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ZUSAMMENFASSUNG 

In westafrikanischen Savannenökosystemen tragen natürliche Ressourcen essentiell zur 

Lebensgrundlage der ländlichen Bevölkerung bei. Veränderungen dieser Ökosysteme 

beeinflussen deshalb nicht nur die Biodiversität in diesem Lebensraum, sondern auch 

die menschliche Lebensqualität. Schon seit Jahrtausenden formt die menschliche 

Landnutzung die Savannen Westafrikas. In diesen alten Kulturlandschaften werden 

traditionell Ackerbau, extensive Weidewirtschaft, Abholzung und das Sammeln von frei 

verfügbaren Nichtholzprodukten (non-timber forest products, NTFPs) betrieben. Zu 

NTFPs zählt alles organische Material von Bäumen, Sträuchern und krautigen Pflanzen, 

ausgenommen Bauholz. Ackerbau wird in Form von Landwechselwirtschaft betrieben, 

das heißt Feldphasen wechseln zur Regeneration des Bodens mit Brachzeiten ab. 

Dadurch entsteht eine Mosaiklandschaft aus Feldern, Brachen unterschiedlichen Alters 

und nicht kultivierten Baum- Strauch- und Grassavannen. Sowohl in den nicht 

kultivierten Savannen als auch den Agroforst-Systemen sind NTFPs ein integraler 

Bestandteil. Besonders wichtige NTFP-Baumarten werden beim Roden zum Bestellen 

der Felder verschont, da sie zur Lebensgrundlage der ländlichen Bevölkerung beitragen. 

Allerdings steigt aktuell aufgrund des stetigen Bevölkerungswachstums der Druck auf 

landwirtschaftlich genutzte sowie auf bislang ungenutzte Flächen. So verkürzten sich in 

den letzten Jahrzehnten die Brachzeiten, die landwirtschaftliche Produktion erhöhte sich 

deutlich und immer mehr natürliche Habitate wurden ackerbaulich genutzt. Dieser 

zunehmende Nutzungsdruck gefährdet einerseits die Biodiversität, hat andererseits 

Auswirkungen auf die Verfügbarkeit von NTFPs und beeinflusst somit maßgeblich die 

Lebensgrundlage der lokalen Bevölkerung. Eine veränderte Vegetationszusammen-

setzung sowie Diversität bedeutet eine veränderte Verfügbarkeit von unter anderem 

ökonomisch wertvollen Baum- und Straucharten und von diversen schmackhaften 

krautigen Futterpflanzen für die Weidewirtschaft. Eine Einschätzung und Bewertung der 

Auswirkungen von Landnutzungsveränderungen auf die natürliche Savannenvegetation 
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und die Ökosystemdienstleitungen der Savanne für die menschliche Lebensqualität ist 

deshalb essentiell. Diese Kenntnisse sind notwendig, um einer potentiellen Degradation 

der Savannenvegetation entgegenzuwirken und den Erhalt von kulturell und 

ökonomisch wichtigen Nutzpflanzen gewährleisten zu können. Hauptziel dieser 

Forschungsarbeit ist daher, die Auswirkungen der Landnutzungszunahme auf die 

Savannenvegetation und ihre Ökosystemdienstleistungen zu untersuchen, sowie die 

Verfügbarkeit von NTFPs und darüber hinaus deren ökonomische Bedeutung zu 

ermitteln. 

Die vorliegende Studie wurde im südöstlichen Teil Burkina Fasos, in der 

Nordsudanischen Vegetationszone, durchgeführt. Burkina Faso gehört zu den weltweit 

ärmsten Ländern. Fast ein Viertel der Bevölkerung ist unterernährt (FAO 2014), weshalb 

die Einbindung von frei verfügbaren Wildpflanzen (NTFPs) und insbesondere von 

essbaren Wildpflanzen in das nationale Haushaltseinkommen eine wichtige Maßnahme 

zur Bekämpfung der Armut und Nahrungsunsicherheit ist (FAO 2014). Die vorliegende 

Forschungsarbeit wurde deshalb im ländlichen Raum der zwei Provinzen Gourma und 

Kompienga durchgeführt, in welchen das sehr hohe Bevölkerungswachstum den 

nationalen Durchschnitt übersteigt. 

Vor diesem Hintergrund untersuche ich in dieser Arbeit Vegetationsveränderungen, die 

ökonomische Bedeutung von Wildpflanzen (NTFPs) sowie den Rückgang essbarer 

Wildpflanzen und deren Substituierung. Die Arbeit besteht aus vier einzelnen 

unabhängigen Forschungsprojekten, die zusammengenommen einen Einblick in die 

Konsequenzen der Landnutzungsveränderungen auf die Vegetationsentwicklung und die 

ländliche Bevölkerung geben.  

Projekt I ist eine Vergleichsstudie, in der ich Vegetationsaufnahmen unterschiedlicher 

Vegetationstypen aus den frühen 1990er Jahren wiederholt habe. Sowohl für die 

Krautschicht als auch die Gehölzschicht wurden unterschiedliche Vegetationstypen, 

Brachen verschiedenen Alters sowie feldbaulich ungenutzte Flächen auf jeweils 

unterschiedlichen Böden untersucht. Insgesamt wurden 97 Gehölzschicht- und 110 

Krautschichtaufnahmen aus den Jahren 2012/2013 mit 100 Gehölzschicht- und 163 

Krautschichtaufnahmen aus den Jahren 1990 bis 1994 verglichen. Somit konnten für 
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beide Vegetationsschichten über einen Zeitraum von zwei Jahrzehnten Veränderungen 

von Vegetationszusammensetzung und Diversität ermittelt werden. Um darüber hinaus 

generelle Muster dieser Veränderungen zu identifizieren, wurden in Projekt II die 

Ausprägungen funktionaler Merkmale für alle Pflanzenarten aus den Vegetations-

aufnahmen von Projekt I erhoben. Auf diese Weise konnte ein Zusammenhang zwischen 

Veränderungen der Artenzusammensetzung und –diversität mit Veränderungen der 

funktionalen Merkmalsausprägungen festgestellt werden. Der Vergleich dieser beiden 

Studien zeigte stärkere Veränderungen in der Kraut- als in der Gehölzschicht. Die 

meisten Vegetationstypen der Gehölzschicht zeigten über die Jahrzehnte und mit 

zunehmender Landnutzung keine signifikante Veränderung der Artenzusammensetzung 

und des Artenreichtums. Nichtsdestotrotz gab es in manchen Vegetationstypen eine 

Abnahme der Frequenz und Abundanz von einigen sehr häufig genutzten Baumarten, 

wie beispielsweise von Vitellaria paradoxa und Parkia biglobosa. Im Gegensatz zur 

Gehölzschicht hat sich bei den meisten Krautschichttypen die Artenzusammensetzung 

deutlich verändert: Der Artenreichtum ist signifikant gestiegen. Trotz der allgemeinen 

Artenzunahme in der Krautschicht nahmen einige wichtige krautige Futterpflanzen in 

Abundanz und Frequenz ab. Durch die Zunahme von kurzlebigen, weit verbreiteten 

Arten ist eine allgemeine Ruderalisierung und gleichzeitig eine Homogenisierung der 

krautigen Vegetationstypen zu verzeichnen. Bei weiterer Ausbreitung und Zunahme von 

Ruderalarten könnte es jedoch durch eine Verdrängung seltener Arten perspektivisch zu 

einer Umkehr, also einer Abnahme des Artenreichtums in der Krautschicht kommen. 

Darüber hinaus ist, trotz stabilen Artenreichtums in der Gehölzschicht und steigendem 

Artenreichtum in der Krautschicht, der Rückgang wichtiger Nutzarten in beiden 

Schichten alarmierend. Die stärkere Reaktion der Krautschicht auf eine Landnutzungs-

veränderung spiegelt sich im Vergleich zur schwächeren Reaktion der Gehölzschicht 

nicht nur in der erhöhten Artenzusammensetzung und Diversität sondern auch in den 

stärkeren Veränderungen der funktionalen Merkmalsausprägungen der Krautschicht 

wider. Eine Zunahme von Arten geringerer Größe und Pflanzen mit hoher Fall-

geschwindigkeit ihrer Diasporen (VTerm) ist allerdings beiden Vegetationsschichten 

gemeinsam. Da diese Merkmalsveränderungen generell mit Beweidung verbunden 

werden, vermute ich, dass vor allem die Zunahme der Weidewirtschaft verantwortlich 
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für die starken Veränderungen ist. Beide Studien haben außerdem gezeigt, dass 

zukünftige vegetationskundliche Studien verschiedener Vegetationstypen unbedingt die 

Kraut- und die Gehölzschicht separat untersuchen sollten, um den Einfluss von Land-

nutzung und Landnutzungsveränderung auf Savannenökosysteme detailliert zu 

analysieren.  

Da die Savannenvegetation essentiell zur Lebensgrundlage der lokalen Landbevölkerung 

beiträgt, widmen sich Projekt III und IV konkret dem Zusammenhang zwischen ländlicher 

Bevölkerung und Vegetation in diesem Lebensraum. Darüber hinaus verbinde ich die 

Ergebnisse der Vegetationsveränderungen aus Projekt I und II mit potentiellen 

Konsequenzen für die ländliche Bevölkerung. 

In Projekt III und IV habe ich den Beitrag von NTFPs zum lokalen Haushaltseinkommen, 

die wichtigsten essbaren Wildpflanzen und deren Substituierung bei Artenrückgang 

untersucht. Dafür wurden 155 Haushaltsbefragungen in zwei Dörfern durchgeführt. 

NTFPs spielen eine große Rolle für die Lebens- und Nahrungsqualität der ländlichen 

Bevölkerung in West Afrika. Ihr tatsächlicher Beitrag zur ökonomischen Einkommens-

situation von Haushalten im ländlichen Raum, ist bisher jedoch kaum bekannt. Daher 

zeigt Projekt III die ökonomische Bedeutung von NTFPs auf. Nahezu die Hälfte (45 %) des 

Gesamthaushaltseinkommens wird mit frei verfügbaren NTFP-Pflanzen erwirtschaftet. 

Dabei haben Haushaltscharakteristika wie Ethnizität, Herkunftsort, Größe des 

verfügbaren Ackerlandes oder Größe der Viehherde einen signifikanten Einfluss auf das 

NTFP-Haushaltseinkommen, sowie auf die generelle Abhängigkeit der Haushalte von 

NTFPs. Signifikant unterschiedliche NTFP-Abhängigkeiten zwischen den zwei Dörfern 

und zwischen den drei ethnischen Gruppen (Gourmantché, Mossi, Fulani) spiegeln 

verschiedene Artenzusammensetzungen in der jeweiligen direkten Umgebung der 

Dörfer, sowie unterschiedliche traditionelle Lebensweisen und Nutzungspraktiken der 

Wildarten durch die verschiedenen ethnischen Gruppen wider. Im Allgemeinen konnte 

gezeigt werden, dass ärmere Haushalte deutlich abhängiger von NTFP-Einkommen sind 

als wohlhabendere Haushalte und dass das NTFP-Einkommen zu einer Angleichung des 

allgemeinen Haushaltseinkommens in der Region führt. Die Untersuchung verdeutlicht 

somit die ökonomische Relevanz von NTFPs für die lokale Bevölkerung. Sie unterstreicht 

zudem die Wichtigkeit von kleinräumigen regionalen Unterschieden, sowie von 
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Haushaltscharakteristika wie unterschiedliche ethnische Nutzungspraktiken von NTFPs 

sowohl für Managementstrategien in Agroforstsystemen als auch zur Armuts-

bekämpfung.  

Essbare Wildpflanzen stellen wichtige Nahrungsergänzungen zu einer ansonsten 

nährstoffarmen Ernährung der ländlichen Bevölkerung in West Afrika dar. Der Rückgang 

dieser Arten hat deshalb direkte negative Auswirkungen auf die Ernährungssituation 

lokaler Gemeinschaften. Die Analyse der Wahrnehmung der Abundanzveränderung 

zeigte (Projekt IV), dass 20 von 21 der genannten essbaren Wildpflanzen Baum- und 

Straucharten waren und als mehr oder weniger zurückgehend eingestuft wurden. 

Allerdings wurden die ökonomisch wichtigsten essbaren Wildpflanzen, die zwei Bäume 

Vitellaria paradoxa und Parkia biglobosa, die mit einem Anteil von rund 70% zum 

essbaren Wildpflanzen-Einkommen beitragen, als am stärksten zurückgehend 

eingestuft. Für diese zwei ökonomisch relevantesten essbaren Wildpflanzen stimmt 

daher die lokale Wahrnehmung der Abundanzveränderung mit den Daten aus den 

Vegetationsaufnahmen überein, die ebenfalls einen Rückgang gezeigt haben. Um 

einschätzen zu können, welche Auswirkungen ein Rückgang dieser Wildpflanzen auf die 

lokale Bevölkerung hat, untersuchte ich die Substituierung dieser Arten in Zeiten von 

ihrer Knappheit und den Einfluss von sozio-ökonomischen Variablen auf die Auswahl der 

Substitute. Die hohe Anzahl genannter Substitute für die zehn wichtigsten essbaren 

Wildpflanzen lässt auf ein umfassendes Wissen der Bevölkerung bezüglich alternativer 

Wildpflanzen in dem Untersuchungsgebiet schließen. Die Substitutauswahl ist für die 

Mehrheit der essbaren Wildpflanzen nicht abhängig von sozio-ökonomischen 

Merkmalen. Als problematisch stellte sich folgende Ereigniskette dar: Der heimische 

Baum Balanites aegyptiaca wurde für mehrere essbare Wildpflanzen als Substitut 

genannt und war damit die wichtigste Substitutart. Allerdings wurde auch diese Art als 

zurückgehend eingestuft. Viele der bevorzugten essbaren Wildpflanzen wurden mit 

anderen bevorzugten essbaren Wildpflanzen substituiert. Der Rückgang einer Art kann 

somit zum Wegfall eines anderen Substitutes führen. Obwohl die Ergebnisse 

suggerieren, dass die Menschen dem Rückgang oder Fehlen von essbaren Wildpflanzen 

entgegenwirken können, würde ein zunehmender Rückgang einer Art gleichzeitig den 

Druck auf andere heimische Wildpflanzen erhöhen. Aus diesem Grund sollten 
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Maßnahmen zur Verhinderung des Rückgangs wichtiger essbarer Wildpflanzen mit 

hoher Priorität behandelt werden. 

Zusammenfassend gibt die vorliegende Studie mit der Kombination aus 

vegetationskundlichen und ökologischen Feldstudien mit sozio-ökonomischen und 

ethnobotanischen Interviews einen umfassenden Einblick in quantitative und qualitative 

Vegetationsveränderungen und deren Folgen für die ländliche Bevölkerung. Eine 

schwindende Verfügbarkeit von ökonomisch wichtigen Arten wird aufgezeigt sowie die 

Konsequenzen für die ländliche Bevölkerung in westafrikanischen Savannen. Darüber 

hinaus sind die bereitgestellten Daten dieser Studie, beispielsweise zu NTFP-

Abhängigkeiten und Nutzungspräferenzen von unterschiedlichen sozio-ökonomischen 

und kulturellen Faktoren, eine solide Basis für Entscheidungen in Managementplänen. 
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SUMMARY 

Savannas provide essential ecosystem services for human well-being in West Africa. 

Thus, human-induced land use changes in West African savannas not only directly affect 

their biodiversity but also human livelihoods. Human land use considerably shaped 

these savanna ecosystems for millennia, particularly agriculture, livestock grazing, 

logging and the collection of non-timber forest products (NTFPs). NTFPs are wild plant 

products and comprise all organic matter from herbaceous plants, shrubs, and trees 

(excluding timber). Agriculture is practiced in form of agroforestry systems (combined 

crops and trees) and shifting cultivation, where crop production is followed by fallow 

periods, creating a mosaic of fields, fallows of different age and uncultivated tree, shrub 

and grass savannas. NTFPs are an essential part of the agroforestry systems and 

contribute significantly to local livelihoods. However, current increasing land use 

pressure through fast demographic changes is widely esteemed as a severe threat for 

savanna biodiversity and the socio-economy of rural communities. Population growth, 

increased agricultural production and expansion of agricultural land already led to a 

shortening of fallow periods, which negatively affects biodiversity and consequently the 

availability of NTFP providing species. Changes in NTFP-providing species availability 

might include changes in composition and diversity of economical valuable tree and 

shrub species, but also of diverse important herbaceous fodder species in West African 

savannas. In consideration of the pivotal role of NTFP species for biodiversity and 

livelihoods, it is important to evaluate the effect of increasing land use change on 

savanna vegetation and on its provisioning service for human well-being. This is 

particularly important to potentially counteract a degradation of savanna ecosystems 

and to maintain important NTFP species for rural livelihoods. Thus, the major aim of this 

thesis is to investigate the impacts of land use intensification on vegetation composition, 

diversity and function and its consequences for provisioning ecosystem services (NTFPs) 

and human well-being in a West African savanna. 
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The research for this study was conducted in the North Sudanian vegetation zone of 

south-eastern Burkina Faso. Generally, Burkina Faso belongs to the worldwide poorest 

countries. Nearly one quarter of Burkina Faso’s population suffers from malnutrition 

(FAO 2014). The integration of NTFPs and particularly wild food species into rural 

households’ economies is, thus, an important measure in the national combat against 

poverty and food insecurity (FAO 2014). I thus conducted my research in rural areas of 

two provinces Gourma and Kompienga that are subject to distinct population growth 

that exceeds the nationwide trend.  

Against this background, my thesis focuses on vegetation changes, the economic 

importance of NTFPs as well as the decrease and substitution of wild food species. This 

thesis consists of four major research studies. Taken together, investigations on changes 

in vegetation composition, diversity and plant functional trait development are 

combined with their consequences for rural livelihoods in a West African savanna. 

In project I, I compared a baseline survey of the early 1990s with recent vegetation 

resurveys. Different vegetation types of different fallow age as well as uncultivated 

types on varying soils were resurveyed by considering the woody and the herbaceous 

layer. In total, 97 woody and 110 herbaceous relevés were conducted in 2012 and 2013 

and compared to 100 woody and 163 herbaceous relevés from the period of 1990 to 

1994. Thus, for both vegetation layers, changes in species composition and diversity 

were analysed over two decades. In order to understand the mechanisms behind these 

changes that explain species ecological responses, measurements on plant functional 

traits for all species of the relevés were conducted (project II). In this way, the 

relationship between changes in species diversity and plant functional trait responses 

with land use intensification are analysed. In general, the results suggest that land use 

change led to more pronounced changes in the herbaceous than in the woody 

vegetation layer. Most woody vegetation types stayed stable in species composition and 

richness, even though some highly useful tree species (Vitellaria paradoxa, Parkia 

biglobosa) declined in some woody vegetation types. In contrast, in most herbaceous 

vegetation types species richness increased and species composition considerably 

changed. This change might be explained by a general ruderalisation process through a 

pronounced increase of wide-ranging, short lived species in the herbaceous vegetation 
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types. The marked increase of ruderal species additionally led to a homogenization of 

the herbaceous vegetation types. However, in spite of a general species increase in the 

herbaceous layer, a decrease of preferred herbaceous fodder species was found. With a 

further increase and spread of ruderal species in the future, rare herbaceous species 

might show a decline in species richness. Thus, in spite of mainly stable and increasing 

species richness (for the woody and herbaceous layer, respectively), the decline of 

useful species is, however, alarming. Herbaceous vegetation types with a greater change 

in diversity and composition also showed more pronounced changes in plant functional 

trait characteristics in comparison to woody vegetation types. Moreover, an increase of 

smaller plant species and species with a high diaspore terminal velocity (VTerm) was 

found in both vegetation layers. Since these two trait responses are generally related to 

grazing and browsing, the strong increase of livestock herds is likely to be responsible for 

the detected vegetation changes. Therefore, combining both projects (I and II), I 

received insight into the major driving factor of vegetation change, the impact of 

livestock. Both studies have further shown that studies on the basis of vegetation type 

are needed. They should incorporate both the herbaceous and the woody layer but 

should evaluate them separately to further thoroughly study the impact of land use 

change in highly sensitive savanna ecosystems.  

Since savanna vegetation contributes considerably to local human well-being, project III 

and IV specifically focus on the relationship of the rural human population and the 

vegetation. Moreover, I relate detected vegetation changes of project I and II to 

potential consequences for the local human population.  

In project III and IV, income from NTFPs and most important wild food species as well as 

their substitutes in case of species shortfall were investigated based on 155 household 

interviews in two villages. In West Africa, NTFPs play a major role for rural people’s life 

and food quality. The actual contribution of NTFPs to households’ economies in rural 

areas of Burkina Faso is however still rarely known. Project III, therefore showed the 

importance of NTFPs for rural household economies. NTFPs accounted for 45 % of the 

total household income. The household characteristics ethnicity, village, farmland size, 

and number of cattle had a significant effect on total household income and on NTFP 

dependency. Specifically, significant differences in NTFP dependency between the two 
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investigated villages and across the three main ethnic groups (Gourmantché, Mossi, 

Fulani) were detected, reflecting different species compositions in their surroundings as 

well as different traditional uses and harvesting practices. In general, it was shown that 

poorer households depend more on NTFP income than wealthier households and that 

NTFP-income contributes to an equalisation of households’ income. The study showed 

that NTPFs are of great importance for the income to rural household economies. 

Against the background of this study, I recommend that management strategies for 

agroforestry systems and poverty alleviation should consider local differences, 

household characteristics as well as specific ethnicity-dependent NTFP-use patterns.  

Freely accessible wild food species contribute to quantity and quality of rural 

populations’ diets in West Africa. Project IV focused on local perceptions of wild food 

species dynamics and found that 20 of 21 useful food species were woody species, 

which all were widely considered to decline. The two economically most important tree 

species, the shea tree (Vitellaria paradoxa) and the locust bean tree (Parkia biglobosa) 

that contribute with 70% to wild food income, were considered among the most 

declining species of all cited wild food species. For the two economically most important 

wild food species, local perceptions of species decline and results from field 

observations of project I are in accordance. To estimate rural communities’ 

vulnerabilities to changes in species richness and abundance, I focused on the potential 

substitution preferences of wild food species in case of their shortfall and the influence 

of socio-economic variables on the substitution choice. The wide range of cited 

substitutes for the ten most important wild food species indicates a great knowledge on 

alternative plant species in the area. For most of the important wild food species, the 

substitution choice did not depend on socio-economic characteristics. Cited as surrogate 

for several important wild food species, the native tree Balanites aegyptiaca was the 

most important substitute species, yet it was also considered declining. Most wild food 

species are, however, substituted by other highly valued wild food species. Although our 

results suggest that rural communities are able to cope with the decrease or absence of 

wild food species, growing decline of one species would concurrently increase the 

pressure on other native food species. Therefore, the need to counteract the decrease 

of highly useful wild food species should be of high priority in management measures. 
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Overall, the combination of field studies on temporal and functional vegetation change 

with socio-economic and ethno-botanic interviews increases the knowledge on 

qualitative and quantitative vegetation changes and on the consequences for rural 

populations. This thesis gives a thorough insight into decreasing trends of economically 

valued plant species and thus gives evidence on the consequences of vegetation 

changes for ecosystem services of West African savanna ecosystems. Further, different 

NTFP-dependencies and use preferences according to socio-economic and cultural 

variables, such as ethnicity, present a valuable basis for specific decision-making and 

should be considered in management plans.  
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1 GENERAL INTRODUCTION 

Natural and human induced changes and disturbances of the environment are jointly 

referred to as global environmental change. The most severe driver of global 

environmental change is land use change, which is followed by climate change (Sala et 

al. 2000). These environmental changes directly affect ecosystems, their biodiversity and 

not least ecosystem services (Sala et al. 2000; Newbold et al. 2014; Sonter et al. 2017). 

By providing a range of benefits i.e. food, water, air quality, erosion control and 

recreation, ecosystems are crucial for human well-being. Therefore, ecosystem change 

through land use intensification affects human well-being in multiple ways, such as 

potential decrease in wild food availability or decreasing regulation capacity of 

ecosystems (MA 2005). It is known that degradation of ecosystems mainly affects 

poorest people in rural areas, such as in West African savannas (Heubach et al. 2011). 

However, the manifold consequences of land use intensification, driven by rapid 

demographic and socio-economic changes in West Africa (Ouédraogo et al. 2010; 

Hollinger and Staatz 2015), are still controversially discussed. 

 

1.1 WEST AFRICAN SAVANNA ECOSYSTEMS 

Savannas cover half the area of the African continent and one eighth of the earth land 

surface. In general, savannas are defined as ecosystems with a continuous herb layer 

and a discontinuous tree layer (Scholes and Archer 1997). In West African savannas, 

rainfall increases from the Sahara southwards and accordingly three different vegetation 

zones are distinguished. In the northernmost Sahelian zone annual rainfall ranges from 

200-600 mm, in the Sudanian zone from 600-1200 mm, and in the southern Guinean 

zone it is above 1200 mm (Scholes and Walker 1993). Along this precipitation gradient, 

woody cover and general plant species richness increases from the North to the South 
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(Schmidt et al. 2005). Other natural factors shaping savanna structure, composition and 

distribution are topography, nutrient availability in soils, frequency of fires, and large 

herbivores (Scholes and Archer 1997; Bond 2008). However, one of the most important 

factors is human impact. Savanna ecosystems were shaped by human land-use for 

millennia. Despite a millennia-long human influence, savannas are anticipated to rank 

among the worldwide most sensitive ecosystems to land use and climate change (Sala et 

al. 2000).  

 

1.2 LAND USE IN WEST AFRICAN SAVANNAS 

In West African savannas, major human land-uses include agriculture, grazing, logging, 

and harvesting of wild plants. Agriculture is mainly practised in form of shifting 

cultivation where crop production is followed by fallow periods, creating a mosaic of 

fields, fallows of different age and uncultivated tree, shrub and grass savannas. Ideally, 

this system recovers soil fertility as a function of fallow length and tree density 

(Mendoza-Vega and Messing 2005; Devineau 2005). During field clearing for cultivation, 

some highly useful tree species (e.g. Adansonia digitata, Vitellaria paradoxa, Parkia 

biglosbosa) are spared since they considerably contribute to local livelihoods in rural 

savanna areas (Heubach et al. 2013). Therefore, species rich agroforestry systems with 

scattered trees known as the typical open parkland savannas, have developed. Apart 

from pruning and slashing, one traditional field clearing method is fire setting in the 

beginning of the dry season when higher plant water content ensures low fire intensity 

(Sawadogo et al. 2005). Low fire intensity is especially important for highly useful tree 

species, since it increases their survival rate compared to fires with high intensity at the 

end of the dry season (Ouédraogo et al. 2009). Additional to agricultural production, 

extensive livestock breeding is an essential part of West African land use systems. Mixed 

herds of cattle, goat and sheep rotationally graze (on herbs and grasses) and browse 

(feeding on leaves) in all land use types. By trampling, grazing and browsing, savanna 

vegetation is opened up. Another important land use in West African savannas is the 

collection of wild plants for different purposes, such as wood for cooking and 
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construction, fodder for animals, edible plant parts for consumption and medicinal 

plants for health care. These plants are freely accessible and their harvest contributes to 

an opening of the savanna ecosystem (Shackleton 1993). 

 

1.2.1 Land use change and its impact on West African savanna vegetation 

With increasing population growth in West Africa (Ouédraogo et al. 2010; INSD 2013), 

pressure on available land generally increased (Kleemann et al. 2017), including 

agricultural expansion and intensification (Brink and Eva 2009) and reduction of fallow 

lengths. For example, previously neglected sites on unfavourable, shallow soils have 

been included for crop cultivation throughout the last decades in order to increase the 

use rate of available fields. Moreover, increasing cash crop production, such as 

cultivation of cotton involves an increasing use of pesticides and fertilisers and threatens 

biodiversity (Baudron et al. 2009). Apart from agricultural intensification, population 

growth is accompanied by growing livestock herds. Livestock are nowadays the major 

herbivores in savannas, since large herbivores are increasingly hunted out (Fa et al. 

2002). Therefore, growing livestock herds are anticipated to have a considerable effect 

on savanna vegetation. In terms of vegetation composition, increased grazing pressure 

may lead to a decline of perennial grass species cover and abundance, possibly 

accompanied by a concurrent increase of woody species cover (Brown and Archer 1999). 

Increased trampling through growing livestock herds can further decrease soil porosity 

that hampers infiltration and water flow of soil water. Furthermore, the increase of the 

human population goes along with an increased harvest of wild plant species (Wessels 

et al. 2011) for subsistence use as well as for cash income. All mentioned land use 

changes have direct impacts on the biodiversity, function, composition and structure of 

savanna vegetation (Wittig et al. 2007; Ouédraogo et al. 2010; Kalema et al. 2015) as 

well as on soil fertility (Gray 1999; de Ridder et al. 2004).  

Beyond the vegetation response to different land uses and land use intensification, 

other factors, such as climate change might have considerable effects on vegetation 



1.2 Land use in West African savannas 

25 

 

development in the future. Moreover, effects of land use on vegetation development 

might vary in combination with a changing climate. The African continent is anticipated 

to underlie severe climatic changes in the future. For all of Africa increasing 

temperatures are projected for the future (IPCC 2007). Where a general decrease in 

precipitation is projected for northern and southern Africa, East Africa is expected to 

experience an increase in rainfall. However, especially for West Africa south of the 

Sahel, projections vary widely from a drying trend to an increase of precipitation (IPCC 

2007; IPCC 2013). Notwithstanding those differing projections, an increase in extreme 

weather events as well as an increase in extreme wet seasons (enhancement of summer 

monsoon rainfall) is common to several projections (IPCC 2007; IPCC 2013). Heubes et 

al. (2013) projected a future “greening” trend over large areas of West Africa by using a 

vegetation model focusing on future climate change. In contrast, including human 

impact, a degradation of forests was projected in the same study. Further, a study 

focusing on northern Benin, projected effects of future climate and land use change for 

the year 2050 on three important NTFP species (Heubes et al., 2012). The authors 

suggested a decrease of all three NTFP species that leads to an economic loss of up to 

50 % per species. Therefore, comprehension of local economic constraints and 

incentives for conservation, utilisation or destruction of natural resources are crucial to 

understand results and implications of environmental change. The understanding of 

these local values and constraints are hence indispensable for policy decisions and 

management strategies (Cavendish 2002). 

Comprehensive assessments of the impact of land use changes on vegetation and 

biodiversity require long-term observations, which are a central measure in land use 

ecology. In the Sahelian zone, a range of long-term studies were based on remote 

sensing and detected either a desertification process since the 1980s (Hountondji et al. 

2006) or an opposite trend towards greening and increased vegetation cover (Olsson et 

al. 2005; Ali and Lebel 2009; Hänke et al. 2016). Moreover, for the Sahelian savannas, a 

species shift to the south is currently recognised. A range of former Sahelo-Sudanian 

species have nowadays disappeared and other former to the Sahel restricted species 

occur increasingly in the Sudanian vegetation zone (Gonzalez 2001; Wittig et al. 2007). 

For Sudanian savannas, repeated field studies covering a larger time span are rarely 
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available or, to the best of our knowledge, even absent, with one exception: a study on 

permanent plots in a Sudanian savanna in Burkina Faso (Savadogo et al. 2008). 

Specifically focusing on grazing over one decade, it revealed that growing livestock herds 

augment the richness of short lived, fast growing grass and unpalatable plant species. 

Other existing studies on land use changes in Sudanian savannas have been conducted 

by comparing protected and cultivated areas (Devineau et al. 2009; Nacoulma et al. 

2011; Schmidt et al. 2016). In general, the impact of land use on plant diversity in the 

Sudanian zone appears to be vegetation type specific and layer specific, as vegetation 

layers (woody vs. herbaceous) react contrarily to human disturbance (Devineau et al. 

2009; Nacoulma et al. 2011). Moreover, herbaceous species showed higher sensitivity to 

environmental factors (e.g. soil pH, soil texture) compared to adult woody species 

(Devineau and Fournier 2007). In response to augmented human disturbance in eastern 

and south-eastern Burkina Faso, herbaceous species richness was shown to decrease 

with increasing human disturbance, whereas woody species richness was not affected 

(Nacoulma et al. 2011; Schmidt et al. 2016). In contrast, Devineau et al. (2009) found 

decreasing woody species richness and increasing herbaceous species richness with 

increasing land use in western Burkina Faso.  

In the light of land use intensification in West African Sudanian savannas, it is thus of 

high interest to gain insights into specific effects of land use change on aspects of 

vegetation composition and diversity, which directly influence human livelihoods. Thus, 

to precisely investigate these vegetation changes, long term repeated vegetation 

samplings are essential. Moreover, for a better understanding of the observed changes 

and their mechanisms, approaches which go beyond the analysis of species composition 

and diversity changes are required, such as analysis on changes in plant functional traits. 

 

1.3 HOW DO PLANT FUNCTIONAL TRAITS EXPLAIN VEGETATION CHANGE? 

The studies mentioned above mainly comprise vegetation surveys to analyse changes in 

plant diversity and species composition. In order to understand the mechanisms lying 
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behind the observed changes, it is however important to include specific explanatory 

variables. In past years, plant functional traits have increasingly been used in order to 

provide insights into spatial and temporal vegetation dynamics (Westoby and Wright 

2006). Species are different in ecological requirements and their functional traits help to 

relate vegetation changes to impact factors such as land use and its dynamics. Studies of 

plant functional traits along land use and environmental gradients help to estimate the 

ecological response of the communities’ species. In other words, plant functional traits 

reflect species ecological strategies to environmental factors (Lavorel et al. 1997) and 

can therefore be used to explain observed changes in species diversity and composition. 

For example, the trait plant life span (annuals, perennials) was shown to respond to land 

use intensification with an increasing share of short lived annuals (McCune and Vellend 

2015). To further assess effects of human caused disturbances other vegetative traits 

are indicated, such as plant height (Díaz et al. 2007) and specific leaf area (SLA) (McCune 

and Vellend 2015). For detecting changes of the reproductive biology of plant 

communities due to land use, seed traits (seed mass, seed production, terminal velocity 

(VTerm), seed dispersal types) are good parameters by indicating the dispersal ability. 

Seed traits and vegetative reproduction traits, such as clonal growth and storage organs, 

constitute promising approaches to investigate effects and consequences of 

intensification of land use. In this way, plant functional traits can be used to identify 

patterns and processes in vegetation change by relating observed land use effects to 

biological attributes (plant functional traits) of the communities’ species (McIntyre et al. 

1995).  

In temperate vegetation zones, plant functional responses to land use changes, 

disturbances and habitat have been investigated in many studies. In contrast, in West 

African savanna ecosystems, the functional trait concept is still comparatively under-

represented, but recently increasingly applied (Devineau and Fournier 2005; Guo et al. 

2016). However, with some exceptions (Devineau and Fournier 2005), most studies 

focused on either intraspecific trait variability (Lankoandé et al. 2015; Lankoandé et al. 

2017) or on specific taxonomic groups (Schmidt et al. 2011; Bocksberger et al. 2016), 

solely used literature data or categorical traits or focused on only few single traits 

(Holmgren and Poorter 2007; Guo et al. 2016). Broad investigations of a wide range of 
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traits of vegetation inventories including all life forms (woody and herbaceous layer) are 

still rare in West African savannas. Yet, such studies are of great importance to grasp 

patterns of vegetation change in a highly human disturbed savanna ecosystem. 

 

1.4 EFFECTS OF LAND USE CHANGE ON PROVISIONING ECOSYSTEM SERVICES  

Like all ecosystems, savannas provide several ecosystem services, defined as multiple 

benefits that people obtain from ecosystems. However, the most obvious ecosystem 

services are provisioning services, defined as products obtained from ecosystems (MA 

2005). Provisioning services include non-timber forest products (NTFPs), timber, fresh 

water and fuel. NTFPs are an important provisioning service in West African savanna 

ecosystems that contribute considerably to rural livelihoods (Heubach et al. 2011). In 

that way, changes in the availability of NTFPs through land use change have direct 

effects on human well-being (MA 2005).  

 

1.4.1 Non-timber forest products (NTFPs) for livelihoods in West African 

savannas 

According to Belcher (2003), NTFPs are organic matter other than timber for human use 

that derive from forests, woodlands and agroforestry systems. More specifically, 

gathered fruits, nuts, vegetables, fish, game, medicinal plants, bark, gum, leaves, 

grasses, and small wood products like firewood and chew-sticks are considered as NTFPs 

(Belcher 2003; CIFOR 2011).  

NTFPs are usually freely accessible, serve as firewood, food, medicine, construction and 

fodder and offer a safety net in times of income gaps through crop shortfalls, 

catastrophes, illness etc. (cf. Malleson et al. 2014; Shackleton & Pandey 2014). 

Therefore, NTFPs contribute to a diversification of livelihood strategies that lead to 

increased flexibility, resilience and stability and make households less vulnerable (Ellis 
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1999). For harvesting, no high skill levels are required and it is realized without 

expansive equipment (Angelsen and Wunder 2003). NTFPs are mainly consumed on a 

subsistence level but can also be integrated into the market with low effort (Campbell 

and Luckert 2002). Therefore, NTFPs provide a livelihood income source particularly for 

the very poor (Kamanga et al. 2009), which usually depend more on income derived 

from NTFPs than higher income households (Vedeld et al. 2007). Therefore, NTFPs 

contribute in various ways to reducing food insecurity, facilitating sustainable livelihoods 

and alleviating poverty. The use of non-timber forest products (NTFPs) has a long 

tradition in rural West African communities, where NTFPs and food security are highly 

linked (Belcher et al. 2005). 

In West African savannas, a great number NTFP-providing plant species are collected. 

Yet, most important NTFP species are mainly woody species. Thus, up to now, primarily 

woody species usage has been investigated in West Africa. Various studies investigated 

woody species of high use value and differentiated local use-preferences for example 

among villages (Lykke et al. 2004b; Heubach et al. 2013). Koadima (2008) identified 53 

and Lykke et al. (2004) 56 useful multipurpose woody species in south-eastern and 

northern Burkina Faso. In several case studies carried out in northern Benin, 76 to 124 

woody species were found to be integrated into the daily household use for different 

purposes (Vodouhê et al. 2009; Sieglstetter et al. 2011; Heubach et al. 2013). As a result 

of land use intensification, plant species that provide ecosystem services such as NTFPs 

are also anticipated to decrease in abundance and frequency and even (local) extinction. 

An ethnobotanic study in the Sahel of Burkina Faso showed that all cited NTFP-species 

were considered to be declining to some degree (Lykke et al. 2004b). These subjective 

perceptions of species changes by interviewees corresponded to results of vegetation 

samplings conducted in the same area some years earlier (Lykke et al. 1999). Whether 

local people’s impressions on species abundances correspond with field vegetation data, 

would thus also be interesting to investigate in other vegetation zones, such as the 

Sudanian.  

A shortfall in NTFP delivering species directly affects livelihoods and its services (food, 

fodder, medicine etc.) and need to be surrogated in another way (Heubach et al. 2016). 

It has been shown that general valuation and use preferences of NTFP species differ 
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according to ethnicity due to different traditions (Segnon and Achigan-Dako 2014). 

However, differences of the economic importance of NTFPs according to ethnicities are 

still only rarely investigated. Furthermore, other socio-economic components such as 

geographic location, households land holdings and interviewees’ age have been shown 

to influence species choices in West Africa (Kamanga et al. 2009; Vitoule et al. 2014; 

Zizka et al. 2015).  

 

1.4.2 Valuation of NTFPs 

Understanding the value of NTFPs is important for policy, poverty alleviation and 

conservation strategies. It can influence policy debates, decisions for rural development 

and poverty alleviation strategies. Decisions for privatisation of common land, 

intensification of agricultural land use or for the establishment of protected areas can be 

influenced by knowledge on the use of common lands and its income share (Cavendish 

2002). To examine the role of NTFPs in rural livelihoods, Cavendish (2002) proposed a 

method to quantify NTFPs in monetary values.  

Studies on the economic importance of NTFPs in rural areas have globally increasingly 

been carried out, in the last decade. However, in national statistics as well as in 

management strategies to counteract poverty and malnutrition, the contribution of 

NTFPs is usually underestimated as many use categories as well as general subsistence 

use of NTFPs remain unreported (Wahlén 2017). One reason for the underestimation of 

the contribution of forests and other natural ecosystems to economies is that most 

products from forests, such as NTFPs, are commonly not traded on formal markets and 

many studies only include marketed NTFPs. Therefore, in the last decade, several studies 

investigated the value of NTFPs and their economic contribution to livelihoods (as 

subsistence and cash income) in rural African areas. The economic contribution of NTFPs 

to households in Sub-Saharan Africa vary enormously, from 15% in southern Malawi 

(Kamanga et al. 2009) to 47% in south-western Ethiopia (Melaku et al. 2014). In West 

Africa, economic contributions of NTFPs to total household income vary from 12% to 



1.4 Effects of land use change on provisioning ecosystem services 

31 

 

35% in south-west Burkina Faso and south Ghana (Ouédraogo et al. 2013; Pouliot and 

Treue 2013) and 39% in northern Benin (Heubach et al. 2011). These studies show that a 

range of studies in different regions of Sub-Saharan Africa have already investigated the 

economic share of NTFPs to local households. Though, in the North Sudanian vegetation 

zone of West Africa corresponding studies still remain scarce. Beyond that also 

importance of geographic location and household characteristics such as social and 

economic variables (i.e. ethnicity, age, land holdings) has so far rarely been focused on 

in the above mentioned economic studies, with the exception of Heubach et al. (2011). 

However, since general NTFP use-preferences vary according to these diverse 

households’ characteristics (Vitoule et al. 2014; Segnon and Achigan-Dako 2014; Zizka et 

al. 2015), income share is also likely to depend on them. 

Moreover, due to different methods for NTFP income calculations applied in the 

economic studies mentioned, comparisons between studies are difficult to make. For 

example, some studies only included marketed NTFPs, others included all harvested 

NTFPs. Also the question whether to include or exclude income from freely accessible 

fodder consumed by grazing and browsing livestock is handled differently. Therefore, in 

our study, in order to directly compare our findings with a study carried out in the South 

Sudanian zone (Heubach et al. 2011), we used the same approach.  

 

1.4.3 Wild food species: decrease and substitution 

In West Africa, a high number of NTFP-providing species serve as additional source for 

nutrition. Segnon and Achigan-Dako (2014) e.g. identified 115 woody and herbaceous 

wild food species in different regions of Benin. These wild food species have several 

advantages. Firstly, they are freely available in communal land, such as in woodlands 

and around villages. Edible plant parts like fruits, seeds, flowers and leaves secondly add 

to the quantity and quality of cultivated goods. They are an important supplement to 

the otherwise often unbalanced diet with minerals and vitamins (Lykke et al. 2002). For 

example, the shea tree (Vitellaria paradoxa), one of the most important NTFP-providing 
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species (Heubach et al. 2013), provides considerable quantities of protein and minerals 

in its fruit pulp (Teklehaimanot 2004). However, economically more important is the 

seed of the shea tree, source of fat and most important cooking oil in Sudanian 

savannas, which contributes with 12% to poorest households’ income in southern 

Burkina Faso (Pouliot 2012). Furthermore, the seeds of the likewise important locust 

bean tree (Parkia biglobosa) contribute considerably to local household revenues in 

rural south-western Burkina Faso (Kronborg et al. 2013).  

Another important role of NTFPs and especially of wild food species is their value for the 

local culture since food preferences are closely interlinked with culture and ethnicity 

(Bharucha and Pretty 2010; Assogbadjo et al. 2012). There are a range of wild food 

species that are essential components of most preferred and frequently prepared dishes 

in West Africa. Examples are dishes with the local spice (soumbala), prepared of the 

seeds of the locust bean tree, Parkia biglobosa (Teklehaimanot 2004), or the leaves of 

the baobab, Adansonia digitata, consumed as ingredient of local sauces (Schumann et 

al. 2010). In that way, wild food species are a precious part of local traditions and their 

decrease is hence closely interlinked with a decline of traditional lifestyles (Bharucha 

and Pretty 2010). 

Like NTFPs in general, wild food species can serve as a safety net in times of shocks, such 

as catastrophes or crop shortfalls. As wild food species have very different leafing, 

flowering and fruiting phenologies in West Africa (Seghieri et al. 2009), some food 

products are also available during the dry season, the so called “hungry season”, when 

agriculture is not practised (Kamwi et al. 2015). Hence, wild food products can 

contribute to counteract famine periods and increase food security, especially important 

at the end of the dry season and before the harvest season of crops. Thus, wild food 

species serve as gap fillers and especially as vitamin substitute in times of possible crop 

shortages (Tata Ngome et al. 2017).  

Due to their importance for local livelihoods in West Africa, some wild food providing 

tree species (e.g. Vitellaria paradoxa, Parkia biglobosa, Adansonia digitata, Lannea 

microcarpa Tamarindus indica, Sclerocarya birrea) are protected by farmers in 

agroforestry systems, whereas other trees are cut down. Nevertheless, the preservation 



1.4 Effects of land use change on provisioning ecosystem services 

33 

 

status varies amongst these protected wild food species. Despite of multipurpose use, 

Adansonia digitata and Vitellaria paradoxa e.g. are still well preserved in communal land 

and show a stable or even higher fruit production than in protected land (Schumann et 

al. 2010; Akpona et al. 2016). However, some non-protected edible woody species, such 

as Bombax costatum are negatively affected by human activities (Schumann et al. 2016) 

and a general decrease of woody species richness in the Sudanian savanna with land use 

intensification indicates a decrease of other also useful woody species. Therefore, in the 

recent years, there is growing concern of a decrease of NTFP-species and specifically of 

wild food species accompanied by land use change (Brink and Eva 2009; Wessels et al. 

2011). In Benin, the three economically most important multipurpose wild food species 

Vitellaria paradoxa, Parkia biglobosa, Adansonia digitata are projected to considerably 

decrease until 2050 due to climate and land use change projections, resulting in 

considerable losses of economic returns (Heubes et al. 2012). Apart from increasing 

economic insecurities, a shortfall of wild food species seriously affects local people’s 

food and nutrient supply and increases households’ vulnerability to crises like crop 

shortfalls (Shackleton and Pandey 2014). Thus it is important to know if and how local 

communities could replace those highly valuable, though declining, wild food species 

with other products, which can be other wild food species, cultivated plants or even 

purchased products. For the above mentioned three most important wild food species, a 

case study revealed that substitution choice differed among the investigated ethnic 

groups as well as among income groups (Heubach et al. 2016).  

In order to obtain adequate management strategies for natural resources, which also 

match rural people’s interests, there is a need to further investigate rural people’s 

preferences for wild food species as well as subjective perceptions of changes in wild 

food species availability. Moreover, a decrease of wild food species availability raises the 

question how local communities potentially replace those species, which considerably 

contribute to income and nutrition. Social and economic differences of rural households 

in West African savannas implicate that substitution choices also differ between them. 

Hence, it is of great interest to investigate diverging substitution choices to develop 

appropriate management recommendations. 
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1.5 STUDY AREA 

Since in project I, I conducted a vegetation resurvey of a study (baseline survey) of the 

early 1990s by Hahn-Hadjali (1998), the same study area in a North Sudanian savanna in 

south-eastern Burkina Faso was chosen: the province Gourma and further south the 

province Kompienga. 

The climate of the North Sudanian zone of Burkina Faso is characterized by a dry season 

from October to April/May and a rainy season from May/June to September. The mean 

annual precipitation increased slightly from about 850 mm (1985-94) to 870 mm over 

the past two decades (1994-2013) (Direction Générale de la Météorologie du Burkina 

Faso). In Gourma, population almost doubled from 1985 until 2006 (from 16 to 28 

people per km2), which corresponds to the nationwide trend and in Kompienga it even 

tripled in the same period (from 3 to 11 people per km2) (INSD 2013). Accompanying this 

development, land use has been intensified: livestock herds increased by about 25% in 

size (Ministere des Ressources Animales 2010; INSD 2014) and the production of cotton 

tripled from 2003 to 2014 (from 17200 to 60700 tons) in the eastern region, which is 

considerably more than nationwide, where it less than doubled (INSD 2014). The main 

soil types in the study areas are Vertisols, vertic Cambisols, Acrisols and Leptosols (often 

on lateritic crusts) (Hahn-Hadjali 1998).  

Within the study area, the following three ethnic groups represent the vast majority of 

inhabitants: the autochthon Gourma, the migrated Mossi and Fulani. Both, the 

Gourmantché and the Mossi are mainly agriculturalists. The Fulani are originally semi-

nomadic pastoralists, while most Fulani have nowadays also settled and practise both, 

agriculture and extensive livestock breeding. 

Generally, Burkina Faso belongs to the worldwide poorest countries. According to the 

Human Development Index (HDI) Burkina Faso belongs to the low human development 

category and it is positioned at rank 185 out of 188 countries (UNDP 2016). Nearly one 

quarter of Burkina Faso’s population suffers from malnutrition (FAO 2014). Therefore, 

the integration of NTFPs and particularly wild food species into rural households’ 



1.6 Aims and scopes of this thesis 

35 

 

economies is an important measure in the national combat against food insecurity and 

poverty (FAO 2014). 

 

1.6 AIMS AND SCOPES OF THIS THESIS 

The aim of this thesis is to investigate the impact of land use intensification over two 

decades on vegetation composition, diversity and plant functional traits and its 

consequences for provisioning ecosystem services (NTFPs) in a West African savanna. 

Furthermore, I aim to give insights into how shortcomings of wild food species might be 

counteracted in the study area. Specifically, this thesis comprises four research projects: 

Project I Vegetation changes over the past two decades in a West African savanna 

ecosystem 

Project II Plant functional trait responses to vegetation changes over two decades 

in a West African savanna ecosystem 

Project III The contribution of non-timber forest products (NTFPs) to rural 

household revenues in two villages in south-eastern Burkina Faso 

Project IV Substitution of the most important and declining wild food species in 

south-east Burkina Faso 

In this thesis, I combine investigations on changes in vegetation composition, structure 

and species diversity over two decades (project I) with analysis on communities’ plant 

functional trait development (project II). In that way, I aim to understand diversity and 

composition changes by focusing on patterns of communities’ ecological strategies to 

environmental change (and land use change) and provided insights into vegetation 

responses to disturbance on different scales. Furthermore, the combination of studies 

on temporal vegetation development (project I) with socio-economic and ethno-botanic 

interviews (project III and IV) increases the knowledge on qualitative and quantitative 

vegetation changes and changes in the availability of economically valued plant species. 

I study the use and economic value as well as the change and substitution of useful plant 
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species by rural communities in West African savannas. The specific combination of 

methods chosen in this study enables to bring local perceptions of changes in vegetation 

abundances together with field studies on species and functional change over two 

decades. It gives evidence on the consequences of vegetation changes for ecosystem 

services of savannas and sheds light on different NTFP-dependencies, use preferences 

and substitution choices according to socio-economic and cultural variables, such as 

ethnicity. 

 

1.6.1 Project I 

Increasing land use pressure in West African savannas has direct impacts on ecosystems 

and biodiversity. To study vegetation changes, long term vegetation observations are 

highly important, but widely lacking in West African savannas. Thus, in project I, we aim 

at investigating vegetation changes due to land use intensification in a region of 

increasing population growth, by investigating and comparing fallows and grazing land 

over two decades. We resurveyed the main vegetation types of the study area and 

thereby obtain a very detailed insight into changes of vegetation types of different land 

use units (fallow and grazing land). One main objective is to investigate species 

composition and diversity change in the woody and herbaceous layer, respectively. 

Based on studies comparing vegetation change in protected and communal land, we 

expect a species richness decrease in both woody and herbaceous layer, though with a 

more sensitive reaction of the herbaceous species. Since on frequently cultivated sites 

(short fallow cycles), soil nutrients decrease, we assume that changes of vegetation 

composition and diversity on young fallows are more pronounced than in vegetation 

types on non-cultivated grazing land. In order to test the hypothesis, we conducted a 

vegetation resurvey in 2012-13 of vegetation relevés sampled in 1990-94 (baseline 

survey) in two provinces in south eastern Burkina Faso (Hahn-Hadjali 1998). 

With the resurvey of historical data, which has rarely been performed for West African 

savannas, we seek to answer the general question:  
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Q1: How did savanna species composition, diversity and structure change with 

increasing land use pressure over the past two decades?  

Moreover, we raised the two following specific research questions: 

Q2: Are the impacts of land use change different in the woody and herbaceous 

layers?  

Q3: Does the effect of land use change differ between vegetation types?  

 

1.6.2 Project II 

In order to understand the mechanisms behind changes in vegetation diversity and 

composition, a wide range of studies analysed the functional trait diversity in plant 

communities and their response to land use change. However, corresponding studies in 

West African savanna ecosystems still remain scarce. In project II, we hence aim to 

analyse vegetation responses to land uses to better understand the observed changes in 

diversity and species composition of project I. By investigating changes in plant 

functional traits between a baseline vegetation study in the early 1990s and a current 

study (resurvey) in the same region, we obtain insights into plant community functional 

response patterns to land use intensification. In that way, we are able to analyse plant 

ecological strategies, such as changes in life span, morphological traits reproductive 

biology, and dispersal modes.  

For project II, the following research question is addressed: 

Q4: How do plant functional traits respond to vegetation changes over the past 

two decades? 
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1.6.3 Project III 

Non-timber forest product (NTFP)-providing species are an integral component of West 

African savannas, and contribute significantly to local livelihoods. Although their 

importance is generally acknowledged, only little information on their economic 

contribution to household revenues is available for this region. Therefore, in project III, 

our overall aim is the quantification of the NTFP-contribution to annual household 

incomes in two villages of south-east Burkina Faso. Due to well-known differences in 

traditions among ethnic groups, we additionally aim at examining whether NTFP income 

and dependencies differ according to ethnic affiliations. Further, we aim at identifying 

most important factors for NTFP dependency. Hence, we tested different socio-

economic variables (village, age, education, number of women in household, farmland 

size, number of cattle, off-farm income) against total and relative NTFP income as well 

as focus on differences between different income groups. We thereby seek to gain an 

increased understanding of local household economies and dependencies on NTFPs to 

relate vegetation changes to implications for rural communities of different 

characteristics. 

We address the following specific questions:  

Q5: What is the average share of NTFPs in local household income? 

Q6: Which socio-economic variables affect total household income and NTFP 

dependency?  

Q7: How does NTFP income vary between i) villages, ii) ethnic groups and iii) 

different income groups? 

Q8: Does NTFP income have an equalising effect on income inequality? 
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1.6.4 Project IV 

Freely accessible wild food species contribute to quantity and quality of rural 

populations’ diets in West Africa. A decline of those species would consequently affect 

rural households’ nutritious status as well as subsistence income and could therefore 

decrease food security especially for poor households. Hence, in project IV, we 

investigate wild food species collected and consumed in local households in south-east 

Burkina Faso. By applying household interviews, we aim at identifying most valued wild 

food species as well as their contribution to wild food income. We further investigate 

the interviewees’ perception of species change in abundance. To obtain an insight into 

rural communities’ vulnerabilities to species changes, we focus on the potential 

substitution options of the mentioned wild food species in case of species shortfall. By 

investigating the impact of socio-economic variables (village, age, education, income, 

size of farmland holdings) on the substitution choice, we seek to contribute to selective 

management strategies for maintaining diverse and sustainable livelihoods. 

In project IV, we address the following questions:  

Q9: What are the most important wild food species and how do they contribute 

to household income? 

Q10: Which species are observed to be declining? 

Q11: How are these wild food species substituted in times of species shortfall? 

Q12: Does the substitution preference depend on socio-economic 

characteristics? 
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2 SUMMARY OF THE MAIN RESULTS 

2.1 PROJECT I 

Our study reveals that land use change led to more pronounced changes in the species 

composition of the herbaceous than of the woody vegetation layer (Q2). In the woody 

layer, most vegetation types did not change in species composition. In contrast, in the 

herbaceous layer, most vegetation types changed in species composition. Species 

richness mostly stayed stable in the woody layer (with the exception of the old fallow 

type (Combretum molle), for which richness decreased). However, the two most valued 

woody NTFP species, the shea tree (Vitellaria paradoxa) and the locust bean tree (Parkia 

biglobosa) decreased in abundance in some vegetation types. In contrast, in most 

herbaceous vegetation types species richness increased (with the exception of the 

medium-old fallow type (Andropogon gayanus), in which species richness did not 

change). An increase of wide-ranging, short lived species was detected in the 

herbaceous vegetation types, however, with concurrently a decrease of preferred 

herbaceous fodder species. Species evenness decreased in all woody and increased in all 

herbaceous vegetation types (Q1, Q2). In most woody types, mean vegetation cover and 

height stayed stable during the last two decades. However, mean herbaceous height 

significantly decreased in all herbaceous vegetation types (Q1). Differences in plant 

diversity and composition changes could not be assigned to different vegetation types 

related to fallow ages or cultivation status (Q3). 
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2.2 PROJECT II 

Project II showed considerable changes in plant functional trait characteristics for most 

vegetation types over two decades and with land use intensification. In general, more 

changes of plant functional traits were observed in the herbaceous compared to the 

woody layer. Generally, we found that increased land use pressure led to a dominance 

of smaller plants (decreased canopy height) and increased terminal velocity (VTerm) for 

both woody and herbaceous plants. Additionally, for herbaceous species, more annual 

species, increased specific leaf area (SLA), heavier weighted seeds and more seeds per 

individual plant occurred with increasing land use. Moreover, an increased share of 

endozoochorous and a decreased share of epizoochorous dispersed species were found 

in the herbaceous layer as well as an increase of species with storage organs. 

 

2.3 PROJECT III 

In project III, our results reveal the importance of NTFPs as subsistence income in two 

villages of south-eastern Burkina Faso. With 45% of total household income, NTFPs 

accounted for the second largest income share (Q5). Generally, it showed that ethnicity, 

village, farmland size, and number of cattle had an effect on total household income and 

on NTFP dependency (Q6). Households with greater farmland holdings generated higher 

total income and showed lower NTFP dependency. Bigger cattle herds led to less total 

income and higher NTFP-dependency, whereas households with increased off-farm 

income had a higher total household income. In our study, NTFP dependency was 

significantly higher in the village with lower overall household incomes (Kompienbiga) 

(Q7i). Moreover, we discovered differences across the three main ethic groups 

(Gourmantché, Mossi, Fulani) in household income generation, income structure as well 

as in NTFP dependency (Q7ii). For the autochthon Gourmantché, mean household 

income was significantly higher than for the migrated Mossi and Fulani. However, the 

two agriculturalist societies (Gourmantché, Mossi) had a similar income structure, which 

significantly differed from the income structure of the pastoralist society (Fulani). In 
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general, dependency on NTFP income was higher for poorer than for wealthier 

households (Q7iii), even though the latter earned more from NTFPs in absolute terms. 

Focusing on income differences, we found that NTFP-income contributes to an 

equalisation of households’ income (Q7).  

 

2.4 PROJECT IV 

Project IV showed that general knowledge on wild food species is profound in the 

investigated villages. A variety of 21 wild food species provide plant parts which are 

consumed in different forms. The shea tree (Vitellaria paradoxa) and the locust bean 

tree (Parkia biglobosa) were economically most important, with a contribution of nearly 

70% to total wild food income (Q9). However, all wild food species were considered 

declining to some degree (Q10). In general, we found a wide range of substitutes for the 

ten most important wild food species, indicating a sound knowledge on alternative 

useful plant species. Cited as surrogate for several important wild food species, the 

native tree Balanites aegyptiaca was the most important substitute species. Yet, most 

valued wild food species were substituted with other highly valued wild food species 

(Q11). The substitution choice did not depend on socio-economic characteristics for 

most of the cited wild food species. However, the variable village influenced the 

substitution choice of three species and ethnicity, farmland size and income group had 

an effect on the substitution preference of one useful wild food species (Q12). 
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3 GENERAL DISCUSSION 

As a result of population growth, West African savanna ecosystems have increasingly 

been disturbed, altered and fragmented by anthropogenic land use change during the 

past decades (Kleemann et al. 2017). These land use changes directly influence 

structure, diversity, function and services of savanna ecosystems in West Africa. 

Investigating and understanding these ecosystem changes and the associated impacts 

on human livelihoods are an essential basis for developing sound management 

strategies (i.e. conservation, natural resource management, measures for grazing and 

cultivation) to sustainably use savanna ecosystems.  

This thesis investigates temporal vegetation dynamics over the past two decades in a 

West African savanna ecosystem. On the one hand, it allows drawing conclusions on 

effects of land use intensification on savanna vegetation and on the other hand on 

effects of these changes for provisioning ecosystem services. As such, I link in section 3.1 

outcomes regarding temporal changes in savanna vegetation (project I) with plant 

communities’ functional response patterns to land use intensifications (project II). It is 

the first time that these aspects are investigated in combination in a West African 

savanna ecosystem. Moreover, as herbaceous and woody layers show different 

sensitivities in their reaction to land use, these layers are investigated first together 

(section 3.1.) and subsequently separately (section 3.1.1 and 3.1.2) and thereby give a 

detailed insight into vegetation diversity, composition and functional changes.  

Assessing the contribution of non-timber forest products (NTFPs) to rural household 

economies (project III, section 3.2.1) is crucial to obtain more insights into consequences 

of land cover change for the rural human population (section 3.2.3). In order to estimate 

consequences on food security, the importance of wild food species (project IV, 

section 3.2.2) is additionally focused on. The perceived decline of wild food species by 

interviewees is compared to the investigated species declines by the temporal 
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vegetation analysis (section 3.2.3). Additionally, the investigation of household 

capacities to cope with a changing availability of wild food species (project IV, section 

3.3) gives an insight into their vulnerability on the one hand and to rural communities’ 

resilience on the other hand. This thesis points out differences in NTFP-dependencies 

according to household and socio-economic variables (section 3.3.1). Thus, it provides 

important basic data for improving livelihood adapted management strategies in nature 

conservation, sustainable land use and poverty alleviation and indicates possible 

strategies to reduce NTFP-dependencies (section 4.1). Beyond that, in the outlook 

(chapter 4) recommendations on alternatives to income from NTFPs (section 4.1) for 

improving sustainable livelihoods strategies in accordance with nature protection (4.2) 

are given.  

 

3.1 VEGETATION CHANGES AS RESPONSE TO LAND USE INTENSIFICATION 

In project I, we confirmed our hypothesis (section 1.6.1) of a more pronounced change 

in the herbaceous layer in response to land use than in the woody layer, which is in 

accordance with Devineau and Fournier (2007). They found an accentuated difference in 

sensitivity to land use intensification in a comparable study. Moreover, the authors 

found a more sensitive reaction of herbaceous species to environmental factors, such as 

the availability of soil nutrients, compared to woody species. In general, effects of land 

use change on vegetation dynamics of herbaceous species are still poorly investigated 

and understood in West African savanna ecosystems. Therefore, this thesis contributes 

valuable data in a still underrepresented field.  

Contrary to our hypothesis (section 1.6.1), species richness and composition stayed 

stable in most woody vegetation types. In contrast, in most herbaceous vegetation types 

species richness increased and species composition considerably changed (project I). 

Similarly, we generally found greater changes in plant functional trait characteristics of 

the herbaceous layer compared to the woody layer (project II). The findings of project I 

that emphasized a considerable stronger diversity change in the herbaceous compared 
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to the woody layer are thus accompanied by strong shifts in functional traits of the 

herbaceous layer. Other studies have similarly found a stronger impact of land use on 

the herbaceous compared to the woody layer, by comparing species diversity in 

communal and protected land in south-eastern Burkina Faso (Nacoulma et al. 2011; 

Schmidt et al. 2016). I suggest that due to a wide ecological amplitude and resprouting 

capacity (Hahn-Hadjali 1998; Lykke 1998), the woody layer can better buffer 

disturbances and therefore stayed more or less stable.  

In the herbaceous layer, our results showed that the proportion of wide-ranging 

therophyte species (Sahelo-Sudanian and Sahelo-Guinean) has generally increased, 

whereas the proportion of strict Sahelian species remained stable (project I). Similarly, 

Schmidt et al. (2011) currently found an increased proportion of therophytes in the 

Sudanian zone and a decreased proportion in the Sahel in Burkina Faso. This is 

additionally in line with findings of Gonzalez (2001) and Wittig et al. (2007) who found 

that with climate change former to the Sahel restricted species increasingly occur in the 

Sudanian vegetation zone.  

 

3.1.1 Changes in the woody layer 

In general, our results indicated that woody vegetation was less affected by land use 

change than initially assumed. Contrary to our hypothesis (section 1.6.1), woody species 

richness and cover stayed quite stable in most vegetation types (project I). We expected 

a general decrease in species richness as woody species richness was indicated by other 

studies to decline at a local scale, for example in the Sahel (Gonzalez et al. 2012; Brandt 

et al. 2014a; Brandt et al. 2014b), and is projected to further decrease in West Africa 

(Heubes et al. 2013). However, our result is in line with other vegetation studies, which 

likewise found no significant impact of land use intensification on woody species 

richness (Nacoulma et al. 2011; Schmidt et al. 2016). Similarly, plant functional trait 

characteristics of the woody layer showed only few changes in the resurvey compared 

to the baseline survey (project II). For the overall trait responses of all relevés, only the 
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two traits (plant height and VTerm) showed a significant change between the two 

sampling periods. A decrease in plant height in the resurvey compared to the baseline 

survey is in line with other findings and is suggested to mainly result from intensified 

grazing and browsing (Shackleton et al. 1994; Díaz et al. 2007; Levick et al. 2009). Plant 

height and VTerm are both widely used to predict species’ wind dispersal potential 

(Greene and Johnson 1993; Nathan et al. 2002; Tackenberg et al. 2003). Lower plant 

height and higher VTerm-values indicate a lower potential of wind dispersal. In that way, 

in our study, decreased plant height and increased VTerm values suggest declining wind 

dispersal as a consequence of increased land use.  

In regard to the different woody vegetation types, only the old fallow vegetation type 

(Combretum molle) showed changes in diversity, species composition (project I) and a 

range of trait responses (project II) to land use change. In this type, species richness 

decreased between the sampling periods. This is due to a changing use pattern of this 

fallow type. Typical on poor and shallow soils, the old fallow type was barely cultivated 

in the 1990s. However, as a result of population growth (INSD 2013), the demand for 

cultivated land has risen in the study area, wherefore this type on comparatively 

unfavourable soils is nowadays more often cultivated which might have led to further 

degradation of the soil. Accordingly, I presume that species richness decrease and 

composition changes as well as changes in plant functional trait characteristics are a 

result of further degradation of these old fallow sites.  

A general stable woody cover and species composition is, however, surprising. Debates 

on shrub encroachment in worldwide savanna areas stress a possible increase of woody 

biomass (Archer et al. 1995; Sankaran et al. 2005). Shrub encroachment describes the 

dominance of tree and shrub species outcompeting grasses and herbs in acquisition of 

light and water, with diverse changing environmental factors, such as precipitation 

increase, the increase of atmospheric CO2 and of grazing intensities (Higgins and Scheiter 

2012; Stevens et al. 2016; Devine et al. 2017). In our study area, grazing intensities 

indeed increased, whereas mean annual precipitation stayed more or less stable during 

the investigated two decades (Direction Générale de la Météorologie du Burkina Faso). 

However, various studies accentuate that in spite of increased grazing other human land 

uses might contribute to the tree-grass equilibrium of savanna ecosystems (Scheiter and 
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Savadogo 2016) or even lead to a decrease in woody cover (Ryan et al. 2014). Even 

though in project I for most vegetation type no change in species richness and cover was 

shown, a slight human induced change is indicated by the observed decrease of 

abundance and frequency of the multipurpose NTFP species Vitellaria paradoxa, Parkia 

biglobosa, Terminalia avicennioides and Anogeissus leiocarpa. In accordance, our 

interview based results obtained from project IV tentatively indicated that woody food 

providing species were widely considered to decline in the study area. As these species 

are known to be used for firewood, construction and medicine (Heubach et al. 2013), 

selective tree cutting might have caused their decline.  

In spite of our result that most woody vegetation types showed no considerable changes 

in species composition and richness over the past decades, for the future a general 

decrease of woody species richness and/or cover might also be assumed for different 

reasons. Firstly, since the share of juvenile woody individuals in the vegetation relevés 

diminished over the past two decades (project I) an aging of species population 

structures might be expected in the future. Secondly, the detected highly significant 

decreasing evenness in all woody vegetation types (project I) might indicate future 

species richness decreases, as according to Hillebrand et al. (2008), evenness is a kind of 

precursor for future developments in species richness, since evenness is known to 

respond more directly to disturbances and environmental changes.  

 

3.1.2 Changes in the herbaceous layer  

The detected increase in herbaceous species richness in the resurvey compared to the 

baseline survey is surprising and contrary to our hypothesis (section 1.6.1, project I) and 

to findings of other studies in eastern and south-eastern Burkina Faso (Nacoulma et al. 

2011; Schmidt et al. 2016). However, our results are similar to findings of Zerbo et al. 

(2016), who investigated the influences of different land use intensities on herbaceous 

species richness in different regions of Burkina Faso. Even though the authors did not 

find a strong difference, species richness was higher on disturbed than on protected 
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habitats. In that way, both studies accentuate that disturbance may have a positive 

effect on species richness. 

Species composition changes in most vegetation types additionally indicated that a 

species shift took place (project I). The increase of species richness led to more 

heterogeneous vegetation compositions within the vegetation types between the two 

decades. We found an increase of short lived annual plant species, which is typical for 

ecosystems experiencing ecological changes such as through livestock grazing (Hahn-

Hadjali et al. 2006; Guo et al. 2016). An increase of fast growing annual species with land 

use intensification is suggested to be due to their considerably higher tolerance against 

disturbance (Adriaens et al. 2006; Tessema et al. 2011; Guo et al. 2016). Similarly, 

increased SLA values (project II), indicate a higher leaf growth rate at lower tissue 

production (Bernhardt-Römermann et al. 2011 Weiher et al. 1999) and this might be 

interpreted as an additional adaptation strategy to increased land use. High average SLA 

values are known for plant communities in highly productive and disturbed habitats 

(McCune and Vellend 2015) and have also been found in other studies as response to 

grazing (Vesk et al. 2004; Cingolani et al. 2005). In contrast, the pronounced decrease of 

perennial species with good fodder value, such as Andropogon chinensis and 

Andropogon gayanus, additionally indicates the impact of livestock grazing in our study 

area. The general decrease of plant height (project II) is a further indicator of increased 

grazing pressure (Garnier et al. 2007; Levick et al. 2009).  

In regard to species composition changes, an increase of ruderals and short lived species 

was found in all vegetation types. This is in line with the findings of a general decreased 

plant life span in most vegetation types of the resurvey compared to the baseline survey 

(project II). This general ruderalisation of all vegetation types had the effect that the five 

originally very different vegetation types currently share a considerably high amount of 

species (project I). The homogenisation of vegetation types is due to species that 

nowadays dominate most vegetation types, such as Tephrosia pedicellata, Pennisetum 

pedicellatum, and Sida rhombifolia. Having a wide ecological amplitude, these 

ubiquitous species are not restricted to specific habitats (Thiombiano et al. 2012). This 

development goes in line with a decrease of specialized species Cochlospermum 

planchonii and Tripogon minimus. Based on these findings, I therefore assume that 
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specialised species with narrow ecological amplitudes might further decline in the future 

if the homogenisation process continues. In order to monitor potential future vegetation 

changes and possible species losses, further studies in different vegetation zones with a 

temporal scale are required. 

To analyze ruderalisation and the role of livestock more precisely, reproduction 

strategies are essential. In this regard, we found higher species’ seed weight (project II) 

in the resurvey than in the baseline survey. The results of higher seed weight together 

with decreased plant height and increased VTerm, indicate a decrease of the species’ 

wind dispersal potential. The investigated increase of endozochorous dispersal in most 

vegetation types, corresponds well with the findings of higher seed weight and VTerm, 

since animals prefer consuming nutrient rich and generally heavier seeds. In general, 

herbivores are suggested to strengthen colonisation processes by the prevalence of both 

endo- and epizoochorous seed dispersal (Marini et al. 2012) and can facilitate plant 

establishment through habitat opening. Due to habitat preferences of animals, seeds 

dispersed in the gut or in animals’ fur are mostly directly transported to suitable habitats 

(Nathan et al. 2008; Will and Tackenberg 2008). This more directional dispersal may 

enhance colonisation prospects compared to less directional dispersal modes like wind 

and in that way lower species susceptibility to habitat loss (Purves and Dushoff 2005). At 

the same time, dominant and competitive plant species mostly possess high biomass 

and are likely predominantly consumed and distributed by herbivores (Savadogo et al. 

2008). Yet, other than expected, epizoochorous dispersed species decreased in the 

herbaceous vegetation. One possible explanation for this surprising result might be that 

the chosen dispersal mode assignment is relatively coarse. Each species is assigned to 

one category as main dispersal mode. However, species often have several dispersal 

modes, such as species with small seeds that might be dispersed by wind (Greene and 

Johnson 1993), but are also transported in animals fur (Mrotzek et al. 1999). In order to 

achieve more gradual dispersal types, complex experimental studies give a detailed 

insight, as done in Will and Tackenberg (2008). However, the assessment of more 

differentiated dispersal type profiles require great efforts in laboratory and literature 

research (Hintze et al. 2013). Therefore, our approach can be seen as a first approach for 

West African savannas to obtain insights into dispersal modes. 
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The share of species with underground storage organs increased within the sampling 

period. Responses of such clonal traits to land use are divers and controversially 

discussed. On the one hand, clonal growth is most important for local persistence 

(Weiher et al. 1999), but on the other hand, it is less flexible to rapidly respond to 

disturbances and habitat fragmentations, wherefore it is usually expected to decline 

within disturbed habitats (Lindborg et al. 2012; Wesuls et al. 2012). However, other 

studies have similarly found no decrease of clonal growth with increased disturbance 

(Lindborg 2007)  

 

3.1.2.1 Changes within herbaceous vegetation types 

Species diversity (richness and evenness) increased in the herbaceous vegetation types 

from the baseline to the resurvey (project I). According to the intermediate disturbance 

hypothesis of Grime (1973), plant diversity should be at its maximum at medium 

disturbance intensity. Following the logic of this theory, a development towards a 

medium disturbance and grazing intensity might be reached in our study region. We 

generally found a high increase in species diversity in most herbaceous vegetation types, 

irrespective of cultivation status, with the exception of the medium-old fallow type 

(Andropogon gayanus). Livestock grazing, browsing and trampling by livestock, similarly 

found in all vegetation types, might thus have led to an increase in species diversity. 

However, the medium-old fallow type (Andropogon gayanus), showed no species 

richness changes and only few shifts in functional traits. In fact, it has been suggested, 

that the history of grazing should be integrated into explanatory models of specific 

regions (Milchunas et al. 1988). It implicates that regions with a long grazing history are 

preadapted to grazing and species’ reactions to grazing are comparatively moderate. 

Since the medium-old fallow type (Andropogon gayanus) is situated in a pasture zone 

with a long grazing history (Hahn-Hadjali 1998), it might be preadapted to disturbances 

by grazing. Similarly, in a long-term experimental vegetation study in Burkina Faso, a 

preadaptation to herbivory in sites that were already heavily grazed beforehand was 

suggested (Savadogo et al. 2008), most likely through a change in species composition.  
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Most of the significant changes in plant functional traits were found in the three 

vegetation types that showed most species richness changes and greatest share of 

increasing and new species (project I). These three types are the young fallow type 

(Schizachyrium exile), the young-medium fallow type (Andropogon pseudapricus) and 

the uncultivated type (Schoenefeldia gracilis). In these three types, the significant shift in 

plant diversity and composition has progressed so far that also more plant functional 

trait responses were found (project II). Since these changes were found on very different 

vegetation types from young fallows to uncultivated types, I conclude that the impact of 

livestock, a disturbance factor found on all vegetation types, is the major driver. 

 

3.2 HOW IS THE PROVISIONING SERVICE OF NTFPS AFFECTED BY LAND USE 

CHANGE? 

To emphasise the importance of wild plant species for rural livelihoods, we investigated 

the economic contribution of NTFPs in two villages of the study region in project III. In 

project IV, we specifically focused on wild food species, important for food security. In 

the light of decreasing multipurpose tree species (project I), we investigated the ability 

of rural households to counteract potential decreases of most valued wild food species 

(project IV). 

 

3.2.1 Importance of NTFPs 

The awareness of the importance of NTFPs as subsistence and as cash income for rural 

livelihoods is currently rising in the scientific community but also among policy makers. 

However, mostly directly used or consumed, subsistence NTFP-products are not usually 

included in official statistics and are hence often referred to as “hidden harvest” 

(Campbell and Luckert 2002; Vedeld et al. 2004). In this thesis, I contribute to uncover 

the hidden harvest in south-eastern Burkina Faso (project III). According to our 
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interview-based results, NTFPs contribute with 45 % to total household income in two 

villages in south-eastern Burkina Faso and therewith account for the second largest 

income share. Compared to a range of other economic studies in sub-Saharan Africa, 

where NTFP contribution ranges from 12-39 % (Heubach et al. 2011; Pouliot and Treue 

2013; Schaafsma et al. 2014), this figure is considerably high. This comparatively high 

share of NTFPs could be a result of different factors. Firstly, total household income is 

generally very low in our study area and considerably lower than in comparative studies 

(Heubach et al. 2011), so that income share of NTFPs reaches a higher total income 

share. Secondly, income alternatives are very low in our study area, as apart from 

agriculture, the two other income groups, off-farm income and income from livestock, 

only play a marginal role for total household income. Kalaba et al. (2013) and Melaku et 

al. (2014) report comparable values with a NTFP contribution to rural household income 

of 44 % in Zambia and 47 % in Ethiopia. These different economic figures are certainly 

due to regional differences but also due to varying methodologies of income accounting 

or different applied definitions of NTFPs. For example, firewood and fodder are 

components that are included in some but not all NTFP-studies (Shackleton 2015). 

Therefore, comparisons of economic figures should generally be carried out by 

preferably applying comparable methods. Thus, in our study (project III), we applied the 

same method as Heubach et al. (2011) in northern Benin. The importance of using same 

approaches in national NTFP valuations was recently also pointed out in a working paper 

by FAO et al. (2016).  

 

3.2.2 Decreasing wild food species  

Very important components of NTFPs are wild food species, which are essential 

nutritious supplements to generally nutrient poor staple foods in rural West African 

communities (Teklehaimanot 2004; Lykke et al. 2004b). Edible plant parts mainly include 

fruits, seeds, leaves and flowers (project IV) and provide products rich in vitamins and 

minerals (Glew et al. 2005). Due to their specific role in food security in rural West Africa 
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(Chukwuone and Okeke 2012; FAO 2016), we focused on the most important wild food 

species, their perceived changes in abundance as well as potential substitution in case of 

species shortfall in project IV.  

Vitellaria paradoxa, Lannea microcarpa and Parkia biglobosa were the three most 

valued wild food species. Together with Adansonia digitata, partly also Tamarindus 

indica they are spared from field clearings (Haarmeyer et al. 2013; Schreckenberg 1999; 

Schumann et al. 2012) and create the typical parkland savanna landscape. The ten most 

important wild food species for rural communities identified in our study are also highly 

valued in other regions of West Africa, showing their supra-regional importance. Lykke 

et al. (2004) and Heubach et al. (2013) found five and Sop et al. (2012) six of our ten 

species as the most useful wild food species in the Sudanian and Sahelian zone. Of the 

ten most important wild food species, the fruits were the most valuable plant parts. 

Fruits from wild food species are particularly of high importance as supplement for 

crops, due to their maturity outside the crop harvest season (Lykke et al. 2004; Kamwi et 

al. 2015). Wild food species contribute considerably to households’ subsistence and cash 

income in rural West Africa. In project III, we showed that wild foods contribute with 5 % 

to NTFP income, which accounts for more than 2 % of total household income. This 

figure is very similar to the contribution of wild foods in households of Zambian Miombo 

woodlands (Kalaba et al. 2013), where NTFPs also accounted for nearly half of the total 

household income (44%) and wild foods contributed with 5.5 % to NTFP income. Thus, 

wild food species contribute with 2.5 % to total household income in the Miombo 

woodlands of Zambia. 

 

3.2.3 Impacts of land use change on the availability of NTFPs 

Even though species richness stays stable in most woody vegetation types and increases 

in most herbaceous types (project I), some important NTFP-species of both layers 

decreased considerably in fallow and pasture land. Among the species that decreased in 

the woody layer in the resurvey compared to the baseline survey (project I), about 90% 
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were known as useful species providing food, fire wood, construction material, 

medicine, chew sticks and colorant. This result might have serious negative impacts on 

rural livelihoods, since NTFPs contribute considerably to household income (project III). 

The two most valued NTFP species in the region, V. paradoxa and P. biglobosa, 

decreased and even disappeared in some vegetation types (project I). These two species 

are highly important for local households’ nutrition, as they contribute with 70% to the 

subsistence wild food income, investigated in project IV. This suggests that a further 

decrease of those species will most likely severely affect local economies, which depend 

enormously on the availability of NTFPs, shown in project III. The observed decline of the 

two multipurpose tree species (project I) is in line with respondents’ perception of 

species change (project IV). The two multipurpose use species V. paradoxa and 

P. biglobosa were considered among the four most declining species of all 21 cited wild 

food species. On the one hand, this finding is surprising, since these most valued species 

are highly protected on fields, but on the other hand, reasons for the decline of these 

important species most likely lie at the heart of the matter: most valued species are 

heavily exploited. Fruits and seeds are used as cooking fat (V. paradoxa) and as a spice 

for sauces (P. biglobosa). The widely distributed usage of these species might suppress 

their regeneration and inhibit the rejuvenation of populations. Furthermore, in West 

and central Africa, a range of dispersers of V. paradoxa have nowadays become rare 

such as large birds and mammals that have been overhunted (Fa et al. 2005; Djossa et 

al. 2008b). Thus, flying foxes remain the mayor disperser (Djossa et al. 2008a). However, 

even in case of successful germination, regeneration of both species is additionally 

inhibited by field clearings during which saplings are removed as well as through 

herbivory (Teklehaimanot 2004), resulting in an aging of species populations (Djossa et 

al. 2008b; Jurisch et al. 2016).  

Applying free listening interviews in project IV, respondents were asked to mention 

important useful wild food species. Of those, all were, to some degree, considered to be 

declining. From the viewpoint of the results obtained in our vegetation comparison 

study (project I), we only found some of the species that were considered as declining in 

the interviews in a lower frequency than in the baseline survey. This diverging result 

might be explained by means of different factors. Firstly, some of the perceived 
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declining species might not have strongly declined in number but changed in their age 

structure and hence their productivity. Secondly, a decrease of useful wild food species 

might be overestimated by respondents, due to a high sensitivity to even slight changes 

in useful species abundances. Thirdly, some species might only be little represented in 

our vegetation study as the vegetation relevé method by Braun-Blanquet (1964) 

requires homogenous vegetation plots. Therefore, as we excluded termite mounds in 

our relevés, the tamarind (Tamarindus indica), a tree typically found on termite mounds 

(Erpenbach et al. 2012), might be less present in our vegetation investigations. Another 

example is the baobab (Adansonia digitata), which features an enormous stem diameter 

and was thus not included in both baseline survey and resurvey of project I. 

In addition to the decrease of important woody species, in the herbaceous layer, two 

perennial highly valued fodder species (Andropogon chinensis, Andropogon gayanus) 

decreased (project I). Since livestock is an integral part of livelihoods in the study area, 

the decrease of these important fodder species has a considerable impact on ecosystem 

services (Krohmer 2004, project III).  

NTFPs also play an important role in regard to poverty alleviation for rural households. 

In project III, we found that even though poorer households earn less from NTFPs than 

higher income households in absolute terms, their dependency to NTFPs is higher. 

Similarly, a higher NTFP-dependency for poor than higher income groups in the 

Sudanian zone was also shown by Heubach et al. (2011) and Ouédraogo et al. (2013) as 

well as in other regions, such as Tanzania (Schaafsma et al. 2014) and Cameroon 

(Makoudjou et al. 2017). A decline of NTFP availability has thus severe consequences for 

especially the very poor. In poor household economies, an integration of NTFPs is 

therefore important to reduce poverty and income inequality (project III) between 

households in rural areas of West Africa.  
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3.3 HOW DO RURAL COMMUNITIES COUNTERACT A DECREASE OF NTFPS? 

The decrease of certain highly useful and multipurpose plant species in our study area 

(project I) considerably affects rural household economies. Additionally, we found that 

mainly the very poor are affected (project III). Knowledge on substitution options and 

preferences help to shed light on rural communities’ strategies to possibly cope with the 

decrease of certain important use species. Our investigations revealed that a wide range 

of species are used as substitutes and showed a great knowledge on alternative plant 

uses within the rural communities (project IV). The most important substitute providing 

species was Balanites aegyptiaca as it was most frequently cited as substitute and was 

mentioned as major surrogate for four of the ten wild food species. Its importance might 

be explained by the fact that the so called “desert date”, a typical Sahelian species, is 

drought tolerant and mostly fruiting during the dry season (Seghieri et al. 2009). 

However, despite its drought tolerance, it was classified as strongly declining in our 

survey and might be not sufficiently available in the future. Similarly, most of the other 

declining NTFP species were also substituted by other similarly valued wild food species 

in case of species shortfall. The mentioned species are therefore both, primarily chosen 

for consumption but also used as substitute for other high priority species. Five tree 

species (Vitellaria paradoxa 43%, Parkia biglobosa 26%, Bombax costatum 9%, 

Tamarindus indica 7% and Adansonia digitata 7%) contribute with over 90% to 

subsistence wild food income. Hence, if one of these species decreases or disappears, it 

might have a double negative effect: the loss of a primarily chosen species and at the 

same time the loss of a potential substitute for another species. As these highly valued 

food species are known for their high nutrition value (Smith et al. 1996b), a shortfall of 

these species would directly affect the nutrition status of local communities. In our 

study, only two cultivated plants, the exotic lemon tree (Citrus x limon) and the 

vegetable lady fingers (Abelmoschus esculentus) were considered as substitute. In 

contrast, in a similar study in northern Benin the majority of the identified substitutes 

were purchased and cultivated plant products, such as palm oil (Elaeis guineense) or 

peanut oil (Arachis hypogaea) (Heubach et al. 2016). The average income in the 

investigated households in northern Benin (Heubach et al. 2011) is substantially higher 
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than in our study villages in south-eastern Burkina Faso (project III). Therefore, I assume 

that the purchased products might be too costly for the interviewed communities in our 

study region compared to the study area in northern Benin (Heubach et al. 2011). 

 

3.3.1 Is the ability to counteract NTFP decrease dependent on household and 

socio-economic characteristics? 

One major conclusion of this thesis is that rural communities in savanna ecosystems of 

south-western Burkina Faso are severely dependent on the subsistence use of NTFPs for 

household economies. In project project III, we showed that the level of dependency 

differs according to household- and socio-economic characteristics, such as ethnicity, 

geographic location, land holdings and size of livestock herds. In terms of ethnicity, the 

pastoralist Fulani, which have migrated to the study area, usually have less access to 

land, thus earn less from agricultural production and are concurrently more dependent 

on income from NTFPs. Consequently, ethnic groups that depend more on income from 

NTFP species are more vulnerable to the decline of those species. These findings might 

suggest that households’ abilities to substitute a declining highly valued NTFP species 

are also likely to be determined by household or socio-economic characteristics. 

However, also with different household or socio-economic characteristics for most of 

the investigated highly useful wild food species, substitution preferences were similar 

(project IV). This result shows that, irrespective of household and socio-economic 

characteristics, knowledge on wild food species is considerably well distributed within 

the local communities. Yet, for the very important wild food species P. biglobosa 

substitution choices indeed differed across ethnicities (project IV). The authochton 

Gourmantché were aware of a greater number of potential alternatives to P. biglobosa 

than the Mossi and Fulani that migrated to the area. Hence, in addition to the above 

mentioned higher dependency on lower-income NTFPs, the migrated ethnic groups 

seem to be more vulnerable to a decline of this species due to their lower awareness of 

alternatives to P. biglobosa. For the decreasing shea tree (V. paradoxa), income had an 
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influence on substitution choice. We found that poor and medium income households 

were aware of more substitute species than households with a higher income. 

Furthermore, Lannea microcarpa, a typical parkland tree, is the most commonly chosen 

substitute in all income groups, whereby its share is highest in the less poor group 

(project IV). Since households with a higher income usually own more farmland than 

poor income groups (project III), they have better access to parkland trees that often 

occur on private land. Similarly, Heubach et al. (2016) found that poor households are 

stronger affected by a decrease of valuable NTFP species than higher income 

households.  

Even though for most wild food species household characteristics are not relevant for 

substitution choice, the above mentioned exceptions indicate that income, availability of 

land and ethnicity indeed influence substitution choices towards some very important 

parkland species. To conclude, my study reinforces the need for ethnobotanic and socio-

economic focuses in economic household studies. Thus, understanding 

household-dependent benefits from NTFPs is crucial for policy and decision makers for 

appropriate management strategies for food security and poverty alleviation. 
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4 OUTLOOK 

In this thesis, I have shown that land use change led to significant changes in especially 

the herbaceous vegetation layer. However, the decrease of highly important NTFP 

species and especially wild food species, in both the woody and the herbaceous layer, 

has direct impacts on the rural population. In Burkina Faso, the income and safety net 

functions of wild food species are particularly important against the background of 

general food insecurity (FAO 2014). The food insecurity situation in Burkina Faso is 

alarming, as about one fourth of the population is undernourished. This serious 

humanitarian crisis emphasises the importance of wild food species, especially for the 

very poor. As wild foods are underrepresented in nutrition surveys and studies on food 

security, their value is barely included (Tata Ngome et al. 2017). Therefore, like the 

NTFPs in economic studies, wild food species need to be fully included in nutrition and 

food security studies for a visibility and full consideration in policy and nature protection 

measures. 

 

4.1 PATHWAY OUT OF NTFP-DEPENDENCY 

Since important wild food species as well as important fire wood and construction 

species decreased with increasing land use pressure, action is needed in order to 

counteract and avoid overexploitation. Therefore, for conservation measures to protect 

important NTFP species and to guarantee the quantity and quality of their products, I 

suggest the planting and domestication of those species. A planting practise has not yet 

been established, since on the one hand enough individuals were available in the past 

and on the other hand planting requires longtime planning, as seed production takes up 

to 20 years (Lovett and Haq 2000). Additionally, strict land ownership regulations might 

have hampered potential planting projects. However, natural regeneration is of high 
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importance to keep species populations within a productive and sustainable size. In the 

light of land use intensification and shortening of fallow periods, I thus suggest to 

consider the generally as species rich perceived agroforestry parkland system (Wessels 

et al. 2011) as threatened. To improve the condition of highly valuable NTPFs, planting 

and domestication might be valuable measures. It would release pressure on wild plant 

species and ensure rejuvenation of species, which are inhibited in their regeneration by 

field clearings and increased livestock grazing and browsing as shown in project I. 

Concurrently, soil fertility would be maintained, tree shade could increase productivity 

and sustainability of agroforestry systems by providing beneficial microclimate for both 

crops and livestock (Teklehaimanot 2004). The planting of important NTFP species might 

sustain nutritional value of local diets, households’ revenues and food security. As a 

second measure to reduce NTFP dependency, a diversification of crop cultivation could 

likely increase nutritional balance and additionally lower the dependency on NTFPs. 

Additionally, I suggest to create income alternatives to land use and NTFP gathering. This 

is particularly important for women, who are responsible for NTFP collection (Neumann 

and Hirsch 2000; Balama et al. 2016). All three measures could improve the income 

situation of subsistence farmers, enhance food security and the sustainability of 

agricultural land.  

 

4.2 MANAGEMENT RECOMMENDATIONS FOR BIODIVERSITY CONSERVATION AND 

SUSTAINABLE LIVELIHOODS  

In the light of increasing environmental change, protected areas and nature reserves are 

crucial to protect biodiversity. However, for livelihood maintenance the availability of 

NTFP-providing plant species is also in essential in communal areas and needs to be 

considered in development measures. In this regard, increased cash crop production of 

especially cotton is a major thread to NTFP species. Usually spared during field clearings, 

even the most valued NTFP species are removed to prohibit shade on cotton fields and 

for a generally higher crop yield (Kater et al. 1992; Kalame et al. 2009). Additionally, 

permanent cultivation as well as shortening of fallow cycles comes along with increasing 
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cash crop production. Even though conversion of savanna woodlands into agricultural 

land can lead to an increased household income in the short term, deforestation 

indicates depletion of ecosystems in the long term, which concurrently reduces diversity 

of income options (cf., Arnold et al., 2011; Sunderland et al., 2013). At the same time, 

safety net functions of NTFPs, such as in times of crop shortfalls, cereal diseases, 

catastrophes and illnesses would cease or diminish. Thus, in the light of climate change, 

economic growth, agricultural expansion and population increase, NTFPs play an even 

more important role for the most remote, poor and vulnerable rural households (Arnold 

et al. 2011; Malleson et al. 2014).  

I conclude, to address food security, poverty alleviation and biodiversity conservation, 

agricultural policies and management practices should thoroughly recognise and 

consider the importance of NTFPs. A further detailed record of NTFP species and their 

contribution to household revenues might help to enhance the knowledge on 

underrated plant species that are needed to address food security as well as 

environmental and economic sustainability. 
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6.1.1 Abstract 

Questions: West African savanna ecosystems are affected by increasing land use 

intensity (e.g., agriculture and livestock herds) due to a growing human population. To 

understand the impact of land use intensification on savanna vegetation, we aim to 

answer the following questions: How do savanna species composition, diversity and 

structure change with increasing land use pressure? Are the impacts of land use change 

different in the woody and the herbaceous layers? Do the effects of land use change 

differ between vegetation types?  

Location: South eastern Burkina Faso, West Africa. 

Methods: Vegetation plots from the early 1990s representing vegetation types occurring 

in fallows of different age and in uncultivated pasturing zones were resurveyed. We 

distinguished between woody (tree and shrub layer) and herbaceous vegetation types. 

Species composition changes were analysed using non-metric multidimensional scaling 

(NMDS) and indicator species analysis (IndVal). Plant diversity as represented by species 

richness and evenness was compared between the baseline and resurvey.  

Results: In most woody vegetation types, we found no change in species composition 

and richness over the past two decades. However, some highly valued woody species 

decreased in abundance. In contrast, in most herbaceous vegetation types, species 

composition changed considerably and species richness increased. The proportion of 

wide-ranging, ruderal herbaceous species increased, indicating a homogenization of 

herbaceous vegetation types, while preferred fodder herbaceous species decreased. We 

assume that the increased grazing intensity over the past two decades is the driver of 

these changes in the herbaceous layer. 

Conclusions: Our results show different reactions of vegetation types and layers to land 

use intensification and reinforce the need for studies on the basis of vegetation type 

that incorporate both the herbaceous and the woody layers.  

Keywords: diversity, land use; land use change; resurvey; vegetation layer, vegetation 

type; species composition; Sudanian zone 
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6.1.2 Introduction 

Savanna ecosystems contribute considerably to human livelihoods in West Africa. For 

millennia, human land uses, such as agriculture, livestock grazing and the harvesting of 

timber and non-timber forest products (NTFPs) have shaped savanna ecosystems. 

Agriculture in West Africa is traditionally practised in the form of shifting cultivation, 

which allows a recovery of the soil fertility during fallow periods (Mendoza-Vega and 

Messing 2005) and the reestablishment of natural vegetation.  

Numerous studies (e.g., Nacoulma et al. 2011; Houehanou et al. 2012; Schmidt et al. 

2016) have focused on the impact of land use on West African savanna ecosystems by 

comparing the vegetation and biodiversity between protected and communal areas. In 

eastern Burkina Faso, a vegetation type-specific impact of land use on plant diversity 

was observed: the highest impact was found on vegetation types with a high degree of 

anthropogenic disturbances (cultivation, grazing), whereas no impact on diversity was 

found in rarely grazed and never cultivated vegetation types with poor soils (Nacoulma 

et al. 2011). Above, divergent vegetation reactions to human disturbance were found 

depending on the investigated vegetation layer: Nacoulma et al. (2011) and Schmidt et 

al. (2016) observed no impact on the woody species richness, but a decreasing 

herbaceous species richness related to increased human disturbance. Similarly, other 

studies have highlighted the higher sensitivity of herbaceous savanna species to 

environmental factors (e.g., soil texture, soil nutrient content) compared to adult woody 

species (Hahn-Hadjali et al. 2006; Devineau and Fournier 2007). 

In recent times, an increasing human population and growing cash crop production have 

led to the expansion of agricultural lands, to a shortening of fallow periods, and to 

increasing grazing pressure (Hahn-Hadjali et al. 2006) in West Africa, resulting in an 

impoverishment of soils (Gray 1999) and vegetation (Wittig et al. 2007; Ouédraogo et al. 

2010). Since savanna biodiversity is important for human well-being and serves as a 

source of household income (Leßmeister et al. 2016), land use change can have direct 

and negative impacts on local livelihoods. 
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However, the temporal dimension of land use changes in West African savannas has so 

far rarely been studied. While no studies exist for the Sudanian zone, the few studies 

from the Sahelian zone show contradictory results. Using remote sensing data, Hänke et 

al. (2016) found a general greening trend in the Sahel at the regional scale. However, 

field studies on a local scale showed that this greening trend was at the expense of 

woody species richness (Brandt et al. 2014a) or was accompanied by a decrease in 

herbaceous (Dardel et al. 2014) and woody species biomass (Brandt et al. 2014b) for 

some vegetation types. An explanation for these controversial results might be that in 

satellite images woody and herbaceous vegetation are difficult to differentiate because 

the fine mosaic of trees, shrubs, grasses and croplands show a similar seasonal greening 

cycle (Akpo 1997). 

Thus, in this study, we repeated vegetation surveys conducted in the early 1990s to 

study vegetation shifts in different vegetation layers over the past two decades in a 

Sudanian savanna. We conducted the resurvey in eastern Burkina Faso, where land use 

has changed enormously in past decades due to an increasing human population density 

(the population doubled and tripled from 1985 to 2006 in the studied provinces Gourma 

and Kompienga, respectively (INSD 2014)). Along with this development, the production 

of cotton more than tripled from 2002 to 2014 (INSD 2014) and livestock increased by 

approximately 25 % from 2003 to 2012 in the eastern region (Ministere des Ressources 

Animales 2010; INSD 2014).  

For the Sudanian zone, temporal changes that are comparable to those in the Sahelian 

zone can be expected: On sites that experienced an increase in land use intensity during 

the last two decades, we expect a biodiversity decrease and a species composition 

change in both the woody and the herbaceous layer. However, we expect a more 

sensitive reaction of the herbaceous layer than the woody layer. According to 

comparison studies of protected and communal areas in the Sudanian zone (Nacoulma 

et al. 2011; Schmidt et al. 2016), we additionally assume that, with land use change, 

vegetation composition and diversity on uncultivated vegetation types show less 

pronounced changes than on young fallows due to soil nutrient decreases on cultivated 

land resulting from shorter fallow cycles. With the resurvey of historical data, which has 
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rarely been performed for West African savannas, we seek to answer the following 

questions: 

1. How did savanna species composition, diversity and structure change with 

increasing land use pressure over the past two decades?  

2. Are the impacts of land use change different in the woody and herbaceous layers?  

3. Does the effect of land use change differ between vegetation types? 

 

6.1.3 Materials and Methods 

6.1.3.1 Study site 

In 2012/13, we conducted a vegetation resurvey of relevés sampled in 1990-94 by Hahn-

Hadjali (1998) in two provinces in south eastern Burkina Faso: in Gourma, near Fada 

N’Gourma and further south in the province Kompienga, near Pama (Fig. 1). Both study 

areas are located in the North Sudanian vegetation zone.  

The climate of the North Sudanian zone of Burkina Faso is characterized by a dry season 

from October to April/May and a rainy season from May/June to September. In the ten-

year period (1985-94) before the first vegetation survey, the mean annual precipitation 

was approximately 850 mm in Fada N’Gourma and Pama. The mean annual precipitation 

increased slightly to 870 mm over the past two decades (1994-2013) (Direction Générale 

de la Météorologie du Burkina Faso). In the studied regions, the human population 

density almost doubled in Gourma (from 16 to 28 people per km2) and tripled in 

Kompienga (from 3 to 11 people per km2) from 1985 to 2006 (INSD 2014). 

The main soil types in the study areas are Vertisols, vertic Cambisols, Acrisols and 

Leptosols (often on lateritic crusts) (Hahn-Hadjali 1998). The natural vegetation is 

characterized by savannas, defined as consisting of a continuous herbaceous layer and a 

discontinuous tree layer (Scholes and Archer 1997). Shifting cultivation is the typical 

farming system. During field clearing for cultivation, useful tree species are spared. In 
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addition to agriculture, extensive animal breeding serves as a source of income and 

forms the savanna ecosystem. Grazing and selective tree cutting for firewood and 

construction are the main disturbance factors in the area. On fallows, cleared fields that 

lead to habitat opening are major disturbance factors. 

 

 

Fig. I-1: Location of the two study areas (left) indicating 

the resurveyed vegetation plots (right) in south-eastern  

Burkina Faso. 

 

6.1.3.2 Studied vegetation types 

In accordance with the baseline approach of Hahn-Hadjali (1998), who performed a 

classification of vegetation types for the woody and herbaceous layers, we performed 

vegetation resurveys for these two layers separately. Based on the vegetation types 

described by Hahn-Hadjali (1998), we resurveyed four woody vegetation types (both 

tree and shrub layers) and five herbaceous vegetation types (Table 1). These types differ 

in land use intensity. The five herbaceous types relate to the four woody types, whereby 

different herbaceous types may belong to the same woody type (Table 1). Conversely, 

one herbaceous layer type may occur under two different woody types. For example, 
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medium to old fallows and uncultivated sites differ in their woody species composition 

but not in the herbaceous layer (in both cases, Andropogon gayanus type). 

 

Table I-1: Habitat and soil characteristics of the woody and corresponding herbaceous vegetation types 

(according to Hahn-Hadjali 1998). On each plot, local farmers indicated the time since last cultivation 

(fallow age). 

Habitat/soil Woody layer type Herbaceous layer type 

Young to old fallows on deep, semi-humid 

fresh soils with good water budget 
Piliostigma thonningii 

Schizachyrium exile 

(on very young fallows) 

Andropogon pseudapricus 

(on young to old fallows) 

Andropogon gayanus              

(on medium to old fallows) 

Uncultivated/old/very old fallows on fresh to 

relatively dry soils 
Pteleopsis suberosa Andropogon gayanus 

Uncultivated/old/very old fallows on 

relatively dry soils 
Combretum molle 

Andropogon pseudapricus 

Loudetia togoensis 

Uncultivated pasture area on highly semi-

humid clay soils 
Acacia hockii Schoenefeldia gracilis 

 

6.1.3.3 Data collection 

Due to the nature of shifting cultivation systems with alternations between fields and 

fallows, it was not reasonable to resurvey plots at the exact position of the baseline 

plots. Our aim was to identify temporal shifts in the vegetation composition of the 

abovementioned vegetation types with respect to specific fallow stages (Table 1). Based 

on a thorough field inspection with the author of the baseline survey (Hahn-Hadjali 

1998), we chose resurvey plots very close to the past plot locations of the baseline 

relevés (Fig. 1). Per vegetation type, we resampled the maximum number of available 

sites. We were able to conduct between 15 and 30 resurveys of relevés per type. In 

total, 97 woody and 110 herbaceous relevés were performed in 2012/13 compared to the 

100 woody and 163 herbaceous relevés of 1990-1994 (Hahn-Hadjali 1998). 

Corresponding to the baseline survey by Hahn-Hadjali (1998), the plots of the woody 

layer, including tree and shrub layer, were 900 m² (30 m x 30 m) in size. The herbaceous 



6.1 Project I 

85 

 

layer plots were 25 m² (5 m x 5 m) in size, situated randomly within the plots of the 

woody layer.  

We estimated the total and individual species cover following the method described by 

Braun-Blanquet (1964) using the modified abundance scale provided by Wilmanns (1998), 

distinguishing between tree, shrub, and herbaceous layers. The herbaceous layer 

included all herbaceous and woody species up to a height of one metre, while the shrub 

layer was defined as containing all woody species between one and five metres in 

height. The tree layer included all trees above a height of five metres. Additionally, the 

mean vegetation height per layer (tree, shrub, herb) was measured. Throughout the 

manuscript, the term woody layer refers to the combined tree and shrub layer and thus 

contains all woody species larger than one metre. Therefore, a species may occur twice 

in the woody layer.   

 

6.1.3.4 Data analyses 

All data analyses were conducted separately for the herbaceous and woody layers. 

To identify compositional changes between the baseline survey and the resurvey, non-

metric multidimensional scalings (NMDS) were calculated for each vegetation type. We 

indicated the time since abandonment (TSA) by adding the correlation between the axes 

scores and this environmental variable to the NMDS-plots.  

To identify the vegetation type-specific species for the baseline survey and the resurvey, 

we applied an indicator species analyses (IndVal; Dufrene and Legendre 1997) for each 

sampling period and vegetation type. Within this analysis, indicator values are calculated 

for each species: The indicator value ranges between 0 % and 100 %; zero denotes no 

indication of a difference in abundance and frequency of a species between the resurvey 

and baseline survey. In contrast, 100 denotes a perfect indication of a species that 

occurs in all relevés of one group (resurvey/baseline survey) but does not occur in the 

other group. To get an indication of the statistical significance, we used bootstrapping 



6 Appendix 

86 

 

methods with 1000 iterations. In this study, we only considered species with significant 

indicator values greater than 40 %.  

For the plant diversity evaluation, the mean species richness (number of species per 

plot) and the evenness index Evar (Smith et al. 1996a), independent of species richness 

but sensitive to rare and common species, were calculated for all vegetation layers.  

Statistically significant differences in richness, evenness, mean cover and height 

between baseline and resurvey relevés of the same vegetation type were tested using 

Welch’s two sample t-test, where requirements for the test were met. Where 

requirements were not met, we applied a Wilcoxon rank sum test. 

All statistical analyses were performed using R 3.2.2. with the packages vegan 2.3-1 and 

indicspecies 1.7.5. 

 

6.1.4 Results 

6.1.4.1 Species composition changes 

For all woody vegetation types except of the Combretum molle type, the NMDS reveals 

that the relevés of the baseline survey were more similar to each other for a given 

vegetation type than to the relevés of the resurvey (Fig. 2a-d). The overlap of the relevés 

of the baseline and resurvey for the three types defined by Acacia hockii, Pteleopsis 

suberosa and Piliostigma thonningii indicated a high degree of similarity. The overall 

vegetation composition within these vegetation types did not change considerably over 

the past decades but is more heterogeneous today. In contrast, the recent vegetation 

composition of the Combretum molle vegetation type (Fig. 2c) is different than the past, 

but has a comparable degree of patchiness.  

Comparing the baseline and resurvey with respect to individual species, the indicator 

species from the baseline survey can be assumed to be decreasing (in abundance and/or 

frequency) or disappearing with time, while the indicator species from the resurvey 



6.1 Project I 

87 

 

refer to increasing or newly appearing species (Table 2). Most decreasing species have a 

Sudano-Guinean distribution, whereas the increasing species comprised a higher share 

of Sahelo-Sudanian and Sahelo-Guinean-distributed species. In the Piliostigma 

thonningii type, more species decreased than increased in frequency/abundance. All 

decreasing species had a Sudanian-Guinean distribution. Parkia biglobosa, a species of 

high importance to local people, was completely absent in the resurvey. In the 

Pteleopsis suberosa type, three species were more frequent/abundant in the baseline 

survey than in the resurvey. Among the five species that increased in the resurvey, one 

was typical in fallows (Flueggea virosa) and two were climbers (Ampelocissus leonensis, 

Cissus populnea). In the Combretum molle type, no species were found to be 

significantly decreasing. In contrast, several species were identified as increasing 

species. The highly valued species Vitellaria paradoxa decreased in both the tree and 

shrub layers, and other highly valued species, such as Anogeissus leiocarpa and Lannea 

acida, decreased in the shrub layer. In the Acacia hockii type, two species disappeared 

and of the three increasing/new species, two are typical of degraded soils and fallows 

(Flueggea virosa, Annona senegalensis). 
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Fig. I-2: Non-metric multidimensional scaling (NMDS) of woody vegetation types of the 1990s baseline 

survey compared to the 2010s resurvey, sorted by age (from young fallow to uncultivated). The vector 

TSA (time since abandonment) represents the age of the fallows. 
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Table I-2: Indicator species for the woody vegetation types for the 1990s (baseline survey) and 2010s 

(resurvey), sorted by age (from young fallow to uncultivated). Significant indicator values (IndVal) above 

40 % are shown. Background shading: Indicator species that are absent in the respective vegetation 

types in either the 2010s or 1990s. Layer: S=shrub, T=tree, Type=Biological type: Epi=Epiphyte, 

Ph=Phanerophyte, cl Ph=climbing Phanerophyte, Dist.=Distribution: Su=Sudanian zone, Su-Gu=from 

Sudanian to Guinean zone, Sa-Gu=from Sahelian to Guinean zone, Sa-Su=from Sahel to Sudanian zone, 

*** p ≤ 0.001, ** p ≤ 0.01, * p ≤ 0.05. 

 

Indicator species Layer 
P. thonningii 

type 

P. suberosa 

type 

C. molle 

type 

A. hockii 

type 
Type Dist. 

1990s (baseline survey)          

Entada africana S 42.6 ** 
  

47.5** Ph Su-Gu 

Vitellaria paradoxa S 68.3* 
 

92.7*** 
 

Ph Su-Gu 
Gymnosporia senegalensis S 71.9* 

 
71.5* 

 
Ph Su-Gu 

Crossopteryx febrifuga S 62.8*** 
 

68.6* 
 

Ph Su-Gu 
Terminalia avicennioides S 87.4*** 

   
Ph Su-Gu 

Parkia biglobosa S 47.7** 
   

Ph Su-Gu 

Gardenia ternifolia S 
 

74.8** 
  

Ph Sa-Gu 
Strychnos spinosa S 

 
71.2* 

  
Ph Su-Gu 

Combretum molle S 
 

68** 
  

Ph Su-Gu 

Vitellaria paradoxa T 
  

84.9** 
 

Ph Su-Gu 
Anogeissus leiocarpa S 

  
84*** 

 
Ph Sa-Gu 

Lannea acida S 
  

80.6** 
 

Ph Su-Gu 
Feretia apodanthera S 

  
57.7* 

 
Ph Sa-Su 

Combretum adenogonium S       74.1*** Ph Su-Gu 

2010s (resurvey)               

Tapinanthus globiferus S 45.7* 
  

43* Epi Su-Gu 
Flueggea virosa S 

 
65.2*** 

 
47.1** Ph Sa-Gu 

Diospyros mespiliformis S 59.9** 
   

Ph Sa-Gu 

Acacia gourmaensis S 59* 
   

Ph Su-Gu 
Grewia lasiodiscus S 

 
62.4* 

  
Ph Su-Gu 

Lannea microcarpa T 
 

42* 
  

Ph Sa-Su 
Ampelocissus leonensis S 

 
42* 

  
cl Ph  Sa-Su 

Cissus populnea S 
 

42* 
  

cl Ph Sa-Gu 

Annona senegalensis S       53.3* Ph Su 

 

In the herbaceous layer, the vegetation composition changed considerably over time in 

three vegetation types: Schizachyrium exile, Loudetia togoensis and Schoenefeldia 

gracilis (Fig. 3a,d,e). The Andropogon pseudapricus type also changed in species 

composition, but still comprised an overlap in the relevés, indicating a similar species 

composition as in the baseline survey (Fig. 3b). In contrast, the Andropogon gayanus 

type (Fig. 3c) showed considerable overlap indicating a similar species composition 

between the baseline and the resurvey.  

The indicator species analyses of all five herbaceous vegetation types revealed 

considerably more indicator species for the resurvey than for the baseline study (Table 

3), indicating that more species increased than decreased in frequency/abundance. For 

all five types together, 70 % of the increasing/new species and 45 % 

decreasing/disappearing species were ruderal or segetal. The proportion of Sahelian 

species was equal between increasing and decreasing species, and the proportion of 
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Sudanian species was lower among the increasing compared to decreasing species. 

However, the proportion of Sahelo-Sudanian and Sahelo-Guinean distributed species 

was higher in the resurvey compared to the baseline survey indicators. 

About half of the indicator species for the resurvey were indicators for more than one 

vegetation type (Table 3), indicating a homogenization of the sites and vegetation types. 

Tephrosia pedicellata, for example, was an indicator for the resurvey in all vegetation 

types except the Schoenefeldia gracilis type. Hyptis spicigera, Sida rhombifolia and Sida 

urens were indicators for the resurvey in all types except the Andropogon gayanus type. 

The Schizachyrium exile type, typically found on young fallows, had the greatest number 

of species (29) that increased in frequency/abundance compared to the other types. 

Half of these increased species were ruderal or segetal and completely new to the 

vegetation type. However, among the decreasing species, nearly 70 % completely 

disappeared. In the Andropogon pseudapricus type, found on young to medium aged 

fallows, approximately 30 % of the decreasing species were juvenile woody species. Of 

the increasing species, 70 % were ruderal or segetal and 65 % were new species to the 

type. The Andropogon gayanus type, on medium to old fallows, had less indicator 

species for both the baseline and resurvey compared to the other four types. 

Additionally, the share of species completely new to the type was considerably lower. 

The Loudetia togoensis type, on old fallows, also showed comparatively few indicator 

species both for baseline and resurvey. However, of the increasing species, nearly 70 % 

were new to the type and the share of species adapted to disturbances among the 

increasing species was approximately 80 %, which was very high. The Schoenefeldia 

gracilis type on uncultivated sites also had a high number of species (25) that increased, 

of which approximately 65 % were new to the type. 
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Fig. I-3: Non-metric multidimensional scaling (NMDS) of herbaceous vegetation types of the 1990s 

baseline survey compared to the 2010s resurvey, sorted by age (from young fallow to uncultivated). The 

vector TSA (time since abandonment) represents the age of the fallows.  
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Table I-3: Indicator species for the herbaceous vegetation types of 1990s (baseline survey) and 2010s 

(resurvey), sorted by age (from young fallow to uncultivated). Significant indicator values (IndVal) above 

40 % are shown. Background shading: Indicator species that are absent in the respective vegetation 

type in either the 2010s or 1990s. Type=Biological type: Th=Therophyte, Ch=Chamaephyte, 

He=Hemicryptophyte, G=Geophyte, Ph=Phanerophyte, Dist=Distribution: Sa=Sahelian, Su=Sudanian, Sa-

Su=Sahelo-Sudanian, Sa-Gu=from Sahel to Guinean, Su-Gu=from Sudano-Guinean, Habitat (Le Bourgeois 

and Merlier; Thiombiano et al. 2012). 

 Indicator species 
S. exile-

type 

A. 

pseuapricus-

type 

A. 

gayanus-

type 

L. 

togoensis

-type 

S. 

gracilis-

type 

Ty

pe 
Dist Habitat                                               

1990s (baseline survey)                
Eragrostis tremula 79.4** 

    
Th Sa-Su Sandy, fallow, segetal 

Pennisetum polystachion 75*** 
    

Th Su Tree savanna, segetal 

Striga hermonthica 55** 
    

He Sa-Gu Fallows/fields 

Aristida hordeacea 46.1* 
    

Th Sa Dry/humid, fallows 
Cucumis melo 42.6* 

    
Th Sa Sandy soil 

Ipomoea coscinosperma 52.2** 
   

61.1** Th Sa Sandy/clayey, segetal 

Indigofera stenophylla 60.3** 59.7** 
   

Th Sa-Su Scleteton, rocky 
Hibiscus cannabinus 55** 55.7** 

   
Th Sa Sandy, segetal, fallow 

Digitaria argillacea 55** 51.2*** 
   

Th Sa-Su Open habitat, fallow 

Andropogon gayanus 
 

79.6*** 
   

He Su Alluvial terraces 
Piliostigma spec 

 
78.7*** 

   
Ph Sa-Su 

 
Grewia cissoides 

 
72.1*** 

   
Ch Su-Gu 

 
Indigofera dendroides 

 
62*** 

   
Th Su depressions, terraces  

Cochlospermum planchonii 
 

59.8*** 
   

Ch Su Sudanian bush 
Stereospermum kunthianum 

 
48.5* 

   
Ph Sa-Gu Gallery forest, fallows 

Cochlospermum tinctorium 
 

46.7* 
   

Ch Su Sudanian bush 

Indigofera leprieurii 
 

46.3** 
   Th Sa-Su 

Open savannas, 
fallows 

Crossopteryx febrifuga 
 

43.6* 
   

Ph Su Sudanian savanna 
Terminalia avicennioides 

 
71.2** 74.4** 

  
Ph Su Ferrungineux/sandy 

Andropogon chinensis 
  

78** 
   

 
Fallows, rocky soils 

Chamaecrista mimosoides 
  

76.1* 
  

 

Sa-Su Fallows, sandy soils 

Schizachyrium ruderale 
  

71.7* 
  

  
Ruderal 

Sporobolus spec 
  

68.4** 
  

  
 

Pteleopsis suberosa 
  

63.6* 
  

 

Su Sudanian savannas 

Tripogon minimus 
   

63.3* 
 

 
Sa-Su Rocky humid soils 

Schizachyrium exile 
    

61.4* 

 

Su Fallows 

Monechma ciliatum 
    

58.2** 

 
Sa 

Ruderal, fallows, 
sandy, humid soils 

Combretum glutinosum 
    

54.8* 

 
Sa-Su Fallows 

Brachiaria lata 
    

51.1* 

 
Sa-Su Ruderal, humid soil 

2010s (resurvey) 
      

    
Tephrosia pedicellata 84.3*** 83.9*** 61.8*** 86.4*** 

 
 

Sa-Su Ruderal 

Alysicarpus spec 78.9* 67.2*** 60.4** 
 

77*** 

 
Sa  

 
Aneilema paludosum 49** 47.8*** 48** 

 
53.5** 

 

Su-Gu Humid, cultivated 

Sida rhombifolia 72.1*** 60.9*** 
 

53.5* 50** 
  

Fallows 
Sida urens 63.2*** 50.7*** 

 
59.8** 50** 

 

Su Fallows, humid soils 

Plectranthus gracillimus 63.2*** 44.7** 
 

75.6*** 46.3* 
 

Sa-Gu Swampy savannas 
Brachiaria stigmatisata 44.7** 47.8*** 

 
53.5* 56.7** 

 
Sa-Su Fallows, along paths 

Kyllinga beninensis 44.7** 41.4** 
 

53.5* 50** Th 

 
 

Hyptis spicigera 40* 53.5*** 
 

53.5* 69.4*** Th Su Humid, fallows 

Triumfetta pentandra 81.5*** 56.1*** 
  

53.5** 
Th Sa-Gu 

Depressions, humid 

soils 
Chloris pilosa 65.8*** 53.5*** 

  
75.3*** Th Sa-Su Humid soils, ruderal 

Brachiaria xantholeuca 52.9** 47.8*** 
  

65.5*** Th Sa Fertile sandy soils 

Stylochaeton hypogaeus 46.2* 47.3* 
  

42.3* Geo Su Segetal 
Eragrostis turgida 61.8** 53.4**   66.2** Th Sa-Su Alluv. terrace, segetal 
Stylosanthes erecta 53.9** 

 
48** 

 
50* Ch 

 

Sandy soils 

Phyllanthus amarus 
 

56.1*** 
 

65.5** 53.5** Th Sa-Gu Fields, alluvial soils 
Pennisetum pedicellatum 

  
73.1*** 84.1*** 84.4*** Th Su Young fallow, shade 

Ipomoea eriocarpa 
  

62*** 53.5* 62.2*** Th Sa-Gu Fallows, sandy 
Zornia glochidiata 78.4*** 

  
68.6* 68.1*** Th Sa Oben habitats 

Biophytum umbraculum 49** 44.7** 
   

Th Sa-Gu Fallows, fertile soils 

Aspilia heleanthoides/bussei 43.6* 
 

67*** 
  

Th 
 

Fallows, along road 
Hackelochloa granularis 58.3** 

  
73.7** 

 
Th Su-Gu Humid soils, ruderal 

Microchloa indica 52* 
   

50** Th 
 

Poor soils, segetal 
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Commelina nigritana 53.5* 
    

Ch Su Cultivated land 

Digitaria ciliaris 52.9** 
    Th Sa 

Humid degraded soil, 
segetal 

Loudetia togoensis 52.9*** 
    

He Sa-Su Dry, scelleton soils 
Pandiaka angustifolia 52.9** 

    
Th 

 

Humid, sandy soil 

Combretum nigricans 52.3** 
    

Ph Su Sceleton soils 

Aristida kerstingii 47* 
    

Th Sa-Su Bowé, along road 

Sporobolus spec 45.3* 
    

Th 
 

 
Acacia dudgeonii 40.0 

    
Ph Sa-Su Valleys, slopes 

Tripogon minimus 40.0 
    

Th Sa-Su Humid, bare soil 

Bulbostylis hispidula 
 

56.1*** 
 

53.5* 
 

Th Sa-Su Degraded, segetal 

Cassia obtusifolia 
 

66.4*** 
  

86.4*** Th Sa-Su Ruderal, fresh, fallows 

Dactyloctenium aegyptium 
 

53.5*** 
  

53.5** Th Sa-Su Segetal, humid 
Spermacoce filifolia 

 
60.1** 

   
Th Sa Humid soils, segetal 

Schizachyrium exile 
 

52.3* 
   

Th Sa-Su Fallows 

Mitracarpus hirtus 
 

51.3** 
   

Th Sa-Su Fallows, sandy,  

Digitaria horizontalis 
 

47.8*** 
   

Th Sa fresh/lateritic, segetal 
Andropogon pseudapricus 

  
80.4** 

  
Th 

 
Fallows, poor soils 

Sorghastrum bipennatum 
  

62*** 
  

Th 

 

Fallows, humid soils 

Spermacoce spec 
  

63.8** 
  

Th 
 

 
Heteropogon contortus 

  
47.6* 

  
He Su Depressions 

Pennisetum polystachion 
  

47* 
  

Th Su Altered soils, segetal 

Schizachyrium urceolatum 
  

45.3* 
  

Th Sa-Su Soil rocky/stony 

Spermacoce stachydea 
   

81.9** 69.1** Th Sa-Su Fields, sandy soils 

Polygala arenaria 
   

63.2* 56.7** Th 

 

Fallow, temp. flooded 

Cyanotis longifolia 
   

59.8** 
 

Ch 
 

Lateric, segetal 
Evolvulus alsinoides 

   
59.8** 

 
Ch Sa Sandy soils, ruderal 

Panicum pansum 
   

59.8** 
 

Th Su Ruderal, fallow 
Setaria pumila 

   
70.7** 

 
Th Sa-Su Fallow, fresh, ruderal 

Chrysochloa hindsii 
    

61.7** Th Sa-Su Temporarily flooded 

Brachiaria deflexa 
    

50** Th   Humid soils 

 

 
 

6.1.4.2 Vegetation structure change 

The mean vegetation cover and height did not change significantly for the tree and 

shrub layers between the baseline survey and resurvey of all woody vegetation types, 

except for the Acacia hockii type. In the A. hockii type, the mean shrub coverage 

significantly decreased and mean tree height significantly increased with time (Table 4).  

The mean cover of the herbaceous layer changed in the Schizachyrium exile type only. It 

significantly decreased with time (Table 4). For the mean height of the herbaceous layer, 

we observed a significant decrease in all herbaceous vegetation types between the 

baseline survey and the resurvey. 
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Table I-4: Cover and height of vegetation layers in the baseline survey and resurvey by vegetation type. 

Background shading: statistically significant values (p<0.05). Layer: T=tree, S=shrub, H=herb. 

Vegetation type 

La- 

yer 

Mean cover (%)   Mean height (m) 

baseline 

survey resurvey 

t-

value df p   

baseline 

survey resurvey t-value df p 

Woody layer 

 

                      

P. thonningii 
T 3.82±1.77 7.05±1.27 -1.48 42.52 0.15 

 
4.77±0.98 5.87±0.68 -0.92 41.32 0.36 

S 42.41±4.14 34.49±2.99 1.55 42.82 0.13 

 

3.73±0.29 3.97±0.2 -0.66 41.16 0.51 

P. suberosa 
T 8.63±1.36 11.36±2.66 -0.91 20.07 0.37 

 
6.44±0.71 7.93±0.4 -1.84 43.28 0.07 

S 43.28±2.19 46.43±4.84 -0.59 18.56 0.56 
 

5.22±0.17 4.79±0.15 1.84 40.03 0.07 

C. molle 
T 27.27±5.42 13.08±5.28 1.88 25.93 0.07 

 

8.43±0.78 5.85±1.28 1.73 20.15 0.10 

S 46.67±3.80 38.08±4.72 1.42 23.97 0.17 
 

5.23±0.28 4.81±0.13 1.39 20.04 0.18 

A. hockii 
T 8.61±2.39 10.81±3.42 -0.53 47.73 0.60 

 
2.90±0.73 5.72±0.78 -2.65 54.93 0.01 

S 33.55±1.23 26.55±2.99 2.16 34.69 0.04 
 

4.90±0.2 4.57±0.17 1.25 55.37 0.21 

Herbaceous layer                        
S.  exile H 81.52±2.03 69.4±2.99 3.349 44.3 0.00 

 
1.13±0.06 0.46±0.06 8.23 53.93 0.00 

A. pseudapricus H 79.76±1.93 76.36±1.70 1.32 73.00 0.19 
 

1.6±0.08 0.73±0.07 8.27 72.75 0.00 

A. gayanus H 70.31±1.58 74.09±3.63 -0.95 14.08 0.36 
 

1.49±0.09 1± 0.14 2.99 18.71 0.01 
L. togoensis H 83.13± 2.62 74.86±4.2 1.67 22.18 0.11 

 
1.09±0.09 0.81±0.09 2.19 27.49 0.04 

S. gracilis H 79.6±2.69 77.59±2.32 0.57 48.28 0.57 
 

0.77±0.07 0.49±0.05 3.25 44.76 0.00 

 

 

6.1.4.3 Species diversity change 

In all relevés, we recorded 87 species in the tree and shrub layers in the 2010s, whereas 

81 species were documented in the 1990s. In the herbaceous layer, we found 245 

species in the resurvey compared to 192 species in the baseline survey. 

For the mean species richness per plot, in three of the four woody vegetation types, no 

significant differences between the survey and resurvey were detected (Fig. 4). Only in 

the Combretum molle type did we find a significantly lower mean species richness in the 

resurvey compared to the baseline survey. In this type, we found a mean of 13 woody 

species per relevé in the resurvey compared to 20 species in the baseline survey. Mean 

evenness was significantly lower in the resurvey in all woody plant types compared to 

the baseline survey. 

In four of the five herbaceous vegetation types, the mean species richness was 

significantly higher in the resurvey compared to the baseline survey (Fig. 4). Only the 

Andropogon gayanus type showed no difference. Evenness was significantly higher in all 

five herbaceous resurvey vegetation types compared to those in the baseline, indicating 

less variation. 
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Fig. I-4: a), b): Mean species richness (species number per plot) and c), d) evenness (Evar) of baseline 

survey and resurvey relevés per woody vegetation type (left) and per herbaceous vegetation type 

(right). Schi exi: Schizachyrium exile type, And pseu: Andropogon pseudapricus type, And gay: Andropogon 

gayanus type, Lou tog: Loudetia togoensis type, Scho gra: Schoenefeldia gracilis type. *p <0.05, ** p <0.01, 

*** p <0.001. 

 

6.1.5 Discussion 

Related to the increasing land use intensity over the past two decades, we found more 

pronounced changes to species composition and richness in the herbaceous layer 

compared to the woody layer. As such, we were able to confirm our hypothesis that the 

herbaceous layer is more sensitive to land use change. A similar difference in sensitivity 

to land use intensification was observed by Devineau and Fournier (2007), who found 

that herbaceous species react more sensitively to environmental factors, such as the 

availability of soil nutrients, compared to woody species.  
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6.1.5.1 Changes in the woody layer 

Despite land use intensification, we observed only a few changes in woody species 

composition and richness. This might be due to a broad ecological amplitude of woody 

savanna species (Hahn-Hadjali 1998) and shifting cultivation as well as the selective 

protection of NTFP-species, all of which seem to have shaped the woody species 

composition considerably since decades. As stated above, the woody layer, mainly 

dominated by shrubs, is known for its adaptability to disturbances through its fast 

growth and resprouting capacity (Hahn-Hadjali 1998; Lykke 1998). Similar to the findings 

of comparison studies of protected and communal areas (Nacoulma et al. 2011; Schmidt 

et al. 2016), woody species richness mainly stayed stable with increasing land use 

pressure in our study, whereas species evenness decreased across all woody vegetation 

types. In accordance with Houehanou et al. (2012), we suggest that the decreasing 

evenness might be due to increased livestock herds. Browsers, mainly goat, particularly 

favour specific browse species, such as Anogeissus leiocarpa (Lykke et al. 2004a).  

Despite the generally stable species richness, we found a decrease in the important 

multipurpose tree species Vitellaria paradoxa, Parkia biglobosa, Terminalia 

avicennioides and Anogeissus leiocarpa (Table 2). We assume that selective tree cutting 

and firewood collection caused their decrease since they are used for firewood, 

construction and medicine (Schumann et al. 2011; Heubach et al. 2013). V. paradoxa 

decreased in two vegetation types and P. biglobosa disappeared in one type, even 

though these highly valued species (Heubach et al. 2013; Leßmeister et al. 2015) are 

preserved on cultivated lands. Together, they account for 70 % of the subsistence wild 

food income in this region (Leßmeister et al. 2015). However, the reasons for the decline 

of these useful species can be variable. Very high exploitation rates of fruits and seeds of 

e.g., those of V. paradoxa and P. biglobosa and other useful species, may cause their 

decline and inhibit rejuvenation. Because saplings are removed during field clearings and 

because fallow periods have become shorter, regeneration is hindered and the species 

population ages (Djossa et al. 2008b; Jurisch et al. 2016). The decreasing frequency of 

multipurpose plant species can have direct consequences for household incomes 

(Leßmeister et al. 2016) and raises concern for future rural livelihoods in the area. 
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In the resurveys of all woody types, we found a considerably higher variation in 

vegetation composition than 20 years ago. We explain this increase in within-vegetation 

type heterogeneity with stronger differences in land use intensity within one area: 

During the last 20 years, the number of fields for crop production increased considerably 

(INSD 2014), leading to a higher patchiness of the sites exposed to grazing in some cases 

(personal observation). For example, we recognized that fallows entirely surrounded by 

fields were grazed less due to the limited access offered to cattle compared to the 

fallows in areas with permanent access. This leads to differences in disturbance intensity 

among fallows of the same age within one vegetation type, which may result in 

differences in environmental niches, allowing the occurrence of species adapted to 

different land use intensities (De Bie et al. 1998; Devineau 1999). 

Violating our hypothesis of the expected species composition and richness changes in 

woody types as a reaction to land use intensification, only in one woody type 

(Combretum molle) was a considerable change observed. This result is in contrast with 

other studies in the Sahel, where woody species richness significantly decreased 

(Gonzalez et al. 2012; Brandt et al. 2014a; Hänke et al. 2016). However, woody species 

richness may also decrease in our study region in the future, since the indicator species 

analysis showed more decreasing than increasing juvenile woody species. The C. molle 

type occurs on unfavourable shallow and poor soils, which were mostly uncultivated in 

the early 1990s, while today they are occasionally cultivated due to increased land use 

pressure. We assume that the observed change in species composition and the decrease 

in species richness were related to the increase in land use pressure. This assumption is 

confirmed by the decrease in Anogeissus leiocarpa and Crossopteryx febrifuga, which 

are favoured firewood and tool wood species (Heubach et al. 2013), suggesting an 

increased level of exploitation under population growth. 
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6.1.5.2 Changes in the herbaceous layer 

In accordance with our initial hypothesis, the vegetation composition, structure and 

species richness of the herbaceous types changed considerably. We observed an 

increase in herbaceous species richness and evenness under land use intensification for 

most vegetation types. Similar results were found by Zerbo et al. (2016), who 

investigated the influences of different land use intensities on herbaceous species 

richness. The authors found a higher species richness on disturbed rather than on 

protected habitats. The dense grass layer typical of the Sudanian zone is currently 

disturbed and opened by livestock grazing, trampling, selective plant collection 

(Savadogo et al. 2008), and increased field clearings due to the growing human 

population density (INSD 2014). These disturbances provide microhabitats for short-

lived annuals (therophytes) with high growth and reproductive rates (Grime 1979), forbs 

and pioneers (Hahn-Hadjali et al. 2006; Zwarg et al. 2012), as represented by the 

increase in ruderal and segetal species in our study, further resulting in a decrease in 

herbaceous layer height. These findings are in line with Guo et al. (2016), who found a 

loss of specialized and perennial species and an increase of wide-ranging species with 

increasing human impacts. Additionally, we found that ruderalization led to a more even 

distribution of species among vegetation types. Thus, the different vegetation types now 

share more common species. This is emphasized by the fact that approximately 50 % of 

the resurvey indicator species were indicators for several vegetation types. Some 

ruderal species such as Tephrosia pedicellata, Hyptis spicigera, Ipomoea eriocarpa, and 

Pennisetum pedicellatum currently dominate most of the vegetation types. Since the 

occurrence of these species was not site specific and they are known for wide ecological 

amplitudes (Thiombiano et al. 2012), they can be considered ubiquitous. Similarly, 

Devineau et al. (2009) showed that the proportion of wide-ranging species is higher in 

human-disturbed than in protected areas of the Sudanian zone. Therefore, with 

continuing human impacts and a homogenization of the vegetation composition through 

the spread of ubiquitous species, a loss of specialized species diversity can be expected 

in the long run (Fournier et al. 2001; Hahn-Hadjali et al. 2006). 
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The species occurring exclusively in a specific vegetation type are mostly perennial and 

non-ruderal species. A decrease in these species, mostly hemicryptophytes, was 

observed in our study. Similarly, Nacoulma et al. (2011) and Zerbo et al. (2016) found 

fewer hemicryptophytes with increasing land use intensity in Sudanian savannas. The 

perennial grasses Andropogon chinensis and Andropogon gayanus decreased in the 

Andropogon gayanus and Andropogon pseudapricus type, respectively. As they are 

preferred fodder species, we assume that this trend is due to increased pasture 

pressure. Similarly, earlier studies found a dominance of therophytes in disturbed 

compared to undisturbed habitats in different regions of Burkina Faso (Hahn-Hadjali et 

al. 2006; Nacoulma et al. 2011). Schmidt et al. (2011) showed that the proportion of 

therophytes decreases from the Sahel to the Sudanian zone in Burkina Faso. However, 

even though the proportion of Sahelian species remained stable in our investigation, our 

results show that the proportion of wide-ranging therophyte species (Sahelo-Sudanian 

and Sahelo-Guinean) has increased. 

Contrary to our hypothesis, we found significant increases in species richness and 

evenness in four of the five vegetation types. The Schizachyrium exile type, on very 

young fallows, and the Andropogon pseudapricus type, on young fallows, showed 

considerable species composition shifts and significant decreases in herbaceous cover 

over the past 20 years, presumably as a result of the heavily leached soils due to the 

shorter fallow cycles currently being used (Gray 1999). However, we observed the 

highest species richness and a significant increase in species richness with time in both 

types, which is in accordance with Fournier and Planchon (1998), who explained that the 

highest species richness found in youngest fallows is due to increased disturbance. A 

highly significant increase in species richness and a species composition change were 

also observed for the two mainly uncultivated, but frequently grazed, vegetation types 

Loudetia togoensis and Schoenefeldia gracilis, which occur on unfavourable soil 

conditions. With 80 %, the highest share of ruderal and segetal species was observed in 

the L. togoensis type, indicating a higher level of disturbance (e.g., through pasture). 

Rutherford and Powrie (2013) similarly found an increase of herbaceous species with 

heavy grazing in South African rangelands. The Andropogon gayanus type, occurring on 

old fallows or uncultivated fresh sites, did not change significantly in time. We assume 
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that the A. gayanus type changed less because it was already used as pasture area at the 

time of the baseline survey and, thus, was preadapted to human disturbances (Hahn-

Hadjali 1998).  

Most vegetation types, irrespective of their cultivation status or fallow age, showed 

considerable changes in species composition and richness. Therefore, we conclude that 

grazing, present in all vegetation types, is the disturbance factor of most importance for 

the observed species and diversity shifts. 

 

6.1.6 Conclusion 

In our study, we examined temporal vegetation changes in the Sudanian vegetation 

zone. We gained insights into the specific reactions of different vegetation types and 

layers to land use intensification, and our results reinforce the need for further studies 

of land use change on the basis of vegetation type that incorporate both the herbaceous 

and the woody layers. We observed no corresponding development in species richness 

in the woody and herbaceous layers. In all vegetation types, the herbaceous layers’ 

species richness increased, while the species richness of the woody layer stayed stable 

or decreased (except for the combination Pteleopsis suberosa/Andropogon gayanus). 

The implicit conclusion of our findings is, therefore, that all studies focusing on land use 

changes should include separate analyses of the vegetation layers with a particular focus 

on the herbaceous layer. 

Since grazing is the disturbance factor present in all vegetation type and a compositional 

shift of most herbaceous vegetation types was found, we conclude that increased 

grazing pressure is the major driver of these shifts. Grazing leads to a distinct 

homogenization of herbaceous vegetation types by favouring widely distributed and 

wide-ranging annual plant species. The increase of these species could further lead to a 

decrease of perennial good fodder species with detrimental consequences for livestock 

breeding and the livelihoods dependent on it (Leßmeister et al. 2016). Further studies on 



6.1 Project I 

101 

 

land use impacts are needed to evaluate the consequences for biodiversity and 

livelihoods on a broader scale. Management and conservation strategies for preserving 

overall biodiversity and highly useful species on a species-specific level are needed to 

counteract a decrease in biodiversity and to ensure the availability of natural resources 

for local livelihoods.  
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6.2.1 Abstract 

In African savannas, land use change has severe negative consequences for biodiversity 

and ecosystem services. In this study, we aim to investigate impacts of land use on 

savanna vegetation by analysing plant functional trait responses in a West African 

savanna. For this purpose, we resampled relevés of different vegetation types 

conducted in the 1990s in the North Sudanian vegetation zone of south-eastern Burkina 

Faso. We recorded the herbaceous and the woody vegetation layer separately and 

measured vegetative and reproductive plant functional traits for all species. To evaluate 

changes between the baseline survey and the resurvey, we calculated community 

weighted means (CWM) of trait values for each vegetation type. We found, that land use 

intensification led to considerable changes in plant functional traits for most vegetation 

types. In general, more changes were observed in the herbaceous compared to the 

woody layer. An increase of smaller plants and increased terminal velocity (VTerm) was 

observed in both layers. In the herbaceous layer, more annual species, increased specific 

leaf area (SLA) and heavier seeds were found. Moreover, an increased share of 

endozoochorous and a decreased share of epizoochorous dispersed species were found 

in the herbaceous layer as well as an increase of species with storage organs.  

We showed that the cultivation status of the vegetation types wasn’t the major factor 

for plant functional trait responses. We thus conclude that the increased impact of 

livestock that is present on all vegetation types is the major driver of changes in plant 

functional trait characteristics.  
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6.2.2 Introduction 

Global land use change including agricultural expansion and intensification threatens 

ecosystems, biodiversity and their ecosystem services (Newbold et al. 2014). Savannas 

are generally anticipated to belong to the most sensitive ecosystems to land use change 

(Sala et al. 2000). In West African savannas, agriculture, livestock grazing, logging and 

harvesting of wild plants are main land uses, considerably affecting vegetation diversity 

patterns as well as species compositions of plant communities. In the past centuries, 

land use has been intensified as a consequence of severe population growth in West 

Africa. Agricultural production increased and agricultural land expanded, which led to a 

shortening of fallow cycles and even permanent cultivation for cash crop production. As 

a result, ecosystems, plant diversity and the provisioning ecosystem service for human 

well-being are crucially threatened. Due to its pivotal role for plant diversity, the impact 

of land use on West African savanna ecosystems has recently increasingly been 

investigated (e.g. Nacoulma et al. 2011; Schmidt et al. 2016). These studies mainly 

focused on the impact of land use on plant diversity and structure by comparing 

communal and protected areas. Vegetation types underlying stronger anthropogenic 

disturbance showed more severe changes than vegetation types with less human impact 

(Nacoulma et al. 2011) and the herbaceous layer reacted more sensitive to land use than 

the woody layer (Nacoulma et al. 2011; Schmidt et al. 2016). 

To improve the understanding of ecological processes lying behind these changes in 

vegetation patterns, additional variables should be focused on. In this regard, plant 

functional traits depict a valuable mean in order to give an insight into functional 

reactions of plant communities to environmental changes. Hence, plants with similar 

functional trait characteristics, such as similar vegetative traits (whole plant and leaf 

traits) or reproductive traits (seed traits, dispersal traits, clonal traits) are expected to 

respond similarly to environmental changes (McIntyre et al. 1995; Lavorel et al. 1997). 

By that, plant community responses to environmental changes can be identified and 

used to gain a more process-based understanding. In fact, assessments of plant 

functional traits of different plant communities (Westoby and Wright 2006) allow to 

more functionally describe and analyse changes in plant communities. 
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Studies on functional trait responses to land use intensifications were up to now mostly 

carried out in temperate zones, showing that plant functional traits are highly applicable 

to quantify effects of land use intensification on plant communities. Important 

vegetative traits are canopy height, plant life span and specific leaf area (SLA). Studies 

covering changes in plant height, associated with competitive success (Westoby 1998), 

enable to assess human-induced disturbances. Same applies for studies on plant species’ 

life span strategies, giving insights into species’ persistence (Pérez-Harguindeguy et al. 

2013). Both plant height (Díaz et al. 2007) and plant life span (Díaz et al. 2007; Guo et al. 

2016; Tessema et al. 2016) were shown to negatively correlate with disturbance by land 

use. Furthermore, measurements of the SLA are commonly used to assess the degree of 

habitat productivity and disturbance (Díaz et al. 2001; McCune and Vellend 2015). 

Thereby, in disturbed and productive habitats high SLA values are typically found 

(McCune and Vellend 2015). Surveys on reproductive strategies that analyse the 

distribution of storage organs, clonal growth strategies and seed dispersal types within 

plant communities constitute promising approaches to investigate effects and 

consequences of intensification of land use (Westoby 1998; Marini et al. 2012) such as 

increased grazing by livestock. Moreover, measurements of seed traits provide insights 

into the reproductive biology of communities, including patterns in dispersal and 

colonization ability (Rees and Westoby 1997). More precisely, seed mass can indicate 

dispersal ability, as lightweight seeds may increase long distance dispersal (by wind) and 

generally may indicate higher seed production, which can additionally enhance dispersal 

ability (Weiher et al. 1999). 

In West African savanna ecosystems, studies covering plant functional responses to land 

use change show certain lacks regarding the scope and specific methodology: 

Corresponding studies mostly focused on either intraspecific trait variability (Lankoandé 

et al. 2015) or on specific and predetermined taxonomic groups (Schmidt et al. 2011; 

Bocksberger et al. 2016). In addition, related studies either solely used literature data 

(Devineau and Fournier 2005; Holmgren and Poorter 2007), categorical traits or focused 

on only few single traits (Guo et al. 2016). Studies covering the above mentioned traits 

including all life forms are to the best of our knowledge still absent in West African 

savannas. Yet, respective studies are of great importance to obtain insights into 
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functional responses of plant communities to environmental changes in highly human 

disturbed savanna ecosystems. In order to cover the mentioned functional traits, field 

studies are vitally important. Hence, in our study we conducted a vegetation resurvey 

and collected vegetative and reproductive plant functional traits in different vegetation 

types for the herbaceous and woody layer and compared them with a baseline survey, 

carried out two decades earlier.  

In our study, the following research questions were addressed: 

Q1: How do plant functional traits respond to land use changes over the past two 

decades? 

According to the above cited findings investigating effects of disturbance by 

grazing or other land uses on plant functional traits, our hypothesis are that with 

an increased land use pressure:  

H1. plant height decreases. 

H2. plant life span decreases (increase of annuals vs. perennials). 

H3. SLA increases. 

H4. seed mass decreases. 

H5. seed number increases. 

H6. dispersal by zoochory increases. 

H7. clonality declines. 

Q2: How do trait responses differ among vegetation types of different land use 

units? 

H8: We assume that younger fallow types show more pronounced trait changes 

than older fallows and uncultivated vegetation types. 
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6.2.3 Materials and Methods 

6.2.3.1 Study site 

We performed vegetation resurveys in 2012/13 of vegetation relevés sampled in 1990-

94 by Hahn-Hadjali (1998). Alike the baseline study of Hahn-Hadjali (1998), we 

conducted our study in communal areas of two provinces in Burkina Faso: Gourma and 

Kompienga. Both provinces are situated in the North Sudanian vegetation zone (Fig 1), 

characterized by two climatic seasons: a dry season from October to April/May and a 

rainy season from May/June to September. Mean annual precipitation increased slightly 

over the past two decades, from 850 mm (1985-94) to 870 mm (1994-2013) (Direction 

Générale de la Météorologie du Burkina Faso). In Gourma, human population density 

almost doubled (from 16 to 28 people per km2) and in Kompienga it tripled (from 3 to 11 

people per km2) from 1985 to 2006 (INSD 2014). This development is thus associated 

with a strong increased land use: cultivation of cotton more than tripled from 2002 to 

2014 (INSD 2014) and livestock increased by approximately 25 % from 2003 to 2012 

(Ministere des Ressources Animales 2010; INSD 2014). The main soil types are Vertisols, 

vertic Cambisols, Acrisols and Leptosols (Hahn-Hadjali 1998). The typical farming system 

is shifting cultivation, characterised by changing cycles of crop production and fallow 

periods. Thereby, during field clearings for cultivation, highly useful tree species are 

spared. Other important land uses are extensive livestock breeding and harvesting of 

non-timber forest products (NTFPs) and selective tree cutting for firewood and 

construction.  
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Fig. II-1: Location of the two study areas (left) indicating the resurveyed vegetation plots (right) in 

south-eastern Burkina Faso. 

 

6.2.4 Resurvey vegetation sampling: studied vegetation types 

In the baseline approach, Hahn-Hadjali (1998) conducted a classification of vegetation 

types separately for woody and herbaceous layers. Correspondingly, we performed 

vegetation resurveys for these two layers separately. We conducted a vegetation 

resampling of four woody and five herbaceous vegetation types (Table 1) described by 

Hahn-Hadjali (1998). However, the herbaceous types relate to the woody types. Every 

herbaceous type belongs to a woody type, whereby different herbaceous types may 

belong to the same woody type (Table 1).  
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Table II-1: Habitat and soil characteristics of the woody and corresponding herbaceous 

vegetation types (according to Hahn-Hadjali 1998). On each plot, local farmers indicated the 
time since last cultivation (fallow age). 

Habitat Soil Woody layer type Herbaceous layer type 

Young to old fallows  

Deep, semi-humid 

fresh soils with good 

water budget 

Piliostigma thonningii 

(young fallows) 

Schizachyrium exile 

(young fallows) 

Andropogon pseudapricus 

(young-medium fallows) 

Andropogon gayanus            

(medium-old fallows) 

Uncultivated/old/very old 

fallows 

Fresh to relatively dry 

soils 

Pteleopsis suberosa 

(medium-old fallows) 

Andropogon gayanus 

(medium-old fallows) 

Uncultivated/old/very old 

fallows 
Relatively dry soils 

Combretum molle 

(old fallows) 

Andropogon pseudapricus 

(young-medium fallows) 

Loudetia togoensis 

(old fallows) 

Uncultivated pasture area 
Highly semi-humid 

clay soils 

Acacia hockii 

(uncultivated) 

Schoenefeldia gracilis 

(uncultivated) 

 

6.2.5 Data collection 

6.2.5.1 Vegetation relevés 

Owing to the typical alteration of field and fallow periods in a shifting cultivation system, 

resurvey plots were not positioned at the exact same position as the baseline plots. 

Instead, same vegetation types of similar fallow stages were resampled in the proximity 

of the baseline plots. Per type, we conducted between 15 and 30 resurveys relevés. In 

total, 97 woody and 110 herbaceous relevés were performed in 2012/13 compared to the 

100 woody and 163 herbaceous relevés of 1990-1994 (Hahn-Hadjali 1998). 

In line with the baseline survey by Hahn-Hadjali (1998), the woody layer plots, including 

tree and shrub layer, were 900 m² (30 m x 30 m) in size. Situated randomly within the 

plots of the woody layer, the plots of the herbaceous layer were 25 m² (5 m x 5 m) in 

size.  

For estimation of total and individual species cover, we followed the method described 

by Braun-Blanquet (1964) using the modified abundance scale provided by Wilmanns 
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(1998), distinguishing between tree, shrub, and herbaceous layers. The herbaceous layer 

was defined as all herbaceous and woody species up to a height of one metre. The shrub 

layer included all woody species between one and five metres and the tree layer 

comprised all trees above five metres. Throughout the manuscript, the term woody layer 

refers to the combined tree and shrub layer and thus contains all woody species larger 

than one metre. Therefore, a species may occur twice in the woody layer.  

 

6.2.5.2 Measurement of traits 

All species occurring in both the resurvey (conducted in 2012/13) and in the baseline 

survey of 1990-94 (Hahn-Hadjali 1998) were included in the trait measurements 

(Appendix A.1 and A.2). For all trait measurements (Table 2), we followed the standards 

of Cornelissen et al. (2003) and Kleyer et al. (2008). The trait plant live span 

differentiates between annual and perennial plant species and was compiled from 

literature (Thiombiano et al. 2012). 

For simplification reasons, we use the term seed for the dispersed unit, although it may 

also be a fruit or a seed with appendages etc. The dispersal mode was classified 

according to Heydel and Tackenberg (2016), using terminal velocity and morphology of 

the seed. Seeds with a terminal velocity of below 2 � ��� for woody species and of 

below 1.5 � ��� for herbaceous species or seeds with apparent wings were considered 

anemochorous. Seeds with elongated, hooked or mucilaginous appendages and a 

terminal velocity greater than 2 � ���  for woody and of above 1.5 � ���  for 

herbaceous species were considered epizoochorous. Nutrient rich seeds or seeds with 

nutrient rich appendages were considered endozoochorous. All diaspores that were not 

clearly assigned were categorized as unspecialized. 
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Table II-2: Plant functional traits measured with attributes and sample sizes. 

 Life form: h = herbaceous, w =woody, Sample size: number of individuals sampled 

Trait Trait attributes Measurement Life form  Sample 

size 

VEGETATIVE TRAITS 

Whole plant traits 

Canopy height m field h&w 10 

Life span Annual/perennial lit h  

Leaf traits 

SLA mm²/mg field, lab  h&w 8 

REPRODUCTIVE TRAITS 

Seed traits 

Seed mass mg lab h&w 10 

Seed number  field, lab  h 10 

VTerm m/s lab h&w 10 

Dispersal mode 

Anemochory no/yes lab h&w 10 

Epizoochory no/yes lab h&w 10 

Endozoochory no/yes lab h&w 10 

Clonality 

Clonal growth no/yes field h 5 

Storage organ no/yes field h 6 

 

6.2.6 Data Analyses 

For the evaluation of changes in plant functional traits between the vegetation types of 

the baseline survey and the resurvey, we calculated community weighted means (CWM) 

of trait values for each vegetation type. Additionally, overall CWMs for all resurvey 

relevés and all baseline relevés were calculated. CWMs of trait values are mean trait 

values weighted by species abundances on a relevé level. Since we measured functional 

traits only on well grown adult individuals, woody juveniles were not included in the 

CWM analysis of the herbaceous layer. According to Muscarella and Uriarte (2016), 

CWM values for each trait t in each relevé r where calculated as: CWM=∑ ��	 ∗ ��
�
�� , 

where S is the total number of species, ��	 is the relative cover of species i in relevé r 

and �� is the mean trait value of species i.  



6 Appendix 

116 

 

We tested statistical significant differences of CWMs between baseline and resurvey 

relevés of the same vegetation type using student’s t-test, where requirements for the 

test were met. Where requirements were not met, we applied a non-parametric 

Wilcoxon signed-rank test. All analyses were carried out in R 3.2.2. 

 

6.2.7 Results 

With a share of about 91 % of the herbaceous species (Appendix A.1) and 95 % of the 

woody species (Appendix A.2) that are covered by trait measurements, we achieved a 

very high trait cover compared to other studies.  

 

6.2.7.1 Trait responses in the herbaceous layer  

For all vegetation types of the herbaceous layer, the community weighted mean (CWM) 

of most traits changed significantly during the past two decades (see Table 3). The 

overall CWM of canopy height decreased highly significantly (p < 0,001) and also in three 

vegetation types. The CWM of overall SLA showed that tissue density significantly 

increased from the 1990s to the 2010th (p < 0.001). SLA increased in all types except in 

the young fallow type. Likewise, overall seed weight showed an increase (p = 0.021). 

However, only in two of five vegetation types, the increase in seed weight was 

significant (young fallow and uncultivated type). The CWM of overall VTerm also 

significantly increased (p < 0.001) and also in most vegetation types. The dispersal mode 

showed a slight increase in the CWM of anemochory in all vegetation relevés (p = 0.031), 

even though in the respective vegetation types no significant change was observed. In 

all relevés, the share of species that show epizoochorous dispersal significantly 

decreased since the 1990s (p < 0.001) and in most vegetation types whereby 

endozoochorous dispersal mainly increased (p < 0.001).  
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The share of species with a storage organ increased overall (p < 0.001) and in three 

types (Table 3). The CWM of the traits plant life span, seed number and clonal growth 

showed no significant change since the 1990s. However, plant life span decreased 

overall, though not significantly. The decrease denotes for a decreasing share of 

perennial plant species and increasing annuals. Though seed number showed no overall 

significant change, in three of five vegetation types significant increases in seed numbers 

were found. 

 

6.2.7.2 Trait responses in the woody layer 

In the woody vegetation layer, the CWMs of only two traits showed significant changes 

between the baseline survey and the resurvey in all relevés and for most vegetation 

types (Table 4). Canopy height significantly decreased overall (p < 0.001) and in the 

young (p = 0.049) and old fallow types (p < 0.001). The CWM of VTerm significantly 

increased (p = 0.035) overall and in two of the four vegetation types. Though, the old 

fallow type showed contrasting results, with decreasing VTerm (p = 0.014).  

In regard to the comparison of the vegetation types, the old fallow type showed most 

changes in trait characteristics (Table 4). In this type, the CWMs of all traits showed a 

significant change except for epizoochory and SLA. Alike for all relevés together, in the 

old type, canopy height decreased. Both seed mass and VTerm significantly decreased in 

this type with a concurrently increasing dispersal by wind and decreasing 

endozoochorous dispersal. 

  



6
 A

p
p

e
n

d
ix 

1
1

8
 

                                             
 

Trait
mean sd mean sd p mean sd mean sd p mean sd mean sd p mean sd mean sd p mean sd mean sd p mean sd mean sd p

Canopy height 84.27 39.06 52.69 20.61 0.000 69.82 17.10 42.80 11.86 0.000 101.45 40.17 62.34 23.06 0.000 107.00 40.69 73.75 21.26 0.007 49.11 13.81 47.12 17.10 0.730 54.24 16.70 44.36 13.70 0.056

Life span 0.23 0.26 0.13 0.11 0.587 0.04 0.06 0.12 0.10 0.000 0.23 0.23 0.13 0.13 0.189 0.51 0.24 0.18 0.09 0.000 0.17 0.11 0.08 0.06 0.009 0.02 0.03 0.13 0.11 0.000

SLA 21.69 4.27 23.16 2.69 0.000 27.33 4.54 24.33 2.26 0.002 21.63 2.35 23.37 3.03 0.014 19.91 3.15 22.06 3.06 0.040 19.89 1.08 21.95 2.05 0.000 18.86 2.40 22.90 2.43 0.000

Seed mass 3.47 3.11 4.27 6.22 0.021 3.58 3.60 5.30 7.77 0.041 3.51 2.98 3.51 2.39 0.746 3.48 3.36 7.00 15.13 0.639 5.43 2.59 4.57 1.93 0.312 2.02 1.42 2.97 1.68 0.018

Seed number 451.39 355.18 511.35 482.09 0.124 581.80 360.97 538.71 279.48 0.803 312.48 223.00 414.00 233.00 0.001 672.62 420.52 357.58 139.47 0.011 173.78 135.89 278.63 164.59 0.025 274.37 73.09 788.31 826.34 0.001

VTerm 1.99 0.51 2.30 0.42 0.000 2.13 0.44 2.51 0.39 0.001 1.84 0.30 2.34 0.41 0.000 2.25 0.47 2.09 0.34 0.298 2.15 0.30 2.17 0.26 0.840 1.45 0.55 2.22 0.47 0.000

Anemochory 0.19 0.16 0.22 0.15 0.031 0.20 0.14 0.24 0.10 0.168 0.18 0.14 0.19 0.15 0.612 0.20 0.17 0.20 0.13 0.759 0.23 0.17 0.24 0.22 0.854 0.19 0.19 0.25 0.16 0.070
Epizoochory 0.58 0.23 0.46 0.20 0.000 0.48 0.17 0.36 0.18 0.014 0.66 0.20 0.49 0.19 0.000 0.53 0.27 0.56 0.20 0.784 0.61 0.25 0.56 0.22 0.473 0.64 0.20 0.42 0.17 0.000

Endozoochory 0.11 0.11 0.21 0.14 0.000 0.13 0.10 0.26 0.17 0.000 0.07 0.06 0.22 0.15 0.000 0.16 0.11 0.14 0.08 0.814 0.09 0.10 0.09 0.05 0.423 0.09 0.13 0.23 0.13 0.000

Clonal growth 0.60 0.25 0.63 0.21 0.520 0.61 0.19 0.73 0.13 0.013 0.68 0.20 0.70 0.20 0.787 0.70 0.23 0.74 0.16 0.876 0.31 0.20 0.43 0.17 0.083 0.44 0.28 0.51 0.19 0.262
Storage organ 0.23 0.24 0.30 0.18 0.000 0.15 0.14 0.32 0.16 0.000 0.10 0.09 0.26 0.17 0.000 0.16 0.14 0.10 0.08 0.579 0.57 0.29 0.43 0.21 0.142 0.49 0.23 0.36 0.16 0.026

Seed traits

Dispersal mode

Clonality

old fallow uncultivated
Overall

young fallow young/medium fallow medium/old fallow

Schoenefeldia gracilis typeSchizachyrium exile type Andropogon pseudapricus type Andropogon gayanus type Loudetia togoensis type

VEGETATIVE TRAITS

REPRODUCTIVE TRAITS

resurveybaseline resurvey baseline resurvey baseline resurvey baseline resurvey baseline resurvey baseline

Whole plant traits

Leaf traits

Table II-3: The community weighted mean (CWM) of traits in the herbaceous layer per vegetation type and overall for the baseline 

survey and the resurvey. For the dispersal mode traits, storage organ and clonal growth 1 denotes for presence and 0 for absence of 
the respective trait. For plant for plant live span, 0 denotes for annual and 1 for perennial. 
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Trait mean sd mean sd p mean sd mean sd p mean sd mean sd p mean sd mean sd p mean sd mean sd p

Canopy height 4.69 0.70 4.17 0.99 0.000 4.41 0.68 4.05 1.02 0.049 4.66 0.65 4.09 1.05 0.079 5.33 0.84 3.56 0.49 0.000 4.62 0.51 4.69 0.87 0.695

SLA 10.41 2.36 9.87 2.07 0.109 7.63 0.66 9.14 1.53 0.000 9.72 1.26 8.05 1.31 0.000 11.25 1.90 11.25 1.27 0.993 12.67 1.70 11.31 2.18 0.011

Seed mass 4.99 4.52 5.23 4.40 0.565 5.50 3.51 7.32 4.12 0.087 7.92 5.12 6.42 5.15 0.314 5.92 3.04 1.94 2.65 0.001 1.14 1.47 2.86 2.90 0.007

VTerm 3.90 0.60 4.20 0.85 0.035 3.97 0.68 4.41 0.90 0.064 3.95 0.70 4.41 0.95 0.121 4.20 0.39 3.59 0.73 0.014 3.66 0.41 4.05 0.62 0.023

Anemochory 0.46 0.25 0.44 0.30 0.539 0.58 0.22 0.47 0.28 0.148 0.57 0.22 0.45 0.32 0.223 0.50 0.10 0.73 0.24 0.006 0.24 0.22 0.25 0.22 0.839

Epizoochory 0.00 0.02 0.00 0.02 0.826 0.00 0.00 0.00 0.01 0.140 0.01 0.03 0.00 0.00 0.062 0.00 0.01 0.01 0.02 0.535 0.00 0.00 0.01 0.03 0.921

Endozoochory 0.54 0.26 0.56 0.30 0.539 0.42 0.22 0.53 0.28 0.173 0.42 0.23 0.55 0.32 0.196 0.49 0.10 0.26 0.23 0.004 0.76 0.22 0.75 0.22 0.785

Whole plant trait

Leaf traits

Seed traits

Dispersal mode

resurvey baseline resurvey baseline resurveybaseline resurvey baseline resurvey baseline

VEGETATIVE TRAITS

REPRODUCTIVE TRAITS

uncultivated
Overall

young fallows medium fallows old fallows

Combretum molle typePiliostigma thonningii type Pteleopsis suberosa type Acacia hockii type

Table II-4: The community weighted mean (CWM) of traits in the woody layer per vegetation type and overall for 

the baseline survey and the resurvey. For the dispersal mode traits 1 denotes for presence and 0 for absence of the 
respective trait. 
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6.2.8 Discussion 

In our study, we found a range of changes in functional traits of the investigated 

vegetation types. Most likely as a response to higher land use impact, we generally 

found greater change in plant functional trait characteristics of herbaceous vegetation 

types compared to woody vegetation types. In the woody layer two of seven and in the 

herbaceous layer eight of eleven traits showed a significant overall change. We, thus, 

conclude that herbaceous vegetation is considerably more sensitive to land use change 

as the woody vegetation types. Therefore, we suggest that a general wide ecological 

amplitude and resprouting capacity of the woody layer (Hahn-Hadjali 1998; Lykke 1998) 

is responsible for a relatively high resistance to disturbances. This goes in line with 

findings of Devineau and Fournier (2007) that herbaceous species react more sensitive 

to environmental factors, such as the availability of soil nutrients, compared to woody 

species in a Sudanian savanna. Moreover, studies comparing the plant diversity of 

protected and communal areas in south-eastern Burkina Faso also found the herbaceous 

vegetation to be significantly more responsive to land use than the woody vegetation 

(Nacoulma et al. 2011; Schmidt et al. 2016). They found no difference for the plant 

diversity of the woody layer under higher land use pressure, whereas the herbaceous 

diversity was considerably lower in communal areas. Thus, in the following subchapters, 

we discuss trait responses of the two layers separately. 

In our study, terminal velocity (VTerm) and plant canopy height are the only two traits 

that responded in the same manner in the woody and herbaceous vegetation layers for 

most vegetation types. For both growth forms (herbaceous and woody) the trait canopy 

height (H1) decreased and VTerm increased. Canopy height and VTerm are therefore of 

comprehensive importance to interpret trait responses to disturbance. A decreased 

canopy height with increasing land use pressure is in accordance with findings of Díaz et 

al. (2007) and most likely a result of increased grazing pressure (Levick et al. 2009). As 

VTerm is a good predictor for wind dispersal, the increasing VTerm in both herbaceous 

and woody layer indicates a decreased anemochorous dispersal potential. Generally, 

wind acts as a dispersal vector for many plant species. However, long distance dispersal 

is commonly found in open landscapes and is among others mainly driven by large and 
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migratory animals (Nathan et al. 2008). The increased VTerm therefore corresponds well 

with the increase of grazing and browsing pressure in our study area since the 1990s. In 

accordance with an increased VTerm, seed mass also increased with land use change 

(though not significantly for the woody species). This finding is contrary to our 

hypothesis (H4: decreasing seed mass), since we assumed an increase of species with 

ruderal strategies and therefore lighter seeds (Rees and Westoby 1997). However, heavy 

(large) seeds are known to positive correlate to an improved seedling establishment 

(Weiher et al. 1999). According to Grimes (2001) competitive strategy, heavy seeds can 

better survive physical hazards (Westoby et al. 1996), such as disturbance by animals. 

 

6.2.8.1 Trait responses in herbaceous layer 

The herbaceous species showed responses to land use intensification for most 

functional traits. In the following we discuss trait reactions in all relevés of the resurvey 

compared to the baseline survey (overall reactions) and subsequently focus on the trait 

reactions in the specific vegetation types. 

 

Vegetative trait responses 

Increased land use pressure led to a change in most functional trait characteristics. 

The most basic vegetative trait and most important trait for persistence (Weiher et al. 

1999), plant life span, decreased in most herbaceous vegetation types with land use 

intensification in accordance with our hypothesis H2. The increase of annual, short lived 

species can be explained by their general higher tolerance against disturbance and 

human land uses (Adriaens et al. 2006). Similarly, an increase of the share of annual 

species related to higher human disturbance was found in a range of earlier studies that 

analysed effects of increased grazing and habitat opening (Díaz et al. 2007; Marini et al. 

2012; Tessema et al. 2016). Usually, perennial species are attributed with clonal growth 

and underground storage organs. Therefore, the overall increase of species with 
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underground storage organs with land use intensification is contrary to our expectations 

(H7) and seems contradictory. An explanation could be that species with underground 

storage organs are more persistent to disturbances, since they can regrow after 

aboveground damage (Cornelissen et al. 2003) and hence may delay their decline or 

extinction by this means (Lindborg 2007). Consequently, we assume that perennial 

species with underground storage organs will further decrease in our study area. 

Another vegetative trait and important measure for persistence as well as for 

establishment is the trait SLA. Our result of increased SLA related to an increase in land 

use is in accordance with our hypothesis (H3) and with previous studies (e.g. (Díaz et al. 

2001; McCune and Vellend 2015). In general, high species’ SLA is related with low tissue 

density and therefore with a high growth rate (Weiher et al. 1999; Bernhardt-

Römermann et al. 2011). Therefore, our results of increased SLA resulting from land use 

intensification might be an indicator for highly productive and disturbed habitats 

(Cornelissen et al. 2003; McCune and Vellend 2015).  

 

Reproductive trait responses  

For reproduction of a species dispersal is a central measure. Contrary to our hypothesis, 

the CWM of overall seed mass (H4) increased. Accordingly, the number of produced 

seeds did not increase as expected (H5), but stayed more or less stable. This result 

seems surprising, as we expected light weighted seeds and increasing seed production 

with land use intensification. However, these trait characteristics reinforce our 

assumption of increase of seeds that are transported otherwise than with wind, since 

the dispersal mode anemochory also showed no significant change. In this context, 

Nathan et al. (2008) showed that dispersal over long distances is increasingly found in 

open landscapes and is amongst others primarily driven by large and migratory animals. 

Indeed, our results suggest that endozoochorous dispersal increased (H6), which is most 

likely an effect of increased grazing. Yet, contrary to our expectation (H6), epizoochory 

decreased in the herbaceous vegetation. However, generally, the functional response of 

the dispersal mode in fragmented and disturbed landscapes is still controversially 

discussed. Anemochorous dispersed species are suggested to be dominant in open and 
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fragmented landscapes (McIntyre et al. 1995; Holmgren and Poorter 2007). By contrast, 

in habitats that showed increased grazing and browsing by livestock, species that are 

mainly dispersed by zoochory were shown to augment (Wesuls et al. 2012). In our study, 

we thus found the expected increase of endozoochory but concurrently a decrease of 

epizoochory.  

One reason might be also, that the applied assignment to dispersal mode categories 

(Heydel and Tackenberg 2016) is relatively coarse since each seed is only assigned to one 

category, as main dispersal mode. Seeds of a certain species often have several dispersal 

modes. Thus more gradual and differentiated approaches for the assignment of species 

dispersal modes are required (Tackenberg et al. 2003). However, these assessments of 

more differentiated dispersal types profiles require great efforts in laboratory and 

literature research (Hintze et al. 2013). However, for the dispersal mode anemochory 

and the assessment of a species’ wind dispersal potential, measurements including the 

traits terminal velocity and seed mass are suggested to be sufficient (Will and 

Tackenberg 2008; Hintze et al. 2013).  

 

Herbaceous vegetation types 

Analysing the trait responses to vegetation change on a vegetation type level, we found 

most significant changes in the young fallow type, in the young-medium fallow type and 

in the uncultivated (but grazed) type. For the two fallow types, the higher land use 

pressure through currently shorter fallow cycles might have led to heavily leached soils 

(Gray 1999) and we assume that in these types the numerous changes in trait 

characteristics are a response to soil degradation. Additionally, an opening of the 

landscape through field clearings might have supported endozoochorous dispersal, that 

was not found in the other two types (medium-old and old fallows). Epizoochorous 

dispersal decreases in all three types, which is surprising. However, the number of traits 

responding to land use change are similarly high in the uncultivated type. Therefore, we 

conclude that not the cultivation status but the impact of livestock is the major driver of 

plant functional trait responses. However, the medium-old type and the old type 
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showed comparatively few changed trait responses since the 1990s. Both types hardly 

show any reactions in the reproductive traits. For dispersal mode and clonality no 

changes were found in both types. The only changes were found for seed numbers in 

both types. 

Generally, these results show that younger fallow types were considerably more 

responsive to land use intensification than older vegetation types.  

 

6.2.8.2 Trait responses in woody species 

In regard to vegetation types only the old type showed significant changes in 

most/multiple plant functional traits. Some of these trait responses of the old type were 

contrary to the overall responses of all types. In the old type seed mass and VTerm 

decreased and concurrently anemochorous dispersal increased. These traits are 

characteristic for ruderal species, having wide distributions, which are able to rapidly 

colonise open habitats by mainly wind dispersal (Westoby 1998; Grime 2001). 

Concurrently, with increased anemochory, endozoochory significantly decreased. 

Therefore, we assume that in this old fallow type, instead of livestock grazing, 

disturbance by selective tree cutting for i.e. firewood might be the major driver for 

habitat opening. 

 

6.2.9 Conclusion 

Our results clearly show that land use favours specific plant functional trait 

characteristics. In this study, we show that plant functional traits considerably 

contribute to examine ecological responses of plant communities to environmental 

changes in a Sudanian savanna. We could show that plant functional trait responses 

differ according to vegetation layer and type. Further, we found that herbaceous species 

are more responsive to land use intensification than woody species.  
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Covering a wide range of savanna species of two life forms (herbaceous and woody), we 

created a comprehensive trait data base for West African savannas that be used of 

additional studies in the future.  
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6.2.12 Appendix 

Table II-A.1: Measured herbaceous plant functional traits 

Species 

Canopy 

height 

Life 

span 
SLA 

Seed 

mass 

Seed 

number 
VTerm 

Dispersal 

mode 

Clonal 

growth 

Storage 

organ 

Acalypha segetalis x x x x x x x x x 

Acanthospermum hispidum x x x x x x x x x 
Achyranthes aspera x x x x x x x x x 

Alysicarpus spec 
 

x 
    

x x x 

Anchomanes difformis x x x 
   

x x x 
Andropogon chinensis x x x x x x x x x 

Andropogon fastigiatus x x x x x x x x x 

Andropogon gayanus x x x x x x x x x 

Andropogon pseudapricus x x x x x x x x x 

Aneilema paludosum x x x x x x x x x 
Aristida adscensionis x x x x x x x x x 

Aristida hordeacea x x x x x x x x x 

Aristida kerstingii x x x x x x x x x 
Asparagus africanus x x 

   
x x x x 

Aspilia hel_buss 
 

x 
    

x x x 

Aspilia paludosa x x x x x x x x x 

Aspilia spec 
 

x 
    

x x x 

Bacopa floribunda x x x x x x x x x 
Bidens pilosa x x x x x x x x x 

Biophytum umbraculum x x x x x x x x x 

Blepharis linariifolia x x x x x x x x x 

Blepharis maderaspatensis x x x x x x x x x 

Boerhavia spec 
 

x 
    

x x x 
Brachiaria deflexa x x x x x x x x x 

Brachiaria lata x x x x x x x x x 

Brachiaria spec 
 

x 
    

x x x 
Brachiaria stigmatisata x x x x x x x x x 

Brachiaria villosa x x x x x x x x x 

Brachiaria xantholeuca x x x x x x x x x 

Buchnera hispida x x x x x x x x x 

Bulbostylis abortiva x x x x x x x x x 
Bulbostylis coleotricha x x x x x x x x x 

Bulbostylis hispidula x x x x x x x x x 

Canscora decussata x x x x x x x x x 
Cassia absus x x x x x x x x x 

Cassia nigricans x x x x x x x x x 

Cassia obtusifolia x x x x x x x x x 

Ceratotheca sesamoides x x x x x x x x x 

Chamaecrista mimosoides x x x x x x x x x 
Chasmopodium caudatum x x x x x x x x x 

Chloris pilosa x x x x x x x x x 

Chrysanthellum corymbosa 
 

x 
    

x x x 
Chrysanthellum indicum x x x x x x x x x 

Chrysochloa hindsii x x x x x x x x x 
Cienfuegosia heteroclada x x x 

   
x x x 

Cissus populnea 
 

x 
 

x 
 

x x x x 

Cleome viscosa x x x 
 

x x x x x 
Cochlospermum planchonii x x x x x x x x x 

Cochlospermum tinctorium x x x x x 
 

x x x 

Commelina benghalensis x x x x x x x x x 

Commelina forskaolii x x x x x x x x x 

Commelina nigritana x x x x x x x x x 
Corchorus aestuans x x x x x x x x x 

Corchorus fascicularis x x x x x x x x x 

Corchorus olitorius x x x x x x x x x 
Corchorus tridens x x x x x x x x x 

Crotalaria goreensis x x x x x x x x x 

Crotalaria macrocalyx x x x x x x x x x 

Crotalaria microcarpa x x x x x x x x x 
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Crotalaria naragutensis x x x x x x x x x 
Crotalaria retusa x x x x x x x x x 

Ctenium elegans x x x x x x x x x 
Ctenium newtonii x x x x x x x x x 

Ctenium spec 
 

x 
    

x x x 

Ctenium villosum 
 

x 
    

x x x 
Cucumis maderaspatanus x x x x x x x x x 

Cucumis melo x x x x x x x x x 

Curculigo pilosa x x x 
   

x x x 

Cyanotis longifolia x x x 
   

x x x 

Cycnium tubulosum x x x x x x x x x 
Cymbopogon caesius x x x x x x x x x 

Cymbopogon schoenanthus x x x x x x x x x 

Cyperus amabilis x x x x x x x x x 
Cyperus difformis x x x x x x x x x 

Cyperus flavescens x x x x x x x x x 

Cyperus haspan x x x x x x x x x 

Cyperus iria x x x x x x x x x 

Cyperus pustulatus x x x x x x x x x 
Cyperus spec.2 

 
x 

    
x x x 

Cyphostemma adenocaule x x 
 

x 
 

x x x x 

Cyphostemma flavicans x x x x 
 

x x x x 
Dactyloctenium aegyptium x x x x x x x x x 

Desmodium gangeticum x x x x x x x x x 
Desmodium hirtum x x x x x x x x x 

Desmodium ospriostreblum x x x x x x x x x 

Desmodium velutinum x x x x x x x x x 
Digitaria argillacea 

 
x 

    
x x x 

Digitaria ciliaris x x x x x x x x x 

Digitaria delicatula x x x x x x x x x 

Digitaria horizontalis x x x x x x x x x 

Digitaria spec 
 

x 
    

x x x 
Diheteropogon amplectens x x x x x 

 
x x x 

Dioscorea sagittifolia 
 

x x 
   

x x x 

Echinochloa colona x x x x x x x x x 
Eleusine indica x x x x x x x x x 

Eragrostis ciliaris x x 
 

x x x x x x 

Eragrostis tremula x x x x x x x x x 

Eragrostis turgida x x x x x x x x x 

Euclasta condylotricha x x x x x x x x x 
Euphorbia convolvuloides x x 

 
x x x x x x 

Euphorbia hirta x x x x x x x x x 

Euphorbia hyssopifolia x x x 
  

x x x x 
Euphorbia polycnemoides 

 
x 

    
x x x 

Evolvulus alsinoides x x x x x x x x x 

Excoecaria grahamii x x x x x x x x x 

Fimbristylis dichotoma x x x x x x x x x 

Fimbristylis ferruginea x x x x x x x x x 
Fimbristylis tomentosa x x x x x x x x x 

Hackelochloa granularis x x x x x x x x x 

Heteropogon contortus x x x x x x x x x 

Hibiscus cannabinus x x x x x x x x x 

Hibiscus sabdariffa x x x x x x x x x 
Hibiscus sidiformis x x x x x x x x x 

Hoslundia opposita x x x x 
 

x x x x 

Hygrophila senegalensis x x x x x x x x x 
Hyparrhenia glabriuscula x x x x x x x x x 

Hyparrhenia involucrata x x x x x x x x x 

Hyparrhenia rudis 
 

x 
    

x x x 

Hyparrhenia rufa x x x x x x x x x 

Hyparrhenia smithiana x x x x x x x x x 
Hyptis spicigera x x x x x x x x x 

Hyptis suaveolens x x x x x x x x x 

Indigofera bracteolata x x x x x x x x x 
Indigofera colutea x x x x x x x x x 

Indigofera congolensis 
 

x 
    

x x x 

Indigofera dendroides x x x x x x x x x 

Indigofera geminata x x x x x x x x x 
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Indigofera hirsuta x x 
 

x x 
 

x x x 
Indigofera hochstetteri 

 
x 

    
x x x 

Indigofera kerstingii x x x x x x x x x 
Indigofera leprieurii x x x x x x x x x 

Indigofera macrocalyx 
 

x 
    

x x x 

Indigofera microcarpa 
 

x 
    

x x x 
Indigofera nigricans x x x x x x x x x 

Indigofera paniculata x x x x x x x x x 

Indigofera pilosa x x x x x x x x x 

Indigofera pulchra 
 

x x 
   

x x x 

Indigofera secundiflora x x x x x x x x x 
Indigofera stenophylla x x x x x x x x x 

Ipomoea coscinosperma x x x x x x x x x 

Ipomoea eriocarpa x x x x x x x x x 
Ipomoea heterotricha x x x x x x x x x 

Ipomoea vagans x x x x x x x x x 

Justicia insularis x x x x x x x x x 

Kohautia spec 
 

x 
    

x x x 

Kohautia tenuis x x x x x x x x x 
Kyllinga beninensis x x x x x x x x x 

Kyllinga debilis x x x x x x x x x 

Kyllinga pumila x x x x x x x x x 
Kyllinga squamulata x x x x x x x x x 

Lantana ukambensis x x x x x x x x x 
Launaea nana x x x 

  
x x x x 

Lepidagathis anobrya x x x x x x x x x 

Lepidagathis collina x x x x x x x x x 
Leptadenia hastata 

 
x 

    
x x x 

Leucas martinicensis x x x x x x x x x 

Lipocarpha kernii x x x x x x x x x 

Lipocarpha prieuriana x x x x x x x x x 

Loudetia togoensis x x x x x x x x x 
Ludwigia brenanii 

 
x 

    
x x x 

Ludwigia hyssopifolia x x x x x x x x x 

Mariscus cylindristachyus x x x x x x x x x 
Mariscus squarrosus x x x x x x x x x 

Martynia annua x x x x x 
 

x x x 

Melliniella micrantha x x x x x x x x x 

Melochia corchorifolia x x x x x x x x x 

Microchloa indica x x x x x x x x x 
Mitracarpus hirtus x x x x x x x x x 

Mollugo nudicaulis x x x x x x x x x 

Monechma ciliatum x x x x x x x x x 
Nelsonia canescens x x x x x 

 
x x x 

Oldenlandia corymbosa x x x x x 
 

x x x 

Oldenlandia herbacea 
 

x 
    

x x x 

Orthosiphon pallidus x x x x x x x x x 

Pandiaka angustifolia x x x x x x x x x 
Panicum pansum x x x x x x x x x 

Panicum phragmitoides x x x x x x x x x 

Paspalum scrobiculatum x x x x x x x x x 

Pennisetum pedicellatum x x x x x x x x x 

Pennisetum polystachion x x x x x x x x x 
Pentanema indicum x x x x x x x x x 

Phyllanthus amarus x x x x x x x x x 

Phyllanthus maderaspatensis x x x x x x x x x 
Physalis angulata x x x x x x x x x 

Plectranthus gracillimus x x 
 

x x x x x x 

Polycarpaea corymbosa x x x x x x x x x 

Polycarpaea eriantha x x x x x x x x x 

Polycarpaea linearifolia x x x x x x x x x 
Polygala arenaria x x x x x x x x x 

Polygala erioptera x x x x x x x x x 

Polygala multiflora x x x x x x x x x 
Portulaca quadrifida x x x x x x x x x 

Pycreus pumilus x x x x x x x x x 

Rhynchosia sublobata x x x x x x x x x 

Rhytachne triaristata x x x x x x x x x 
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growth 

Storage 

organ 

Rottboellia cochinchinensis x x x x x x x x x 
Schizachyrium brevifolium x x x x x x x x x 

Schizachyrium exile x x x x x x x x x 
Schizachyrium nodulosum 

 
x 

    
x x x 

Schizachyrium ruderale x x x x x x x x x 

Schizachyrium sanguineum x x x x x x x x x 
Schizachyrium urceolatum x x x x x x x x x 

Schoenefeldia gracilis x x x x x x x x x 

Schwenckia americana x x x x x x x x x 

Scleria pergracilis x x x x x x x x x 

Scleria sphaerocarpa x x x x x x x x x 
Scleria tessellata x x x x x x x x x 

Setaria pumila x x x x x x x x x 

Sida acuta x x x x x x x x x 
Sida rhombifolia x x x x x x x x x 

Sida spinosa x x x x x x x x x 

Sida urens x x x x x x x x x 

Siphonochilus aethiopicus x x x x x x x x x 

Sorghastrum bipennatum x x x x x x x x x 
Spermacoce filifolia x x x x x x x x x 

Spermacoce radiata x x x x x x x x x 

Spermacoce spec 
 

x 
    

x x x 
Spermacoce stachydea x x x x x x x x x 

Sporobolus pyramidalis x x x x x x x x x 
Sporobolus spec 

 
x 

    
x x x 

Striga asiatica x x x x x x x x x 

Striga aspera 
 

x 
    

x x x 
Striga brachycalyx 

 
x 

    
x x x 

Striga gesnerioides 
 

x x x x 
 

x x x 

Striga hermonthica x x x x x x x x x 

Striga passargei 
 

x 
    

x x x 

Stylochaeton hypogaeus x x x 
   

x x x 
Stylochaeton lancifolius x x x 

   
x x x 

Stylosanthes erecta x x x x x x x x x 

Tephrosia bracteolata x x x x x x x x x 
Tephrosia gracilipes x x x x x x x x x 

Tephrosia pedicellata x x x x x x x x x 

Tephrosia platycarpa 
 

x 
 

x x x x x x 

Tephrosia spec 
 

x 
    

x x x 

Tephrosia uniflora 
 

x 
    

x x x 
Tetrapogon cenchriformis 

 
x 

    
x x x 

Thelepogon elegans x x x x x x x x x 

Tridax procumbens x x x x x x x x x 
Tripogon minimus x x x x x x x x x 

Triumfetta pentandra x x x x 
  

x x x 

Triumfetta rhomboidea x x x x x x x x x 

Uraria picta x x x x x 
 

x x x 

Urochloa jubata x x x x x x x x x 
Vigna filicaulis x x x x x x x x x 

Vigna racemosa x x x x x x x x x 

Waltheria indica x x x x x x x x x 

Wissadula rostrata x x x x x x x x x 

Zornia glochidiata x x x x x x x x x 

Share of trait availability in % 85.887 100 85 83.1 81.452 81.05 100 100 100 
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Table II-A.2: Measured woody plant functional traits 

Species 

Canopy 

height SLA 

Seed 

weight VTerm  

Dispersal 

mode 

Acacia dudgeonii x x x x x 

Acacia erythrocalyx x x x x x 
Acacia gourmaensis x x x x x 
Acacia hockii x x x x x 

Acacia macrostachya x x x x x 
Acacia seyal x x x x x 

Acacia sieberiana x x x x x 
Afzelia africana x 

  
x x 

Agelanthus dodoneifolius x x x x x 

Albizia chevalieri x x x x x 
Annona senegalensis x x x x x 
Anogeissus leiocarpa x x x x x 

Asparagus africanus 
  

x x x 
Azadirachta indica x x x x x 

Balanites aegyptiaca x x x x x 
Bobgunnia madagascariensis x x x x x 
Bombax costatum x x x x x 

Bridelia scleroneura x x x x x 
Burkea africana 

    
x 

Calotropis procera x x x x x 
Cassia sieberiana x x 

 
x x 

Cissus populnea x x x x x 

Combretum adenogonium 
 

x x x x 
Combretum collinum x x x x x 
Combretum glutinosum x x x x x 

Combretum micranthum x x x x x 
Combretum molle x x x x x 

Combretum nigricans x x x x x 
Commiphora africana x x x x x 
Crossopteryx febrifuga x x x x x 

Daniellia oliveri x x x x x 
Desmodium velutinum 

  
x x x 

Detarium microcarpum x x x x x 

Dichrostachys cinerea x x x x x 
Diospyros mespiliformis x x x x x 

Entada africana x x x x x 
Feretia apodanthera x x x x x 
Ficus platyphylla x x 

  
x 

Ficus sycomorus x x x x x 
Flueggea virosa x x x x x 

Gardenia aqualla x x x x x 
Gardenia erubescens x x x x x 
Gardenia sokotensis x x x x x 

Gardenia ternifolia x x x x x 
Grewia bicolor x x x x x 
Grewia flavescens x x x x x 

Grewia lasiodiscus x x x x x 
Grewia mollis 

  
x x x 

Guiera senegalensis x x x x x 
Gymnosporia senegalensis x x x x x 
Lannea acida x x 

 
x x 

Lannea microcarpa x x x x x 
Lannea velutina x x x x x 
Leptadenia hastata x x x x x 

Mitragyna inermis x x x x x 
Parinari curatellifolia x x x x x 

Parkia biglobosa x x x x x 
Pericopsis laxiflora x x x x x 
Piliostigma reticulatum x x x x x 

Piliostigma thonningii x x x x x 
Prosopis africana x x x x x 
Pseudocedrela kotschyi x x x x x 

Pteleopsis suberosa x x x x x 
Pterocarpus erinaceus x x x x x 
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Species 

Canopy 

height SLA 

Seed 

weight VTerm  

Dispersal 

mode 

Sarcocephalus latifolius x x x x x 
Sclerocarya birrea x x x x x 

Securidaca longipedunculata x x x x x 
Sterculia setigera x x x x x 
Stereospermum kunthianum x x x x x 

Strychnos innocua x x x x x 
Strychnos spinosa x x x x x 
Tamarindus indica x x x x x 

Tapinanthus globiferus x x x x x 
Terminalia avicennioides x x x x x 

Terminalia laxiflora x x x x x 
Trichilia emetica x x 

  
x 

Vitellaria paradoxa x x x x x 

Vitex madiensis x x x x x 
Xeroderris stuhlmannii x x x x x 
Ximenia americana x x x x x 

Ziziphus abyssinica x x x x x 
Ziziphus mauritiana x x x x x 

Ziziphus mucronata x x x x x 

Share of trait availability in % 93.9759 94 92.7711 96.386 100 
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Abstract Non-timber forest product (NTFP) provid-

ing species constitute substantial components of West

African agroforestry systems and contribute consider-

ably to local livelihoods. The aim of our study was to

measure the annual economic contribution of NTFPs to

local livelihoods in two villages of south-eastern Burkina

Faso, focusing on the following specific questions: What

is the average share of NTFPs in local household

income? Which socio-economic variables affect total

household income and NTFP dependency? How does

NTFP income vary between (i) villages, (ii) ethnic

groups and (iii) different income groups? Does NTFP

income have an equalising effect on income inequality?

Applying structured household surveys, we investigated

the economic contribution of NTFPs household revenues

among 155 households. NTFPs accounted for the second

largest income share (45 %) of total household income

compared to other income sources, i.e. crop production,

livestock breeding and off-farm activities. We found that

poorer households depend more on income from NTFPs

than wealthier households, even though the latter earned

more from NTFPs in absolute terms. In general, income

from NTFPs had an equalising effect on income

inequality. Furthermore, we discovered significant dif-

ferences in NTFP dependency between the two inves-

tigated villages and across the three main ethnic groups

(Gourmantché, Mossi, Fulani) reflecting different spe-

cies compositions in their surroundings as well as

different traditional uses and harvesting practices. Thus,

we argue that management recommendations for agro-

forestry systems and poverty alleviation need to consider

local differences with regard to site-specific species

composition as well as ethnic-specific NTFP use patterns

and habits.

Keywords Household income � Non-timber forest

products � NTFP dependency � Rural livelihood �
Socio-economics � West Africa

Introduction

Non-timber forest product (NTFP) providing species

contribute considerably to local livelihoods for
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subsistence as well as for cash income in Africa and

elsewhere in developing countries (Agrawal et al.

2013). It is estimated that forests and trees directly or

indirectly contribute to livelihoods and income of

about one to 1.6 billion people worldwide (Agrawal

et al. 2013; World Bank 2008). NTFPs are open or

semi-open access resources and do not require expen-

sive or elaborate equipment (Angelsen and Wunder

2003), which make them highly attractive particularly

for the very poor in rural areas.

In studies on NTFPs, they are often differently

defined. In our study, we define NTFPs according to

Belcher (2003) as organic matter except timber

derived from forests, woodlands and agroforestry

systems for human use. Gathered fruits, nuts, vegeta-

bles, fish, game, medicinal plants, bark, gum, leaves,

grasses and, unlike non-wood forest products

(NWFP), small wood products like firewood and

chew-sticks are considered NTFPs (Belcher 2003;

CIFOR 2011).

Providing subsistence (direct consumption) and

cash income from sales, NTFPs play a considerable

role in poverty alleviation and can reduce risks as well

as serve as safety net in times of shocks and stresses

(e.g., natural catastrophes, crop shortfall and illnesses)

through diversifying local livelihood strategies (cf.

Malleson et al. 2014; Shackleton and Pandey 2014;

Sunderland et al. 2013). Moreover, cash flow gaps

during non-agricultural seasons can be buffered by

NTFPs (cf. Malleson et al. 2014; Marshall et al. 2006).

Securing local livelihoods, these diverse functions of

NTFPs concurrently affect national economies, par-

ticularly the overall food security of the countries and

the availability of additional cash income (cf. Shack-

leton and Pandey 2014).

A range of recent studies have focused on the

economic importance of NTFPs in rural sub-Saharan

Africa. In southern Ethiopia, forest income constitutes

on average 35 % of household revenues (Worku et al.

2014) and 47 % in the mountain forests of south-

western Ethiopia (Melaku et al. 2014). Schaafsma

et al. (2014) showed that in a rural mountain area of

Tanzania NTFP income contributes with 20 % to total

household income. In the Miombo woodlands of

Zambia NTFPs provide about 44 % of the households’

incomes (Kalaba et al. 2013). A global comparative

analysis of NTFP income shares for rural households

suggested an average income share of 21.4 % in the

African sites (Angelsen et al. 2014).

In West Africa, a number of recent studies focused

on the importance of savanna species for rural people

in general and addressed the increasing conflict

between biodiversity conservation and woodland

extraction (Haarmeyer et al. 2013; Kaboré et al.

2014; Schumann et al. 2012). Though, studies on the

economic contribution of NTFPs to local livelihoods

still remain scarce in West Africa, and particularly in

the North Sudanien vegetation zone. The only corre-

sponding study in the North Sudanien zone by Faye

et al. (2010) showed that in Mali income from NTFP

sales contribute from 26 to 73 % to rural household

revenues. Three studies in the South Sudanien zone

reported corresponding data. Ouédraogo et al. (2013)

found that wild plants contribute 12 % to the total

household income in south-west Burkina Faso,

whereas Pouliot and Treue (2013) found 35 % contri-

bution in the same area and 30 % in south Ghana. A

study in northern Benin revealed that 39 % of local

household income is generated by NTFPs (Heubach

et al. 2011).

These studies indicate divergent economic impor-

tance of NTFPs, but different methodological

approaches could influence the results. One example

in this regard is the controversy whether to include or

exclude fodder in NTFP accounting and the different

valuation methods of it. In some studies, fodder is

considered being livestock input and therefore live-

stock income. In others, it is considered being

environmental (NTFP) income calculated considering

the contribution livestock makes to household econo-

mies using different approaches (Cavendish 2002).

Since livestock is the major consumer of NTFPs, we

decided to include fodder as NTFP income to show the

value of the freely accessible browse and graze of a

savanna, which contributes substantially to house-

holds since usually no other fodder input is added

(Cavendish 2002). Moreover, in some studies, only

marketed NTFPs are considered in the calculation of

NTFP income, giving a distorted picture of the

importance of NTFPs to rural household incomes

since in many communities NTFPs are not sold on

markets and instead directly used and consumed

(Delang 2006). These examples indicate that compar-

isons of studies using different approaches are deli-

cate. In order to achieve best comparability with other

studies fromWest Africa we, thus, applied our study in

south-west Burkina Faso according to a recent inves-

tigation of Heubach et al. (2011) in northern Benin
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allowing direct comparisons between two vegetation

zones.

Economic studies on NTFPs are important to

understand the preferences of local communities

regarding plant products and the contribution of their

extraction to the daily life, to investigate protection

needs for nature conservation as well as to improve

rural livelihoods (Heubach et al. 2011, 2013; Lykke

et al. 2004; Ouédraogo et al. 2014; Schumann et al.

2012). In recent years, several ethnobotanical studies

on NTFP-providing plant species inWest Africa found

use preferences and the valuation of species to be

linked to geographic location and ethnicity (Avouhou

et al. 2012; Leßmeister et al. 2015; Segnon and

Achigan-Dako 2014; Sop et al. 2012). Though, in

economic studies, the influence of location and

ethnicity has rarely been investigated. Therefore, in

our study, we investigate the influence of location and

ethnicity on the economic importance of NTFPs to

local livelihoods in the North Sudanien zone and

compare our results to the results of Heubach et al.

(2011) from the South Sudanien zone.

In sub-Saharan countries poor households depend

more directly on NTFP extraction from forests than

wealthier households, even though the latter often gain

higher cash income from forest resources (Babulo

et al. 2009; Cavendish 2000; Heubach et al. 2011;

Pouliot et al. 2012). Moreover, NTFP income tends to

have an equalising effect on income of economies

(Coulibaly-Lingani et al. 2009; Heubach et al. 2011;

Vedeld et al. 2007).

In this study, we aim to augment existing ethnob-

otanical knowledge on species importance and eco-

nomic value in Burkina Faso which is one of the

poorest countries in the world. The Human Develop-

ment Index ranks Burkina Faso 181st, out of 187

countries (UNDP 2014). Forty-three percent of the

urban population and 94 percent of the rural popula-

tion are considered poor. Therefore, the economic

contribution of NTFPs to rural livelihoods is

important.

Our overall objective is to measure the economic

contribution of NTFP income to local livelihoods in

rural villages of south-east Burkina Faso, focusing on

the following specific questions: What is the average

share of NTFPs in local household income? Which

socio-economic variables affect total household

income and NTFP dependency? How does NTFP

income vary between (i) villages, (ii) ethnic groups

and (iii) different income groups? Does NTFP income

have an equalising effect on income inequality?

Methods

Study villages

The study was conducted in the North Sudanian zone

in south-east Burkina Faso. We have selected two

study villages for comparative analysis. The two study

villages Nagré and Kompienbiga (Fig. 1) were chosen

according to their similarity in terms of population size

(around 1000–1300 households), distance to the next

urban center (30 km to Fada N’Gourma, and 10 km to

Pama) and the constitution of main ethnic groups.

Both villages have a school, hospital, piped water, host

a small local market every 3 days but lack electricity.

Nagré is situated in the province Gourma. Kompi-

enbiga is located 70 km south of Nagré in the province

Kompienga, at the boundary to the South Sudanien

zone and is therefore slightly more humid. The natural

vegetation consists of savanna woodlands and tree and

shrub savanna. Agroforestry systems with alternating

cycles of cultivation and fallow periods, which are

managed by subsistence farmers, are typical in the

region. Useful tree species on fields (serving as NTFP

providers) are spared from clearing which creates the

typical West African parkland savanna. Traditionally

the use of fallow trees was communal in the study

region but nowadays landowners reserve all rights

(Lamien et al. 1996). Crop cultivation is combined

with extensive animal production (e.g., cattle, goat,

sheep and chicken).

Ethnic groups

The three main ethnic groups of the study area are the

Gourmantché, the Mossi and the Fulani. The Gour-

mantché are the dominant and autochthon people in

the study area (and in the entire region of eastern

Burkina Faso). At the country level, the Mossi are the

most dominant ethnic group (40–50 % of total pop-

ulation) originally living in the centre of Burkina Faso

and having migrated to the study area (CIA 2009). The

Fulani migrated to the area from the northern part of

the country. The Gourmantché and the Mossi are both

agriculturalists, whereas originally the Fulani are

semi-nomadic cattle pastoralists. Nowadays, a

Agroforest Syst

123



majority of the Fulani have settled and combine

livestock breeding with crop production as a main

livelihood activity. But the Fulani generally live

outside the village centre and the access to cropland

is more restricted to them than to the agriculturalists.

Additionally, the agriculturalists have the access to the

NTFP-providing parkland trees on their fields. How-

ever, grass is an NTFP strongly used by the Fulani as

fodder for their livestock herd.

Data collection

To ensure comparability our study followed the

approach and methods as implemented in northern

Benin by Heubach et al. (2011), who calculated the

NTFP income in two similar villages for the five main

ethnic groups in the area.

We conducted 155 structured household surveys

using both closed and open questions between Novem-

ber 2012 andApril 2013. In both villages, the threemain

ethnic groups were considered with a minimum of 25

interviews. Households were chosen by stratified ran-

dom methods, stratified according to ethnicity. Inter-

views were conducted separately with the household

head (always men) and his first wife (households are

often polygamous, see Table 1). Due to strong gender

roles in the rural areas of West Africa, women and men

were posed different questions. Men provided general

information of the household (age and education of

household head, number of household members, reli-

gion and polygamy) and different sources of income

(cash and subsistence), including off-farm income, crop

production and livestock breeding. Women provided

information on the collection and consumption of

firewood, wild foods and medicinal plants. For har-

vested and collected income sources, quantities were

recorded as well as the amounts consumed, sold,

exchanged and given away as a gift. Respondents were

asked to recall annual quantities usually given in local

measure units (bowl, sac etc.) and product prices of the

respective year. The interviews were conducted in local

languages with a local interpreter.

Burkina Faso

Togo

Benin

PAMA

FADA N'GOURMA

Nagré

Kompienbiga

Ghana

1°0'0"O

1°0'0"O

0°0'0"

0°0'0"

12
°0

'0
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12
°0
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Burkina Faso

Benin

Data collection 2012/13: 
A. Leßmeister

0 50 10025 km
1:3.000.000

Study villages

Country limits

Fig. 1 Location of the study villages in south-east Burkina Faso
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In addition to the household interviews, we con-

ducted market surveys at the village markets to obtain

prices of products, to double check the recalled prices

and to fill gaps in the interviews. Products with no

market value (mainly wild fruits) were estimated

through replacement values of similar products with

similar physical properties (substitutes) (Boxall and

Beckley 2002). For all products, the averages of the

product prices provided in household interviews and

on markets were used. To ensure representative

average prices considering inflation rates of products

due to seasonality, market interviews were conducted

on a regular basis in each village during a period of one

year.

Data analysis

Income accounting and adjusting

To calculate annual net income for the year 2012, we

referred to the methodology as conducted by Cavend-

ish (2002). For total household income, incomes from

all income activities were summed up (income from

crop farming, livestock, off-farm activities and extrac-

tion of NTFPs). Net income was calculated without

reducing own labour costs from household income

because of thin labour markets in rural West Africa,

i.e. negligible opportunity costs of labour, and for

better comparability with other rural household stud-

ies that usually do not calculate own labour costs (cf.,

Heubach et al. 2011; Kamanga et al. 2009).

Net income from crop farming includes income

from sale and estimated value of subsistence con-

sumption reduced by production costs, such as salaries

for workers and fertilizer.

Net livestock income equals the value of annual

livestock sale reduced by production costs, such as

veterinary supplies. Subsistence income from live-

stock (own household consumption) is not counted as

livestock income. Since fodder for livestock is

considered NTFP income, subsistence income from

livestock is calculated as fodder income. In savannas,

browse and graze are freely accessible to the livestock

and usually no other fodder input is provided. The

fodder value is therefore substantial and is counted as a

NTFP income (Cavendish 2002).

NTFP income is composed of different NTFP uses

for cash and subsistence such as wild foods, firewood,

chew-sticks, fodder for livestock and medicinal plants.

Income from wild foods was calculated using

means of market prices or own-reported prices of the

respondents for the local measure units multiplied

with the reported annual amount collected.

Annual income from firewood and chew-sticks was

calculated using daily consumption amounts reported

by respondents multiplied by market prices.

To calculate the annual income from fodder for

livestock, we followed an estimation method by

Cavendish (1997). Own reported and market livestock

prices are used to calculate years income stream (y0)

that equal the value of all fodder inputs. Under the

assumption of a frictionless livestock production

Table 1 Household characteristics in the two studied villages for their main three ethnic groups

Nagré Kompienbiga

Gourmantché Mossi Fulani Gourmantché Mossi Fulani

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD

Household size (head count) 9.36 3.84 7.56 2.88 6.96 2.33 7.17 2.79 9.27 4.97 7.45 3.21

Age of household head (years) 47.16 10.26 43.76 9.02 42.09 8.9 41.63 7.52 43.3 9.91 39.72 7.02

Education (years) 1.19 2.15 0.14 0.73 0 0 1.02 2.41 0.60 2.05 0.20 0.75

Polygamy (%) 28 24 32 28 32 31

Household income in Euro (per aeu) 572 175 412 137 455 94 357 115 344 107 305 105

NTFP income in Euro (per aeu) 189 67 152 49 272 79 150 72 132 46 188 84

Farmland size (hectare) 7.21 3.79 5.03 1.08 3.33 1.15 4.57 1.18 4.78 2.29 2.72 1.03

Number of cattle 2.97 1.65 1.95 1.91 6.65 3.69 2.36 2.51 2.76 2.79 5.44 5.18

aeu Adult equivalent unit (explanation see ‘‘Income accounting and adjusting’’ section), SD Standard deviation
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technology food inputs convert into biomass outputs at

100 per cent efficiency without value added. The

equation is as follows: y0 ¼ P0
r

r� 1
1þrð ÞTþ1

� �
, where T

represents the lifespan of the livestock unit measured

from the current date, r is the proportional discount

rate and P0 is the current price of the livestock unit

based on own-reported values or current market prices

(Cavendish 2002).

The calculation of income from medicinal plants is

difficult. Since profound knowledge on medicinal

plants is subject to traditional plant healers we only

calculated medicinal plant income for household that

reported to gain cash from healing activities.

Income from non-agricultural and non-woodland

activities is considered as off-farm income such as

from commercial activities as retail dealer, labour

wages or formal employment. It is directly reported by

the interviewees for the respective year.

Different sizes and compositions of households

lead to different needs of households. Therefore, an

income adjustment aims at ensuring a comparability of

households of different sizes and of different compo-

sitions concerning sex and number of adults and

children. Alike Heubach et al. (2011), we applied an

OECD-modified equivalence scale considering the

type of household member (adult, children) and

therefore the nutrition need as well as the number of

household members (household size) (Deaton 1982).

The result is an adjusted income per adult equivalent

unit (aeu) allowing a comparability. Additionally, all

values were converted into Euros using the conversion

factor of 655.975 CFA Francs (OANDA 2015).

Effect of socio-economic variables on total household

income and on NTFP dependency

In order to test the effect of different variables (village,

ethnicity, age of household head, education of house-

hold head, number of women in household, farmland

size, number of cattle and off-farm income) on total

household income, we applied an analysis of covari-

ance (ANCOVA). Additionally, we calculated the

relative NTFP income to investigate NTFP depen-

dency, which is the households NTFP income per total

household income. To investigate the influence of the

same socio-economic variables on NTFP dependency,

we conducted another analysis of covariance

(ANCOVA). Requirements (normality of residuals,

homoscedasticity) for ANCOVA were met. To detect

difference among ethnic groups we applied a Tukey

postp-hoc test.

The variables were selected according to the

following different assumptions:

Village The two villages have many similarities.

However, the savanna woodland types differ

slightly since the climate in Kompienbiga is slightly

more humid than in Nagré. Since all other charac-

teristics are very similar, we hypothesize that

location has neither an effect on total household

income nor on NTFP dependency.

Ethnicity We hypothesize that ethnicity has a

considerable effect on total household income as

well as on NTFP dependency due to different

traditions, main source of livelihood as agricultur-

alists/pastoralists as well as different regional

provenance (autochthon/migrated) of the investi-

gated ethnic groups.

Age of household head We presume that age is

linked to greater knowledge about plant resource

uses as well as of a higher NTFP extraction

expertise. Thus, we hypothesize that NTFP depen-

dency increases with higher age of the household

head. For total household income, we presume that

age has no effect.

Education of household head In accordance with

Mamo et al. (2007), we hypothesize that with a

higher education level of the household head the

NTFP dependency decreases due to higher alterna-

tive income opportunities. For total household

income, we therefore assume an increase with

higher education levels.

Number of women in household Since most NTFPs

are collected by women, our hypothesis is that

NTFP dependency increases with a greater number

of women in a household. In contrast, we assume

that it does not have an effect on total household

income.

Farmland sizeWith higher availability of farmland,

crop income increases. We therefore hypothesize

that increasing farmland size leads to increasing

total household income and decreasing NTFP

dependency.

Number of cattle Since we considered fodder in our

NTFP calculation, the number of cattle is likely to

increase NTFP income. Our hypothesis therefore is
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that NTFP dependency as well as total household

income increase with a higher number of cattle.

Off-farm income Off-farm income represents an

income alternative to NTFP extraction; hence, we

hypothesize that increasing off-farm income is

linked to decreasing NTFP dependency and increas-

ing total household income.

Comparison of income shares and income

from different NTPF use-categories

between ethnicities and villages

In order to investigate the effect of ethnicity and

provenance (village) on income from different income

sources, a Principal Component Analysis (PCA) was

performed. The PCA was based on a main matrix with

155 informants by four income shares (crop, NTFP,

off-farm, livestock) and NTFP incomes split into its

four NTFP use-categories (income from firewood,

wild foods, fodder, chew-sticks) and a second matrix

with the three ethnic groups, the two villages as well as

farmland size and number of cattle as explanatory

variables. Multivariate analysis was carried out in

PCORD (McCune and Mefford 2011).

Comparison between different income groups

Total income per income source for different income

groups was tested using a one-way ANOVA. For this

purpose, the samples were split in three income

terciles (low, medium and above medium income) of

almost the same size (52, 52 and 51 households).

Measurement of income inequality

In order to investigate if NTFP income has an

equalizing effect on the income distribution of the

study area, we calculated Gini coefficients including

and excluding NTFP incomes according to Deaton

(1997). The Gini coefficient measures the inequality

among values of a frequency distribution and is

commonly used as a measure of inequality of income

or wealth within the investigated sample. A Gini

coefficient of zero refers to perfect equality (where

everyone has the same income), whereas a Gini

coefficient of one expresses maximal inequality

among values (one person has all the income, when

the rest has none).

Results

Respondents profile

Household heads, on average, were in their early to

mid-forties (42.8 ± 9.2) and households comprised

about eight members (7.8 ± 3.6). The education level

was very low (school attendance of a year or less) and

lowest for the Fulani. The Fulani owned more cattle

and less farmland than the agriculturalists (Gour-

mantché and Mossi) (Table 1). In terms of total

household income, it becomes apparent that income

was higher in the village Nagré for all ethnic groups

compared to Kompienbiga (also compare Fig. 3). The

autochthonous Gourmantché in Nagré showed to have

the highest total income.APost-hoc test confirmed that

NTFP income was significantly higher for the Fulani

compared to the Gourmantché andMossi. Between the

two farmer societies there were no differences.

Income share of NTFPs to rural households’

economies

NTFPs accounted for the second largest income share

with an average income share of 45 %, whereas crops

accounted for the largest income share representing

about half of the total household income (48 %). Off

farm (5 %) and livestock income (1 %) only con-

tributed with a small share to total household income

(Table 2).

All interviewed households reported to be engaged

in NTFP collection and subsistence use. The NTFP

use-categories wild fruits, chew-sticks and fodder

were solely collected and/or consumed on a subsis-

tence basis. In other words, no cash income was

generated by their collection. Firewood was collected

for sale in two of the investigated households, whereas

all other households collected firewood solely on a

subsistence basis. No additional purchase of wild

foods, fodder, firewood and chew-sticks was reported.

However, no medicine or healing activities were

reported to be sold/payed for in any of the investigated

household.

Effect of different socio-economic variables

on total household income

The ANCOVA showed that the tested variables

ethnicity, village, farmland size, number of cattle
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and off farm income had a highly significant influence

on total household income (Table 3). The autochthon

Gourmantché had significantly higher income com-

pared to the migrated societies (Table 1). In Nagré,

household income was significantly higher than in

Kompienbiga. More farmland had an effect on higher

income generation, whereas a higher amount of cattle

had the contrary effect. With increasing off-farm

income, also total household income increased. Num-

ber of women in a household, education and age of the

household head showed no effect on total household

income.

Comparison of income shares between ethnic

groups

The Principal Component Analysis (PCA) gives an

overview of similarities and differences among infor-

mants based on their income patterns. In this case, the

ethnic groups are highlighted (Fig. 2). The Fulani are

grouped and relatively isolated from the rather inter-

mixed Gourmantché and Mossi in the PCA diagram.

The farmer societies Gourmantché and Mossi pos-

sessed greater farmland and therefore earned consid-

erably more from crop production than the pastoralist

Fulani, whereas the latter earned more from livestock

because they sold considerably more cattle than the

farmer societies (though still little). In addition,

farmers earned more from off-farm activities than

pastoralists, whereas the Fulani earned more from

NTFPs than the farmer societies (Fig. 2; Table 4).

The income generation from different NTFP use-

categories differed for different ethnic groups. The

Fulani generated more NTFP income from fodder than

the agriculturalists (Fig. 2). We found that in quanti-

tative terms fodder income was about twice as much

for the Fulani (189 €) compared to the two other ethnic

groups (Gourmantché: 90 €; Mossi: 80 €). In contrast,
the farmer societies earned more income from fire-

wood than the pastoralists (Fig. 2). There was no

Table 2 Average household income per income source for all respondents (N = 155) per aeu in Euro

Source of income Total income Mean income SD Income shares (%)

NTFPs 27,877.36 179.85 80.99 45

Crops 29,667.39 191.40 105.4 48

Livestock 648.15 4.18 14.73 1

Off-farm 3275.67 21.13 34.92 5

Total 61,468.00 396.57

aeu Adult equivalent unit (explanation see ‘‘Income accounting and adjusting’’ section), SD Standard deviation

Table 3 Influence of socio-economic variables and household characteristics on total household income (ANCOVA)

Source Type I sum of squares df Mean square F

Corrected model 2,373,027.37a 6 395,504.56 48.36***

Intercept 23,716,448.65 1 23,716,448.65 2899.74***

Ethnicity 195,852.29 2 97,926.15 11.97***

Village 1,060,303.95 1 1,060,303.95 129.64***

Farmland size 194,169.80 1 194,169.80 23.74***

Number of cattle 414,215.33 1 414,215.33 50.65***

Off farm income 508,486.01 1 508,486.01 62.17***

Error 1,194,105.97 146 8178.81

Total 27,283,582.00 153

Corrected total 3,567,133.35 152

a R squared = .665 (Adjusted R squared = .651)

All non-significant explanatory variables were removed (number of women in household, age and education of the household head)

*** p\ 0.001
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Fig. 2 Principle Component Analysis (PCA) of different

household incomes (NTFP, off-farm, livestock, crops) and of

the individual components of the NTFP income (firewood, wild

foods, fodder, chew-sticks) from the first matrix compared

among three ethnic groups (second matrix). The vectors cattle

and farmland represent quantitative explanatory variables from

the second matrix

Table 4 Comparison of

income shares (in %)

among villages and ethnic

groups

Nagré Kompienbiga

Gourmantché Mossi Fulani Total Gourmantché Mossi Fulani Total

NTFP 33 37 60 43 44 41 64 49

Crops 59 60 34 51 49 51 31 44

Off farm 8 3 4 5 6 7 4 5

Livestock 0 1 3 1 1 1 1 1

NTFP use-category

Firewood 34 39 24 31 35 29 17 26

Chew-sticks 1 5 3 3 5 5 4 4

Wild food 15 4 2 6 3 5 3 4

Fodder 50 52 72 60 57 60 76 65

Medicine 0 0 0 0 0 0 0 0
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difference for the income category wild foods and

chew sticks between the ethnic groups.

For all ethnic groups, fodder accounted for the

largest NTFP income share followed by firewood.

Wild foods and chew-sticks contributed little to NTFP

income for all ethnic groups except for wild food

income of the Gourmantché in Nagré (Table 4).

Medicine or healing activities were not reported to

be sold/payed for in any of the investigated household.

Comparison of income shares between villages

In our second PCA diagram the two studied villages

separated clearly with regard to the composition of

household income (Fig. 3).Households inNagré earned

considerably more from crop produce (51 %) than

households in Kompienbiga (44 %)—due to greater

land holdings of households in the former village,

whereas income from NTFP collection was higher in

Kompienbiga (Nagré 43 %, Kompienbiga 49 %,

Table 4). Off-farm and livestock income was low and

did not show differences between the two villages.

Some NTFP use-categories also differed between

villages. Households in Nagré earned more from

firewood, whereas in Kompienbiga income from fodder

contributed more to the household income. Income

from wild foods and chew-sticks was very low and did

not differ considerably between the two villages.

Axis 1

A
xi

s 
2

Village
Nagré
Kompienbiga

Fig. 3 Principle Component Analysis (PCA) of different

household incomes (NTFP, off-farm, livestock, crops) and of

the individual components of the NTFP income (firewood, wild

foods, fodder, chew-sticks) from the first matrix compared

among two studied villages (second matrix). The vectors cattle

and farmland represent quantitative explanatory variables from

the second matrix
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NTFP dependency

The results of the ANCOVA (Table 5) showed that out

of all tested variables, the four variables village,

ethnicity, farmland size and number of cattle had a

highly significant effect on NTFP dependency.

ANOVA and mean comparisons showed that

households in Kompienbiga were significantly more

dependent on NTFPs (48 % NTFP dependency) than

households in Nagré (43 % NTFP dependency) and a

Tukey post hoc test showed that the pastoralist Fulani

(60 % dependency) were significantly more depen-

dent on NTFP income than the agriculturalist societies

Gourmantché and Mossi (both with 39 % NTFP

dependency). Parameter estimates showed that NTFP

dependency significantly decreased with increasing

farmland size, whereas it increased with an increasing

number of cattle in a household. However, all other

tested variables (age of household head, education,

number of women in household and off-farm income)

showed no significant impact on NTFP dependency.

Income groups

The ANOVA showed a highly significant difference of

mean income from NTFPs (F = 52.9, p\ 0.001),

crops (F = 49.76, p\ 0.001) and off-farm (F =

10.91, p\ 0.001) as well as a very significant

difference for livestock (F = 5.56, p\ 0.01) among

the three different income groups (low, medium,

above medium). NTFP income share was highest for

the ‘‘medium income’’ group, followed by the ‘‘low

income’’ and the ‘‘above medium income’’ group.

NTFP income accounted for the largest income group

in the second tercile (medium income), whereas the

first (low income) and third tercile (above medium

income) generated more income from crops than from

NTFPs (Table 6).

On the contrary, income share from crop, off-farm

and livestock production was highest in the ‘‘above

medium income’’ group and only negligible lower in

the two other income groups.

However, the difference within groups—concern-

ing crop and NTFP income—are only pronounced for

the above medium income group. The two other

groups do not show great differences.

Total mean income values showed a different

pattern. Households with higher total income also

generated higher NTFP, crop, off-farm and livestock

income in absolute terms.

NTFP income and income inequality

The Gini coefficient for total household income exclud-

ing NTFP income was calculated as 0.62. Including

NTFP income into the calculation of theGini coefficient

reduced it considerably to 0.21. Thus, including NTFP

income evidently reduced inequality by 0.41.

Table 5 Influence of socio-economic and household variables on relative NTFP income (ANCOVA)

Source Type I sum of squares df Mean square F

Corrected model 2.06a 5 .41 66.04***

Intercept 32.98 1 32.98 5291.27***

Village .10 1 .10 16.04***

Ethnicity 1.55 2 .78 124.45***

Farmland size .06 1 .06 10.21***

Number of cattle .34 1 .34 55.08***

Error .92 147 .01

Total 35.95 153

Corrected total 2.97 152

a R squared = .692 (Adjusted R squared = .681)

All non-significant explanatory variables were removed (number of women in household, off-farm income, age and education of the

household head)

*** p\ 0.001
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Discussion

Income share of NTFPs to rural household

economies

Our results clearly show the importance of NTFPs for

local household economies. Forty-five percent of a

household’s total income is generated by NTFPs,

exclusively in form of subsistence income since no

NTFPs were sold (except for firewood in two house-

holds). Compared to other studies, this figure is

considerably high. NTFP income range from 12 to

39 % in different regions of sub-Saharan Africa

(Heubach et al. 2011; Ouédraogo et al. 2013; Pouliot

and Treue 2013; Schaafsma et al. 2014; Worku et al.

2014). One reason for our comparatively high fig-

ure might be the practical absence of income alterna-

tives as well as the generally very low total household

income in our study area being considerably lower

than in other rural West African areas, e.g. in Benin.

However, income composition in our study is

similar to the one identified through the study of

Heubach et al. (2011) in northern Benin. In both

studies, income from NTFPs accounts for the second

largest income share (45 % in our and 39 % in the

study in Benin) and income from crop production is

highest. Off-farm and livestock income only play

negligible roles in household income, however, still a

greater one in the study in Benin than in Burkina Faso.

Income from cultivated exotic fruit trees (7 %) is an

income source only found in the survey area of

northern Benin. Therefore, respondents from the study

area in Benin have a greater diversity of income

sources and, except for crop production, higher shares

of alternative incomes to NTFPs.

Melaku et al. (2014), with 47 % in Ethiopia, and

Kalaba et al. (2013), with 44 % in Zambia, showed

similar high NTFP contributions to rural households to

our study. However, since both used different methods

in quantifying NTFP income, comparisons are diffi-

cult to make. Yet, Kalaba et al. (2013) included similar

NTFP incomes to ours and also included fodder in the

NTFP income calculation, whereas Melaku et al.

(2014) had several different NTFP incomes to ours,

such as forest coffee, honey, bamboo, but did not

include fodder. Therefore, the figure of Kalaba et al.

(2013) is more directly comparable to ours. In

addition, we assume that the NTFP income figure of

47 % of Melaku et al. (2014) would even be higher if

fodder would be included.

Effect of different socio-economic variables

on total household income and NTFP dependency

The significant effect of ethnicity on total household

income as well as on NTFP dependency confirms our

hypothesis that cultural background plays a role for

income generation. This shows that the traditional

mainly pastoral livelihood strategy of the Fulani leads

to a difference in NTFP income composition. Inter-

estingly, ethnicity does not affect NTFP dependency

in the study in northern Benin. Due to a disease-caused

livestock decrease for the Fulani in the investigated

year and a concurrently lower fodder income the

differences between the ethnicities was presumably

lower than in other years (Heubach et al. 2011).

In our study, NTFP dependency is significantly

higher in the village with lower overall household

incomes (Kompienbiga). This corresponds with our

results from the income group comparison. Where

Table 6 Mean household income by income source and income group (in Euro per aeu)

Low income Medium income Above medium income

Mean

income

SD Income share

(%)

Mean

income

SD Income share

(%)

Mean

income

SD Income share

(%)

NTFPs 113 32.7 45 190 65.2 50 238 80.55 42

Crops 120 38.9 48 177 68.4 47 280 119.9 49

Off-farm 14 16.1 6 11 16.6 3 39 52.4 7

Livestock 1 7.57 1 2 7.0 0 10 22.7 2

Total 247 379 566

aeu Adult equivalent unit (explanation see ‘‘Income accounting and adjusting’’ section), SD Standard deviation
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location makes a difference in our study, it does not

apply for the study in northern Benin. This might be

due to the fact, that the two villages of our study show

slight differences in regard to the climatic factor and

are located in a greater distance to each other than the

two villages of the study of Heubach et al. (2011). In

other NTFP dependency studies investigations in this

regard remain scarce. However, in terms of use

preferences and valuation of wild plant species in

Benin and Burkina Faso, Leßmeister et al. (2015),

Segnon and Achigan-Dako (2014) and Zizka et al.

(2015) found that location, representing phytogeo-

graphical differences, and ethnicity have an effect.

Several studies focusing on specific NTFP-providing

species in West Africa found the same pattern

(Avouhou et al. 2012; Atakpama et al. 2012; Ekué

et al. 2010; Gouwakinnou et al. 2011).

In regard to farmland size, our results confirm our

hypothesis that greater land holdings lead to higher

total income and lower NTFP dependency since own

land allows for better and more direct planning how to

meet dietary needs. Furthermore, it has the advantage

to be private good whereas NTFPs (mostly) belong to

the commons. Subsequently, where private area for

cultivation is lacking, which is usually holding true for

the poorest, households are more dependent on NTFP

income. The negative relationship of farmland size

and NTFP dependency is concordant with results of

Heubach et al. (2011) in Benin and Kamanga et al.

(2009) in Malawi.

Our results confirm our hypothesis that households

with more cattle are relatively more dependent on

NTFP income since fodder for cattle is considered

NTFP income. But, contrary to our hypothesis, we

found that they earn less in total with more cattle. This

is due to the fact that the Fulani, who own more cattle

than the other ethnic groups, generate less income

from crop production. The effect of number of cattle

on NTFP dependency is in accordance with Heubach

et al. (2011).

We confirmed our hypothesis that with increasing

off-farm income, total household income also

increases. Yet, it does not have the expected decreas-

ing effect on NTFP dependency like in the study of

Heubach et al. (2011) in Benin and Illukpitiya and

Yanagida (2010) in Sri Lanka.

Likewise, contrary to our hypothesis, our results

demonstrate that age and education of the household

head and number of women in a household neither had

an impact on total household income nor on NTFP

dependency. This is in contrast to findings of Heubach

et al. (2011), who found an effect of age of the

household head and number of women in a household

on NTFP dependency. The different effect of poly-

gamy (number of women in a household) can be

explained by the fact that polygamy was considerably

higher in the study in northern Benin (mean 36 %)

than in our study (mean 29 %). In both studies,

education does not have an impact, which is in contrast

to findings of Mamo et al. (2007), Kamanga et al.

(2009) and Illukpitiya and Yanagida (2010). Since

only few respondents reported to have received

primary school education in our study, education is

very low in general and therefore does not show an

effect on income and NTFP dependency.

These findings lead us to the assumption that

farmland size and number of cattle are variables of

comprehensive effect on NTFP dependency in a

broader area, whereas all other variables depend on

local differences.

Comparison between ethnic groups

Our results show that income structure is significantly

different among ethnic groups. Income structure of the

two agriculturalist societies is similar but significantly

different from the pastoralist society. Owning more

farmland, agriculturalists obtain their primary income

from crop production. In contrast, the pastoralists gain

their main income from NTFPs. This is in accordance

with Heubach et al. (2011). Thus, NTFP income

composition in terms of use-categories reveals that the

greatest difference in income fromNTFPs between the

ethnic groups is generated by the use-category fodder.

Due to a greater possessed livestock herd, the Fulani

earned significantly more from the NTFP use-category

fodder than the agriculturalist societies. Heubach et al.

(2011) found the same pattern, revealing that primarily

the activity of livestock breedingmakes a considerable

difference in NTFP income structures between agri-

culturalists and pastoralists in a Sudanien savanna. But

for all ethnic groups, the NTFP use-category fodder

contributes considerably less to NTFP income in the

study in Benin (Heubach et al. 2011). This is due to the

fact that households in the study area of Benin (mean

1.53 cattle per household) keep considerably less

livestock than in the study area of Burkina Faso (mean

3.66 cattle per household). Irrespective of ethnicity,
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Pouliot and Treue (2013) also found that fodder is one

of the most important forest products in a study area in

Burkina Faso but not in Ghana.

However, the higher amount of livestock per

household of the Fulani does not lead to a higher

livestock cash income (Table 4) since cattle is rarely

sold: income from livestock contributes with only 1 %

to total household income in Burkina Faso and with

3 % in Benin.

Mean household income is significantly higher for

the autochthon Gourmantché than for the migrated

Mossi and Fulani, who concurrently owned less

farmland than the Gourmantché. This is in accordance

with Malleson et al. (2014), who also found higher

income for autochthon compared to migrated groups.

Similarly, Coulibaly-Lingani et al. (2009) found that

ethnicity influences access to land in southern Burkina

Faso, with migrants having lower access than auto-

chthonous people.

Intra-ethnic differences in knowledge, use and

value of different species in West Africa have been

reported in several studies (Fandohan et al. 2010;

Heubach et al. 2013; Koura et al. 2011; Sop et al.

2012). Our results and other studies in West Africa

(Assogbadjo et al. 2012; Houehanou et al. 2011)

reinforce the importance of knowledge about different

preferences between ethnic groups in general. But

except for Malleson et al. (2014) and Heubach et al.

(2011), other socio-economic studies on NTFPs did

not investigate differences between ethnic groups.

Therefore, our study adds valuable information on

significant economic differences among ethnicities.

Comparison between villages

Irrespective of the similar characteristics of the

villages, income structures differ between them. Total

NTFP income is higher in Nagré but in Kompienbiga

NTPFs contribute with a higher percentage share to

total household income. This indicates that NTFP

dependency is higher in the poorer village. Heubach

et al. (2011) did not find differences among the two

villages situated very close together in the same

natural environment. However, in villages of different

phytogeographical regions, Segnon and Achigan-

Dako (2014) found differences of plant choices for

consumption. Our results show that even in the same

phytogeographical region, the North Sudanien zone, at

a distance of 70 km, income structure can be

considerably different. One reason for the differences

could be access to different NTFP providing species

due to a slight climate gradient between the two

villages. Situated in the North Sudanien vegetation

zone, Kompienbiga lies at the edge to the more humid

South Sudanien zone, where species compositions are

slightly differing. Another reason is the fact that the

market in Nagré is bigger than in Kompienbiga.

Hence, market prices for crops are slightly higher

leading to a higher cash income from crop sales and

therefore a higher total household income in Nagré.

Income groups

Our results show that absolute NTFP income is lower

in the low income tercile but their relative NTFP

income is higher than in the above medium tercile.

This confirms earlier corresponding results (Kalaba

et al. 2013; Kamanga et al. 2009; Kar and Jacobson,

2012; Schaafsma et al. 2014). Alike other studies, we

found that poorer households are relatively more

dependent on NTFP collection than wealthier house-

holds irrespective of ethnic affiliation (Babulo et al.

2008; Heubach et al. 2011; Malleson et al. 2014).

Surprisingly, alike Kamanga et al. (2009), we found

that poor households (low income) are not more

dependent on NTFPs than less poor (medium income)

households. In accordance with Pouliot et al. (2012),

we conclude that poor households earn less from

NTFP collection than the above medium income

group due to a more restricted access to parklands and

fallows because of less farmland owned. Therefore,

distances to NTFP-providing species in communal

forests can be longer. In addition less equipment

available, a lack of labour, time and health could also

be reasons for less NTFP extraction by poor house-

holds (Kamanga et al. 2009).

NTFP income and income inequality

The reduction of the Gini coefficient from 0.62 to 0.21

including NTFPs into the calculations proves that

forest income contributes to an equalisation of house-

holds’ income. This is in concordance with (i) Kalaba

et al. (2013) who found Gini coefficients of 0.51 with

and 0.61 without forest income for households in

Zambia, (ii) Kamanga et al. (2009) (0.39 with and 0.49

without forest income) in Malawi and (iii) Schaafsma

et al. (2014) (0.61 with and 0.65 without forest
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income) in Tanzania. When comparing our findings

with Heubach et al. (2011), the reduction of the Gini

coefficient including NTFP income is very strong in

both studies (0.38 change units in northern Benin and

0.41 in our study). The similar result confirms that

NTFP income helps reducing income inequalities in

rural areas of Western Africa.

Conclusion

Our study showed the importance of forest environ-

mental incomes, especially for poor households.

Overall, 45 % of the total annual income is generated

by NTFPs as subsistence income. The equalising

effect of forest income on income inequality docu-

mented in our and other studies reveals the need of

systematic collection of forest income data to inform

national poverty assessments and national accounting,

forming the basis of strategic planning and policy

making.

Comparisons with other studies have shown that

mainly access to land and number of cattle owned

influence household economies and NTFP dependen-

cies whereas the influence of other household charac-

teristics seem to differ between the studies.

NTFP collection takes place in forests, on fallows

and fields using products of parkland trees. Therefore,

forest degradation would have a direct negative impact

on income of all NTFP collecting households. Thus, as

our study showed, poorest households would primarily

be affected. Land-use planning thus needs to reflect

needs of local households characterised by diverging

income opportunities.

We found differences for agriculturalist compared

to pastoralists as well as for autochthon compared to

migrated ethnic groups. The differences between

ethnic groups and villages show that management

recommendations need to be adapted to the livelihood

habits of different ethnic groups as well as adapted on

a local level. We therefore conclude that socio-

economic and ethnobotanical studies are highly valu-

able for the development of management strategies

aiming at delivering appropriate outputs to local

communities: reflecting existing differences in plant

use and valuation.
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Summary: Wild plant species are important nutritious supplements to otherwise nutrient poor diets of rural populations 
in West Africa. Consequently, a decline of wild food species has a direct negative impact on the nutritional status of local 
households. In this study, we firstly investigated the preferred wild food species in south-east Burkina Faso, their perceived 
change in abundance as well as their contribution to wild food income. Secondly, we studied how these species might be 
substituted in times of species shortfall. Thirdly, we investigated the impact of socio-economic variables on the substitu-
tion choice. We conducted 155 household interviews in two villages and found 21 wild food species. With a contribution of 
almost 70% to wild food income, Vitellaria paradoxa and Parkia biglobosa were economically most important. All species 
were considered declining to some degree. The wide range of cited substitutes for the ten most important wild food species 
indicates a great knowledge on alternative plant species in the area. For the majority, the substitution choice did not depend 
on socio-economic characteristics. Cited as surrogate for several important wild food species, the native tree Balanites ae-
gyptiaca was the most important substitute species. Many valued wild food species were substituted with other highly valued 
wild food species and therefore the decline of one species can lead to a shortfall of another substitute. Thus, even though our 
results suggest that people are able to counteract the decrease or absence of wild food species, growing decline of one species 
would concurrently increase the pressure on other native food species.
Key words: species decline, wild food, income, NTFPs, substitutes

Substitution des plus importantes et décroissantes espèces alimentaires sauvages au Sud-
Est du Burkina Faso
Résumé: Des espèces de plantes sauvages constituent des compléments nutritionnels importants des régimes alimentaires 
pauvres en micronutriments des populations rurales en Afrique de l'Ouest. Par conséquent, le déclin des espèces alimentaires 
sauvages a un impact négatif direct sur la nutrition des ménages locaux. Dans cette étude, nous avons premièrement investi-
gués les espèces alimentaires sauvages préférées dans le sud-est du Burkina Faso, leur changement perçu en abondance ainsi 
que leur contribution au revenu alimentaire sauvage. Deuxièmement, nous avons étudié comment ces espèces pourraient être 
substituées en période de pénurie des espèces. Troisièmement, nous avons examiné l'impact des variables socio-économiques 
sur le choix de substitution. En réalisant 155 interviews auprès des ménages dans deux villages, nous avons trouvé 21 es-
pèces alimentaires sauvages. Avec une contribution d’environ 70% au revenu alimentaire sauvage, Vitellaria paradoxa et 
Parkia biglobosa sont économiquement les espèces les plus importantes. Toutes les espèces sont été considérées comme 
étant en déclin dans une certaine mesure. La vaste gamme de  substituts cités pour les dix espèces les plus importantes in-
dique une grande connaissance sur les espèces végétales alternatives dans la zone. Pour la plupart des plus importantes es-
pèces alimentaires sauvages, le choix de substitution ne dépend pas des caractéristiques socio-économiques. Cité comme re-
présentant pour plusieurs espèces importantes alimentaires sauvages, l’arbre local Balanites aegyptiaca est la plus importante 
espèce de substitut. De nombreuses espèces alimentaires sauvages évaluées sont substitués par d'autres espèces alimentaires 
sauvages à grande valeur et dont le déclin d'une espèce peut conduire à un déficit d'un autre substitut. Ainsi, même si nos 
résultats révèlent que les populations sont potentiellement capables de contrecarrer la diminution ou l'absence des espèces 
alimentaires sauvages, le déclin croissant d'une seule espèce pourraient simultanément augmenter la pression sur les autres 
espèces alimentaires locales.
Mots clés: PFNLx, déclin d’espèce revenu, aliment sauvage, substituts

Substituierung der wichtigsten und zurückgehenden essbaren Wildpflanzen in Südost Bur-
kina Faso
Zusammenfassung: Essbare Wildpflanzen stellen wichtige Nahrungsergänzungen, zu einer ansonsten nährstoffarmen Er-
nährung ländlicher Bevölkerung in West Afrika, dar. Aus diesem Grund hat der Rückgang von essbaren Wildpflanzen direkte 
negative Auswirkungen auf den Nährstoffhaushalt lokaler Haushalte. In dieser Studie dokumentierten wir erstens die bevor-
zugten essbaren Wildpflanzen in Südost Burkina Faso, ihre wahrgenommene Abundanzveränderung und ihren Anteil am 
essbaren Wildpflanzen-Einkommen. Wir untersuchten zweitens die Substituierung dieser Arten in Zeiten von Artenknappheit 
und drittens den Einfluss von sozio-ökonomischen Variablen auf die Auswahl der Substitute. Mit 155 Haushaltsbefragungen 
in zwei Dörfern erhielten wir insgesamt 21 genutzte essbare Wildpflanzen. Mit einem Beitrag von rund 70% zum essbaren 
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As the coping capacity of households is particularly condi-
tioned by their socio-economic characteristics (Pattanayak 
& Sills 2001; Turner et al. 2003) it is furthermore crucial 
to investigate whether all households have similar strate-
gies to replace wild food species or whether they differ with 
regard to to social and spatial differentiations (e.g. village, 
ethnicity, household income), in order to develop manage-
ment strategies that are reliable for a specific region. For ex-
ample, investigating valuation and use preferences of wild 
plant species in Benin and Burkina Faso, Segnon & Achi-
gan-Dako (2014) and Zizka et al. (2015) showed that loca-
tion and ethnicity have an effect. Further, in terms of NTFP 
income Kalaba et al. (2013) showed that a household’s 
property level determines coping opportunities: poorer 
households enhanced their engagement in NTFP extraction 
to cope with shocks considerably stronger than wealthier 
households.

Understanding local systems of supply and dependencies is 
crucial to support local decision-makers in enhancing rural 
communities’ adaptive capacities to environmental chan-
ge. In West Africa, a number of current studies investigated 
plant species valuation, use and economic contribution, but 
there is a need to study compensations and coping strategies 
in case of species’ shortfall.

Consequently, we focused on the substitution of wild food 
species. In a first step, we identified the most valued wild 
food species, and since their contribution to daily diet is 
their most important usage, we focused our analysis accor-
dingly. Secondly, the observed species decline and its con-
tribution to wild food income was studied. Thirdly, we iden-
tified the substitutes used by rural households to cope with a 
seasonal/temporary absence of NTFPs. 

In our study, we thus seek to answer the following que-
stions:

1. What are the most important wild food species and how 
do they contribute to household income?

2. Which species are observed to be declining?

3. How are these wild food species substituted in times of 
species shortfall?

4. Does the substitution preference depend on socio-eco-
nomic characteristics?

2 Methods

2.1 Study villages
The investigations were conducted in the north Sudanian 
zone in south-east Burkina Faso. We selected two study 

1 Introduction 
In West Africa, livelihoods of rural people are highly de-
pendent on non-timber forest product (NTFP)-providing 
plant species for subsistence and cash income (Agrawal et 
al. 2013). NTFPs include all products other than timber de-
rived from forests and agroforestry systems, such as fruits, 
nuts, vegetables, fish, game, medicinal plants, bark, gum, 
leaves, grasses and small wood products like firewood and 
chew-sticks (Belcher 2003; CIFOR 2011). They serve i.e. 
as source for firewood, food, medicine, construction and 
fodder and therefore provide a safety net in times of income 
shortages trough i.e. crop shortfalls (cf. Malleson et al. 
2014; Shackleton & Pandey 2014). The extraction of NT-
FPs is particularly attractive for the very poor since NTFPs 
are open or semi-open access resources that do not require 
expensive equipment for harvesting (Angelsen and Wun-
der 2003). In northern Benin, Heubach et al. (2013) identi-
fied 90 and Vodouhê et al. (2009) 76 plant species that are 
locally used for various purposes. In the Sahel of Burkina 
Faso, Lykke et al. (2004) found 56 woody species of mul-
tipurpose value to rural livelihoods. The food provision of 
those species is particularly important to complement diets 
in quantity and to add minerals and vitamins to a generally 
monotonous and nutrient poor diet. For this purpose, edible 
fruits, flowers, seeds and leaves are collected from parkland 
trees in fallows and fields and from woody species in wood-
lands.

A shortfall of NTFPs can severely affect household live-
lihoods in terms of food security, energy supply, medical 
care, animal husbandry, and financial means. Short-term 
NTFP shortage might be caused by low rainfall and/or de-
pleted stocks before the next harvest season. However, hu-
man population growth increases the pressure on cultivated 
land in the long term. It leads to expanded agricultural land 
and a shortening of fallow stages, causing species loss due 
to lacking regeneration of the natural vegetation. Several 
studies in West Africa anticipate serious shifts in climatic 
conditions and land use patterns which are likely to affect 
water resources and soil fertility (Cooper et al. 2008; Sala 
et al. 2000) and thus, the provision of non-timber forest pro-
ducts (NTFPs). A recent investigation conducted in Benin, 
projected a decrease in regional occurrence and, thus, ob-
tained economic returns, up to 50% in 2050 for key NTFP 
providing tree species (Heubes et al. 2012).

Since Burkina Faso belongs to the poorest countries on 
earth (UNDP 2014), coping with these predicted negative 
changes will be a major challenge to the rural poor. It is the-
refore of particular importance to investigate which species 
are particularly declining, how they contribute to household 
income and whether and how a projected decrease could be 
counteracted to mitigate the socio-economic consequences.

Wildpflanzen-Einkommen waren Vitellaria paradoxa und Parkia biglobosa ökonomisch die wichtigsten Arten. Alle Arten 
wurden als mehr oder weniger zurückgehend eingestuft. Die hohe Anzahl genannter Substitute für die zehn wichtigsten ess-
baren Wildpflanzen zeigt ein umfassendes Wissen bezüglich alternativer Wildpflanzen in dem Untersuchungsgebiet. Die 
Substitutauswahl ist für die Mehrheit der essbaren Wildpflanzen nicht abhängig von sozio-ökonomischen Merkmalen. Der 
heimische Baum Balanites aegyptiaca wurde für mehrere essbare Wildpflanzen als Substitut genannt und war damit die 
wichtigste Substitutart. Viele der bevorzugten essbaren Wildpflanzen wurden mit anderen bevorzugten essbaren Wildpflan-
zen substituiert. Der Rückgang einer Art kann somit zum Wegfall eines anderen Substitutes führen. Obwohl unsere Ergeb-
nisse suggerieren, dass die Menschen dem Rückgang oder Fehlen von essbaren Wildpflanzen entgegenwirken können, würde 
ein zunehmender Rückgang einer Art gleichzeitig den Druck auf andere heimische Wildpflanzen erhöhen.
Schlagworte: Artenrückgang, Einkommen, Nichtholzprodukte, Substitute, essbare Wildpflanzen
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ginally living in the centre of Burkina Faso, migrated to the 
study area (CIA 2009). The Fulani also migrated to the area 
from the countries’ northern part.

2.3 Data collection and analysis
In our study, we followed the interview approach and me-
thods as implemented in northern Benin by Heubach et al. 
(2011). We conducted a total of 155 structured household 
surveys using both closed and open questions at the end of 
the harvesting period between November 2012 and April 
2013. In both villages, a minimum of 25 interviews within 
each ethnic group was considered. Households were chosen 
by stratified random methods according to their ethnicity. 

Interviews were conducted separately with the household 
head (always a man) and his first wife (households are often 
polygamous). Women cited the most valued wild food spe-
cies with the plant parts used (i.e. flowers, fruit, leaves) and 
the form of use (i.e. raw, sauce, drink). Each species menti-
oned was ranked according to a change category (1 = incre-
asing, 0 = no change, -1 = decreasing, -2 = very decreasing) 
and reasons for the species decline were asked using open 
questions. To calculate income share values of wild food, 
women additionally provided information on the collec-
tion and consumption of the cited wild food species in their 
household within the year 2012 as well as on prices at the 
local market. Subsequently, they were asked to report sub-
stitutes for the wild food species when they are seasonally/ 

villages (Nagré and Kompienbiga) lying 70 km apart (Fig. 
1). These villages were chosen due to their similar cha-
racteristics in terms of population size (around 1000-1300 
households), distance to the next urban centre (30 km to 
Fada N’Gourma and 10 km to Pama) and the constitution 
of main ethnic groups. Furthermore, the availability of a 
school, hospital, piped water and a local market, but a lack 
of electricity, is common to both villages.

Kompienbiga is situated in a more humid zone than Nagré. 
Thus, we obtained information from two climatically diffe-
ring areas. 

The vegetation is composed of different savanna types, 
woodland, tree, shrub and grass savanna. The typical far-

ming system is characterised by alternating cycles of culti-
vation and fallow periods, managed by subsistence farmers. 
Useful tree species are spared from field clearing. Agricu-
lture and extensive livestock breeding (e.g., cattle, goat, 
sheep and chicken) are the main income sources in the re-
gion.

2.2 Ethnic groups
The three main ethnic groups located in the study area are 
the two agriculturalist societies, Gourmantché and Mossi 
and the seminomadic pastoralists, Fulani. The Gourmantché 
are the dominant, autochthon people in the area. The Mossi, 
who are the most dominant ethnic group in the country ori-

Fig. 1 : Location of the study villages in south-east Burkina Faso / Localisation des villages de l'étude au Sud-est du Burkina Faso.
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temporary unavailable. Each woman mentioned one substi-
tute for one wild food species. Aiming at relating substitu-
tion of wild food species to socio-economic characteristics, 
we additionally collected data regarding household income, 
age and education of the household head and farmland size 
owned. This information was provided by the household 
head. Furthermore, we conducted market interviews at vil-
lage markets to double check and complement prices. To 
ensure comparability between households of different sizes 
and compositions we conducted an income adjustment. 
We applied an OECD modified equivalence scale conside-
ring types of household members (men, women, children) 
reflecting the nutrition need and the number of household 
members (household size) (Deaton 1982). The result is an 
adjusted income per adult equivalent unit (aeu) allowing 
comparability. 

For species mentioned by less than 5% of the respondents, 
we did not include change and income share values. The in-
terviews were conducted in local languages with an inter-
preter.

To study whether the choice in substitution was related to 
socio-economic variables, the mentioned substitutes were 
tested against the following variables using a chi-square 
test: Village origin (Nagré; Kompienbiga), ethnicity (Gour-
mantché; Mossi; Fulani), age (4 categories, <35, 36-45, 46-
55, >56), education (yes; no), income groups (3 terciles – 
‘poor’, ‘medium’ and ‘less poor’), and farmland size (< 4 
ha; > 4 ha).

The average household size of both studied villages was 
composed of seven to nine members and the household 
heads were, on average, in their mid-forties. For all ethnic 
groups, the education level was very low. The agricultura-
lists Gourmantché and Mossi owned more farmland than the 
pastoralists (Fulani). Household income was higher in the 
village Nagré for all ethnic groups compared to Kompienbi-
ga. The autochthonous Gourmantché in Nagré had the high-
est household income.

3 Results

3.1 Wild food species importance
Respondents mentioned 21 wild food species, 20 woody 
and one herbaceous species (Corchorus olitorius), collected 
for subsistence consumption (Table 1). Only one plant part, 
i.e. the fruits, leaves, seeds or flowers, was used of the ma-
jority of the stated plant species as food supply. For three 
species (Vitellaria paradoxa, Adansonia digitata, Annona 
senegalensis) two plant parts were used (Table 1). Vitella-
ria paradoxa was the most important wild food species as 
it was mentioned by nearly all respondents. With a contri-
bution of 43% to the households’ wild food income V. pa-
radoxa was also the most important economic food species. 
Lannea microcarpa was the second most important wild 
food species in terms of citations, but only gave a very lit-
tle share to households’ wild food income. All other species 
were only stated by less than 50% of the respondents. Even 
though Parkia biglobosa was only mentioned by 45% of the 
respondent, it was economically important as it contributed 
with a high share (26%) to households’ wild food income. 

Five species (Corchorus olitorius, Piliostigma reticulatum, 
Piliostigma thonningii, Sclerocarya birrea, Vitex doniana) 
were only mentioned by one informant.

3.2 Species decline
According to the respondents, all wild food species were 
considered declining, but the degree differed (Table 1). Vi-
tellaria paradoxa, Parkia biglobosa, Balanites aegyptiaca 
were classified as very strongly declining species with a val-
ue between 1,5 and  2.

Lannea microcarpa, Ziziphus mauritiana, Detarium micro-
carpum, Diospyros mespiliformis, Adansonia digitata, Gar-
denia erubescens, Ximenia americana were classified as 
strong declining (between  1,5 and  1,7). Tamarindus indi-
ca, Bombax costatum and Annona senegalensis were rated 
as declining between 1.1 and 1.4. The free cited reasons for 
decline were relatively homogenous. The most cited reason 
for all species was “removal of seedlings and saplings”, fol-
lowed by “excessive cut” and “shortage of rainfall”.

3.3 Substitutes
For substitute analysis, we only considered species that 
were cited at least by 20 respondents as useful food spe-
cies, giving a total of 10 species (see Table 1). Interviews 
revealed that the number of substitutes differed widely bet-
ween the 10 studied wild food species. While the fruits of 
Lannea microcarpa and the seeds of Parkia biglobosa could 
be substituted by 14 other products, the calyxes of Bombax 
costatum were replaceable by only three products (Fig. 2). 
The other seven studied wild food species were substituted 
by 8 to 11 products. For all target species, one to three sub-
stitutes were mentioned by a high proportion of interviewed 
women, while the other substitutes were mentioned by very 
few respondents.

Very few respondents (< 10%) stated that they had no sub-
stitution for the 10 studied woody species. For all studied 
species, native woody species were the most cited substi-
tutes (in total 21 species), while wild herbaceous (1 species) 
and cultivated plants (2 species) were very rarely mentioned 
(Fig. 2). Many woody species were mentioned several times 
as substitutes. The fruits of Balanites aegyptiaca were the 
most important substitutes for four studied species. The sub-
stitutes for each of the 10 most important woody species are 
described in detail in the following: 

Interviewed women reported to replace the fruits of Vitella-
ria paradoxa by fruits of 10 native woody species (Fig. 2). 
By far the most cited substitutes were the fruits of L. micro-
carpa, followed by the fruits of Diospyros mespiliformis. 
Correspondingly, the fruits of Vitellaria paradoxa were the 
most cited substitutes for the fruits of L. microcarpa. The 
fruits of D. mespiliformis and Ziziphus mauritiana were also 
frequently cited as substitutes of L. microcarpa, while the 
other 11 cited substitutes (all woody species) were men- 
tioned by very few respondents. 

The seeds/ fruits of P. biglobosa and Z. mauritiana were 
substituted by 14 and 11 products, respectively (all woody 
species). For both species, the fruits of B. aegyptiaca were 
the most important substitutes. The fruits of Z. mauritiana 
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No. Species Number 
of cita-
tions in %

Plant part Form of use Change Wild food in-
come per aeu*  
in %

1 Vittelaria paradoxa 97
fruit raw

-1.85 43
seeds cooking oil

2 Lannea microcarpa 79 fruit raw -1.53 3
3 Parkia biglobosa 45 seeds sauce -1.73 26
4 Ziziphus mauritiana 44 fruit raw -1.56 1
5 Tamarindus indica 38 fruit sauce, drink, raw -1.36 7
6 Balanites aegyptiaca 34 fruit raw -1.91 1
7 Detarium microcarpum 27 fruit raw, cooked -1.65 1
8 Diospyros mespiliformis 21 fruit raw -1.81 1

9 Adansonia digitata 18
leaves sauce

-1.51 7
fruit raw, drink, sauce

10 Bombax costatum 14 calyx sauce -1.33 9
11 Gardenia erubescens 6 fruit raw -1.54 0.1

12 Annona senegalensis 5
flower sauce

-1.10 0.5
fruit raw

13 Ximenia americana 5 fruit raw -1.58 0.1
14 Strychnos spinosa 4 leaves sauce NA NA
15 Vitex simplicifolia 3 fruit raw NA NA
16 Sarcocephalus latifolius 1 fruit raw NA NA
17 Corchorus olitorius 1 leaves sauce NA NA
18 Piliostigma reticulatum 1 leaves sauce NA NA
19 Piliostigma thonningii 1 leaves sauce NA NA
20 Sclerocarya birrea 1 fruit raw NA NA
21 Vitex doniana 1 fruit raw NA NA

* aeu: adult equivalent unit (explanation see 2.3) / aeu: unité équivalente  adulte (explication voir 2.3)

Table 1:  List of all cited wild food species by 155 respondents, percentage citation of species, used plant part, form of use and estimated 
change of the species (0 = no decline, -1 = decline, - 2 = strong decline). / Liste de toutes les espèces alimentaires sauvages cités 
by 155 répondants, pourcentage de citation des espèces, partie de la plante utilisée,  forme d'utilisation et variation estimative 
des espèces (0 = pas de déclin, -1 = déclin, - 2 = fort déclin)

were mostly cited as substitutes for the fruits of B. aegyp-
tiaca. There were 11 woody species used as substitutes for  
B. aegyptiaca.

For Tamarindus indica, women reported 8 products as sub-
stitutes. The exotic lemon tree (Citrus × limon) and the 
fruits of the local shrub species Piliostigma reticulatum and 
P. thonningii were the most important substitutes.

The fruits of Detarium microcarpum and D. mespiliformis 
could be substituted by 11 and 9 products, respectively (all 
woody species). For both species, the fruits of B. aegyptiaca 
were the most important substitutes. To replace the fruits of 
D. microcarpum and D. mespiliformis the fruits of D. mespi-
liformis and Z. mauritiana, respectively, were also favored.

The fruits and leaves of Adansonia digitata could be sub-
stituted by 11 products (9 woody species, one herbaceous 
species, and one cultivated plant). More than half of the re-
spondents declared that the leaves of A. digitata could be 
substituted by the calyxes of B. costatum. The seeds of P. bi-
globosa and the leaves of the herb Corchorus olitorius were 
the second and third most important substitutes. 

The calyxes of B. costatum were replaceable by only 3 pro-
ducts (2 woody species, 1 cultivated plant). Most respon-
dents stated that they use the leaves of A. digitata as substi-
tutes of the calyxes of B. costatum. The cultivated vegetable 
lady fingers (Abelmoschus esculentus) was the second most 
cited substitute.

3.3.1 Relation of substitution choice and socio-economic-
characteristics

For most of the ten wild food species the tested variables 
(ethnicity, village, age, education, income and farmland 
size) did not show an influence on the choice in substitution. 
However, village had a significant influence on the substi-
tution of three species and ethnicity, income, and farmland 
size of one studied species (Fig. 3). In contrast, age and edu-
cation did not influence the choice in substitution of the 10 
studied woody species. 

The substitution of the seeds from Parkia biglobosa differed 
significantly between the three ethnic groups (X2= 33.5, p = 
0.044). The Gourmantché (13 substitutes) mentioned twice 
as many substitutes as the Mossi (7 substitutes) and Fulani 
(6 substitutes). For the Gourmantché, the fruits of Vitellaria 
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paradoxa were the most important substitutes, while fruits 
of Detarium microcarpum and Balanites aegyptiaca were 
the most important substitutes for the Mossi and Fulani, re-
spectively.

Income significantly influenced the choice in substitution of 
fruits from V. paradoxa (X2= 29.0, p= 0.049). The poor and 
medium income group cited more substitutes in total (6 and 
8, respectively) than the less poor income group (4). The 
fruits of Lannea microcarpa were the most important sub-
stitutes for all three income groups. The fruits of Diospyros 
mespiliformis were the second most important substitutes 
for the poor and medium income group, while the seeds of 
P. biglobosa were the second most cited substitute of the 
less poor group. 

Village origin significantly influenced the choice in sub-
stitution of fruits from V. paradoxa (X2= 42.6, p = 0.000), 
Tamarindus indica (X2= 15.1, p = 0.035), and L. microcar-
pa (X2= 33.5, p = 0.044). People from the southern villa-
ge Kompienbiga knew twice as many substitutes (10) for 
the fruits of V. paradoxa than those of the northern village  

Nagré (5). Contrary to V. paradoxa, people from Nagré 
knew more substitutes of T. indica (7) and L. microcarpa 
(10) than people from the village Kompienbiga (5 and 9, re-
spectively). While Citrus × limon was the main substitute of 
T. indica in Nagré, people from Kompienbiga mostly cited 
the fruits of the native shrubs Piliostigma reticulatum and  
P. thonningii as substitute.

Farmland size only significantly influenced the substituti-
on choice of the fruits from L. microcarpa. People holding 
more farmland for cultivation (> 4 ha) more often cited the 
fruits of V. paradoxa as substitutes than people owing less 
farmland (< 4 ha).

4 Discussion

4.1 Wild food species
The ten wild food species identified as most important for 
rural communities in south-east Burkina Faso have also 
been found most useful in other regions of West Africa, 

Fig. 2: Dietary substitutes for the fruits of the 10 most important wild food species / Substituts nutritionnels pour les fruits des 10 plus im-
portantes espèces alimentaires sauvages. Vit_par = Vitellaria paradoxa, Lan_mic = Lannea microcarpa, Par_big = Parkia biglobosa, 
Ziz_mau = Ziziphus mauritiana, Tam_ind = Tamarindus indica, Bal_aeg = Balanites aegyptiaca, Det_mic = Detarium microcarpum, Dio_
mes = Diospyros mespiliformis, Ada_dig = Adansonia digitata, Bom_cost = Bombax costatum, Xim_ame = Ximenia americana, Scle_bir 
= Scleocarya birrea, Anno_sene = Annona senegalensis, Gard_erub = Gardenia erubescens, Pilio_thon_ret = Piliostigma sp., Lan_acid 
= Lannea acida, Zizi_aby = Ziziphus abyssinica, Corch_oli = Corchorus olitorius, Abel_esc = Abelmoschus esculentus, Stry_spin = 
Strychnos spinose, Vit_simp = Vitex simplicifolia, Vit_don = Vitex doniana, Lan_vel = Lannea velutina, NA = not available / non disponi-
ble, in_det = species not identified / espèce non identifiée.
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showing their supra-regional importance. For instance, Sop 
et al. (2012) found six, Lykke et al. (2004) and Heubach 
et al. (2013) five of our ten species as the most useful wild 
food species in the Sahelian and Soudanien zones. In all 
studies, woody species are the best known, valued and used 
wild food supplier, while similarly to our study, herbs are 
of minor importance. In northern Benin, Vitellaria parado-
xa and Parkia biglobosa are the two most valued wild food 
use species (Heubach et al. 2013). Furthermore, the total 
number of 29 identified useful wild food species is in accor-
dance with our findings.

Of the ten most useful food species, the fruits were by far 
the most valuable plant parts. Fruits from wild woody plants 
are inter alia especially important as supplement for crops, 

due to their maturity outside the crop harvest season (Lykke 
et al. 2004). The three most valued wild food species (Vi-
tellaria paradoxa, Lannea microcarpa, Parkia biglobosa) 
as well as Adansonia digitata and partly also Tamarindus 
indica and Bombox costatum are typical parkland trees, left 
on the fields during field clearings (Haarmeyer et al. 2013; 
Schreckenberg 1999; Schumann et al. 2012). 

The by far most important wild food species V. paradoxa 
has been investigated in various studies. Vitellaria parado-
xa seeds supply important cooking oil, commonly known 
as shea butter, for local livelihoods. It serves as the most 
important source of fat for rural people. Additionally, the 
fruit can be eaten raw. The very high share of V. parado-
xa to wild food income in our study was similarly found 

Fig. 3:  Differences in substitution of wild food species between ethnic and income groups, villages and farmland size. / Différences dans 
la substitution des espèces alimentaires sauvages entre groupes ethnique et de revenu, les villages et la taille des terres agricoles.  
Vit_par =Vitellaria paradoxa, Lan_mic = Lannea microcarpa, Park_big = Parkia biglobosa, Tam_ind = Tamarindus indica, Ziz_mau = 
Ziziphus mauritiana, Bal_aeg = Balanites aegyptiaca, Det_mic = Detarium microcarpum, Dios_mesp = Diospyros mespiliformis, Adan_
digi = Adansonia digitata,  Xim_ame = Ximenia americana, Scle_bir = Scleocarya birrea, Anno_sene = Annona senegalensis, Gard_erub 
= Gardenia erubescens, Pilio_thon_ret= Piliostigma sp., Lan_acid = Lannea acida, Zizi_aby = Ziziphus abyssinica, Vite_don = Vitex 
doniana, Lan_vel = Lannea velutina, Go= Gourmantché, Mo= Mossi, Fu= Fulani, poo= poor / pauvres, med= medium / moyen, les= 
less poor / moins pauvres, Na= Nagré, Ko=Kompienbiga, <4ha= farmland size less than 4 ha/ taille de terres agricoles moins de 4 ha, 
>4ha= farmland size more than 4 ha/ taille des terres agricoles de plus de 4 ha, NA = not available / non disponible, in_det= species 
not identified / espèces non identifiées.
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by Pouliot (2012), with V. paradoxa contributing 12% 
to total household income in south western Burkina Faso. 
The fruits of the second most mentioned wild food species  
L. microcarpa, commonly known as african grape or wild 
grape, are eaten raw or produced as juice (Haarmeyer et al. 
2013). Since this use is less important to the local cooking 
(compared to V. paradoxa), they only contributed with a 
small share of 3% to wild food income, which could addi-
tionally be due to a considerably lower price on local mar-
kets as well as on lower total amounts harvested. Parkia bi-
globosa, known as the African locust bean tree, contributed 
considerably to wild food income of local households with 
26%. Its’ fermented seeds, called soumbala, are an essential 
and typical product for cooking sauces in the region. Due 
to its’ high protein and fat content, soumbala is an impor-
tant supplement to staple foods in rural areas of West Afri-
ca (Kronborg et al. 2014). Other species that contributed 
considerably to alimentation and wild food income of rural 
livelihoods were T. indica, A. digitata and B. costatum. The 
tamarind (T. indica) and the baobab (A. digitata) are used 
for sauces, porridge, as drinks and both contain considerable 
amounts of proteins and vitamin C (Gebauer et al. 2002; 
Jama et al. 2008). B. costatum, the silk cotton tree, is highly 
valued for the local cuisine. The calyxes were used to pre-
pare a highly valued sauce. Even though it was less often 
mentioned as important wild food species its contribution to 
wild food income was appreciable.

Compared to studies with predefined species lists (Lykke 
et al. 2004) our study revealed a considerably lower total 
number of wild food species. The disadvantage of the free 
listening method is that species less often used are under-
represented in the interview. Herbaceous species, for exam-
ple, were rarely mentioned in our study. Since our surveys 
were conducted during the dry season, in which herbaceous 
species are not/rarely available, respondents might have 
forgotten species that are only available during the rainy 
season.

4.2 Species decline
Respondents described all wild food species as declining to 
a certain degree raising concern about the maintenance of 
these species in the future. This result is in accordance with 
Lykke et al. (1998, 2004), who studied species decline in 
western Senegal and northern Burkina Faso. This declining 
trend is caused by current land use intensifications (e.g. ex-
pansions of agricultural land, shortening of fallow periods), 
leading to a reduction of suitable habitats and an insuffici-
ent time for regeneration of native species during the fallow 
period (Nacoulma et al. 2011). The decline of these useful 
species might in addition be caused by a high exploitation 
rate (Wezel & Rath 2002) and unsustainable way of har-
vesting. Parkia biglobosa, for example, produces enough 
seedlings and saplings for reproduction but is sensitive to 
fire (Lykke 1998) and is therefore highly affected by field 
clearings trough fire and population pressure.

The observed very strong decline of the by far most econo-
mically important wild food species Vitellaria paradoxa and 
P. biglobosa (70% of wild food income) supposes serious 
impacts on rural household incomes in the future, which is 
in concordance with findings of Heubes et al. (2012). Both 

species are mainly preserved on cultivated lands. However, 
saplings are considerably cut back and reduced during field 
clearings, leading to an ageing of species’ population (Djos-
sa et al. 2008; Schreckenberg 1999).

4.3 Substitutes
The wide range of species mentioned as substitute for the 
wild food species showed that knowledge on alternative 
plant uses is high.

The list of substitute species contained almost exclusively 
native plant species and was very similar to the original ci-
ted wild food species list. Only three additional wild tree 
species were cited as substitutes (Lannea acida, Lannea 
velutinum, Ziziphus abyssinica). Interestingly, cultivated 
products, such as peanut oil as a substitute for shea butter 
(Vitellaria paradoxa) or other purchased products, such as 
Maggi as substitute for soumbala (Parkia biglobosa), were 
not cited. This suggests that these products are too costly for 
the interviewed households. In contrast, most valued wild 
food species were substituted with other highly valued wild 
food species. This indicates that many species were both, 
primary chosen wild food supplier as well as substitutes in 
case of shortfall of other primary wild food species. For ex-
ample, the most cited substitute for the fruits of V. parado-
xa were the fruits of Lannea microcarpa and the other way 
around. The same holds true for the fruits of Ziziphus mau-
ritiana and Balanites aegyptiaca as well as for the leaves 
of Adansonia digitata and the calyxes of Bombax costatum. 
Therefore, the need to protect and sustainable manage na-
tive wild food species in woodland savanna and on fields/
fallows becomes even more apparent. The loss of one spe-
cies would additionally mean a loss of substitution alterna-
tives of other wild food species.

B. aegyptiaca seems to be the most important substitute as 
it was by far the most frequently cited substitute and was 
mentioned as major surrogate for four of the ten wild food 
species. Its importance as substitute might be explained by 
the fact that B. aegyptiaca, known as the desert date, is a 
drought tolerant, typical Sahelian species, mostly fruiting 
during the dry season (Seghieri et al. 2009) and therefore 
a good supplement during the non-agricultural season.  
However, despite its drought tolerance, it was classified as 
strong-ly declining in our survey and might be not sufficient-
ly available in the future. Likewise, Okia et al. (2011) found  
B. aegyptiaca to be declining in Uganda due to land clear-
ings and increased grazing pressure.

Interestingly, the substitution pattern of Tamarindus indica 
differed to those of the other nine most cited wild food spe-
cies as it was mainly substituted by an exotic tree (lemon) 
and by two native species (Piliostigma sp.) that were not 
mentioned as substitutes for the other important species. In 
terms of quantities, the two Piliostigma species seem to be 
“good” and available substitutes as they were not very im-
portant wild food species according to our interviews. How-
ever, in terms of qualities i.e. acidic flavour, lemons might 
be a better substitute for tamarind than the two Piliostigma 
species, but being on the same time more expensive.

The very low number of cited substitutes for B. costatum 
indicates that the impact on the traditional cuisine could 
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be high in case of species decrease or deficit. This is less 
the case for all other products since more substitutes were 
known.

4.3.1 Relation of the choice in substitution to socio-eco-
nomic-characteristics

For the majority of the most important wild food species, 
the substitution choice did not depend on socio-economic 
characteristics. This indicates that knowledge is more or 
less commonly shared among the informants, irrespective 
of age, ethnicity, education, village origin, income and farm- 
land size. Accordingly, Sop et al. (2012) showed that the 
use of Balanites aegyptiaca did not differ between different 
ethnic groups in the sub-Sahel of Burkina Faso. Schumann 
et al. (2011) also found no distinct influence of household 
characteristics on knowledge distribution of the multi- 
purpose tree species Anogeissus leiocarpa. However, for 
four species, substitution preferences depended on socio-
economic characteristics. 

Regardless of the similar characteristics of the villages, sub-
stitution preferences for three wild food species (Lannea 
microcarpa, Tamarindus indica, Vitellaria paradoxa) dif-
fered. One reason can be that more information was shared 
within villages than across villages. Another reason might 
be the access to different wild food species due to slight dif-
ferences in precipitation between the villages. Even though 
both villages are situated in the North Sudanien vegetation 
zone, Kompienbiga is more humid, situated at the border 
to the South Sudanien zone. Similarly, Lykke et al. (2004) 
and Segnon & Achigan-Dako (2014) showed that food 
use preferences in the Sahel and Benin depend on village, 
in the same and in different phytogeographical regions, re-
spectively.

Concerning differences between ethnicity, Parkia biglobo-
sa was the only species whose substitution pattern differed. 
The autochthon Gourmantché knew twice as many sub-
stitution species compared to the migrated ethnic groups.  
A study in south-western Burkina Faso also found ethnicity 
to have an impact on choice of substitution for three high 
value NTFP species (Kaboré et al. 2015).

Regarding differences between income groups, substitution 
choice for V. paradoxa was more diverse for the poor and 
medium poor compared to the less poor (“richer”) house- 
holds. Owning less farmland, the access to the parkland tree 
V. paradoxa was usually lower for poorer households and 
therefore knowledge on substitutes was more diverse. The 
second most cited substitute for the poor and medium in-
come groups was Diospyros mespiliformis and P. biglobosa 
for the less poor group. Since P. biglobosa is also a parkland 
tree, spared from field clearings, whereas D. mespiliformis 
is rather found in the savanna woodland, the same explana-
tion pattern applies. 

The investigated difference of substitution choice of  
L. microcarpa for households owning different farmland 
sizes can be explained in the same manner: Respondents 
holding more farmland cited V. paradoxa more often as sub-
stitute than households with less farmland available.

5 Conclusion
Knowledge on useful wild food species is profound and di-
verse in the study area. Concurrently, our results show that 
all species are declining in numbers, of which some contri-
bute considerably to wild food income. In terms of biodiver-
sity and nature protection in general, management recom-
mendations should therefore focus on the whole ecosystem, 
rather than on only single species. However, to prevent ne-
gative economic impacts on livelihoods, management and 
protection strategies focusing especially on the economical-
ly most important species are additionally needed.

Generally, people in the study area are potentially able to 
counteract decline or absence of wild food by using a va-
riety of substitutes. Substitutes are mainly native species, 
mostly belonging to the list of the ten most cited wild food 
species. Decline of one species might therefore increase the 
pressure on other native food species. Thus, the necessity 
to protect and sustainable manage native wild food species 
in woodland savanna and on fields/fallows is reinforced.  
Moreover, substitution choice is relatively conform between 
households of different characteristics. The combination 
of these results shows that maintaining the most important 
wild food species is crucial for all households irrespective 
of their characteristics.
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