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KURZFASSUNG 

Essbare Wildpflanzen (WEPs) sind weltweit wichtig für die Linderung von Armut und 

Unterernährung, insbesondere von Mikronährstoffmangel. Sie werden jedoch nur unzureichend 

genutzt, sind bedroht und ihre Verbreitungsmuster sind noch wenig bekannt, insbesondere in 

Anbetracht des Klimawandels. Verständnis dessen, wie Gemeinschaften die Verfügbarkeit von 

WEPs sowie Bedrohungen und Bewirtschaftungsoptionen wahrnehmen, könnte dazu beitragen, 

ihre Erhaltung zu verbessern und ihre nachhaltige Nutzung zu fördern. Mit Hilfe eines integrierten 

partizipatorischen Ansatzes, der lokales ökologisches Wissen indigener Gemeinschaften und 

wissenschaftliche Methoden einbezieht, untersucht diese Arbeit die Verfügbarkeit und 

nachhaltige Nutzung von WEPs im Bezirk Turkana, Kenia. Die Studie beleuchtet insbesondere, 

wie die Turkana-Gemeinschaften die Verfügbarkeit von WEPs wahrnehmen, bewertet 

Bedrohungen und Bewirtschaftungsoptionen für die WEPs und prognostiziert die potenziell 

geeigneten Lebensräume für ausgewählte WEPs in der Gegenwart und unter zukünftigen 

Klimabedingungen im Turkana County, Kenia. Diese Studie ist Teil einer größeren Studie mit dem 

Titel „Improving dietary quality and livelihoods using farm and wild biodiversity through an 

integrated community-based approach in Kenya“, die von der Bundesregierung finanziell 

unterstützt wurde. 

Der Hintergrund der Studie, das Forschungsproblem, die Ziele und die Struktur der Arbeit werden 

in Kapitel Eins der Arbeit behandelt. In Kapitel Zwei wird der aktuelle Stand der Forschung in 

Bezug auf globale und regionale Fortschritte beim Verständnis von WEPs vorgestellt. Das Kapitel 

fokussiert auch auf die Belange, die für die in Kapitel Eins dargelegten spezifischen Ziele relevant 

sind, und bietet einen Überblick über das Konzept der Verfügbarkeit von WEPs, Bedrohungen für 

WEPs und deren Managementoptionen sowie über die Modellierung potenziell geeigneter 

Lebensräume für WEPs. Das Untersuchungsgebiet und das Studiendesign werden in Kapitel Drei 

vorgestellt. Die Ergebnisse von Fokusgruppendiskussionen mit Turkana-Gemeinschaften in 

Kenia, die in Kapitel Vier erläutert werden, zeigen, dass Entfernung, Saisonalität, Preis und 

Angemessenheit der geernteten WEPs für den Haushaltsverbrauch wichtige Parameter sind, die 

die Wahrnehmung von WEPs als verfügbar oder nicht verfügbar beeinflussen. Darüber hinaus 

wurden aus der thematischen Analyse von Texten aus den Gemeinschaften weitere 
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einflussreiche Determinanten für die Verfügbarkeit von WEP abgeleitet, darunter Kultur und 

Tradition, Verteilung von WEP, Saisonalität und Klimawandel.  

Wichtige Bedrohungen und Bewirtschaftungsoptionen für WEPs, wie sie von den lokalen 

Gemeinschaften diskutiert und bei den Feldbegehungen beobachtet wurden, werden in Kapitel 

Fünf der Arbeit aufgezeigt. Die Rangfolge der Bedrohungen und Bewirtschaftungsoptionen war 

in den untersuchten Gemeinden mit unterschiedlichen ökologischen und sozioökonomischen 

Merkmalen verschieden. Klimawandel, Überbesatz, Überernte und invasive Arten waren die am 

höchsten eingestuften Bedrohungen für WEPs. Die Abschwächung des Klimawandels, die 

Erhaltung des lokalen Wissens, die Auswahl, Vermehrung, Verarbeitung und Vermarktung von 

WEPs standen unabhängig von den sozioökonomischen und ökologischen Merkmalen der 

untersuchten Gemeinden ganz oben auf der Liste der möglichen Managementoptionen. Kapitel 

Sechs bildet den Abschluss der Hauptkapitel der Studie, indem die Ergebnisse der Modellierung 

der potenziell geeigneten Lebensräume für WEPs im Bezirk Turkana vorgestellt werden. Etwa die 

Hälfte der 23 untersuchten WEPs hat derzeit potenziell geeignete Lebensräume, die mindestens 

die Hälfte der Landfläche des Bezirks Turkana (~68.253 km2) umfassen. Unsere Prognosen für die 

Zukunft zeigen, dass etwa die Hälfte der WEPs potenziell geeignete Lebensräume verlieren wird, 

wobei sich ein ähnliches Muster für den Artenreichtum innerhalb des Bezirks ergibt.  

Die Hauptergebnisse dieser Arbeit zeigen, wie wichtig es ist, das lokale ökologische Wissen der 

lokalen Gemeinschaften in die Untersuchung ihrer wertvollen Ressourcen, insbesondere der 

WEPs, einzubeziehen. Darüber hinaus werden in der Arbeit die größten Bedrohungen für WEPs 

sowie Managementoptionen aufgezeigt. Die Ergebnisse ebnen auch den Weg zum Verständnis 

der potenziell geeigneten Lebensräume für WEPs in den ariden und semiariden Regionen im 

Nordwesten Kenias. Diese Ergebnisse unterstreichen die Notwendigkeit, lokales ökologisches 

Wissen in die Schutzbemühungen für WEPs einzubeziehen. Sie liefern wertvolle Erkenntnisse für 

künftige Schutz- und nachhaltige Bewirtschaftungsstrategien zur Verbesserung der 

Nahrungsvielfalt unter Verwendung der lokal verfügbaren WEPs der lokalen Gemeinschaften in 

der Region. Der in dieser Arbeit verfolgte Ansatz unterstreicht die Bedeutung der Nutzung der 

Wahrnehmungen indigener Gemeinschaften und der Durchführung von Felduntersuchungen zur 
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Bewertung von Bedrohungen und Bewirtschaftungsoptionen für WEPs. Die Ergebnisse dieser 

Arbeit können insbesondere dazu beitragen, die nationale Lebensmittel- und 

Umweltschutzpolitik in Kenia zu verbessern, damit mehr WEPs eingesetzt werden und ihr 

potenzieller Nutzen zur Linderung von Hunger und Unterernährung bewertet werden kann, 

insbesondere bei der Verwirklichung ihrer nachhaltigen Nutzung in ariden und semiariden 

Gebieten im Nordwesten Kenias. 
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ABSTRACT 

Wild Edible Plants (WEPs) are important globally in alleviating poverty and malnutrition especially 

micronutrient deficiency. However, they are underutilized, threatened, and their distribution 

patterns are not well understood especially considering the changing climate. Understanding 

how communities perceive availability of WEPs as well as threats and management options, could 

help in enhancing their conservation and foster their sustainable utilization. Using integrated 

participatory approach involving local ecological knowledge from indigenous communities and 

scientific methods, this thesis explores availability and sustainable harvesting of WEPs in Turkana 

County, Kenya. Specifically, the study assesses how Turkana communities perceive availability of 

WEPs, assesses threats and management options for the WEPs, and predicts the potentially 

suitable habitats for selected WEPs at present and under future climate conditions in Turkana 

County, Kenya. It forms part of a major study “Improving dietary quality and livelihoods using 

farm and wild biodiversity through an integrated community-based approach in Kenya” that 

received financial support from the German government. 

Background to the study, research problem, objectives, and structure of the thesis are covered 

in Chapter one of the thesis. Chapter two, presents the state of the art in terms of global to 

regional advances in understanding WEPs. The chapter also narrows down to concerns that are 

relevant to the specific objectives set out in Chapter one and offers reviews on the concept of 

availability of WEPs, threats to WEPs and their management options, as well as on modeling of 

potentially suitable habitats of WEPs. The research study area and study designs are presented 

in Chapter three. Results from focus group discussions with Turkana communities of Kenya 

presented in Chapter four show that distance, seasonality, price, and adequacy of harvested 

WEPs for household consumption were important parameters influencing the perception of 

WEPs as available or not. Additionally, the thesis derived other influential determinants of 

availability of WEPs including culture and tradition, distribution of WEPs, seasonality, and climate 

change from thematic analysis of texts from the communities.  

Important threats and management options to WEPs as discussed by the local communities and 

observed in the field plot surveys are presented in Chapter five of the thesis. Rankings of threats 
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and management options differed across the study communities with differing environmental 

and socio-economic characteristics. Climate change, overstocking, overharvesting, and invasive 

species were the highest-ranked threats to WEPs. Mitigation of climate change, local knowledge 

preservation, selection, propagation, processing, and marketing of WEPs ranked high among 

possible management options irrespective of the socio-economic and environmental 

characteristics of the study community units. Chapter six marks the end of major study chapters 

by presenting the results from modeling of the potentially suitable habitats of WEPs in Turkana 

County. About half of the studied 23 WEPs have current potentially suitable habitats spanning at 

least half of the Turkana County land area (~68,253 km2). Our future predictions showed loss of 

potentially suitable habitat by about half the WEPs with similar pattern for richness within the 

county.  

The major findings of the thesis indicate the importance of including the local ecological 

knowledge from local communities in studying their valuable resources, specifically WEPs. 

Further, major threats facing WEPs as well as management options are highlighted in the thesis. 

The findings also pave way for understanding of the potentially suitable habitats of WEPs for the 

arid and semi-arid regions of northwestern Kenya. These major findings call for emphasizing the 

need to include local ecological knowledge in conservation efforts of WEPs. These results provide 

valuable insights for future conservation and sustainable management strategies to improve 

dietary diversity using locally available WEPs of local communities in the region. The approach 

employed in the thesis emphasizes the relevance of leveraging indigenous communities’ 

perceptions and conducting field plot surveys to assess threats and management options for 

WEPs. Particularly, the findings of the thesis can help in improving national food policies and 

environmental conservation policies in Kenya to embrace more of WEPs and further evaluate 

their potential use in alleviating hunger and malnutrition especially in realizing their sustainable 

use in arid and semi-arid lands of northwestern Kenya. 
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Chapter 1:  General Introduction: Wild Edible Plants 

1.1 Background  

Wild plants are defined by the Food and Agriculture Organization (FAO) as ‘those that grow 

spontaneously in self-maintaining populations in natural or semi-natural ecosystems and can 

exist independently of direct human action’ (Heywood, 1999, p. 2). Wild edible plants (WEPs) are 

such plants that ‘are endowed with one or more parts that can be used for food if gathered at 

the appropriate stage of growth and properly prepared’ (Kallas, 2010, p. 35). These plants have 

served important dietary and therapeutic roles in global human societies from early hunter-

gatherer eons to the contemporary societies (Alarcón et al., 2015; Carvalho & Barata, 2016). 

WEPs are foraged from herbs, trees, shrubs, vines, sedges, rushes, and ferns, and other 

organisms like fungi, algae, and lichens (Alarcón et al., 2015). From these organisms, shoots, 

roots, fruits, flowers, tubers, stems, sprouts, seeds, nuts, barks, gums, and fronds are extracted 

for consumption (Ulian et al., 2020). The use values of these organisms are not restricted to 

nutrition but also ethno-pharmacology, ecosystem services (food for wild animals, contribution 

to water cycle, control of pests and diseases), construction materials, aesthetic values, and 

community specific cultural and religious significances (D’iaz et al., 2019).  

There are about 7000 WEPs (Ulian et al., 2020) and 2000 species of mushroom (H. Li et al., 2021) 

used as food and beverages by communities globally. That is more than the narrow dietary width 

of cultivated crops that has been homogenized through time consisting of 92 species that account 

for 90% of food supply globally today (Khoury et al., 2014, 2019); posing a threat to global food 

security (Schunko et al., 2022). Only 30 crops contribute up to 95% of plant proteins and barely 

10 species clusters account for 90% of international trade worldwide (Ngome et al., 2017). 

Scientists are starting to fully assay the nutritional benefits of these WEPs across communities 

and preliminary indications show comparable or better nutritional benefits from the WEPs versus 

crops (Flyman & Afolayan, 2006; Ngome et al., 2017; Peeters & Maxwell, 2011). The consumption 

of the diverse WEPs could thus be important in reducing hunger and malnutrition, especially 
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micronutrient deficiency, across both poor communities and rich countries plagued by 

micronutrient deficiency (hidden hunger) (Ngome et al., 2017; E. Smith et al., 2019).  

Against the backdrop of about 7000 established WEPs, some communities that are endowed with 

the WEPs, still underutilize them and record high levels of hunger and micronutrient deficiency 

(Termote et al., 2012).  The link between consumption of WEPs and poverty, backwardness, and 

precarious livelihoods (Carvalho & Barata, 2016; Delang, 2006; Pawera et al., 2020) has been used 

to explain the counterintuitive phenomenon. However, in the context of this study (see section 

3.1.13.1), the thesis assessed how local communities in arid and semi-arid lands of Turkana 

County, Kenya perceived availability of WEPs to help explain the underutilization. Availability, as 

a hypothesis in relation to WEPs, has been regarded as the ease of access and abundance of WEPs 

to the users/consumers (Albuquerque, 2006; Gaoue et al., 2017; Voeks, 2004). Additional 

considerations such as distance to harvest sites, ease of harvesting, ease of processing, 

portability, availability in the market, and price of the WEPs sold in the market have also been 

proposed (Albuquerque, 2006; Estomba et al., 2006; Gaoue et al., 2017) to explain how 

availability of WEPs is perceived. These were relevant for the arid and semi-arid Turkana context 

and were assessed in this thesis. 

Global environmental changes, both natural and anthropogenic, are piling pressure on already 

struggling biodiversity including WEPs (Le Page, 2021). The pressure features a number of threats 

typical to the study area like uncontrolled fires, agricultural expansion, deforestation, 

overstocking, overharvesting, charcoal burning, invasive species, and erosion of local knowledge 

about WEPs (Asfaw, 2008; Badimo et al., 2015; Pawera et al., 2020). While some WEPs are 

adapted to arid and semi-arid lands like in northwestern Kenya, the compounding impact of both 

natural and anthropogenic pressures make their survival precarious. Efforts to sustain the 

survival of these valuable plants call for integrated participatory efforts in their management and 

conservation that includes all key stakeholders in the value chain of WEPs.  

For informed conservation of WEPs, mapping and quantification of their present and potential 

future distribution is important. In developing world such as Kenya, WEPs are normally less 

addressed in food surveys and discussions (Ngome et al., 2017), and efforts to determine their 
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distribution are very scanty. Only a few articles have addressed this important gap globally 

(Vincent et al., 2019) and in Southern Africa (Wessels et al., 2021) with a couple others assessing 

medicinal plants (Bariotakis et al., 2019; Mkala et al., 2022). It is imperative that to plan and 

execute better conservation strategies for WEPs, knowledge of their historic, current, and 

potential future distribution be considered. This is largely achieved through species distribution 

modeling (SDM) protocols that combine both occurrence records and environmental predictor 

variables in  correlative modeling paradigm (Feng, Park, Walker, et al., 2019; Guisan et al., 2017; 

Zurell et al., 2020). 

Although WEPs are important source of nutrition to societies across the globe, they tend to be 

underutilized, threatened by pressure piled from natural and anthropogenic environmental 

changes, and their distributions are not well documented to inform management and 

conservation for their sustainable use. This thesis used an integrated participatory approach to 

understand how indigenous Turkana communities in northwestern Kenya perceive availability of 

their WEPs, threats and management options for the WEPs and mapping their distribution. These 

communities are traditionally nomadic pastoralists and live in arid and semi-arid lands with 

established list of WEPs, yet they remain the most affected by hunger and malnutrition in the 

country. Specifically, the study focused on woody WEPs as they have longer lifespans thus the 

participants would interact, know, and use them better to warrant informative discussion in 

addressing objectives of our study. Woody WEPs also have relatively more observed records than 

herbs to enable building of models to predict their potentially suitable habitats. The study used 

both focus group discussions (FGDs) with key stakeholders and field surveys to gather data. 

Further, both online data archives of occurrence records of selected WEPs and environmental 

predictor variables were used in the study to help build SDMs for the WEPs in the region. 

Additional occurrence data were obtained from East African Herbarium in Nairobi and field 

observations. 
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1.2 Objectives 

1.2.1 General objective 

The general objective of the study is to assess availability of woody WEPs, their threats and 

management, and quantify their present and future potentially suitable habitats to help inform 

their sustainable use. 

1.2.2 Specific objectives 

Specifically, the research sought to: 

i. Assess how Turkana communities perceive the availability of their woody WEPs in 

northwestern, Kenya. This is presented in Chapter 4. 

ii. Assess the threats and management options to woody WEPs in Turkana County, Kenya. 

This is presented in Chapter 5. 

iii. Predict changes in distribution of WEPs under climate change scenarios in Turkana 

County, Kenya. This is presented in Chapter 6. 

1.3 Structure of the Thesis 

This thesis consists of eight chapters. Chapter 1 explores the background of WEPs globally, 

Eastern Africa, and Kenya. It also highlights research problem, objectives, and structure of the 

thesis. Chapter 2 details literature, revealing state-of-the-art in the study of WEPs. Description of 

the study area and methods used are in Chapter 3. Chapters 4 to 6 features published work on 

availability, threats and management, and potentially suitable habitat quantification of the WEPs, 

respectively. These are summarized in Table 1.1. Other published works during the project but 

not contributing directly to the thesis are highlighted in Table 1.2. Synthesis of the major findings 

from published works in chapters 4 to 6 is captured in Chapter 7. Chapter 8 gives the conclusions 

and recommendations of the thesis after which references and appendices mark the end of the 

thesis. 
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Table 1.1: Authorship and specific contributions 
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Specific contribution of 

the thesis author 

Oluoch, W. A., Whitney, C. 
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Table 1.2: Additional publications that have been developed during the course of this project, 
but are not essential working packages of the thesis 

Author and title Journal/Book/Report Status of 

publication  

Specific contribution of 

the thesis author 
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• Writing and 
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manuscript 
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Published, 
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• Data 

compilation and 

analysis 

• Writing and 

revision of the 

manuscript 
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Forest land degradation 
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and contemporary 

advances. 

In: G.S. Bhunia, U. 

Chatterjee, A. 

Kashyap, P.K. Shit 

(eds.): Land 

Reclamation and 

Restoration 

Strategies 

Published, 

2021 

• Supervised the 

authorship of 

the chapter 

• Development of 

ideas and 

research design 
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Author and title Journal/Book/Report Status of 

publication  

Specific contribution of 

the thesis author 
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• Writing and 

revision of the 

manuscript 
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Industry 
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Published, 

2020 

 

• Development of 

ideas and 

research design 

• Data 

compilation and 

analysis 

• Writing and 

revision of the 

manuscript 
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Chapter 2: State of the art 

2.1 Wild Edible Plants globally 

WEPs, as defined by Kallas (2010, p. 2), have been part of human diets throughout history (Erskine 

et al., 2020; Harumi et al., 2019; Ajeet Singh et al., 2018) and their usage predates domestication 

of contemporary cultivated crops (King, 1994; Logan, 2015). Inclusion of WEPs in local diets has 

the potential to improve health, fight poverty, and alleviate hunger (Bhatia et al., 2018); the 

second item in the United Nations (UN) Sustainable Development Goals (SDG) (United Nations, 

2017). These plants are also important relatives to cultivated crops hence contribute important 

germplasm for improving cultivated crops to maneuver evolving changes in the climate (Guarino 

& Lobell, 2011). However, their consumption is on the decline globally probably due to 

association of their usage with poverty, backwardness, and changes in lifestyles (Pawera et al., 

2020) and their availability to local communities. 

Bringing back WEPs to human diet (Ajeet Singh et al., 2018) calls for, among other aspects, 

investigating their availability, threats, and distribution across space and time. That could aid 

designing options for their sustainable exploitation. The effort has been exemplified in Europe 

where people with interest in WEPs are reinvigorating their culinary use from their nutritional 

values and preserve their traditional knowledge (Luczaj et al., 2012). That surpasses the 

traditional ethnobotanical investigations of listing plants known and used by a given community 

to a level of assessing their availability, understanding threats facing them, and mapping their 

distribution. Efforts to bring back WEPs to the diets of local communities globally have been 

reported in several places such as incorporation in education systems in Chile (Barreau et al., 

2016), enhancement of in-situ conservation in Indonesia (Suwardi, Navia, Harmawan, 

Syamsuardi, et al., 2022), and cultivation at homes in Ethiopia (Birhanu, 2023) among others. 

Consumption of WEPs aid in the fight against hunger and malnutrition especially among 

indigenous communities in arid and semi-arid lands with poor yields from cultivated crops (De 

Merode et al., 2004; Sundriyal et al., 2004). Even though large-scale crop production can 

contribute to reduction of hunger (Fonjong & Gyapong, 2021), narrow dietary width (consuming 
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few crops) hinders nutritional diversity that is needed for good health (Aryal et al., 2018; Katoch 

& Katoch, 2020; Yazew, 2020). There is also relatively low resilience to pests, diseases, extreme 

weather events and climate change by cultivated crops compared to WEPs (Guarino & Lobell, 

2011). People consuming diverse range of WEPs gain better nutritional security as the diverse 

WEPs make it possible to obtain important micro and macronutrients (Ray et al., 2020; Yazew, 

2020). 

Worldwide, a range of WEPs have been included in human diets with triple benefits of reducing 

hunger, malnutrition alleviation, and resilience to climate change and related hazards (Šarić-

Kundalić et al., 2011; Yeşil et al., 2019). As the global human population ascends to 10 billion by 

2050 and climate change and variability continue to derail performance of cultivated crops, 

resorting to WEPs could be a “safety net” for malnutrition alleviation (Bahar et al., 2020; Gerten 

et al., 2020; Searchinger et al., 2019). The plants are known to provide both income to indigenous 

communities and ensuring global food security (Addis et al., 2005; Ju et al., 2013; F. Li et al., 2015; 

Rasingam, 2012). Further, most WEPs are multipurpose plants serving a range of roles such as 

ethno-pharmacology, construction, fodder, fuel, and habitat for many animals such as birds 

(Dejene et al., 2020; Joshi et al., 2018) among other ecosystem services. 

2.2 Wild Edible Plants in East Africa and Kenya 

In Africa, consumption of WEPs characterizes all communities and some of the WEPs are special 

delicacies portraying cultural identities (Mokganya & Tshisikhawe, 2019; Ojelel et al., 2019). For 

example, in Ghana four WEPs of dietary interest showed huge potential in contributing to human 

nutrient provision due to their high micronutrient richness (Achaglinkame et al., 2019). Such is 

the case in Cameroon where Irvingia gabonensis (Aubry-Lecomte ex O’Rorke) Baill is considered 

an important food (Ngome et al., 2017). In Namibia and Zimbabwe to the south, WEPs are the 

most highly valued foods (Maroyi & Cheikhyoussef, 2017) apart from livestock products. 

Throughout East Africa, consumption of WEPs is invaluable pride of every community. The 

Karamajong people of Uganda consume a range of WEPs such as Tamarindus indica L., Balanites 

aegyptiaca (L.) Delile, and Ximenia americana L. among others (Ojelel et al., 2019). The 

Wasambaa people of Tanzania consume 92 WEPs including Amaranthus spp., Corchorus olitorius 
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L., and Lantana camara L. (Powell et al., 2013). These studies suggest wide usage of WEPs in 

Africa including East African region where this study was done. 

In Kenya, culinary relevance of WEPs cannot be overemphasized. Almost every community has 

their special WEPs that they regard precious in their traditional diets. The Luhya, Kisii, Luo, and 

Mijikenda people of Kenya highly value their traditional indigenous vegetables harvested from 

the wild; though some are currently cultivated such as Cleome gynandra L. and Amaranthus 

hybridus L. (Maundu et al., 1999).  WEPs are equally important among the nomadic pastoral 

communities who live in arid and semi-arid lands with negligible food crop cultivation. Apart from 

livestock products that give them proteins, WEPs provide for their vegetarian diets (Gradé, 2012). 

The Maasai people of Kenya highly value X. americana, Carissa spinarum L., and Grewia bicolor 

Juss. for their nutritional benefits (Bussmann et al., 2006). Turkana people of northwestern Kenya 

feed on a range of WEPs to supplement, complement, and as ‘safety nets’ to cushion during lean 

season (Otieno, 2016a; Sarfo, 2018). WEPs and orphan crops portray huge potential in providing 

local solutions for sustainable food systems (Borelli, Hunter, Padulosi, et al., 2020). 

Lists of available WEPs in Turkana have been compiled in various studies (Bender, 2017; Ng’asike, 

2019; Sarfo et al., 2017; Watkins, 2010), which is an important step in identifying the WEPs 

consumed in the county. However, little has been done in understanding how the communities 

perceive their availability, threats and management options and their potential suitable habitat 

across space and time; an effort which would support their conservation and management for 

sustainable use. The studies have been largely concentrating in listing the available WEPs without 

necessarily unravelling how they can be used sustainably to support alleviation of hunger and 

malnutrition in the region.   

Previous studies have reported the WEPs within Turkana to be culturally important in the 

livelihood of Turkana people not only due to their edible fruits but also due to their use as 

livestock fodder, ethno-pharmacology uses, trade, and construction among others (Sarfo, 2017). 

The distribution range of the WEPs is not restricted only to Turkana County alone, for example, 

Ziziphus mauritiana Lam. spans from India (Anshuman Singh et al., 2020) to Sudan Savanna 

ecological zones of Nigeria (Ambursa et al., 2019). On the other hand, Salvadora persica L. is a 
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halophyte that can grow under extreme conditions from very dry environments to highly saline 

soils (Falasca et al., 2015). It also thrives in dry bushland and wooded grassland (Najma, 2011) 

and is largely distributed within tropical East Africa, Sudano-Sahelian border in West Africa, 

Namibia border with Angola, and northwestern parts of India (Ma’Ayergi et al., 1984). The plant 

further prefers hot and moist localities that characterize riparian areas in Turkana County. 

Balanites rotundifolia Blatt on the other hand is a species occupying parts of Kenya and Djibouti-

Somalia border. It survives well in arid and semi-arid environments and not restricted to riverine 

areas (October 2020 own field observation). It is an evergreen shrub/small tree in life form 

growing to a height of 6 to 8 m. It is having a low bushy habit, densely branched with trunk up to 

40 cm diameter (Sands et al., 2003). 

The government of Turkana County is supporting sustainable use of natural resources in the 

county for the well-being of the inhabitants (CHSS-CAT, 2018). There are also efforts being made 

to educate the people on the available WEPs and their preparation and consumption as such 

knowledge is rapidly facing erosion by adoption of more westernized culture. The county is also 

the most food insecure and records the highest poverty levels nationally (KER, 2020, 2021) hence 

dire need for assessing its WEPs.  

Dependence on and consumption of livestock products and cultivated crops alone may not 

sufficiently fight malnutrition especially in arid and semi-arid areas of Africa where cultivated 

crops and livestock products hardly yield optimally (Borelli, Hunter, Padulosi, et al., 2020; Hunter 

et al., 2019). WEPs offer opportunity to reduce food and nutrition insecurity globally in the face 

of climate variability that is claimed to pose comparatively greater threat to cultivated crops than 

WEPs (Gradé, 2012; Ojelel et al., 2019). Accordingly, in order to realize optimal exploitation of 

priority WEPs, it is important to understand their ecology and threats at local scales that make 

sense to specific dependent communities (Gaoue et al., 2017). For understanding of their 

sustainability, mapping out of their current occurrence sites and modeling their potential 

distribution in non-sampled sites is imperative especially in the face of climate and land use 

changes (Shumsky et al., 2014; Vári et al., 2020).  
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2.3 Availability of wild edible plants 

A comprehensive list of 17 theories and major hypotheses within the field of Ethnobotany have 

been put forward to provide insights into the understanding of human-plant relationships in 

ethnobotanical realm (Gaoue et al., 2017). These hypotheses have evolved over time, being 

borrowed from various related disciplines to Ethnobotany such as Ecology, Anthropology, and 

Botany (Gaoue et al., 2017, 2021). Among these hypotheses, chapter three of this thesis focuses 

on one in particular, the availability hypothesis, that features measurable parameters that could 

help understand how the Turkana communities regard WEPs as available to them or not. The 

availability hypothesis posits that people are more likely to incorporate WEPs into their diets or 

employ them for medicinal purposes when these plants are readily available within their 

immediate vicinity (Albuquerque, 2006; Gaoue et al., 2017). It is assessed using such variables as 

physical distance to harvest sites, price of WEPs, availability in the market, availability in home 

gardens, and access to natural areas where the WEPs occur (Gaoue et al., 2017; Voeks, 2004) 

among other context dependent parameters. For instance, WEPs that are closer to inhabited 

areas or easily accessible harvesting sites are more likely to be utilized due to the reduced effort 

required for their collection or foraging. 

WEPs that are lowly priced in the markets could also attract more usage since the efforts to get 

them are generally less. This is closely associated with presence of the WEPs in the market. The 

WEPs that are present in the local markets and are affordable have been reported to be largely 

used for dietary diversity among communities in the neighboring Ethiopia (Tahir et al., 2023) and 

Uganda (Akankwasah et al., 2012), for instance.  Cultivation/domestication or caring for the WEPs 

in the home gardens has also been documented to contribute to the perception of availability of 

WEPs as already proposed in Mediterranean basin (Ceccanti et al., 2018) and western Himalaya 

(Aryal et al., 2018) among other places. In this regard, the WEPs that exist within the inhabited 

zones or homesteads of the specific communities are regarded as more available to them for use 

in diversifying their diets than those distributed outside the homesteads. While such plants 

within homesteads are still considered wild, they normally receive disproportionately better care 
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from humans than those in the wilderness (Aryal et al., 2018; Cruz-Garcia & Struik, 2015; 

Kujawska & Łuczaj, 2015). 

There has been a number of studies across the globe trying to explain availability of WEPs to 

communities by paying close attention to varied parameters or indicators, such as seasonal 

availability (Kiran et al., 2019), local abundance (Peduruhewa et al., 2021), physical distance and 

access to harvest sites (Albuquerque, 2006). The choice of parameters used to assess availability 

of WEPs to some communities is not standardized to date and thus remain context dependent 

and at discretion of the specific researchers (Gaoue et al., 2017). This is therefore posing a 

challenge in making comparison across the globe or even some cases regionally on how 

communities perceive availability of their respective WEPs. In that regard, this study assembles 

most of the parameters that have been used elsewhere including distance to harvest sites, 

seasons, abundance, access to harvest sites, ease of harvesting, portability, availability in the 

market, size of household to feed, and price in the market, to assess how the local communities 

in Turkana County consider WEPs as available to them or not.  

Consumption preferences in the modern society is making WEPs “unavailable” to several people 

as the youths from indigenous communities consider consumption of cultivated crops like 

mangoes, apples, oranges while shunning their traditional WEPs (L. Kidane & Kejela, 2021). This 

could be a result of taste and preferences as some people prefer specific WEPs due to their tastes 

(Termote et al., 2010). This is also happening when indigenous knowledge of WEPs is being 

eroded at a very high rate (Luczaj et al., 2012; Muhammad et al., 2020), and hence the need to 

rekindle the use of these plants. It could be important not only to mention and identify the WEPs 

present within communities but also delve into how the concerned communities perceive their 

availability for use in dietary diversification among themselves. This is the phenomena that can 

help us demystify the paradox of why some communities endowed with WEPs still suffer extreme 

hunger and malnutrition as observed in biodiverse areas of Burkina Faso (Termote et al., 2012) . 

Perceiving availability of WEPs in terms of access to harvest sites has also gained traction in the 

literature as well as ease of harvesting and processing prior to consumption. Some WEPs are 

located in areas that are not freely accessed by communities such as protected areas (Barreau et 
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al., 2016; Blanco-Salas et al., 2019) and culturally important places like shrines (Marpa et al., 

2020) as well as within private lands (Barreau et al., 2016; Ginger et al., 2012). These WEPs may 

not be easily accessed by local communities unless after acquiring specific access rights (Barreau 

et al., 2016). Further, one might be able to access them but still find it difficult to harvest (Tebkew 

et al., 2018), say thorny trees or difficult to climb and process them for consumption, such as 

boiling of Dobera glabra (Forssk.) Juss. ex Poir (Oduor et al., 2023) that takes over half a day and 

needs specific skills to render the product edible. 

Studies that have assessed availability hypothesis with regards to WEPs have emphasized on 

examining the locations where individual communities collect their wild medicinal and food 

plants and by correlating local abundance with use values of specific WEPs (Gaoue et al., 2017). 

However, the differences in specific context in which studies are conducted and the kinds of 

WEPs being studied call for context dependent conceptualization of availability hypothesis as 

efforts to have universal concept is faced with a range of criticisms (de Oliveira Trindade et al., 

2015; Gonçalves et al., 2016). To ensure that the availability of WEPs is better captured in the 

context of Turkana County, this study added several parameters such as portability, ease of 

harvesting, and ease of processing that are specific to the kinds of woody WEPs of interest to the 

study in the context of the study area. For instance, some of the WEPs studied grow taller than 

average human height, towering above 13 m, for example, Hyphaene compressa H. Wendl 

(Omire, Budambula, et al., 2020). For such WEPs, ease of harvesting thus becomes crucial 

parameter to consider before generalization on its availability can be deduced. 

Understanding of availability of WEPs in Turkana is very timely in this thesis since the county has 

several WEPs that have helped the residents withstand hunger and drought in the past (W. T. W. 

Morgan, 1981) but are continually being neglected in the contemporary diets. With the 

continued challenges posed by climate variability and change, it is important to ensure that the 

communities leverage their locally available resources to adapt to the climate change as they 

offer huge potential for the future (Peduruhewa et al., 2021).  
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2.4 Threats and management options to wild edible plants 

Environmental changes across landscape are contributing to biodiversity loss worldwide 

including WEPs (Borelli, Hunter, Powell, et al., 2020). WEPs are facing a number of threats that 

are ranging from natural and anthropogenic in nature and a mix of the two in which case 

anthropogenic activities aggravate the natural threats (Guzo et al., 2023; Suwardi, Navia, 

Harmawan, Seprianto, et al., 2022). However, studies involving WEPs rarely dwell on the threats 

facing them even though such understanding could be important in devising conservation 

strategies. In this section, we shall look into some of the scarcely identified threats facing WEPs 

with more emphasis in Eastern Africa as some of the threats could be region-specific. 

One of the threats facing WEPs is agricultural expansion (L. Kidane & Kejela, 2021; Suwardi et al., 

2020). Pieces of land are being converted to cultivated agriculture at the expense of WEPs 

(Muhammad et al., 2020; Pawera et al., 2020; D. R. Williams et al., 2021). This interferes with 

natural regeneration of the WEPs and destroys  their habitats (Liu et al., 2019). Expansion of 

agriculture has been reported as a notable threat to WEPs in several countries across the globe 

such as Indonesia (Pawera et al., 2020), Ethiopia (L. Kidane & Kejela, 2021) and Uganda (Masters, 

2021; Ssenku et al., 2022) among other places. Conversion of land from WEPs to cultivated crops 

is normally followed by mono-cropping where one species of crops is grown in large scale (B. A. 

Williams et al., 2020). This is thus narrowing dietary diversity while at the same time interfering 

with ecosystem services that were being offered by the previously existing diverse WEPs. 

Apart from expansion of agriculture, wild fires also threaten WEPs (Garcia et al., 2021). Use of 

fire as an ecosystem service to manage pasture has been practiced for a long time across the 

globe (Pausas & Keeley, 2019). The relevance has been to ensure that the old grasses give way 

for new fresh sprouts that better develop for the use by livestock (Colantoni et al., 2020; Fidelis, 

2020). This can lead to loss of WEPs in the vicinity of the area especially when it follows prolonged 

dry season when the plants are dry (Haque et al., 2021; Ojeda, 2020). This is an example of a 

scenario where anthropogenic activity could be aggravating climate change as the plants that are 

already overstressed by prolonged drought could easily yield into the veracity of the fire (Mariani 

et al., 2019; Pontes-Lopes et al., 2021; Richardson et al., 2022).  
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In addition to the above, invasive species have also been reported to threaten native WEPs 

(Duenas et al., 2021; Siddiqui et al., 2021). This has been witnessed in many spheres where 

introduced alien species outcompete the native species and push the native species into 

extinction (Carboni et al., 2021). Some invasive species could be having better adaptation 

characteristics to survive in the invaded lands and maximize use of resources at the expense of 

the original species in the region (Carboni et al., 2021; Cheng et al., 2020). This could be in terms 

of access to solar or soil nutrients and water (Linders et al., 2019). The invasive species could also 

be having some harmful allelopathic properties against the native species (Kalisz et al., 2021; Qu 

et al., 2021) as is reported for Imperata cylindrica (Kato-Noguchi, 2022) and L. camara (Kato-

Noguchi & Kurniadie, 2021) among other species. Examples of invasive species outcompeting 

native species have been reported for P. juliflora in northern Kenya (Tadros et al., 2020).  

Within the nomadic pastoral communities like the case of most parts of Africa, overstocking or 

overgrazing has been reported as a threat to WEPs (Guzo et al., 2023; L. Kidane & Kejela, 2021). 

While nomadic pastoral communities have lived with WEPs throughout their history, transition 

from nomadic pastoralism to sedentary lifestyle is putting more pressure on land and tending to 

exceed the carrying capacity of such lands hence reducing chances of seedlings or propagules to 

develop into adult plants (Ganie et al., 2019). Organized nomadism could give WEPs enough time 

to regenerate as the livestock could be moved from one place to another for several months 

allowing enough time for WEPs to regenerate (Mohammadi et al., 2023; Moradi et al., 2022). This 

phenomenon is witnessed even in the wild such as seasonal pasture regeneration following 

migration of wildebeest in Kenya (Msoffe et al., 2019). However, as land management starts to 

change from communal to private ownership and several development projects get established, 

there is limited freedom for people to move with their livestock (Greiner, 2017). While the 

desire/culture to have more livestock still lags, the size of land to raise them diminishes at a high 

rate (Galaty, 2013; Greiner, 2017). This could lead to the toppling above the carrying capacity of 

the land and rendering any regenerating WEPs difficult to survive to maturity. 

Other extractive human activities such as charcoal burning and collection of timber for 

construction is also putting more pressure on the plants, especially woody WEPs (Luczaj et al., 
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2012). For instance, leaves of H. compressa are used in making a lot of handicrafts that are sold 

in the market (Omire, Neondo, et al., 2020). On the other hand, extraction of timber for building 

of houses from WEPs have been noted in some regions of Africa (Guzo et al., 2023; Tebkew et 

al., 2018). Use of WEPs for fuel and charcoal is another extractive activity that could push some 

WEPs out of production (Akall, 2021; Owino et al., 2021). As urban population grows in most 

parts of Africa, need for charcoal also increases as the most affordable fuel for cooking (Doggart 

& Meshack, 2017; Santos et al., 2017). The trade on charcoal should thus be regulated in a 

manner that WEPs are not included in the business (Wekesa et al., 2023). Some communities are 

already controlling for this by ensuring that no WEPs are harvested for charcoal while others 

allow for using WEPs that have naturally dried out (Hazarika & Pongener, 2018; Yiblet et al., 

2023).  

Another important threat on WEPs is linked to climate change. Through its various indicators 

such as prolonged drought and related extreme events like flash floods, WEPs are becoming more 

vulnerable (Powell et al., 2023; Reyes-García et al., 2015). Some WEPs that preferentially grow in 

riparian areas find it difficult to continue surviving under changing climate (Tonkin et al., 2018). 

Extreme droughts and heat compound water stress on them and when this is followed by flash 

floods, they easily topple and get washed away (Bejarano et al., 2018). Further, with climate 

change, some species are moving towards cooler areas in higher altitudes as observed in South 

Africa (Wessels et al., 2021). In that regard, WEPs that are slow in dispersal ability might be 

exposed to more threats (Barber et al., 2016; Mo & Polly, 2022; Zhang et al., 2017).  

It is also important to mention that localized infrastructural developments in biodiverse areas 

also pose threat to WEPs (Liu et al., 2019; Yangdon et al., 2022). These include industries, roads 

and, the case of oil prospect in Turkana (Mkutu et al., 2019; Mullins & Wambayi, 2017; Obongo, 

2018) that have necessitated clearing of WEPs and hence decline in their richness (Jigme & 

Yangchen, 2023). While environmental impact assessments are normally done prior to 

establishment of such industries, it is always a huge tag of war between the investors and 

environmental conservationists; with investors winning in most cases as the values of the WEPs 

are not readily quantifiable.  
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2.5 Species distribution modeling of wild edible plants 

Species distribution modeling (SDM) involves prediction and mapping of the potential geographic 

distribution of a species depending on environmental factors and its known occurrence data 

(Escobar et al., 2018; Franklin & Miller, 2010; Guisan et al., 2017; Peterson et al., 2011). The 

concept depends on the ecological niche theory that was first put forward by Grinnell in the early 

20th century (Grinnell, 1917b, 1917a). The theory suggests that each species occupies a unique 

ecological niche defined by its interactions with environmental variables (Grinnell, 1917b). The 

niche has been conceptualized as a function of biotic, abiotic, and movement parameters 

(Peterson et al., 2011). The biotic components include all physical characteristics of an 

environment that are suitable for a species (Franklin & Miller, 2010; Guisan et al., 2017). On the 

other hand, the biotic components involve the interactions within and among species in the same 

geographic region (Guisan & Zimmermann, 2000). Lastly, the movement component is pegged 

on the ability of the species to disperse and reach locations with favorable biotic and abiotic 

conditions (Feng, Park, Walker, et al., 2019). 

The two major approaches in building SDMs include those that are correlative and the 

mechanistic ones (Chapman et al., 2017; Rougier et al., 2015; Shabani et al., 2016). The 

correlative approaches use species occurrence records over space, normally a large area of land, 

and environmental predictor variables to determine the niche of such species (Journé et al., 2020; 

Shabani et al., 2016). This is the most common kind of SDMs done for example in assessing 

suitable habitats of plant communities (Gaisberger et al., 2017; Henderson et al., 2014; Pellissier 

et al., 2010), wild medicinal plants (Bariotakis et al., 2019; Mkala et al., 2022), and WEPs (Wessels 

et al., 2021) among many others. The mechanistic SDMs are normally based on controlled 

environmental studies. They tend to be rather costly to establish and to run successfully (Shabani 

et al., 2016). The advantage of the mechanistic SDM is that the researcher has the freedom to 

assess tolerance of a species to specific environmental conditions that can be adjusted until the 

maximum or minimum tolerance level is achieved (Chapman et al., 2017; Shabani et al., 2016).  

Since its inception in the early 20th century, SDM has gained traction in scientific community and 

been applied to model potentially suitable habitats of most organisms. Further, developments in 
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the domain has seen various models developed being dominated by MaxEnt (Phillips et al., 2006) 

and today more than 91 open source packages are available to run SDMs (Helixcn, 2017). This 

has seen a boost in the adoption of SDMs and efforts have been made to ensure reproducibility 

and adherence to modeling protocols that make the work more reliable.  

Advancements in machine learning techniques and computation capacity have also boosted the 

growth of the domain (Guisan et al., 2017). Various concepts like range shift (Bocedi et al., 2021) 

and niche evolution verses niche conservatism (Culumber & Tobler, 2016; Salariato et al., 2022; 

Vieira et al., 2023) have been tested and many more stretches in the domain remain to be fully 

unearthed especially those linking genetics information of modelled species (Cacciapaglia & van 

Woesik, 2018; McCluskey et al., 2022). As technology advances rapidly, occasional publication of 

classical books reminds users to stay grounded in the fundamental principles of the domain amid 

the fast-paced development of hardware and software(Franklin & Miller, 2010; Guisan et al., 

2017; Peterson et al., 2011; Tikhonov et al., 2020).  

For most machine learning models to be trained well, there is need to have training data of 

different classes from which machines “learn” patterns. When these are applied in  SDM, one 

would normally have occurrence records, that is, locations where a given species has been 

observed (Guisan et al., 2017; Tikhonov et al., 2020). Obtaining absence data (locations where 

the species is not found) is challenging due to various complex reasons, such as the species not 

having dispersed there or lack of observation and reporting in that location. (Peterson et al., 

2011). Accordingly, methodologies have been developed to generate pseudo-absences (false 

absence) and background points from which models can be built to help predict the potentially 

suitable habitats of a given species (Feng, Park, Walker, et al., 2019; Zurell et al., 2020). A lot of 

advancements have also been made on how such background points should be generated 

including using convex hulls as well as doughnut and circular buffers around presence points 

(Kass et al., 2021; Pebesma & Bivand, 2023).  

Given the occurrence records (presence and pseudo-absence/background), researchers then 

obtained appropriate predictor variables (normally in raster file formats) which are important in 

explaining the ecology of a specific species (Petitpierre et al., 2017; Pratt et al., 2022). The 
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occurrence records are then used to extract corresponding predictor variables and used to build 

the predictive models. This process normally involves tuning of the model until a useful model is 

obtained which can then be projected over the whole spatial extent of interest (Bernabo et al., 

2022; Brownscombe et al., 2021; Kass et al., 2021). Additionally, the model can be applied in 

hindcasting the potentially suitable habitats of the species in question in the past (Hodel et al., 

2022; Regos et al., 2018) or future (Jarvie & Svenning, 2018; Messina et al., 2019). This is done 

with care to ensure that the environmental characteristics of the regions where the models are 

being transferred are comparable with where the model was trained (Márcia Barbosa et al., 

2013). 

This is therefore a well-established modeling workflow in distribution ecology that fits well in the 

present work to determine the potentially suitable habitats of WEPs in Turkana County, Kenya. 

Throughout the globe very few studies, however, have used the workflow in understanding the 

potentially suitable habitats of WEPs (Vincent et al., 2019) although it can be helpful in informing 

conservation strategies of species over regions especially where there are adequate training 

data. Some of the studies that have employed the protocol include a global study (Vincent et al., 

2019), North America (Khoury et al., 2019), and that specific to southern Africa (Wessels et al., 

2021). Other studies have given emphasis on medicinal plants for example Mediterranean 

medicinal plants in Crete (Bariotakis et al., 2019) and medicinal plants such as Aloe species 

spanning north eastern Tanzania and south eastern Kenya (Mkala et al., 2022). This study will be 

the first of a kind to apply SDM on WEPs of eastern Africa.  
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Chapter 3: Methods and Study Area 

3.1 Study Area 

3.1.1 Description of the study area 

This thesis is part of an on-going project “Improving dietary quality and livelihoods using farm 

and wild biodiversity through an integrated community-based approach in Kenya” (2019-2023) 

by The Alliance of Bioversity International and International Center for Tropical Agriculture 

(CIAT). The project involved collaborators from The University of Nairobi, Kenya (Project 

Monitoring and Evaluation), University of Hohenheim, Germany (Socio-Cultural aspects of WEPs’ 

use), University of Goettingen, Germany (Nutrition analysis of WEPs), and this study from the 

University of Bonn, Germany on availability and sustainable harvesting of WEPs in Turkana 

County, Kenya. The study area is located in Turkana County in northwestern Kenya (Appendix 2). 

It spans longitudes 33.99°E to 36.72°E and latitudes 0.92°N to 5.50°N, covering an area of about 

68,253 km2. The area features low-lying plains with occasional hills depicting the physical 

landscape (Opiyo et al., 2015). Altitude ranges from 370 m towards the east at the shores of Lake 

Turkana to 2285 m above the sea level on top of Loima Hills to the west. River Turkwel drains 

from South Western parts towards center of the study area and curves its way eastwards into 

Lake Turkana. Numerous seasonal tributaries that experience occasional flash floods join the 

river and characterize potentially suitable habitats of the WEPs (according to field visit in October 

2020). 

Climate and Soils 

Rainfall pattern is bimodal with high variability leading to regular drought events with a long term 

mean annual rainfall of 216 mm (Opiyo et al., 2015). This varies highly within the study area 

(Appendix 1). Maximum temperature range within Turkana County is normally between 23⁰C and 

38⁰C with a mean of 30.5⁰C (Opiyo et al., 2015). The county is hot and dry most of the year hence 

classified under agro-ecological zone IV which is semi-humid to semi-arid as well as zone V which 

is semi-arid (Jaetzold & Schmidt, 1983). Soils of the area comprise coarse alluvial deposits and 

coarse sand, gravels and boulders as well as exposed bedrocks following erosion events 
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(Coughenour & Ellis, 1993). The alluvial soils of the area are deep, sandy loams that are poorly 

differentiated with low water holding capacity, nutrients, organic matter, and cation exchange 

capacity (Reid & Ellis, 1995). 

Vegetation cover  

Vegetation comprise bush species and dwarf shrubs (Opiyo et al., 2015). However, there is 

evident high variability and annual patchy grassland, herbaceous plants, woody shrubs as well as 

riverine vegetation (Kariuki et al., 2008; Opiyo et al., 2015). Generally, numerous Vachellia 

species dominate the landscape and are of relevance to the livestock, people, and ecosystem 

(Coughenour & Ellis, 1993; Kariuki et al., 2008; Opiyo et al., 2015). Potential natural vegetation 

of the study area depicts vegetation of the class Acacia-Commiphora stunted bushland and 

Somalia-Masai Acacia-Commiphora deciduous bushland and thicket that occupy 49.21% and 

40.82% of the study area, respectively (van Breugel et al., 2015).  

The people 

The county consists primarily of Turkana people who are traditionally nomadic pastoralists 

(keeping cattle, camels, donkeys, sheep, and goats) and their livelihoods is pegged on livestock 

products such as meat, milk, and blood (Otieno, 2016a). They live in arid and semi-arid area 

where crop farming is poorest nationally (Watete et al., 2016; Yoda et al., 2020). Population of 

their livestock is also dwindling attributable to negative effects of extreme drought events, 

diseases and exceedance of land carrying capacity (Otieno, 2020). WEPs serve as supplements, 

complements, or substitutes to traditional livestock products in the diets of Turkana people. They 

are crucial during lean seasons to cushion hunger, boost dietary diversity, and alleviate 

malnutrition (Bhatia et al., 2018; Sarfo, 2018). 

Turkana is the poorest county in Kenya (Kuper et al., 2015) with poverty headcount rate of 79.4% 

compared to the national average of 36.1% and the best scenario of 16.7% in Nairobi County 

(KER, 2020). The county also leads, nationally, in food poverty at 66.1%. Against the national 

hardcore poverty line of 8.6%, the county is at 52.7%, depicting worst scenario in the nation (KER, 

2020). The county, however, has tourism potential (regarded the cradle of modern man) 
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(Harmand et al., 2015), has the largest desert lake in the world (Lake Turkana), oil deposits 

(Mkutu et al., 2019), wind power plants (Cormack & Kurewa, 2018), and about 60 WEPs reported 

by several researchers (W. T. W. Morgan, 1981; Sarfo, 2017). The WEPs comprise vegetables, 

tubers, mushrooms, and fruit trees that cushion dietary needs of locals (Sarfo et al., 2017).  

Land uses 

The vegetation, climate, and geography of the county support nomadic pastoralism as a 

traditional means of livelihood for majority of the people. Further, the existing vegetation feature 

some WEPs which support food security, nutritional requirements, and economic needs of the 

local residents (Bender, 2017; W. T. W. Morgan, 1981; Sarfo et al., 2017).  There are also small 

towns in the county such as Lodwar where trade is taking place. Communities located astride 

river banks, such as along River Turkwel conduct irrigated agriculture. They sustain their 

livelihoods by harvesting palm leaves and using them in the crafting of items such as baskets and 

mats. 

3.2 Research Methods 

The data collection and analysis approaches used in the thesis are summarized in Table 3.1. In 

chapter four, the study used FGD to understand how local communities perceived availability of 

their WEPs and analyzed the data using both qualitative and quantitative techniques, (see section 

4.3.3). FGD ‘is a type of group discussion about a topic under the guidance of a trained group 

moderator’ (Sim & Waterfield, 2019). The method allows for interaction between the moderator 

and the participants thus ease of getting in-depth understanding of the topic as narrated by the 

participants (Nyumba et al., 2018; Stewart & Shamdasani, 1998; Wong, 2008). Chapter five, 

included field surveys on top of FGDs to achieve field observation of threats facing WEPs within 

the study communities. The data were analyzed quantitatively by assaying the scores of both 

threats and management options (see section 5.3.3). 

Chapter six involved data collection from a range of sources including online databases, museum 

collections and field surveys (Table 3.1). These were analyzed quantitatively using maximum 
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entropy modeling approach as detailed in section 6.3.6. These methods enabled collection of 

relevant data and applied relevant analytical methods to address the objectives of the thesis. 

Table 3.1: Summary of the methods of data collection and analysis used in this thesis 

Chapter Data sources Analysis methods Chapter section 

Four Focus Group Discussion Quantitative and qualitative 

(Bayesian regression and mixed 

content analysis) 

4.3.3 

Five Focus Group Discussion 

and Field Surveys 

Quantitative (Friedman aligned 

rank tests) 

5.3.3 

Six Online databases, Museum 

collections, and Field 

Surveys 

Quantitative (Maximum Entropy 

modeling) 

6.3.6 
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Chapter 4: Integrated Participatory Approach Reveals Perceived Local Availability of Wild 

Edible Plants in Northwestern Kenya 

This chapter has been published as Oluoch, W. A., Whitney, C. W., Termote, C., Borgemeister, C. 

and Schmitt, C. B. 2023. Integrated Participatory Approach Reveals Perceived Local Availability of 

Wild Edible Plants in Northwestern Kenya. Hum Ecol 51, 59 – 74. 

https://doi.org/10.1007/s10745-022-00370-0   

4.1 Abstract 

Availability is a crucial aspect of wild edible plants (WEPs) consumption by indigenous 

communities. Understanding the local perception of this availability helps to determine, which 

contribution WEPs can make to rural communities. We used an integrated participatory 

approach to investigate important parameters and themes that influenced the perception of 

availability of woody WEPs. We demonstrate the approach in three communities in Turkana 

County, Kenya. By availability, we referred to the ease of accessing, harvesting, transporting, and 

processing WEPs for consumption. We conducted three focus group discussions (FGDs). We 

asked FGD participants to list, score, and discuss availability. We used logistic regression and 

mixed-content analysis to identify important parameters and themes, respectively. The most 

important WEPs were the toothbrush tree (Salvadora persica L.), Indian jujube (Ziziphus 

mauritiana Lam.), and mbamba ngoma (Balanites rotundifolia (Tiegh.) Blatt.). Distance, 

seasonality, price, and adequacy of harvested WEPs for household consumption were important 

parameters. Culture and tradition, distribution of WEPs, seasonality, and climate change 

emerged as important themes. We showed the importance of using an integrated participatory 

approach when assessing the perception of WEPs’ availability by local communities and could be 

used in comparable arid and semi-arid areas with semi-nomadic pastoralists across Africa.  

Keywords Wild edible plants · Non-cultivated fruits · Focus group discussion · Mixed-content 

analysis · Ethnobotany · Bayesian modeling · Integrated participatory research · Northwestern 

Kenya 

https://doi.org/10.1007/s10745-022-00370-0
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4.2 Introduction 

Availability of wild edible plants (WEPs) alone is not expected to translate directly into their 

inclusion into the diet by indigenous communities (Termote et al., 2012). However, assessing how 

such communities perceive availability of their WEPs could inform management and foster 

inclusion in dietary diversification programs. That is especially true for woody WEPs used by semi-

nomadic pastoral communities in arid and semi-arid lands such as Turkana of northwestern 

Kenya. There, crop cultivation is curtailed by unfavorable climatic conditions (Otieno, 2020) and 

traditional pastoralism is becoming more unsustainable due to surpassed carrying capacity of 

land leading to such issues as cross-border conflicts, pests, diseases, and pasture degradation 

(Njeri, 2020; Nyabuto, 2017; D. O. Ouma, 2017). 

Northwestern Kenya is characterized by arid and semiarid environments. The region is home to 

the Turkana people (hereinafter called Turkanas) whose main livelihood strategy is largely based 

on livestock keeping (Akuja & Kandagor, 2019; Ratemo et al., 2020). The region’s tropical plant 

life includes 60 wild species that are edible (Sarfo et al., 2017). The Turkanas have depended on 

WEPs throughout their history (W. T. W. Morgan, 1981) though their contemporary diets contain 

less WEPs (Bender, 2017). Malnutrition and hunger rates in the County are the highest in Kenya 

with food poverty at about 66.1% against a national average of 32% (KER, 2020). The County also 

faces poverty rate of 52.7%, well above the national average of 8.6% (KER, 2020). According to 

the Kenya Integrated Household Budget Survey 2015/16 Well Being Report “a household is in 

hardcore or extreme poverty if their monthly adult equivalent total consumption expenditure 

per person is less than Kshs 1,954 (about $20 as of 2016) in rural and peri-urban areas and less 

than Kshs 2,551 (about $25 as of 2016) in core-urban areas” (KER, 2020). 

The availability hypothesis, see Gaoue et al. (2017), posits that more accessible or locally 

abundant plants are preferred for use (Albuquerque, 2006; Gaoue et al., 2017; Hart et al., 2017; 

Voeks, 2004) and communities tend to utilize more plant resources which are easier to reach or 

more abundant within their locality. The hypothesis, however, has been criticized on the basis 

that some native plants are used regardless of their abundance and/or limited accessibility thus 

posing mixed support to the hypothesis (de Oliveira Trindade et al., 2015; Estomba et al., 2006; 
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Gonçalves et al., 2016). While availability is generally perceived as the physical distance to 

resource locations (Albuquerque et al., 2019; Hart et al., 2017), it can also be assessed in terms 

of seasonality, abundance, price, market access, and access to harvesting sites (Gaoue et al., 

2017). Seasonality of resources availability, for example, can explain many of the patterns of 

resource utilization within arid and semiarid areas (Albuquerque, 2006; Estomba et al., 2006) 

where maturity of WEPs follow seasonal patterns. 

We aimed to better understand the main determinants that influence perception of availability 

of WEPs. We worked with indigenous groups, conducting FGDs in three Turkana communities 

that are characterized by different environmental and socio-economic settings (Appendix 1). We 

first applied integrated participatory methods (Boedecker et al., 2019) for scoring pre-defined 

parameters of WEP availability derived from the literature. Second, we stimulated discussions 

amongst the participants with a focus on selected three priority WEPs to gain more specific 

insights into their perceived availability. In the next step, we analyzed the findings with Bayesian 

logistic regression models and by coding and extracting themes from FGDs text data in a mixed 

content analysis protocol. Our results illustrate important parameters and themes determining 

how communities perceive availability of their WEPs. 

4.3 Materials and Methods 

4.3.1 Study Area Description 

We conducted this study within Loima and Turkana South Sub-Counties of Turkana County, 

northwestern Kenya, in April 2021 within three selected community units (Nasiger, Atala 

Kamusio, and Lopur). These three community units were representative of the socio-economic 

and environmental heterogeneity (see Appendix 1) of the study region (Figure 4.1). The 

community units were located in arid and semi-arid lands with annual rainfall of 290 mm, 557 

mm, and 670 mm at Nasiger, Lopur, and Atala Kamusio, respectively (Appendix 1). The major 

rainy season in the County spans March to June and is locally termed ‘akiporo’ while the rest of 

the year is normally dry or ‘akamu’ (Ng’asike, 2019). 
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The Turkanas dominate the County though Luo, Kikuyu, Somali, Luhya among other ethnic groups 

of Kenya, are also present in low numbers especially within scattered town centers (Otieno, 

2016a). Livelihood strategies are distinct among community units within the study area (Food 

Economy Group, 2016). Besides keeping livestock, those who live along River Turkwel (such as at 

Lopur) also farm crops on the banks of the river (Emuria, 2018; Stevenson, 2018) (Figure 4.1). 

Communities on the hilly borders with Uganda (such as Atala Kamusio) keep livestock like goats, 

camels, and cows due to relatively good pastures and rainfall (Chelang’a & Chesire, 2020; Njeri, 

2020). Other communities in the flat plains (such as Nasiger) keep livestock like goats, sheep, and 

camels that are better adapted to the prevailing environmental conditions (Joly, 2020; Lojock, 

2021; Ratemo et al., 2020). 

 

Figure 4.1: Study area map showing the three study community units (Nasiger, Atala Kamusio, 
and Lopur), River Turkwel and connecting roads leading to the three community units. We 
obtained administrative boundary data from the Database of Global Administrative Areas 
(GADM) using version 3.5.15 of raster package (Hijmans, 2023), we obtained roads data from 
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Open Street Map (OpenStreetMap contributors, 2017), and we digitized River Turkwel from 
Google Earth pro 7.3.3.7786. We captured community units’ location data using handheld GPS 
Garmin 64s. We created the map in QGIS software (QGIS Development Team, 2023) version 
3.20.1    

4.3.2 Data collection  

4.3.2.1 Scoring Predictor Parameters for Availability Modeling 

To identify important parameters influencing perceptions on availability, we conducted focus 

group discussions (FGDs) in each of the study community units adapting the protocol by Nyumba 

et al. (2018) to suit our present study. Each FGD comprised 14 adult participants (male and 

female) not less than 18 years old. We purposively sampled participants from community 

members with the help of administrators (chiefs and assistant chiefs) to include key knowledge 

holders/informants. We included community nutritionists, community health extension workers, 

community health volunteers, administration representatives (Chiefs/Assistant Chiefs), and 

other selected community members knowledgeable of WEPs. We only included participants who 

consented verbally to take part in the study and we covered their transport costs to and from 

FGD sites. The FGDs were moderated by two research assistants drawn from the communities 

with good command of both Turkana and English languages. We provided these assistants with 

two days of training prior to conducting the FGDs.  

We commenced every FGD by having participants freely list all woody (fruit trees) WEPs available 

and used within respective community units. We understand that WEPs can include vegetables, 

seeds, nuts, underground tubers, and mushrooms (Mishra et al., 2021) and diverse lifeforms like 

shrubs, forbs, herbs, grass, climbers, trees (Ojelel et al., 2019; Porcher et al., 2022; Rashid et al., 

2008; Tiwari et al., 2010). Here, we considered only wild woody fruit trees. We assumed they 

have longer lifespans thus the participants would interact, know, and use them better to warrant 

informative discussion in addressing objectives of our study. Subsequently, we engaged 

participants in scoring the listed WEPs (Appendix 4) using a predefined ‘topic list’ (Cotton, 1996) 

of eleven parameters that we gathered from literature (physical distance to harvest sites, 

seasonality, abundance, price, market access, and access to harvest sites of the WEPs, ease of 

harvesting, ease of portability, ease of processing, adequacy of harvest, and regeneration 
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potential) (Albuquerque et al., 2019; Feitosa et al., 2018; Gaoue et al., 2017; Gonçalves et al., 

2016; Soldati et al., 2017). 

Discussions on scoring of each of the listed WEPs under each of our parameters resulted in 

consensus on one of three possible ordinal response levels. For instance, if the WEP under 

discussion was the toothbrush tree (Salvadora persica), possible ordinal/categorical responses 

under distance to harvest sites parameter would be 1: Near, 2: Average and 3: Far depending on 

what participants consensually agreed (Appendix 4). We did that for all listed WEPs across the 11 

categorical predictor parameters. Finally, we asked participants to consensually decide on the 

overall binary perception of availability of the WEPs (1: Yes; 0: No, Appendix 4), which was then 

included as response parameter in our model. 

4.3.2.2 Discussion Statements on Availability of Wild Edible Plants 

From the list of available WEPs generated by FGD participants in each community unit, the 

participants discussed and consensually settled on three (priority) WEPs. These three priority 

WEPs were those that, from the list, were consensually considered by the participants to be most 

important as food, fodder, medicine, and all other aspects of usage they knew. The priority WEPs 

were similar for all three community units (see Overview of Wild Edible Plants" regardless of 

socio-economic and environmental differences (Appendix 1). We then held in-depth discussions 

under each of the ‘topic list’ parameters for each of the priority WEPs to reveal the community 

perceptions on their availability. We narrowed on the three priority WEPs that were best known 

by all community members since this increased comparability between the three study sites. It 

also allowed us to maximize on use of time.  

While discussing priority WEPs against the 11 predictor parameters, we noted down statements 

from the participants and appended unique codes to denote the speaker to enable traceability 

of the statements and subsequent clarification(s) wherever necessary (D. L. Morgan, 1996; 

Olsson et al., 2005). The prefix three letters of the code (NAS, ATA, and LOP) represented the first 

three letters of the respective community unit name while the suffix digit(s) denoted unique 

number assigned to the participant (between 1 and 14). For example, NAS1 code referred to first 
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FGD participant from Nasiger community unit, ATA5 was the fifth participant from Atala Kamusio 

community unit, and LOP14 referred to the 14th FGD participant from Lopur community unit. 

We conducted FGDs in Turkana language that enabled every participant to follow through the 

discussions and clarify their points. We allotted every FGD participant ample time to express 

themselves by allowing only one speaker at a time. We then translated the FGD notes (those 

captured in Turkana language) into English language and verified with the local research 

assistants to ensure no loss of meaning occurred during translation. The FGDs lasted not more 

than two hours at every community unit. We summarized the whole research process in 

Appendix 3. 

4.3.3 Data Analysis  

4.3.3.1 Bayesian Logistic Regression Analysis 

We used Bayesian regression methods because of their reliability (Etz & Vandekerckhove, 2016), 

accuracy in small and noisy samples (Kruschke et al., 2012), possibility of introducing prior 

knowledge into the model (Andrews & Baguley, 2013; Kruschke et al., 2012), and intuitive nature 

of their results as well as straightforward interpretation (Kruschke, 2010; Wagenmakers et al., 

2018). We subjected non-correlated predictor parameters to the test for relationships between 

different levels of categorical predictor parameters and response parameter using the stan_glm 

Bayesian generalized linear regression function in rstanarm (Goodrich et al., 2022) package 

version 2.21.4 in (R Core Team, 2023) version 4.3.1. To ensure that the model handled our 

response parameter as logical, we specified binomial argument to the ‘family’ parameter within 

the function call. We programmed our model to regress two parameter levels against the first 

with the first being the desirable situation. For example, in the case of distance to harvest site 

parameter, we regressed distance_average and distance_far levels against distance_near, with 

distance_near being the desired situation. We built four probabilistic models, one for all the three 

community units combined and for each community unit separately. 

We then assessed contribution of the predictor parameter levels in explaining variation in the 

response parameter in order to identify the most important parameters. We did that by plotting 
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posterior distributions of regression coefficients of the model output at second and third 

parameter levels against the first (desirable) parameter level. All analyses were performed in the 

R programming language (R Core Team, 2023) version 4.3.1. We opted to visualize model output 

for ease of interpretation (Kastellec & Leoni, 2007) and comparison of within parameter variation 

in explaining availability. For tabulated model output results see Appendix 8, Appendix 9, 

Appendix 8 and Appendix 9.  

To prepare our data for the Bayesian logistic regression modeling procedures we checked the 

FGD scored data for multi-collinearity among the 11 predictor parameters (Appendix 4). We 

dropped two highly correlated (r > = 0.7) parameters, notably abundance and market, and 

retained the non-collinear ones (r < 0.7) (Appendix 10 and Appendix 11). To check multi-

collinearity among predictor parameters we used the vifcor function in the usdm (Naimi et al., 

2015) package version 2.1.6 in R (R Core Team, 2023) version 4.3.1. The function is useful in 

determining and eliminating collinear parameters among predictors at user specified correlation 

threshold before further statistical analyses (Aggemyr et al., 2018; Petanidou et al., 2018; Tuset 

et al., 2021). We repeated that procedure for the data from all the three community units 

combined and with the data partitioned specific to each community unit (Appendix 6, Appendix 

7, Appendix 8, and Appendix 9). 

4.3.3.2 Mixed Content Analysis of Qualitative Data 

We used a mixed content analysis approach (D. L. Morgan, 1996) to extract both quantitative and 

qualitative information from FGDs statements about the agreed priority WEPs. The approach 

enables systematic coding of data into categories to discover patterns undetectable by mere 

listening to recordings or going through the transcripts or FGD notes alone (Gaur & Kumar, 2018; 

Renz et al., 2018). We followed the “three-element coding framework” protocol described by 

Nyumba et al. (2018) yielding quantitative and qualitative results from iterative content and 

ethnographic analytic techniques, respectively. During the content analysis, we used a deductive 

approach to obtain code categories from the statements to show linkages with Bayesian 

regression model results. By iteratively looking through each of the FGDs statements, we 

obtained codes that captured key ideas. We then grouped the codes that captured related ideas 
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together to form themes. We did this iteratively until we ended up with a set of themes 

surrounding major ideas of the participants on how availability of the priority WEPs are 

perceived. We highlighted how the major themes were related to the model output results for 

insights into the perception of availability by the community units. 

4.4 Results 

4.4.1 General Characteristics of Focus Group Discussion Participants 

The proportions of female to male participants were 5:9, 5:9, and 7:7 in Nasiger, Atala Kamusio, 

and Lopur community units, respectively. Considering our selection criteria for participants (see 

section on Scoring Predictor Parameters for Availability Modeling), the roles such as chiefs, 

nutritionists, village elders, health workers and volunteers, were male dominated in the study 

region and that could explain the disproportionate male representation. Overall, 40% and 60% 

of the participants identified themselves as female and male, respectively. Up to 45% of the 

statements from the FGDs were contributed by female participants (see section on Content 

Themes on the Availability of Priority Wild Edible Plants). As participants included people 

knowledgeable about WEPs, we did not expect gender disproportionality to affect the results of 

this study. Their ages ranged from 20 to 66 years. The majority (n = 16) had primary level of 

formal education, followed by no formal education (n = 11), diploma (n = 8) and lastly secondary 

(n = 7). 

4.4.2 Overview of Wild Edible Fruit Plants 

We observed similarities in woody WEPs listed across the three community units (Appendix 4). 

However, Atala Kamusio recorded almost twice (n = 23) as many WEPs as the other two 

community units (n = 13 each). All WEPs listed in both Lopur and Nasiger were also listed in Atala 

Kamusio with 10 more uniquely cited in Atala Kamusio (Appendix 4). Of all the listed WEPs, we 

observed consistent selection of Indian jujube (Ziziphus mauritiana), the toothbrush tree 

(Salvadora persica), and mbamba ngoma (Balanites rotundifolia) as the three priority WEPs in 

every FGD. Table 4.1 shows how these three WEPs were scored against the 11 parameters and 

by the three community units. For a full list of cited WEPs see Appendix 4.  
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Table 4.1: Scoring of the three priority wild edible plants across the three community units and 

11 parameters. NAS = Nasiger, ATA = Atala Kamusio, and LOP = Lopur community units. Grayed 

columns indicated where all the WEPs received similar scores. For full scores of all WEPs see 

Appendix 4 
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NAS Ziziphus mauritiana 1 1 1 1 1 2 3 1 1 3 3 1 
NAS Salvadora persica 1 1 1 1 1 2 3 1 1 3 3 1 
NAS Balanites rotundifolia 2 1 1 3 3 1 3 1 1 3 1 1 
ATA Ziziphus mauritiana 1 1 1 1 1 2 3 1 1 3 3 1 
ATA Salvadora persica 2 3 1 1 1 2 3 1 1 3 3 1 
ATA Balanites rotundifolia 1 1 1 3 3 2 3 1 1 3 1 1 
LOP Ziziphus mauritiana 1 1 1 1 1 2 3 1 1 3 3 1 
LOP Salvadora persica 1 1 1 1 1 2 3 1 1 3 3 1 
LOP Balanites rotundifolia 2 1 1 3 3 2 3 1 1 3 1 1 

While deciding on priority WEPs the participants did not rely on scoring alone but also considered 

other uses of the WEPs such as food, fodder, medicine, brews, religion, among others (Table 4.1). 

All three priority WEPs were scored similarly under harvesting, market, price, access, adequacy, 

and were all considered available. For harvesting and portability, only Balanites rotundifolia 

differed, being hard to process and heavy to carry, respectively. All priority WEPs were found 

near the communities except Salvadora persica at Atala Kamusio. Further, all WEPs matured 

during dry season except Balanites rotundifolia at Nasiger that matured in both wet and dry 

seasons. 

4.4.3 Bayesian Logistic Regression Results on Availability of Wild Edible Plants 

Multi-collinearity among predictor parameters differed across community units hence we used 

different predictor parameters in different community units (Appendix 12). Our models indicated 

that variations in different predictor parameter levels were associated differently with variations 

in participants’ perceptions on availability. Of all the parameters in our models, only variation in 
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seasonality showed consistent importance across all the four models: the overall model and one 

for each of the three community units.  

For all models combined, variations in distance to harvest sites, seasonality, price, access, and 

adequacy of harvested WEPs were important in explaining variability in availability of the listed 

WEPs (Figure 4.2A). We did not consider the access parameter since all WEPs were freely 

accessible except one data-point of a non-priority WEP, Tamarindus indica, at Lopur that required 

permission to access. As distance to harvest sites got further from the community units, WEPs 

became less available to the participants (Figure 4.2A). With seasonality, WEPs that matured in 

the dry season were considered more available to the people than those that matured in both 

dry and wet or wet season alone. More expensive WEPs were also less available to the 

participants. Lastly, WEPs with little or average adequacy per harvest session for individual and 

household use were considered more available by our model. 

In Nasiger community unit (Figure 4.2B), only variations in seasonality and adequacy were 

important in explaining variation in perceived availability. The importance followed the same 

pattern as that of the overall model at least for seasonality. However, for adequacy, average 

adequacy contributed negatively to availability. At Atala Kamusio community unit (Figure 4.2C), 

however, apart from seasonality, variations in both portability and market were important in 

explaining availability. As WEPs get heavier, they became less available according to the model. 

Lastly, at Lopur community unit (Figure 4.2D), both distance to harvest sites and seasonality 

variations were important factors in explaining variation in availability. The kind of seasonality 

importance here followed the pattern of the combined model for all the community units, but 

not for average distance. 

4.4.4 Content Themes on the Availability of Priority Wild Edible Plants 

We obtained 348 statements from the FGDs with 42 participants throughout the three study 

community units. Out of the 348 statements, the least contributing participant had two 

statements while the most contributing participant had 17 statements. Overall, however, there 

were balanced contributions of statements from Nasiger and Atala Kamusio (n = 120 each) and 
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Lopur contributed the remaining 108 statements to this study. From the statements, we derived 

17 (codes) that captured key ideas that we grouped, based on our own consensual judgements, 

into 13 themes. Of the 348 statements, female and male participants contributed 158 and 190 

statements, respectively (Appendix 13). 

4.4.5 Bayesian Model Outputs and Focus Group Discussion Themes 

Here, we highlight themes from FGDs that followed the parameters investigated in the model. 

Specifically, we put more emphasis on the four important parameters (distance, seasonality, 

price, and adequacy) that were obtained from the overall model output (Figure 4.2A) as 

highlighted in the red bounding box (Figure 4.3). We further give highlights of some contradicting 

findings between model outputs and themes we generated from FGDs. It should however, be 

noted that for these discussion statements we used only the three priority WEPs while modeling 

relied on all listed WEPs per community unit. 

By iteratively looking through each of the 348 statements, we obtained a total of 17 codes that 

captured key ideas in the statements. We then grouped the codes into 13 themes surrounding 

major ideas of the participants on how availability of priority WEPs is perceived (Appendix 13). 

Culture and traditions strongly influenced the view of whether WEPs were available or not, with 

126 statements supporting (Appendix 13), with seasonality coming second with 62 supporting 

statements. These two themes alone were supported by about 54% of all statements with the 

remaining 11 themes sharing the remaining 46% of the statements.  

Overall, most statements from the FGDs captured aspects of culture and traditions, seasonality, 

and conservation and management (Appendix 13). This suggests that they were important 

factors when participants consider availability of their WEPs. For the distance parameter, the top 

three extracted themes included culture and traditions, distribution of WEPs, and seasonality 

(Figure 4.3). On the other hand, seasonality, climate change, and culture and tradition occurred 

sequentially in top three in that order under seasonality parameter. This further suggests that 

the communities looked at seasonality from the point of view of changing climate and their own 

inherent culture and traditions. With regards to the price parameter, culture and traditions, 
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seasonality, and distribution of WEPs followed that order. Distribution of WEPs could be 

important theme regarding how much a WEP costs, as it would inform the costs involved in 

acquiring the WEPs and possibly selling it to the end users. Lastly, seasonality, culture and 

traditions, and population pressure followed the sequence under the adequacy parameter 

(Figure 4.3). It was clear from the FGDs that adequacy of WEPs relates significantly to the number 

of people who are to be fed at home. More mouths demand more WEPs.  

In Table 4.2, we show some of the statements from the FGDs that contributed to the top three 

themes under each of our important parameters from the model. We then put into context the 

themes that we developed from important model parameters. While the model outputs gave 

important insights into how each of the studied parameters contributed to the perception of 

availability, discussions on the priority WEPs went even further to unravel more locally inherent 

themes surrounding such measured model outputs. For instance, while model outputs showed 

farther distance to inhibit perception of availability, discussions showed that such distances are 

seen from the cultural and traditional way of life. 



38 
 

 

Figure 4.2: Contributions of predictor parameter levels on availability of wild edible plants. A. 

overall model for the three community units (n = 49), B. Nasiger community unit (n = 13), C. Atala 

Kamusio community unit (n = 23), and D. Lopur community unit (n = 13). The central small circles 

represent median coefficient point estimate of the association while the horizontal lines depict 
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95% credible intervals. The range of parameter coefficient estimates is on the x-axis while the 

predictor levels are plotted on the y-axis. Parameters with same first part of names before 

underscore (_) are of the same group (predictor). The vertical line through 0 point on the x-axis 

(null effect) enables easier magnitude comparison of positive, negative, and null effects 

coefficients. Non-overlapping horizontal bars under same parameter level group indicate 

significant difference. Horizontal bars touching the vertical 0 line indicate null effect, that is, 

effect not different from zero 

 

Figure 4.3: Distribution of themes (n = 13) derived from statements (n = 348) obtained during 

Focus Group Discussions (FGDs) conducted in Nasiger, Atala Kamusio, and Lopur community units 

of Turkana County, Kenya. The distributions are faceted by parameters used in model building 

and those within the red boxes were important in explaining availability 

4.4.5.1 Cultural and Traditions on Availability 

Our combined FGD and model results provided insights linking culture and traditions of the 

Turkanas to the distances that they cover to harvest sites of their WEPs. While the overall model 
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results indicated that WEPs located far away were considered less available, individual FGD 

statements suggested that people were willing to walk longer distances to get particular WEPs 

for specific uses. For instance, an informant suggested that “People making and selling local 

brews using Balanites rotundifolia fruits normally travel longer distances to harvest the fruits. 

Such distances can be longer than the distance they travel when the aim is only to eat the fruits” 

(ATA9). Our model also showed that those WEPs that matured in the dry seasons were more 

available to the local communities. However, this might be changing since the traditional 

movement with livestock over space is declining due to adoption of more sedentary lifestyle.  

Our model and FGD results indicated that as WEPs got more expensive, their availability declined. 

Indeed, the FGD participants reiterated that as part of their tradition, they were well aware of 

harvesting sites of the WEPs and would rather obtain them from nature than spend any money 

in buying them from the market. We further noted that adequacy of harvest was associated with 

the youth who spent more time with livestock in the grazing fields. The youth ended up getting 

more adequate amounts of WEPs than those who remained in the homesteads. This could not 

be seen from the model findings alone that only indicated that averagely adequate WEPs were 

more available to the communities. Such model result could be due to the fact that almost all 

WEPs were scored as averagely available. 

4.4.5.2 Seasonality 

Seasonal availability is another theme we derived from FGDs that shed more light into our 

observed patterns from the model results on distance, seasonality, price, and adequacy. While 

the model output showed that WEPs located farther away were less available (see section on 

Culture and Traditions on Availability), FGD findings revealed that such distances to be covered 

depended on seasonality of the WEPs’ maturity. The participants were willing to cover greater 

distances during lean seasons to obtain WEPs. Further, going beyond the model results that only 

regarded WEPs maturing in dry season to be more available, FGD statements revealed that in 

good seasons the WEPs can be available throughout. This could mean that WEPs that were 

maturing in both dry and wet seasons were regarded as more available than what our model 
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indicated or that those maturing during dry season were more important to the study 

communities. 

We further found that seasons were linked to price of WEPs in the market. While the model 

specifically showed that more expensive WEPs were less available, the FGDs indicated that such 

price effects were season driven. It was whether the WEP was in season or not that influenced 

its price in the market. Such price could also be seen as the effort involved in obtaining the fruit, 

as is the case of overcoming the thorny features of particular WEPs. It generally required less 

effort/cost to get the WEPs during plenty seasons. It also became clearer from the FGDs that the 

contribution of adequacy of the WEPs to availability was season based. The communities would 

find WEPs in season to be more adequate than those off season. 

Table 4.2: Overview of contributions of focus group discussion statements on themes under 

important parameters from regression model. The first three letters of the codes at the end of 

each statement represent the community unit and the digit(s) part denote participant number, 

for example, ATA9 is participants number nine from Atala Kamusio community unit 

Model 
important 
parameter 

Top three themes 
per important 
parameter 

Selected statements from focus group discussions supporting the 
themes 

Distance Culture and 
traditions 

“People making and selling local brews using Balanites rotundifolia 
fruits normally travel longer distance to harvest the fruits. Such 
distances can be longer than the distance they travel when the aim is 
only to eat the fruits.” ATA9 

Seasonality “When the fruits are in season we do not travel long distance from this 
village.” ATA14 

Distribution of WEPs “Harvest sites are scattered. It depends on where a fruit tree grows so 
the distance to such places vary.” LOP6 

Seasonality Seasonality “In good season, they can mature twice a year due to the short rains 
benefit.” NAS4 

Climate change “It is no longer distinct when the plants will be producing fruits 
probably due to climate change issues. People could depend on the 
fruits in the past because their availability could be easily predicted but 
is no longer the case.” LOP14 

Culture and 
traditions 

“Seasons used to play a big role in our migration with animals and 
where we could get ready fruits to harvest. However, in the recent past 
things have changed and it is hard to tell when the season starts and 
ends.” NAS11 
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Model 
important 
parameter 

Top three themes 
per important 
parameter 

Selected statements from focus group discussions supporting the 
themes 

Price Culture and 
traditions 

“For us who know how the fruits taste and where they are located, we 
would rather go for them than to pay any money to get them. This 
makes them free of cost.” LOP2 

Seasonality “When the population of ripe fruits starts to decline from the trees, 
those who spend energy to search for them can sell. Such is normally 
during extreme hunger periods.” ATA14 

Distribution of WEPs “No costs are involved in getting the fruits for consumption because we 
get them from the riverbanks and away from riverine in case of 
Balanites rotundifolia for free. Those taking care of livestock easily 
access them. Homesteads where these fruits grow also make it easy to 
access them for free.” LOP13 

Adequacy Seasonality  “Whether what we harvest is adequate or not depends on harvesting 
site and season/time. When the fruits are ready, one will get enough 
fruits even from one plant. During other times, you cannot find even 
one fruit.” NAS1 

Culture and 
traditions 

“While taking care of livestock in the field, it is very easy for one to get 
enough fruits for their consumption in the field. In case there is need 
to bring some home, then the challenge arises.” ATA10 

Population pressure “When harvesting the fruits for a household use, then large families 
may not get enough fruits for their consumption. Unless if every 
member of the large household sets out to harvest the fruits.” NAS10 

 

4.4.5.3 Distribution of Wild Edible Plants 

From the FGDs, we learned that the priority WEPs were not distributed evenly within the three 

communities. Across all the three community units, some WEPs (like Salvadora persica and 

Ziziphus mauritiana) were said to be located along riverine areas while others (like Balanites 

rotundifolia) occurred in the open lands and thickets. This pattern of distribution could be linked 

with the four important model output parameters. For instance, the distance that one covers to 

harvest the WEPs depended on distribution over land. WEPs that were clustered together would 

likely require less distance to harvest than those that were scattered over land. Even the price 

parameter from the model was harmonized by the fact that participants could get the WEPs 

distributed along riverine areas for free while watering their livestock (except for one case of 

Tamarindus indica that required permission). The question of where and how the WEPs were 

distributed was thus critical for the availability concerns to the communities. 
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4.4.5.4 Climate change 

This is another theme that emanated from the FGDs. It drew from such impacts as extended 

drought periods, flashfloods along the riverine areas, and emergence of invasive plants such as 

Mathenge tree (Prosopis juliflora). Participants mentioned that as opposed to the past when 

seasons were distinct and predicting fruiting periods were more accurate, the current pattern 

was quite unpredictable; and they attributed that to climate change and variability. Further, 

climate change effects have allowed for invasion by plants such as Prosopis juliflora that have the 

potential to outcompete native plants including some WEPs and degrade the land. 

4.4.5.5 Population Pressure 

Population pressure, especially household size, was mentioned as an important factor with 

regards to adequacy of harvest for consumption. Smaller household sizes could easily get more 

adequate WEPs for consumption than large household sizes. This complements the model results 

that showed that WEPs in adequate quantities per harvest session were more available to the 

communities. Those who looked after livestock in the field were mentioned to be more exposed 

to the WEPs and could get them in adequate quantities, however, when they had to carry some 

home for the whole household use, then the WEPs were likely to be inadequate. This indicated 

that whether the harvest would be adequate or not was subject to the number of mouths to 

be fed. 

4.5 Discussion 

4.5.1 Priority Wild Edible Plants 

Different communities cited and scored different WEPs, but shared the same three priority WEPs 

(Ziziphus mauritiana, Salvadora persica, and Balanites rotundifolia). This could be due to the long 

history of knowledge, relevance, and use of these particular plants beyond food consumption 

among Turkanas (W. T. W. Morgan, 1981). Related studies have also shown the importance of 

these WEPs in neighboring regions. S. persica is used in Ethiopia for treating respiratory infections 

and tuberculosis and several Ziziphus species for their edible fruits (Duguma, 2020). The fruits of 
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B. rotundifolia are also consumed and used for medicine within the region (Duguma, 2020). Both 

S. persica and B. rotundifolia are used for several purposes including food in Eastern Baringo 

District (Termote et al., 2014). In neighboring country South Sudan S. persica is used for medicine 

(AbdELRahman et al., 2003). The three priority WEPs appeared to be useful beyond the current 

study area and thus call for enhanced assays that will culminate into their sustainable use to fight 

malnutrition and hunger in the region. 

4.5.2 Important Factors on Availability of Wild Edible Plants in Turkana County, Kenya 

Our results showed that distance to harvest sites, seasonality, price, and adequacy of harvested 

WEPs were important in explaining availability of the WEPs to the communities. WEPs located 

farther away from the community units were considered less available compared to those that 

were nearer. In terms of seasonality, WEPs that matured during dry season were the most 

available group to the communities. Moreover, as the WEPs got more expensive, they became 

less available to the communities. Lastly, WEPs of more adequate quantity of fruits per harvest 

session were considered more available. There are reports of similar patterns, with regards to 

distance to harvest sites, among studies on medicinal plants (Gonçalves et al., 2016). The 

observed patterns could be a result of the high hunger and poverty rates within the county (KER, 

2020; Kuper et al., 2015). Turkanas rely on their available WEPs for nutrition, especially in the 

lean season. 

The need to cover longer distances from the residential places to harvest WEPs lowered 

perceived availability. Similar patterns had been witnessed in harvesting of wild edible ferns in 

Japan (Matsuura et al., 2014; Ochoa & Ladio, 2014) and neighboring Ethiopia (Kebede et al., 

2017). We are however, cognizant of the fact that we obtained distance parameter in ordinal 

scale (near, average, and far) during the FGDs hence only interpretable to the three subjective 

levels from the point of view of the FGD participants. Promoting WEPs for dietary diversification 

should consider distance to harvest sites, since this relates strongly to how communities perceive 

availability.  
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In addition to the above, the model revealed that seasonal availability of the edible parts of the 

WEPs was also important in explaining the variation in perceived availability. WEPs that matured 

in the dry season were strongly related to availability according to our model. Previous studies in 

the region showed that in dry seasons most locals face extreme hunger (Opiyo et al., 2015; 

Otieno, 2020). Our findings showed that WEPs could be considered safety nets for communities 

facing hunger and drought. This is supported by research related studies that have also found 

WEPs to be regarded as safety nets by communities especially during lean seasons (Carr & Carr, 

2017; Otieno, 2020; Sarfo, 2017). Studies in neighboring Ethiopia, South Sudan, and Uganda have 

also revealed the contribution of WEPs, especially fruit trees, in substituting for cultivated food 

crops during shortage seasons (Addis et al., 2005; Dejene et al., 2020; Dragicevic, 2017; Ojelel et 

al., 2019). Relevance of seasonal availability was beneficial in providing food security and an 

income source to rural communities in Maharshtara, India (Kiran et al., 2019) and in Punjab (Atri 

et al., 2010). The question of which WEPs mature in which seasons was beyond the scope of our 

study, but could be an important point for further research. Our model further revealed the 

importance of market price of the WEPs. As costs increased from average to expensive, 

perception of availability decreased. Similar findings were reported in Mapuche, South America 

(Estomba et al., 2006) and in Turkey and neighboring Ethiopia (Dougan et al., 2013; Duguma, 

2020). Even though we noticed infrastructural improvements in road networks within our 

present study area that could have potentially improved penetration of the WEPs into the 

market, the WEPs were still largely being obtained from the wild with minimal monetary 

exchanges if any (FGD deliberations). Ways to stabilize price of WEPs like traditional sun-drying 

of the fruits during plenty to provide for lean seasons could improve availability of the WEPs to 

the people throughout the year. 

When adequacy of harvested WEPs for consumption was scored average, perception of 

availability increased, counterintuitively. Most of the WEPs that the communities regard as 

available to them yielded average fruits. It was interesting to note that not all WEPs that yielded 

plenty fruits were cited as adequate. It could be possible that other properties of the fruits like 

mass, amount of edible parts, size of seeds contributed to this effect. However, this adequacy 
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factor was augmented by the size of household. WEPs that could be adequate for individual 

consumption were inadequate for a large household size (see Table 4.2 on adequacy) 

4.5.3 Important Themes Behind Availability of Wild Edible Plants 

 The FGD findings enriched our understanding of regression model results. The major themes 

from FGD statements (culture and traditions, distribution of WEPs, seasonality, climate change, 

and population pressure) overlapped with important factors from the regression model. These 

themes were consistent with the literature too. For example, cultural/traditional knowledge was 

highlighted in the detailed review by Chakravarty et al. (2016) as important in understanding 

rural communities’ linkages with their wild edible fruits. Elsewhere, in a study on wild edible fungi 

in Mexico, Castro-Sánchez et al. (2019) indicated decreasing consumption among youth due to 

livestock raising and agricultural intensification. 

Seasonality was important in understanding how the local communities perceive availability, 

especially during the dry season. Studies elsewhere in Kenya (Shumsky et al., 2014), Ethiopia 

(Tebkew et al., 2018), and Vietnam (Ogle et al., 2003) have also reported that WEPs are used to 

cushion hunger during lean seasons. Communities have been shown to put a lot of effort into 

harvesting WEPs during lean periods and use them as supplementary foods in other seasons with 

reports from Rwanda, India and Uganda (Janvier et al., 2019; Sharma et al., 2018; Tabuti et al., 

2004).  

The distribution of WEPs was also important theme in line with important factors in our 

regression model. The FGD participants emphasized that differential distribution of WEPs over 

the landscape informed how far one would travel to access them. Further, such distribution also 

informed whom the WEPs would be more available to. Children and youth taking care of livestock 

in the open fields and along riverine areas were more exposed to diverse WEPs compared to 

elderly adults back home. Comparable findings have been reported in two neighboring countries 

of Ethiopia (Addis et al., 2005, 2013) and Uganda (Tabuti, 2007). In their traditional movement 

with livestock from one place to another, Turkanas encountered and consumed diverse WEPs 

(Ladio & Lozada, 2004) possibly translating into nutrition adequacy (Lachat et al., 2018) depending 
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on their abundance within a locality (Termote et al., 2012). WEPs occurring more closely together 

rendered adequate harvests per session compared to scattered WEPs as revealed by FGD 

deliberations hence calling for optimal management and conservation efforts. 

Climate change also emerged as a theme from FGDs, including prolonged droughts, flashfloods 

and invasive species such as Prosopis juliflora (Nadio et al., 2020; Ng et al., 2016). The recent 

(2020) devastation by swarming desert locusts in the whole of north eastern Africa, including 

Turkana region, could also be attributed to changes/variabilities in climate (Peng et al., 2020; 

Zhongming et al., 2020). Efforts to mitigate the negative impacts of climate change and variability 

on the WEPs in this arid and semi-arid environment should thus be heightened. This will ensure 

enhanced availability of the WEPs with potential inclusion in fight against malnutrition and 

hunger in Turkana County. 

We also obtained an important theme on population pressure. Households with more mouths to 

feed would need more of harvested fruits from WEPs to achieve adequate quantity. This was of 

concern especially in lean seasons when the fruits were hardly available in the fields. Ensuring 

nutrition security for everyone by relying on WEPs was, therefore, a big concern (Lachat et al., 

2018). Indeed, the whole globe is concerned about how agricultural systems could be improved 

to ensure increasing population is nutritionally secure from a range of research works (Gerten et 

al., 2020; Plesse, 2020; von Braun et al., 2021). It calls for concerted efforts to ensure that Turkana 

County is nutritionally secure amidst its growing population and optimized conservation of 

already evolutionarily suited WEPs could offer a solution.  

Beyond the themes that we derived across the parameters we used in modeling, the FGDs also 

revealed other crucial themes that we did not include in the Bayesian model. For instance, use 

value of the priority WEPs emerged with some participants suggesting that they could travel 

longer distances to obtain WEPs of high use values. Food aid from both government and non-

governmental organizations during extreme hunger and drought in the study region was also 

highlighted, especially so in the event of extreme drought when even livestock succumbed. The 

communities normally called for an intervention from the government to salvage the dire 

situation. To this end, we noted that even though parameters in our predefined ‘topic list’ were 
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important in helping us understand the availability perception, still some ideas emerged beyond 

our predefined list. Hence, the importance of conducting an integrated participatory study that 

contributes to co-development of knowledge and understanding with the communities under 

study. 

We combined both stochastic modeling protocols and theme extraction from FGDs to gain 

insights into the WEPs availability to local communities in Turkana County. Mere tabulated 

figures of regression results may not show the reasons behind the statistics. On the other hand, 

mere statements with no magnitude and direction of effects may not yield much actionable 

findings. However, by bringing together the two and co-developing knowledge with the 

communities in an integrated participatory approach, where the key stakeholders (local 

communities) contribute actively, we managed to better understand what informs perception of 

availability of WEPs to the Turkanas of northwestern Kenya. 

4.6 Conclusion  

In our novel approach of integrating Bayesian regression results and focus group discussion 

findings in an integrated participatory approach, we gained important insights about the 

perceived availability of WEPs in northwestern Kenya. Our findings showed the relevance of 

involving local communities in understanding how their perception regarding their WEPs is 

structured. Overall, we found that distance to harvest sites, seasonal availability, market price, 

and adequacy of harvest were important parameters in explaining variation in perceived 

availability. With the integrated participatory approach, we revealed that perceived availability 

of WEPs was enshrined in culture and tradition and in the WEPs seasonality and distribution 

patterns within Turkana County. Factors such as climate change and population pressure as well 

as changing lifestyles were expected to change the perceived availability and use of WEPs and 

consequently their importance as a food source. As factors such as climate change continue to 

lower perceived availability, it would be important to document threats and subsequently 

potentially suitable habitats of the WEPs for their sustainable use in future. These findings may 

be used in formulating programs and policies to include WEPs in the fight against hunger and 

malnutrition in comparable arid and semi-arid pastoral communities in Africa. 
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Chapter 5: Indigenous communities’ perceptions reveal threats and management options of 

wild edible plants in semiarid lands of northwestern Kenya 

This chapter has been published as Oluoch, W. A., Whitney, C. W., Termote, C., Borgemeister C. 

and Schmitt, C. B. (2023). Indigenous communities’ perceptions reveal threats and management 

options of wild edible plants in semiarid lands of northwestern Kenya. Journal of Ethnobiology 

and Ethnomedicine, 19(13): 15. https://doi.org/10.1186/s13002-023-00584-6  

5.1 Abstract 

Background Understanding how local communities perceive threats and management options of 

wild edible plants (WEPs) is essential in developing their conservation strategies and action plans. 

Due to their multiple use values, including nutrition, medicinal, construction, and cultural as well 

as biotic and abiotic pressures, WEPs are exposed to overexploitation, especially within arid and 

semi-arid lands hence the need to manage and conserve them. We demonstrate how an 

understanding of indigenous communities’ perceptions could be achieved through an integrated 

participatory approach involving focus group discussions (FGDs) and field plot surveys.  

Methods We conducted three FGDs between October 2020 and April 2021 within three 

community units in northwestern Kenya with different socio-economic and environmental 

characteristics.  We subsequently surveyed 240 field plots of size 1 ha each to assess threats 

facing WEPs within a 5 km buffer radius in every study community. We compared ranks of threats 

and management options across community units.  

Results Rankings of threats and management options differed across the three study 

communities. We obtained strong positive linear relationships between field and FGD rankings 

of threats facing WEPs. Climate change, overstocking, overharvesting, and invasive species were 

the highest-ranked threats. Mitigation of climate change, local knowledge preservation, 

selection, propagation, processing, and marketing of WEPs ranked high among possible 

management options irrespective of the socioeconomic and environmental characteristics of the 

community unit.  

https://doi.org/10.1186/s13002-023-00584-6
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Conclusions Our approach emphasizes the relevance of leveraging indigenous communities’ 

perceptions and conducting field plot surveys to assess threats and management options for 

WEPs. Evaluating the effectiveness and cost-benefit implications of implementing the highly 

ranked management options could help determine potentially suitable habitats of the WEPs for 

conservation and management purposes, especially for priority WEPs. 

Keywords: conservation; sustainable use; wild food plants; integrated participatory approach; 

field survey; focus group discussion; local knowledge; Kenya.   

5.2 Introduction 

Wild edible plants (WEPs) are ‘safety nets’ for many communities during lean seasons (Nkem et 

al., 2010; Shackleton et al., 2011; Shumsky et al., 2014) and in conflict situations (Redžić & Ferrier, 

2014; Sulaiman et al., 2022). They are and have been essential assets in the fight against 

malnutrition and hunger in many societies (Giraud et al., 2021; Hunter et al., 2019; Shaheen et 

al., 2017), and stand to benefit modern communities and those in the future (Baldermann et al., 

2016; Dempewolf et al., 2017). However, WEPs have witnessed continued localized habitat 

destruction and overexploitation (Kideghesho, 2009; Vinceti et al., 2018), attributable to various 

anthropogenic and natural factors (Y. O. Kidane et al., 2012; Schunko et al., 2022). Such factors 

compromise the sustainable use of WEPs as safety nets for many communities across the globe 

(Schunko et al., 2022) 

Within Africa, threats to WEPs pose challenges to about 80% of the rural populations that derive 

food from the wild (Hickey et al., 2016). The threats inhibit the optimal regeneration of WEPs and 

their use as food by such communities (Balemie & Kebebew, 2006; Devi Thakur et al., 2016). 

While some threats have adverse effects on the local abundance of WEPs, changes in lifestyle 

and consumption patterns, among other socio-economic and cultural reasons, also explain the 

declining use of WEPs (Bender, 2017; Pawera et al., 2020). The impacts from such threats are 

primarily felt by poor rural people (Angelsen et al., 2014; Hickey et al., 2016), thus negatively 

affecting the role of WEPs as ‘safety nets’ for rural African populations vulnerable to malnutrition 

and hunger (Bélanger & Pilling, 2019; Paumgarten et al., 2018).  
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Turkana County in northwestern Kenya is one of the affected regions in Africa. It is inhabited by 

the Turkana people, among others, whose traditional livelihood strategy is nomadic pastoralism 

(Opiyo et al., 2015; Otieno, 2016b). Accordingly, their primary diet comprises animal products 

like meat, milk, and blood. They derive plant-based vitamins and herbal medicines primarily from 

WEPs (Bender, 2017; Ng’asike & Blue Swadener, 2015; Ratemo et al., 2020). Some communities 

have diversified their livelihood strategies into trade, such as the sale of Aloe vera (C. Ouma et 

al., 2012; Watson & Binsbergen, 2006), honey harvesting (Akall, 2021; Opiyo et al., 2015), 

artisanal gold mining (Odero, 2015), poultry keeping (Bett et al., 2008), basket weaving (Ejore et 

al., 2020; Lokuruka, 2008; Omire, Neondo, et al., 2020), hide processing (Wayua et al., 2014), 

local brewing (Akujah, 2011), fishing (Carr & Carr, 2017; B. D. Smith, 2018), and crop cultivation 

(Juma, 2009; Opiyo et al., 2015).  

Of the 47 counties in Kenya, Turkana County has the highest poverty and malnutrition rates (KER, 

2020). Only 3.2% of its population hold food stocks that can last more than one month (KER, 

2021). Against the national poverty headcount rate of 36.1%, it has the highest poverty rate of 

79.4% (about 80% of Turkana people are considered poor) (KER, 2021). The county also has the 

highest food poverty rate at 66.1%, compared to the national average of 32% (KER, 2021). With 

WEPs known to aid in food and nutritional security (Sarfo, 2018), assessing their threats and 

management options could be a significant step in sustainably utilizing them in such a setting as 

Turkana County.  

Turkana people have relied on locally constituted management methods like seasonal grazing 

(via migration with livestock) and clear designation grazing fields (W. T. W. Morgan, 1981). These, 

however, could not be sufficient in countering contemporary threats, including those of 

anthropogenic climate change. Managing valuable resources such as WEPs for sustainable use is 

crucial to local communities. We define ‘sustainable use’ as the case when WEPs are harvested 

within the limits of their carrying capacity for self-renewal and the manner of harvest does not 

degrade the environment in other ways (Hamilton, 2005, p. 1). 

We sought to understand the threats and management options that could aid the sustainable 

use of WEPs in northwestern Kenya. To achieve this, we used an integrated participatory 



54 
 

approach to combine FGDs results with field plot surveys guided by three research questions: (i) 

What threats face WEPs in Turkana County, and how do they vary across different socio-

economic and environmental settings? (ii) How do indigenous communities’ perceptions of these 

threats compare with field survey results? (iii) What are possible effective management options 

and how do they differ across socio-economic and environmental settings?  

5.3 Materials and Methods 

5.3.1 Study Area Description 

We conducted the study in three community health units (Nasiger, Atala Kamusio, and Lopur), 

reflecting the socio-economic and environmental differences in Turkana County (Figure 5.1). A 

community health unit, hereinafter called a community unit, is a designated geographical zone 

with approximately 1000 households and served by ten community health volunteers and one 

health extension worker (Hossain, 2020). Nasiger community is located in the dry plains about 

40 km north of Lodwar town, the headquarter of Turkana County. It receives an annual rainfall 

of about 166 mm (average 1981 - 2022) (C. Funk et al., 2015). The vegetation consists of scanty 

scrubs with occasional trees along the riparian areas (normally dry riverbeds) (W. T. W. Morgan, 

1981). According to the Food Economy Group, the community unit falls under the Turkana 

Central Pastoral livelihood zone, an “exceptionally hot, dry, and arid environment” Food 

Economy Group  (2016). 



55 
 

 

Figure 5.1: Study area map showing the distribution of the study plots within the three 

community units of Nasiger, Atala Kamusio, and Lopur within Loima and Turkana South sub-

counties of Turkana County, Kenya  

Atala Kamusio community is situated in the Turkana Border Pastoral livelihood zone (Food 

Economy Group, 2016), about 100 km west of Lodwar town (Figure 5.1). The landscape undulates 

between mid- and lowland elevations, and woody and shrubby plants dominate the landscape 

(W. T. W. Morgan, 1981). It receives an annual rainfall of 371 mm (average 1981 - 2022) (C. Funk 

et al., 2015).  The Lopur community is in the Turkwel Riverine-Agro Pastoral livelihood zone (Food 

Economy Group, 2016), about 118 km south of Lodwar town (Figure 5.1), along the only 

permanent river in Turkana County, the Turkwel River. The area receives 327 mm of rainfall per 

year (average 1981 - 2022) (C. Funk et al., 2015) and has intensive crop cultivation with irrigation 

water from the river (Emuria, 2018). Inhabitants grow crops such as maize, beans, tomatoes, and 
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pawpaw and keep livestock such as cattle, sheep, goats, camels, and donkeys (Emuria, 2018; 

Stevenson, 2018).  

5.3.2 Data collection 

We obtained threats and management options data on WEPs from the literature and discussed 

these with each of the three community units in FGDs. We also conducted field observations of 

threats. The research activities were carried out from October 2020 to April 2021. 

5.3.2.1 Extraction of threats and management option categories from the literature 

We extracted threats and management options for WEPs from published literature using a snow-

balling approach (Wohlin, 2014). We went through as many literature sources as possible (n = 

23) that featured either threat or management reports. The list of threats and management 

options with their corresponding reviewed sources are in Appendix 14 and Appendix 16, 

respectively. We also obtained threat categories from the threats classification scheme version 

3.2 by the International Union for Conservation of Nature (IUCN) (IUCN, 2012). We then went 

through all threat categories in the obtained literature. We grouped categories referring to 

similar threats, e.g., by placing “expansion of agriculture” and “expansion of agricultural land” 

into the same category (Appendix 15).  

5.3.2.2 Focus group discussions 

We held FGDs with 14 adults (age >= 18 years) participants in each of the three study community 

units (Oluoch et al., 2022). With the help of local administrators, we included participants in the 

study who were involved in the WEPs value chain, including harvesting, use, and conservation 

efforts. They included, among other community members, village elders, community health 

volunteers, church leaders, community nutritionists, public health officers, community health 

workers, and teachers.  

Village elders, for example, oversee matters concerning the use and conservation of community 

resources, including WEPs. Local administrators maintain peace and ensure adherence to rules, 

such as settling disputes whenever they arise, including those concerning WEPs. They are also 
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the main entry points to the communities for government or non-government programs. 

Teachers instill knowledge in the young generation in school settings, including nutrition skills 

that could involve the use of WEPs. Health workers, such as health extension officers, 

nutritionists, public health officers, and community health volunteers at the community level, 

support the improvement of the health and well-being of local people, including advocating for 

the use of WEPs in their diets. Lastly, other members of the FGDs were drawn from residents 

who participated in harvesting and use of WEPs for food and medicine, among others. We thus 

considered all the participants very resourceful in discussing threats and management options 

for WEPs. 

We used three woody WEPs, i.e., Salvadora persica, Ziziphus mauritiana, and Balanites 

rotundifolia, considered priority (Oluoch et al., 2022) due to their high use values in the region 

for detailed FGDs with the local participants. We opted for woody species as their longer lifespan 

in the field implied that participants interacted with them more and could discuss them more 

exhaustively. Further, the trees were also present in the field during our plot surveys. 

We commenced every FGD by allowing participants to free list and discuss threats facing the 

three priority woody WEPs. We then consensually co-grouped the listed threats into the nine 

pre-defined (cf. Appendix 15) categories with the participants. We added a tenth category for all 

mentioned threats that were not in our nine pre-selected categories (Appendix 15). We did 

preference ranking (Cotton, 1996; Martin, 1995, 2010) that involved asking the participants to 

score each of the ten threat categories on a scale of 10 (threat of greatest concern) to 1 (threat 

of least concern) according to their perceived magnitude of effects on the three priority woody 

WEPs. We gave each participant 10 white circular pieces of cardboard, and they raised a card 

after concluding the discussion on each threat category. We took note of the number on the 

raised cardboard by each participant. We repeated that for all ten threat categories as we 

expounded on the indicators under each threat category. We ranked management options in the 

same manner.  
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5.3.2.3 Focus group discussions 

We obtained geographic coordinates of the FGD venue in each of the three community units 

using a handheld Global Positioning System (GPS). Treating this as the central point of the 

community unit, we created a virtual buffer zone of a five km radius (Figure 5.1) as buffers, within 

which we traced all rivers/streams using QGIS software (QGIS Development Team, 2023) and 

Google Earth base layers. Though there were no distinct boundary maps of the community units 

to help derive the centers, the local communities considered our FGD sites central. None of our 

five km buffers overlapped with neighboring community units. Based on prior informal 

discussions with local administrators, we assumed that the participants, and other community 

members in general, resided within that radius, and their scored threats would be represented 

within that spatial extent. We then generated 40 random survey plots and established 100 m by 

100 m (1 ha) plots at each point along the digitized streams such that no two plots were closer 

than 1 km (Figure 5.1). For every random riverine plot, we generated a corresponding off-riverine 

plot at least 100 m from the river bank. That resulted in 80 survey plots per community unit and 

240 survey plots for the three community units. We chose to include ‘riverine’ as a factor since 

our study area was largely arid. We assumed occasional higher relative moisture levels confined 

within riverine areas could explain some variations. Both S. persica and Z. mauritiana have also 

been reported to prefer riverine sites (Falasca et al., 2015; Ma’Ayergi et al., 1984; Anshuman 

Singh et al., 2020). 

Using nine of our ten threat categories (we dropped ‘climate change’ as it was impractical to 

observe indicators of climate change in a single field visit), we scored observable threats to WEPs 

in each survey plot. Each threat category could receive a score between 1 (least threat) and 9 

(highest threat). Scoring was based on the consensus of the threat categories by three observers 

(two trained research assistants and the corresponding author). Observed indicators of threats 

included fire scars to denote fire threat, over-browsed seedlings/lower branches of priority 

woody WEPs to denote overstocking/overgrazing, and plowed land to characterize agriculture 

expansion threat, among others that were obtained from FGDs (Appendix 15). 
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5.3.3 Data analysis 

We calculated score-sums (Cotton, 1996; Martin, 2010) for all threat and management scores 

from all participants to obtain an overall ranking of each threat and management category for all 

community units combined and individually. We then tested for differences in the scores within 

and between community units for management options and scores from threats we observed 

from field plot surveys. We ran the test using non-parametric friedmanAlignedRanksTest and 

friedmanAlignedRanksPost functions in the scmamp (Calvo & Santafé Rodrigo, 2016) package 

version 0.3.2 in R (R Core Team, 2023) version 4.2.2. The test is well suited for non-parametric, 

non-normally distributed, and ranked or ordinal data.  To compare FGD and field plot survey 

ranking of threats to woody WEPs, we ran pairwise correlation tests on the resulting rankings. 

5.4 Results 

5.4.1 General description of FGD participants 

Participants in the FGDs were individuals knowledgeable about WEPs (cf. Error! Reference source n

ot found.) within Turkana County, Kenya. Their representation is summarized in Table 5.1. 

Table 5.1: Proportion of participants in the FGDs 

Participants Number included in the study Proportion (%) 

Village elders 7 17 

Chiefs/Assistants chiefs 5 12 

Teachers 5 12 

Health workers 8 19 

Nutritionists 3 7 

Public health officers  1 2 

Other community members 13 31 

Total 42 100 
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Table 5.1 indicates that the majority of the participants, 31% (n = 13), were ordinary community 

members, followed by health workers, village elders, and a public health officer. Up to 60% (n = 

25) of the participants were female, while 40% (n = 17) were male. The participants were 

considered diverse and knowledgeable enough to give detailed discussions on the WEPs needed 

for the study. 

5.4.2 Threats to woody wild edible plants from focus group discussions 

Climate change, invasive species, and overstocking/overgrazing ranked highest among the 

threats facing priority woody WEPs according to scores by FGD participants (Table 5.2). We 

observed similar patterns in the Nasiger and Atala Kamusio community units but not in Lopur. 

Agriculture expansion, selective harvesting/overharvesting, and overstocking/overgrazing were 

ranked the highest here. We then tested for possible differences in threat scores. 

At least one community unit was significantly different (α < 5%) from the other(s) in the ranking 

of each threat category except for invasive species, pests and diseases, and others (Figure 5.2). 

Table 5.2: Rank summaries of threat categories in each community unit and across all 
community units combined (Nasiger, Atala Kamusio, and Lopur) in Turkana County, Kenya  

Threat Categories Nasiger Atala Kamusio Lopur All communities 

 Score Rank Score Rank Score Rank Score Rank 

Climate change 117 1 111 1 57 8 285 1 

Invasive species 88 2 104 2 89 6 281 2 

Overstocking/overgrazing 65 3 93 3 102 3 260 3 

Selective harvesting/Overharvesting 61 4 76 4 110 2 247 4 

Fuelwood collection/charcoal 

burning 

43 5 69 5 97 5 209 5 

Agricultural expansion 23 9 38 7 130 1 191 6 

Uncontrolled fire 40 6 25 9 101 4 166 7 

Infrastructural development 31 7 62 6 72 7 165 8 

Pests and diseases 30 8 33 8 41 9 104 9 

Others 16 10 19 10 17 10 52 10 
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Figure 5.2: Comparison of scores on threats across the three study community units in Turkana 

County, Kenya. ns, *, **, ***, and **** represent not significant, significant at α = 5%, 1%, 0.1% 

and 0.01%, respectively  

5.4.3 Threats to woody wild edible plants from field observations 

We observed no significant differences in threat scores between riverine and off-riverine field 

survey plots; hence we formed a composite of the two datasets resulting in 80 survey plots per 

community unit. Overstocking/overgrazing, invasive species, and selective 

harvesting/overharvesting were the top three threats we observed in the field at Nasiger (Table 

5.3). At Atala Kamusio, top three threats were overstocking/overgrazing, selective 

harvesting/overharvesting, and fuelwood collection/charcoal burning. Agricultural expansion 
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was the top-ranked threat to WEPs at Lopur, followed by invasive species and uncontrolled fire 

(Table 5.3).  In field plot observations overstocking/overgrazing was the highest-ranked threat, 

followed by selective harvesting/overharvesting and invasive species (Table 5.3). The same 

threats were identified in the FGDs.  

Table 5.3: Sum of scores and ranks of threats categories from field plot observations (n = 80) in 
three community units (Nasiger, Atala Kamusio, and Lopur and all combined) in Turkana County, 
Kenya  

Threat Categories Nasiger Atala 
Kamusio 

Lopur All 
communities 

 Score Rank Score Rank Score Rank Score Rank 

Overstocking/overgrazing 581 1[2] 635 1[2] 615 4[3] 1831 1[2] 
Selective 
harvesting/Overharvesting 

471 3[3] 557 2[3] 442 5[2] 1470 2[3] 

Invasive species 483 2[1] 332 4[1] 628 2[6] 1443 3[1] 
Fuelwood 
collection/charcoal 
burning 

269 4[4] 448 3[4] 387 6[5] 1104 4[4] 

Agricultural expansion 80 9[8] 168 6[6] 658 1[1] 906 5[5] 
Uncontrolled fire 105 7[5] 160 7[8] 617 3[4] 882 6[6] 
Infrastructural 
development 

168 6[6] 154 8[5] 282 7[7] 604 7[7] 

Pests and diseases 197 5[7] 204 5[7] 129 8[8] 530 8[8] 
Others 102 8[9] 83 9[9] 82 9[9] 267 9[9] 

 

Our rankings of threats categories facing woody WEPs from the field plots surveys varied 

significantly among the study community units (Figure 5.3). We, however, observed some 

similarities in the rankings, as were the cases for overstocking/overgrazing at all communities, 

selective harvesting/overharvesting at Atala Kamusio and Lopur, infrastructural development at 

Nasiger and Lopur, pests and diseases at Nasiger and Lopur, and others at Nasiger and Atala 

Kamusio. 
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Figure 5.3: Comparison of rankings of threat categories observed in the field across three study 

community units in Turkana County, Kenya. ns, *, **, ***, and **** represent not significant, 

significance at α = 5%, 1%, 0.1% and 0.01%, respectively 

To spatially visualize variations in scores among threats facing priority WEPs in all the 240 

surveyed plots and community units, we developed a graduated gray scale map (Figure 5.4). For 

example, overstocking/overgrazing ranked similarly high in almost all three community units. At 

the same time, the agricultural expansion was least in Nasiger and highest in Lopur. 
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Figure 5.4: Map showing the variation in the ranking of threat categories facing priority woody 

wild edible plants within three study community units (Nasiger, Atala Kamusio, and Lopur) in 

Turkana County, Kenya. We did not include the ‘Others’ category in the figure as it had negligible 

rankings, while climate change indicators were not assessed in the field 

Figure 5.5 shows how the scores for threats (except climate change) in FGDs are associated with 

that of field plot surveys. Strong positive linear associations existed between FGD rankings and 

field plot survey rankings of threats facing priority woody WEPs in Turkana County, similar to the 

one-to-one ranking in Table 5.3. 
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Figure 5.5: Association between focus group discussion and field plot survey ranking of studied 

threat categories (except climate change) facing wild edible plants within Nasiger, Atala Kamusio, 

and Lopur community units in Turkana County, Kenya. The gray margin area around the best line 

of fit (black line) represents the 95% confidence interval. Points outside that margin are labeled 

by their threat category names 
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5.4.4 Management options for threats to priority woody wild edible plants 

Overall, the three study communities mentioned mitigation of climate change, preservation of 

local knowledge about WEPs, and selection, propagation, processing, and marketing as the 

highest-ranked management options for threats facing WEPs (Table 5.4). At least two of these 

top three management options appeared among the top three for each community unit 

individually. However, no two community units attained similarity for the top-ranked 

management option per community unit. Nasiger, Atala Kamusio, and Lopur community units 

ranked control harvesting for food and fodder, cultivating WEPs, and mitigating climate change 

as their top-ranked management options, respectively. We thus checked for possible similarities 

and differences in the ranked management options.  
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Table 5.4: Scores and ranks of management options by participants (n = 14 in each community 

unit and n = 42 for all the three community units combined) for threats to wild edible plants in 

Turkana County, Kenya. Scoring was done by each participant at a scale of 1 (least ranked 

management option) to 12 (highest ranked management option) and summed for every 

community unit individually and all community units combined  

Management Categories Nasiger Atala 

Kamusio 

Lopur All 

communities 

 Score Rank Score Rank Score Rank Score Rank 

Mitigate climate change 113 3 138 2 133 1 384 1 

Preserve local knowledge 

about the WEPs 

115 2 137 3 130 5 382 2 

Selection, propagation, 

processing and marketing 

110 4 136 4 132 2 378 3 

Cultivate WEPs 100 6 139 1 131 3 370 4 

Control harvesting for food 

and fodder 

122 1 121 6 119 7 362 5 

Prohibit charcoal burning 86 7 136 4 131 3 353 6 

Assess nutrition and toxicity 110 4 107 8 114 8 331 7 

Create public awareness on 

WEPs 

72 9 109 7 124 6 305 8 

Conserve in sacred areas 80 8 102 9 76 10 258 9 

Establish protected areas 62 10 46 10 102 9 210 10 

Monitor and inventor 38 12 35 12 43 11 116 11 

Others (home gardens, 

pruning and pollarding, 

enhance participatory 

planning, alternative 

livelihood for local people) 

39 11 38 11 31 12 108 12 
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Out of the 12 scored management options, there were seven with significant differences in at 

least two compared community units (Figure 5.6). The four management options, control 

harvesting for food and fodder, assess nutrition and toxicity, monitor and inventor, and others, 

ranked similarly across the community units, suggesting commonality in how the FGD 

participants from the study communities perceived the management options. 

 

Figure 5.6: Mean comparisons of management options in three community units in Turkana 

County, Kenya. ns, *, **, ***, and **** represent not significant, significant at α = 5%, 1%, 0.1%, 

and 0.01%, respectively 
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5.5 Discussions 

We assessed threats facing priority woody WEPs from local community perspectives involving 

FGDs and field plot surveys in an integrated participatory approach. We also assessed 

management options with the potential to counter the adverse effects of these threats from the 

point of view of FGD participants. From the FGDs, we most importantly found climate change, 

invasive species, and overstocking/overgrazing to be among the highest-ranking threats facing 

WEPs in Turkana County. Our findings from the field plot surveys revealed that 

overstocking/overgrazing, selective harvesting/overharvesting, and invasive species were the 

top-ranking threats. Field plot surveys and FGD rankings of threats showed strong positive linear 

relationships. We found mitigation of climate change, preservation of local knowledge, and 

selection, propagation, processing, and marketing to be the highest-ranking management 

options for the priority woody WEPs.  

Our FGDs and field observations results on threats correspond to those from similar studies 

conducted in southern Ethiopia that put agricultural land expansion, fuelwood collection, 

uncontrolled fire setting, overgrazing, and overharvesting as highly ranked threats to WEPs 

(Balemie & Kebebew, 2006; Berihun & Molla, 2017; L. Kidane & Kejela, 2021; Regassa et al., 

2015). The different socio-economic and environmental settings of the studied community units 

can explain the observed differences in the scoring of threats facing WEPs: For example, 

inhabitants of the three community units derived their livelihoods differently. While livestock 

keeping was predominant in Nasiger and Atala Kamusio, crop farming dominated in Lopur (Food 

Economy Group, 2016). The extensive irrigated croplands astride the banks of River Turkwel in 

Lopur partly explained why this community scored the threat of agricultural expansion highest. 

Efforts by the Kenyan government to expand agricultural land for irrigated crop farming since 

2015 (Food Economy Group, 2016) could jeopardize the future of WEPs in the region.  

In terms of invasive species, although receiving average to high scores across the communities, 

no differences among the community units could be detected. By far the most dominating 

invasive species in northwestern Kenya, Prosopis juliflora (Maundu et al., 2009; Mwangi et al., 

2005), possibly was perceived by all three community units similarly as a threat to the priority 
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woody WEPs. This species was highlighted by the FGDs as highly invasive, a fodder to livestock 

although known to destroy teeth of goats, and is used for charcoal to try and manage its spread. 

We also observed the species in the field surveys. 

Even though WEPs could potentially cushion a community against the negative impacts of climate 

change (Feyssa et al., 2011; Gradé, 2012; Tebkew, 2015), climate change can also threaten their 

sustainable use (L. Kidane & Kejela, 2021; Schunko et al., 2022). Climate change was perceived 

by the FGD participants in terms of a range of indicators that they experienced in the region 

(Appendix 15). We acknowledge that these could be subjective, and that structured scientific 

investigations could help reveal the extent of the impact of climate change or variability on WEPs 

in the region. Further, overstocking/overgrazing could also inhibit optimal production of WEPs 

while at the same time inhibiting the regeneration potential as the seedlings or propagules get 

stampeded, over-grazed/over-browsed (T. Singh et al., 2016; Teketay et al., 2016).  

Our results on the potential management options for priority woody WEPs indicated that 

mitigation of climate change, preservation of local knowledge about WEPs, and carrying out 

selection, propagation, processing, and marketing of WEPs in the region were perceived as 

plausible. While the communities called for documenting local knowledge about the WEPs and 

passing that knowledge to current generations, they also understood that climate change should 

be mitigated and that scientists could help in selecting WEPs, propagating them on a large scale, 

processing/improving on traditional preservation methods to add value, and availing them in the 

market for sustainable income generation. 

Implementing management options such as mitigation of climate change (Mabhaudhi et al., 

2018, 2019), controlling harvesting (Hanazaki et al., 2018), establishing protected areas 

(Heywood, 2019; Valderrábano et al., 2018; Vincent et al., 2019), and nutritional and genetic 

profiling (Fongnzossie et al., 2020) have been proposed to protect WEPs, and some places 

implemented with notable successes (Feyssa, 2012; Tebkew et al., 2018). In particular, Feyssa 

(2012) in Ethiopia showed how important indigenous knowledge and its intergenerational 

transfer could aid the management and conservation of WEPs. Marketing has also been reported 

as a potential management strategy of WEPs elsewhere (Sundriyal & Sundriyal, 2004) because 
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communities that derive an income from the sale of fruits from WEPs will also consider them 

more valuable and worthy of conservation. Moreover, propagation and cultivation are also 

reported elsewhere as potential ways to use WEPs sustainably (Pant & Pant, 2011; Tuncer, 2020; 

Zulu et al., 2020).  

In more recent work, Borelli (2020) emphasized the need for an integrated conservation 

approach to better manage WEPs. This would entail cooperation across sectors and diverse 

stakeholders in the WEP’s value chain(s). Indeed, we noted that local communities knew the 

threats facing their WEPs, as indicated by a strong positive linear correlation with our field plot 

survey scores, and should, accordingly, be integrated into the formulation of WEP management 

options. Their voice in the implementation of management options should be borne in mind by 

scientific communities and policymakers alike since they have used their management options 

to sustainably utilize their resources throughout history. 

Among the possible management options mentioned by FGD participants, some could be 

implemented through local community initiatives, while others would require interventions from 

external bodies. For instance, the conservation of WEPs in sacred areas (cemeteries, churches, 

cultural gathering sites), controlling harvesting for food and fodder, cultivation of WEPs, 

regulation of charcoal burning, and preservation of local knowledge about WEPs could fit within 

local community action plans (personal communication from FGD participant). On the other 

hand, the assessment of nutritional value and toxicity, the establishment of protected areas, 

selection, propagation, processing, and marketing require external intervention but with local 

collaboration. Some measures, such as raising public awareness about the benefits of WEPs, 

mitigation of climate change, and monitoring and inventorying WEPs, can only be achieved by 

closely engaging with local communities, policymakers, and any actors attempting to influence 

the management of WEPs. Involving local communities in implementing any management option 

is imperative.  

We understand that cost implications always play a big role in implementing any management 

options for threats facing biodiversity (Pienkowski et al., 2021). However, it is beyond the scope 

of our study to address the question of cost implications in deploying any of the management 
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options to ensure sustainability in the conservation efforts of WEPs. It is important to map the 

extent of potentially suitable habitats for the WEPs so that conservation and management 

options can be implemented site-specific. How future climate change scenarios might exacerbate 

the already existing threats would also be important to determine moving forward. 

Even though these findings agreed well with most studies on threats to biodiversity across the 

region, it is important to note that the relative significance varied with environmental and socio-

economic gradients at local scales. Local differences in threats and management options are 

therefore worth considering in developing sustainable management solutions for WEPs to bring 

them back into dietary diversification programs sustainably (Schunko et al., 2022; Visseren-

Hamakers et al., 2021). 

5.6 Conclusion 

Climate change, invasive species, and overstocking/overgrazing threaten the sustainable use of 

WEPs in Turkana County, Kenya. How threats are perceived to affect WEPs depends on socio-

economic and environmental gradients across communities. Our integrated participatory 

approach, combining local community perceptions and field plot assessments, revealed close 

links, but some threats were ranked strikingly differently across the three study community units.  

Across all the study communities, the most plausible management options for the WEPs were 

mitigation of climate change, preservation of local knowledge, and selection, propagation, 

processing, and marketing. We propose a detailed cost-benefit analysis of the assessed 

management options, bringing on-board all stakeholders in the WEP value chain, which should 

be a prerequisite before conservation plans are implemented. It is also important to establish the 

extent of the suitable habitats of the WEPs. Such an overview could improve the success of 

conservation and management interventions. 
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Chapter 6: Predicted changes in distribution and richness of wild edible plants under climate 

change scenarios in northwestern Kenya 

This chapter has been submitted for publication as Oluoch, W. A., Borgemeister, C., Vidal Junior, 

J. D., Fremout, T., Gaisberger, H., Whitney, C. W., and Schmitt, C. B. (nd). Predicted changes in 

distribution and richness of wild edible plants under climate change scenarios in northwestern 

Kenya. Journal of Regional Environmental Change, XX(X): XXX – XXX.  

6.1 Abstract 

Wild edible plants (WEPs) can provide diverse and nutrient-rich food sources that contribute to 

the health and well-being of communities worldwide. In northwestern Kenya, WEPs are vital 

dietary components for nomadic pastoral communities with limited access to diverse cultivated 

food crops. However, the increasing impact of climate change poses a threat to these valuable 

food resources, and their sustainable utilization remains precarious. Here, we assessed the 

potentially suitable habitats and richness of 23 selected WEPs in the region using a species 

distribution modeling (SDM) approach. We used species occurrence points from global 

databases, a national herbarium, and field surveys and made predictions spanning two future 

time intervals, 2041-2070 and 2071-2100, across three shared socio-economic pathways (126, 

370, and 585) using bioclimatic variables from five global circulation models. We also included 

soil and topographic variables in our models. We calibrated maximum entropy models using 

individually-tuned parameters. Our future predictions showed a predominant decline in habitat 

suitability for half the studied WEPs. The richness of the selected WEPs are predicted to remain 

rather stable under projected future climates concentrating in southern parts of Turkana County. 

Conservation and management measures need to consider the changing availability of these 

valuable resources in order to underpin the dietary diversification of local communities. 

Key-words: wild food plants; ecological niche modeling; regional climate change; biodiversity loss 

6.2 Introduction 

Northwestern Kenya is characterized by vast arid and semi-arid lands inhabited by nomadic 

pastoralist communities, many of whom are from the Turkana ethnic group (Ejore et al. 2020; 
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Ratemo et al. 2020). The Turkana people depend on animal products for their protein 

requirements and wild edible plants (WEPs), especially their fruits, for macro and micro-nutrients 

(Twine et al. 2003; Agol et al. 2020; Oduor et al. 2023). The majority of Turkana communities do 

not have immediate access to cultivated crops and hence rely on WEPs (Ngoye et al. 2021; 

Shanguhyia 2021); the few strips of irrigated crop farming astride streams in the region are 

insufficient (Akuja and Kandagor 2019; Mbugua et al. 2020; Akall 2021). Intermittent rains within 

Turkana, accompanied by low flows of the Turkwel River, undermine the productivity of the 

irrigated riverbank strips (Korobe 2022). Occasional flash floods also devastate riparian crop 

farms (Chilambe et al. 2022), further increasing the nutritional insecurity problems. 

Turkana is the most food-insecure county in Kenya, Kenya Economic Report (2020). The county 

has high levels of malnutrition among children and adults (Kuper et al. 2015; Bhavnani et al. 2023) 

attributable to the high food poverty rate of 66%, which is higher than the national average of 

32% (Mbogori and Murimi 2017). Turkana has a low infrastructural development (Kihu et al. 

2015) with low accessibility to remote areas hindering trade and markets. Turkana residents rely 

on WEPs as “safety nets”, including herbs, vegetables, and fruit trees (Oduor et al. 2023). The 

nutritional value of regional WEPs is similar to or superior to cultivated crops (Sarfo 2018). WEPs 

can support local communities to alleviate hunger and malnutrition challenges. For these 

resources to be used sustainably to meet the future food demands in Turkana, it is important to 

quantify their present and potential future spatial coverage and richness in the face of 

anthropogenic climate change.    

We trained correlative species distribution models (SDMs) to predict the potentially suitable 

habitats and species richness of selected woody WEPs. Such models have been used to assess 

the potential distribution of socio-economically important non-timber plants and tree species 

across Africa (Amoussou et al. 2022), priority multipurpose tree species in Central Africa 

(Ceccarelli et al. 2022) and Burkina Faso (Gaisberger et al. 2017), wild food crops in southern 

Africa (Wessels et al. 2021) and medicinal plants like Aloe species in East Africa (Mkala et al. 

2022), among others.  
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Impacts of climate change on the Turkana pastoral communities have been reported, particularly 

in terms of livestock losses (Otieno 2020; Anno and Ameripus 2022; Imana and Zenda 2023). 

However, little is known about the climate change impact on the distribution and richness of 

nutritionally valuable WEPs. To address this gap, we adopted an SDM approach and analyzed 

both present and projected future climate scenarios for the years 2041-2070 and 2071-2100 

under three shared socioeconomic pathways (SSPs) - SSP126, SSP370, and SSP585 (O’Neill et al. 

2017). The aim of our study was to shed light on the dynamics of valuable WEPs in the face of 

climate change and to provide insights for policymakers and stakeholders committed to 

sustainable use of WEPs in northwestern Kenya. We focused on answering the following research 

questions: 

i. What is the current extent of suitable habitats for selected woody WEPs in Turkana 

County, Kenya? 

ii. How will future (2041-2070 and 2071-2100) climatic conditions under the three 

shared socioeconomic pathways (SSP126, SSP370, and SSP585) affect the distribution 

and extent of potentially suitable habitats of selected woody WEPs in Turkana County, 

Kenya? 

iii. How will the species richness of selected woody WEPs respond to projected climate 

change scenarios in Turkana County, Kenya? 

6.3 Materials and Methods 

6.3.1 Study area  

We conducted the study in Turkana County, northwestern Kenya, (Figure 6.1). It covers an area 

of about 68,253 km2. The human population in the county is 926,976 (KNBS 2019), hence a 

density of about 13 people per km2. Literacy level is low (< 20%) according to Opiyo et al., (2015) 

and the county has the highest poverty rate in Kenya, about 66%  (KER, 2020). We used a wider 

geographical area spanning eastern Africa and parts of central and southern Africa (see the light 

green highlighted region in the inset Africa map in Figure 6.1), to calibrate the models. This 
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ensured that we obtained an adequate number of occurrence points for the studied species and 

captured most of the environmental conditions under which the modeled species could thrive.  

 

Figure 6.1: The study area (Turkana County). The model calibration area is shown in the light 

green with a gray border spanning countries in eastern Africa and parts of southern and central 

African countries in the inset map (bottom right) 

During the period in which the species distribution models were calibrated, 1950 to 2022, the 

minimum ranged from 20.0°C (1968) to 22.5°C (2022) and maximum temperatures ranged from 

32.6°C (1968) to 35.3°C (2022) within Turkana County according to Abatzoglou et al. (2018), as 

shown in Appendix 17. Total annual precipitation ranged from 244 mm (1984) to 886 mm (1961). 

6.3.2 Selection of WEPs 

We obtained a list of 23 woody WEPs from two recent studies focusing on the availability of WEPs 

(Oluoch et al. 2022), and threats facing the WEPs and management options (Oluoch et al. 2023) 
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in Turkana County. The inventory consisted of woody plant species with two key attributes: well 

known by the local communities and producing edible fruits consumed by the local communities. 

We performed taxonomic validation for these WEPs by cross-referencing their names with the 

Plants of the World Online database (POWO 2022) (https://powo.science.kew.org/) (accessed in 

October 2022), checking for alternative spelling and reconciling synonyms with accepted names. 

6.3.3 Occurrence records of the WEPs 

We obtained occurrence points of the WEPs from five sources: Global Biodiversity Information 

Facility (GBIF; https://www.gbif.org, (GBIF.org 2020), accessed October 2022), Botanical 

Information and Ecology Network (BIEN; https://bien.nceas.ucsb.edu/bien/, (Enquist et al. 2016), 

accessed October 2022), Response And Impacts of Natural and anthropogenic factors on 

BIOdiversity in tropical forests (RAINBIO; https://gdauby.github.io/rainbio/index.html, (Dauby et 

al. 2016), accessed October 2022), East African Herbarium at the National Museums of Kenya 

(EAH; visited in January 2023), and from field surveys within Turkana County (between April and 

May 2021). The field surveys were carried out in 240 plots, each  1 ha in size, for three species; 

Balanites rotundifolia, Ziziphus mauritiana, and Salvadora persica, within a 5 km radius of three 

communities in Turkana; Nasiger (dry lowlands, 35.437877°E 3.361547°N), Atala Kamusio 

(relatively less arid high altitude, 34.878133°E 2.756355°N), and Lopur (irrigated riverbanks, 

35.433488°E 2.239970°N) (Oluoch et al. 2023). These three species were considered priority by 

the local communities for their nutrition values.  

We retained occurrence points collected after 1950 to ensure congruence with the temporal 

resolution of our predictor variables. Further, we removed duplicated occurrence points and kept 

those that fell within our predetermined calibration area, see Figure 6.1. This helped us minimize 

potential problems in our models related to the potential local genetic adaptation to 

environmental conditions (Kadu et al., 2013; Vinceti et al., 2013).  

Finally, we spatially thinned the occurrence points using a radius of 10 km to minimize potential 

spatial bias. The retained occurrence points ranged from Vatovaea pseudolablab and Sterculia 

stenocarpa (n = 26 each) to Vachellia tortilis (n = 337) (Table 6.1), which we considered to be a 

sufficient number of occurrence points for our models (Wisz et al. 2008). The 23 WEPs comprised 

https://powo.science.kew.org/
https://www.gbif.org/
https://bien.nceas.ucsb.edu/bien/
https://gdauby.github.io/rainbio/index.html
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woody species from 11 families, mainly producing edible fruits. Fabaceae family had the highest 

representation (n = 5), followed by Malvaceae (n = 4) and Zygophyllaceae (n = 3) (Table 6.1). 

These species are primarily distributed from southern Arabia to northern South Africa and across 

the west to east of Africa. 

Table 6.1: Wild edible plants modeled in Turkana County, Kenya, their families, number of 

occurrence points used in model building (n), threshold used for binary maps generation 

(Maximum Sensitivity + Specificity), and performance metrics of the models: area under the 

receiver operating characteristic (ROC) curve (Mean AUC) ± standard deviation (sd) and 

Continuous Boyce Index (CBI)  

Wild edible plant Family n Threshold AUC ± sd CBI ± sd 

Balanites aegyptiaca Zygophyllaceae 258 0.531 0.82±0.08 0.80±0.15 

Balanites pedicellaris Zygophyllaceae 29 0.531 0.72±0.17 0.77±0.17 

Balanites rotundifolia Zygophyllaceae 43 0.585 0.73±0.03 0.59±0.09 

Berchemia discolor Rhamnaceae 72 0.487 0.68±0.18 0.25±0.61 

Boscia coriacea Capparaceae 89 0.599 0.57±0.16 0.05±0.59 

Cordia sinensis Boraginaceae 167 0.405 0.79±0.17 0.83±0.08 

Dobera glabra Salvadoraceae 60 0.685 0.77±0.04 0.69±0.11 

Ficus sycomorus Moraceae 177 0.510 0.73±0.10 0.71±0.26 

Grewia mollis Malvaceae 139 0.514 0.74±0.08 0.51±0.19 

Grewia tenax Malvaceae 79 0.617 0.78±0.05 0.79±0.04 

Grewia villosa Malvaceae  127 0.423 0.84±0.09 0.70±0.29 

Hyphaene compressa Arecaceae 50 0.704 0.74±0.10 0.48±0.16 

Lannea triphylla Anacardiaceae 40 0.685 0.61±0.22 0.34±0.35 

Maerua subcordata Capparaceae 40 0.661 0.67±0.08 0.63±0.16 

Salvadora persica Salvadoraceae 188 0.500 0.82±0.06 0.82±0.09 

Senegalia senegal Fabaceae 320 0.499 0.75±0.17 0.55±0.70 

Sterculia stenocarpa Malvaceae 26 0.714 0.69±0.21 0.61±0.36 

Tamarindus indica Fabaceae 241 0.454 0.75±0.05 0.77±0.12 

Vachellia oerfota Fabaceae 134 0.274 0.74±0.10 0.74±0.13 

Vachellia tortilis Fabaceae 337 0.309 0.76±0.08 0.61±0.38 

Vatovaea pseudolablab Fabaceae 26 0.719 0.57±0.14 0.38±0.30 

Ximenia americana Olacaceae 155 0.594 0.71±0.11 0.82±0.15 

Ziziphus mauritiana Rhamnaceae 167 0.346 0.85±0.15 0.78±0.23 

 



80 
 

6.3.4 Background points generation 

We generated background points within a convex hull around occurrence points for each species. 

We extended the hull by 10% of the length of the longest axis from its centroid to the vertices to 

allow for the extraction of background points slightly beyond the presence points. We used the 

default number of 10,000 background points for each WEP within our extended convex hull. 

6.3.5 Environmental predictors 

We used 13 bioclimatic predictor variables from the CHELSA database (Karger et al. 2019) (Table 

6.2) for present and future (2041-2070 and 2071-2100) climate conditions from all the five global 

circulation models (GCMs) of CHELSA database. For each of the five GCMs, we used three shared 

socioeconomic pathways (SSPs): SSP126 (optimistic), SSP370 (regional rivalry), and SSP585 

(pessimistic) (O’Neill et al. 2014; Riahi et al. 2017). The spatial resolution of the predictor 

variables was 30 arc seconds (ca. 0.9 km at the equator). 

We also obtained eight soil variables (Table 6.2) from the International Soil Reference and 

Information Center (ISRIC) (Hengl et al. 2017) at a spatial resolution of 250 m. We resampled 

them to match the extent and resolution of the bioclimatic variables. Finally, we obtained six 

topographic predictor variables (Table 6.2), topographic variables, from the Shuttle Radar 

Topography Mission (SRTM 2013) and the Multi-Error-Removed Improved Terrain Digital 

Elevation Model (MERIT DEM) (Yamazaki et al. 2017).  
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Table 6.2: Environmental predictor variables used in modeling potentially suitable habitats of 

wild edible plants in Turkana County, Kenya 

Data Code Description units Source 

C
lim

at
ic

 v
ar

ia
b

le
s 

u
se

d
 in

 m
o

d
el

in
g 

bio_2 Mean Diurnal Range (Mean of monthly [max 

temp - min temp]) 

°C  CHELSA V2.1 (Karger et 

al., 2019) 

bio_3 Isothermality (BIO2/BIO7) (×100) °C  

bio_4 Temperature Seasonality (standard deviation 

×100) 

°C/100 

bio_5 Maximum Temperature of Warmest Month °C  

bio_7 Temperature Annual Range (BIO5-BIO6) °C  

bio_8 Mean Temperature of Wettest Quarter °C  

bio_9 Mean Temperature of Driest Quarter °C  

bio_12 Annual Precipitation kg m-2 year-1 

bio_13 Precipitation of Wettest Month kg m-2 month-1 

bio_14 Precipitation of Driest Month kg m-2 month-1 

bio_15 Precipitation Seasonality (Coefficient of 

Variation) 

kg m-2 

bio_18 Precipitation of Warmest Quarter kg m-2 month-1 

bio_19 Precipitation of Coldest Quarter kg m-2 month-1 

C
lim

at
ic

 v
ar

ia
b

le
s 

re
m

o
ve

d
 

bio_1 Mean annual air temperature °C 

bio_6 Mean daily minimum daily air temperature of 

the coldest month 

°C 

bio_10 Mean daily mean air temperatures of the 

warmest quarter 

°C 

bio_11 Mean daily mean air temperatures of the 

coldest quarter 

°C 

bio_16 Mean monthly precipitation amount of the 

wettest quarter 

kg m-2 month-1 

bio_17 Mean monthly precipitation amount of the 

driest quarter 

kg m-2 month-1 

So
il 

va
ri

ab
le

s bdod Bulk density of the fine earth fraction cg/cm3 ISRIC SoilGrids250m 

version 2.0 (Hengl et al., 

2017)  

cec Cation Exchange Capacity of the soil mmol(c)/kg 

cfvo Volumetric fraction of coarse fragments (> 2 

mm) 

cm3/dm3 

(vol‰) 
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Data Code Description units Source 

clay Proportion of clay particles (< 0.002 mm) in the 

fine earth fraction 

g/kg 

phh2o Soil pH pHx10 

sand Proportion of sand particles (> 0.05 mm) in the 

fine earth fraction 

g/kg 

silt Proportion of silt particles (≥ 0.002 mm and ≤ 

0.05 mm) in the fine earth fraction 

g/kg 

soc Soil organic carbon content dg/kg 

To
p

o
gr

ap
h

ic
 v

ar
ia

b
le

s 

HLI Heat Load Index  W Derived from Shuttle 

Radar Topography 

Mission (SRTM) elevation 

data (available at 

http://srtm.csi.cgiar.org/) 

and calculated with the 

‘raster’ package version 

3.6.20 (Hijmans, 2023) in 

R version 4.3.1 (R Core 

Team, 2023). 

NO Negative Openness ° Derived from MERIT DEM 

(Yamazaki et al., 2017) PO Positive Openness ° 

SLO Slope  ° 

TPI Topographic position index m 

TWI Topographic wetness index NA 

 

6.3.6 Species distribution modeling 

We used MaxEnt (Phillips et al. 2006) algorithm version 3.4.3 to build the models since it is 

appropriate for presence-only data and robust against potential geo-referencing errors (Graham 

et al. 2008). We tuned the MaxEnt algorithm across four feature classes (linear, quadratic, hinge, 

and product; we tested four combinations (linear-quadratic, hinge, linear-quadratic-hinge, and 

linear-quadratic-hinge-product), three regularization multipliers (1, 3, and 5), and their 

combinations in the ENMeval package version 2.0.4 (Kass et al. 2021) in R version 4.3.1 (R Core 
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Team 2023) for ease of reproducibility of the workflow. We used a spatial block cross-validation 

method with four folds to calibrate the models. To obtain the best model amongst the tuned 

models, we first picked the four models with the highest Area Under the receiver operating 

characteristic Curve (AUC) (using testing data), and then chose the model with the smallest 

difference between training and testing AUC (AUCdiff), which is a measure for overfitting. We then 

used this model to make predictions over geographic space for current and future times. For 

transparency and reproducibility, we adhered to the Overview, Data, Model fitting, Assessment, 

and Predictions (ODMAP) protocol by Zurell et al. (Zurell et al. 2020), Fitzpatrick (2021) and the 

checklist by Feng et al. (2019) during the modeling process.  

6.3.7 Model output analysis 

To assess the performance of our models, we used two suitable widely used metrics for presence-

only models, AUC and Continuous Boyce Index (CBI) (Manzoor et al. 2018). AUC is a measurement 

of discriminatory capacity of classification models (Jiménez-Valverde 2012; Shabani et al. 2018) 

with values close to 0.5 being close to random classification while those approaching 1 are better 

classification capacity (Hao et al. 2020; Lissovsky and Dudov 2021). Positive values of CBI indicate 

that the predicted distribution by the model is congruent with the occurrence points data. Values 

approaching 0 indicate random model prediction, while negative values imply counter-

predictions (Manzoor et al. 2018; Maruthadurai et al. 2023). We converted the predicted 

suitability values to binary presence-absence maps using the suitability threshold that maximized 

the sum of sensitivity (true positive rate) and specificity (true negative rate) (Table 6.1). 

From the five GCM binary outputs for each time interval and SSP, we used a majority vote rule 

(that is, conditions were deemed suitable when three out of the five GCMs predicted suitable 

conditions) to generate a single output for the future projections. We used these maps to 

determine the potentially suitable habitats for future climate scenarios by calculating the areas 

of pixels with value 1 (present) and those with value 0 (absence). We also compared the pixel 

values of the present binary with the future binaries for each species to obtain change maps. This 

enabled us to estimate potential suitable habitats’ persistence, loss, absence, and gain. 
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To estimate changes in species richness, we summed the presence-absence maps for all WEPs to 

obtain a layer that expresses species richness for the present and future scenarios separately.  

We then calculated the change in species richness by subtracting the present richness layer from 

the future richness layer and expressed it as a percentage change. 

6.4 Results 

6.4.1 Present and future climate of Turkana County 

The climate conditions of CHELSA dataset used in this study fell within the conditions previously 

experienced by the WEPs in Turkana County (Appendix 17) (Table 6.3; see Appendix 18 for means 

of the climatic variables and Appendix 20 for their standard deviations across all the five GCMs 

of CHELSA). Hence, we considered the models appropriate for predicting into the future climate 

change scenarios. 
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Table 6.3: Average climatic variables values and deviations about the averages for the present and projected future climate scenarios 

for Turkana County, Kenya. The future values are averaged from five global circulation models (GFDL, IPSL, MPI, MRI, and UKESM1) of 

the CHELSA database. The description of the abbreviated columns is shared in  Table 6.2 

 

 

 

 

Metric SSPs and times bio_12 bio_13 bio_14 bio_15 bio_18 bio_19 bio_2 bio_3 bio_4 bio_5 bio_7 bio_8 bio_9 

   
   

   
   

   
  M

e
an

 

Present 369.82 66.06 08.97 55.40 63.63 95.55 9.57 75.76 82.92 34.99 12.54 28.79 29.07 

SSP126_2041-2070 405.47 78.61 10.31 59.38 81.03 100.67 9.11 74.85 85.48 31.92 12.09 30.28 30.32 

SSP126_2071-2100 414.83 75.39 10.96 57.71 90.59 101.98 9.11 74.98 83.45 30.91 12.07 30.33 30.35 

SSP370_2041-2070 421.15 77.46 10.53 57.18 86.84 108.31 8.77 71.21 94.89 32.21 12.25 30.46 30.54 

SSP370_2071-2100 458.27 84.17 11.56 57.61 102.60 118.93 8.32 70.24 94.37 31.09 11.77 30.53 30.55 

SSP585_2041-2070 434.17 80.04 10.44 57.69 92.11 112.46 8.77 72.93 87.78 32.14 11.93 30.53 30.55 

SSP585_2071-2100 486.08 92.97 12.95 58.89 108.74 122.36 8.85 71.92 94.11 31.15 12.18 30.59 30.60 

 ±
St

an
d

ar
d

 d
e

vi
at

io
n

s Present 113.50 15.58 3.26 10.02 20.90 49.88 1.41 3.89 11.16 1.72 1.43 2.07 1.76 
SSP126_2041-2070 123.97 19.01 4.15 10.40 25.64 51.88 1.42 4.55 10.09 0.49 1.42 0.55 0.48 

SSP126_2071-2100 128.19 18.22 4.62 10.78 29.14 52.38 1.40 4.44 10.22 0.17 1.43 0.19 0.17 

SSP370_2041-2070 130.61 18.86 4.24 10.55 27.30 55.53 1.40 5.20 10.47 0.49 1.37 0.60 0.51 

SSP370_2071-2100 141.61 21.01 4.89 10.55 32.50 58.20 1.37 5.77 10.29 0.18 1.37 0.20 0.18 

SSP585_2041-2070 132.85 18.98 4.08 10.76 27.88 55.83 1.39 4.75 9.75 0.50 1.41 0.59 0.49 

SSP585_2071-2100 151.79 22.60 5.64 11.04 35.43 58.38 1.42 5.31 9.17 0.18 1.44 0.20 0.18 
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6.4.2 Model performance 

The predictive power of the MaxEnt models was very good (0.8 < AUC <= 0.9) for four WEPs, good 

(0.7 < AUC <= 0.8) for 13 WEPs, moderate (0.6 < AUC <= 0.7) for four WEP species, and low for 

two species (AUC = 0.57) (Table 6.1). The six WEPs with AUC < 0.7, primarily due to their small 

number of occurrence records, included in descending order of their AUC values S. stenocarpa, 

Berchemia discolor, Maerua subcordata, Lannea triphylla, Boscia coriacea, and V. pseudolablab, 

and hence their predictions should be interpreted cautiously (Table 6.1). Values of CBI were also 

positive and ranged between 0.05 (± 0.59 sd) for B. coriacea and 0.83 (±0.08 sd) for Cordia 

sinensis (Table 6.1). Given these metrics we considered the models appropriate for making 

predictions on the potential suitable habitats of WEPs under current and projected future 

climates. The threshold values that maximized sensitivity and specificity ranged from 0.274 for 

Vachellia oerfota to 0.719 for V. pseudolablab (Table 6.1). 

6.4.3 Current extents of potential suitable habitats of priority WEPs 

Under the present climatic conditions, the proportions of potential suitable habitats for the 

studied WEPs within Turkana County ranged from 2.8% for Grewia mollis to 99.9% for B. 

rotundifolia with an average potentially suitable habitat for the species being 64.5% of Turkana 

County land area (see Appendix 20 for areal values of presence and absence for the WEPs). About 

74% (n = 17) of the studied WEPs had a current potentially suitable habitat of at least 50% of the 

area of Turkana County (Figure 6.2).  
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Figure 6.2: Predicted potentially suitable habitat (km2) of the studied 23 wild edible plants in 

Turkana County, Kenya. Bars representing plants with larger area cover are darker green, while 

those with smaller area cover are orange. The blue and red dashed horizontal lines depict half 

and quarter the area of Turkana County, respectively 

The southern part of the county was potentially suitable for most of the WEPs during current 

climate conditions (Appendix 21). Generally, the high elevation areas in the South, Southeast and 
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Northwest of the county (Figure 6.1) showed higher suitability for the selected WEPs, while the 

central part, with low altitude areas up to Lake Turkana, was less suitable, though this varied 

among the WEPs. 

6.4.4 Change in potentially suitable habitat for selected WEPs in Turkana County 

6.4.4.1 The period 2041-2070  

Under SSP126, our models predicted that by 2041-2070, up to 39% (n = 9) of the WEPs will 

experience a reduction in their current potentially suitable habitats (Figure 6.3 a). About 61% (n 

= 14) of the WEPs maintained or expanded their current potentially suitable habitats. During the 

same period but under SSP370, we predicted a decrease in potentially suitable habitats of up to 

43% (n = 10) of the WEPs (Figure 6.3 b). Similarly, under SSP585 for the same period, 43% (n = 

10) of the studied WEPs are predicted to experience a decrease in their potentially suitable 

habitat (Figure 6.3 c). This indicated a progressive decline in the size of potentially suitable habitat 

for about 50% of the studied WEPs with about three WEPs losing their potential suitable habitats 

by over 40% of the current suitable habitat under the SSP585 for the period of 2041-2070. Spatial 

distributions, corroborating the predicted changes (persistence, suitability loss, suitability gain, 

and absence) for the period are shown in Appendix 22 a - c. 
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Figure 6.3: a-f Change in potentially suitable habitat of 23 wild edible plants species during two 

time intervals (2041-2070 and 2071-2100) for three shared socioeconomic pathways (SSP126, 

SSP370, and SSP585). (a) is 2041-2070 for SSP126, (b) is 2041-2070 for SSP370, (c) is 2041-2070 

for SSP585, (d) is 2071-2100 for SSP126, (e) is 2071-2100 for SSP370, and (f) is 2071-2100 for 

SSP585. Brighter shades of orange indicate more decline while darker shades of green colors 

represent more gain in potentially suitable habitat. Mean changes for all the species under each 

time and SSP are indicated on the respective plots 

6.4.4.2 The period 2071-2100  

For SSP126 of this period, 39% (n = 9) of the WEPs were predicted to experience a decline in their 

potentially suitable habitats, similar to 2041-2070 under the same SSP. For SSP370, however, 

48% (n = 11) of the WEPs were predicted to shrink their potentially suitable habitats (Figure 6.3 
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e) which was one more species as compared to the same SSP under the 2041-2070 period. Under 

SSP585, a similar number of the studied WEPs as SSP370 showed a decline in their potentially 

suitable habitats by the end of the century (Figure 6.3 f). Among the species that expanded their 

potentially suitable habitats, most of the expansions did not exceed 40% of their present suitable 

habitat. This was comparable to the decline, where we observed a localized complete loss of 

potentially suitable habitat for one WEP while most WEPs did not lose more than 40% of their 

suitable habitats (Figure 6.3 a - f). The observed spatial changes in habitat suitability of the WEPs 

are shown in Appendix 22 d - f. 

6.4.5 Current richness of woody WEPs in Turkana County, Kenya and future changes 

6.4.5.1 The period 2041-2070  

Under SSP126, about 27,900 km2 of Turkana County was predicted to undergo a decline in the 

richness of the studied WEPs by 2041-2070. The average slight decline in the studied WEPs’ 

richness over Turkana County was predicted to be 0.2% of the current number of species per 

pixel (spatial resolution is ~0.9 km). For SSP370 and the same time period, the decline was 

predicted to be an average 1.13%. Under SSP585 for the same period, our models predicted an 

average slight gain in species richness by up to 0.16% of the current number of species per pixel 

(Appendix 23 a - c).  

During this time period and irrespective of the SSPs, the species richness was predicted to 

concentrate in the southern part of the county that is relatively elevated as well as the western 

border with Uganda and parts of the Northeast (Figure 6.4 a - d). Despite the small average 

changes in potentially suitable habitats reported in previous sections, individual pixels still 

showed large changes in species richness such as increase in southern parts of the county (Figure 

6.4 b - d).  
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6.4.5.2 The period 2071-200  

During this period and under SSP126, our models predicted an average gain in WEPs’ richness by 

about 0.79% of the current number of species per pixel though 41% (28,000 km2) of the area was 

predicted to record a decline in richness. Recoveries were predicted to continue for SSP370 with 

an average rise in richness by 0.64% of the current number of species per pixel (Appendix 23 d - 

f). The recovery in richness continued under SSP585 by 3.47% of the current number of species 

per pixel, for the period. Over 2071-2100, the 23 WEPs’ richness showed a similar trend as 2041-

2070 and can be generally termed stable with respect to current richness values (Figure 6.4 e - 

g). 

 

Figure 6.4: a - g Species richness of the 23 wild edible plants in Turkana County (area size: 68,253 

km2), Kenya, under present and projected future climates. a represents the current climate, b the 

period 2041-2070 under SSP126, c 2041-2070 under SSP370, d 2041-2070 under SSP585, e 2071-
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2100 under SSP126, f 2071-2100 under SSP370, and g 2071-2100 under SSP585. Gray margin 

plots show distribution of the richness values along both latitudinal and longitudinal gradients 

6.5 Discussion 

6.5.1 Variability in climatic parameters in northwestern Kenya 

Total annual precipitation (bio_12) in Turkana County is projected to increase over the two time 

intervals (2041-2070 and 2071-2100) and across the three SSPs (SSP126, SSP370, and SSP585). A 

similar pattern was reported by (Omolo 2010; Gebrechorkos et al. 2019) for parts of Ethiopia and 

Kenya especially during the short rainy seasons. There is also a projected corresponding increase 

in variability in the annual rainfall as indicated by the rising rainfall seasonality values (bio_15) 

(Appendix 18). However, increasing variability of the rainfall could imply prolonged drought 

periods and shorter but more intense rainy episodes (Gebrechorkos et al. 2019; Palmer et al. 

2023). Projecting the future climate of eastern Africa as a whole is faced with a lot of challenges 

including limited rainfall stations for calibrations, the El Niño–Southern Oscillation and the Indian 

Ocean Dipole (Gebrechorkos et al. 2019; Palmer et al. 2023). The future maximum precipitation 

of the wettest (bio_13), and the driest (bio_14) months are within their present ranges, but the 

combined CHELSA models shows a general rise in their means. This should be interpreted 

cautiously as previous findings acknowledge the difficulties inherent in predicting future rainfall 

variabilities in eastern Africa (Nicholson 2017; Palmer et al. 2023). As with other precipitation 

related variables we used, precipitation of the warmest (bio_18) and the coldest (bio_19) 

quarters of the year showed an increasing pattern. While we could not determine the trend since 

the time intervals were not linear, visual appraisal of the plots indicated a stronger rise in 

precipitation of the warmest than that of the coldest quarter. 

Regarding temperature variables, we observed future distributions of ranges overlap with those 

of the present, hence suited their use in building our models. However, under future times and 

SSPs, we observed varied distribution trends as reported in other studies (Gebrechorkos et al. 

2019) . Diurnal range in temperature first declined then plateaued over time and SSPs. Similar 

trends emerged for isothermality (bio_3), which corresponds to the increasing trend for 

temperature seasonality (bio_4). This indicated a rise in variability among the observed 
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temperature values, implying intermittent heat stress imposed on the WEPs regardless of the 

increasing seasonal or annual precipitation. We observed declining maximum temperature 

values for the warmest month (bio_5). In contrast, annual temperature ranges for the area 

remained rather stable over the study period and SSPs (Appendix 18). Both mean temperature 

of the wettest (bio_8) and driest (bio_9) quarters showed an increasing trend relative to the 

current climatic conditions. These warming quarters, coupled with the increasing rainfall 

seasonality, could negatively impact habitat suitability and richness of the studied WEPs. 

We observed varied trends of the major climate variables guiding the distribution of the WEPs 

over space. The difficulties in explaining the variability of the climate conditions in East Africa is 

well documented (Nicholson 2017). This is even more challenging when making future 

projections (Cook et al. 2020; Palmer et al. 2023). This is because most of the observed seasonal 

variabilities cannot be fully explained by the known drivers of climate in the region. This calls for 

enhanced monitoring of the patterns to enable more accurate future predictions (Palmer et al. 

2023). We visually appraised that the ranges of the variables under future scenarios fell within 

those of the calibration sets.  

6.5.2 Current potentially suitable habitats for selected WEPs in Turkana County, Kenya 

Up to 17 WEPs currently have potentially suitable habitat areas that cover more than half of 

Turkana County (Appendix 21). However, we are aware that our predictions only reflect Turkana 

County rather than the full distribution range of the species which stretches well beyond the 

county. For suitability maps for the whole model calibration area see Appendix 24. All of the 23 

studied WEPs have potentially suitable habitats beyond the borders of Turkana County. 

For five species, the potentially suitable habitat covered less than 25% of the study area. Out of 

those, B. aegyptiaca showed a complete loss of its local suitable habitat within Turkana County 

for future climate scenarios. The species has been reported to thrive in rain-fed conditions with 

400-800 mm per annum and mean temperature of 20°C (Hall 1992) that could be rare under 

current and future climate conditions. About 50% of the WEPs showed a decline in potentially 

suitable habitat, with their distribution concentrated in the South end of the county, the western 

edge bordering Uganda, and in some parts of the Northeast (Appendix 22). These areas are at 
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relatively higher elevations (about 900m in altitude) areas and have been characterized by 

conflicts with neighboring communities over pasture and livestock in the past (Shanguhyia 2021; 

Anno and Ameripus 2022). Hence, for communities to better utilize WEP resources at present 

and in the future, fostering peace in the area could be essential (Omolo 2010) as the plants are 

more distributed adjacent to the shared borderlands. 

6.5.3 Future changes in potentially suitable habitats of selected WEPs in Turkana County, 

Kenya 

Our models show that the size of potentially suitable habitat for half of the studied WEPs could 

experience considerable decline in the future and across SSPs, with Balanites aegyptiaca losing 

local (within the county) suitable habitat even under SSP126 of 2041-2070 period. Some species 

that will expand their current ranges within the county include Dobera glabra, G. mollis, and V. 

pseudolablab. These species are largely native to arid and semi-arid conditions, and could possess 

a high degree of heat stress tolerance as reports from South Africa suggest (Midgley and Thuiller 

2007; Wessels et al. 2021).  

Several studies on the impact of climate change on the distribution of plants in East Africa pointed 

out that most species will likely narrow the area of their current suitable habitat (Kalisa et al. 

2019; Kidane et al. 2019). However, some localized studies, for example, within a 50 by 50 m plot 

in Tigray region of Ethiopia, showed likely expansion of the range of Tamarindus indica under 

future climate scenarios (Gufi et al. 2022), while the species showed steady decline in potentially 

suitable habitat in this study. Further, decline in potentially suitable habitats of some species in 

this study could be exacerbated by impacts of land cover and land use changes (Powers and Jetz 

2019). For example, an earlier study showed that human activities such as overgrazing and crop 

irrigation in riparian areas are threatening the survival of WEPs in Turkana County (Oluoch et al. 

2023) and neighboring countries (Bahru et al. 2013; Kidane and Kejela 2021). These additional 

threats were not assessed in this study but could worsen the negative effects of climatic changes 

on WEPs. 
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6.5.4 Changes in WEPs species richness under the future climate conditions in Turkana 

County, Kenya 

In scarcely sampled areas, species richness can be derived from stacking binary outputs of species 

distribution models as shown for instance in studying endemic flora for conservation (Hoveka et 

al. 2020) and wild food plants in southern Africa (Wessels et al. 2021). Our aggregated model 

outputs suggest stability or gain in the richness of about half of the studied WEPs within our study 

area. The WEPs could be already existing in conditions comparable to projected future climates 

in the region. Although other studies have reported climate change in East Africa as serious threat 

to WEPs (Kidane et al. 2019; Schipper et al. 2020), such studies did not consider wider 

environmental conditions under which the species existed as achieved in this study. Nonetheless, 

we are aware that this study did not include other factors that could further limit the potential 

suitable habitats of the WEPs such as anthropogenic activities on land and dispersal ability of the 

WEPs to reach new suitable areas under future climates. 

6.5.5 Beyond the abiotic 

While we have only considered abiotic factors in the present analysis, there are also biotic and 

mobility/dispersal factors that influence distribution of species over space and time, as described 

in the biotic, abiotic, and mobility Venn diagram by Peterson et al. (2011). Interactions among 

the studied WEPs and competition between the WEPs and other plants over land could also 

influence the size of potentially suitable habitat and species richness. Additionally, the dispersal 

rates of different WEPs differ and their efficiency in following the shifting area size of potentially 

suitable habitats might also vary, hence we cannot claim occupancy of the predicted potentially 

suitable pixels in future. Seeds of some WEPs are dispersed by birds such as Z. mauritiana (Grice 

1996) while others by water like Hyphaene compressa (Sullivan et al. 1995; Stave et al. 2006). 

Dynamics among and within these agents could drive the success of a WEP in colonizing new 

potentially suitable regions beyond the current habitats. Land use activities, such as overstocking 

and expansion of agriculture, could also influence the ranges of the WEPs in the future and their 

richness. Overstocking and overgrazing, for instance, reduce regeneration of WEPs (Oluoch et al. 
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2023), hence could limit range expansion as well as persistence of the WEPs within their current 

ranges. It is thus crucial to consider these factors when designing any management and 

conservation efforts and strategies for WEPs. 

6.6 Conclusion  

Our results reveal a decline in potentially suitable habitat for half the selected woody WEPs in 

Turkana County, Kenya, from the current climatic conditions to 2041-2070 and 2071-2100 

periods across all three SSPs. Importantly, our models may overestimate the potentially suitable 

habitat for the WEPs because we did not consider anthropogenic factors that could further 

negatively influence the habitats and richness of the WEPs. Nonetheless, our findings contribute 

to improving the understanding of the influence of climate variability on the potential 

distribution and richness of WEPs in northwestern Kenya. The use of SDMs is criticized for their 

assumption of state of equilibrium between species and environment which is not always the 

case as complete sampling of species records is hardly achievable. Further, the models assume 

that we have included all major predictor variables governing the distribution of a species. Our 

use of SDMs in predicting potentially suitable habitat of WEPs, however, provides valuable 

insights for conservation and sustainable management of WEPs for use in improving dietary 

diversity of local communities. Both mitigation of climate change on a global scale and local 

management strategies such as controlled livestock farming and improving education and 

awareness for WEPs could help to better manage and sustainably conserve these valuable 

resources.  
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Chapter 7: Synthesis 

This synthesis highlights the intricate relationships among perception of availability of WEPs (see 

Chapter 4), threats and management options to WEPs (see Chapter 5), and potential suitable 

habitats of WEPs (see Chapter 6) in Turkana County, Kenya. Although the three chapters focused 

on different aspects of WEPs, some parameters featured throughout them. Notably, climate 

change emerged as a pervasive factor, intricately woven into each of the three facets of the study, 

revealing its influence on the socio-cultural and ecological dimensions of WEPs.  

7.1 Availability of wild edible plants in Turkana County, Kenya 

The study revealed multifaceted determinants influencing the perception of availability of WEPs 

by the local communities in Turkana County, Kenya. These ranged from distance they had to 

cover to harvest WEPs, seasonality of harvesting, price dynamics, and socio-cultural relevance of 

the WEPs. With the context of the study area being arid and semi-arid (see section 3.1.1), the 

WEPs are scattered in their distribution pattern and the local communities need to occasionally 

cover long distances to harvest them. This scattered distribution pattern is also revealed in 

Chapter 6 where potential suitable habitats of the WEPs are modeled (see Appendix 21).  

The aspect of seasonality also played a significant role in influencing the perception of availability 

of WEPs. Being a nomadic pastoral community, movement with livestock in search of pasture 

following seasons is an aspect enshrined in their culture (Opiyo et al., 2015). This could explain 

why they retained mental maps of availability of WEPs in terms of seasonality. With climate 

change being revealed in Chapter 5 as an important threat to the WEPs (see Table 5.2), 

seasonality patterns of harvesting WEPs could be altered further swaying availability of WEPs to 

the local communities.  

Cultural and traditional aspects also influenced the perception of availability of WEPs in Turkana 

County (see Figure 4.3 and Section 4.4.5.1). The aspect of culture underscores what the people 

consider edible and even how to prepare them as well as sharing of this knowledge across 

generations. The communities emphasized the relevance of culture and knowledge further in 

Chapter 5 by considering preservation of local knowledge about the WEPs as an important 
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management option against threats after mitigation of climate change (see Table 5.4). The study 

thus found close link between major factors influencing how availability of WEPs is perceived and 

the threats as well as management options. With climate change projected to reduce the 

potential suitable habitats of half the studied WEPs (see Section 6.4.4), availability of WEPs to 

the local communities could be influenced in ways yet to be determined.  

7.2 Threats to wild edible plants and management options in Turkana County, Kenya 

Climate change, invasive species, and overstocking/overgrazing were the major threats facing 

priority woody WEPs in Turkana County (Table 5.2 and Table 5.3). The factors create conditions 

that hinder optimal regeneration of the WEPs. For example, climate change could be threatening 

the WEPs through a range of its indicators such as prolonged drought, inconsistent seasonality, 

and flashfloods among others. This could be drawing from the finding on perception of 

availability of WEPs where seasonality was mentioned as an important factor (Section 4.4.5.2). 

Additionally, subsequent investigations in Chapter 6 also showed climate change to reduce the 

extent of potential suitable habitats of half the WEPs (Section 6.4.4). Other threats are associated 

with culture and traditions of the people such as overstocking that follow from the nomadic 

pastoralism way of life of the Turkana people. With predicted reductions in the potential suitable 

habitats of half the studied WEPs (Section 6.4.4), overstocking, as a threat, could continue to pile 

pressure on the regeneration potential of WEPs in the Turkana County. This is thus calling for 

implementation of management practices as highlighted in Table 5.4. 

In order to mitigate the threats facing WEPs, the findings of this thesis showed mitigation of 

climate change, preservation of local knowledge about WEPs, and selection, propagation, 

processing, and marketing as the highest-ranked management options (Table 5.4). The need for 

these management options is further revealed by the changes in the potential suitable habitats 

of WEPs in the county as presented in Chapter 6. Some of the management options could be 

strategized and executed at local community levels like preservation of local knowledge about 

the WEPs so that generations to come will appreciate the significance of the WEPs. Others, 

however, may need address beyond the study communities and even to the global scale such as 

initiatives to mitigate climate change. Policies in line with mitigating climate change from global 
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to regional levels should be implemented and monitored. While the study did not evaluate 

efficacy of the management options, it remains an important area of inquiry to address the 

threats facing WEPs in the context of Turkana County. 

7.3 Potentially suitable habitats of wild edible plants in Turkana County, Kenya 

The need to find out the potentially suitable habitats of the WEPs followed from the findings in 

the previous chapters, perception of availability of WEPs (Chapters 4) and threats facing WEPs 

(Chapter 5). It determined the potentially suitable habitats of the WEPs within Turkana County 

under current as well as projected future climate scenarios. With climate change being 

considered one of the most important threats to the WEPs (Table 5.2), the study included climatic 

parameters in building models to predict the potentially suitable habitats for the WEPs in Turkana 

County.   

7.3.1 Current potentially suitable habitat for the WEPs 

The distribution of the modeled 23 WEPs (see Appendix 4 for the names) under current climate 

conditions showed varied distributions of potentially suitable habitats within the county 

(Appendix 21). The some WEPs such as Dobera glabra and Vatovaea pseudolablab showed 

uniform distribution within the area while others like Grewia mollis and Sterculia stenocarpa 

were sparsely distributed. Although these potentially suitable habitats are not necessarily 

occupied by the individual WEPs, they help to explain some of the observed parameters 

influencing availability of WEPs in Chapter 4. For instance, the sparsely distributed potentially 

suitable habitats of some WEPs could imply that the users need to travel longer distances to 

harvest them, and hence making distance to harvest sites an important parameter in perception 

of availability of WEPs to the Turkana communities (Table 4.2).  

7.3.2 Future potentially suitable habitat for the WEPs 

Seasonality, which is an aspect of climate, was considered one of the important parameters 

influencing the perception of availability of WEPs in Turkana County in Chapter 4 (Figure 4.2 and 

Section 4.4.5.2). Further, Chapter 5 also presented climate change as one of the important 
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threats facing WEPs within Turkana County (Table 5.2). The findings from Chapter 6 also showed 

that with climate change into the future, up to half the studied WEPs will reduce their potentially 

suitable habitats (see Section 6.5.3). Even though the prediction of future climates in East Africa 

is complex and not unified, the findings are quite compelling as they resonate well with the 

discussions from FGDs and ranking of threats facing WEPs within the county. Further, there are 

several other important threats listed including overstocking and invasive species that were not 

included in the model. An interaction of climate change impacts and these anthropogenic factors 

can influence the availability of the WEPs in directions yet to be shown. 

With predicted changes in the habitat suitability following climate change scenarios into the 

future, some WEPs will persist, others lose while others gain (Appendix 22) potentially suitable 

habitats. WEPs such as Balanites aegyptiaca may be out of reach of the Turkana people following 

their complete loss of suitable habitat within the county (Appendix 22). As the nomadic 

pastoralism way of life of the Turkana people becomes more sedentary (Ganie et al., 2019), it is 

important that new approaches of managing their ecosystem be devised since their movement 

with livestock in search of pasture is getting less practiced. Their ability to traverse the county 

and access diverse WEPs especially following the shifts in distribution of potentially suitable 

habitats of the WEPs could get more difficult. 

7.3.3 Synergy among availability of wild edible plants, their threats and suitable habitats 

The synergy among the perception of availability of WEPs by Turkana communities, threats and 

management of WEPs, and distribution of potential suitable habitats of the WEPs under climate 

change is intricate. Although climate change fueled most of the observed interplay, other factors 

such as distance to harvest sites and nomadic cultural practices, significantly influenced the 

dynamics. Understanding and addressing these interlinked factors in an integrated participatory 

approach is crucial for sustainable management and harvesting of WEPs in arid and semi-arid 

setting of Turkana County, Kenya. 
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Chapter 8: Outlook 

This thesis gives important insights into integrated participatory research, bringing together both 

traditional ecological knowledge of WEPs and scientific methods among traditional Turkana 

communities in remote arid and semi-arid lands of northwestern Kenya. In the succeeding 

subsections, important aspects that need further investigations are highlighted in order to realize 

better utilization of WEPs in Turkana County sustainably. The knowledge gained from the local 

communities on availability, threats and management options of the WEPs as well as habitat 

suitability concerns are highlighted.   

8.1 Availability of Wild Edible Plants in Turkana County, Kenya 

While the thesis gained important insights about the perceived availability of WEPs in Turkana 

County Kenya, there remained several questions that still beg investigations. For instance, this 

study only looked at fruit-bearing woody WEPs yet there are several wild edible herbs/vegetables 

that are also very important in the daily diets of the Turkana people. More detailed investigations 

into the herbs such as C. gynandra, Solanum americanum Mill., C. olitorius, Amaranthus 

graecizans Cutanda among other herbs within the county would be important. Further research 

could also emphasize on documenting traditional ethnobotanical knowledge of the Turkana 

people so that the knowledge can be better incorporated into management and conservation 

plans for the WEPs. Cultural significance of WEPs to the Turkana community is also an area that 

needs further research and documentation especially with regard to how the knowledge can be 

transferred from one generation to another. This will help in execution of investigations of the 

potential loss of cultural heritage associated with declining plant resources. 

Turkana community are known to interact with their neighboring communities while searching 

for pasture, water for their livestock, and through inter-marriages. Cross-community 

engagement and understanding of availability perception of WEPs would thus be important. This 

would make it possible to do cross-regional comparisons on availability of WEPs so that wider 

perspective is attained regarding the perceptions of the communities on their WEPs. Wider study 

covering the neighboring nomadic pastoral communities from South Sudan, eastern Uganda, 
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southern Ethiopia and neighboring communities in Kenya like the Pokot to the south and 

Samburu to the east should be designed and executed. This will provide wider regional 

understanding and comparison of perceptions on availability of WEPs, threats, management 

options, distributions, and traditional ecological knowledge, as most of the WEPs are distributed 

and used beyond Turkana borders. 

8.2 Threats and management options of Wild Edible Plants in Turkana County, Kenya 

Very importantly, the thesis reported major threats facing woody WEPs within the arid and semi-

arid lands of Turkana County. While the current study dwelt less on local traditional conservation 

strategies, this would be very important component to investigate further so that community-

based conservation action plans can be designed. For sustainability of the management and 

conservation plans within the communities, the study recommends establishment of long term 

monitoring strategies of the important WEPs within the county so that the relevance of 

conservation efforts can be evaluated. 

Very importantly, this study calls for multi-stakeholder effort on management of one specific 

invasive species, P. juliflora. Combining different stakeholders in understanding the invasive 

species could help in coming up with appropriate measures of controlling its spread and negative 

effects on existing WEPs and other biodiversity within the county. Such investigations would help 

key stakeholders to coin policies and governance strategies for the species in order to ensure 

better ecosystem balance within the county for persistence of both agro- and wild biodiversity. 

The findings of the thesis highlighted a number of management options that could be helpful in 

cushioning the impact of threats on WEPs within Turkana County. However, the economic 

valuation is lacking. To begin with, it would be important to have economic valuation of WEPs as 

whole plants in terms of their medicinal values and nutrition values as well as ecosystem and 

cultural significance. This will be helpful in the second stage of evaluating the costs and benefits 

of executing various management options. Some management options could seem quite 

expensive, however, if the values of the WEPs are known then they might be considered 

worthwhile ventures. 
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8.3 Potentially suitable habitats of Wild Edible Plants in Turkana County, Kenya 

The thesis achieved its objective of quantifying the potentially suitable habitats of WEPs in 

Turkana County Kenya. In this endeavor, however, a number of important knowledge gaps that 

would be worth investigating emerged. While the thesis modeled each WEP individually, this is 

not what normally happens in nature, as species interact with other organisms within landscape 

to determine where they can establish successfully. For instance, the WEPs that are outcompeted 

by P. juliflora would have reduced potentially suitable habitat within the study area. It would 

therefore be important to conduct further studies to reveal the dynamic interactions among the 

WEPs as well as with other organisms over land to refine the established potentially suitable 

habitats. 

The current models of potentially suitable habitats assumed that the landscape is devoid of 

significant human activities and infrastructural developments. However, some developments are 

cropping in the county already including establishment and growth of towns and road networks 

as well as recent discovery and drilling of oil. These land use activities, as revealed under threats 

to WEPs (Table 5.2), could reduce further the potentially suitable habitats of the WEPs. 

Establishment of these layers and using them in masking the current potentially suitable habitats 

for the WEPs could be important in improving the accuracy of established extents. The refining 

of spatial modeling should also encompass ensemble of several machine learning methods such 

as random forest, xgboost, support vector machines, among others to come up with improved 

consensus on model performance. Additionally, as precise climate data is crucial for 

understanding ecological patterns, enhancing climate prediction models for East Africa is 

imperative to aid conservation and mitigate the impacts of climate change on biodiversity in the 

region. 

Lastly, an important outlook from this study entails engaging the local Turkana communities to 

reconsider their traditional ways of environmental management and conservation. Most of the 

aspects that guide their perception of availability of WEPs have roots within their traditional ways 

of life. Evolving developments such infrastructure, changes in land ownership, more westernized 

education system, and climate change could distort the delicate fabric of traditional lifestyle. 
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Closer collaboration among the Turkana communities and stakeholders from research spheres 

should be more integrated in order to find harmonized ways of dealing with new challenges 

impeding the availability and sustainable harvesting of wild edible plants in Turkana County, 

Kenya. 
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APPENDICES 

Appendix 1: Variability parameters across the community units in Loima and Turkana South Sub-

Counties in Kenya. The three study community units highlighted in green are representative of 

the different agro-climatic and vegetation zones occurring in the study area. Altitude data were 

derived from Shuttle Radar Topography Mission (SRTM) (Farr & Kobrick, 2000). Agro-Climatic 

zones data (Kenya Soil Survey, 1980): VI = Arid and VII = Very Arid. Annual rainfall data from 

Climate Hazards Group InfraRed Precipitation with Station data (CHIRPS) (C. C. Funk et al., 2014). 

For vegetation types: SH = Sparse Herbaceous, B = Barren, DB = Deciduous Broadleaf, and SS = 

Sparse Shrublands (Friedl & Sulla-Menashe, 2019). For Potential Natural Vegetation of East 

Africa: Bd = Somalia-Masai Acacia-Commiphora deciduous bushland and thicket, Bds = Acacia-

Commiphora stunted bushland, and R = Riverine wooded vegetation (van Breugel et al., 2015). 

For population density (Kenya Population and Housing, 2019). For livelihood zone: TBP = Turkana 

Border Pastoral, TCP = Turkana Central Pastoral, and TAP = Turkwel Riverine Agro-Pastoral (Food 

Economy Group, 2016). For livestock kept: Cam = Camels, S/G = sheep and goats, and Catl = Cattle 
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Atala Kimusio 889 VI-2 670.15 SH Bd  7 TBP Cam, S/G, Catl 
Kawalathe 815 VII-1 314.92 B Bd  12 TCP Cam, S/G 

Lokwatuba 797 VI-1 595.12 SH Bd   - TBP Cam, S/G, Catl 
Kamarese 794 VII-1 401.49 B Bd   - TCP Cam, S/G 
Lokichar 770 VII-1 401.49 B Bd  73 TCP Cam, S/G 
Kalemngorok 741 VI-1 555.01 DB Bds  33 TAP Cam, S/G, Catl 
Lochwa 739 VII-1 344.72 B Bd  8 TCP Cam, S/G 
Namoruputh 729 VI-1 533.85 DB R 22 TBP Cam, S/G, Catl 
Lopur 696 VI-1 557.04 DB R  322 TAP Cam, S/G, Catl 
Lokapel 667 VI-1 489.97 DB R  96 TAP Cam, S/G, Catl 
Nameyana 643 VII-1 425.03 SS Bds   - TCP Cam, S/G 
Lorugum  624 VII-1 316.76 SS R  11 TCP Cam, S/G 
Napeikar 570 VII-1 273.91 B R  35 TAP Cam, S/G, Catl 

Kablokor  565 VII-1 292.16 B R   - TAP Cam, S/G, Catl 
Nasiger 559 VII-1 290.13 B Bds  7 TCP Cam, S/G 
Kaapus 557 VII-1 343.33 SS R  12 TAP Cam, S/G, Catl 

Napusmoru 547 VII-1 288.24 B Bds  6 TCP Cam, S/G 
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Appendix 2: Map of the study community units 

 

  



145 
 

Appendix 3: Key Focus Group Discussion questions/discussion items  

 

Sampling CU name: ……………………………………………… Date: ………………………   

 Participant 
name 

Age 
(years) 

Gender Contact Main 
occupation 

Years  
within CU 

Formal 
education 
level 

1        

2        

3        

4        

5        

6        

7        

8        

1. What are the local names of the pictured WEPs? (Show pictures of the WEPs) 

WEP Correctly identified Not correctly identified 

Ekalale   

Esekon   

Ebei   

2. Do you consider the three as the priority woody WEPs in this CU? (List other woody WEPs 

they consider priority, if any) 

…………………………………………………………………………………………………….... 

3. Rank the three species based on the following parameters 
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Ekalale            

Esekon            

Ebei            

Pick   1                                                  
2  
3 

Little 
Ave. 
Plenty 

Near 
Ave. 
Far 

Easy 
Ave. 

Light 
Ave. 

Easy 
Ave. 

Dry 
Wet. 

Little 
Ave. 

Cheap 
Ave. 

Free 
Permi. 

Little 
Ave. 

Little 
Ave. 
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Hard Heavy Hard Both Plenty Expe. Restr. Plenty Plenty 

4. Where do you normally get the plant? (List for each WEP) 

5. Apart from food, what are the other uses of these WEPs? (List as they mention, also note 

part used) 

WEP Harvesting sites 

Ekalale  

Esekon  

Ebei  

WEP Part Use(s) (attention to fodder uses too) 

Ekalale Roots  

Bark  

Stem  

Leaves  

Fruits  

  

Esekon Roots  

Bark  

Stem  

Leaves  

Fruits  

  

Ebei Roots  

Bark  

Stem  

Leaves  

Fruits  
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6. What are the major threats (things which badly affect the WEPs and might wipe them out) 

to these WEPs 

WEP Threats Major threat 

Ekalale   

Esekon   

Ebei   

7. Are there restrictions on harvest place, time, and use of the priority WEPs (rules, norms, 

taboos) 

 

8. Additional remark notes: 

……………………………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………………………

…….………………………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………………… 

WEP Edible parts (who 

eats which parts) 

Harvest site   Harvest time for 

food 

Harvest time for 

other users 

(such as fodder) 

Ekalale     

Esekon     

Ebei     
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Appendix 4: Focus Group Discussion data for assessment of Wild Edible Plants against 11 

predictor parameters and a response parameter in Turkana County, Kenya. Listed wild edible 

fruit plants per community unit (Nasiger (n = 13), Atala Kamusio (n = 23), and Lopur (n = 13)), 

their scientific (validated using (Sarfo, 2018) and checked for accepted name using World Flora 

Online (http://www.worldfloraonline.org/)) and local names (Turkana language). Several WEPs 

were cited across all or more than one community unit resulting into citations of 49 plants of 24 

unique WEPs 
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Nasiger Ziziphus mauritiana Lam. Ekalale 1 1 1 1 1 2 3 1 1 3 3 1 

Nasiger Salvadora persica L. Esekon 1 1 1 1 1 2 3 1 1 3 3 1 

Nasiger Balanites rotundifolia (Tiegh.) 

Blatt. 
Ebei 2 1 1 3 3 1 3 1 1 3 1 1 

Nasiger Dobera glabra Juss. ex Poir. Edapal 1 2 1 3 1 1 3 1 1 3 3 1 

Nasiger Cordia sinensis Lam. Edome 1 1 1 1 1 1 1 1 1 1 1 1 

Nasiger Hyphaene compressa H.Wendl. Eng’ol 2 2 3 3 2 1 2 2 1 3 3 1 

Nasiger Boscia coriacea Pax Edung 3 3 2 2 3 3 1 3 1 1 1 0 

Nasiger Balanites pedicellaris Mildbr. & 

Schltr. 
Elamach 3 3 3 3 1 3 1 3 1 3 1 0 

Nasiger Vachellia tortilis (Forssk.) 

Galasso & Banfi  
Ewoi 1 1 2 1 1 2 3 1 1 3 3 1 

Nasiger Grewia tenax (Forssk.) Fiori Eng’omo 3 3 3 2 2 3 1 3 1 1 1 0 

Nasiger Vatovaea pseudolablab 

(Harms) J.B.Gillett 
Egilae 2 3 3 3 2 3 1 3 1 2 3 0 

Nasiger Berchemia discolor Hemsl. Emeyen 3 3 2 3 3 3 2 2 1 1 3 0 

Nasiger Sterculia stenocarpa 

H.J.P.Winkl. 
Etete 3 3 3 1 3 3 1 3 1 1 1 0 

Atala Kamusio Ziziphus mauritiana Lam. Ekalale 1 1 1 1 1 2 3 1 1 3 3 1 

Atala Kamusio Salvadora persica L. Esekon 2 3 1 1 1 2 3 1 1 3 3 1 

Atala Kamusio Balanites rotundifolia (Tiegh.) 

Blatt. 
Ebei 1 1 1 3 3 2 3 1 1 3 1 1 

Atala Kamusio Balanites pedicellaris Mildbr. & 

Schltr. 
Elamach 1 1 1 3 1 2 3 1 1 3 3 1 

Atala Kamusio Boscia coriacea Pax Edung’ 3 3 1 2 3 3 1 3 1 1 3 0 

Atala Kamusio Dobera glabra Juss. ex Poir. Edapal 1 1 1 2 1 1 1 3 1 2 2 1 

Atala Kamusio Grewia tenax (Forssk.) Fiori Eng’omo 3 2 3 3 3 2 1 3 1 1 1 0 

Atala Kamusio Vachellia tortilis (Forssk.) 

Galasso & Banfi 
Ewoi 1 1 2 1 1 2 3 1 1 3 3 1 

Atala Kamusio Grewia rothii DC. Ekali 3 2 3 3 3 1 1 2 1 1 1 1 

Atala Kamusio Senegalia senegal (L.) Britton Ekunoit 3 3 3 3 3 3 1 2 1 1 1 0 

http://www.worldfloraonline.org/
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Atala Kamusio Vachellia oerfota (Forssk.) 

Kyal. & Boatwr. 
Epetet 3 3 3 3 2 1 1 2 1 1 1 0 

Atala Kamusio Sterculia stenocarpa 

H.J.P.Winkl. 
Etete 2 3 3 3 3 2 3 3 1 2 1 1 

Atala Kamusio Grewia villosa Willd. Epong’ai 3 3 3 3 3 3 1 1 1 1 1 0 

Atala Kamusio Ficus sycomorus L. Echoke 3 2 3 3 3 1 1 2 1 1 1 0 

Atala Kamusio Berchemia discolor Hemsl. Emeyen 1 1 3 2 3 1 2 2 1 2 1 1 

Atala Kamusio Cenchrus ciliaris L. Ejamaruka 3 3 1 3 3 1 1 1 1 1 1 0 

Atala Kamusio Lannea triphylla Engl.  Etopojo 3 3 3 3 3 1 1 3 1 1 1 0 

Atala Kamusio Balanites aegyptiaca (L.) Delile Eroronyit 3 3 3 3 3 1 2 1 1 1 1 0 

Atala Kamusio Maerua subcordata (Gilg) 

DeWolf 
Eerut 3 2 3 3 3 1 1 3 1 1 1 0 

Atala Kamusio Grewia mollis Juss. Epat 1 1 3 1 3 2 2 1 1 3 1 1 

Atala Kamusio Vatovaea pseudolablab 

(Harms) J.B.Gillett 
Egilae 3 3 3 3 3 1 1 1 1 1 1 0 

Atala Kamusio Tamarindus indica L. Epedur 2 2 3 3 3 1 1 2 1 1 1 0 

Atala Kamusio Cordia sinensis Lam. Edome 2 2 3 3 3 2 3 3 1 3 3 1 

Lopur Ziziphus mauritiana Lam. Ekalale 1 1 1 1 1 2 3 1 1 3 3 1 

Lopur Salvadora persica L. Esekon 1 1 1 1 1 2 3 1 1 3 3 1 

Lopur Balanites rotundifolia (Tiegh.) 

Blatt. 
Ebei 2 1 1 3 3 2 3 1 1 3 1 1 

Lopur Dobera glabra Juss. ex Poir. Edapal 1 1 1 3 1 2 3 1 1 3 3 1 

Lopur Maerua subcordata (Gilg) 

DeWolf 
Eerut 3 3 3 1 3 2 2 3 1 3 1 0 

Lopur Balanites pedicellaris Mildbr. & 

Schltr. 
Elamach 2 1 2 1 3 2 2 3 1 3 1 1 

Lopur Boscia coriacea Pax Edung’ 3 3 2 3 3 3 2 3 1 1 1 0 

Lopur Tamarindus indica L. Epedur 2 3 1 3 1 3 3 2 2 2 2 0 

Lopur Vachellia tortilis (Forssk.) 

Galasso & Banfi 
Ewoi 1 1 2 1 1 2 3 1 1 3 3 1 

Lopur Cordia sinensis Lam. Edome 2 2 1 2 2 2 3 2 1 3 1 1 

Lopur Grewia tenax (Forssk.) Fiori Eng’omo 3 3 2 2 1 1 1 3 1 2 1 0 

Lopur Grewia villosa Willd. Epong’ai 2 3 2 3 1 3 1 3 1 1 1 0 

Lopur Vatovaea pseudolablab 

(Harms) J.B.Gillett 
Egilae 2 3 3 2 1 3 1 3 1 3 1 0 

Key Abundance (How plenty is the 

WEP in the community unit?) 

1. Plenty 

2. Average 

3. Little 

Distance (How far do you travel to get 

the WEP?) 

1. Near 

2. Average 

3. Far 

 Harvesting (How easy it is to 

pick fruit from the WEP?) 

1. Easy 

2. Average 

Portability (How easy is it to carry the 

harvested fruits of the WEP?) 

1. Light 

2. Average 



150 
 

C
o

m
m

u
n

ti
ty

 

U
n

it
 

W
ild

 E
d

ib
le

 

P
la

n
t 

Lo
ca

l n
am

e
 

(T
u

rk
an

a)
 

A
b

u
n

d
an

ce
 

D
is

ta
n

ce
 

H
ar

ve
st

in
g 

P
o

rt
ab

ili
ty

 

P
ro

ce
ss

in
g 

Se
as

o
n

al
it

y 

M
ar

ke
t 

A
ff

o
rd

ab
ili

ty
 

A
cc

e
ss

 

A
d

e
q

u
ac

y 

R
e

ge
n

e
ra

ti
o

n
 

A
V

A
IL

A
B

IL
IT

Y
 

3. Hard 3. Heavy 

 Processing (How easy is it to 

prepare harvested WEP for 

consumption?) 

1. Easy 

2. Average 

3. Hard 

Seasonality (In which seasons are 

fruits of the WEP plenty?) 

1. Both 

2. Dry 

3. Wet 

 Market (How much of the WEP 

is sold in the market?) 

1. Plenty 

2. Average 

3. Little 

Price (How do you rate the price of 

the WEP in the market?) 

1. Cheap 

2. Average 

3. 

Expensive 

 Access (Do you need any 

permission to access the 

WEP?) 

1. Free 

2. With 

permission 

3. No access 

Adequacy (How adequate are fruits of 

the WEP from single harvest?)  

1. Plenty 

2. Average 

3. Little 

 Regeneration (How plenty are 

young ones of the WEP?) 

1. Plenty 

2. Average 

3. Little 

Availability (Do you consider the WEP 

available or not?) 

1. YES 

2. NO 
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Appendix 5: Summary of research process 
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Appendix 6: Bayesian regression model output showing contribution of selected predictor variables (n = 9) on the availability of listed 

wild edible plants (n = 49) to the studied community units (Nasiger, Atala Kamusio, and Lopur) in Turkana County, Kenya. CI means 

credible interval, pd means probability direction, ROPE means region of practical equivalence, Rhat is the scale reduction factor, and 

ESS means effective sample size. The affixes_ave, and _perm are abbreviated for average and permission, respectively 
 

Parameter Median 95% CI pd ROPE % ROPE Rhat ESS Prior Fit 

(Intercept) 3.81 [ -1.68,    12.02] 90.95% [-0.18, 0.18] 2.68% 1.000 4305.73 Normal (0 +- 2.50)  

Distance_ave -2.18 [ -9.16,      5.68] 72.18% [-0.18, 0.18] 3.18% 1.000 2326.16 Normal (0 +- 6.39)  

Distance_far -8.28 [-14.24,    -2.31] 99.98% [-0.18, 0.18] 0.00% 0.999 2848.79 Normal (0 +- 4.97)  

Harvesting_ave -3.24 [-10.80,     4.22] 79.63% [-0.18, 0.18] 2.97% 1.001 2890.36 Normal (0 +- 6.39)  

Harvesting_hard -2.92 [-9.35,       3.43] 81.98% [-0.18, 0.18] 2.97% 1.000 2789.88 Normal (0 +- 4.97)  

Portability_ave -1.78 [-10.02,     6.89] 67.25% [-0.18, 0.18] 3.45% 1.000 2652.04 Normal (0 +- 6.69)  

Portability_heavy -0.85 [-6.82,       5.58] 60.08% [-0.18, 0.18] 4.29% 1.000 2611.93 Normal (0 +- 4.97)  

Processing_ave -0.85 [-9.76,       7.74] 58.30% [-0.18, 0.18] 3.60% 1.000 2527.53 Normal (0 +- 8.17)  

Processing_hard -0.60 [-7.28,       5.85] 56.58% [-0.18, 0.18] 4.79% 1.001 2592.45 Normal (0 +- 4.95)  

Seasonality_dry 4.37 [  -1.28,   10.19] 94.53% [-0.18, 0.18] 1.45% 1.000 3276.89 Normal (0 +- 5.03)  

Seasonality_wet -5.94 [-13.76,     2.20] 93.23% [-0.18, 0.18] 1.21% 1.000 3321.80 Normal (0 +- 5.60)  

Price_ave 1.03 [  -6.06,     7.90] 61.55% [-0.18, 0.18] 4.13% 1.001 2539.56 Normal (0 +- 6.14)  

Price_expensive -4.51 [ -11.42,    2.09] 90.75% [-0.18, 0.18] 1.66% 1.001 2562.89 Normal (0 +- 5.13)  

Access_with_perm -15.05 [-39.31,     6.56] 91.83% [-0.18, 0.18] 0.55% 1.000 2869.65 Normal (0 +- 17.50)  

Adequacy_ave 9.43 [2.76,      17.52] 99.75% [-0.18, 0.18] 0.00% 1.000 2497.63 Normal (0 +- 7.55)  

Adequacy_little 4.74 [-1.14,     10.61] 95.00% [-0.18, 0.18] 1.42% 0.999 3053.65 Normal (0 +- 4.96)  

Regeneration_ave 1.56 [-12.00,   17.42] 58.18% [-0.18, 0.18] 2.24% 1.000 2990.16 Normal (0 +- 12.51)  

Regeneration_little 2.64 [-3.78,       9.21] 78.68% [-0.18, 0.18] 4.13% 1.000 3004.53 Normal (0 +- 5.20)  

ELPD          -13.49 

LOOIC         26.98 

WAIC         19.82 

R2         0.88 

Sigma         1.00 

Log_loss         0.06 
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Appendix 7: Bayesian logistic regression model output showing contribution of studied predictor variables (n = 6) on the availability 

of studied listed wild edible plants (n = 13) to Nasiger community unit in Turkana County, Kenya.  CI means credible interval, pd means 

probability direction, ROPE means region of practical equivalence, Rhat is the scale reduction factor, and ESS means effective sample 

size factor, and ESS means effective sample size 
 

Parameter Median 95% CI pd ROPE % ROPE Rhat ESS Prior Fit 

(Intercept) 4.43 [ -1.98,    13.65] 91.80% [-0.18, 0.18] 2.13% 1.001 4258.00 Normal (0 +- 2.50)  
Harvesting_ave -2.18 [-11.68,     5.93] 70.03% [-0.18, 0.18] 3.34% 1.000 3208.00 Normal (0 +- 5.70)  
Harvesting_hard -3.51 [-11.17,     4.19] 82.73% [-0.18, 0.18] 2.45% 1.003 3027.00 Normal (0 +- 4.94)  
Portability_ave -2.86 [-14.44,     7.01] 71.33% [-0.18, 0.18] 2.10% 1.002 3457.00 Normal (0 +- 6.66)  
Portability_heavy -1.05 [-8.43,       6.58] 60.52% [-0.18, 0.18] 3.87% 1.000 3307.00 Normal (0 +- 4.82)  
Processing_ave -0.34 [-7.86,       9.45] 52.42% [-0.18, 0.18] 3.34% 1.001 2962.00 Normal (0 +- 5.70)  
Processing_hard -1.61 [-8.89,       5.82] 67.75% [-0.18, 0.18] 3.45% 1.001 3134.00 Normal (0 +- 5.20)  
Seasonality_dry 1.64 [-7.37,     12.03] 64.08% [-0.18, 0.18] 3.37% 1.000 3687.00 Normal (0 +- 5.70)  
Seasonality_wet -8.53 [-15.73,    -1.13] 99.02% [-0.18, 0.18] 0.00% 1.000 2834.00 Normal (0 +- 4.82)  
Adequacy_ave -3.60 [-18.59,     9.64] 69.97% [-0.18, 0.18] 2.05% 1.000 3352.00 Normal (0 +- 9.01)  
Adequacy_little 3.29 [-3.98,     10.47] 80.23% [-0.18, 0.18] 2.76% 1.001 3103.00 Normal (0 +- 4.82)  
Regeneration_little 1.03 [-5.79,       8.23] 62.18% [-0.18, 0.18] 3.89% 1.000 3090.00 Normal (0 +- 4.82)  

ELPD         -3.17 
LOOIC         6.35 
WAIC         4.31 
R2         0.89 
Sigma         1.00 
Log_loss         0.00269 
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Appendix 8: Bayesian regression model output showing contribution of studied predictor variables (n = 7) on the availability of studied 

listed wild edible plants (n = 23) to Atala Kamusio community unit in Turkana County, Kenya.  CI means credible interval, pd means 

probability direction, ROPE means region of practical equivalence, Rhat is the scale reduction 

 

Parameter Median 95% CI pd ROPE % ROPE Rhat ESS Prior Fit 

(Intercept) 4.28 [ -5.88,    15.02] 79.67% [-0.18, 0.18] 2.16% 1.000 3830.00 Normal (0 +- 2.50)  
Distance_ave -2.04 [ -9.73,      5.37] 70.93% [-0.18, 0.18] 2.74% 1.000 3242.00 Normal (0 +- 5.57)  
Distance_far -4.64 [-11.34,     2.36] 91.45% [-0.18, 0.18] 1.58% 1.000 3127.00 Normal (0 +- 4.93)  
Harvesting_ave 1.21 [-16.49,   21.84] 54.62% [-0.18, 0.18] 1.50% 1.000 4526.00 Normal (0 +- 11.99)  
Harvesting_hard -0.46 [-7.40,       7.27] 55.25% [-0.18, 0.18] 4.05% 0.999 3341.00 Normal (0 +- 5.13)  
Portability_ave 2.77 [-7.03,     12.92] 70.50% [-0.18, 0.18] 2.76% 1.000 3580.00 Normal (0 +- 7.26)  
Portability_heavy -4.33 [-12.05,     3.71] 85.92% [-0.18, 0.18] 2.34% 1.002 3427.00 Normal (0 +- 5.31)  
Processing_ave -7.92 [-26.68,     5.92] 85.60% [-0.18, 0.18] 1.03% 1.000 3120.00 Normal (0 +- 11.99)  
Processing_hard -2.15 [-10.84,     5.58] 71.38% [-0.18, 0.18] 3.37% 1.000 3555.00 Normal (0 +- 5.57)  
Seasonality_dry 3.49 [  -2.78,   10.17] 85.82% [-0.18, 0.18] 2.34% 1.000 3430.00 Normal (0 +- 5.01)  
Seasonality_wet -5.75 [-16.91,     3.33] 89.60% [-0.18, 0.18] 1.92% 1.001 3679.00 Normal (0 +- 7.26)  
Market_ave 1.15 [-7.52,       9.93] 60.77% [-0.18, 0.18] 3.05% 1.000 3312.00 Normal (0 +- 7.26)  
Market_little 8.15 [1.41,      14.95] 99.65% [-0.18, 0.18] 0.00% 1.000 3380.00 Normal (0 +- 5.31)  
Price_ave 3.26 [  -3.94,   10.18] 81.50% [-0.18, 0.18] 3.03% 1.000 2982.00 Normal (0 +- 5.57)  
Price_expensive -1.27 [ -7.96,      5.30] 64.42% [-0.18, 0.18] 4.00% 1.000 3145.00 Normal (0 +- 5.31)  

ELPD         -9.37 
LOOIC         18.73 
WAIC         14.21 
R2         0.82 
Sigma         1.00 
Log_loss         0.10 
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Appendix 9: Bayesian regression model output showing contribution of studied predictor variables (n = 8) on the availability of studied 

listed wild edible plants (n = 13) to Lopur community unit in Turkana County, Kenya.  CI means credible interval, pd means probability 

direction, ROPE means region of practical equivalence, Rhat is the scale reduction factor, and ESS means effective sample size 

 

Parameter Median 95% CI pd ROPE % ROPE Rhat ESS Prior Fit 

(Intercept) -0.16 [ -13.99,  13.31] 51.05% [-0.18, 0.18] 2.21% 1.000 4089.00 Normal (0 +- 2.50)  
Distance_ave 3.63 [ -12.13,  19.12] 67.85% [-0.18, 0.18] 1.42% 1.000 4252.00 Normal (0 +- 9.01)  
Distance_far -6.15 [-14.44,     1.81] 94.10% [-0.18, 0.18] 1.16% 1.000 3840.00 Normal (0 +- 4.82)  
Harvesting_ave -0.28 [-7.57,       7.61] 53.33% [-0.18, 0.18] 4.58% 1.001 4687.00 Normal (0 +- 4.94)  
Harvesting_hard -5.84 [-16.08,     3.97] 88.05% [-0.18, 0.18] 1.45% 1.000 3717.00 Normal (0 +- 6.66)  
Portability_ave -0.72 [-10.75,     7.99] 56.50% [-0.18, 0.18] 3.00% 0.999 4339.00 Normal (0 +- 5.70)  
Portability_heavy 0.03 [-7.82,       7.04] 50.52% [-0.18, 0.18] 3.50% 1.001 4097.00 Normal (0 +- 4.94)  
Processing_ave 3.11 [-11.61,   19.42] 65.67% [-0.18, 0.18] 1.55% 0.999 4025.00 Normal (0 +- 9.01)  
Processing_hard -0.22 [-7.72,       7.71] 52.05% [-0.18, 0.18] 3.79% 1.001 3968.00 Normal (0 +- 5.20)  
Seasonality_dry 3.65 [-4.76,     12.18] 80.58% [-0.18, 0.18] 2.71% 1.000 4065.00 Normal (0 +- 4.94)  
Seasonality_wet -2.85 [-11.62,     6.42] 73.47% [-0.18, 0.18] 2.92% 1.001 3680.00 Normal (0 +- 5.20)  
Access_with_perm -2.08 [-17.51,   14.72] 59.98% [-0.18, 0.18] 1.84% 0.999 4583.00 Normal (0 +- 9.01)  
Adequacy_ave -2.68 [-13.92,     8.82] 67.55% [-0.18, 0.18] 2.18% 1.001 3804.00 Normal (0 +- 6.66)  
Adequacy_little 3.40 [-5.63,     12.80] 77.18% [-0.18, 0.18] 2.50% 1.001 4476.00 Normal (0 +- 5.20)  
Regeneration_ave -1.82 [-17.50,   14.54] 58.95% [-0.18, 0.18] 1.76% 1.000 4868.00 Normal (0 +- 9.01)  
Regeneration_little 2.31 [-6.62,     10.75] 68.55% [-0.18, 0.18] 3.18% 0.999 4593.00 Normal (0 +- 5.20)  

ELPD         -2.04 
LOOIC         4.07 
WAIC         2.74 
R2         0.92 
Sigma         1.00 
Log_loss         0.000649 
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Appendix 10: Correlation matrix plot of the 11 categorical predictor parameters before removing 

collinear parameters from three focus group discussions held at Nasiger, Atala Kamusio, and 

Lopur community units in Turkana County, Kenya 
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Appendix 11: Correlation matrix plot of the retained 9 categorical predictor parameters after 

removing collinear parameters (Abundance and Market) from three focus group discussions held 

at Nasiger, Atala Kamusio, and Lopur community units in Turkana County, Kenya 
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Appendix 12: Overview of parameters that were retained and dropped in a study of Wild Edible 

Plants in Turkana County, Kenya. Some parameters were dropped due to multi-collinearity 

problems (r >= 0.7) with respect to the three communities combined and separately. Dropped 

parameters are highlighted in gray 

 

No. Parameter All Community Units Nasiger Atala Kamusio Lopur 

1 Abundance Dropped Dropped Dropped Dropped 
2 Distance  Retained  Dropped Retained  Retained  
3 Harvesting Retained  Retained  Retained  Retained  
4 Portability Retained  Retained  Retained  Retained  
5 Processing Retained  Retained  Retained  Retained  
6 Seasonality Retained  Retained  Retained  Retained  
7 Market Dropped Dropped Retained  Dropped 
8 Price Retained  Dropped Retained  Dropped 
9 Access Retained  Dropped Dropped Retained  
10 Adequacy Retained  Retained  Dropped Retained  
11 Regeneration Retained  Retained  Dropped Retained  
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Appendix 13: Number of statements (n = 348), codes, and themes from Focus Group Discussions 

(FGDs) held in three community units (Nasiger, Atala Kamusio, and Lopur) regarding Wild Edible 

Plants in Turkana County, Kenya that contributed to each of the derived codes (n = 17) and 

themes (n = 13). The statements are partitioned by gender, where F represents female (n = 158) 

and M represents male (n = 190) 

 

No Codes Theme Number of contributing 
statements 

1 Cultural livelihood strategy Culture and traditions 126 (F = 55, M = 71) 
2 Lean season 

Seasonality 62 (F = 30, M = 32) 
 Dry season 
3 Conservation and management 

Conservation and 
management 

36 (F = 15, M = 21)  Overgrazing on seedlings 
 Perishability of the fruits 
4 Distribution of WEPs Distribution of WEPs 32 (F = 15, M = 17) 
5 Climate change 

Climate change 26 (F = 8, M = 18) 
 Invasive species 
6 Agricultural expansion Crop farming 15 (F = 9, M = 6) 
7 Thorny fruit trees Price 12 (F = 7, M = 5) 
8 Population pressure Population pressure 11 (F = 5, M = 6) 
9 Security considerations Insecurity and safety 8 (F = 2, M = 6) 
10 Declining use of WEPs Change in lifestyle 7 (F = 5, M = 2) 
11 Cutting of WEPs Selective harvesting 7 (F = 4, M = 3) 
12 Competition from wild animals Competition from wild 

animals 
4 (F = 2, M = 2) 

13 Pests and diseases Pests and diseases 2 (F = 1, M = 1) 
 TOTAL  348 (F = 158, M = 190) 
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Appendix 14: Threats facing wild edible plants or biodiversity in general mentioned in 23 

literature sources and used to guide development of 10 threat categories for both focus group 

discussions and field plot surveys in Turkana County, Kenya 

 

Number  The threats cited Reviewed Source 

1 Overgrazing, Agricultural land expansion, Over-

harvesting, Uncontrolled fire setting, Roads and home 

construction, Fodder and fuelwood collection 

(Abbasi et al., 2013) 

2 Construction and tools, Grazing, Charcoal, Agricultural 

expansions, Firewood,  

(Alemayehu et al., 

2015) 

3 Agricultural land expansion, Over-grazing, Over-

harvesting, Uncontrolled fire setting, Fuelwood collection 

(Ali-Shtayeh et al., 

2008) 

4 Habitat conversion due to agricultural expansion, 

overgrazing, other problems 

(Asfaw, 2008) 

5 Agricultural expansion, Overgrazing, Fuelwood collection (Ashagre et al., 

2016) 

6 Expansion of agriculture, Fire hazards, Overgrazing, 

Construction of new road, Drought, Collection of firewood 

and construction materials 

(Assefa & Abebe, 

2011) 

7 Inconsiderate and overexploitation by “outsiders”, 

Destruction of EWPs by wild animals such as elephants 

(Badimo et al., 

2015) 

8 Overgrazing/over browsing, removal of woody plants for 

different purposes (e.g. firewood and charcoal production, 

(Bahru et al., 2013) 
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Number  The threats cited Reviewed Source 

building and construction, fencing materials etc), Human 

settlement, Agricultural expansion, Burning forests 

9 Agricultural expansion, Fire, Fuelwood collection, Over-

stocking, overgrazing, Selective harvesting 

(Balemie & 

Kebebew, 2006) 

10 Agricultural land expansion, Uncontrolled fire setting, 

Fuelwood collection, Overgrazing, Overharvesting 

(Berihun & Molla, 

2017) 

11 Land use change (expansion of agriculture land), 

Developmental activities (road construction and 

urbanization), Habitat destruction (Timber harvest, 

Fuelwood collection, and wildfire), Drought, 

Overharversting, Overgrazing 

(Duguma, 2020) 

12 Human population pressure, Land use change, 

Poverty/hunger, Tribal conflicts, Adverse climate change, 

Overexploitation of resources, Restriction of mobility, 

Lack of alternative, High livestock population, Expansion 

of agriculture. 

(Feyssa et al., 2012) 

13 Wildfire, Deliberate burning – mostly to get pasture grasses 

regenerated and control animal exo-parasites like ticks, 

Deforestation, Bush clearing  

(Guinand & 

Lemessa, 2000) 

14 Agriculture, Introducing exotic species, Overgrazing, 

Construction, Charcoal making, Extended dry seasons 

(L. Kidane & 

Kejela, 2021) 
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Number  The threats cited Reviewed Source 

15 Agricultural land expansion, Lack of culture of planting, 

Selective harvesting for other use (house construction, farm 

implements, household utensils), Drought/shortage of 

rainfall, Fuelwood collection, Grazing pasture, Wildfire 

(B. Kidane et al., 

2015) 

16 Increase in human population, The increasing logging for 

charcoal and timber, The heavy harvesting of plants 

(especially bark, roots and stems) for medicinal use, bush 

fires, all of which they perceive as leading to soil erosion, 

drought, and hunger  

(N’Danikou et al., 

2011) 

17 Fuel wood collection, Drought, Selective harvesting, Over-

stocking/grazing, Agricultural expansion, Fire hazards 

(Regassa et al., 

2015) 

18 Land use change, Direct exploitation, Climate change, 

Pollution, Others, Wild fires, Pests 

(Schunko et al., 

2022) 

19 Habitat destruction, Land use change, Over-grazing, Over-

harvesting, Invasive species 

(Anshuman Singh et 

al., 2020) 

20 Agricultural expansion, Fire, Fuelwood collection, 

Selective harvesting 

(Suwardi et al., 

2020) 

21 Fire, Agricultural expansion, Deforestation, Free grazing, 

Fuelwood, Herbicides, Construction, Settlement, Other 

(farm and household tool) 

(Tebkew et al., 

2018) 

22 Agricultural expansion, Construction, Fuelwood collection 

and charcoal making, Overgrazing, Fire 

(Tebkew et al., 

2014) 
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Number  The threats cited Reviewed Source 

23 Land clearing, Fire, grazing, wood exploitation, 

fruits/flowers harvest, leaves harvest, back exploitation, 

charcoal, pests and diseases, drought, ageing, loss soil 

fertility 

(Vinceti et al., 

2018) 
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Appendix 15: Indicators derived from the focus group discussions on threats facing priority 

woody wild edible plants in Turkana County, Kenya. The same indicators were used in field plot 

surveys except for climate change 

 

Number Threat category Threat indicators mentioned by FGD participants 

1 Climate change Severe wilting or drying, Prosopis juliflora, loss of 

surface water sources, extreme precipitation, extreme 

wind events, reducing population of WEPs, 

emergence of non-native invasive species, 

overabundance of some native species 

2 Invasive species Invasive Prosopis juliflora, emergence of some 

harmful microbial organisms 

3 Overstocking/overgrazing Scars of browsed seedlings, browsed branches, cutting 

of branches for feeding livestock, sedentary ranching  

4 Selective 

harvesting/Overharvesting 

Cut stems/branches, stumps identifiable as of WEPs, 

severely debarked stems, digging of roots of WEPs 

5 Fuelwood 

collection/charcoal burning 

Active or used charcoal smoking kiln, Cut stems 

awaiting charcoal burning, people collecting fuel 

wood, level of charcoal business in the area 

6 Agricultural expansion Ploughed land, crops or remains of crops, cleared land 

awaiting ploughing 

7 Uncontrolled fire Fire scars on stems/branches/leaves, burnt piece of 

land, fire from charcoal burning, fire from honey 

harvesting,  

8 Infrastructural development New developed structures such as institutions and 

roads, establishing of homesteads 

9 Pests and diseases Signs of pests on the plant such as locusts, signs of 

pest damage on leaves, signs of fungal or diseased 

parts of WEPs 

10 Others Squirrel/woodpecker holes on trunks of WEPs, 

destruction of land following war/battlefield, 

riverbank erosion, and sedimentation, use of 

herbicides and pesticides, pollution from touristic 

activities, opportunistic harvesting of branches by 

tourists along the roads 
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Appendix 16: Management options for wild edible plants mentioned in 9 literature sources and 

used to guide development of management categories for focus group discussions in selected 

community units within Turkana County, Kenya 

 

Number Management options cited Reviewed Source  

1 Cultivation and marketing (Abbasi et al., 2013) 

2 Home gardens, sacred compounds (Alemayehu et al., 

2015) 

3 Cultivation and marketing (Ali-Shtayeh et al., 

2008) 

4 Domestication and cultivation, studying nutritional values, 

propagation techniques, marketing and value addition 

(Bahru et al., 2013) 

5 In-situ conservation methods like planting in the form of 

fences and protected pasture land in different worship areas, 

and in farm margins 

(Berihun & Molla, 

2017) 

6 Create awareness of WEPs use by indigenous people, Value 

indigenous knowledge, Enhance participatory planning and 

implementation of projects, Alternative livelihoods for local 

people 

(Feyssa, 2012) 

7 Increasing awareness, agroforestry,  garden trees (Salih & Hassan Ali, 

2014) 

8 Planting around home gardens, Pruning, Pollarding, 

Fencing, Protected by culture 

(Tebkew et al., 2014) 

9 Adoption of longer intervals between fires (Vinceti et al., 2018) 
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Appendix 17: Annual mean minimum temperature (a) and maximum temperature (b) for Turkana County between 1958 and 2022. 

The gray region around the blue solid best line of fit indicates the standard error regions. (c) is the total annual rainfall for the county 

with each bar representing total rainfall for the respective year 
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Appendix 18: Mean values of environmental predictor variables used for modeling the potentially suitable habitats of wild edible 

plants in Turkana County, Kenya. In the title row, gcm_ssp_time represents global circulation model, shared socioeconomic pathway, 

and time. The abbreviated bio_x refers to bioclimatic variables used in the modeling workflow. Their full definitions and units of 

measurement are indicated in Table 6.2 

gcm_ssp_time  bio_12  bio_13  bio_14  bio_15  bio_18  bio_19  bio_2  bio_3  bio_4  bio_5  bio_7  bio_8  bio_9  

present  369.82  66.06  8.97  55.40  63.63  95.55  9.57  75.76  82.92  34.99  12.54  28.79  29.07  
gfdl_ssp126_2041-2070  369.81  63.70  9.01  56.15  68.62  88.23  9.65  75.62  93.34  35.97  12.68  30.07  30.22  
ipsl_ssp126_2041-2070  389.37  76.34  10.58  59.58  70.91  99.81  8.66  75.03  74.06  30.88  11.47  30.31  30.35  
mpi_ssp126_2041-2070  402.10  81.56  9.00  62.95  67.10  96.83  9.02  73.57  92.96  30.88  12.18  30.28  30.33  
mri_ssp126_2041-2070  367.10  70.98  9.92  58.07  92.29  97.62  9.59  76.58  80.44  30.93  12.46  30.33  30.32  
ukesm1_ssp126_2041-2070  498.99  100.46  13.02  60.16  106.22  120.86  8.64  73.47  86.58  30.96  11.68  30.39  30.38  
gfdl_ssp370_2041-2070  376.97  65.17  10.25  53.97  73.01  99.15  9.56  68.61  122.88  37.07  13.85  30.68  31.03  
ipsl_ssp370_2041-2070  407.60 80.42  10.70  59.69  71.75  101.45  8.04  73.88  70.31  30.92  10.80  30.40  30.42  
mpi_ssp370_2041-2070  409.32  69.77  8.58  55.16  71.88  103.46  8.72  71.12  94.17  30.95  12.18  30.36  30.38  
mri_ssp370_2041-2070  370.71  62.95  8.94  53.34  102.37  97.18  9.40  72.43  90.20  31.05  12.91  30.41  30.40  
ukesm1_ssp370_2041-2070  541.14  109.01  14.20  63.74  115.21  140.29  8.11  70.00  96.88  31.04  11.49  30.46  30.46  
gfdl_ssp585_2041-2070  366.38  56.90 8.47  49.29  72.09  95.61  9.75  73.66  106.58  36.73  13.13  30.99  31.01  
ipsl_ssp585_2041-2070  408.04  82.34  10.86  62.42  79.24  112.45  7.91  72.76  67.61  30.95  10.78  30.42  30.46  
mpi_ssp585_2041-2070  453.05  82.91  9.34  59.32  73.82  112.34  8.56  69.87  97.17  30.95  12.17  30.34  30.37  
mri_ssp585_2041-2070  370.26 63.01  9.96  53.77  108.58  94.58  9.43  76.97  78.19  31.02  12.19  30.44  30.41  
ukesm1_ssp585_2041-2070  573.12  115.03  13.59  63.65  126.83  147.32  8.19  71.38  89.36  31.06  11.40  30.48  30.49  
gfdl_ssp126_2071-2100  352.42  55.83  8.93  53.16  74.14  92.56  9.82  76.32  93.64  30.92  12.79  30.34  30.37  
ipsl_ssp126_2071-2100  419.80  86.73  10.53  62.91  76.49  110.19  8.35  74.11  76.14  30.85  11.19  30.29  30.34  
mpi_ssp126_2071-2100  435.56  77.41  9.58  60.26  71.70  105.48  9.01  71.72  97.18  30.90  12.50  30.26  30.32  
mri_ssp126_2071-2100  343.16  59.26  9.97  54.36  103.49  84.79  9.77  78.60  68.36  30.93  12.37  30.34  30.32  
ukesm1_ssp126_2071-2100  523.20  97.70  15.79  57.87  127.14  116.90  8.59  74.14  81.93  30.96  11.51  30.41  30.39  
gfdl_ssp370_2071-2100  375.12  58.77  9.89  50.58  78.44  95.71  9.39  67.38  127.84  31.11  13.87  30.49  30.53  
ipsl_ssp370_2071-2100  441.36  93.81  11.19  64.09  81.82  121.43  7.23  71.20  70.37  31.02  10.05  30.54  30.59  
mpi_ssp370_2071-2100  443.25  81.99  9.85  59.09  73.52  112.14  8.12  68.62  100.79  31.03  11.74  30.45  30.50  
mri_ssp370_2071-2100  377.73  60.35  10.13  50.63  111.07  92.30  9.30  75.48  79.56  31.12  12.26  30.54  30.51  
ukesm1_ssp370_2071-2100  653.91  125.95  16.73  63.68  168.15  173.06  7.55  68.52  93.28  31.18  10.92  30.63  30.62  
gfdl_ssp585_2071-2100  411.62  68.39  11.67  50.62  84.85  101.02  10.19  70.18  114.74  31.16  14.43  30.50  30.47  
ipsl_ssp585_2071-2100  460.14  95.74  12.86  62.88  91.82  128.40  6.80  68.37  67.89  31.11  9.82  30.63  30.68  
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gcm_ssp_time  bio_12  bio_13  bio_14  bio_15  bio_18  bio_19  bio_2  bio_3  bio_4  bio_5  bio_7  bio_8  bio_9  
mpi_ssp585_2071-2100  494.82  91.73  10.12  61.55  69.07  125.58  10.47  74.38  114.04  31.05  14.02  30.45  30.54  
mri_ssp585_2071-2100  387.66  78.55  10.63  59.25  136.75  87.88  9.36  76.35  84.86  31.17  12.19  30.63  30.56  
ukesm1_ssp585_2071-2100 676.16 130.46 19.45 60.17 161.22 168.92 7.41 70.33 89.00 31.26 10.44 30.75 30.73 
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Appendix 19: Standard deviation values of environmental predictor variables used for modeling the potential suitable habitats of wild 

edible plants in Turkana County, Kenya. In the title row, gcm_ssp_time represents global circulation model, shared socioeconomic 

pathway, and time. The abbreviated bio_x refers to bioclimatic variables used in the modeling workflow. Their full definitions and 

units of measurements are indicated in Table 6.2 

 

gcm_ssp_time  bio_12  bio_13  bio_14  bio_15  bio_18  bio_19  bio_2  bio_3  bio_4  bio_5  bio_7  bio_8  bio_9  

present  113.50  15.58  3.26  10.02  20.90  49.88  1.41  3.89  11.16  1.72  1.43  2.07  1.76  
gfdl_ssp126_2041-2070  108.68  15.57  3.35  9.97  19.58  44.36  1.55  4.68  10.78  1.76  1.50  1.98  1.72  
ipsl_ssp126_2041-2070  116.38  17.05  4.18  11.38  22.84  50.57  1.43  5.46  10.72  0.17  1.42  0.19  0.17  
mpi_ssp126_2041-2070  121.01  19.51  3.39  10.13  20.60  51.73  1.38  4.43  10.62  0.17  1.40  0.19  0.18  
mri_ssp126_2041-2070  119.48  17.83  4.01  9.21  29.98  52.06  1.37  3.52  8.86  0.17  1.43  0.20  0.17  
ukesm1_ssp126_2041-2070  154.32  25.11  5.83  11.29  35.22  60.67  1.36  4.68  9.45  0.18  1.37  0.20  0.17  
gfdl_ssp370_2041-2070  111.90  15.46  3.95  9.78  21.65  50.06  1.50  5.36  12.48  1.76  1.33  2.21  1.87  
ipsl_ssp370_2041-2070  121.96  17.93  3.97  12.16  21.98  51.19  1.42  5.70  10.13  0.17  1.41  0.19  0.17  
mpi_ssp370_2041-2070  126.90  16.87  3.50  9.94  26.39  53.85  1.36  4.74  11.19  0.17  1.38  0.20  0.18  
mri_ssp370_2041-2070  121.81  15.91  3.12  9.21  26.34  52.02  1.38  4.73  8.01  0.17  1.35  0.21  0.17  
ukesm1_ssp370_2041-2070  170.47  28.14  6.64  11.68  40.13  70.52  1.35  5.45  10.53  0.19  1.36  0.21  0.18  
gfdl_ssp585_2041-2070  107.97  13.19  3.13  9.41  20.08  45.22  1.53  5.03  10.88  1.80  1.44  2.18  1.78  
ipsl_ssp585_2041-2070  116.77  17.89  4.09  12.49  24.79  50.14  1.42  5.79  9.59  0.17  1.42  0.18  0.17  
mpi_ssp585_2041-2070  140.60  19.26  3.24  9.79  26.42  58.85  1.31  4.55  9.65  0.17  1.36  0.20  0.17  
mri_ssp585_2041-2070  116.23  15.43  3.74  9.88  27.24  50.71  1.37  3.67  8.72  0.17  1.41  0.20  0.17  
ukesm1_ssp585_2041-2070  182.66  29.11  6.21  12.23  40.85  74.22  1.32  4.73  9.89  0.20  1.41  0.21  0.18  
gfdl_ssp126_2071-2100  107.27  14.75  3.11  10.33  20.41  48.02  1.55  4.46  11.98  0.17  1.54  0.21  0.18  
ipsl_ssp126_2071-2100  124.55  19.34  4.06  12.56  25.05  55.89  1.41  5.51  10.99  0.17  1.41  0.19  0.17  
mpi_ssp126_2071-2100  134.10  17.51  3.63  9.85  23.29  55.70  1.35  4.00  10.13  0.17  1.44  0.19  0.18  
mri_ssp126_2071-2100  106.71  14.69  4.12  9.46  30.29  42.43  1.37  3.52  8.02  0.16  1.39  0.19  0.17  
ukesm1_ssp126_2071-2100  168.33  24.83  8.19  11.69  46.67  59.87  1.34  4.72  9.98  0.18  1.35  0.19  0.17  
gfdl_ssp370_2071-2100  112.06  13.91  3.69  8.79  22.71  47.30  1.35  5.79  14.26  0.18  1.26  0.22  0.20  
ipsl_ssp370_2071-2100  129.82  23.56  4.55  13.92  25.61  54.75  1.42  7.06  9.00  0.17  1.44  0.18  0.17  
mpi_ssp370_2071-2100  135.51  18.04  3.55  10.60  27.20  56.43  1.33  5.40  11.27  0.17  1.36  0.21  0.18  
mri_ssp370_2071-2100  119.84  14.74  3.75  8.96  29.18  45.95  1.39  4.38  7.80  0.17  1.38  0.19  0.17  
ukesm1_ssp370_2071-2100  210.82  34.79  8.92  10.46  57.78  86.59  1.35  6.21  9.13  0.20  1.40  0.22  0.18  
gfdl_ssp585_2071-2100  118.01  15.60  4.27  9.28  26.95  49.13  1.58  5.15  10.36  0.19  1.53  0.21  0.18  
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gcm_ssp_time  bio_12  bio_13  bio_14  bio_15  bio_18  bio_19  bio_2  bio_3  bio_4  bio_5  bio_7  bio_8  bio_9  
ipsl_ssp585_2071-2100  138.43  21.09  5.61  13.17  31.90  55.74  1.43  7.83  8.00  0.18  1.43  0.17  0.17  
mpi_ssp585_2071-2100  155.70  22.49  3.74  9.55  23.89  64.39  1.37  3.64  10.93  0.17  1.37  0.21  0.18  
mri_ssp585_2071-2100  119.31  17.58  4.39  12.04  34.24  40.66  1.41  3.74  6.36  0.17  1.47  0.19  0.17  
ukesm1_ssp585_2071-2100 227.52 36.23 10.20 11.16 60.17 81.99 1.33 6.17 10.22 0.20 1.38 0.21 0.18 
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Appendix 20: Predicted areal values (km2) for presence and absence for the studied wild edible plants in Turkana County, Kenya under 

current and projected future (2041-2070 and 2070-2100) climate scenarios  and shared socioeconomic pathways (SSP126, SSP370, 

and SSP585). Current represents the extent of potentially suitable habitat under the current climate conditions (1970 - 2000) period 

 

   2041-2070 2071-2100 
Wild edible plant  Suitability  Current SSP126 SSP370 SSP585 SSP126 SSP370 SSP585 

Balanites aegyptiaca  Presence  9405 0 0 0 0 0 0 
Balanites aegyptiaca  Absence  58848 68253 68253 68253 68253 68253 68253 
Balanites pedicellaris  Presence  44981 48088 55921 53095 49630 59360 59899 
Balanites pedicellaris  Absence  23272 20165 12332 15158 18623 8893 8354 
Balanites rotundifolia  Presence  68211 66376 68189 67767 67777 68112 67423 
Balanites rotundifolia  Absence  42 1877 64 486 476 141 830 
Berchemia discolor  Presence  68207 68195 68214 68239 68072 68183 68195 
Berchemia discolor  Absence  46 58 39 14 181 70 58 
Boscia coriacea  Presence  54662 61206 62029 60485 62358 62557 62392 
Boscia coriacea  Absence  13591 7046 6224 7768 5895 5696 5860 
Cordia sinensis  Presence  62703 65850 65678 65723 66149 65899 65536 
Cordia sinensis  Absence  5550 2403 2575 2530 2104 2354 2716 
Dobera glabra  Presence  54574 63616 65332 66094 65116 66323 66753 
Dobera glabra  Absence  13679 4637 2920 2159 3137 1930 1499 
Ficus sycomorus  Presence  45597 45076 49093 50140 48778 52632 53921 
Ficus sycomorus  Absence  22656 23177 19160 18113 19475 15621 14332 
Grewia mollis  Presence  1907 4026 5174 8391 7796 10308 17212 
Grewia mollis  Absence  66346 64227 63079 59862 60957 57944 51041 
Grewia tenax  Presence  52722 56029 48806 52178 54658 48455 52023 
Grewia tenax  Absence  15530 12224 19447 16075 13595 19798 16230 
Grewia villosa  Presence  59073 62007 59503 63661 62875 64772 64102 
Grewia villosa  Absence  9180 6246 8750 4592 5377 3480 4150 
Hyphaene compressa  Presence  44225 31742 30756 30802 31682 30197 30872 
Hyphaene compressa  Absence  24028 36511 37497 37451 36571 38074 37381 
Lannea triphylla  Presence  28988 23413 28304 24529 25213 24168 21994 
Lannea triphylla  Absence  39265 44840 39949 43724 43040 44085 46258 
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   2041-2070 2071-2100 
Wild edible plant  Suitability  Current SSP126 SSP370 SSP585 SSP126 SSP370 SSP585 
Maerua subcordata  Presence  59950 35961 33770 34612 35995 33157 34489 
Maerua subcordata  Absence  8303 32292 34483 33641 32258 35096 33764 
Salvadora persica  Presence  62738 65570 61392 61299 63081 60597 62420 
Salvadora persica  Absence  5515 2682 6861 6953 5172 7656 5833 
Senegalia senegal  Presence  49397 51767 47198 51402 51774 52069 53758 
Senegalia senegal  Absence  18856 16486 21055 16851 16479 16184 14495 
Sterculia stenocarpa  Presence  6736 7542 7866 6850 7822 7419 6094 
Sterculia stenocarpa  Absence  61517 60711 60386 61403 60431 60834 62159 
Tamarindus indica  Presence  9159 2550 2623 3225 2771 3632 2681 
Tamarindus indica  Absence  59094 65703 65630 65028 65482 64621 65572 
Vachellia oerfota  Presence  54250 54998 54387 53338 52451 55045 56668 
Vachellia oerfota  Absence  14003 13255 13865 14915 15802 13208 11585 
Vachellia tortilis  Presence  59019 51596 53014 50072 51413 51413 50139 
Vachellia tortilis  Absence  9234 16657 15239 18181 16840 16840 18114 
Vatovaea pseudolablab  Presence  52148 61576 55697 60197 63924 52016 61661 
Vatovaea pseudolablab  Absence  16105 6677 12556 8056 4329 16237 6592 
Ximenia americana  Presence  12045 14425 15018 15896 15958 17215 20253 
Ximenia americana  Absence  56208 53828 53234 52357 52294 51037 48000 
Ziziphus mauritiana  Presence  52093 63687 61838 62416 61211 62153 61802 
Ziziphus mauritiana  Absence  16160 4566 6415 5837 7042 6100 6450 
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Appendix 21: Spatial extent of predicted current potential suitable habitats of the 23 wild edible 

plants of Turkana County, Kenya. Full genera names of the abbreviated scientific names can be 

accessed in the Table 6.1. Blue regions represent predicted presence while gray are predicted 

absences. Numeric values of the areas (km2) can be found in Appendix 20. 
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Appendix 22: Spatial extents of habitat suitability changes, relative to current potential suitable 

habitat extents, of 23 wild edible plants in Turkana County, Kenya, under two future time 

intervals (2041-2070 and 2071-2100) and three shared socioeconomic scenarios (SSP126, 

SSP370, and SSP585). Blue shade represents pixels where species are absent in present but 

present in future (suitability gain). Green shade represents pixels where the species are predicted 

to be present in both present and future scenarios (persistence). Gray shade represents pixels 

where the species is predicted to be absent in both present and future scenarios (absence). 

Lastly, red shade represents pixels where the species are predicted to be present under current 

climatic conditions but absent in future (suitability loss). See the bottom right panel for the 

legend, time period, and SSP scenario information. Genus names of each WEP is abbreviated, for 

full scientific names see the Table 1 in the main article 
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Appendix 23: Potential magnitude and direction of change in species richness and the 

size of land (km2) undergoing such changes over time (2041-2070 and 2071-2100) and 

shared socioeconomic pathways (SSP126, SSP370, and SSP585). The blue dashed vertical 

line demarcates the mean magnitude of change whose value is indicated on each plot as 

well as time and SSP 
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Appendix 24: Distribution of occurrence points (blue dots) used for calibrating potentially 

suitable habitats models throughout Eastern Africa for selected wild edible plants. The 

borders of Kenya (dark gray) and Turkana County (red) in northwestern Kenya are also 

shown for all the species studied. Background raster layer is the predicted habitat 

suitability (ranging from 0 (less suitable) to 1 (highly suitable)) for each wild edible plant 
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