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Preface
The research presented in this work is part of the SuLaMa project which promotes
participatory research to support sustainable land use management on the Mahafaly Plateau in south-

western Madagascar (http://www.sulama.de/index.php/en).

The present work is subdivided in five chapters, including three scientific papers (Figure i-1).
In chapter 1, I revise the concepts and methods used in assessing biological diversity and the
importance of forest provisioning services to the local communities, and outline the problems
concerning the ecosystems on the Mahafaly Plateau. Chapter 2 presents the general diversity of
medicinal plants and wild yam species used by the local population in the Mahafaly region, the
socioeconomic and cultural factors determining their utilization, and local knowledge about their
usage. Chapter 3 estimates the current availability of wild yam resources in the study region, based
on the environmental factors that drive their spatial distribution and abundance. In chapter 4, I
explore the possible alternative methods for the regeneration and conservation of wild yams in the
Mahafaly region, based on small experiments and following the concepts of a participatory research
approach. Finally, chapter 5 contains general conclusions, where I consider the importance of the
results vis & vis the main objectives of the SuLaMa project, and highlight the importance of the
chosen plants as model species for a better understanding of the role of provisioning ecosystem
services in the livelihood of local communities in the Mahafaly region. Based on these results, further

recommendations for future research and practical applications are given.
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English summary
This study was undertaken to assess the diversity of plant resources utilized by the local
population in south-western Madagascar, the social, ecological and biophysical conditions that drive
their uses and availability, and possible alternative strategies for their sustainable use in the region.
This work is a part of SuLaMa (Sustainable Landmanagement in south-western Madagascar), an
interdisciplinary and a participatory research project to support sustainable land use management on

the Mahafaly Plateau in south-western Madagascar.

The study region, ‘Mahafaly region’, located in south-western Madagascar, is one of the
contry’s most economically, educationally and climatically disadvantaged regions. Poor
infrastructure and basic services in this area lead to an insufficient supply systems. With an arid
steppe climate, the agricultural production is limited by low water availability and a low level of soil
nutrients and soil organic carbon. Local people mainly depend on smallholder agriculture and
livestock keeping. The absence of income alternatives and the low level of economic development
in the area limit the livelihood strategies of the population, leading to persistent food insecurity. Local
communities, therefore, rely on forests resources to fulfill their basic needs. The region comprises
the recently extended Tsimanampetsotsa National Park, with numerous sacred and communities

forests, which are threatened by slash and burn agriculture and overexploitation of forest resources.

In view of the increasing pressure on ecosystem services and functions, the present study
analyses the availability of important provisioning services from forest habitats, and their importance
for the livelihood of the local population in this region. Wild yams (Dioscorea spp) and medicinal
plants were selected as key provisioning services that are frequently collected from forest habitats
and used in various ways by the local people in the Mahafaly region to improve food security and

health care.

To study the use of wild yams and medicinal plants, an ethnobotanical survey was conducted
from June to December 2012 recording the diversity, local knowledge and use of wild yams and
medicinal plants utilized by the local communities in five villages within the Mahafaly region. 250
households were randomly selected followed by semi-structured interviews on the socio-economic
characteristics of the households. To collect plant specimens for botanical identification and to record
harvesting site field surveys, forest transect walks were conducted. Data allowed us to characterize
sociocultural and socioeconomic factors that determine the local use of wild yams and medicinal
plants, and to identify their role upon the livelihoods of local people. By extrapolating the information
from the household surveys, an area of 350 km? was delimitated to be the ‘main harvesting area’ in
the Mahafaly region, allowing us to quantify the abundance of the locally used wild yam species in
this region. Environmental variables, soil characteristics and harvest intensity of yam tubers were
collected in the field using a systematic sampling approach. Based on abiotic and biotic factors, the
species-environment relationships and the current spatial distribution of the wild yams were

investigated and predicted using ordination methods and a niche based habitat modelling approach.
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Species response curves along edaphic gradients allowed us to understand the species requirements
on habitat conditions and the importance of the human-induced changes on species availability,
especially when dealing with highly used resources. We thus investigated various alternative
methods to enhance the wild yam regeneration for their local conservation and their sustainable use

in the Mahafaly region.

Altogether, six species of wild yams and a total of 214 medicinal plants species from 68
families and 163 genera were identified in the study region. Results of the cluster and discriminant
analysis indicated a clear pattern on resource uses, and resulted in two groups of households differing
in wild yam and medicinal plants collection intensity, knowledge on the local use and wealth status.
The latter was characterized by differences in livestock numbers, off-farm activities, agricultural land
and harvests. A generalized linear model highlighted that economic factors significantly affect the
collection intensity of wild yams, while the use of medicinal plants depends to a higher degree on

socio-cultural factors.

The gradient analysis on the distribution of the wild yam species revealed a clear pattern for
species habitats. D. alatipes occurred in dry spiny forest on calcareous soils at remote places, while
D. bemandry and D. fandra were found in forest habitats on sandy soils with high harvest intensities
and near villages. The NPMR (Nonparametric Multiplicative Regression analysis) models explained
37-88% of the species abundance variation. Results further indicated the importance of vegetation
structure, human interventions, and soil characteristics to determine wild yam species distribution.
The prediction of the current availability of wild yam resources showed that abundant wild yam
resources are scarce and mostly located in restricted areas of open spiny forests and dry spiny forest

thickets, where harvest intensity is high.

Field experiments on yams (six wild yam species and one local variety of D. alata)
cultivation revealed that germination of seeds was enhanced by using pre-germination treatments
before planting, and vegetative regeneration of the upper part of the tubers (corms) showed a higher
sprouting percentage than the setts of tubers. /n-situ regeneration was possible for the upper parts of
the wild tubers but the success depended significantly on the type of soil. The use of manure (10-
20 t ha') increased the yield of the D. alata and D. alatipes by 40%. The regeneration and the
sprouting performance highly depended on the yam species and the cultivation practice. The
cultivation of wild species was very labour intensive in comparison to D. alata. We thus suggest the
promotion of other cultivated varieties of D. alata found in the regions neighbouring the Mahafaly

Plateau.

Medicinal plants and wild yams are used to fulfill the basic health and food requirements in
the livelihood system of local people in the study region. Our work highlighted the need to introduce
and promote sustainable yam harvest practices as well as the importance of anthropogenic factors in

determining their availability. The predictive map on the current wild yam species distribution



showed the range of suitable wild yam habitats in the Mahafaly region. However, the results on yam
species distribution need careful interpretation prior extrapolation, since the studied region depicted
only a limited set of environmental conditions in the Mahafaly region. Nevertheless, the model of
resource use found from our findings and our methodological approach could be used to assess the
forests provisioning services and their interlinkage with human systems in the Mahafaly region. As
we focused only on specific plants, the overall role of forest resources for the local communities
might even be more important and their successful conservation needs to involve the local

communities as stakeholders in sustainable management planning.

Several initiatives and participatory actions (e.g. domestication of wild species, on field cultivation
of local variety yams, environmental education and promotion of sustainable harvest methods) are
needed to ensure the sustainable use of these resources and to sustain the livelihoods of local people.
Such actions will help to reduce the ongoing pressure on natural resources and conserve their habitats
from human disturbances. Conservation should focus on conserving biodiversity as providers of
goods and services for local communities and include Rapid Vulnerability Assessment (RVA) and

long-term monitoring of the identified highly used resources.
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Deutsche Zusammenfassung
Die vorliegende Dissertation wurde durchgefiihrt, um die Diversitét der von der Bevolkerung
des Mahafaly Plateaus genutzten Pflanzenressourcen zu erfassen, die sozialen, 6kologischen und
biophysiologischen Bedingungen, die deren Nutzung und Verfiigbarkeit bestimmen, zu verstehen
und mogliche Alternativen fiir deren nachhaltige Nutzung in der Region aufzuzeigen. Diese Arbeit
ist Teil des interdisziplindren und partizipativen BMBF-Forschungsprojektes SuLaMa (Sustainable
Landmanagement in south-western Madagascar), dessen Ziel die Unterstiitzung von nachhaltigem

Landmanagements auf dem Mahafaly Plateau in Stidwest-Madagaskar ist.

Das Untersuchungsgebiet, die Mahafaly Region, liegt im Siidwesten von Madagaskar. Es ist
eine der 6konomisch, klimatisch und im Bildungswesen am meisten benachteiligten Regionen des
Landes. Fehlende Infrastruktur und Grundversorgung fithren in dieser Region zu einem
mangelhaften Versorgungssystem. In dem ariden Steppenklima wird die landwirtschaftliche
Produktion durch die begrenzte Wasserverfiigbarkeit und den geringen Gehalt an Bodennihrstoffen
und organischer Substanz limitiert. Die einheimische Bevolkerung ist abhidngig von der
kleinbduerlichen Landwirtschaft und Tierhaltung. Fehlende alternative Einkommensquellen sowie
das niedrige Niveau der 6konomischen Entwicklung in dieser Region schrinken die Mdglichkeiten
der Bevolkerung, ihren Lebensunterhalt zu verdienen, ein. Dies fithrt zu einer stindigen
Ernédhrungsunsicherheit, weshalb ein Grofiteil der lokalen Bevolkerung auf Waldressourcen
angewiesen ist, um ihre Grundbediirfnisse zu decken. Teil der Region ist der in jlingerer
Vergangenheit erweiterten Nationalpark Tsimanampetsotsa, mit einer Vielzahl an der lokalen
Bevolkerung heiligen Waldflachen ebenso wie von ihr gemeinschaftlich genutzten Waldflachen , die

jedoch durch Brandrodung und Raubbau der Waldressourcen zunehmend gefahrdet sind.

Die  vorliegende  Studie  untersuchte die  Verfiigbarkeit von  wichtigen
Okosystemdienstleistungen der Wilder und ihrer Bedeutung fiir den Lebensunterhalt der lokalen
Bevélkerung vor dem Hintergrund des steigenden Drucks auf die Okosystemdienstleistungen und -
funktionen. Wilder Yams (Discorea spp) und Heilpflanzen wurden als Kernelemente des Waldes fiir
die lokale Bevolkerung ausgewdhlt, da sie zur Verbesserung der Erndhrungssicherheit sowie zur
medizinischen Versorgung regelmdBig von dieser gesammelt und auf verschiedene Weisen

verwendet werden.

Um die Verwendung von wilden Yams und Heilpflanzen zu untersuchen, wurde eine
ethnobotanische Erhebung von Juni bis Dezember 2012 in fiinf Dorfern in der Mahafaly Region
durchgefiihrt und die Diversitit, das lokale Wissen sowie die Verwendung dieser Pflanzen erfasst.
250 Haushalte wurden zufallig ausgewéhlt, um anhand von teilstrukturierten Interviews deren sozio-
o6konomischen Merkmale zu ermitteln. Im Rahmen von Feldbegehungen entlang von Transekten
wurden Pflanzenproben fiir die botanische Bestimmung gesammelt sowie die Sammelpldtze der
lokalen Bevolkerung erfasst. Die erhobenen Daten erlaubten die Charakterisierung der

soziokulturellen und soziodkonomischen Faktoren, welche die Intensitidt der Verwendung von
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wilden Yams und Heilpflanzen beeinflussen. Hierbei wurde die jeweilige Rolle in der Sicherung des
Lebensunterhaltes der Bevdlkerung identifiziert. Durch Extrapolation der Informationen aus der
Haushaltsbefragung konnte ein 350 km? umfassende Fliche als Haupt-Sammelgebiet in der
Mahafaly-Region eingegrenzt werden. Dies erméglichte die Quantifizierung der Haufigkeit von
lokal genutzten wilden Yams Arten in dieser Gegend. Anhand von systematischen Feldaufnahmen
wurden die Umweltfaktoren, die Bodeneigenschaften und die Intensitit der Yams-Knollenernte
erfasst. Die Art-Umwelt-Beziehung und die gegenwartige raumliche Verteilung des wilden Yams
wurde, basierend auf abiotischen und biotischen Faktoren, untersucht und mit Hilfe von
Ordinationsverfahren und eines Nischen-basierten Habitat-Modells vorhergesagt. Dariliber hinaus
wurden Art-Wirkungskurven entlang von Bodengradienten erstellt. Die Auswertungen ermdglichten
es, die Umwelt- und Habitatanspriiche verschiedener Yams-Arten sowie die Bedeutung der durch
den Menschen induzierten Verdnderungen auf die Artverfiigbarkeit, besonders bei stark genutzten
Ressourcen, zu verstehen. Vor diesem Hintergrund wurden verschiedene alternative Methoden zur
Verbesserung der Regeneration von wildem Yams fiir die Ortliche Bestandserhaltung und die

nachhaltige Nutzung in der Mahafaly Region untersucht.

Insgesamt wurden sechs wilde Yams-Arten und 214 Heilpflanzenarten aus 68 Familien und
163 Gattungen im Untersuchungsgebiet identifiziert. Die FErgebnisse der Cluster- und
Diskriminanzanalyse deuteten ein klares Muster in der Ressourcen-Nutzung an und ergaben zwei
Gruppen von Haushalten, die sich in der Intensitit der Sammlung von wilden Yams und
Heilpflanzen, dem Wissen iiber deren Nutzung und ihrem Wohlstand unterschieden. Letzteres wurde
durch den ortlichen Viehbestand, nichtlandwirtschaftliche Haushaltsaktivititen, die verfiigbare
landwirtschaftlichen Nutzflache sowie Ernteertrigen bestimmt. Ein generalisiertes lineares Modell
stellte heraus, dass okonomische Faktoren die Sammelintensitit von wilden Yams signifikant
beeinflussten, wohingegen die Nutzung von Heilpflanzen stirker von soziokulturellen Faktoren

abhingt.

Die Redundanzanalyse zeigte ein klares Muster in der Verbreitung von wilden Yams-Arten
in den verschiedenen Lebensrdumen. D. alatipes kam vorwiegend in abgelegenen,
Dornbuschwildern auf Kalkbdden vor, wihrend D. bemandry und D. fandra in dorfnahen Wéldern
auf sandigen Boden mit hoher Ernteintensitét zu finden waren. Mit Hilfe eines nichtparametrischen
multiplikativen Regressionsmodells (NPMR = Nonparametric Multiplicative Regression Analysis)
konnten 37-88% der Variation in der Héufigkeit der Arten erklirt werden. Die Ergebnisse deuteten
zudem auf die Bedeutung der Vegetationsstruktur, Nutzungsintensitdt sowie der Bodeneigenschaften
bei der Bestimmung der Vorkommen wilder Yams-Arten hin. Die Vorhersage der Verbreitung von
wilden Yams-Ressourcen zeigte, dass reichhaltige Vorkommen selten und meist begrenzt in offenen

Dornwildern und Dorndickichten vorkommen, wo die Ernte sehr arbeitsintensiv ist.

Feldversuche zum Yams-Anbau (sechs wilde Yams-Arten und eine lokale Sorte, D. lata)

zeigten, dass die Keimfahigkeit durch Vorbehandlung des Saatgutes verbessert werden konnte und
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die vegetative Regeneration der oberen Knollenteile (Kormus) eine héhere Keimrate hatte als die
Minisetts der Knollen. Die in-situ Regeneration aus den oberen Teilen von wilden Knollen war
moglich, wobei der Erfolg signifikant vom Bodentyp abhing. Die Verwendung von Diinger (10-
20 t ha') erhohte die Ertrige von D. alata und D. alatipes um 40%. Die Regeneration und
Keimfahigkeit hingen stark von der Yams-Art und der Anbaumethode ab. Der Anbau wilder Arten
war sehr arbeitsintensiv im Vergleich zu D. alata, weshalb der Anbau von weiteren heimischen

D. alata-Sorten aus benachbarten Regionen gefordert werden sollte.

Heilpflanzen und wilder Yams werden zur Deckung der grundlegenden Gesundheits- und
Erndhrungsbediirfnisse der Bevolkerung in der Mahafaly Region genutzt. Die Studie hebt die
Bedeutung von anthropogenen Faktoren auf die Verfligbarkeit von wilden Yams sowie die
Notwendigkeit hervor, nachhaltigere Methoden zur Yamsernte einzufiihren und zu férdern. Die
pradiktive Karte der gegenwértigen Verbreitung wilder Yams-Arten zeigte eine Reihe geeigneter
Habitate in der Mahafaly Region. Die Ergebnisse ihrer Verbreitung sollten jedoch vor der
Extrapolation vorsichtig interpretiert werden, da die untersuchte Region nur einen Ausschnitt der
Umweltbedingungen in der Gesamtregion darstellte. Dennoch konnte die Bereitstellung von
Dienstleistungen des Waldes und deren Verzahnung mit der Bevdlkerung durch die gefundenen
Tendenzen in der Ressourcennutzung und dem in dieser Studie angewendeten methodischen Ansatz
abgeschitzt werden. Aufgrund der Fokussierung auf spezifische Pflanzenarten in dieser Studie
konnte die iibergeordnete Rolle natiirlicher Waldressourcen fiir die lokale Bevolkerung sogar noch
von groflerer Bedeutung sein. Thre erfolgreiche Erhaltung erfordert daher die Einbeziehung der

Kommunen als Akteure in die nachhaltige Managementplanung.

Die nachhaltige Nutzung dieser Ressourcen und die Erhaltung der Lebensgrundlage der
einheimischen Bevolkerung erfordern die Durchfithrung verschiedener Initiativen und
partizipatorischer Aktionen (z.B. die Domestizierung von wilden Arten, die Kultivierung lokaler
Yams-Sorten, Umweltbildung und die Forderung nachhaltiger Erntemethoden). Solche Aktionen
konnten bei der Reduzierung der anhaltenden Belastung der natiirlichen Ressourcen und dem
Habitatschutz helfen. Der Naturschutz sollte sich dabei auf die Erhaltung der Biodiversitét als
Lieferant von Okosystemdienstleistungen fiir die einheimischen Kommunen unter Einbeziehung des
Rapid Vulnerability Assessment (RVA) sowie auf langfristige Kontrollen und Monitorings der stark

genutzten Ressourcen fokussieren.
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Dr. agr. Thesis - Jessica N. Andriamparany

1 General introduction

1.1. Assessing biodiversity, forests provisioning services and their sustainable use:
concepts and methods used in rural areas in developing countries

1.1.1. Importance of biological diversity and forests provisioning services for local
communities
The most widely accepted definition of biological diversity was given by the Convention on
Biological Diversity (CBD), which is the ‘variability among living organisms from all sources,
including, inter alia, terrestrial, marine and other aquatic systems and the ecological complexes of
which they are part; this includes diversity within species, between species and of ecosystems’ (CBD,

Article 2; http://www.cbd.int/convention/articles/default.shtml?a=cbd-02). However, there is still

much debate regarding how biodiversity is measured and valued (Christie et al., 2007; Humpbhries,
1995). Indeed, the CBD recognizes that all levels of biodiversity provide a range of fundamental
goods and services essential in supporting human health, wellbeing and the provision of livelihoods
(Constanza et al., 1997; Daily, 1997). This concepts was followed by the Millennium Ecosystem
Assessment (MEA, 2005), which defined ecosystem services as the benefits people obtain from
ecosystems, categorized in provisioning (e.g. food and water), regulating (e.g. flood and disease
control), cultural (i.e spiritual and cultural benefits) and supporting (i.e nutrient cycling, seed
dispersal) services. Thus, biodiversity contributes to many aspects of human well-being, for instance
by providing raw materials and contributing to health, but their values are specific to locations as
they include many dimensions (social, cultural, economic or environmental). Assessing those
specific values is important for the conservation and sustainable use of natural resources, and to

ensure that local communities are benefiting from those conservation efforts.

In rural areas, the most important perceived benefits are often the so called ‘provisioning
services’ such as food, fuel wood, fiber, medicinal plants (Iftekhar and Takama, 2007). They are
usually extracted from their natural habitats (e.g. savannah, bushland, forest). The rural communities,
especially in developing countries, have a high dependency and direct reliance on natural resources.
Here, analysing the parameters and factors that drives this dependency is fundamental for conserving
natural resources and securing the livelihoods and well-being of rural communities. However, much
of these direct uses and other values of biodiversity are often unaccounted for leading to a subsequent
over-exploitation of natural services (de Groot et al., 2012). Thus, for rural areas in developing
countries, priorities must be given to the locally most important set of provisioning services from the

forests.

There exist different methods to assess the importance of provisioning services for the
wellbeing of local communities and their livelihood systems. For example, environmental
economists have developed a range of methods, using e.g. market prices or production functions,

which place monetary values on the biodiversity and its ecosystem services, allowing its benefits to
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be directly compared with other development systems (de Groot et al., 2012). However, there exist
also non-economic methods that are often used to assess the importance of biodiversity to local
communities in rural areas of developing countries. Such methods range from structured survey
techniques (e.g. questionnaires, and interviews) to more participatory approaches (e.g. participatory
rural appraisal and participatory action research). Surveys mostly aim at recording the relevant
resources utilized, indigenous knowledge, perception and expectations, and provide useful
information on the community accesses to natural resources or, to what purpose and how important
these are to them (Brouwer et al., 2013). The quality of the outcome often relies on the choice of
variables designed in the questionnaires and the characteristics of the target population which
influence their responsiveness to the survey (Kish, 1995). The use of questionnaires is widespread in
natural resource management and conservation areas and is usually elaborated through face to face
interviews (Christie et al., 2008) to avoid problems of low literacy and education levels. A
combination of techniques, such as participatory action research, ethnobotanical surveys,
participatory transect walk with local communities, monitoring of population declines, or
participatory mapping (Castro et al., 2014; Milcu et al., 2013; Paudyal et al., 2015) often increase the

scientific value of the outcome (Chan et al., 2012).

Interdisciplinary approaches are important in this context because resource use is often
culturally determined and they enable a better understanding of the dynamic nature and the
relationships between people and their environment. Such approaches support the development of
policies with appropriate implementation programs (World Bank, 2008). Yet, the relationship
between humans, ecosystem services and biodiversity is complex (ICSU-UNESCO-UNU, 2008),

which makes the assessment and the valuation often challenging.

1.1.2. Importance of human dimensions in quantification and conservation of forests
provisioning services
People are part of ecosystems and shape them, from local to global scales, and at the same
time fundamentally dependent on the capacity of these ecosystems to provide services for human
wellbeing and societal development (MEA, 2005; Norstrom et al., 2014). Thus, trends in the
quantification of ecosystem services has moved in recent years from concern about the quantity of

the harvested species, to a wider concern on harvesting effects on ecosystems.

Hence, research seeks to understand the relationship of natural resources availability and their
use with ecological, social, socioeconomic and cultural factors (Cloquell et al., 2006; Lambin and
Geist, 2006; Liu et al., 2007). A number of methods have been employed in household case studies
to link biophysical and socioeconomic data in geographic and temporal representations (Evans and
Moran, 2002; Lambin, 2003; Rindfuss et al., 2004). However, an increasing need for more spatially
explicit approaches in quantifying ecosystem services and their sustainable use as spatial flows can

provide a more complete understanding of ecosystem services. In this context, modelling approaches
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for mapping and quantifying the ecosystem capacity include biophysical conditions (e.g. vegetation,
habitat types, soil charactersitcs, etc.), anthropogenic features (e.g. land use) to depict service flows,
and users (user location and level of demand; Bagstad et al., 2014). Hitztaler and Bergen (2013)
integrated spatial, ecological and ethnographic data to predict and quantify resource uses and
landscape pattern in central Kamcharka in Russia. This kind of spatial approach can be very useful
for conservation management, for example, to indentify harvesting hot-spots and their spatial
disturbance. Another methodological approach was the spatial study of target wildlife species in
Indonesia, in order to facilitate and strengthen conservation efforts by the Indonesian government to
stabilize wildlife populations (Abram et al., 2015). Some literatures go further by using modelling
approaches for studying changes in management strategies and well-being in order to study the
distribution of species within a landscape and subsequently predict suitable habitats for species
conservation action plans. In this regard, Whitehead et al. (2014) presented a conservation approach
that spatially represented social values and development preferences based on species distribution

models for threatened species to represent biological values.

Human impact upon ecosystem services refers to ‘direct’ and ‘indirect’ drivers. Examples of
direct drivers include over-exploitation, change in land use, and other instances in which human
action has a clear impact on ecosystems. Indirect drivers are more diffuse such as demographic,
economic, cultural changes, sociopolitical transformations which all affect ecosystems and the
quality of their services (REF). In rural areas of developing countries, where both poverty and
biodiversity loss are highly linked, research efforts tend to focus on direct drivers that change the
availably and quality of ecosystem services. In this context, scientists are often focusing on the

sustainable use and conservation of non-timber forest products (Vitoule et al., 2014).

A general indicator of the sustainable use of one or several species may be the continuous
presence of a species above a certain abundance threshold sufficient to guarantee its future viability
in terms of demographic persistence and ecological persistence. Recent trends in this topic address
the socioecological system and resilience (SESs), defined as ‘the capacity of a system to absorb
disturbance and reorganize while undergoing change so as to still retain essentially the same function,
structure, identity, and feedbacks’ (Folke et al., 2010). The approach taken by SESs modelers and by
ecosystems service and conservation researchers links biodiversity directly to the supply of

ecosystem services.

1.2. Research area

Mahafaly Plateau is located south-western Madagascar, belonging to the country’s Atsimo-
Andrefana region. It is one of the most disadvantaged regions of Madagascar in terms of economy,

education and climate, with more than 88% of rural households classified as poor. The gross domestic
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income per capita was US$ 265 in 2013 and people living below the porverty line are less than
$US 200 per capita per year (Neudert et al., 2014). In addition, local infrastructure is very poor
leading to an insufficient supply of basic facilities such as schools and health services

(Andriatsimietry et al., 2009).

The Mahafaly region is characterized by an arid steppe climate, with an annual mean
temperature of 24°C, and a dry season usually lasting from March to October. Rainfall can be highly
variable (Richard et al., 2002), with its onset shifting about two months as registered during the last
few years (Ratovomanana et al., 2013). The SuLaMa project has defined a study area of 10,000 km?
that comprises six communes and 185 permanent settlements or ‘Fokontany’ (Brinkmann et al.,
2014). It also includes the recently extended Tsimanampetsotsa National Park (from 42,200 to
203,000 ha in 2007; 24°03'-24°12' S, 43°46' - 43°50" E; Ratovomanana et al., 2007), with numerous
sacred and communities forests. The national park is managed by Madagascar National Parks (MNP),
in partnership with WWF Madagascar and GIZ (Deutsche Gesellschaft fiir Internationale
Zusammenarbeit). The management of the park area is divided in three zones (core, controlled
occupation and controlled utilization; Mamokatra, 1999). The last zone is managed by local
communities, where collection of forest resources and ancestral rites such as traditional funerals are

allowed through an officially recognized community-based organization (COBA).

The habitat is dominated by deciduous spiny forests with drought tolerant woody species of
Didieraceac and Euphorbiaceae and xerophytic bushland and savannah. The area harbours the
highest level of plant endemism both at the generic (48%) and species (95%) levels of Madagascar
(Mamokatra, 1999). There exist two main ecological regions, whereby the ‘Littoral zone’ situated in
the western part of the Tsimanampetsotsa National Park (Figure 1-1) is dominated by dry forests on
sandy soils (Figure 1-2a), while the ‘Plateau’ is characterized dry spiny forests on tertiary limestone
or ferruginous soil (Figure 1-2b; Du Puy and Moat, 1998). Rainfall is very irregular, and varies
greatly from the Littoral zone to the Plateau, but the most reliable records indicate long term averages

of less than 500 mm throughout the region (UPDR, 2003).
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Figure 1-1 Topographic map of the study area in SW-Madagascar. On the west of the national
park is the ‘Littoral zone’ and the east the ‘Plateau’.

Ethnically the region is dominated by ‘Vezo’ in the coastal villages, and ‘Tanalana and
Mahafaly’ elsewhere (Figure 1-2 c, d). The Vezo mainly depend on fishing with a combination of
agriculture and animal husbandry while in the remainder of the Mahafaly region, people are cattle
herders who largely depend on smallholder agriculture and livestock keeping (Eggert, 1979). The
local concepts of wealth in this region refer primarily to the number of livestock owned by a
household. Cattle are kept to accumulate capital in the absence of banks and to reflect a person’s
social status (SuLaMa, 2011). While rice is the staple food throughout Madagascar, it is widely
replaced by cassava (Manihot esculenta Crantz) in the country’s South-West due to cassava’s
tolerance to infertile soils and low levels of precipitation. Thus, agriculture in the Mahafaly region is
mainly based on cassava, maize (Zea mays L.) and minor crops such as sweet potatoes
(Ipomoea batatas L.) and legumes such as Vigna unguculata L. and Vigna radiata L. In this region,
subsistence agriculture is entirely rainfed, without external inputs or other soil amendments
(Faust et al., 2014). Thus, agricultural production is heavily limited by water throughout the year,
followed by low level of soil nutrients and soil organic carbon. Agriculture and animal husbandry
face natural hazards such as droughts, cyclones and locust infestations (SulLaMa, 2011;
Brinkmann et al., 2014). Climate change has increased the variability of rainfall events, restricting

agriculture even more. Additionally, the absence of income alternatives and the low level of
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economic development in the area limit the livelihood strategies of the population, leading to a high
level of food insecurity (SuLaMa, 2011, WFP, 2013). Agriculture and livestock keeping are often
not sufficient to survive and people have to rely on the supplementary exploitation of forests
resources, charcoal production, collection of wild food, and other non-timber forests products, and
non-farm activities like fishing, temporary migration, and handicraft. In addition, people continue to
practice slash-and-burn farming of cash crops and collect forest products for urban consumers such

as wood for fuel wood and construction material.

Figure 1-2 Type of natural habitats and inhabitants (a+c) of the Littoral zone and (b+d) in the
Plateau, and local people (¢’ in the Littoral zone and ‘d’ in the Plateau zone) of the Mahafaly
region in SW-Madagascar.

These circumstance combined with the population growth, have strongly increased the
disturbance of the ecosystems services and functions in the Mahafaly region. Moreover, the pressure
on forests resources in and outside the Tsimanampetsotsa National Park area increased and lead to
forest degradation with high forest losses (-45%) during the past 40 years (Brinkmann et al., 2014).
Addressing these concerns, the SuLaMa project conducted research activities on alternative land
management techniques provide the scientific basis for more sustainable management of ecosystems,

biodiversity and livelihoods of the local population in this region.
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1.3. Reason for investigating wild yams and medicinal plants among the range of
forests provisioning services?

Within the framework of the SuL.aMa project, a preliminary study mainly based on survey and
observations were carried out in the Mahafaly region, from August to September 2011. The baseline
survey followed a Participatory Rural Appraisal (PRA) approach. The goal of this survey was to
identify desires and problems of the local population, investigate existing infrastructure, develop
communication, identify research sites and involve local stakeholders to act as a coherent group
(SuLaMa, 2011). From this study, it has been reported that, a substantial part of the people collect
wild fruits, root crops and medicinal plants to cope with the prevailing food insecurity and the lack
of basic health services. Among the non-timber forests products, the collection of wild yam species
(Dioscorea spp.) and medicinal plants was frequently mentioned by the local population, as they
contribute to the well-being of rural households in terms of direct use, alternative sources of
nutritional supplements and supplementary income generation. In addition to those reports, medicinal
plants have often been used as an alternative to conventional medicine, especially in rural areas of
developing countries (Shippmann et al., 2002). The existence of many cultural practices showing the
high social cohesion among the population was also reported. For example, ‘Ombiasy’ or traditional

healers are important in the collection of medicinal plants.

Madagascar has a rich diversity in yams. However, out of the 42 yam species inventoried in
Madagascar, only three species are cultivated (only under extensive cultivation or cultivated in
backyard or on fallows), and the rest grow wild and in forests areas. Wild yams are known as an
important subsistence food throughout Madagascar (Perrier de la Bathie, 1925; Jeannoda et al.,
2007). Yet, the baseline village survey (SuLaMa, 2011) reported that during the past years, the
amount of harvested wild yam tubers has strongly increased given a rising insufficiency of crop
production. Thus, within the overall objective of the SuLaMa project, we chose to investigate wild
yams and medicinal plants as case studies for provisioning services from forests areas in the
Mahafaly region. We argue that focusing on such frequently used and locally important resources
may help to explain the interlinkage between the local communities and the forests provisioning

services in the Mahafaly region.

1.4. Research objectives and research hypotheses

To broaden the scope of the SuLaMa project in the area of conservation and farmers’ livelihood
with the sustainable use of plant diversity, the present study aims at assessing the diversity of plant
resources utilized by the local population, understanding the socio-ecological conditions that drive
their uses and availability, and the indentification of possible alternatives for their sustainable use in

the Mahafaly region, using wild yams and medicinal plants as an example.
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Therefore, the objectives of the following studies were:

To assess and analyse the diversity and local use of wild yams and medicinal plants in the

Mahafaly region, and to identify their role in the livelihoods of local people.

To analyse the impact of environmental factors, human activities and their interactions on
wild yam species distribution in the Mahafaly region, and to predict their abundance using

species distribution models (SDM).

To investigate the potential regeneration performance of wild yam species and a local variety

of cultivated yam species (D. alata var. bemako) using field trials, and in-situ experiments.

In view of these aims and objectives, we hypothesize that:

Local knowledge on the usage of wild yams and medicinal plants depends on the
socioeconomic conditions and wealth status of households. Thereby, poorer households
depend to a higher degree on forest resources and have a higher knowledge as to their uses

than well-off farmers.

Occurrence and abundance of wild yam species is largely determined by soil properties,

vegetation structure and human interventions rather than topography.

Domestication of wild species and promoting the cultivation of domesticated varieties are
important elements in a comprehensive strategy to fulfil local subsistence needs while

protecting wild germplasm of yam.
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2.1. Abstract

Background: Rural households in the Mahafaly region of semi-arid SW-Madagascar strongly
depend on the exploitation of natural resources for their basic needs and income regeneration. An
overuse of such resources threatens the natural environment and people’s livelihood. This study

focuses on the diversity and use of wild yams and medicinal plants.

Methods: We hypothesize that knowledge on the use of these resources highly depends on
farmers ’socio-economic household characteristics. To test this hypothesis, an ethnobotanical survey
was conducted based on semi-structured interviews recording socio-economic base data and
information on local knowledge of medicinal and wild yam species. This was followed by field

inventories compiling plant material for botanical identification.

Results: Six species of wild yam and a total of 214 medicinal plants from 68 families and 163
genera were identified. Cluster and discriminant analysis yielded two groups of households with
different wealth status characterized by differences in livestock numbers, off-farm activities,
agricultural land and harvests. A generalized linear model highlighted that economic factors
significantly affect the collection of wild yams, whereas the use of medicinal plants depends to a

higher degree on socio-cultural factors.

Conclusions: Wild yams play an important role in local food security in the Mahafaly region,
especially for poor farmers, and medicinal plants are a primary source of health care for the majority
of local people. Our results indicate the influence of socio-economic household characteristics on the
use of forest products and its intensity, which should be considered in future management plans for

local and regional forest conservation.

Keywords: Discriminant analysis, Local knowledge, Medicinal plants, Socio-economic factors, Wild

yams
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2.2. Background

Madagascar constitutes one of the most important biodiversity hotspots worldwide with more
than 90% of its plant and animal species being endemic, however, these resources are severely
threatened by ecosystem degradation (Myers et al., 2000; UNFP, 2008). With a gross national income
(GNI) per capita of $US 828 (UNDP, 2013), Madagascar ranks 151 out of 187 countries on the
Human Development Index (HDI). Altogether, 74% of the population lives in rural areas of which
78% are considered poor (WRI, 2002) and mostly depend on the direct exploitation of natural

resources (fields, water, forests) for their livelihoods.

The arid south-western region of Madagascar, commonly referred to as the Mahafaly region,
is the country’s economically and climatically most disadvantaged area. It is characterized by high
biotic endemism, listed as one of the 200 most important ecological regions in the world (Olson and
Dinnerstein, 2002). The subsistence production of the rural population comprises fishery, agriculture,
livestock husbandry, and the collection of forest resources. Farmers’ livelihoods and economic
development is hampered by a low level of education, limited income alternatives and poor
infrastructure. The productivity of the cropland is limited by highly unpredictable rainfall and soil
fertility constraints very similar to those encountered in the West African Sahel (Batiano et al., 1998;
Buerkert et al., 1998). Therefore, collection of forest products provides an important supplementary
source of income (SuLaMa 2011), and an overuse of such resources threatens people’s livelihood.
Among these forest products, the collection of wild yam (Dioscorea spp.) species and medicinal
plants were identified as important for the local population (SuLaMa 2011; The SulLaMa at

http://www.sulama.de/index.php/en/), as they contribute to the well-being of rural households in

terms of direct use, human nutrition and income generation. Medicinal plants constitute an important
alternative to conventional medicine, especially for poor communities in rural areas without access
to health services and they display a very large diversity in terms of species number (Shippmann et
al., 2002). According to the World Health Organization, approximately 80% of the world’s
inhabitants rely predominantly on traditional medicine for their primary health care (Cao et al., 2009).
Of approximately 13,000 species present in Madagascar, about 3,500 are reported to have medicinal
properties (Rasoanaivo, 2006). Madagascar has also a rich diversity of yam with altogether 40
species of which 27 are endemic and most of the species have edible tubers (Burkill and Perrier de
la Bathie, 1950), which are a staple food in many tropical countries. Wild yams have been reported
to play an important role in rural household livelihood systems where they are traditionally eaten
during periods of food insecurity (Jeannoda et al., 2007). The genus Dioscorea is distributed in
various areas in Madagascar, but 24 species including 20 endemics were observed in the south
western region (Tostain et al., 2010). These species are all edible, but the intensity of local usage
depends on taste, local needs, market prices, location and harvested amounts. Other factors governing

tuber use are differences in culture, gender, language, ethnicity, political belief system, personal
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preferences, appropriation skills and the availability of these resources in collection areas (Bardhan

et al., 2000).

Detailed information on the importance of wild yams and medicinal plants for people’s
livelihood and the factors influencing the intensity of their use are urgently required for natural
resource management policy and planning, and is lacking for south-western Madagascar. Therefore,
the objective of this study is to analyze the diversity and use of wild yams and medicinal plants in
the Mahafaly region, and to identify their role in the livelihoods of local people. We hypothesize that
local knowledge on the usage of wild yams and medicinal plants depends on the socio-economic
conditions and wealth status of households. Thereby, poorer households depend to a higher degree

on forest resources and have a higher knowledge of their use than well-off farmers.

2.3. Materials and methods
2.3.1. Description of the study area

The study area is situated in the northern part of the Mahafaly region, in south-west
Madagascar. The studied villages are located on the adjacent coast (Littoral) and on the west side
(Plateau) of the Tsimanampetsotsa national park (24°03' -24°12 ' S, 43°46 ' - 43°50 ' E; Figure 2-1).
The area is characterized by dry and spiny forest vegetation with the highest level of endemism in
plant species registered in Madagascar (48% of genera and 95% of species; (Elmgqvist et al., 2007).
The natural vegetation consists of a deciduous forest characterized by drought tolerant woody species
of Didieraceae and Euphorbiaceae, xerophytic bushland and savannah. In the Littoral zone dry forests
on sandy soil dominate while on the Plateau, dry and spiny forests on tertiary limestone or
ferruginous soil occur (Du Puy and Moat, 1998). The semi-arid climate is characterized by an annual
mean temperature of 24°C and a highly variable annual rainfall ranging between 300 - 350 mm in
the Littoral and 400-450 mm on the Plateau (UPDR, 2003). The dry season lasts nine to ten months
and the rainy season usually starts from November to April. The unreliability and unpredictability of
rainfall is one of the major factors limiting agricultural production by the predominantly small holder
farmers and herders, who also rely on forest products to fulfil their daily needs throughout the year.
During the past 40 years forest cover declined by 45% due to slash and burn agriculture and
uncontrolled bushfires (Sussman et al., 2003; Brinkmann et al., 2014). In addition, the region has the
lowest education rate of Madagascar and the majority of the households were classified as poor
(INSTAT, 2013) in combination with a lack of basic health services and infrastructure. Altogether,
41% of the local population on the Mahafaly region is affected by food insecurity and famine (WFP,
2013). Rapid population growth and the recent expansion of the Tsimanampetsotsa national park
(from 42,200 to 203,000 ha in 2007) have increased the pressure on the forests resources in and

outside the park area (Brinkamann et al., 2014; Mamokatra, 1999; Ratovomanana et al., 2013).
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Combined with the effects of climate change this leads to an increasing over-use of the natural

resources in the Mahafaly region.

In the Mahafaly region wild yams are used to supplement cassava (Manihot esculanta Krantz)

and maize (Zea mays L.), especially during hunger periods (‘Kere’). Local reports indicate that

during the past years the amount of harvested wild yam tubers has strongly increased given a rising

insufficiency of crop production.

2.3.2. Field survey

The field work was conducted from June to December 2012 in five villages that were part of

a larger village and household survey (Brinkmann et al., 2013; Neudert et al., 2014): (1) Efoetse in
the Littoral (S 24°4 ' 42,41 " - E 43°41 ' 54,78 "), (2) Ampotake (S 23°52 ' 27,78 " - E 43°58 '
36,55 "), (3) Andremba (S 23°58 ' 17,60 " - E44°12 ' 17,05 ), (4) Itomboina (S 23°51 ' 59,15 " -
E 44°5 ' 10,9 ") and (5) Miarintsoa (S 23°50 ' 14,21 " - E 44°6 ' 17,68" ) on the Plateau. Village

selection was based on (1) market accessibility, (2) distance to the national park, (3) intensity of

forest product collection of village inhabitants and (4) diversity of household activities.
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