. Property size, for instance, is not indicative of wealth, neither is 2032 

degrees an indicator of intellect. For a researcher to assume they understand the plight 2033 

of each individual stakeholder from inception is detrimental to the project, especially 2034 

due to the general differences in living experience between the farmers and other 2035 

stakeholders and researchers (who normally come from large cities). 2036 
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4.4. Public perception of invasion 2037 

Many IAS have been introduced to South Africa as ornamentals or beneficial plants 2038 

(for example forestry). This has resulted in the perception that not only are IAS a 2039 

problem for another day and another person, but that distribution of these plants for a 2040 

nicer garden is acceptable. In the case of Prosopis, many farmers consider the use of 2041 

Prosopis biomass as a fodder during the drought as one of the reasons that they were 2042 

able to continue farming. The spread of Prosopis seed through livestock is also 2043 

considered something that does not directly or presently affect them, so it is 2044 

acceptable. The effects of Prosopis on farms are not conceptualised in some cases, 2045 

because of the perception that ‘at least there is something’. Not realising that the 2046 

presence of the invasive species is the cause of the disruption, and with removal 2047 

comes increased biodiversity, improved soil health and resilience of both the grazing 2048 

and the farming enterprise  (Ndhlovu et al., 2011).  2049 

In many countries, including South Africa, landowners may be aware of the impacts of 2050 

weeds, but grossly underestimate their impacts on yield and rangeland productivity 2051 

(Day et al., 2012; Shackleton et al., 2017; Witt, Beale and Van Wilgen, 2018; Day et 2052 

al., 2019). This was not the case during this study. The perceived conflict between 2053 

managing Prosopis and the benefits derived from the plant was not present during the 2054 

process of stakeholder engagement. Most farmers are more than aware that, with the 2055 

removal of Prosopis, their rangeland and carrying capacity (and therefore livestock 2056 

quality) would improve. Weed management is often given a lower priority, because of 2057 

other concerns such as the availability of clean water and health (Labrada, 1996), 2058 

despite the presence of weeds and bush encroachment also impacting on these 2059 

issues (Day et al., 2019). Unfortunately, in the daily workings of farming enterprises 2060 

and other agricultural businesses, weed management is not the deciding factor for 2061 

success, compared with animal handling and sales, or harvesting the seasons crops 2062 

before the weather becomes unfavourable. It is therefore usually relegated to a lower 2063 

priority and consistently doing so in favour of other priority needs will eventually lead 2064 

to a problem the landowner can no longer address. 2065 

Another concern limiting weed biological control is the fact that some weeds are also 2066 

considered to be beneficial. For instance, one of the reasons that biological control of 2067 

Mikania micrantha Kunth (Asteraceae) was not implemented in some countries in the 2068 

Pacific, was because the plant is used to treat cuts (Day et al., 2012, 2016, 2019). 2069 
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Some farmers also used M. micrantha as a cover crop, thus biological control was not 2070 

implemented, despite the occurrences of M. micrantha smothering crop such as 2071 

bananas, papaya, and cocoa (significantly reducing yields) (Day et al., 2012, 2016, 2072 

2019). Prosopis has been used as fodder for livestock since its introduction 2073 

(Zimmermann, 1991), with some farmers crediting the performance of their livestock 2074 

to the use of Prosopis biomass (contributing to the general conflict of interest when 2075 

considering the control of this species). While this perception is still present, it is much 2076 

less a conflict of interest and the overall consideration is that Prosopis is a problem 2077 

species impeding farming activities and overall biodiversity on farms. 2078 

When managing invasive species, trampling by labourers or disturbance caused by 2079 

the movement and operation of heavy machinery can also result in unforeseen non-2080 

target impacts. Many invasive plant species are favoured by soil disturbance (Davis et 2081 

al., 2000; Van Driesche et al., 2016), and it is possible that mechanical removal of one 2082 

invader facilitates their replacement by another invasive species (Van Driesche et al., 2083 

2016). Follow-up treatments and monitoring are important to adequately address 2084 

regrowth as well as secondary invasions and native bush encroachment in vulnerable 2085 

areas. Managing ecosystem services and processes, particularly maintaining them as 2086 

close as possible to natural processes could possibly inhibit new invasions while 2087 

assisting in the management of invasions present in the area/landscape (Van Driesche 2088 

et al., 2016). Louda (2000) argues that good pasture management and prevention of 2089 

overgrazing can limit weed invasion (Van Driesche et al., 2016). 2090 

4.5. Public perception of biological control 2091 

There are still perceptions that weed biological control is risky, with either the 2092 

development of new strains or mutations, resulting in the biological control agents 2093 

feeding on other plants such as crops (Day et al., 2019). There is also a perception 2094 

that the weed could be controlled by using native organisms in the country where the 2095 

weed is a problem in. Other factors that influence biological control efforts include lack 2096 

of capacity and resources, poor awareness of the impacts of invasive plants (such as 2097 

weeds and other invasive plants in agricultural fields and irrigation areas), and 2098 

absence of regulations and processes to support research and implementation (Day 2099 

et al., 2019). 2100 
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Stakeholders and the public are often poorly informed about biological control, with 2101 

some even dismissing it as both an unfeasible and undesirable method of invasive 2102 

species management (Barratt et al., 2018). In conservation areas, biological control 2103 

has historically not been adequately integrated into management practice, although 2104 

increasingly successful projects have been undertaken (Van Driesche et al., 2017; 2105 

Barratt et al., 2018). Negative public views are usually supported by historic examples 2106 

that have had negative impacts, such as generalist vertebrates that have been used 2107 

for biological control (Barratt et al., 2018). These examples of ‘failed’ biological control 2108 

implementation are often widely and repeatedly publicised, eroding public support for 2109 

biocontrol. This, despite the relatively large number of successes with which they can 2110 

be countered (Barratt et al., 2018). The possible non-target impacts of classical 2111 

biological control are increasingly researched, because established biological control 2112 

agents cannot be removed and may spread autonomously, are increasingly 2113 

researched (Van Driesche et al., 2016).  2114 

Common concerns expressed include that weed biological agents may attack other 2115 

species once the weed is controlled, biological control agents could mutate and start 2116 

attacking other plant species (Day et al., 2019). Both concerns were raised at every 2117 

workshop session, and at every consequent discussion on the use of biological control 2118 

agents for Prosopis invasions. These concerns are often based on the assumption 2119 

that the biological control agent will eradicate the weed, where after the agent may 2120 

then attack other plant species (Day et al., 2019). This reflects a lack of knowledge on 2121 

the principles of weed biological control involving the use of co-evolved organisms 2122 

collected from the target weed in its native range (Day et al., 2019). Biological control 2123 

agents do not have the ability to eradicate the target species, but reduces its 2124 

populations to levels where the weed is no longer considered to be a problem (hence 2125 

the inclusion of IPM principles in the second newsletter) (Day et al., 2019). Thus, the 2126 

decision to attempt to eradicate a pest population is not compatible with a decision to 2127 

implement the use of biological control (Van Driesche et al., 2016). 2128 

The cultivation of public trust and support by biological control researchers is critically 2129 

important, especially for continued funding and policy support (Van Lenteren, 2004; 2130 

Warner et al., 2008). With the acknowledgement that no pest-management strategy is 2131 

risk free, biological control is often considered as the most cost-effective approach 2132 

(Delfosse, 2004, 2005; Van Lenteren, 2004; Warner et al., 2008). To improve the 2133 
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understanding and implementation of biological control as part of an integrated 2134 

approach for Prosopis in the Northern Cape, it must first be understood that an 2135 

integrated approach is different for every stakeholder, but that dependence on a single 2136 

control method is not economically or environmentally sustainable. Through the first 2137 

survey and subsequent workshops, information on the released biocontrol agents 2138 

have been more attainable, although the perception of non-target effects has not been 2139 

adequately shifted. Continuing with endeavours such as these, and others, over time 2140 

will address the concerns about biological control agents having a negative impact on 2141 

native plants. Another common perception is that, with the use of biological control 2142 

agents, the responsibility of Prosopis control is shifted away from landowners.  2143 

While non-target impacts are a valid concern, and need to remain as such, since the 2144 

1980’s many biological control scientists and groups affected by invasive species have 2145 

become relatively aware of avoiding non-target impacts (Pemperton, 2000; Simberloff, 2146 

2012; Van Driesche et al., 2016). The knowledge on how to do so has been greatly 2147 

expanded by research and implementing the necessary changes to promote overall 2148 

safety of biological control science (Van Driesche et al., 2016). With the increase of 2149 

additional high-impact invasive plants in the future relatively likely, the need for 2150 

biological control programmes will be sustained. To make such programmes safer, 2151 

they should be integrated into restoration ecology and conservation biology. This could 2152 

ensure that projects have a good perspective on the biodiversity of the communities 2153 

affected by the invasive species (Van Driesche et al., 2016).  2154 

4.6. Critique of science communication 2155 

Public misconception of scientific literature, especially concerning biological control, 2156 

genetically modified organisms et. cetera, is not always best addressed with more 2157 

information (Rampton et al., 2002; Warner et al., 2008). Science communication is 2158 

often limited to peer-reviewed scientific journals, or the research is communicated in 2159 

very selective popular journals. This results in landowners, community members and 2160 

the broader public being less informed on matters such as invasion science, 2161 

agricultural practices and other subjects that influence them as consumers. 2162 

Stakeholder may feel side-lined, because of the research not being accessible and the 2163 

project progress not communicated to them appropriately. Overall, this creates a 2164 

research community that is distanced from the ‘real-world’ and a population who 2165 

mistrusts scientific fact and reason.  2166 
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Communication and information provided by scientists should be easily 2167 

comprehended and in plain language, adapted to the needs of stakeholders and take 2168 

into consideration regional differences (Barratt et al., 2018). This is particularly 2169 

important for the establishment of a rapport in developing countries, where language, 2170 

long-standing traditions, and the need for quick returns for issues are hard to 2171 

overcome (Barratt et al., 2018). The introduction of a more participatory approach 2172 

where researchers and consultants can assist groups of farmers and land-owners to 2173 

attend training sessions, has been successfully implemented by FAO, CABI and other 2174 

overseas aid agencies (Barratt et al., 2018). The financial and other benefits of 2175 

biological control and IPM programmes need to be demonstrated clearly (Barratt et 2176 

al., 2018). 2177 

4.7. The Role of Workshops 2178 

Members of the public who have experience with the implementation of biological 2179 

control, having benefited from coordinated initiatives for weed management, are much 2180 

more likely to provide support (political or financial). Once benefitted, a landowner is 2181 

more likely to act in support of biological control than any number of consumers who 2182 

express a favourable opinion on a mass survey (Warner et al., 2008). To change or 2183 

adopt management practices and benefit from biological control, farmers and land-2184 

managers need to be able to understand what they are being advised to do and why, 2185 

as well as the inclusion of a long-term financial benefit (Barratt et al., 2018). 2186 

Although it was not explicit during the survey analysis, the concern of expropriation 2187 

without compensation leaves some landowners unwilling to do improvements on their 2188 

farm, including infrastructure control of invasive- and bush encroachment. This was 2189 

confirmed at the Kenhardt workshop. The defence they offer is ‘if the government 2190 

wants my property, they’ll have to take it as it is’. The difficulty of the matter is that, 2191 

because of invasion legislation according to NEM: BA, not controlling the invasion of 2192 

Prosopis on owned properties increases the possibility of expropriation. This is 2193 

especially frustrating as indicated by many respondents raising the concern that the 2194 

government does not control Prosopis on state-owned properties, with little to no 2195 

repercussions.  2196 

Regarding post-workshop actions, both newsletters were received quite well, and 2197 

served as comprehensive reference documents for both respondents and 2198 
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researchers. In future, it is suggested to include summaries of the relevant 2199 

organisations as well as pertinent researchers and their work, while also providing 2200 

updates on progress of projects previously highlighted in the newsletters. Attendance 2201 

at the workshops were also much better than expected, and most of the respondents 2202 

were satisfied with both the presenters and the topics discussed. While the MSc 2203 

student was the driver and compiler of the two newsletters, in future it would be a 2204 

valuable addition to include some of the work farmers have done (and are continuing) 2205 

to address invasion of non-indigenous species on rangelands, as well as highlighting 2206 

institutional research and interest.   2207 

4.8. Future work 2208 

It is suggested that any future work regarding Prosopis in the Northern Cape needs to 2209 

take into account the large dependency on medium-scale agricultural enterprises, and 2210 

the impact agricultural challenges has on the greater functioning of the Northern Cape 2211 

community. This is especially true for projects that require investment in either time or 2212 

financially. Agricultural challenges, such as droughts, livestock movement and selling 2213 

bans (were the trade in live animals and animal products are restricted because of 2214 

health or quality concerns) as well as the recognition of property ownership rights 2215 

influence the livelihoods of a great number of landowners in the province, for a number 2216 

of years, not just the time of crisis. For researchers there may be a distinction between 2217 

their legacy, work, livelihood and family, for farmers and landowners there are no 2218 

distinctions. This influences public interest and the implementation of projects. 2219 

The cooperation of researchers in the agricultural field, including animal nutritionists 2220 

and pasture experts, may allow for a more transdisciplinary approach towards invasive 2221 

management in South Africa, Prosopis- and bush encroachment management in the 2222 

Northern Cape. Attending to the gaps in knowledge that resulted in environmental 2223 

conditions that have contributed to the increased presence of IAS, such as 2224 

overgrazing, livestock choices and pressure on native wildlife, may enable landowners 2225 

and farmers to make more informed choices in the future. This reduces the prevalence 2226 

of either native bush encroachment or secondary invasions, resulting in a more 2227 

sustainable farming practice for future generations.  2228 
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4.9. Conclusion 2229 

The public’s lack of trust in both academic institutions and governmental departments 2230 

needs to be addressed in a sustainable manner, with collaboration from respected 2231 

companies and institutions. One of the aims of the newsletters was to introduce 2232 

stakeholders to the various companies and institutions with a vested interest in the 2233 

management of Prosopis. The use of credible institutions and knowledgeable 2234 

speakers also improves the image of the CoP, making it more desirable for interested 2235 

parties to form part of the initiative. The aim of this should not be about convincing nor 2236 

educating the public, but improving public perceptions on projects through increased 2237 

transparency, risk-management efforts and peer review, as well as emphasising public 2238 

good features, through increased farm productivity and improved animal health. This 2239 

supports the project aim of identifying the most appropriate approach to a CoP, as well 2240 

as assessing the role and impact of a coordinator/champion to promote an engaged 2241 

community of practice. 2242 

Through the interventions of the researcher as a champion of the CoP, we were able 2243 

to begin the process of building trust between academic institutions and stakeholders, 2244 

including both commercial- and subsistence farmers. However, this is only the first 2245 

step towards community understanding and acceptance of management plans, as well 2246 

as the inclusion of biological control as part of an integrated approach to the 2247 

management of Prosopis in the Northern Cape. There is a danger that if this initial 2248 

CoP does not continue then mistrust would return. Biological control researchers are 2249 

continuing to work on this target weed and must continue to participate in the CoP, 2250 

with the goal of sustained transparency and trust. With increased transparency and 2251 

trust comes increased awareness and willingness to evaluate the merits of biological 2252 

control for Prosopis management. Thus, addressing stakeholder perceptions as one 2253 

of the barriers to the successful implementation and monitoring of biological control, 2254 

stated as the third aim of this project, is supported by continued communication on the 2255 

project progress by the local champion, possibly driving interested parties to want to 2256 

form part of the established community of practice. 2257 

Prosopis as an invasive weed is a species of conflict, and will likely remain as such. 2258 

Endeavouring to eradicate the species is neither sustainable nor plausible, and the 2259 

cost of managing the species is likely to continue increasing. Establishing a CoP with 2260 

the aid of a local champion to both coordinate the flow of information and initiatives 2261 
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(such as the initial release of biological control agents) sustains the interest in 2262 

integrated Prosopis management, as well as fostering trust and cooperation between 2263 

diverse stakeholders and interdisciplinary researchers. A local champion not only 2264 

provides the project with a recognisable figurehead, but also increases stakeholders’ 2265 

will and ability to communicate concerns and ideas. These concerns and ideas can be 2266 

addressed in a constructive manner, without alienating stakeholders, funders or 2267 

governmental officials. The champion also ensures communication from the project 2268 

and researchers reaches the stakeholders and broader community. Continuing with 2269 

projects such as this will not only improve the implementation of biological control 2270 

science, but also improve agricultural practices and food security. Addressing 2271 

Prosopis in the Northern Cape is an action in support of future generations, in 2272 

accordance with stewardship and practices that support biodiversity in natural 2273 

rangelands. 2274 

  2275 
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