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The West African Data and Metadata Repository — a long-term data archive for
ecological datasets from West Africa

Eva-Maria Gerstner', Yvonne Bachmann?3, Karen Hahn?, Anne Mette Lykke*, Marco Schmidt'>*

' Senckenberg Biodiversity and Climate Research Centre (BiK-F), Data and Modelling Centre, Senckenberganlage 25,
60325 Frankfurt am Main, Germany.
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3 Goethe University Frankfurt, Institute of Ecology, Evolution and Diversity, Max-von-Laue-Str. 13, 60438 Frankfurt am
Main, Germany.

“ Department of Bioscience, Aarhus University, Vejlsavej 25, 8600 Silkeborg, Denmark

5 Senckenberg Research Institute and Natural History Museum Frankfurt, Botany and molecular evolution, Senckenberganla-
ge 25, 60325 Frankfurt am Main, Germany.

Email: marco.schmidt@senckenberg.de

Summary: Although there is an increasing need for data in ecological studies, many datasets are still lost or not sufficiently
visible due to a lack of appropriate data archives. With the West African Data and Metadata Repository, we present a secure
long-term archive for a data-poor region allowing detailed documentation by metadata following the EML standard and giv-
ing data holders the opportunity to define levels of data access and conditions of use. This article gives an overview of struc-
ture, functions and content. The repository is online at the URL http://westafricandata.senckenberg.de.

Key words: West Africa , data archiving, ecological data

LE WEST AFRICAN DATA AND METADATA REPOSITORY - UNE ARCHIVE DE DONNEES A LONG TERME POUR
LES ENSEMBLES DE DONNEES ECOLOGIQUES DE L'AFRIQUE DE L'OUEST

Résumé: Bien qu'il existe un besoin croissant de données dans les études écologiques, de nombreux ensembles de données
sont encore perdues ou pas suffisamment visibles en raison d'un manque d'archives de données appropriées. Avec le West
African Data and Metadata Repository, nous présentons une archive sécurisé a long terme pour une région pauvre en données
permettant une documentation détaillée par des métadonnées suivant la norme EML et donnant aux propriétaires de données
la possibilité¢ de définir des niveaux de l'accés aux données et les conditions d'utilisation. Cet article donne un apercgu de la
structure, des fonctions et du contenu. Le référentiel est en ligne a I'adresse URL http://westafricandata.senckenberg.de.

Mots clés: Afrique de I'Ouest, archivage des données, données écologiques

DAs WEST AFRICAN DATA AND METADATA REPOSITORY — EIN LANGZEITDATENARCHIV FUR OKOLOGISCHE
DATEN AUus WESTAFRIKA

Zusammenfassung: Obwohl zunehmend Daten fiir 6kologische Studien gebraucht werden, gehen noch immer viele Daten
verloren oder sind mangels geeigneter Datenarchive nicht sichtbar genug. Mit dem West African Data and Metadata Reposi-
tory stellen wir ein Langzeitdatenarchiv fiir eine datenarme Region vor, das eine detaillierte Dokumentation mit Metadaten
nach dem EML-Standard erlaubt und Datenhaltern die Moglichkeit gibt, Datenzugangsebenen und Nutzungsbedingungen
zu bestimmen. Dieser Artikel gibt einen Uberblick zu Struktur, Funktionen und Inhalt. Das Repositorium ist online unter der
URL http://westafricandata.senckenberg.de.

Schlagworte: 6kologische Daten, Datenarchivierung, Westafrika

1 INTRODUCTION

Plant ecology is continually moving into a direction of ‘big data’. This has become possible by the increasing availability
of large collaborative datasets such as species occurrence data from the Global Biodiversity Information Facility (GBIF;
EpwaRrDs et al. 2000), nomenclature and synonymy datasets like the African Plant Database (KLOPPER et al. 2006) or plant
trait data from TRY (KATTGE et al. 2011). Complementary to these large scale organismic data are continental or global en-
vironmental datasets for climate, soil, or satellite data and its derivatives, like vegetation indices or tree cover. Increased data
availability, common standards and exchange formats have helped to bridge scientific disciplines and tackle urgent environ-
mental issues from local to global scales more efficiently. Consequently, data-driven approaches become increasingly impor-
tant in ecological and biodiversity studies (KELLING et al. 2009).

While the availability of biodiversity collection data, genetic sequences or environmental grid data have considerably increa-
sed, other biological data (which tend to be of a more complex and heterogeneous structure) and their digitization efforts and
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availability lag behind. In consequence, this also means that
datasets from ecological case studies not fitting easily into
the schemes of larger databases are usually stored on scat-
tered desktop computers or storage media instead of being
properly archived. Consequently, they are more prone to be
lost in the long-term and also less visible to the scientific
community. This is even more pronounced in world regions
that lack the infrastructure of the industrialized nations.

To improve this situation for ecological datasets from West
Africa, we implemented the West African Data and Metada-
ta Repository at the Senckenberg Biodiversity and Climate
Research Center as a data warehouse for ecological datasets
from West Africa. Long-term support of the database is en-
sured through integration in the wider structure of the BiK-F
Data and Metadata Repository maintained at Senckenberg.
This new repository will complement our set of biological
databases for West Africa (West African Vegetation: ScH-
MIDT et al. 2012; African Plants — a photo guide: DRESSLER
et al. 2014) and give researchers the opportunity of secure
long-term archiving and increased visibility of their da-
tasets, while keeping control of data access levels according
to their needs.

2 TECHNICAL STRUCTURE

The West African Data and Metadata Repository (http://
westafricandata.senckenberg.de, see Fig. 1) is based on
Metacat (BERKLEY et al. 2001 ), a data warehouse for eco-
logical and environmental data. Metacat is available under
a free public license and allows easy entry and retrieval of
data and metadata.

Technically, Metacat is a Java servlet application that runs
in conjunction with a relational database such as in our case
PostgreSQL and a Web server. Metadata are stored in EML
(Ecological Metadata Language, FEGRAUS et al. 2005), an
XML schema, which can be used in a modular and extensi-
ble manner to document ecological data. Especially data in
tabular formats can be described in detail including row and
column information. This way, Metacat guarantees a stan-
dardized comprehensive documentation of the data.

Metadata entry and editing is possible via a configurable
web form or by using Morpho, a Java-based EML editor,
that has explicitly been designed for this purpose (LEIN-
FELDER et al. 2011). In addition to the metadata, the data
tables themselves as well as further data entities can be op-
tionally included (see Fig.2). This way, data users are able
to fully understand the data sets. In addition, semantic web
approaches in the ecological sciences are also supported.

Metacat also allows users to define different data access le-
vels for each individual data set, including public (free ac-
cess to all other users), private (no access to other users) and
access restricted to selected registered users of the reposito-

ry.

By linking Metacat repositories, a parallel search of data
in different databases can be facilitated. Metacat is being
used by large international data repositories such as the ones
from the Knowledge Network for Biocomplexity (KNB),
the National Center for Ecological Analysis and Synthesis
(NCEAS), the Long-Term Ecological Research Network

(LTER) or the Data Observation Network for Earth (Data-
ONE).

3 FEATURES

Our local Metacat installation has a specifically adapted in-
terface for the West African Data and Metadata Repository.
It consists of a semantic and geographic search tool, a data
entry and editing form, and a web map service for visualiza-
tion. Furthermore, via personal request to the data manager,
each inserted dataset can be supplied with a digital object
identifier (DOI), as we have registered our Metacat reposi-
tory with DataCite.

A simple search is available by title, abstract, keywords,
persons or by pre-defined frequently used terms of botany,
geography and others (see Fig.2). Seven mandatory and
seven additional optional EML categories with further sub-
elements are supported by the data entry and editing form
(Fig.3). The integrated web map service (WMS) is based on
GeoServer and OpenLayers and allows a visualization of
the center points or bounding boxes of data sets. A geogra-
phic search can be performed by clicking on a point location
or by drawing a bounding box into the map (Fig.4).

4 CONTENTS

Presently, the repository contains 50 ecological datasets
from West Africa. These datasets are thematically diverse,
dealing with land degradation, soil parameters, land use and
land cover, environmental raster datasets, non-timber forest
products, ethnobotanical interview data, species checklists
and introduced species (Fig. 5).

Each single dataset is accompanied with metadata. This in-
cludes a citation comprising authors, title, document ID and
a URL to the complete set of metadata. General information
includes an abstract and keywords, upload date and eventu-
ally URLs to the data itself. Further sections of the metadata
set cover involved parties (dataset owners, curators, contact
persons, etc.), geographic coverage, temporal coverage, me-
thods and information on data usage rights and the type of
medium the data is distributed with. Datasets described with
Morpho include even more detailed information on the data
itself.
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West African Data & Metadata Repository \V
\

deundesert

UNDESERT's online data platform (WP4). Entries can be viewed by the public and entered with a registered account
(Login).

You may search the data catalog without being logged into your account, but will have access only to "public” data.
Enter a search phrase to search for data sets in the data catalog, or simply browse by category using the links below.
You can use the "%’ character as a wildcard in your searches.

Search All

Botany Plants & People

Vegetation, Collection, Flora, Dendrometry, Traits Plant Use, Household, Population, Protected Area, Land
Use

(Bio)Geography Others

Soll Type, Distribution, Sahel, Savanna, Woodland, Forest Climate Change, Indicator, Diversity

This repository is based on the Metacat software developed by the Knowledge Network for Biocomplexity (KNB) and
houses (1) metadata compliant with Ecological Metadata Language and (2) attached data with public or private
access. It is using the data structure of the Bik-F Data and Metadata repository to create synergies and ensure long-
term support.

Contact Ed+ Imprint

Fig. 1:  Start page of the West African data and Metadata Repository with text-based search functions. The repository can be accessed online via
the URL http://westafricandata.senckenberg.de. / Page de démarrage du West African data and Metadata Repository avec des fonctions de
recherche textuelle. L’archive peut étre consulté en ligne via I'URL http://westafricandata.senckenberg.de.
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Fig. 2:

Using Morpho to describe a tabular dataset in detail. / Utilisation de Morpho pour décrire un ensemble de données sous forme de tableau
en détail.



Fig. 3:

Use this form to edit the data set description that you submitted earlier to the repository.
The ID of this data set is: undesert.88.3

Gerstner et al.

NAME OF SUBMITTER [WWhats this?) —
BASIC INFORMATION (hals this?) T
“Data Set Title |I ntroduced and invasive species of Burkina Faso

(The title should include taxa, time period and location.)
PRINCIPAL DATA SET ownER [Whats this?) Show
ASSOCIATED PARTIES [Whats this?) Tixe
RESPONSIBLE PERSON IN THE LONGRUN (CONTACT) [Whats this?) Show
DATA SET ABSTRACT (Whars this?) T

Data Set Abstract  [The 1ist of introduced and invasive species has been
(max. 350 words) troctnd fram infarmatian an dictribodian and neindin af +h

The abstract should include the data type and the purpose of the data collection.
KEYWORD INFORMATION Mhafs fhis?) —
TEMPORAL COVERAGE OF paTa [Whafs this?) Show
TEMPORAL RESOLUTION OF DaTA (Whats. fhis?) Show
SPATIAL COVERAGE OF DaTa [What's this?) Hide

*Geographic Description [Ryrkina Faso
General description of the geographic area in which the data were collected. It can
be a simple place name (e.g., Morth Sea) or a fuller description.
COORDINATES
Degrees Minutes Seconds
S B 5] Erem Fow
wenone 5] ] o) e [lees

If only this first latlong pair is entered, this indicates a point location. If both latlong

pairs are entered, then this first pair represents the northwest comner of a bounding

box.

e b 5] Erem Fow
S b ] o] [ e

If entered, this latlong pair represents the southeast corner of a bounding box.
TAXONOMIC COVERAGE OF DaTA [hars this?) Show
DATA COLLECTION METHODs (What's, his?) e
DISTRIBUTION INFORMATION (hafs this?) Show
UPLOAD DaTA (Whats this?) —

Submit Data Set Description

Data entry web form of the West African Data and Metadata Repository. / Forme de web du West African Data and Metadata Repository

pour la saisie des données.
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Click on the guery icon [l and draw a bounding box (with left mouse button) to select a region of special interest.

?_}Yamu;mukro
. Abidjan\,

.Douala
Kartendaten @ 2015 Google Inst. Geogr. Nacional Mapa Gl ORION-ME

Click on the data points for feature information

Fig. 4:  Map view of the West African Data and Metadata repository showing the locations of datasets in red and allowing direct access to the data
descriptions by clicking single points or selecting a rectangular area (as shown in this screenshot around Benin). / Carte interactive du
West African Data and Metadata Repository montrant les emplacements des ensembles de données en points rouges et permettant acces
direct aux descriptions de données en cliquant sur les points ou en sélectionnant une zone rectangulaire (comme le montre cette capture
d'écran).
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Fig. 5:

Number of datasets summarized (a) by individual countries or West Africa as a region, and (b) by thematic fields. As a single dataset may

cover several countries and themes, the sum exceeds the total number of datasets. / Nombre d'ensembles de données résumées (a) par des
pays individuels ou I’ Afrique de 1'Ouest en tant que région, et (b) par des champs thématiques. Comme un seul ensemble de données peut
couvrir plusieurs pays et thémes, la somme dépasse le nombre total des ensembles de données.
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Substitution of the most important and declining wild food species in south-
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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 DECROISSANTES ESPECES ALIMENTAIRES SAUVAGES AU SuUD-
EsT bu BURKINA FAsO

Résumé: Des espéces de plantes sauvages constituent des compléments nutritionnels importants des régimes alimentaires
pauvres en micronutriments des populations rurales en Afrique de 1'Ouest. Par conséquent, le déclin des espéces alimentaires
sauvages a un impact négatif direct sur la nutrition des ménages locaux. Dans cette étude, nous avons premierement investi-
gués les especes alimentaires sauvages préférées dans le sud-est du Burkina Faso, leur changement per¢u en abondance ainsi
que leur contribution au revenu alimentaire sauvage. Deuxiémement, nous avons étudié comment ces espéces pourraient étre
substituées en période de pénurie des especes. Troisiémement, nous avons examiné l'impact des variables socio-économiques
sur le choix de substitution. En réalisant 155 interviews auprés des ménages dans deux villages, nous avons trouvé 21 es-
peces alimentaires sauvages. Avec une contribution d’environ 70% au revenu alimentaire sauvage, Vitellaria paradoxa et
Parkia biglobosa sont économiquement les espéces les plus importantes. Toutes les espéces sont ¢été considérées comme
étant en déclin dans une certaine mesure. La vaste gamme de substituts cités pour les dix especes les plus importantes in-
dique une grande connaissance sur les espéces végétales alternatives dans la zone. Pour la plupart des plus importantes es-
peces alimentaires sauvages, le choix de substitution ne dépend pas des caractéristiques socio-économiques. Cité comme re-
présentant pour plusieurs espéces importantes alimentaires sauvages, 1’arbre local Balanites aegyptiaca est la plus importante
espece de substitut. De nombreuses espéces alimentaires sauvages évaluées sont substitués par d'autres especes alimentaires
sauvages a grande valeur et dont le déclin d'une espéce peut conduire a un déficit d'un autre substitut. Ainsi, méme si nos
résultats révelent que les populations sont potentiellement capables de contrecarrer la diminution ou l'absence des espéces
alimentaires sauvages, le déclin croissant d'une seule espéce pourraient simultanément augmenter la pression sur les autres
especes alimentaires locales.

Mots clés: PFNLx, déclin d’espece revenu, aliment sauvage, substituts

SUBSTITUIERUNG DER WICHTIGSTEN UND ZURUCKGEHENDEN ESSBAREN WILDPFLANZEN IN SUDOST BUR-
KINA FAsO

Zusammenfassung: Essbare Wildpflanzen stellen wichtige Nahrungsergdnzungen, zu einer ansonsten nahrstoffarmen Er-
ndhrung ldndlicher Bevolkerung in West Afrika, dar. Aus diesem Grund hat der Riickgang von essbaren Wildpflanzen direkte
negative Auswirkungen auf den Néhrstoffhaushalt lokaler Haushalte. In dieser Studie dokumentierten wir erstens die bevor-
zugten essbaren Wildpflanzen in Siidost Burkina Faso, ihre wahrgenommene Abundanzveridnderung und ihren Anteil am
essbaren Wildpflanzen-Einkommen. Wir untersuchten zweitens die Substituierung dieser Arten in Zeiten von Artenknappheit
und drittens den Einfluss von sozio-6konomischen Variablen auf die Auswahl der Substitute. Mit 155 Haushaltsbefragungen
in zwei Dorfern erhielten wir insgesamt 21 genutzte essbare Wildpflanzen. Mit einem Beitrag von rund 70% zum essbaren
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Wildpflanzen-Einkommen waren Vitellaria paradoxa und Parkia biglobosa 6konomisch die wichtigsten Arten. Alle Arten
wurden als mehr oder weniger zuriickgehend eingestuft. Die hohe Anzahl genannter Substitute fiir die zehn wichtigsten ess-
baren Wildpflanzen zeigt ein umfassendes Wissen beziiglich alternativer Wildpflanzen in dem Untersuchungsgebiet. Die
Substitutauswahl ist fiir die Mehrheit der essbaren Wildpflanzen nicht abhéngig von sozio-6konomischen Merkmalen. Der
heimische Baum Balanites aegyptiaca wurde fir 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 Riickgang einer Art kann somit zum Wegfall eines anderen Substitutes fithren. Obwohl unsere Ergeb-
nisse suggerieren, dass die Menschen dem Riickgang oder Fehlen von essbaren Wildpflanzen entgegenwirken kdnnen, wiirde
ein zunehmender Riickgang einer Art gleichzeitig den Druck auf andere heimische Wildpflanzen erhdhen.

Schlagworte: Artenriickgang, Einkommen, Nichtholzprodukte, Substitute, essbare Wildpflanzen

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 VopouHE 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 (CoOOPER 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
carth (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.
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As the coping capacity of households is particularly condi-
tioned by their socio-economic characteristics (PATTANAYAK
& Siirs 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 ZizkAa et al. (2015) showed that loca-
tion and ethnicity have an effect. Further, in terms of NTFP
income KarLaBa 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



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-

Lefimeister et al.

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-
Iture 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-
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Fig. 1 : Location of the study villages in south-east Burkina Faso / Local

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.

isation des villages de I'étude au Sud-est du Burkina Faso.

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/
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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 Nagr¢ for all ethnic groups compared to Kompienbi-
ga. The autochthonous Gourmantché in Nagré had the high-
est household income.

3 REsuULTS

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.
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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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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 espéces alimentaires sauvages cités

by 155 répondants, pourcentage de citation des espéces, partie de la plante utilisée, forme d'utilisation et variation estimative

des espéces (0 = pas de déclin, -1 = déclin, - 2 = fort déclin)

No. | Species Number | Plant part Form of use Change Wild food in-
of cita- come per aeu*
tions in % in %

fruit raw

1 Vittelaria paradoxa 97 - - -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

leaves sauce

9 Adansonia digitata 18 - - -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

flower sauce

12 | Annona senegalensis 5 - -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)

were mostly cited as substitutes for the fruits of B. aegyp-
tiaca. There were 11 woody species used as substitutes for
B. aegyptiaca.

For Tumarindus indica, women reported 8 products as sub-
stitutes. The exotic lemon tree (Citrus X 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 (4dbelmoschus 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 (X*=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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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 espéces 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 / espéce non identifiée.

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 (X*>= 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 (X*= 42.6, p = 0.000),
Tamarindus indica (X*= 15.1, p = 0.035), and L. microcar-
pa (X>= 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
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Nagré (5). Contrary to V. paradoxa, people from Nagré
knew more substitutes of 7. 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 DiscussIiON

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,
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Fig. 3: Differences in substitution of wild food species between ethnic and income groups, villages and farmland size. / Différences dans

la substitution des espéces 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 / espéces non identifiées.

showing their supra-regional importance. For instance, Sop
et al. (2012) found six, LYKkKE 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
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by Pourior (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 (7. indica) and the baobab (4. 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 (LykkEg 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
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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 (DJjos-
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



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 (KABORE 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.

Lefimeister et al.

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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Shared species of the spontaneous flora of a West African (Burkina Faso) and
a Central European country (Germany)
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Summary: In spite of enormous climatic differences between Burkina Faso and Germany, 20 species belong to the spontane-
ous flora of both countries, i.e. 1 % of the flora of Burkina Faso and 0.5 % of the German flora. All of them are either ruderal
and segetal species (16) or water and reed plants (4). All of the 16 ruderals/segetals are therophytes. From a recent point of
view, most of the 20 species can be classified as cosmopolitan, because they cover three and more floristic zones, and/or at
least three climatic zones, and/or are represented in at least three continents. Although Burkina Faso has a semi-arid climate,
none of the species can be called a sclero- or xerophyte. Therefore, in Burkina Faso, all are more or less bound to habitats at
least temporarily flooded or to humid soils. In Germany, however, the concerned ruderals, with one exception, are indicators
of medium dry or dry habitats.

Key words: global change, cosmopolitan, hydrophytes, phytogeography, phytosociology, therophytes, ruderal species, se-
getal species, indicator values

ESPECES COMMUNES DE LA FLORE SPONTANEE D'UN PAYS OUEST-AFRICAIN (BURKINA FASO) ET D'UN PAYS
D'EUROPE CENTRALE (ALLEMAGNE)

Résumé: En dépit des énormes différences climatiques entre le Burkina Faso et 'Allemagne, 20 especes appartiennent a la
flore spontanée des deux pays, ce qui représente 1 % de la flore du Burkina Faso et 0,5 % de la flore allemande. Toutes ces
especes sont soit rudérales et ségétales (16), soit des plantes aquatiques ou des marais (4). D’un point de vue récent, la plus
part des especes peuvent étre classées en tant que cosmopolites. Bien que le Burkina Faso ait un climat semi-aride, aucune de
ces especes ne peut étre appelée sclero- ou xérophyte. C'est pourquoi, au Burkina Faso, elles sont toutes plus ou moins li¢es a
des habitats au moins temporairement inondés ou aux sols humides. En Allemagne cependant, en ce qui concerne les espéces
rudérales, toutes sauf une sont des indicatrices de milieux semi-arides ou d'habitats secs.

Mots clés: cosmopolite, hydrophytes, valeurs indicatrices, phytogéographie, phytosociologie, especes rudérales, espéces sé-
gétales, thérophytes

GEMEINSAME ARTEN EINES WESTAFRIKANISCHEN (BURKINA FASO) UND EINES MITTELEUROPAISCHEN LAN-
DES (DEUTSCHLAND)

Zusammenfassung: Trotz groBer klimatischer Unterschiede zwischen Burkina Faso und Deutschland gibt es 20 Arten, die
in beiden Landern spontan vorkommen, das sind immerhin 1 % der Flora von Burkina Faso und 0,5 % der Flora Deutsch-
lands. Mehrheitlich handelt es sich dabei um Arten der Ruderal- und/oder Segetalflora (16 Arten), die restlichen sind Wasser-
bzw. Rohrichtpflanzen. Vom heutigen Standpunkt aus betrachtet, sind die meisten der 20 Arten Kosmopoliten. Obwohl das
Klima von Burkina Faso semi-arid ist, gehort keine der Arten zur Gruppe der Sklero- oder Xerophyten. Dementsprechend
sind in Burkina Faso alle mehr oder weniger an wenigstens temporir liberflutete Standorte oder an feuchte Boden gebunden.
15 der 16 Ruderalen werden in Deutschland dagegen als Indikatoren intermedidrer bis trockener Standorte bewertet.

Schlagworte: Hydrophyten, Kosmopoliten, Pflanzengeografie, Pflanzensoziologie, Ruderalarten, Segetalarten, Therophyten,
Globaler Wandel, Zeigerwerte

1 INTRODUCTION

Regarding the great climatic differences between the Sudan-
ian region of West Africa and Central Europe, it is not sur-
prising that the spontaneous flora of the Sudanian country
Burkina Faso and of the Central European Germany do not
have many species in common. However, concerning on-
going acceleration of global change, it can be expected that
the number of overlapping species will increase. Therefore,
in the following, the recent situation is shown, i.e. species
jointly present in the spontaneous flora of Burkina Faso and
Germany are listed and some ecologic characteristics of the-
se species are shown and discussed.

2 METHODS

To identify species present in both countries, I compared the
“catalogue des plantes vasculaires du Burkina Faso” (THI-
OMBIANO et al. 2012) with two common floras of Germany,
the so-called “Rothmaler” (JAGER 2011) and the “Oberdor-
fer” (OBERDORFER 2001). For a summary of ecological cha-
racteristics, of phytogeography and of biology of the spe-
cies, the ecological indicator values of the Central European
flora (ELLENBERG 1979), the atlas of the ferns and flowe-
ring plants of Germany (NETPHYD& BEN 2013) and the data
collection BIOLFLOR (Krotz et al.2002) were used for the
German point of view. The Burkinabé part was derived from
AtaHOLO (2001), WITTIG 2005 (a,b), OUEDRAOGO et al.
(2005), WITTIG et al. (2011) and THIOMBIANO et al. (2012).
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3 RESULTS

3.1. General overview

20 species that have been found occurring spontaneously in
Germany are listed in the “catalogue des plantes vasculaires
du Burkina Faso” as wild plants, too (Table 1). Two further
species mentioned for the spontaneous flora of Germany are
cultivated in Burkina Faso. These two species, i.e. Ficus ca-
rica and Sorghum bicolor, are not treated in the following.

The species shared between the two countries belong to
11 families, most of them represented by one species only.
Amaranthaceae are represented by two, Asteraceae by three
and Poaceae by five species (Table 1, column 1). Of the 20
species, 16 belong to the flora of anthropogenic and anthro-
pisised habtitats, i.e. towns, villages, roadsides and other
trodden areas, gardens, and arable land (Table 1, column
2). However, in the sense of GRIME (1974), one of them
(Eleusine indica) is not a ruderal, but a competitor (Table 1,
column 3). The four remaining species are strongly bound
to waters, because they live submerged (Ceratophyllum de-
mersum), floating (Trapa natans) or in reeds (Phragmites
australis, Schoenoplectus litoralis). While three of these
four species are perennials, the ruderals are therophytes (Ta-
ble 1, column 4). In Germany, four of these therophytes are
facultative hemicryptophytes.

Regarding pollination vectors (Table 1, column 5) according
to DUrka (2002), most species concerned (65 %) need no
vector but pollinate themselves or are apomictic. However,
wind pollination also is important (40). With the excep-
tion of Schoenoplectus litoralis, all species are deciduous,
showing their leaves during the vegetation period only (EL-
LENBERG 1979). In Germany, the leaves of the two Sonchus
species remain green during winter (Table 1, column 6).
Fourteen of the ruderal species have (partly, or can develop)
mesomorphic leaves; the leaves of Oxalis corniculata are
hygromorphic (Table 1, column 7).

From a recent point of view, 90 % of the species can be
classified as cosmopolitan, because they are represented in
all continents except Antarctica (Table 1, column 8). But the
term “cosmopolitan” does not mean that these species cover
all climatic zones (Table 1, column 9). As far as their natural
area is known, more species seem to originate from Eurasia
(including the entire Mediterrane region) than from Africa
South of the Sahara (Table 1, column 10), but only few are
indigenous in Germany (Table 2).

Regarding ecological demands and phytosociologic affiliati-
on of the species (Table 2), in Germany, except for Sonchus
oleraceus (T = 5), the temperature indicator values assigned
by ELLENBERG (1979, 1991) are higher than 5 (Average 6.8,
mean 7), i.e. these species prefer warm habitats. In Burkina
Faso, many of the 16 ruderal species are indicators of hu-
mid or temporarily flooded soils. Contrarily, in Germany,
their indicator value for soil humidity, which is known for
ten species, ranges from 6 to 3 (average 4.3, mean 4). Le.,
these species, in Germany, are mainly found on intermediate
or (slightly) dry soils. The average and the mean indicator
for soil reaction of the ruderal/segetal species is 7 (indicator
of alkaline soils). This fits well with the fact that, in Burki-
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na Faso, many of these species mainly grow on argillaceous
or loamy soils (THIOMBIANO et al. 2012). According to their
phytosociological affiliation in Burkina Faso and their indi-
cator value for nitrogen supply in Germany (Table 2), all ru-
deral/segetal species can be regarded as indicating soils rich
in nutrients.

3.2 Additional information

In the following, additional information is given on the 20
species listed in Table 1. All information shown in Table 1,
i.e. life form, origin, indicator value in Central Europe, is
not repeated.

Amaranthus hybridus L: In Germany, according to NET-
PuyTtD & BFN (2013), most information on this species is
doubtful, because it is often not clear, whether its mentio-
ning in literature refers to A. hybridus L. s. str. or to A. hy-
bridus agg. However, it is clear, that A. A. s. str. has been
found occasionally in Germany — its first finding could be
dated to 1950 (JAGER 2011) — but that it is not established
Germany up to now. In Burkina Faso, it is used as ingredient
of sauces (WITTIG & MARTIN 1995) and has numerous ap-
plications in traditional medicine (NACOULMA-OUEDRAOGO
1996). Therefore, it is tolerated in the vicinity of villages.
However, considering the releves of ruderal and segetal
communities available up to now (Boum 2001, KERE 1998,
and WITTIG et al. 2011), compared to some other Amaran-
thus species, it seems to be rare. The African Plant Database
(CJB 2012), in the following abbreviated as APD does not
even indicate it for Burkina Faso.

Bidens pilosa L. too, is not indicated for Burkina Faso by
APD. Also its phytosociological documentation is very
sparce. In the region of Tenkodogo, KERE (1998) found it in
three of fife releves of a comparatively undisturbed savanna
type. HOFF & BRISSE (1983) estimate that it is characteristic
of a pantropical class of young postcultural vegetation, the
class Soncho-Bidentetea pilosae HOFF et al. 1983. In Ger-
many, it is very rare and not established.

Celosia argentea L.: In both countries, this species, origina-
ting from Asia, is sometimes cultivated as ornamental plant.
While it is naturalized in Burkina, the rare findings in Ger-
many probably are garden escapees, i.e this species is not
established.

Ceratophyllum demersum L. is a submerged water plant, but
is not strictly bound to permanent waters, because its turi-
ons can survive in muddy soil. APD does not indicate it for
Burkina Faso. In Germany, it belongs to the most frequent
water plants.

Chamaesyce prostrata (Aiton) Small, conservatively named
Euphorbia prostrata Aiton by THIOMBIANO et al. (2012), is
the only chamaephyte among the 16 ruderals under concern.
It is neither indicated by APD for Burkina Faso nor by the
Atlas for Germany.

Echinochloa crus-galli (F.) P.Beauv. is only very briefly de-
scribed by THIOMBIANO et al. (2012) and not indicated by
APD. We can therefore conclude that this species in Burkina
Faso is very rare. In Germany, it is a frequent, well-establis-
hed archaeophyte.
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Eleusine indica (L.) Gaertn. has been ranked as character
species of the alliance Eleusinion indicae Schmitz 1971
which was described for paleotropical communities of trod-
den areas (Scumirz 1971). In Burkina Faso, E.i. is very fre-
quent, in Germany very rare and not established.

Eragrostis cilianensis (All.) Vignolo ex Janch is scarce-
ly represented in Bukina Faso's phytosociologic literature,
however very well by herbarium specimen in Ouagadougou
and Frankfurt. In Germany it is very rare, but a comparison
of older with more recent editions of the most common Flo-
ras of Germany reveals that it is recently expanding on trod-
den areas.

Eragrostis pilosa (L.) P.Beauv. was identified by WITTIG
(2005) as diagnostic species of the Eragrostio pilosae-Echi-
nochloetum colonae, one of the typical plant communities
of temporarily flooded depressions (bas fonds) in the Sahe-
lian zone of Burkina Faso. In Germany, it is obviously ex-
panding and much more frequent than E. cilianensis.

Oxalis corniculata L.: For this species, THIOMBIANO et al.
(2012) give only one reference and mention no herbarium
specimen. Obviously this species, which becomes more and
more common in Germany, is rare in Burkina Faso. Because
no natural habitat is known for O.c., we can assume that it
has developed on anthropogenic or anthropisised sites, i.e. it
is an anecophyte (ScHoLZ 1995)

Phragmites australis (Cav.) Steud. is very common in Ger-
many. APD does not indicate it for Burkina Faso.

Portulaca oleracea L.: In both countries, P. 0. is occasional-
ly cultivated, because some people eat it as salad. Therefore,
we cannot exclude, that some plants found growing spon-
taneously might be garden escapees. Nevertheless it can be
regarded as established in Burkina Faso and Germany. Like
Oxalis corniculata, it is an anecophyte.

Schoenoplectus litoralis (Schrad.) Palla is very rare in both
countries. In Burkina Faso it might be indigenous, in Ger-
many it is not established.

Setaria pumila (Poir.) Roem. et Schult., in the phytosocio-
logical literature of Burkina Faso documented by numerous
releves (mostly named Setaria pallide-fusca), is a diagnostic
species of the Setario pallidae-fuscae Echinochloetum co-
lonae Wittig 2005, one of the typical plant communities of
temporarily flooded depressions (bas fonds) in the Sahelian
zone of Burkina Faso. It is the only plant of the 20 species
concerned, which is more or less common in both countries.

Setaria verticillata (L.) PBeauv. is only scarcely represen-
ted in the phytosociological literature of Burkina Faso. In
Niger, it is often associated to Echinochloa colona (Poi-
LECOT 1999), i.e. it might be characteristic of the alliance
Echinochloion colonae Wittig 2005.

Solanum nigrum L., Sonchus asper (L.) Hill and Sonchus
oleraceus L. are frequent in Germany, but not mentioned for
Burkina Faso by APD. In the rich phytosociologic literature
existing for Burkina Faso, they are only scarcely menti-
oned. Therefore we can estimate that they are rare in Bur-
kina Faso. Perhaps they are affiliated to the class Soncho-
Bidentetea pilosae Hoff et al. 1983. Solanum nigrum is an
anecophyte.

Wittig R.

Trapa natans L.: Like the three water and reed species men-
tiond above, T n. is not indicated for Burkina Faso by APD,
but herbarium specimen exist from different lakes and ma-
res (see THIOMBIANO et al. 2012) and its phytosociology was
documented by OUEDRAOGO et al. (2005). In Germany, it is
very rare.

Tribulus terrestris L. is common in Burkina Faso, from
where it is particularly documented for (mainly Saheli-
an and North-Sudanian) ruderal communities degraded by
trampling (BoHM 2001). For Germany, it is the rarest one
of the 20 species treated in this publication (mentioned by
JAEGER 2011, but neither by OBERDORFER 2001 nor by the
Atlas).

4 DISCUSSION

With regard to the climatic differences — Germany has a
temperate climate with rain comparatively equally distribut-
ed all over the year, while Burkina Fasos climate is semi-
arid — it could not be expected that the spontaneous flora of
these countries contains 20 shared species. Not surprisin-
gly, most of the species are therophytes occurring only on
anthropogenic or disturbed habitats. In Germany, seven of
them are classified as (strongly) urbanophilic (4maranthus
hybridus, Celosia argentea, Chamaesyce prostrata, Eleusi-
ne indica, Eragrostis cilianensis, Eragrostis pilosa, Portu-
laca oleracea) meaning that they occur mainly or only in
urban areas (WITTIG et al. 1985, KLoTz & KUHN 2002).0b-
viously they are not able to compete with indigenous spe-
cies (nor in Germany, nor in Burkina) so that they can only
survive on places where competition is reduced notably.
And of the aquatic and semi-aquatic plants, which represent
the rest of the species treated, it is well known that they less
depend on climate than terrestrial plants, because regional
climatic differences are locally mitigated by large waters. In
Burkina Faso, interestingly even the 16 ruderals are more or
less bound to humid or temporarily flooded soils. That these
species in Germany are regarded as indicators of only inter-
mediately humid or even dry soils, is a confirmation of the
rule of habitat constancy established by WALTER & WALTER
(1953).

Although all species treated here are cosmopolitan, most of
the 16 ruderals are not very frequent, neither in Germany
nor in Burkina Faso. Exceptions are Echinochloa crus-galli,
Oxalis corniculata, Solanum nigrum and the two Sonchus
species for Germany, as well as Eleusine indica, Setaria pu-
mila and Tribulus terrestris for Burkina Faso. In the maps
shown by The African Pant Database (CJB 2012), only eight
of these 16 species are indicated for Burkina Faso. In Ger-
many, Echinochloa crus-galli, Oxalis corniculata, Setaria
pumila, S. verticillata and Solanum nigrum have shown in-
creasing frequency and expanded their area during the past
three or four decades; the two Eragrostis species are expan-
ding recently. Therefore, it can be expected that some of
those species of Table 1 that are presently rare in Germany,
will expand in the future, due to increasing temperatures and
traffic. For Burkina Faso, the direction of climate change
and its interaction with the rapid population increase is dis-
cussed contrarily (e.g. SCHEITER & HIGGINS 2008, HEUBES
et al. 2011). Therefore, it is not possible to predict, whether
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more species that up to now only occur in temperate regions
of the world, will immigrate to Burkina Faso or escape from
ornamental gardens, where some of them are cultivated.

Regarding the four water and reed species, Ceratophyllum
demersum and Phragmites australis are very common in
Germany, while Schoenoplectus litoralis and Trapa natans
are extremely rare. Surprisingly, none of them is shown for
Burkina Faso in the maps of the African Plant Database
(CJB 2012). Therefore, we can conclude that they are ge-
nerally rare. However, for Ceratophyllum demersum and
Trapa natans, it is confirmed that they are locally frequent
(OuEDRAOGO et al. 2005). Obviously, floristic research in
Burkina Faso is still worthwhile.
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Publication Series «Flora et Vegetatio Sudano-Sambesica»

The publication series «Flora et Vegetatio Sudano-Sambesica» publishes primarily original scientific articles as well as
summaries of larger research areas (if such summaries have been lacking to date). All articles are reviewed by two mem-
bers of the Editorial Board; they are then returned to the authors with recommended changes or a rejection note.

English is the preferred language for articles submitted to “Flora et Vegetatio Sudano-Sambesica”. However, articles writ-
ten in French are also accepted. Articles written in French must be accompanied by a detailed English summary, as well
by English titles of figures and tables — and vice versa. A German version of the summary as well as of titles of figures and
tables is desirable, but not imperative.

The article must be written on a PC using the program Word for Windows. The type size must be 12 pt, linespacing 1 1/2,
margins of 2,5 cm on each side; pages have to be numbered.

Do n ot use any font formatting such as bold, italics, small capitals, etc.; this type of formatting is lost during text
formatting. Please indicate any text to be set in italics (e.g. names of species) or small capitals (names of authors) (Cf.
instruction below).

We particularly ask you n o t to enter any names of authors in SMAL CAPITALS since we set authors’ names in SMALL
CAPITALS. Any names typed in normal capitals have to be entered again manually.

Do n ot hyphenate your text, unless the hyphen ist part of a word. Any hyphenation entered by authors is lost during
reformatting.

Use a protected space instead of a normal space to separate numbers, letters or symbols which belong together, e.g. § 1
([Ctrl]+[Shift]+[spacebar]).

Avoid footnotes!

Figures and tables must be provided in an electronic version, with a format corresponding to the type area. Ideally, the
format should match the type area (16.8 cm) or the column width (8.1 cm). (Figures with a width of 9.5 to 12 cm are also
acceptable). Please do n o t insert figures or tables into the text, but deliver each of them in a separate document: Tables in
Excel-format (* xIs), figures only made with graphic programs *.tif, *.pcx, *.eps or *.bmp. Provide us with an excellent
printed version of each table and figure, containing its title.

Submit all captions for figures, titles of tables, and information within figures and tables in French, English and (if pos-
sible) German.

Use the last volume of the series as a model when preparing the Outline of your article!

Also follow the last issue when preparing the Bibliography (Do n o t enter authors’ names in capitals; do n o t format
text with small capitals)!

Mail your article to : Flora et Vegetatio Sudano-Sambesica (Redaktion)

c/o Prof. Dr. R. Wittig
Institut fiir Okologie, Evolution & Diversitit
Okologie und Geobotanik
Max-von-Laue-Str. 13 B
60438 Frankfurt am Main, Germany
eMail: r.wittig@bio.uni-frankfurt.de



Conseils aux autheurs

La collection « Flora et Vegetatio Sudano-Sambesica »

La collection « Flora et Vegetatio Sudano-Sambesica » publie en premier lieu des articles scientifiques originaux ainsi que des
articles de synthése d’un plus grand champ de recherche (a condition qu’une telle synthése fait encore défaut).

»

Tous les articles seront revus par deux membres du Comité de lecture qui se réservent le droit de solliciter des modifica-
tions jugées nécessaires, voire de refuser un article.

Les textes sont a soumettre de préférence en anglais, des textes frangais pouvant toutefois étre acceptés. Les textes frangais
doivent étre accompagnés d’un résumé détaillé en anglais, les textes frangais respectivement d’un résumé anglais. Il serait
en plus souhaitable de joindre une resumé allemande.

Veuillez saisir vos textes sur un PC, sous format Word for Windows. A titre de repére, une page imprimée (dans le logiciel
InDesign) correspond a environ 4.500 signes, veuillez en tenir compte quand vous planifier la longueur de votre texte.

Lors de la saisie, ne jamais utiliser les fonctions telles que caractéres gras, italiques, PETITES CAPITALES, etc., car tout cela
se perd dans le formatage . Veuillez marquez en vert tous les passages a mettre en italiques (noms d’espéces scientifiques)
et en jaune ceux a mettre en PETITES CAPITALES (les noms d’auteurs)

Ne jamais utiliser la division automatique en syllabes, car celles ci ne peuvent pas étre maintenues lors du re-formatage,
et ne pas non plus utiliser des traits d’union pour marquer des divisions manuellement (si vous devez diviser, faites-le
par un trait d’union limité [Strg]+[Shift]+[-]).

Pour des signes, qui ne doivent pas étre séparés, comme p.ex. § 1, utilisez I’espace protégé ([Strg]+[Shift]+[barre d’espa-
cement]).

Evitez des notes de bas de page.

Figures et tableaux seront congus pour pouvoir étre clichés directement par I’imprimeur, respectant le format de « Flora et
Vegetatio Sudano-Sambesica », de préférence en largeur de la surface d’impression (16,8 cm) ou d’une colonne (8,1 cm).
Toutefois, une largeur entre 9,5 et 12 est également possible. Veuillez les fournir sous forme d’un fichier numérique, de
maniére séparée du texte, c’est-a-dire les tableaux comme fichier excel (*.xls) et les illustrations dans un des formats
suivants: *.tif, *.pcx, *.eps, *.bmp; de cette manicre, ils pourront, si besoin est étre ouverts et retravaillés par nous au
niveau de la mise en forme. Veuillez accompagner le fichier numérique d’une copie papier de bonne qualité (ou figure
obligatoirement le nom de fichier).

Rédigez les titres des figures et tableaux ainsi que toutes les inscriptions, annotations et légendes a I’intérieur des illustra-
tions en frangais/anglais, et, si possible, aussi en allemand.

En ce qui concerne 1’organisation et les parties de votre article, veuillez vous respecté la dernier volume de la serie.

Les références bibliographiques seront présentées conformément a la dernier volume (ne pas utiliser des majuscules ni
PETITES CAPITALES pour les noms d’auteur !).

Envoyez votre texte par e-mail la rédaction: Flora et Vegetatio Sudano-Sambesica (Redaktion)

c/o Prof. Dr. R. Wittig
Institut fir Okologie, Evolution & Diversitit
Okologie und Geobotanik
Max-von-Laue-Str. 13 B
60438 Frankfurt am Main, Allemagne
eMail: r.wittig@bio.uni-frankfurt.de
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