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Abstract

Background

Rural households in the Mahafaly region of semi-arid SW Madagatcergly depend o
the exploitation of natural resources for their basic needs rawwme regeneration. A
overuse of such resources threatens the natural environment and pkegibsod. Our
study focuses on the diversity and use of wild yams and medicinal plants.

Methods

We hypothesized that the knowledge on the use of these resoutdgsdeigend on farmer
socio-economic household characteristics. To test this hypothesethnobotanical survé
was conducted based on semi-structured interviews recordirggesmmnomic base data a|
information on local knowledge of medicinal and wild yams species. Was followed by
field inventories compiling plant material for botanical identification.

Results

Six species of wild yams and a total of 214 medicinal plants @®rfamilies and 163 gene
were identified. Cluster and discriminant analysis yielded gnaups of households wi
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agricultural land and agricultural harvest. A generalized lin@adel highlighted tha
economic factors significantly affect the collection of wildmg 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 Malgaegion, especially fg
poor farmers, and medicinal plants are a primary source of hmakhfor the majority o
local people in SW Madagascar. Our results indicate the influehcgocio-economi
household characteristics on the use of forest products and its tytevisich should b
considered in future management plans for local and regional forest conservation.
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Background

Madagascar constitutes one of the most important biodiversity hotgpdtivide with more
than 90% of its plant and animal species being endemic, howevee, rissurces are
severely threatened by ecosystem degradation [1,2]. With amgtesal income (GNI) per
capita of $828 [3], Madagascar ranks 151 out of 187 countries on the HumdofDresat
Index (HDI). Altogether, 74% of the population lives in rural areasvbich 78% are
considered poor [4] and mostly depend on the direct exploitation of negacalrces (fields,
water, forests) for their livelihoods.

The arid south-western region of Madagascar, commonly refterrasl the Mahafaly region,
is the country’s economically and climatically most disadvamtagea. It is characterised by
high biotic endemism, listed as one of the 200 most important ecdlogggans in the world
[5]. The subsistence production of the rural population comprises fisagngulture,
livestock husbandry, and the collection of forest resources. Farmeetihdods and
economic development is hampered by a low level of education, dinmteme alternatives
and poor infrastructure. The productivity of the cropland is limited bialhiunpredictable
rainfall and soil fertility constraints very similar to thosecountered in the West African
Sahel [6,7]. Therefore, collection of forest products provides an inmpcstgpplementary
source of income [8], and an overuse of such resources threatens pleagibzod. Among
these forest products, the collection of wild yaDio§coreaspp.) species and medicinal
plants were identified as important for the local population [8,9]heag tontribute to the
well-being of rural households in terms of direct use, human nutrition and incomatganer

Medicinal plants constitute an important alternative to conventiondicine, especially for
poor communities in rural areas without access to health seckshey display a very
large diversity in terms of species number [10]. According t&Nbed Health Organization,
approximately 80% of the world’s inhabitants rely predominantly afitiomal medicine for
their primary health care [11]. Of approximately 13,000 speciesmres Madagascar, about
3,500 are reported to have medicinal properties [12]. Madagascasbasrach diversity of
yams with altogether 40 species of which 27 are endemic and méserofhave edible
tubers [13], which are a staple food in many tropical countries. Wild yams havespeeed



to play an important role in rural household livelihoods system wihesedre traditionally
eaten during periods of food insecurity [14]. The geDisscoreais distributed in various
areas in Madagascar, but 24 species including 20 endemics were dbisethe south
western region [15]. These species are all edible, but the iptenddcal usage depends on
taste, local needs, market prices, location and harvested amounts fa@tbes governing
tuber use are differences in culture, gender, language, ethnicityicglobelief system,
personal preferences, appropriation skills and the availabilittyesie resources in collection
areas [16].

Detailed information on the importance of wild yams and mediqgitehts for people’s
livelihood and the factors influencing the intensity of their useusgently required for
natural resource management policy and planning and is lacking foh-wsestern
Madagascar. Therefore, the objective of this study was tyssn#he diversity and use of
wild yams and medicinal plants in the Mahafaly region, and to igetiiéir role in the
livelihoods of local people. We hypothesized that the local knowledgie usage of wild
yams and medicinal plants depends on the socio-economic conditions artd stetals of
households. Thereby, poorer households depend to a higher degree orefmastes and
have a higher knowledge on their use than well-off farmers.

Materials and methods

Description of the study area

The study area is situated in the northern part of the Mahafaly region. Thel stilldges are
located on the adjacent coast (littoral) and on the west sidedgp)atf the Tsimanampetsotsa
National Park (24°034°12S, 43°46-:43°50E; Figure 1). The area is characterized by a dry
and spiny forest vegetation with the highest level of endenmigotant species registered in
Madagascar (48% of genera and 95% of species; [17]). The naturtdticegeonstitutes of
consists of a deciduous forest characterized by drought tolerant wpedses of Didieraceae
and Euphorbiaceae, xerophytic bushland and savannah. In the littoral zofuredtg on
sandy soil dominate while on the plateau dry and spiny forestsroarytdimestone or
ferruginous soil occur [18]. The semi-arid climate is charatdr by an annual mean
temperature of 24°C and a highly variable annual rainfall rangitwgele@ 300-350 mm in
the littoral and 400-450 mm on the plateau [19]. The dry season last® neremonths and
the rainy season five months from November to April. The unrétiabind unpredictability
of rainfall is one of the major factors limiting agriculturabguction by the predominantly
small holder farmers and herders, which partly rely on forest ptodadulfil their daily
needs throughout the year. During the past 40 years forest cover declined by 46%lalste t
and burn agriculture and uncontrolled bushfires [20,21]. In addition, the regiomehasvest
education rate of Madagascar and the majority of the householdslassdied as poor [22]
in combination with a lack of basic health services and infrasteiciltogether, 41% of the
local population on the Mahafaly region is affected by food insecamityfamine [23]. Rapid
population growth and the recent expansion of the Tsimanampetsotsa NBaokgform
42,200 to 203,000 ha in 2007) have increased the pressure on the forests resamdes i
outside the park area [21,24,25]. Combined with the effects of clirhatege this leads to an
increasing over-use of the natural resources in the Mahafaly region.

Figure 1. Location of the study area in the Mahafaly region of SW-Madagascar.




In the Mahafaly region wild yams are used to supplement cas@éanihot esculanta
Krantz) and maizeZea may4d..), especially during hunger periods (‘Kere’). Local reports
indicate that during the past years the amount of harvested wildtyaens has strongly
increased given a rising insufficiency of crop production.

Field survey

The field work was conducted from June to December 2012 in five \slidoge were part of
a larger village and household survey [21,26]: (1) Efoetse in the li{fdrak°442,41'- E
43°4154,78), (2) Ampotake (S 23°327,78- E 43°5836,55), (3) Andremba (S
23°5817,60'- E 44°1217,08), (4) ltomboina (S 23°84%9,15- E 44°810,9') and (5)
Miarintsoa (S 23°504,21'- E 44°617,68) on the plateau. Village selection was based on
(1) market accessibility, (2) distance to the national pak,ir{tensity of forest product
collection of village inhabitants and (4) diversity of household actsvi®r each village, 50
households (HH) were randomly selected based on a complete housshodddi N = 250).
Pre-testing interviews and field observations were performdudkey informants selected by
snowball sampling [27]. Semi-structured interviews [28] were conduweitddthe household
head after we received his consent. The Code of Ethics of thendtieral Society of
Ethnobiology was followed. If household head disagreed to take part intexmiew, an
alternative household was chosen based on an existing household listvifatiee The
guestionnaire was divided in three thematic sections: (1) Informatiosocio-cultural and
economic characteristic (family size, source of income, agui@il harvest, origin of the
head and spouse, land area available for cultivation, livestock owned, heatisction,
education level, ethnic group, religion, gender affiliation and age of respuisid€?2)
Household consumption, collection and use of wild yams species; (3) iNeditants and
the knowledge about its uses. Respondents were also asked about the @patifiarts used
and the habitat from which they collected the plant material. iAiérviews were
supplemented with field observations and forest walks. Since infesmaarte only able to
mention the local species name, plant specimen were collectid ifield to establish a
digital herbarium of inventoried specimens for botanical identiog29] in the Herbarium
of the Botanical and Zoological Parc of Tsimbazaza (PBZT)ntaanarivo (Madagascar),
following the nomenclature of the Tropicos database of the Missouri Botanicksg30].

In the absence of any formal ethics committee the concept,nt@rtd questions related to
this study conducted within the participatory SuLaMa project (veulama.de) were
discussed and approved at the governmental and the village level ial $egetings as were
the outcomes of the interviews.

Data analysis

The consumption, collection intensity and usage of wild yams were sadalysing the
following interview data: number of species collected, frequencgotiéction per month,
period of collection per year, average number of tubers collecteccgiection event
(estimated by the number of harvest holes), number of collectorsopseholds, type of
consumption (staple or additional food) and sale of tubers. The typesdafinal usage were
categorized in different medicinal categories according to 84k To estimate the
informant knowledge on the use of medicinal plants, the diversityaficinal plant use
adapted by [32,33] was calculated for each informant. The sgetieg and the family use
values (FUV) were computed (Table 1) [34,35] to investigate the wfagedicinal plants
and the importance of plant species and families.



Table 1.Ethnobotanical indices used for measuring informant’s medicinaplant
knowledge in the Mahafaly region of SW Madagascar

Indices

Calculation Description

Diversity of medicinal plant D =1 /Y P? where Piis equal to the number of timesa  Simpson’s Reciprocal Index [32], adapted by [33kadure:

use (D) species was mentioned by informant ‘i’ divided by total how many medicinal plant species an informant asels
number of informants answer. how evenly his uses are distributed among the speci

Species use value (LY UVs=> UV / n, where U\, is the sum of the total numk  Evaluates the relativienportance of each plant species bz
of use citations by all informants for a given sps@nd ni i on its relative use among informants [34], adajbie{B35].
the total number of informants.

Family use value (FUV) FUV =Y UV / n, wherey UV is the sum of species use  Evaluates the use importance of a given plant {af8#].

value (UVs) within a family and¢the number of species
within a family.

All statistical analyses were carried out using SPSS 17.0. é&slkep cluster analysis was
used to identify household groups based on socio-economic charactanidtiplant use
pattern. The existence of collinearity was tested based on atmmelcoefficients and
suspicious data was removed from the dataset resulting in the ifal@arameters used for
cluster analysis: Education level, agricultural harvest, househdaidtias, family size,
tropical livestock unit, agricultural area, medicinal plants used, nuaibeedicinal uses and
the diversity of medicinal plant use (D), wild yam speciesect#id, amount of tubers
harvested (number of holes harvested for each collection), frequéncgllection, sale,
collection period and use of wild yams.

To evaluate the contribution of each variable in separating theingshibuseholds groups, a
Discriminant Analysis (DA) was conducted using the standardiaedrical coefficients,
canonical correlation coefficients, Eigen value and Wilk's Lambdatradcture coefficient
matrix was established which allowed to assess the importdirezeh variable in relation to
the discriminant function.

A One Way ANOVA (Analysis of variance) was performed to gsmlthe differences of
knowledge and use between communities in relation to their locatitagés). Additionally,
we used Jaccard’s similarity index, which was based on spesae® data to determine the
similarity of species usage among villages [36].

To determine which cultural and socio-economic variables influencesheantensity and
knowledge on medicinal plants and wild yams (response variables),adeauSeneralized
Linear Model (GLM) based on a Poisson distribution. The GLM consisted/aimodels
with eight response variables, which explain the relationship betwesstictors and the
knowledge on medicinal plants (number of medicinal plants used) and tlo¢ wdd yams
(frequency of yam collection per month). The performance and ttteé fhe models were
assessed using Akaike Information Criterion (AIC; [37]). In emdudel, we only included
main effects and choose the Type Il analyses and Wald chi-sgaastatistical test. The
0.05 significance level was used to assess if an independent vagiabdel significantly to a
dependent variables.

Results and discussions

Socio-economic characteristics of the interviewedduseholds

The average size of households varied between 6.3 persons per househofdbaina and
7.2 persons per households in Miarintsoa (Table 2) whereby the big houselmjitsed a



polygamous household head. Thus, each sub-family might live separatelyl] tariby
members eat together and share the same income. The educatlanf ne households is
highly variable across the villages, but in general, 30% of intervidwedeholds did not
receive formal education and only half visited at least tts¢ yiear of primary school. The
village with the highest rate of illiteracy, Ampotake, did hawe school. However, in
Efoetse, where public and even private schools are available,litgeschigh. The majority
of the households comprise small holder farmers, which conduct diffeffefarm activities
for cash income generation, such as salaried work, artisanaltiastivtrading, fishing,
charcoal production or the collection of wood and other forest resoufdtee average
household’s agricultural area was 2.2 ha of which some was pattiyniailtivated due to
heavy weed encroachment or a perceived decline in soil produckatythe majority of
households, periods of food insecurity due to unpredictable and insuffreierfiall are
frequent and people heavily depend on supplementary off-farm income. Maste of
household heads were born in the village where they live, only 26%mnargrants. The
majority of households (60%) has traditional religious beliefs (émcesverence) and
conduct ritual practices, while 30% are Christian (Catholic, Protestant aicAmg)l.

Table 2.Socioeconomic characteristics of the interviewed households (HH) tine five
villages of the Mahafaly region in SW-Madagascar

Characteristics Ampotaka Andremba Itomboina Miarintsoa Efoetse Total
(n=55) (n=50) (n=50) (n=50) (n=50)
Age of the respondents 41.7%17.3 44.2+15.5 46.7+18.3 40.4£17.6 42.6+£19.9 3.1417.8
Family size 6.8£3.9 6.4+3 6.3+3.3 7.2+3.7 6.7+2.3 6.7+3.3
TLU 1.6+3.1 5.1+9.2 4.8+7.5 6.9+10.9 9.2+12.8 5.5+9.5
Land owned (ha) 1.6x1.4 1.7+1.1 2.3£2.1 2721 2.7+2.1 2.2+1.8
Agricultural harvest (%) Low 44 36 62 32 14 38.0
Medium 50 42 36 52 66 49.2
High 6 20 2 16 20 12.8
HH activities (%) Low 42 38 38 24 46 37.6
Medium 36 46 44 46 40 42.4
High 22 16 18 30 14 20.0
Education level Low 52 22 32 16 24 29.2
Visit primary school 34 56 50 54 54 49.6
Finish primary school 14 22 18 30 22 21.2
Origin of the head of the HH (%) Born in the village 28 10 40 38 18 26.8
Not born in the village 72 90 60 62 82 73.2
Gender of the respondents (%) Male 60 70 64 74 84 70.4
Female 40 30 36 26 16 29.6
Religion (%) No religion 14 8 4 6 17 9.7
Traditional 60 62 64 58 55.3 59.9
Christian 26 30 32 36 27.7 304

Diversity and traditional use of plants
Wild yams

Altogether, six endemic species of wild yams were identifigao#asntial food resource in the
Mahafaly regionDioscorea ovinalaBaker (local name: ‘Angily’)Dioscorea alatipeBurk.
& H. Perr. (‘Ovy’), Dioscorea nakoH. Perr. (‘Fandra’),Dioscorea fandraH. Perr.
(‘Andraha’), Dioscorea bemandryum. & H. Perr. (‘Baboky’) anBioscorea sosdum. & H.
Perr. (‘Sosa’). Two third of the interviewed households (70%) welleating wild yams.
Yams collection was only uncommon in Efoetse where yams could be puréitasetarby
markets. This is mainly due to the limited access to foresyamd resources in the littoral



zone, where larger forest areas are lacking except of tmeamampetsotsa National Park
area. In addition, wild yams species are relatively rare oradgecent side of the national
park where onlyD. nakooccurs.

Wild yam tubers are used as a staple food by 42% of the households tinvne substitute
cassava, maize or sweet potatdg®rfioea batatad..), especially in villages situated near
forest areas, where daily plant collection is possible. Respondemisoned that they eat
yams before the meal to reduce the quantity of staple food durihegihseasorD. alatipes
was most frequently collected (99% of yams collecting householdshlyrbecause of its
sweet taste and nutritional value. The so called water Pafemandrywas also important
and collected by 88% of households, because of its sweet tastes dongl &and long tubers
(50-120 cm long)D. sosohad the lowest collection rate (34% of households) given its
scarce occurrence in the surrounding forests, although its tad$e @ppreciated by the local
population.

Medicinal plants

Altogether, 221 medicinal plants are used by the local people Mahafaly region (Table
3) of which 214 plant species were taxonomically identified and Qelmri63 genera in 68
plant families. These plants are used to treat 46 diseases @inhama livestock. Most
species belonged to the Fabaceae (34 species), followed by Apeagnél7 species),
Euphorbiaceae (16 species) and Malvaceae (10 species; Figure 2)YaBohes, such as the
Aizoaceae, Aristolochiaceae, Flacourtiaceae, Myrtaceae, &&ja@t, and Moringaceae were
represented by only one species. Plant families with the high#gtare Rutaceae (1.53),
Capparaceae (1.37), Hernandiaceae (1.27) and Asteraceae (1.24). Amo#g tses
reported, the most common are digestive disorders, muscular sketdtldims and cosmetic
care for women.



Table 3.List of medicinal plants species used in the Mahafaly region, SW Madagascar iddied in the Mahafaly region of SW-

Madagascar
Scientific name Family Local name Use value Citation (%) Habitat Parts used Voucher number*
Cedrelopsis greveBaillon Rutaceae Katrafay 3.06 99.6 Forest Lv,Br,Tr R. Rabitra 2390
Croton sp.6 Euphorbiaceae Tambio 3 0.4 Forest Sb -
Boscia tenuifoligA. Chev. Capparaceae Lalangy 2 0.4 Forest Ar -
Pluchea greve{Baill.) Humbert Asteraceae Samonty 1.91 5.5 $tore Lv J.Bosser 9917
Aloe divaricataA. Berger Xanthorrhoeaceae Vahondrandro 1.87 100 Forest Lx ynéte 7860
Cadaba virgataBojer Capparaceae Tsihariharinaliotse 1.5 0.9 Forest Ar ewedBley Lewis 534
Tamarindus indicd.. Fabaceae Kily 1.47 59.2 Forest, Fallow Lv,Br,Fr ffias B. Croat 31108
Neobeguea mahafaliensis Leroy, Jean F. P. Meliaceae Handy 1.44 91.1 Forest Sh,Tr R. Decary 16206
Croton sp.4 Euphorbiaceae Zalazala 1.38 145 Forest Br -
Ficus luteaVahl. Moraceae Amonta 1.38 6.8 Forest Ar G McPherson4463
Psiadia angustifoligHumbert) Humbert Asteraceae Ringandringa 1.38 122. Forest Lv RN 3806
Sida rhombifolial. Malvaceae Mandravasarotse 1.38 6.8 Fallow Ar Thdtdescoings 30725
Croton geayiLeandri Euphorbiaceae Pisopiso 1.36 72.3 Forest Sh,Br Irhldéut 2397
Lemuropisum edule H. Perrier Fabaceae Berotse 1.36 10.6 Forest Sb J. Bosser 1984
Acacia sakalavdrake Fabaceae Roymena 1.33 1.3 Savanna, Forest Ar illiersv4056
Dalbergia sp. Fabaceae Manary 1.33 12.8 Forest Br -
Acacia bellulaDrake Fabaceae Rohy 1.3 14 Forest Ar R. Ranaivojaona 492
Hernandia voyronii Jum. Hernandiaceae Hazomalany 1.3 4.3 Forest Tr J.BO3I&
Euphorbia tirucalliL. Euphorbiaceae Laro 1.29 53.6 Forest Lv,St P.Blipsdin 2480
Coffea greveDrake ex A.Chev Rubiaceae Hazombalala 1.28 31.5 resko Sh,Ar C.C.H. Jonngkind 3746
Aloe vaombéecorse & Poisson Xanthorrhoeaceae Vahombe 1.25 9 37 Forest Lx H. Humbert 5418
Cynanchum mahafalense Jum. & H. Perrier Apocynaceae Vahimasy 1.25 19.2 Forest Sh,St Bediegs 3251
Citrullus lanatus(Thunb.) Mansf. Cucurbitaceae Voamanga 1.24 20.9 rop Geld Ar J. Bosser 13567
Croton kimosorunbeandri Euphorbiaceae Zanompoly 1.24 26.8 Forest Br J.3d®29
Gyrocarpus americanu3acq. Hernandiaceae Kapaipoty 1.24 10.6 Forest Lv P.Blig&on 2350
Operculicarya decaryH. Perrier Anacardiaceae Jabihy 1.24 52.3 Forest r,TrB P. Morat 696
Tetrapterocarpon geaylumbert Fabaceae Hazolava/Voaovy 1.24 38.7 Forest Sh,Br B. Descoings 1433
Erythroxylum retusurBaill. ex O.E. Schulz Erythroxylaceae Montso 1.23 71.9 Forest Lv P.B. Phillipson 2464
Mangifera indical. Anacardiaceae Mangavato 1.23 4.7 Crop field Br _
Polycline proteiformisHumbert Asteraceae Zira 1.22 34 Forest Sb,ar 0Ss& 248
Leptadenia madagascariendi&cne. Apocynaceae Taritarika/Mozy 1.21 46.4 Fores Sh,Ar B. Descoings 1243
Ruellia anaticollisBenoist Acanthaceae Reforefo 1.21 7.2 Forest Ar P.B.PBitipl795
Bulbostylis xerophildd. Cherm. Cyperaceae Foentany 1.2 2.1 Forest Ar R. Mecary 8531
Grewia sp. Malvaceae Malimatse 1.2 21 Forest Br -
Mundulea sp.1 Fabaceae Sofasofa 1.2 6.4 Forest Ar -
Oeceoclades decaryarfdl. Perrier) Garay & P. Taylor Orchidaceae Hatototse 1.2 2.1 Forest St Gordon Mc Pherson 17376




Paederia grandidierDrake Rubiaceae Tamboro 1.19 11.1 Forest Lv P.B. Philig2810
Salvadora angustifolidurill Salvadoraceae Sasavy 1.19 79.6 Forest Lv,Sh FhilBpson 3711
Vanilla madagascariensiRolfe Orchidaceae Amalo 1.19 8.1 Forest St -

Aristolochia acuminatéamk. Aristolochiaceae Totonga 1.18 41.3 Forest Sb PavRB12
Commiphora lamiH. Perrier Burseraceae Holidaro 1.17 5.1 Forest Br C.C.H. Kiodg3681
Cassia siame&aam. Fabaceae Farefare 1.16 21.3 Forest Br M. B. Dup@§ M
Didierea madagascariensBaill. Didieraceae Sono 1.16 12.8 Forest Tr D enae 1928
Securinega perrierLeandri Phyllanthaceae Hazomena 1.16 10.6 Forest Lv Hedi.Sci. Mad. 4497
Commiphora mahafaliens{S8apuron Burseraceae Maroampotony 1.15 8.5 Forest r A -

Cynanchum grandidieri Liede & Meve Apocynaceae Betondro 1.15 24.7 Forest Sh -

Indigofera compressham. Fabaceae Hazomby 1.15 36.6 Forest Ar M.R. Decaty 91
Ipomoea pes-caprag.) R. Br. Convolvulaceae Fobo 1.15 8.5 Seaside Sb RobeBodks 19
Solanum hippophaenoidBitt. Solanaceae Hazonosy 1.15 25.5 Forest Lv,Sb -

Croton sp.5 Euphorbiaceae Andriambolafotsy 1.14 3 Forest Lv -

Mundulea sp.2 Fabaceae Taivosotse 1.14 3 Forest Ar -

Zygophyllum depauperatuBrake Zygophyllaceae Filatatao 1.14 3 Forest Lv Bakser 10129
Blepharis calcitrapaBenoist Acanthaceae Sitsitse 1.13 19.6 Forest Sb H. Hurbh&a
Commiphora monstruosa (H. Perrier) Capuron Burseraceae Taraby 1.13 19.2 Forest Ar,Tr -

Cynanchum perrierChoux Apocynaceae Ranga 1.13 66.8 Forest St Labat J-M 241
Henonia scopariafog. Amaranthaceae Fofotse 1.13 10.2 Forest Lv M.R. Be2331
Hypoestes phyllostachygaker Acanthaceae Fotivovona 1.13 13.6 Forest Ar J. Bakse
Indigofera mouroundavensiaill. Fabaceae Sambobohitse 1.13 34 Forest Sb cquébine & M. Peltier 3171
Opuntia sp.2 Cactaceae Raketamena 1.13 6.4 Crop field, Fallow Sb -

Stereospermum nematocarpl@. Bignoniaceae Mahafangalitse 1.13 234 Forest r B Herb. Inst. Sci. Mad. 4630
Streblus sp. Moraceae Hazondranaty 1.13 204 Forest Sb.Tr

Zea mays L. Poaceae Tsako 1.13 6.4 Crop field Fr -

Ziziphus spina-christiL.) Willd. Rhamnaceae Tsinefo 1.13 34.5 Cropdfiétallow Br J. Bosser 416
Euphorbia stenoclada Baillon Euphorbiaceae Samata 1.12 28.9 Forest Lv,Sb RN 4768

Grewia leucophylleCapuron Malvaceae Fotilambo 1.12 7.2 Forest Sh,Br Michsdether 23
Rhigozum madagascarienBeake Bignoniaceae Hazonta 112 17.9 Forest Ar Bodser 14420
Grewia humblotiiBaill. Malvaceae Sely 111 26.4 Forest Sb,Br -

Lasiocladus anthospermifoliuBojer ex Nees Acanthaceae Maintemaso 111 24.3 esfFor Lv,Sb J.N. Labat 2696
Cajanus cajan (L.) Millsp. Fabaceae Ambatry 1.1 15.3 Crop field Ar Thomas Ba€32106
Cynanchum nodosdum. & H. Perrier) Desc. Apocynaceae Try 1.1 24.3 Forest Sh P.B. Phillipson 1671
Adenia olaboensi€laverie Passifloraceae Hola 1.09 4.7 Forest Lx Jacquelind Reltier 1396
Azima tetracanthaam. Salvadoraceae Tsingilo 1.09 9.4 Forest Lv M.R De84i70
Hydnora esculentdum. & H. Perrier Hydnoraceae Voantany 1.09 9.8 regto Sh Herb., Inst.sci. Mad. 2
Sclerocarya birrea Subsp. caffra (Sond.) Kokwaro Anacardiaceae Sakoa/Sakoamanga 1.09 38.7 Savana ,Br Lv D.J. Mabberley 732
Secamone tenuifoliRecne. Apocynaceae Langolora 1.09 14.5 Forest Sh J. B4ga89
Abutilon indicum(L.)Sweet Malvaceae Lahiriky 1.08 22.1 Forest, Fallow Ar IDarr 4056
Capuronianthus mahafalensisF. Leroy Meliaceae Ringitse 1.08 5.1 Forest Sh _




Mollugo decandra Scott-Elliot Molluginaceae Andriamanindry 1.08 10.2 Forest Ar Hdmbert 5293
Moringa drouhardiiJum. Moringaceae Maroserana 1.08 55 Forest Ar B. Dagsa?411
Pentarhopalopilia madagascariensBavaco & Keraudren Opiliaceae Fandriandambo 1.08 021 Forest Ar B. Descoings 1214
Ximenia perrieriCavaco & Keraudren Ximeniaceae Kotro 1.08 26.8 efor Lv,Sb Rauh 1221
Cymbopogon excavat(slochst.) Stapf ex Burtt Davy Poaceae Ahibero 1.07 1.7 Forest Lv Bosser 5208
Avicennia maringForssk.) Vierh. Acanthaceae Afiafy 1.06 3.8 Fores Br James L.Zarucchi 7552
Enterospermum pruinosu(Baill.) Dubard & Dop Rubiaceae Mantsake 1.06 7.2 Forest Br -

Hyphaene sp. Arecaceae Satra 1.06 221 Crop field Lv,Sb

Zingiber officinaleRoscoe Zingiberaceae Sakaviro 1.06 145 Crop field Sb NDBcary 1440
Chloroxylon falcatunCapuron Rutaceae Mandakolahy 1.05 35.3 Forest St -

Jatropha mahafalensidum. & H.Perrier Euphorbiaceae katratra 1.05 46 resto Lv,Lx H. Humbert 2521
Pentatropis nivalis subsp. Madagascariensis (Dedniede & Meve Apocynaceae Tinaikibo 1.05 61.7 Forest Ar -

Agave sisalan®errine Agavaceae Lalohasy 1.04 19.6 Forest Lx -

Commiphora simplicifolidd. Perrier Burseraceae Sengatse 1.04 10.6 Forest r A Z.S. Rogers 870
Hippocratea angustipetaldl. Perrier Celastraceae Vahimpindy 1.04 11.1 Fores Ar -

Musa sp. Musaceae Kida 1.04 46.8 Crop field Fr -

Pentopetia androsaemifolidecne. Apocynaceae Ntsompia 1.04 9.8 Crop fidtloWw Lv Arne Anderberg 123
Strychnos sp.2 Loganiaceae Mangerivorika 1.04 19.6 Forest Ar -

Tridax procumbens. Asteraceae Angamay 1.04 53.6 Crop field, Fallow Lv P.B. Phillipson 1791
Uncarina stelluliferaHumbert Pedaliaceae Farehitse 1.04 9.8 Forest Lv P.B.p¥uifi 2723
Delonix floribunda(Baill.) Capuron Fabaceae Fengoky 1.03 40 Forest X L J. Bosser 13584
Jatropha curcag.. Euphorbiaceae Savoa 1.03 39.2 Forest Lv,Sb,Lx Phiflipson 1725
Loeseneriella rubiginosa (H. Perrier) N. Hallé Celastraceae Timbatse 1.03 35.7 Forest Lv B. QuMiB 570
Terminalia ulexoide$i. Perrier Combretaceae Fatra 1.03 13.6 Forest Sb L. J. Dorr 4057
Androya decaryH.Perrier Scrophulariaceae Manateza 1.02 23 Forest Lv Hedbi¢mboratoire de Botanique 1777
Fernandoa madagascariengBaker) A.H. Gentry Bignoniaceae Somontsoy 1.02 .846 Forest Lv,Br L.J. Dorr 3960
Ocimum canun®ims Lamiaceae Romberombe 1.02 37.9 Forest Ar B. Crb283
Tabernaemontana Apocynaceae Feka 1.01 40.4 Forest Sb -

Zanthoxylum tsihanimpodd.Perrier Rutaceae Manongo 1.01 60 Forest Sh PatM677

Abrus precatoriud.. Fabaceae Voamena 1 2.6 Forest Ar J.Bosser 19395
Acacia farnesiangL.) Willd. Fabaceae Kasy 1 1.7 Savanna Ar D.J. & B.P. Dupu9 M6
Acacia sp.5 Fabaceae Anadrohy 1 0.4 Forest Br -

Acacia viguieriVilliers & Du Puy Fabaceae Roybenono 1 3 Forest Ar H.Humbert 2487
Adansonia rubrostipa Jum. & H.Perrier Malvaceae Fony 1 2.6 Forest Fr J. Bosser 15743
Adansonia zaaill. Malvaceae Zan 1 4.3 Forest Fr P.B.Phillipson 2638
Aerva javanicaBurm. f.) Juss. Amaranthaceae Volofoty 1 6 Forest Sh M.R. DecaB638
Alantsilodendron alluaudianurfiR.Vig.) Villiers Fabaceae Havoa 1 0.4 Forest Ar -

Albizia bernieriE. Fourn. ex Villiers Fabaceae Halimboro 1 2.1 eBor Br P.B.Phillipson 5285
Albizia tulearensifR.Vig. Fabaceae Mendoravy 1 0.4 Forest Br D.J.&B.P.Dupt¢ M
Allium sativumL. Amaryllidaceae Tongologasy 1 55 Crop field Sb -

Aloe antandroi (R.Decary) H. Perrier Xanthorrhoeaceae Sotry 1 2.1 Forest Lv M.R.Deb886




Alysicarpus vaginaligL.) D.C.

Amaranthus viridid..

Anisotes madagascariensis Benoist

Arachis hypogaeé.

Asparagus calcicol&l. Perrier

Azadirachta indica. Juss.

Barleria brevitubaBenoist

Bathiorhamnus cryptophoruSapuron
Berchemia discolor (Klotzsch) Hemsl.
Calopyxis grandidieri (Drake) Capuron ex Stace
Capsicum sp.

Capurodendron androyengaibrév.

Carica papaydl..

Carissa spinarunt..

Chadsia greveDrake

Chamaesyce hirté_.) Millsp.

Citrus medica..

Cocos nuciferd..

Colvillea racemos#ojer

Commiphora humberti. Perrier
Commiphora marchanding!.

Cordia caffraSond.

Crinum asiaticurl.

Crotalaria androyensif. Vig.

Crotalaria fiherenensi®.Vig.

Croton catatiiBaill.

Cryptostegia madagascariend®jer ex Decne
Cucurbita maximauch.

Cymbopogon citratuéDC.) Stapf

Cynodon dactyloiiL.) Pers.

Cyphostemma amplexicaulesc.

Dicoma incanaBaker) O. Hoffm.
Dicraeopetalum mahafalieng®#.Pelt.) Yakovlev
Dioscorea bemandry Jum. & H. Perrier
Dioscorea fandreH. Perrier

Dioscorea nakd. Perrier

Dioscorea ovinalaBaker

Diospyros tropophyllgH. Perrier) G.E. Schatz & Lowry
Ehretia decaryil. S. Mill.

Enterospermum madagascarienBai{l.) Homolle
Erythrophysa aesculinBaill.

Fabaceae
Amaranthaceae
Acanthaceae
Fabaceae
Asparagaceae
Meliaceae
Acanthaceae
Rhamnaceae
Rhamnaceae
Combretaceae
Solanaceae
Sapotaceae
Caricaceae
Apocynaceae
Fabaceae
Euphorbiaceae
Rutaceae
Arecaceae
Fabaceae
Burseraceae
Burseraceae
Boraginaceae
Amaryllidaceae
Fabaceae
Fabaceae
Euphorbiaceae
Apocynaceae
Cucurbitaceae
Poaceae
Poaceae
Vitaceae
Asteraceae
Fabaceae
Dioscoreaceae
Dioscoreaceae
Dioscoreaceae
Dioscoreaceae
Ebenaceae
Boraginaceae
Rubiaceae
Sapindaceae

Tokampototse

Beamena
Hazontsoy 1

Kapiky

Fio

Nimo 1

Patipatikantala
Losy
Vorodoke
Tsambara
Sakay
Nato
Papaye
Lamontindahy
Sanganakoholahy
Kimenamena
Tsoha
Voanio
Sarongaza
Andrambely
Vingovingo
Varo
Tongolondolo
Katsankantsa
Voniloha
Somorombohitse
Lombiry
Trehaky
Veromanitse
Kidresy
Tahezantrandrake
Peha
Lovainafy
Baboke
Andraha
Fandra
Behandaliny
Remelok 1
Lampana
Masonjoany
Handimbohitse

6.4
0.4
13
175
0.4
6.4
0.4
11.5
1.7
1.7
21.3
115

0.4
7.7
7.7
0.4
0.4
14
0.4
0.4
17
0.4
0.9
0.9
0.9
4.7
0.4
0.4
4.7
1.3
10.2
1.7
0.4
2.1
0.4
0.9
2.1

0.4
2.6

Crop field, Fallow Ar
Crop field, Fallow Ar
Forest Ar
Crop field Fr
Forest, Fallow Sh
Forest Lv
Savanna, Fallow r A
Forest Sh
Forest Ar
Forest Fr
Crop field Fr
Forest Sh,Br
Crop field Lv
Forest Ar
Forest Ar
Crop field Lv
Crop field Sb
Seaside Fr
Forest Br
Forest Lv
Forest Ar
Forest Lv
Forest Sb
Forest Ar
Savanna, Forest, Fallow  Ar
Forest Ar
Forest ,Shv
Crop field Ar
Crop field r A
Forest Ar
Forest Lv
Forest Sh
Forest Br
Forest Sh
Forest Sb
Forest Sh
Forest Ar
Forest Ar
Forest Ar
Forest r T
Forest Ar

horflas B. Croat 31195

Rauh 1097
J. BASEA9
Armand Rakotozaf9&7
P. Morat 627

B Lewis 1294

FdBdH352
Herbier duid@dtanique 324

D.J. &Bipuy M38
RowWerBrooks 8

P.B. Phillipgoa 2
S. Eboroke 870
James SeiMilL60
Thomas B .Cr@&30
M.R.Decdry 95
© M.&aBel0495
P.B.Phillipson 2622
J.Bo4S&77

J. Bosser 10540
Bosker 19194
P.B. Phillipson 2426
Thomas B.Croat 30969
L.R. Caddigk
Gordon MsBdi7451
L.R. Cad@itk 3
J.N.t2bal
P.Morat 565
J.Bosser 10116

G.E.adITa7




Euclinia suavissima (Homolle ex Cavaco) J.-F. Leroy
Euphorbia arahak@oisson

Ficus polita Vahl

Ficus sp.

Ficus trichopodaBaker

Flacourtia indica(Burm. f.) Merr.

Gnidia linearis(Leandri) Z.S. Rogers
Gonocrypta greve(Baill.) Costantin & Gallaud
Gossypium arboreum L.

Grewia greveBaillon

Grewia microcyclea (Burret) Capuron & Mabb.
Helinus integrifolius (Lam.) Kuntze
Indigofera tinctoriaL.

Ipomea sp.1

Ipomea sp.2

Kalanchoe beharensidrake

Kalanchoe sp.

Karomia microphylla (Moldenke) R.B. Fern.
Kleinia madagascariensi@iumbert) P. Hallyday
Koehneria madagascariengiBaker) S.A. Graham, Tobe & Baas
Lablab purpureugL.) Sweet

Leucosalpa grandifloréddumbert

Maerua filiformisDrake

Maerua nudaScott-Elliot

Manihot esculent&€rantz

Margaritaria anomala (Baill.) Fosberg
Marsdenia cordifoliaChoux

Mundulea stenophyllR. Vig.

Olax andronensiBaker

Opuntia monacantha Haw

Pachypodium geayCostantin & Bois
Panicum pseudowoeltzkowfii Camus
Panicum sp.

Persea americanMlill.

Pervillaea phillipsoniiKlack.

Phaseolus lunatuk.

Phyllanthus casticuriillemet

Plumbago aphyll&ojer ex Boiss.

Poupartia minor (Bojer) L. Marchand
Psidium sp.

Radamaea montarBenth.

Rubiaceae
Euphorbiaceae
Moraceae
Moraceae
Moraceae
Salicaceae
Thymeleaceae
Apocynaceae
Malvaceae
Malvaceae
Malvaceae
Rhamnaceae
Fabaceae
Convolvulaceae
Convolvulaceae
Crassulaceae
Crassulaceae
Lamiaceae
Asteraceae
Lythraceae
Fabaceae
Orobanchaceae
Capparaceae
Capparaceae
Euphorbiaceae
Phyllanthaceae
Apocynaceae
Fabaceae
Olacaceae
Cactaceae
Apocynaceae
Poaceae
Poaceae
Lauraceae
Apocynaceae
Fabaceae
Phyllanthaceae
Plumbaginaceae
Anacardiaceae
Myrtaceae
Orobanchaceae

Voafotaky
Samatafoty
Aviavy
Nonoka
Fihamy
Lamonty
Ronisa
Piravola
Hasy
Tombokampaha
Hazofoty
Masany
Sarikapiky
Sarivelahy
Velahy
Mongy
Relefo
Forimbitika
Malaohira
Fizola
Antaky
Tamborisahy
Somangy
Somangilahy
Balahazo
Tsivano
Bokabe
Rodrotse
Bareraky
Notsoky
Vontake
Ahikitoto
Mandavohita
Zavoka
Sangisangy
Kabaro
Sanira
Motemote
Sakoakomoky
Goavy
Tamotamo

=

I—"“H'_‘I—‘I—‘HHHI—"_‘HI—‘HH

[N
[y

[N

0.9
14.9
3.8
1.7
39.2
3.8
1.3
6.8
3.8
0.9
3.8
2.1
49.4
1.7
13
0.4
3.4
0.9
2.6
17
9.4
17
13
17
8.1
18.7
2.6
1.7
0.4
2.6
0.4
0.4
0.4
0.9
0.4
55

1.7
21
0.4
31.5

Forest Fr
Savanna, Foreptfietd Lv
Forest Br
Fallow, Forest Br
Forest Tr
Forest b,F&
resko Lv
Forest Lx
Crop field, Fallow Lv
Forest Ar
Forest Br
Forest Ar
Fallow, Savana Ar

Forest, Savaniawa Lv

Forest Lx
Forest Lv
Forest Lv
Forest Br
orebt Ar
Forest Ar
Crop field Fr
Forest Sh
Forest Lv,Ar
Forest Lv
Crop field Lv,Sb
Forest Sb
Forest LX
Forest Lv
Forest Sh
Fallow, Savanna Fr
Forest Tr
Forest Lv
Fallow, Forest, Savana Ar
Crop field Fr
Forest Ar
Crop field Fr
Forest Lv
dtore Ar
Forest Br
Crop field, Fallow Lv
Forest Sh

J.Bosser 13353
M.D. Decary 3008
M.R. Decary 5031
S.T. Malcombef6111
C.C.H. Jongkind 3720
Z.S. Rogers 930
P.B.Phillipson 1669
H. Humil66
J. Bossi8819
Jacqueline &¥ltier 1285
P.B.Phillipson 1737
Jaat 2104

James L. Zaradati
P.B. Ptsltip 3438
P.B.Phillipson 2475
L.J. Dorr 4063
Michelle Saugtve
P. Morat 2978
P.B. Piullif2417
J.Boss6710

P.B.Phillipsotil2
M.R. Decary 2527
L.J. Razafamsal 85

P.B Phillipson 2610
J.Bo388s

P.B.Prultigs72
J.Bosser 1011
P.B.Phillipzge2

H. Humbert 19960

P.Big¥uh 1813

J. Bd¥sgkr 6




Rhopalopilia halleVilliers

Ricinus communik.

Roupellina boivinii(Baill.) Pichon
Secamone geayi Costantin & Gallaud
Strychnos madagascarien$isir.
Tephrosia purpuredl.) Pers.
Terminalia disjuncteH. Perrier

Trema orientaligL.) Blume

Typha angustifolid..

Vigna unguiculatgL.) Walp.
Xerophyta tulearensi@H. Perrier) Phillipson & Lowry
Xerosicyos danguyflumbert

Ziziphus mauritiand.am.

Ziziphus mucronat&Vvilld.

Opiliaceae
Euphorbiaceae
Apocynaceae

Apocynaceae
Loganiaceae

Fabaceae
Combretaceae
Cannabaceae
Typhaceae
Fabaceae
Velloziaceae
Cucurbitaceae
Rhamnaceae
Rhamnaceae

Malainevotsy
Kinana
Lalondo
Kililo
Bakoa
Engetsengetse
Taly
Andrarezona
Vondro
Loji
Tsiteéaosa
Tapisaky
Konazy
Tsinefonala

=

115
55
0.9
4.7
7.7
51
1.7
0.4
0.4
20.4
0.4
13
0.4
4.7

Forest Ar

Crop field, Fallow Lv
Forest v L
Forest Ar
Forest Sh,Fr
Forest Lv
Forest Ar
Forest Tr
Forest Lv
Crop field Fr
Forest Ar
Forest Lv
Savanna Br
Forest Br

offfas B. Croat 28615

J.Bosser 15917
J.eBd=gk192
JacqueliheP&ltier 9936

B.Dupuy 629
B.Lewi8 129
M.R. Decary 14868
Thomas B. CB2850
P.B Phillipson 2459
Thomas BatCz30795
D. Seigler 12891
Harb. $wstMad. 4517

Lv = Leaves, Ar = Aerial parts, Sb = Subterranearty) Fr = Fruits or seeds, Lx = Sap or latex, Trenk, St = Stems, Br =stem barks; (*) Voucher nemtepresents the

number of the specimens from which our plants wietermined in Tsimbazaza Herbarium, Madagascar.



Figure 2. Most important plant families identified by family use value FUV, description
see Tablel) and number of medicinal plants species per family useth the Mahafaly
region in SW-Madagascar.

The growth forms of the recorded plants species are shrubs (13886)(28%), herbs (20%),
lianas (11%), vines (2%), and epiphytes (less than 1%; Figure BJa%). medicinal plants

(82%) are collected in forest areas, 14% are cultivated andesiasr typically found in

fallow land or rangelands such as bushland and grassland. Although tréynadjthe used

plants are endemic to Madagascar (68%), exotic plants or phanttsave a large worldwide
distribution are used as well. Altogether, 95% of the recorded mabjants can be found
in the Mahafaly region, the remainder are species bought or irddoota the nearest town
or from neighbouring regions.

Figure 3. Proportion of life forms used as medicinal plants (A); Propotion of plant
parts used for traditional healing (B) in the Mahafaly region of SW-Madagascar.

The most frequently collected plant parts are the aboveground plaiahéte., stems and
leaves, 25%), leaves (23%) and subterranean parts (roots and 208e€y$;igure 3, B). The
single stems are not often used for medicinal purposes (2%)eaghtre roots of plants are
often used, especially for post-delivery treatment, women gemthcosmetic care, such as
Ximenia perrieri(‘*Kotro’). Sometimes people use different parts of the samd,@apecially

if it has a high use value (i.e. used for different medicinal purposash asNeobeguea
mahafaliensig‘Handy’). The stem barks of this species are used to meatular-skeletal
problems and its below ground parts serve women during the post-delivery process.

Regarding the use of specigdpe divaricata(used by 100% of informants§;edrelopsis
grevei (100%) andNeobeguea mahafaliens{91%) predominateAloe divaricatais also a
locally important species with 28 different uses. Altogether, 46stgpenedicinal uses were
reported by local people (Cook [31]; Table 4). Some species, sW@pensulicarya decaryi,
may also be used in multiple ways such as a body tonic, for wonmetalgeare and to
alleviate nutritional disorders during famine periob@marindus indicavas used to treat eye
problems, but it is similarly important to alleviate nutritional disorders.



Table 4.Categories of diseases and their respective most cited plant spedrethe
Mahafaly region of SW Madagascar

Diseases and use category Most cited species

Digestive disorders Aloe divaricataA.Berger Cedrelopsis greveBaillon

Muscular_Skeletal Neobeguea mahafalienslsF. Leroy Cedrelopsis greveBaillon

Eye problems Tamarindus indicd.., Jatropha mahafalensitum. & H.PerrierFernandoa
madagascariensiBaker) A.H. Gentry

Wound/Injury/Swelling Tridax procumbens., Tabernaemontana sgCroton geayleandri

Ear infections Citrullus lanatus thumb.) Cynanchum grandidietiiede & Meve

Flue/Fever Ocimum canun®ims, Croton geaylLeandri

Skin disorders Lemuropisum edulel. Perrier

Post delivery care Erythroxylum retusumBaill. ex O.E. SchulzSalvadora angustifolid urill,
Loeseneriella rubiginoséH. Perrier) N. Hallé

Toothache Zanthoxylum tsihanimpodd.Perrier Euphorbia tirucalliL.

Venereal infections Cynodon dactyloiiL.) Pers Euphorbia tirucalliL., Blepharis calcitrapaBenoist

Respiratory system disorders  Cynanchum perrierChoux Indigofera compressham.

Malaria Cajanus cajan (L.) Millsp., Indigofera tinctoria

Sprains Aloe divaricataA.Berger Delonix floribunda(Baill.)Capuron

New born care Coffea greveDrake ex A.CheyPentatropis nivalis subsp. Madagascariensis

(Decne.) Liede & Meve
Circulatory system disorders ~ Opuntia sp(Raketamena)

Woman genital hygiene Ximenia perrieriCavaco & KeraudrerOperculicarya decaryiH. Perrier
Cedrelopsis greveBaillon

Cosmetic/Hair care Ficus trichopodaBaker, Cedrelopsis greveBaillon

Body tonic Erythroxylum retusurBaill. ex O.E. SchulzNeobeguea mahafaliensisF. Leroy
Operculicarya decaryH. Perrier

Nutritional disorders Tamarindus indicd.., Adansonia z&aill., Operculicarya decaryiH. Perrier

Livestock disease Vigna unguiculatglL.) Walp.

Apparently digestive system disorders (13%), wound and injury probl&?is)(and post-
delivery care for women (11%) represented the most prevalenh lpgatilems in the study
area. The use of medicinal plants in cosmetic and genitalofavemen amounted to 8%,
similar to plant use for ‘body tonic’ after hard physical work.

Plant uses and knowledge patterns among households

Based on their socio-economic characteristics and the use typtehdorest products, the
cluster analysis revealed two groups of households (Table 5). €Hefivfarmers are
representing households with a high number of livestock, off-farm aesivand a higher
education level. They use yam as a supplementary food, practioeeasustainable harvest
technique and collect less wild yam tubers compared with the piaoneers. The latter are
characterized by lower household assets and off-farm activi@emers of this group collect
more yam species and use their tubers as staple food.



Table 5.Results of two step cluster and discriminant analysis of 250 intervieweural

households in the Mahafaly Region of SW-Madagascar

Selected variables Cluster group Discriminant analysis

Well-off farmers  Less well-off farmers

Mean + SD Mean + SD* Wilks’ Lambda Sig Structure coefficients
Education level 1.03+£0.71 0.86 +0.69 0.986 0.068 0.116
Agricultural harvest 1.23+0.42 0.52 +0.63 0.747 0.000** 0.574
Households activities 1.11+0.71 0.26 £ 0.44 0.928 0.000** 0.274
Family size 7.35+3.55 6.4 +3.20 0.982 0.037* 0.133
Tropical livestock unit ¥ 1253 +£12.32 2.18+5.40 0.746 0.000** 0.577
Agricultural area 2.86 +2.30 1.19+1.60 0.945 0.000** 0.239
Medicinal plants used 27.77 £13.55 32.7+14.30 0.974 0.011* -0.162
Number of medicinal uses 13.87 +4.27 15.6 +3.60 0.976 0.016* -0.153
Diversity of medicinal plant use 23.35+2.12 25.92 +2.10 0.988 0.089 -0.108
Wild yam species collected 223271 3.17+2.17 0.960 0.002** -0.201
Yam tubers harvested per collection ever? 6.72 +6.74 13.02 £10.33 0.908 0.000** -0.314
Frequency of collection 235271 5.83+5.23 0.886 0.000** -0.354
Sale 3.95+11.09 17.03 +24.12 0.920 0.000** -0.291
Collection period 2.40+2.29 13.78 £2.79 0.943 0.000** -0.243
Use of wild yams 1.73+0.44 1.49 £0.50 0.948 0.000** 0.231

Eigen Value = 1.026
Percentage variance = 50.41

Y138] ¥ Number of harvest holes per collection event, rifigance level at g 0.05, **significance level at g 0.01.

Most of the socio-economic variables used for the cluster agalysre effective in
discriminating the two defined household groups except of the educatieh dnd the
diversity of medicinal plant use. Together the predictors accouat€esil$o of the between-
group variability. Based on the conclusions of Rach et al. that seucta&fficients> 0.30

indicate a strong discriminating power [39], households cluster grougs de¢termined by

the amount of agricultural harvest, livestock owned by household, ancthefficy

of wild

yams collection. In contrast, the number of medicinal plants aesddthe use intensity of

medicinal plants differed only slightly among the two groups.

Plant uses and knowledge patterns among villages

Collection and use of forest plants differed between the litt&falefse) and the plateau (the
other three villages) which might be mainly explained by thk tHcforest resources and
wild yams in the coastal area. The number of medicinal plantsvadd/am species used

were higher on the plateau (Ampotake, Andremba, Itomboina, Miarintsuh}the

number

of species collected was highest in Itomboina and Miarintsoa (T@blédowever, the
collection frequency, period, and the amount of harvested wild yam higher in

Ampotake. This may be mainly due to the proximity of community bésexbts

, Where

collection of forest products is not restricted. Itomboina and Nisga are situated in the

middle of the plateau, where different soil types (ferralitét] sandy and calcare

ous soils)

and forest habitats prevail, which may explain the high diversispaties collection by the
informants. Knowledge, traditional uses and the number of species digedsiginificantly
(P < 0.01) among villages. Overall, the knowledge and the uses of ptantsgher in
Ampotake than in the other villages. In Ampotake, Miarintsoa and Itombsinalar

medicinal plant species are used as indicated by the Jaccaitdrigy indices
between 0.68-0.7 (Table 7).

ranging



Table 6.Descriptive statistics of variables (Mean = SD) used in evaluating the
knowledge and uses of wild yams and medicinal plants of the Mahafaly regiom $W

Madagascar
Variables Ampotake Andremba Iltomboina Miarintsoa Efoetse

(n =50) (n =50) (n =50) (n =50) (n =50)
Collection of wild yams (%):
D.alatipes 92.16 80.3 80 42 0
D. bemandry 94.12 51.52 80 87.23 0
D.fandra 54.9 60.61 60 59.57 0
D.ovinala 76.47 62.12 64.44 46.81 0
D. nako 43.14 21.21 66.67 48.94 0
D.soso 7.84 39.39 46.67 21.28 0
Number of wild yams species collected 39+1.1 3193 42+14 49+19 0
Frequency of wild yams collectidn 9.8+5.7 51+25 56+29 57+39 0
Period of collection (months/year) 57+19 419 42+14 49+19 0
Wild yams harvested 21+9 12.8+5.8 141 +5.6 13.1+7.6 0
Unsustainable harvest technique (%) 89.6 81.5 89.5 78.6
Sustainable harvest technique (%) 104 185 105 4 21 -
Monthly income, wild yams (US$) 55+7.4 1.3+35 2.0+3.0 1.3+25 0
Number of medicinal species used 435+12 29881 36.6+10 274+124 184 +9.7
Diversity of medicinal plant use 33.5+10.3 23.8.6 32277 23.4+10.2 147 7.7
Number of medicinal uses 176 £3.1 144 +3.2 #6179 126 £3.3 12.8+4.6

YTimes per month? Number of harvest holes per collection evént|S$ = 2422 Ariary, 9.07.2014.

Table 7.Similarity among medicinal plant species usage in the studied villag¢Jaccard
similarity indices, 1 = similar) in the Mahafaly region of SW Madagascar

Ampotake Andremba Itomboina Miarintsoa Efoetse
Ampotake 1 0.59 0.7 0.68 0.54
Andremba 0.59 1 0.58 0.58 0.43
Itomboina 0.7 0.58 1 0.71 0.55
Miarintsoa 0.68 0.58 0.71 1 0.51
Efoetse 0.54 0.43 0.55 0.51 1

Effects of socio-economic characteristics on the @snd knowledge of plants

The number of livestock owned (TLU), education level, family simd agricultural harvest
were significant predictors for the number of medicinal plantésl amd the frequency of yam
collection. The TLU and the age of respondents significantly taffethe collection of wild
yams (P < 0.001; Table 8). In the study region, a high number sfdislke owned is a sign of
wealth. Households with a low TLU are characterized by highersycollection intensities.
For the number of medicinal plants used, the only significant prediat@bles were family
size and healer consultancy. The latter indicates how often a halisetkeld a traditional
healer for advice on appropriate medicinal plants. The higher thesitjvef different
household activities (salaried work, trading, artisanal), the mash tcome is produced.
Consequently, the households have the possibility to buy food during difeagbns, and
depend less on wild food collections. In addition, female respondentsndsknow more
plants than the men. Age did not affect the use and knowledge on raggieints, which is
maybe due to the direct knowledge transfer within one household. Irtutlis 9% of the
households do not consult a traditional healer in case of iliness.



Table 8.Generalized linear Model (GLM) showing the effect of selected ingendent
variables on the number of medicinal plants used and the collection fregncy of wild
yam (n = 250) in rural villages of the Mahafaly region in SW Madagascar

Independent variable Number of medicinal plants used Frequency of yam collection (Frequency montH)
B* P r B P R

Education level -0.087 .029 -0.083 -0.249 0.008 118.

Tropical livestock unit -0.007 .038 -0.192 -0.460 .00D -0.263

Agricultural harvest -0.127 .002 -0.270 -0.251 Q.01 -0.229

Age 0.002 217 0.119 -0.014 0.000 -0.209

Family size 0.027 .001 0.119 0.056 0.003 0.092

Gender 0.125 .029 0.128 0.153 0.232 0.124

Healer consultancy -0.472 .000 -0.380 - -

Households activities - - - 0.053 0.550 0.038

(*) Beta coefficient; (r) regression coefficient) the variable was not included in the model.

Discussion

Characteristics of the interviewed households

The basic characteristics of the interviewed households correspdmal reestilts of INSTAT
[22] for SW Madagascar even though our survey indicated a higher iedutatel. In
Ampotake, the majority of the households heads (52%) are illiterdtsh reflect the
percentage of the non-educated people in the rural area in tius.rége average land size
per household (2.2 ha) corresponds to the respective value in Mozambique {43 study,
we used off-farm activities to determine the different casbnmecsources and diversification
level of households based on the assumption that higher diversificatida te higher
income [41,42].

Traditional knowledge and usage of wild yams

Among the six species of wild yams recorded, oblyalatipesand D. bemandrywere
frequently harvested by local people to substitute staple food. $hesmparable to the
collection of wild yams species in the dry forest of NW Madagapt3]. Mavengahama et
al. [44] recorded a similar importance of wild yams collectionrtwal livelihoods in South
Africa, where wild vegetable are of high importance in suppleimgstaple food diets based
on maize, sorghun8prghum bicoloMoench.), and milletRennisetum glaucum.).

In our study, the collection intensity of wild yams depended not only on the avajlabilite
species, but also on the taste of the yam tubers. For theg&dgslgams, the preference in
taste was analysed by Jeannoda et al. [14] who observed a aigndficrelation (P < 0.001)
between the preference and the sensitivity to saccharose. Podgcalr [45] stated that the
high level of carbohydrate and energy with appreciable levetsradrals makes yams a very
nutritious source of food. Bhandari et al. [46] found that the nutritionalposition of
selected wild yams in Nepal was similar to those reportedutiivated species of yams.
When analyzing the nutritional value of Malagasy yams germplestiuding those of wild
species, Jeannoda et al. [14] determined high contents of calcildiosoorea ovinala,
which makes some wild yams physiologically important.

However, a decline in the availability of wild yams was alyeseported by the respondents
of our study who are forced to increase the search radius farhabvests. One main reason



for the decline in this essential resource securing locallwed strategies against drought
related hunger risks may be the exploitative harvesting methodsbysbe majority of the
collectors in the Mahafaly region, which hampers the regeneratithe cipecies. In contrast,
Ackermann [43], who conducted a study in the north-western Madagagmatece that
traditional people try to harvest the tubers carefully to guarahteeurvival of the plant
stand. In our study only 15% of the household took care of the regeneratiom lGdnas.
While the sale of wild yam tubers provides valuable cash inconmaday households it may
also be one of the causes for its overexploitation and increasimghtened existence [47].
About 20% of the harvested tubers per households are sold on local markets.

Traditional knowledge and usage of medicinal plants

The majority of the medicinal plants used by the local people bdiorihe Fabaceae,
Apocynaceae and Euphorbiaceae. In contrast to yams, none of the intdriiewseholds
was selling medicinal plants. Local people complained that sppwes are nowadays hard
to find, which was confirmed by our own field observation. Hamilton [48] stated Ithizlty
4,160 to 10,000 medicinal plants are endangered by habitat losses or @recplin areas
where rural families traditionally collected them. The prestaty shows that the most
popular plants with high use values, such Adee divaricata Erythroxylum retusum
Cedrelopsis greveiNeobeguea mahafaliensiSalvadora angustifoliaand Croton geayiare
native species collected from forest habitats. This shows thatilthénabitat are important
for local communities in terms of basic needs. Beltran-Rodriguak 9] also pointed to
the importance of wild habitats for peoples’ livelihood in a rural camty of Mexico and
found a greater diversity of plant uses in wild habitats than in managed environments.

Some plants are less frequently used, which does not decreasmpuogtance since most of
them are needed for very specific therapeutic purposes. Thesimgyaaarcity of such plants
may also enhance the loss of traditional knowledge about the medisea®a[50,51]. On the
other hand there are cultivated species suchaasarindus indicaand Sclerocarya birrea
subsp.caffra, Citrullus lanatusand Ziziphus spina-christiwhich are nowadays used more
intensively for medicinal purposes.

Different parts of the same plant are used for different purpmsbky different population
groups. Sometimes, a specific plant part is used for children and apatteof the same
plant for adults to treat a disease such as in the cadeeftlivaricate The use of plant roots
as traditional remedies is often problematic as it prevents plant regem¢s2i. Muthu et al.
[53] reported that the choice of plant species most used by pegqaadia largely on the
type of diseases treated. In our study, digestive disorders, pos&rdatare, body injuries
and wounds were the most frequently mentioned diseases. This paratahe to similar
studies conducted in Africa [54,55] China [56] and in Colombia [57], whegestive
disorders were most frequently treated by medicinal plants. Geohpa other developing
countries, where sexually transmitted infections are most conyntogsted with herbal
medicines [58] this category was rarely cited in our study. EXoepenereal diseases which
are treated using a combination of different species [59,60] tjugitpaf plant species used
had a single therapeutic use.

Some of the recorded medicinal plants in Madagascar weredwlngaarmaceutically
analysed and the active ingredients confirm traditional thera@peisis. For example
Koehneria madagascariensigas a large and strong antimicrobial activity [@dg&rnandia
voyronii [62] is known for its antimalarial active substanddepbeguea mahafaliensed



Cedrelopisis greveifor effectiveness against cardiovascular diseases [63]. AlthougidW
Health Organization (WHO) reported that 60-70% of Madagascabitana have ready
access to primary health care [64], accessibility of effecthodern medicines is still a
challenge for the local population in the Mahafaly region and thalserase of native plants
for alternative treatment.

Effects of socio-economic conditions on the usewilds yams and medicinal
plants

Our study revealed that the collected quantities and qualitiekmtsprary greatly between
households. Very poor and poor farmers consume and sale more yams arfdghave
knowledge on traditional usages of medicinal plants than well-offrioh” individuals.
Households with lacking off-farm income collect and consume more fnédgusild yams
than households with a regular off-farm income. In addition, the régmnesssults revealed,
that households with more cropland and higher crop harvest colleébiessproducts. This
was also confirmed by Reddy and Chakravarty [65] in India. Vagablowing the
collection and consumption of wild yams (P < 0.01) were important dis@ators for
household groups in contrast to the variables on the use of medicinal plants (P < 0.05).

The use of forest products was significantly higher in villaggar forests, where wild yams
and medicinal plants are relatively readily available. This omsfifindings of Banana and
Turiho-Habwe [66] in Uganda and Kerapeletswe and Lovett [67] in Botswelnere the
dependency on the forests for food supply decreased rapidly with aasmg distance of
the respondent’s home from the forests. Furthermore, poor markes acagsncrease the
importance of forest products to sustain people’s livelihood [68].

The number of livestock owned by the household, education level, agriciilauxedst and

family size affected the collection of wild yams and the usdgeedicinal plants. Livestock
and off farm activities determine the wealth condition of the houdehothis region and

were negatively correlated with the use of wild yams and ecmeadi plants. However, we
cannot generalize these findings as with time and location thdiolirexf the relationship

may change [69]. Socio-cultural factors are of higher impoetdoc the use of medicinal
plants than for the collection of wild yams. In contrast to other rigwli[49] female

respondents use more plant species than male. The use of mquantslis the basic health
care for the majority of the households and the knowledge about theirassmaybe shared
over generations, which might explain, that there is no significfloence of informant age
on the collection intensity of medicinal plants. In the study ofti€ir[70] on the use of
Budongo’s forest products, the use of wild food suclb@scorea spincreased with age,
whereas young village people focused on the use of fruits and wild lpacaese of their
higher income potential. This might also be true for our study regiere younger farmers
predominate in collecting wild yams for sale.

Overall, this study indicates that a household’s wealth statestathe traditional knowledge
and use intensity of forest products, which confirms previous studies [49,7Th&World
Resources Institute [4] reported that families facing povertknsss, drought, wars and
economic crisis depend to a higher degree on the collection of wodnaes. Although, our
study focused only on medicinal plants and wild yams as foredugis, the rate of change
in social and economic attributes of rural households is likely propeitito the rate of
change in resource use [73]. Therefore, whatsoever the products extracted, dsusebio-
economic dynamics ultimately drive the ability to use village foresturess.



Conclusions

Our results revealed that wild yams play an important role ial lteod security in the
Mahafaly region, especially for poor farmers. On the other hamdliamal plants are a
primary source of health care for the majority of local peapl&W Madagascar and the
results of this study can help to identify the most useful p[aeties and their importance for
the local people. In such resource dependent rural areas of devetopimgies, common
property resource management plans may allow to combine povertytioaduand
biodiversity conservation. In our study region the forest patches aradied
Tsimanampetsotsa National Park are managed by local commu@itieszsults indicate the
influence of socio-economic household characteristics on the use sff pooglucts and its
intensity, which should be considered in future management plansdalr dnd regional
forest conservation.
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