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ABSTRACT

Agnalavelo forest provides necessary natural resources to people
who live in its surroundings (Communities of Mahaboboka, Ambo-
ronabo and Mikoboka in southwestern Madagascar). The aim of
this study is to document goods and ecosystem services provided
by Agnalavelo forest to local people and to use it as a tool for the
identification of priorities for forest conservation. Oral interviews
were undertaken from 2010-2013 with local communities living in
the vicinity of Agnalavelo forest. This study also investigated forest
resource use, conducted inventories of tree species, estimated
wood biovolume, as well as the economic benefits associated
with conservation due to carbon storage. Finally, we recorded fel-
led trees caused by honey collection inside the forest and de-
termine the cause for their slaughter. An investigation with the
ownership of rice fields irrigated by rivers taking sources from
Agnalavelo forest was also conducted. Based on field surveys and
analysis, communities living around Agnalavelo forest draw sub-
stantial benefits for their daily life from the forest. Goods and eco-
system services are classified in the three categories
(provisioning, cultural and regulating services) according to the
Millennium Ecosystem Assessment (MEA). Cultural services are
highly valuable to local people as the forest is a dwelling place for
their ancestor’s spirits. Agnalavelo forest provides Non Wood Fo-
rest Products (NWFPs) such as foods, tools, magic and medicinal
plants and fresh water for local people. It is able to store 152 tons
of carbon per hectare which is very important for climate regula-
tion in this dry southwestern part of Madagascar. Endemic tree
species hosting bee hives are often felled during harvesting per-
iod. Agnalavelo forest conservation is very important not only with
regards to its biodiversity but also for goods and services that it
provides to local population.
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RESUME

La forét d'Agnalavelo, sur les communes de Mahaboboka, Ambo-
ronabo et Mikoboka, au sud-ouest de Madagascar, fournit les res-
sources naturelles nécessaires pour la population riveraine.
L'objectif de cette étude a été de documenter les biens et les ser-
vices éco-systémiques fournis par la forét d’Agnalavelo pour les
populations locales, afin d'identifier les priorités pour la conserva-
tion de cette forét. Des enquétes aupres des communautés vivant
a proximité de la forét Agnalavelo ont été menées, entre 2010 et
2013, sur I'utilisation des ressources forestieres. Des inventaires
écologiques des especes d'arbres forestiers utilisés ont été réali-
sés pour déterminer le biovolume ainsi que les bénéfices écono-
migques associés a la conservation de la forét d’Agnalavelo par le
stockage de carbone. Un inventaire des arbres abattus le long
d'une piste forestiere et les causes de leurs abattages ont com-
plété I'étude, ainsi que des enquétes aupres des propriétaires des
rizieres irriguées par les rivieres qui prennent leurs sources dans
la forét d'Agnalavelo qui ont révélé que les communautés rive-
raines en tirent profit dans leur quotidien. La forét d’Agnalavelo
offre trois catégories de biens et services écosystémiques, a sa-
VOir les services d'approvisionnement, les services culturels et les
services de régulation. Les services culturels sont les plus impor-
tants pour la population locale. La forét d'Agnalavelo fournit les
produits forestiers non ligneux tels que de la nourriture, des outils,
des plantes considérées comme magiques, des plantes médici-
nales et de l'eau douce pour la population locale. La forét
d'Agnalavelo peut stocker 152 tonnes de carbone par hectare, va-
leur importante pour la régulation du climat dans cette région
seche de Madagascar. Des arbres appartenant a des especes en-
démiques de Madagascar et abritant des ruches sont souvent
abattus lors de la récolte du miel. La conservation de la forét
d'Agnalavelo est importante aussi bien pour la biodiversité qu'elle
héberge que pour les biens et services des écosystemes qu'elle
fournit a la population locale.
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BACKGROUND

Forests make significant direct and indirect contributions to hu-
man welfare (Wu et al. 2010). Globally, nearly 1.6 billion people rely
on forest goods and services (Vedeld et al. 2007). The concept of
ecosystem services, defined as benefits people draw from eco-
systems (Westman 1977, World Resources Institute 2003), was de-
veloped to better understand the interdependence between
ecosystems and societies.

In Madagascar, one of the mega-diverse countries in the
world (Mittermeier et al. 2005), about 80% of the population lives
in rural areas (UNESCO 2012). Malagasy people are heavily de-
pendent on natural resources for food, shelter, health care, clo-
thing and tools (Sarrasin and Ramahatra 2006). There have been
several recent attempts to estimate carbon stocks in Malagasy fo-
rests and their value, e.g., the Makira project in the North (Chap-
pelle 2013), in Zahamena Mantadia (Wendland et al. 2010), in
Menabe (Sommerville et al. 2010) and in Tsitongambarika (Olsen
etal. 2011).

Before Agnalavelo was established as a New Protected Area
(NPA), it was considered a sacred forest. For many years, this fo-
rest has been governed by local rules. Before Missouri Botanical
Garden (MBG) began their conservation project of this sacred fo-
rest, the Tompontany (traditional owners of the forest) provided
consent to protect the forest within other organizations, like WWF
(1998-2002) and SAGE (2003-2006). The creation of the NPA Alan-
draza Agnalavelo, which received its final decree of legal protec-
tion in April 2015, can be considered an administrative process to
strengthen the traditional protection of the Tompontany.

From the beginning of the NPA's creation, in 2007, the Tom-
pontany have already agreed to protect Agnalavelo forest. Mi-
nutes containing their agreements are included in documents for
the NPA's creation (Andriamihajarivo et al. 2008). The desires of
Tompontany to enhance the cultural values of their forest, such as
zebu sacrifice in the forest, were included within the document
and were considered during the conservation process.

This study is part of an ongoing process, led by the Missouri
Botanical Garden (MBG), aiming to establish a new protected area
in Agnalavelo forest. While working with communities, MBG noti-
ced that Agnalavelo is important to local livelihoods. Agnalavelo
not only offers forest products and environmental services to the
local communities, but it also supplies socio-cultural benefits to
them. Goods and ecosystem services used and collected by the
local population are highlighted in this study. They include: Non-
Wood Forest Products (NWFPs) defined as “goods of biological ori-
gin other than wood, derived from forests, other wooded land and
trees outside forest” (FAO 1999), wood products and other cultural
benefits from the forest. The results of this study will be used as a
tool to support decision making for Agnalavelo forest manage-
ment.

Agnalavelo is a sacred forest to local people because they
believe it to be a dwelling place for their ancestor's spirits (Hor-
ning 2004). Due to this fact, the local population has strict traditio-
nal rules to maintain the sacredness of the forest. However,
Agnalavelo is still threatened by fires, illegal logging for house
construction and hunting. Forests that are considered sacred may
be better protected and less disturbed (Jones et al. 2008, An-
driamarovololona and Jones 2012, Uyeda et al. 2014). The reinfor-
cement of traditional authorities’ power and integration of local
rules in forest management would be among strategies to be
considered within the Agnalavelo conservation plan.
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The aim of this study was to determine goods and ecosystem
services provided by the Agnalavelo forest to local people and to
use it as a tool to identify priorities on forest conservation pro-
gram. More precisely, we aimed to identify what benefits will be
lost if Agnalavelo forest disappear.

METHODS

STUDY SITE. Agnalavelo forest is located in southwestern

Madagascar, in the district of Sakaraha; it is surrounded by
the communes of Mahaboboka, Mikoboka and Amboronabo, bet-
ween E044° 06" and E044° 13', S22° 36'and $22° 44" and in the
midst of an arid region (Figure 1). Due to its remoteness, entering
the forest by crossing to Fiherenana River and hiking through
mountains is very difficult. Thus, Agnalavelo forest can be consi-
dered a remote area distant from paved roads. It covers 4,044 ha
(Andriamihajarivo 2014), on a volcanic basalt substrate, with a
maximum elevation of 1350 m asl (Sourdat 1976). The climate in
Agnalavelo forest is characterized by a sub-humid microclimate
(Moat and Smith 2007), with an average rainfall of 1000 mm and a
mean annual temperature of 20°C (Ferry and L'HOte 1998). Agnala-
velo forest is characterized by four types of vegetation, namely
the humid forest, the sub-humid forest, the dry forest and the xe-
rophytic bush formation (Randrianarivony 2015). They are hosts to
many endemic species, such as lemurs (Propithecus verreauxi A.
Grandidier, Microcebus murinus ). F. Miller and Cheirogaleus me-
dius E. Geoffroy), other mammals (Microgale nasoloi Jenkins &
Goodman, Pteropus rufus Tiedemann and Cryptoprocta ferox
Bennett) (Soarimalala 2007, Andriamihajarivo et al. 2008), reptiles
and birds (Neomixis viridis Sharpe, Foudia omissa Rothschild) (Ra-
herilalao 2006). So far, 403 species of vascular plants grouped in
100 families and 249 genera were collected from the forest (An-
driamihajarivo et al. 2008), 73% of them are endemic to Mada-
gascar. Three endemic plants families (Asteroperiaceae,
Sphaerosepalaceae, Sarcolaenaceae) were inventoried (Andriami-
hajarivo et al. 2008). Two new plant species from Agnalavelo forest
(Spondias tefyi ).D. Mitch., D.C. Daly and Randrian, Aloe analavelo-
nensis Letsara, Rakotoarisoa and Almeda) were recently published
(Mitchell et al. 2012, Letsara et al. 2012).

Nine ethnic groups (Bara, Antanosy, Antandroy, Masikoro, Ve-
70, Sakalava, Mahafaly, Betsileo and Antaisaka) live in the surroun-
ding of Agnalavelo forest (Horning 2004). Bara is the respectful
and the dominant ethnic group also called Tompontany, they are
primarily cattle herders and farmers. The educational level is quite
low in all villages surrounding the forest. Only people who live in
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Figure 1. Localization of Agnalavelo forest.
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larger villages, namely Ambinanintelo and Soatanimbary (Mahabo-
koka), Besavoa (Amboronabo) and Fanjakana and Soatana (Miko-
boka) have completed primary school. Even in these larger
villages, only three teachers are responsible for all children at the
primary school level. Educational infrastructure is grossly inade-
quate. In some villages like Soatanimbary and Besavoa; villagers'
houses are used as classrooms. In Andranoheza, the classroom
has been destroyed and Ambinanintelo do not have any class-
room. Markets for food and goods exist only in the three rural
communes (Mahaboboka, Amboronabo and Mikoboka). Churches
are only found in Besavoa and in Fanjakana. All houses in each vil-
lage are adobe with roof of straw.

DATA COLLECTION

INTERVIEWS. Semi-structured oral interviews (Alexiades 1996)

were performed from December 2010 to August 2011 in or-
der to document all useful plants collected from Agnalavelo fo-
rest. Before conducting interviews, we obtained informed consent
from administrative and traditional authorities as well as from
each participant. Communities living in 34 villages from seven fo-
kontany (lowest administrative subdivision in Madagascar) were
selected for the survey. We randomly selected at least 50 indivi-
duals in each rural community including male and female partici-
pants who were between 15 and 81 years old. Spiritual healers,
traditional healers, traditional midwives, carpenters and house
builders were especially targeted as informants and a total of 259
informants were interviewed.

In addition, structured interviews (Grosshans and Chelimsky
1991) were performed in all villages in Andranoheza valley from
June to September 2013. Heads of households, owner of rice
fields irrigated by rivers sourced from Agnalavelo, were chosen as
informants. Structured interviews were also conducted with com-
munity members who were known to harvest honey and those
who used water from the forest for their daily needs. From these
interviews, we were able to estimate the area of rice fields irriga-
ted by water from Agnalavelo and to quantify the amount of ho-
ney potentially produced from hives in the forest (Appendix 1).

FOREST INVENTORIES. Tree species were recorded in order to

estimate the population of trees within the forest and get
some other information, such as the volume of trees and useful
trees and the species composition of the forest (Scott and Gove
2002). Forest inventories, carried out from August 2011 to March
2013, were used also to assess the biomass of trees in the forest
and to evaluate the carbon fluxes between aboveground forest
ecosystems and the atmosphere (Houghton 2003, Grace 2004). In-
ventories were conducted in 11 plots of 0.1 hectares (50m x 20m).
The location of plots depended on the presence of species used
and considered useful, such as wood for coffin, medicinal or ma-
gical plants, in Agnalavelo forest. Collection of data in each plot
was done according to Braun-Blanquet methods (Poore 1955). Wi-
thin each plot, we recorded the diameter at breast height (dbh) at
1.3m, and height at first branched for trees. These parameters
were recorded with trees having diameters greater than or equal
to 10 c¢cm, which is the usual minimum diameter considered in
most inventories of woody forests. Specimens of unknown spe-
cies were collected for identification. Dendrometric parameters
such as density (Pascal 2003), basal area (Dawkins 1952, Gounot
1969), biovolume, aboveground tree biomass (Brown 1997), car-
bon stocks with aboveground biomass and the equivalent in se-
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questrated CO2 by Agnalavelo forest (Aalde et al. 2006, Mugnier
et al. 2009) were estimated (Table S1).

LOGGING INVENTORY. This survey included identification of

logged trees in the forest and determination of the reason for
their logging. Three main trails in the eastern and western part of
the forest were inspected. Furthermore, newly established trails in
the forest were visited when local guides suspected them as po-
tential indicators of new sites for logging. Reasons for logging
were determined by inspecting the area around a cut tree. The
opinions of local guides were taken into consideration during the
assessment. The charred remains of wood, pieces of honeycombs
and the presence of holes in the trunk were valuable clues that
related to honey harvesting. Scattered bark was a good indicators
for logging. The tree diameter was a crucial parameter considered
in the case of tree logging for coffins. Local names of logged trees
were given by local guides and their scientific names were de-
termined by collecting left dried branches and leaves as vouchers.

MONETARY VALUATION OF GOODS AND ECOSYSTEM SER-

VICES. We assessed the relative worth of goods and

ecosystem services from this forest (Farber et al. 2002). It has
been argued that valuation of goods and ecosystem services is
useless and does not correctly reflect the real significance of bio-
diversity (Heal 2000). However the Aichi targets for the new strate-
gic plan for 2020, request that “values for biodiversity be
integrated into national development strategies and national ac-
counts” (Conservation on Biological Diversity 2011). Therefore as-
sessment of the value of goods and ecosystem services of
Agnalavelo forest could be integrated into the accounting system
at a national level. Several methods have been developed by eco-
nomists to evaluate goods and ecosystem services (Vuleti¢ 2009,
Groot et al. 2012), based on True Economic Value (TEV) in which
goods and ecosystem services are divided into two categories:
Use Value and Non-use Value (Aylward et al. 2003). For this study,
we used market price (Aylward et al. 2003) of useful goods and
ecosystem services provided by Agnalavelo forest. Real market
prices were used to assign monetary value to goods and eco-
system services used by local people, such as: non-wood forest
products (honey), crop (rice), carbon storage and water for irriga-
tion and daily needs. Market value of carbon is however highly va-
riable but we based our calculation on market values of carbon of
Makira forest, in northeastern Madagascar, which is at $10 per ton
of carbon (Chappelle 2013).

RESULTS

PROVISIONING SERVICES. This category includes useful wood

products, especially wood for coffins and other useful non-
wood forest products. The non-wood forest products collected
form Agnalavelo forest were food, raw botanical material for me-
dicines, plant fibers, utensils, animal products such as honey, and
meat from wild animals like tenrecs and lemurs. During the ethno-
botanical survey, 350 useful species were cited by 259 informants.
Among them, 65 species cited by 117 informants, were collected
only from Agnalavelo forest. The other useful species were collec-
ted in dry forests and grasslands near the villages.

WOOD FOREST PRODUCTS. Three endemic species are har-
vested for coffins: Dalbergia purpurascens Baill. (Fabaceae),
locally known as Magnary (Figure S1), Syzygium Sakalavarum
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(H. Perrier) Labat & G.E. Schatz called Rotsy and Albizia tulearensis
R. Vig. called Mendoravy. Results from the forest inventory high-
lighted that mean height of Dalbergia purpurascens is 14m with a
standard error (SE) of 0.47 and could reach 20m and its average
dbh is 35cm (+3.35 SE) and sometimes could reach 1m, with a
mean density of about 38 individuals/ha (+ 27.32 SE) and a mean
aboveground biomass of 37 tons/ha (+ 0.19 SE). In 2016, the cost
of a coffin is about $180 (~MGA540,000 at the time of this re-
search) on average, equivalent to 8 months of wages for people li-
ving in the surroundings of the forest. By having access to
resource from Agnalavelo forest, local people can save this
amount at funeral time. From 2013 to 2015, we have recorded 12
deaths for which coffins were made from wood taken from
Agnalavelo forest. Whether Agnalavelo forest is a protected area,
collecting Magnary as wood for coffin in this forest is part of local
people’s right. Eighteen tree species cited by 38 informants were
illegally collected from Agnalavelo forest for house construction.
From inventory of logged trees, we found 55 stumps of Zanthoxy-
lum tsihanimposa H. Perrier (Rutaceae), Erythroxylum firmum
Baker (Erythroxylaceae), and Capurodendron gracilifolium Aubrév.
(Sapotaceae) and Viguieranthus ambongensis (R. Vig.) Villiers (Fa-
baceae) logged and used in house buildings (Figure S2).

NON-WOOD FOREST PRODUCTS. Food: Tubers of two wild

species of Dioscorea, i.e. D. s0so Jum. & H. Perrier, and D. ovi-
nala Baker (Dioscoreaceae) are harvested in the forest when men
keep their cow there. These species are also highly sought during
hunger period. Fruits of Sygyzium sakalavarum (Myrtaceae), Adan-
sonia za Baill. (Malvaceae) and Spondias tefyi (Anacardiaceae)
were collected as edible.

Raw material for medicines: Thirty-one species were cited by
69 informants as medicinal plants, among which, 12 species cited
by, at least 4 informants: Vepris unifoliolata (Baill.) Labat, M. Pignal
& 0. Pascal, Emilia humifusa DC., Suregada eucleoides Radcl.-Sm.,
Celtis gomphophylla Baker, Toddalia asiatica (L.) Lam., Ocotea tri-
chantha Baker, Gouania pannigera Tul., Strychnos henningsii Gilg,
Rinorea greveana Baill., Ensete perrieri (Claverie) Cheesman and
Piper cf. borbonense (Miq.) DC. (Figure S2). Toddalia asiatica (Ruta-
ceae), Strychnos henningsii (Loganiaceae) were cited by more
than 15 informants for the treatment of digestive system disor-
ders, by grinding the stems into powder to be used as infusion for
the stomach-ache and belly-ache.

Utensils: Nine species cited by 16 informants were used for
tool handles: Wielandia bojeriana (Baill.) Petra Hoffm. & McPher-
son (Euphorbiaceae). A hard slender wood locally known as Tsifo-
laboay was frequently cited for this purpose.

Fiber: Bark of Bauhinia decandra Du Puy & R. Rabev. (Faba-
ceae) and Spondias tefyi (Anacardiaceae) were used to produce
rope during visits to the forest. Two individuals of B. decandra
were found debarked during the inventory.

Products from animals: Tenrec ecaudatus Schreber, locally
known as Sora, wild birds Voro and lemurs (Propithecus verreauxi,
Lemur catta, Eulemur rufifrons) locally known as Sifaky, are illegal-
ly hunted in the forest (Figure S3). They are believed to be fatty
and delicious meat for villagers during hunger periods. Moreover,
people may hunt these animals because killing a zebu is too ex-
pensive and zebus are highly valued by local people. Six house-
holds from Mikoboka village practice illegal lemur hunting in
Agnalavelo forest twice a month, from September to January each
year. A group of four men normally hunt four to eight lemurs for
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local consumption during each hunting session.

Honey production: honey, locally known as Antely is collected
in Agnalavelo forest from March to July for consumption and also
for local sale. Bees are found in holes of felled or living trees (Fi-
gure S4). Big trees with a dbh averaging 50cm, such as Ocotea tri-
chantha and Euphorbia mandravioky often contained honey-
combs. We inventoried 25 individuals of endemic species such as
Rinorea greveana, Ocotea trichantha, Capurodendron gracilifo-
lium, Vitex lanigera and Euphorbia mandravioky felled down du-
ring honey harvesting. The quantity of honey collected in the
forest was approximately 20 liters/household/month during the
harvesting period. Selling of wild honey (~ $1, MGA3000/liter), was
a part-time activity of 4% of households (n = 12). Five households
collected honey in the forest twice a year and the remaining once
a year. When local consumption is taken into account, honey pro-
duction of the Agnalavelo forest is estimated at 350 liters/year
and brought $350/year (~MGA1,050,000) to local people.

Fresh water supply: five rivers (Manadabo, Manasay, Betaola,
Andranoheza and Sakalomory) take their source from Agnalavelo
forest. Domestic water and water used for irrigation of crop fields
at Andranoheza valley are supplied by these rivers. Because water
sourced from Agnalavelo is drinkable, fresh water for domestic
use is obtained straight from river. This is particularly important as
it contributes to water procurement to villages during the dry sea-
son. A total of 288 households, with an average of eight persons
per household, consumed 60 liters per household per day. About
1200 ha of rice fields in Andranoheza valley were irrigated with ri-
ver water from Agnalavelo forest. Those rice fields produce about
2000 tons of rice per year as some villagers harvest twice a year
(production of 1.5 ton per hectare of rice). Water process in Mada-
gascar vary from at $0.2/m3 (in Antananarivo, from the national
company that manages water and electricity to households Jiro sy
RANO MAlagasy or JIRAMA) to 6.25 $/m3 for people in dry regions
who pay water fetched by day laborers. In our site study, the in-
come from irrigated field was estimated as three times the in-
come from a non-irrigated one. This adds value to services using
water from Agnalavelo forest.

CULTURAL SERVICES. Local people strongly believe that

Agnalavelo forest was a hiding place for their parents during
the colonization period, to escape from mandatory labor. They be-
lieve that their ancestor’s spirits stay in the forest. After indepen-
dence, village elders, especially the head of village (Lonaky) and
spiritual healers (Ombiasy), acknowledge services rendered by the
forest by saving their ancestors from persecution and declared it
a place of worship. Ancestor’s spirit living in the Agnalavelo forest
became advisors to spiritual healers for the uses of plants. There-
fore, local people believe that part of their blessings and their suc-
cess for agricultural activities comes from the forest.

A large part of informants, 90% of 259 informants interviewed
during surveys, confirmed that they were aware of Agnalavelo fo-
rest sacredness. These informants considered Agnalavelo as a
place where they can communicate with their ancestor. They des-
cribe it as a living forest that gives life and foods, brings success
and is also a source of healing and protection. Thirty-four
informants (26 male and 8 female) reported taboos in Agnalavelo
forest, which included taking pork meat, gold and silver jewelry
and kitchen utensils to the forest, not respecting the cleanliness
of the forest and having sexual intercourse in the forest. Thirty-
one informants (27 male and 4 female) underlined the need of
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worship and veneration of the ancestor prior to any activities in
the forest. People who worked in the forest must bring a zebu, red
rum, perfumed scent, perfumed oil, tobacco, money or a black
cock as gifts or sacrifices to the ancestor’s spirits, depending on
their activities. The Lonaky have specified that collection of wood
for coffins must be preceded by a zebu sacrifice, otherwise an-
cestor’s spirits would be displeased and could kill another villager.
Similarly, the Lonaky stated that if there was no sacrifice of zebu in
Agnalavelo forest the rain would be scarce during the year.

Thirty-seven plant species cited by 67 informants were col-
lected from Agnalavelo forest for cultural purposes. Those plants
were believed to possess magical properties and are referred as
"magical plants” in this study. The use of those magical plants hel-
ped local people to beg their ancestor for blessings (fitahy), for di-
senchantments (fanalaha voriky), success in their agricultural
activities (fieboa), to get more power within the community (fan-
drorota), protection against bad spells, bandit attacks, bad wea-
ther and misfortune (fiaro), to charm girls, women or men (aoly
lahy, aoly ampela) and to bring fertility to women who could not
have children (fananan'anaky). More than six informants reported
that the following plant species were used for cultural purposes:
Suregada eucleoides, Tannodia cordifolia Baill., Ocotea trichantha,
Dracaena xiphophylla Baker, Albizia tulearensis, Vepris boiviniana
(Baill.) Mziray, Vepris unifoliolata, Artabotrys madagascariensis
Mig. and Drynaria willdenowii (Bory) T. Moore (Table S2). A talis-
man containing stem powder of Suregada eucleoides was belie-
ved to give power and to bring success to its users. Ocotea
trichantha was used to confer fertility to women who could not
have children. Dracaena xiphophylla was used to improve the
user's seductive ability and raise the chance to attract future
spouse.

The bark of Ficus tiliifolia Baker (Moraceae) was made into
clothing in the past. The branches and leaves of Wielandia elegans
(Phyllanthaceae) were used for soap.

EDUCATIONAL VALUE. Agnalavelo forest is well-preserved;

and national and foreign researchers are still investigating its
flora and fauna. Students from local primary and secondary sc-
hools in Mahaboboka have participated in environmental educa-
tion within the conservation project of Agnalavelo forest. Students
were trained about biodiversity found in dry and sub-humid forest
and their conservation.

REGULATING SERVICES. According to the results of forest

inventories, the number of trees in each plot varied from 65
to 127 with an average of 104 trees (+ 6.69 SE). Tree density in
Agnalavelo forest was on average 1038 individuals/ha (+ 6.69 SE),
with an average height of 12m (+ 0.09 SE) and an average dbh of
20cm (+ 0.44 SE). The basal area of Agnalavelo forest was estima-
ted at 47 m2/ha (+ 0.003 SE). The assessment of aboveground bio-
mass vielded 321 tons (+ 0.03 SE) per hectare, with 152 tons of
carbon per hectare stored by living material, which is equivalent
to 559 tons of CO, sequestrated per hectare. This study showed
about $6 million benefits associated with conservation due to car-
bon storage values. The function of the natural forest ecosystem
to regulate water flow and rain frequency could decrease the im-
pacts of climate change in the surroundings of Agnalavelo forest
and at national level. Finally, during our study, we observed that
flowers, especially Argomuellera Pax (Euphorbiaceae), are used by
bees as a source of nutrients.
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DISCUSSION

This study highlights that goods and ecosystem services from
Agnalavelo forest provide an important contribution to local
people’s wellbeing, such as provisioning, cultural and regulating
services. Before the establishment of protected areas, forests
were considered as fertile land for slash and burn activities locally
called Hatsaka (Milleville et al. 2001, Blanc-Pamard 2002, Aubry
and Ramaromisy 2003). They also provide timber, firewood and
charcoal (Dirac Ramohavelo 2009, Grafl et al. 2009). As Agnalavelo
is a sacred forest, the local rules forbid slash and burn activities,
collection of timber for construction and exploitation of timber for
fuel and charcoal inside the forest. However, they can perform
some activities like collection of medicinal and magical plants and
plants for tool handles when visiting the forest for other reasons.
The quantity of medicinal and magical plants and food collected in
the forest is low and seems to not negatively impact species sur-
vival or lead to ecosystem degradation (Randrianarivony 2015).

Agnalavelo forest is classified as a category IIl (Natural Monu-
ment) protected area by IUCN. It is a place where people are tradi-
tionally permitted some forest access for collecting wood for
coffin, honey, medicinal and magical plants in the forest. Local
rules called Dina and management plans have been established
and are generally effective. Unlike in other parts of Madagascar
(Menabe Central Region, Manompana corridor) (Dirac Ramohavelo
2009, Urech et al. 2012), trade of goods and services (charcoal,
food and honey) is not an important source of income for local
population around Agnalavelo forest. Trade of honey harvested
from the forest represents a very low income. Nevertheless, ho-
ney collection can become problematic as many trees were felled
for this purpose. Banning honey collection for sale was recently
included in the management plan of Agnalavelo forest (Andriami-
hajarivo 2014). Moreover, local people are not allowed to cut trees
during honey collection, so introduction of tools such as harness
and ropes to honey collectors is needed, then a beekeeping pro-
ject needed to be established for the local population (Randriana-
rivony 2015).

Timber harvesting for coffins is the most important service
that local people benefit from Agnalavelo forest. No trade of wood
was observed from surroundings of Agnalavelo compared to
trade of precious wood such as rosewood and ebony from the
SAVA region in northeastern Madagascar (Randriamalala and Liu
2010).

Lemurs were hunted and eaten by 2% of households sur-
rounding the Agnalavelo forest. This rate is relatively low compa-
red to data reported from other regions in Madagascar, with 17%
of households in Betampona and to 49% in Makira (Golden et al.
2014). However, in 1972, Griveaud and Peyrieras observed more
than five groups of four Propithecus verreauxi a day in Agnalavelo
forest, but 40 years later, we only recorded one group of two Pro-
pithecus verreauxi a day. This suggests that hunting activities may
have reduced the number of lemurs in the forest.

A huge quantity of rice is produced from fields in Andranohe-
za valley;, however, we noticed that local people still have difficulty
finding food during dry season. This fact is due to the custom of
Bara people to give high importance to zebu. During rice har-
vesting period, people sell 2/3 of their production to buy cattle or
exchange rice for cattle.

Taboos, cultural and ritual values of forests or species are
common to many forest patches throughout Madagascar. As the
case of forest in the Central Menabe and forest patches in the
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Androy Region (Tengd et al. 2004, Dirac Ramohavelo 2009),
Agnalavelo forest is a place where Tompontany believe they re-
ceive instructions from their ancestors and where most plant spe-
cies for talismans and for magical remedies are collected. Since
Bara in that region believe that Agnalavelo is a dwelling place of
their ancestor’s spirits (Horning 2004), cultural services from the
forest play important roles in customs and ritual ceremonies.

Contrary to other studies undertaken worldwide and in Ma-
dagascar (Jones et al. 2008, Dudley et al. 2009, Uyeda et al. 2014),
there are neither plant nor animal species or sacred groves in
Agnalavelo forest that are taboos for hunting or for collection. The
forest is entirely sacred, and the southeast part of the forest (An-
kokoky) is the most sacred site where zebu sacrifice must take
place. Horning (2004) reported on prohibited, permitted and pres-
cribed activities in the Agnalavelo forest and found that people
from Andranoheza valley and villagers from Amboronabo paid
more attention on obeying rules. Our data on forest structures
(unpublished) indicates that threats and pressures on the forest
begin to be visible in the southwest part of the massif, near Miko-
boka. Immigrants, who have settled in Mikoboka, do not believe
anymore in the sacredness of the forest, illegally collect wood for
construction and illegally hunt lemurs in the forest. Like in other
sacred sites (Dirac Ramohavelo 2009, Dudley et al. 2009, Bhagwat
and Rutte 2006), traditional values and sacredness of Agnalavelo
forest is being challenged by the arrival of immigrants and evan-
gelist Christians that are opposed to worshipping of ancestor as
idolatry, and by the arrival of westernized culture, which affects
the younger generation. Local youths are influenced by the use of
modern medicine and use of the technology in communication.

The role of sacredness and taboos in conservation is widely
accepted in Madagascar (Fauroux 1997, Lingard et al. 2003, Cinner
2007) and elsewhere (Tengo et al. 2004, Dudley et al. 2009). Thus,
integrating traditional authority in conservation strategy by en-
forcing traditional rules and the power of Lonaky should be consi-
dered in the management plan of Agnalavelo forest, and
everybody should strictly follow traditional rule prior to any activi-
ties in the forest.

Some studies were undertaken to estimate values for the
carbon storage functions of rainforests; for example in Makira, Za-
hamena-Mantadia, Tsitongambarika and Congo forests (Meyers
2001, Hockley and Razafindralambo 2006, Nasi et al. 2009, Olsen
et al. 2011). Estimated carbon that Agnalavelo forest (152 tons of
carbon per hectare) can stock is quite similar to that estimated by
Hockley and Razafindralambo (2006) for the Zahamena-Mantadia
Corridor (148 tons of carbon per hectare) but lower than carbon
stocks in Makira (286 tons/ha) found by Meyers (2001), in Tsiton-
gambarika Il (200 tons/ha) estimated by Olsen et al. (2011) and in
Congo forest (185 tons/ha) by Nasi et al. (2009). Because most
trees in Agnalavelo are tall, we expected that Agnalavelo had the
highest estimate of carbon stocks in this southwestern part of
Madagascar. Recreational value is lower than that reported in
Groot et al. (2012) because Agnalavelo forest is located in a re-
mote area. Value of hydraulic services and biodiversity from
Agnalavelo forest is important in this dry southwestern part of
Madagascar. Regarding the use of medicinal plants from the fo-
rest, botanical materials for medicine are mostly collected in dry
forest and in remnant forests near villages.

In the present study, the estimation of carbon stocks is a
gross value. It does not include CO, emission caused by fires to
increase grazing areas, and some agricultural activities already
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discussed (Cairns 2002). The valuation of services and goods does
not take the conservation effort by stakeholders into account, nor
the time spent during the collection of provisioning services in the
forest.

CONCLUSIONS

Apart from ecological and cultural services, Agnalavelo forest pro-
vides provisioning services (water, beehives and coffins) at local,
regional and national levels. Associated conservation benefits
(carbon storage, honey collection and water for irrigation of An-
dranoheza valley) demonstrate why the conservation of Agnalave-
lo forest is important.

Agnalavelo forest is the best candidate for carbon sequestra-
tion in southwestern Madagascar and villagers living in the vicinity
of the forest could benefit from a community-driven development
program, using the money from the sale of carbon credits. The da-
ta related to valorization of services could be helpful for decision-
making, and also as a tool for environmental education. The as-
sessment of services from Agnalavelo forest illustrates the
contribution of ecosystems to social and economic wellbeing.

According to local belief, some plants are considered as ma-
gic and having supernatural effects because they grow in a sacred
place. Local villages receive protection from their ancestor by
using those magic plants. The sacredness of Agnalavelo forest
must be emphasized to visitors of the forest and to immigrants.
We suggest education programs about goods and ecosystem ser-
vices from Agnalavelo forest to encourage people to adhere again
to traditional rules.

Most of services such as NWFP biodiversity and cultural ser-
vices are non-market services, even if some products (e.g., honey)
are intended for sale in the local market. Those non-market ser-
vices are highly valued by local communities and are part of their
cultural identity.
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Figure S1. A: Cut Magnary for coffin in Agnalavelo forest (photo by
Tabita N. Randrianarivony); B: coffin made by Magnary (photo by
Tefy H. Andriamihajarivo).

Figure S2. Wood illegally collected for house construction in
Agnalavelo forest (photo by Tabita N. Randrianarivony).

Figure S3. Dead body of a lemur in the forest. (photo by Tefy H.
Andriamihajarivo).

Figure S4. Tree as beehive with honey in the Agnalavelo forest.
(photo by Tabita N. Randrianarivony).



