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Abstract
The aim of this study was to investigate resource use by rural communities
surrounding a protected rain forest area in Madagascar, and understand the
effects of these activities, and identify drivers of this behaviour. The study
was undertaken in Manombo Forest, in south-eastern Madagascar. This last
remaining fragment of lowland rainforest is classified into two protected areas,
Manombo Special Reserve (which has two units, the Littoral Forest Reserve
and Humid Forest Reserve), and the Manombo Classified Forest. There were
a total of 19 main villages surrounding the Manombo forest.
To examine resource use (including illegal extraction) in a sample of 15
villages, structured questionnaires were applied to 290 households. Through
socio-economic questions it was found that farming was the dominant
livelihood with others being fishing, weaving and trading. Education and
income were low with income decreasing with distance from road. Number of
meals per day varied throughout the year and livestock such as chicken,
duck, pig and zebu were often owned. Resource consumption results
revealed firewood and timber were illegally taken from all units in Manombo
Forest. Extraction points within the forest differed according to village
influence area. Villagers selected a sub-set of species for use primarily driven
by preference but other factors, such as species availability, may have
affected species use. The study also found evidence that wood extraction
may have resulted in the forest structure observed, where larger trees were
largely absent. Typically households which were furthest from forest officials,
close to forest, were recorded as having fewer alternative resources of wood,
and lower income and education levels, exhibited greater levels of
dependency on protected area resources.
This study provides baseline data that will help facilitate management plans at
a local level and will further assist national and international conservation
efforts.
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1. Introduction
1.1. Problem statement
Madagascar is renowned for its high levels of biodiversity and unprecedented
endemism, with nearly 80% of its flora and fauna unique to the island
(Goodman and Benstead, 2003). Yet, Madagascar is also suffering from
prodigious rates of forest degradation, deforestation and natural resource
depletion. As a consequence, Madagascar’s biodiversity has been referred to
as the world’s highest conservation priority (Mittermeier et al. 1990). It is
estimated that 90% of the island’s primary vegetation has already been
cleared, with ‘unchecked’ levels of deforestation continuing in the remaining
forest fragments (Hannah et al. 1998, Myers et al. 2000). In an attempt to
curtail further biodiversity loss in the country, the Malagasy government
declared that by 2008 the land area currently protected by a network of 53
protected areas, covering 1.7 million hectares, would be tripled to include
approximately 10% of Madagascar’s total land area (Norris 2006). Yet, with
uncertainties surrounding how protected areas can balance conserving
biodiversity, and local human-wellbeing, it is pertinent to assess current
protected areas in this context to inform future management practices.
The deterioration of many protected areas is, more often than not, a direct
result of anthropogenic perturbations, fundamentally driven by high poverty
levels and a rapidly expanding rural population. Around 80% of Madagascar’s
16 million inhabitants live in rural areas and are dependent on natural
resource exploitation for subsistence needs (Ingram et al. 2005). Often, these
impoverished communities have high demands for firewood, construction
timbers, non-timber forest products and agricultural land. Many communities
have few alternatives, and are often forced to depend on the illegal (and often
unsustainable) extraction of natural resources from protected areas (Ormsby
and Kaplin, 2005). This is heightened in regions where there is little
infrastructure, low education levels, few alternative livelihoods and very often
insufficient park governance and management. As a result, efforts to promote
conservation through the designation of protected areas fail. Assessing the
causes of illegal resource consumption, and their implications, are therefore
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fundamental to enhance protected area management plans and, create more
pragmatic alternatives for rural livelihoods (Sanderson et al., 2002; Liu et al.,
2003).
This study was undertaken in the Manombo Forest, in south-eastern
Madagascar, classified into two protected areas, Manombo Special Reserve,
administered by the Association National pour la Gestion des Aires Protégées
(ANGAP) and Manombo Classified Forest, managed by Ministere des Eaux et
Forêts (MEF). The focus of this study was to describe resource use by local
peoples in Manombo Forest by measuring resource extraction and
consumption by the surrounding rural communities, understand the possible
effects of these activities and identify drivers of this behaviour. Results of this
study will provide baseline data that can be used to promote management
plans at a local scale, and also contribute to the National Biodiversity Strategy
and Action Plan for Madagascar. From an international perspective, results
from this study will contribute to Madagascar’s implementation of the
Convention on Biological Diversity by covering Articles 8 and 11, and
accomplish the 2010 Convention on Biological Diversity targets.

1.2. Objectives
The overarching goal of this study was to provide baseline data on resource
use and contribute information to promote future management plans for the
area. Four specific objectives were followed in this study:
1.) Determination of the socioeconomic conditions of local communities
living close to Manombo Forest.
2.) Assessment of natural resource use and dependency on a protected
forest by local communities living close to Manombo Forest.
3.) Quantification of human-induced forest disturbance in the protected
area of Manombo Forest.
4.) Quantification of the potential drivers of resource use in these rural
communities including factors such as; remoteness, closeness to
forest, access to alternative resources, species availability and species
preference.
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2. Background
2.1. People – Protected Area Conflict
2.1.1. The importance of protected areas in conservation
Protected areas (PA’s) were institutionalised by the World Conservation Union
(IUCN) in 1962, and defined as; ‘an area of land and/or sea especially
dedicated to the protection and maintenance of biological diversity, and of
natural and associated cultural resources, and managed through legal or
other effective measures’ (IUCN, 2003). Based on a North American style
model, these strategies have permeated into global resource management
and policies (Hedge and Enters, 2000). Protected areas are acknowledged
as, an in-situ, conservation tool within the Convention on Biological Diversity,
an international treaty aimed at reducing the current rate of biodiversity loss
(Article 8, Convention of Biological Diversity, 2002). There are six categories
recognised by the IUCN which range from employing strict no disturbance
rules to a more sustainable-utilitarian resource approach. Of these
categories, the IUCN World Commission on Protected Areas estimates that,
there are currently 100,000 protected areas worldwide (Hayes. 2006). Of
these 100,000 protected areas, most reside within the tropics, particularly
within forested areas, where more than 60% of known biodiversity is found
(Raven 1980). Yet the majority of tropical forests are situated in developing
countries, often with poor economy, limited institutional frameworks, rapidly
expanding rural populations, and limited governance. Protected areas have
often been called into question for their limited effectiveness in protecting
biodiversity, halting land-use change and often lack of ethical considerations
for local indigenous people (Hayes, 2006; Ferraro, 2002).
Many scholars have demonstrated the conservation success of many of these
protected areas (Milner-Gulland & Mace, 1998; Oates, 1999; Bruner et al.,
2001; Brown et al., in prep). Yet despite some declarations by
conservationists that protected areas are necessary and efficient at
conserving biodiversity, there is currently little empirical evidence to support
these claims, with much more research needed in this vitally important area
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(Hayes & Ostrom, 2005; Nagendra et al., 2004). In an attempt to verify the
success of the world’s protected area network, Bruner et al., (2001),
investigated the effectiveness of 93 protected areas, in 22 countries (covering
some 18 million hectares), throughout the tropics. Their results show that over
80% of the sampled protected areas were in better condition than the 10km
buffer zones surveyed outside the demarcation of the protected areas,
particularly with respect to land clearance and logging. Although the metaanalysis by Bruner et al has been criticised in regards to analytical subjectivity
(Vanclays, 2007). At a more local scale Brown et al. (unpublished), found that
there was significantly higher taxonomic plant diversity found within the
protected boundaries of Ranomafana National Park, Madagascar, than in the
surrounding peripheral zone. Ultimately, the success of a protected area is
dependent on people-protected area conflicts; these conflicts can weaken the
efficiency of protected areas through the separation of natural resources from
human considerations (Ormsby and Kaplin, 2005).

2.1.2. Protected areas and local people
The majority of protected areas are surrounded by a matrix of human-land
use types and dense human populations from subsistence communities. The
creation of protected areas, in order to safeguard biodiversity and natural
places, more often than not, leads to the displacement and thus the demise of
local indigenous people (Ferraro, 2002). It must be recognised that these
communities were, before the designation of such parks, accustomed to
unrestricted harvesting of forest products in areas that later were designated
as protected. The establishment of parks and imposition of rules and
restrictions of natural resource utilisation, continue to result in serious conflicts
between park authorities and local indigenous people, who are for the most
part, from marginalised and economically poor rural communities (Ferraro,
2002). The importance value of the environment to indigenous people is often
immeasurable, with these communities often having a long associated
ancestral history with the land and who are dependent on the environment for
their daily needs, health, economic growth, cultural, religion and as a fail-safe
in times of agricultural and economic hardship (World Bank, 2002). Often the
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more marginalised and poorest members of society are the most reliant on
such environmental goods and services and as a consequence are the ones
who incur most of the costs associated with protected area establishment
(Ferrara, 2002; Adams, 2004).

2.1.3. A socio- political equilibrium?
Through the cyclical debate of people and protected area conflict, attempts
have been made towards creating diverse pragmatic approaches to resolving
resource conflicts. Fundamental steps were reached at the fifth World Parks
Congress in 2003 where a statement was made promising that ‘protected
area management strives to reduce, and no way exacerbate, poverty’ (WPC,
2003). Furthermore, the Convention on Biological Diversity and the
Millennium Ecosystem Assessment, two major international initiatives, called
for reconciliation between human-environment conflicts, through raising the
profile of ecological data assessments on the shifting state of nature and its
implications for human well-being, in the aim of reducing the rate of
biodiversity loss by 2010. With a more international institutionalised humancentric perspective on nature conservation, there are however, concerns
regarding the degree of responsibility to which local communities should have.
Concerns of management practises such as Integrated Conservation
Development Plans (ICDP’s) and community-managed forests have varied
success rates and may weaken the ability of protected areas to preserve
biodiversity and ecosystem integrity (Terborgh, 1999; Locke and Dearden,
2005). It is evident that much uncertainty prevails around the role of protected
areas and their capacity to conserve nature whilst considering social
implications. More research is needed at every level in this complex web of
interests.

2.2. Forest resource dependency
2.2.1. Economic dependency
Many studies have addressed forest resource dependency from an economic
perspective, as many local communities are heavily reliant on the sale of

5

forest products as a source (often their only source) of cash income. Some
studies have investigated dependency levels as a measure of forest based
income verses non-forest based income (Adhikari et al., 2004). Other studies
include comparisons of forest derived incomes with market transactions as a
relative income measure (McSweeney, 2002). Whilst others have
investigated income as a function of the success of natural-resource policy
development, suggesting that decrease in resource dependency with increase
in household income, means that resource collection is an economically low
return livelihood (Angelsen and Wunder, 2003). Cash income, for many rural
communities is often an infrequent commodity, with few opportunities for
regular salaries. The acquisition of forest products therefore is essential for
rural cash economy and can equate to a substantial proportion of household
income. Fisher (2004) found that the financial contributions forest products
procure can be sufficient to reduce measured income inequality, with
households having 30% of their income derived from forest resources, thus
improving living standards of those households. Furthermore, Quang and
Noriko (2008) found that rural communities in northern Vietnam derive 40% to
75% of their income from the harbouring of forest goods. Harvesting of
products like timber can also act as a substitute livelihood particularly in times
of hardship (Yonariza and Webb, 2007). In Kutai national Park in East
Kalimantan, Indonesia, a drop in income from subsistence crops led to an
increase in illegal logging within the park, and an increase in NTFP harvesting
in Lore Lindu National Park in Central Sulawesi (Angelsen and Resosudarmo,
1999). The financial reliance on forest products therefore can be
considerable and in view of protected area establishment, the financial
implications to these communities can be substantial. Ferraro (2002)
calculated an annual financial loss of from $19 to $70 per household, for the
communities around Ranomafana National Park (a protected area in
Madagascar) calculated over a 60-year timeframe. Studies such as Ferraro
(2002) have attempted to measure the financial cost, or opportunity cost of
harvesting regulations impinged on local communities in the establishment of
protected area (Ferraro, 2002).
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2.2.1.1.

Economic dependency as a function of rural poverty

Poverty is widely acknowledged as the main driver for forest degradation and
resource over-exploitation by rural impoverished communities (Narain et al,
2008). The assumption that poorer households will exert greater pressure on
forest resources for food, wood, firewood, and various non timber forest
products (henceforth forest products that are not firewood or timber will be
called non-timber forest product’s or NTFP’s), to improve their economic
situation has been demonstrated (Lacuna-Richman, 2002). Yet there are
some studies that have delved deeper into this nexus (Hedges and Enters
2000; Adhikari et al. 2004; Narain et al., 2008). Studies such as Adhikari et
al., (2004) showed that more affluent households exert greater pressure on
native forests, through harvesting of NTFP’s, than poorer households of the
same communities. Similarly, a study by Hedges and Enters (2000) in
Southern-India, found richer households closer to the forest edge had greater
levels of illegal resource use. It should be considered however, that although
there maybe empirical evidence suggesting that more affluent households
utilise more protected area resources, the measure of their wealth is only
relative to the socio-economic climate of the study, and when placed in a
broader context, these communities are very poor.

2.2.2. Resource use
Local people often consume an array of differing products from the forest at a
household level. The study by Nepal and Weber (1995) illustrate that local
communities regularly harvested utility products from a protected area in
Nepal. These products include timber, firewood, fodder, grasses, medicinal
plants, and various other food items (Nepal and Weber, 1995). Consumption
of firewood for rural communities is an essential daily requirement for over 2
billion people, with this product being one of the main contributors to land and
forest degradation worldwide (Trossero, 2002). Yet there is a dearth of
empirical data concerning either household dependency levels or effects of
firewood harvesting on native habitats (Pattanayak et al. 2004). Many
households are completely reliant on firewood for domestic cooking, boiling
water and to a lesser degree for heat and light (Mercer and Soussan, 1992).
7

In most African countries, indigenous woodlands provide both urban and rural
populations with the greatest proportion of their fuel requirements, where
firewood is harvested from of live and dead sources (Abbot, 1999). As global
population continues to increase, the communities living in forest margins will
exert unprecedented levels of extraction pressure on forests resources. In
Uganda, firewood is the most significant source of energy for domestic use
with demand and consumption estimated to be growing at a rate of 2.5% per
annum (Tabuti, 2003). Similarly in Nigeria, wood used for cooking accounts
for nearly 80% of the energy consumption (Ogunkunle and Oladele, 2003)
and there are currently no pragmatic alternatives to fuel wood for domestic
purposes, especially in the rural areas (Akinbode, 1991). Yet other empirical
evidence has shown that firewood scarcity or enforced access restrictions of
protected areas have encouraged household to use alternative sources of
firewood (Kohlin and Parks, 2001; Patel et al, 1995).
Construction materials for houses, crop stores, fences and other purposes are
a basic necessity for many traditional households worldwide. For the purpose
of this study a household is defined as “a group of persons sharing a home or
living space who aggregate, and share incomes, as evidence by the fact that
they regularly take meals together” (Marshall, 1994). Many traditional houses
are constructed from wood, and have a finite lifespan. As such, a continual
stream of domestic timber will be extracted predominantly for the purpose of
house construction (this is in addition to commercial extraction of timber for
large-or small-scale enterprises). The rate of extraction can be substantial in
densely populated areas with personal timber consumption having significant
off-take rates. Empirical evidence documenting household consumption of
timber is sparse. If a reliable estimate of forest dependency levels is to be
attained, then there needs to be more rigorous research on household timber
consumption rates. A survey of both urban and rural communities in five Local
Government Areas of Oyo State in Nigeria showed that the total amount of
wood consumed was 85 873 metric tons yr−1 (Ogunkunle and Oladele, 2003).
This significant estimate of consumption was for both personal household
consumption and trade in the area (Ogunkunle and Oladele, 2003).
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Non-timber forest products account for the largest contribution to income of
rural communities globally (Uma Shaanker et al., 2004). They provide food
stuffs, resins, fibres, and medicines for households either for domestic
purposes and/or trade and commercial exploits. Some 50 million people rely
on NTFP’s in India for subsistence use and income (Hedges et al., 1996; Uma
Shaanker et al., 2004). In Leyte, in the Philippines, NTFP’s also serve as a
fail-safe for many local forest residents in times of hardship and crop failure or
underproduction. The nature of NTFP harvesting is often regarded as
common-property and is therefore subject to intense off-take rates due to
limited governance and regulations controlling the level of extraction (Hall and
Bawa, 1993). The over exploitation of NTFP’s can have serious
consequences on both human well-fair and ecological function.

2.2.2.1.

Determinants of resource use

The drivers of consumption patterns and use rates in rural subsistent
communities are numerous. Often there are many determinants acting at
different spatial and temporal scales and at varying intensities, shaping
harvesting behaviour of households and local communities. Such
determinants include: social institutions, enforcement, customary property
rights, access, remoteness, socio-economic characteristics, availability of
alternative sources, and countless others.
Gibson et al., (2005) showed that rule-enforcement coupled with regular
monitoring and enforcement practises were necessary for successful resource
management regardless of institution type. Pandit and Thapa’s (2003) study
on local perceptions support the enforcement notion, as they found that the
rate of resource depletion of NTFP’s was lower in community forests than
government run forests. Lower exploitation levels were a function of
governance and access, as community forests were accessible only to the
relevant forest group members. Government protected forests conversely
suffered higher depletion of NTFP’s due to poor institutional structure and
policy framework. This is surprising however, because community-managed
areas have often been unsuccessful in resource management due to lack of
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traditional ecological knowledge in sustainable resource use (Nagendra,
2002; Peres 1994). With trial and error and long-term land custody, it is
possible for local community users to adapt enforceable rules and diligent
monitoring ensures best practise techniques for the conservation of forest
resources (Gibson et al., 2005).
Hedge and Enters (2000) investigated the extent to which restrictive
biodiversity conservation strategies would affect local community livelihoods
in four proximal and four distal villages. They found that proximal village
resource use was greater than the distal villages, with proximal being closer to
resources and markets, while distal had very poor overall access. Adhikari et
al. (2003) also found a significant and positive relation between the distances
from household to resource, meaning that the households in the Nepalese
villages will travel as far as necessary to harvest firewood. Tabuti et al.
(2003) looked at firewood species preference and identified that preference
was one of the main drivers of consumption. They showed that the harvested
firewood was a subset of the overall species available, because particular
species were favoured for certain traits (i.e., slow burning and non-smokey).
Other studies on preference as a determinant of consumption have shown
that, although availability can often be the dominant factor shaping
consumption patterns, preference for certain species will also influence
species consumption rates (Fa et al., 2002).
Socio-economic characteristics, such as wealth and education levels can also
drive consumption patterns. Adhikari et al. (2004) suggest that higher
education levels (for adults) make fuel wood collection less profitable, due to
higher opportunity costs involved. These opportunity costs can be tenable, if
there are few opportunities in the area and if there are no alternatives for fuel.
Alternative resources may also play a role in forest use. If local people often
use the forest as a safety net as documented, for time of crop failure then it
would be reasonable to think local people would utilise other resources such
as plantations if they were available and at no additional cost to them. Many
communities however, have a long association with the forest and much of
their harvesting practices are culturally ingrained. Consequently, the role and
10

pragmatic feasibility of long-term alternatives is an under investigated, but
promising research area.
2.2.2.2.

Ecological costs

The harvesting of timber, fuel wood and NTFP’s has extensively modified
global land cover over the millennia (Karanth et al., 2006). Harvesting of
forest products often targets a specific sub-set of species. The effects of
harvesting are multifaceted, acting at varying spatial levels and affecting
individuals, populations, communities, ecological processes and ecosystem
function (Sinha and Bawa, 2001; Ticktin, 2004). Understanding the effects of
such extraction processes, particularly in protected areas, are crucial to the
maintenance of ecological integrity, the conservation of biodiversity and the
efficiency of ecological functioning. Furthermore, sustainability of utilitarian
species and ecosystem function is imperative for the safe-guarding of local
people’s livelihoods (Nepstad et al., 2002). Yet the continuation and viability of
such forest products for rural livelihoods will be contingent upon reducing
ecological costs (Uma Shaanker et al., 2004).

2.3. A case study of Madagascar
Madagascar is characterised by its diverse species assemblage, high levels
of endemism and distinct habitats. It is however, dually characterised by its
poor economy and high levels of threat (Irwin et al., 2005). Of the 1,600 plant
and tree species of Madagascar’s forests, one-third are threatened with
endangerment from deforestation and extractive processes (The United
National Food and Agriculture Organisation’s, 2000). Satellite imagery of
Madagascar revealed that by the year 1985 only 34% of the original forest
cover remained and an estimated annual forest loss of 1.5% was calculated
(Green and Sussman, 1990). Elmqvist et al., found a 7% loss of forest cover
for their 5,500 km2 study site in the region of Androy, southern Madagascar,
from 1984-2000, by using a range of research tools (social data, landsat
analysis and botanical ground truthing surveys). Substantial forest loss has
also been documented in the Littoral forest, (a sub-tropical rainforest
occurring on sand substrate) with only 10.3% of this forest remaining
11

(Consiglio et al., 2006). The declaration made by the Malagasy government
to conserve Madagascar’s biodiversity will increase the country’s protected
areas from 1.7 million hectares to 6 million hectares by 2008 (Goodman and
Benstead, 2005). Yet few empirical studies have assessed protected area
effectiveness in Madagascar (But see Brown et al., unpub).
Selective extraction practises of utilitarian species have lead to the
degradation of many forest areas in Madagascar (Ingram et al., 2005).
Ingram et al. (2005) found 58% of the species in the Ste. Luce, Mandena, and
Petriky littoral forest parcels, in southeastern Madagascar, where utilitarian,
contributing to 84% of the total number of individuals surveyed in the
transects. The high number of utilitarian species (for firewood, timber,
charcoal, food and medicinal purposes) is cause for concern for both forest
integrity and local livelihoods, if high levels of extraction occur faster than
natural forest regeneration.
Heavy reliance on these resources has lead to people-protected area conflict.
Madagascar is the fourth poorest country in the world, with 70% of the
population being categorised, by the World Bank as living in ‘extreme’ poverty
and 80% of the population residing in rural areas (Ingram et al. 2005). Many
rural communities in Madagascar rely on harvesting forest products (Kremen
et al., 1998; Ferraro, 2002). Rural communities have limited opportunities,
often depending on the provisions of the forest to alleviate their socioeconomic conditions (Jones et al., 2006). For example, the designation of
Ranomafana National Park as a protected area in May 1991, prohibited all
forms of resource exploitation by local communities (160 villages), despite the
poorest households being extremely dependent on forest resources for
domestic and commercial gains (Hardenberg, 1993). A total loss through
households via ‘opportunity costs’, by forgoing rights to harvest former
available forest products, was estimated to be $3.37 million (from $353-$1316
per household) (Ferraro. 2002). Furthermore, a study on food distribution
among Malagasy farmers in villages near Ranomafana, found that the
population was “deficient in many areas with respect to international
recommendations and activity levels” (Hardenbergh, 1993). Peters (1998)
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suggests that this poor nutritional status was exacerbated by the designation
of Ranomafana National Park.
Yet there has been research pointing towards possible solutions. Jones et al.
(2006) speaks of feasible commercial exploitation of the crayfish Astacoides
granulimanus in peripheral villages of Ranomafana National Park, which
would promote sustainable harvesting by communities to reduce the costs of
the park creation. Furthermore, Elmqvist et al’s (2007), analysis of institutional
roles and land custody revealed overall forest loss was least in areas with
strong social institutional frameworks and custodial land rights regardless of
whether they were local communities or governmental institutions. This final
point begs the question about the role of protected areas in nations, such as
Madagascar, where the cost of transgressing cultural rules far exceeds the
cost of breaking government laws (Horning. 2000; Jones et al., 2008).
Consequently, finding viable and equitable solutions to people-park conflicts
in Madagascar will require great compromises, even though solutions to this
problem seem to be diametrically opposed to each other.

Figure 1: Map of Madagascar showing Manombo Forest with the three forest
fragments: Special Reserve, 1; Littoral Special Reserve, 2; and the Classified
Forest, C.
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2.4. Study Area
2.4.1. Manombo Forest
The Manombo forest (23o02’S, 47o 44’E) is found on the south-eastern coast
of Madagacsar, within the Fianarantsoa province, south of the city of
Farafangana (Fig 1). The area is characterised by a mean annual
temperature of 23°C (range 31-13°C), and a mean annual precipitation of
2500 mm. February is the wettest month with an average rainfall of 690 mm,
and July the driest with an average rainfall of 79 mm (Donque, 1975). Tropical
cyclones are frequent from January through March. In 1997, a cyclone had
devastating effects on the region, which destroyed many of the mature trees
in the forest.
Manombo Forest was gazetted in 1962; it is now one of the five sites in the
south-eastern cluster proposed in 2000 as a World Heritage site. The area is
now one of the last remaining lowland rainforests in Madagascar. Elevations
range from sea level to 137 m. It covers a total area of 15,730ha, though only
9,000 ha remain forested (Ratsimbazafy, 2002). Manombo Forest is
classified into two protected areas, the Manombo Special Reserve,
administered by the Association National pour la Gestion des Aires Protégées
(ANGAP) since 1995 and has a strict no exploitation policy, and the Manombo
Classified Forest, managed by Ministere des Eaux et Forêts (MEF) which has
some permitted forest resource usage. The Manombo Special Reserve is
composed of two blocks: Parcel I, 2,800 ha of lowland rainforest, and Parcel
II occupying 2,280 ha of Littoral forest. Although both blocks are under the
Manombo Special Reserve and both are administered by ANGAP, for the
purpose of this study, these two parcels will be referred to individually. This is
because these forests are isolated from each other, and differ in their habitat
characteristics. Parcel I will be referred to as the Special Reserve (SR), and
Parcel II as the Littoral Special Reserve (LittSR). The Manombo Classified
Forest (CF) is 10,650 ha in size; 5,235 ha of which are contiguous with Parcel
I of the SR.
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2.4.2. Habitats, biodiversity and forest threats
Few complete biodiversity and habitat assessments have been undertaken in
the Manombo Forest, and little is known about the forest’s species
composition and assemblages. However, the Monombo Forest is considered
biologically unique, containing a matrix of lowland rainforest, littoral forests
and marshlands (Johnson and Overdorff, 1999). Since most of Madagascar’s
lowland rainforest has been cleared to make way for agricultural land,
Manombo is an extremely important conservation priority for Madagascar.
Additionally, littoral (or sand) forests, a subtype of rainforest, have also been
identified as of national conservation importance (Ganzhorn et al., 2001).
As much as 90% of Manombo’s flora is endemic to Madagascar, and 13 plant
species are only in the region (Wright et al. in prep). Animal diversity is also
thought to be high in Manombo with the most diverse species assemblage of
snails of any lowland rainforest (Emberton, 1995), and an endemic freshwater
fish of the genus Pantanodon (Poeciliidae) being discovered recently. There
are seven lemur species in the forest; four diurnal species -Eulemur
albocollaris, Varecia variegata, Lepilemur sp, Hapalemur griseus, and four
nocturnal ones - Avahi laniger, Daubentonia madagascariensis, Microcebus
rufus and Cheirogaleus major. Two species, Eulemur albocollaris and Varecia
variegate, are highly threatened, and listed as critically endangered and
endangered, respectively, with E.albocolaris placed in the world’s 25 most
threatened primates (Mittermeier et al., 2007).
Despite its protected area status, Manombo forest is under severe threats.
Slash and burn agriculture, a widespread practice in Madagascar, is insidious
around the periphery and interior of the protected forest. Moreover,
commercial selective logging, documented in 1998 by Johnson and Overdorff
(1999) still continues. Domestic logging practises are also pervasive within
the area, with households extracting trees for construction timber as well as
firewood. Collection of non-timber forest products such as medicinal plants,
tree bark, reeds, is also extensive. Fishing for freshwater crayfish, eel and fish
also occurs extensively. Subsistence hunting of birds and mammals,
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particularly tenrecs and lemurs, takes place throughout the protected forest
(Johnson and Overdorff, 1999). The combined effects of human disturbance
and natural disasters increase pressures on the endemic and rare species of
the Manombo Forest.
2.4.3. Institutional involvement
Manombo Forest is managed by ANGAP and MEF. Although all of Manombo
Forest is proprietie of MEF, it was mandated to ANGAP in 1995. Both MEF
and ANGAP are compromised by low levels of both human and financial
resources. In the case of MEF, this is heightened further by the fact that there
was only one MEF agent responsible for the entire District of Farafangana.
The Durrell Wildlife Conservation Trust (Durrell) has been established in this
area for a number of years. The Scientific Coordinator of Durrell Wildlife
Conservation Trust Madagascar programme conducted his PhD research on
the Varecia population at Manombo since 1997. Since then, Durrell been
involved in development projects such as; building schools and wells, capacity
building with local staff, providing outreach and environmental education in
five of the Manombo villages.

Figure 2: Satalite image of Manombo Forest with all villages marked (SR-red;
CF-green; LittSR-orange)
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3. Methods
3.1. Sample population and village demographics
Fifteen villages, closest to the protected area (within approx. 2 km from the
protected area perimeter) were selected for data collection (Fig 2). Villages
were selected according to their proximity to a forest type (SR, CF or LittSR)
and will be referred to throughout this study by their associated forest type.
Eight villages were sampled in the SR, six in CF, and one within LittSR (Table
1). There were predominantly four main ethnic groups in this area (Anteveto,
Antesaka, Rabakara and Zaravalala).
Villages located to the east of SR and CF, were integrated by Anteveto
(Taokandra, Sahamahity, Manombo and Ampanarena). These were mostly
artisan fishers who also practice some farming. Inside the LittSR, only
Takaoandra were found. The Antesaka was the predominant group in the
area, with many villages scattered from the north to the west of the protected
area. Two villages, Vohidroy and Ambatasaratota, were illegally inside the
boundary demarcation of the CF. Accounts from respondents, suggested that
these people migrated from Beharaoky (northeast of Manombo Forest), within
the last few years in search of fertile land. In this area, the Antesaka are
regarded by some as ‘zebu thieves’; zebu being the traditional breed of cow in
Madagascar. The ANGAP regard these villages as dangerous. Conversely,
the Zaravalala, inhabitants of Ambongibe, the most southerly village, closest
to the Classified Forest, are also Zebu herders. Close to Ambongibe,
Anivorana village is more mixed with 7 ethic groups found. This village has
been allegedly involved in illegal timber trade, and may still be. Lastly,
Marompanahy was the largest village in this region, comprised of the
Rabakara ethnic group.
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Table 1: Sample village characteristics and forest type classification,
Village name

Proximity
to nearest
forest
type*

Ethnic
group

Distance
from
forest
(meters)

Distance
from
road
(meters)

No.
households
in village

No.
households
sampled in
village

Ampanarena

SR

572

240

12

9

Marompanahy
Manombo
Ambamipika
Makeritraka
Vohilava
Marovandrika
Beharaoky

SR
SR
SR
SR
SR
SR
SR

Anteveto/
Antasaka
Rabakara
Anteveto
Antasaka
Antasaka
Antasaka
Antasaka
Antasaka

2,137
284
1,111
746
1,245
2,009
855

315
114
2,418
3,683
6,928
7,715
7,929

117
46
23
11
17
17
14

21
20
23
9
16
14
4

Sahamahity
Vohidroy
Ambatasaratota
Marovary
Anivorana
Amboangibe

CF
CF
CF
CF
CF
CF

Anteveto
Antasaka
Antasaka
Antasaka
Mixed
Zaravalala

393
0
0
335
77
611

1,998
5,423
6,948
9,680
4,580
3,723

33
21
6
35
16

20
21
4
33
16
37

Taokandra
Total

LittSR
-

Antevato
-

331
-

2,530
-

65
533

100
+

+

43
290

* The three forest types are categorised as; Special Reserve (SR), Classified Forest (CF) and
the Littoral Special Reserve (LittSR)
+
These are approximate values as actual figures were not available

3.2. Sampling procedure
Data were collected from April to July 2008, using a structured quantitative
household questionnaire methodology (see Fa et al. 2002). A short pilot
study (3 questionnaires) was conducted prior to data collection. The
questionnaire was modified after encountering some problems regarding the
sensitive nature of some questions (those relating to illegality issues).
For most villages, messages were sent to the Mpanzaka, the village “King”, of
our forthcoming arrival. On arrival at a village, approval by the Mpanzaka was
sought and arrangements made for local guides and housing (Fa et al. 2002).
A total of 290 households were interviewed, in 15 villages, encompassing the
four main ethnic groups. Three sampling methods were used. First, for larger
villages, households were chosen based on a simple random sampling
procedure. If households were unable to participate (due to illness, not willing,
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or if the heads of household were away) a replacement name would be
selected at random. Secondly, for smaller villages only unwilling or
unavailable households were excluded from the survey. Lastly, in one village
(Ambongibe) I used a stratified random sampling procedure. This was
because although officially considered one village, it is comprised of around
10 hamlets dispersed over kilometres. As not all hamlets could be sampled,
only those closest to the forest were selected.

3.2.1. Research team
The majority of the study (13 out of 15 villages) was conducted using two
teams. Each team included: Team 1 – the author, one research technician
and one local guide (i.e. resident from the village we were surveying at that
time); Team 2 – a Malagasy student, one research technician and one local
guide. The research technicians were literate, had prior research experience
and were fully trained and proficient in undertaking the questionnaire. All local
guides were also trained before commencing data collection; their role was to
facilitate communication and rapport with respondents in each village, and
research teams. For thirteen of the villages, at least one person in each team
was knowledgeable in identifying timber species.
3.2.2. Household questionnaire
For the purpose of this study, a household was defined as “a group of persons
sharing a home or living space who aggregate, and share incomes, as
evidence by the fact that they regularly take meals together” (Marshall. 1994).
The household questionnaire applied was a structured, standardised method
designed according to best practise guidelines (Bernard. 1986; Appendix A).
Adult persons were chosen for interview according to their availability, though
male heads of house were preferred (as females were often unknowledgeable of timber related subjects). Questions were administered
verbally in Malagasy. Before commencing each questionnaire a formal
introduction was given, including the identity of the team and project aims.
Respondents were assured total anonymity. No monetary gratuity was offered
to any respondent. After completion of the questionnaire, GPS co-ordinates
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were taken for each house. These coordinates were used to derive the
distance of each household to the nearest forest edge and distance from
road.
The questionnaire was divided into four sections (Appendix A). These
sections were:
1) Household demographics and socio-economic characteristics
The objective of this part of the questionnaire was to collect data on
household size, ages and genders, education levels and current attendance
of school, livelihood practises, annual income (in Malagasy Ariary, MGA)
derived from waged employment in past year, annual income derived from
household production in the past year (i.e. sale of rice, beans, coffee,
weaving, fish), and other sources of income for the past year.
2) Food consumption, hunting and fishing practises
The objective of this section was to ascertain ownership of livestock, wet
fields (Taimbary) and dry fields (Tanety), relative harvest in the last year (e.g.
if the harvest in their opinion was enough, not enough or sometimes enough),
frequency of meal consumption in the last year, and frequency of
consumption of wild meat species and fish in the last year (species were
derived using a photo card methodology. These data however have been
excluded for the purpose of this paper.
3) Firewood and timber consumption and patterns
The first objective of this section was to derive quantitative data for firewood
consumption, using a composite of question types. A 24-hour recall was
employed to ascertain the quantity, species composition and origin of
firewood used during the previous day (used as a proxy for ‘typical’ daily
consumption pattern). Additionally, to ascertain information about general
utilitarian species use, I asked about the five most used firewood species.
Quantities of firewood were measured in ‘bundles’ recognised as a
standardised measurement (Jones et al. 2008). In the context of this study, a
bundle consists of axed living wood, chopped into strips of about 50-60 cm in
length, with a DBH of around 3-4 cm. Sampled communities did not collect
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already dead wood, but instead would cut trees for fuel wood. These data
were used to derive an estimate of the average daily bundles of firewood used
per household.
The second objective of this section was to obtain quantitative data on timber
consumption patterns for house construction. Questions and direct
observations were used to derive information on: (1) number and vernacular
name of species used; (2) quantity of species used (in meters); (3) age of the
house (i.e. when the timer was cut) and the source of timber origin; and (4)
their top five preferred timber species for construction. These data were used
to derive an estimate of total meters of timber consumed per household and
total number of meters obtained from the protected Manombo Forest.
4) Medicinal plant use and plantation ownership
The objective of the final section of the questionnaire was to establish the
extent to which households depended on medicinal plants for their health.
Recall questions were asked about illness of household members within the
past month and data on medicinal plants used to treat the person (i.e. species
and origin of plant). Ownership of trees planted for a variety of reasons, was
also explored. Data on number of individuals, species and purpose of
plantation trees were gathered for each household. If the household did
possess a plantation, questions were asked to ascertain reasons for not
having one, and also what species they would grow.

3.3. Resource consumption analysis
A Firewood use index (used in the Linear Regression analysis) was calculated
from a household-level summation of firewood species used the day before
the interview (bundle) and the top five most used firewood species. The top
five most used species was calculated by a scoring system which allocated
points for each species: 0 if not mentioned, 5 if first choice, 4 if second, 3 if
third, 2 if fourth and 1 if fifth. These scores were summed for each species
and divided by 5 (categories) for each household in-order to derive a firewood
consumption score for each species.
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A timber preference index (used in the Linear Regression analysis) was
based on the respondents’ top five most preferred construction timber,
assessed in terms of strength. The scoring system was calculated for each
species: 0 if not mentioned, 5 if first choice, 4 if second, 3 if third, 2 if fourth
and 1 if fifth. These scores were summed across households for each species
to derive a timber preference score for each species.

3.4. Botanical data
In 2008, another researcher (Fidimalala Ralainasolo) established two
botanical plots in SR and CF. The plots were 1-hectare in area (200-m x 500m). In each plot, all woody stems > 5.0-cm diameter at breast height (DBH)
were identified to Malagasy vernacular names. All individuals < 5.0-cm DBH
were pooled into one size class. Subsequent translation to scientific names
was undertaken (Appendix B). Diameters were measured with 5-m DBH
tapes and recorded to the nearest millimetre. The utility of each species was
determined. The number of cut stems was counted in each plot. Botanical
data were used to derive information on species availability, species richness
and forest structure metrics.
3.4.1. Botanical Analysis
I divided species into five size classes categories (1.0-5.0cm, 5.1-10.0cm,
10.1-15cm, 15.1-20.0cm, >20.1cm. I also divided utilitarian species for all use
categories into four size classes (5.1-10cm, 10.1-15.0cm, 15.1-20.0cm,
>20.1cm). I calculated the Shannon-Weiner diversity index (H’) for both
botanical plots. Shannon’s index, H’ = -Σpi log2 pi , (where pi is the proportion
of the number of ith species to total number of individuals) accords greater
weight to contrasts in rare species. Species Importance Values (SIVs) were
also calculated for all species in each botanical plot as follows:
1. Relative Dominance =

, where DBHij refers to

species j at site i and DBHi refers to the DBH of all species at site i.
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2. Relative frequency =

, where Sij refers to the number of

individuals for the jth species at site i and Ni refers to the total
number of individuals of all species at a site i.
3. Species Importance Values (SIV) = relative dominance + relative
frequency.

3.5. Statistical Analysis
A Shapiro-Wilk test was used to test for normality. Instances when bivariate
normality was not satisfied, non-parametric tests were used. Specifically, I
used a Spearman’s Rank Correlation; and a Kruskal-Wallis at an P < 0.05
(unless otherwise stated).
Linear regression analyses were used to model firewood usage and distance
from forest/road, timber usage and distance from forest/road, firewood index
and species importance values, timber extracted and species importance
values, timber preference and species importance values. Where specified
analysis for timber consumption used those houses constructed from 20062008. Data analyses were carried out using SPSS version 11.5 for Windows.

4. Results
4.1. Socio-economic characteristics of communities in the three
forest types
Livelihoods
The Manombo region is a rural, subsistence-led and impoverished area.
Farming was the primary livelihood of all sampled households (100%), but
other livelihoods include fishing, weaving, brewing Toakagasy (traditional
Malagasy rum) and trading were reported (Table 1). Fishing accounted for
20% of the other livelihood activities; While 49% of households perform
weaving (Table 2). In LittSR, a total of 5 livelihoods were recorded, but most
households depended on farming (100%), weaving (98%), and sea fishing
(79%). The median income for the LittSR was 526,000 MGA, which was the
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highest of the three forest types (Table 1). Households in CF had the lowest
median value, but there was large variation in annual income (Table 2).
Domestic livestock
Throughout Madagascar, livestock is viewed as a form of wealth. In
Manombo, only 17% of households owned zebu, further emphasizing the
poverty in this area. Many households owned domesticated animals such as
chicken, ducks and pigs. Zebus were rare with an average of 0.07 per
household in the LittSR, as villages here are primarily dependant on fishing,
but cattle was more important in the SR and CF, with an average of 1.3 and
0.9 zebu head per household (SR range 0 - 69; CF range 0 - 66),
respectively. The variation in zebu head per household was large (Table 2),
where households either had a few zebu or none at all.
Meal consumption
Most households in the three forest types consumed 2-3 meals per day
throughout the year. However, the range in the number of households
consuming 2-3 meals/day varied significantly between forest types, from 0 –
12 in SR (
CF (

= 9.4, s = 3.8), 4 - 12 in LittSR (

= 9.9, s = 3.1), and 0 - 12 in

= 8.7, s = 4.3).

Education levels
Household education levels differed across forest types (Table 2). In general,
education levels were low in the three forest types, with an average of 1 year
of schooling per household, or 1-2 children in school. Number of children in
school as well as average number of education years per household was
greatest in SR (1.2 years and 1.6 children respectively) but lowest at CF. The
number of education years per household was significantly positively
correlated with yearly income (Spearman ρ coeffecient = 0.303, P < 0.01; data
not shown).
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Effect of distance from roads
There was a statistically significant negative relationship between income and
household distance from road (which is a proxy for remoteness); households
with the highest income were closest to roads (Spearman ρ coefficient =
0.416, P < 0.001; Fig. 3). Likewise, distance of household from road was
significantly correlated with education (Spearman ρ coeffecient = 0.350, P <
0.01; data not shown).

Figure 3. Relationship between income (Ariary) and distance from road (m).
A Spearman correlation (ρ = -0.416) test indicated significance at P < 0.001.
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Table 2: Socio-economic variables for the sampled households and their
forest types with which they are associated: Special Reserve (SR), Classified
Forest (CF) and Littoral Special Reserve (LittSR). Standard deviation shown
in parentheses.
Total no. of HH’s in forest type
Total no. of HH’s in sample population
Ave. no. of adults >15yrs
Ave. no. of children <15yrs
Ave. no. children in education
Ave. no. of education years per HH
Ave. no. of livelihoods
No. of farming HH’s
No. of fishing HH’s
No. of weaving HH’s
No. of HH’s with other livelihood
Ave. no. of persons with job in HH
Ave. annual income (Ariary)
Median annual income (Ariary)**
Ave. no. of months with income
Ave. no. of dogs
Ave. no. of zebus
Ave. no. of chickens
Ave. no of ducks
Ave. no. of pigs
Ave. no. of months with 3 meals
Ave. no. of months with 2 meals
Ave. no. of months with 1 meals

SR

CF

LittSR

259
116
3.6 (1.7)
3.7 (2)
1.6 (1.6)
1.2 (1.1)
2 (0.9)
116
15
58
34
1.8 (1.3)
520,511Ar
(570,092Ar)
242,500
9.6 (2.9)
0.6 (0.8)
1.3 (3.5)
5.9 (9.5)
0.8 (3.4)
0.2 (0.6)
9.4 (3.8)
2.6 (3.8)
0

201*
131
3 (1.5)
3.1 (1.8)
0.8 (1.1)
0.7 (0.8)
1.5 (0.6)
131
8
41
11
1.8 (1.3)
521,220Ar
(1,132,325Ar)
194,000
10 (2.6)
0.5 (0.8)
0.9 (2.8)
4.5 (5.4)
0.5 (1.4)
0.04 (0.2)
8.7 (4.3)
3.3 (4.3)
0.01 (0.2)

65*
43
3 (1)
3.3 (1.4)
1.1 (1.1)
1.2 (0.8)
3.1 (0.7)
43
35
42
14
1.6 (1.4)
8,497,719Ar
(681,335Ar)
526,000
11.8 (1.4)
0.7 (0.8)
0.07 (0.3)
4.7 (5.1)
0.02 (0.2)
0.3 (0.6)
9.9 (3.1)
2.1 (3.1)
0

*For one village in the CF and the village in the LittSR, accurate numbers of households were
difficult to obtain, therefore best estimates were derived from the guides and Mpanzaka
(Village King) best knowledge.
**For skewed data (such as income), median is a better measure of central tendency (Gotelli
2004)

4.2. Protected forest resource use
4.2.1. Firewood consumption
Firewood represented the only source of fuel reported in the interviews. The
illegal harvesting of firewood was not the same in the three forest types. A
Krusksal-Wallis test revealed a significant difference (P = 0.0007) between the
amount of firewood extracted from the three sites (Fig. 4). The same analysis
showed that compared to other forest types, the SR had significantly lower
daily extraction rates (Fig. 4).
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Figure 4: Average amount of firewood bundles used per day for each
household associated with the three different forest types. Asterisk
indicate significance based on Kruskal-Wallis test, P < 0.0001 Error
bars indicate ± 1 SE. (n = 131, CF; n = 77, SR; n = 43, LittSR.)
Villages closest to the CF extracted most of their firewood from that forest (six
of the 13 villages sampled). Two, Vohidroy and Ambototsenatavona had a
100% dependency on the CF for their firewood. The other CF villages,
however (e.g., Sahamahity, Marovary, Anivorana and Amboangibe), showed
a high dependency on forest resources for their fuel needs. Takoandra, the
only village in the LittSR, also showed much dependency on the protected
forest, collecting 85% of its firewood from this part of the protected forest.
Conversely, the peripheral villages of the SR, have very little dependency on
the forest to meet their daily fuel needs, with most of their firewood being
obtained from an array of alternative sources (Fig. 1 and 2).
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Figure 5: Percentage of firewood extracted from the four sources, SR, CF,
LittSR and alternative sources, per day in of the sampled thirteen villages.
4.2.1.1.

Firewood species

Local people in all forest sites used a number of the total plant species found
in the forests, that varied from 116 at LittSR to 126 species in CF (Table 5).
The number of different types of species used for firewood, comprised
between 38% of all utilitarian species in LittSR, to a maximum of 78% in the
SR.
Table 3: Total values of utilitarian and firewood species for each forest type
Forest type

Total utilitarian species

Total firewood species

SR

119

93

CF

126

74

LittSR

116

44

The ten most used species constituted between a minimum of 59% in LittRS,
to a maximum of 67% in SR, 59% in CF (Table 4). The use of the top ten
species reflected the composition of these species within the forests, as
reported in the botanical data. However, orchard species such as Angavo,
Boanara, Ampaly, Manga, Dinga, Kafe, Raidrika and Kininy were more
important in the SR forest site (All utilitarian species names have been
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attempted to convert the vernacular names to scientific names – see
Appendix B). Conversely, CF included all native forest species within its list of
ten most used species, and Angavo and Fotsakara were the most often used.
LittSR had mostly native forest species, with Mokarana and Laloha being the
most used, but frequently used two orchard species. The most commonly
used tree species for all three forest types was Mokarana, which is a native
forest tree.
Table 4: The top ten firewood species used and their percentage use for each
forest type
SR top ten firewood

%

CF top ten firewood

%

LittSR top ten firewood

%

Mokarana

9.9

Angavo

12.8

Mokarana

9.2

Raidrika**

9.6

Fotsakara

12.5

Laloha

9.1

Angavo**

8.6

Mokarana

8.2

Manoky

7.1

Bonara**

8.5

Voapaky

7.4

Ampaly**

6.9

Ampaly**

8.1

Fotsivavy

4.7

Anjavidy

6.0

Kininy**

7.0

Laloha

3.2

Voapaky

5.2

Manga**

4.6

Sanira

3.1

Fantsinakolo

4.6

Tanatana

3.7

Haronga

2.7

Ambora

3.8

Kafe**

3.5

Malanivony

2.7

Haronga

3.7

Dinga**

3.1

Fotsivony

2.3

Raidrika**

3.5

Total

66.6

Total

59.5

Total

59.0
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4.2.2. Timber consumption

Figure 6: Average timber extraction rate (m) per household from the three
forest types from 2006-2008. Asterisk indicate significance based on KruskalWallis test, P > 0.001. Error bars show ±1 SE (n = 55, CF; n = 37, SR; n = 18,
LittSR.)
The amount of timber required for a typical house is approximately 258 m
(calculated from -number of pieces used (per species) multiplied by length of
each piece and summed). A large amount of the timber used for construction
in the sample population was extracted from protected forest sources. The
timber extraction rate from the four different use sources revealed that there
was a significant difference in the level of timber extracted from the three
forest types (Fig 6; P > 0.001). Moreover, the amount of timber extracted from
the CF and LittSR were significantly greater than SR.
All villages, except two, extracted timber from protected forest, and were 50100% dependent on this forest (Fig 7). CF villages had either complete
(Vohidroy, Anivorana, Ambototsenatovona, and Amboangibe) or relatively
high levels of dependency (between 80-95%) (Sahamahity and Marovary) on
their adjacent forest for timber needs (Fig 7). Takoandra, the only LittSR
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village, exhibited almost complete dependency on the Littoral forest. However,
SR villages showed varying consumption patterns, with Manombo and
Marompanahy completely independent of the forest, relying primarily on
timber from alternative sources.

Figure 7: Percentage of timber extracted, per village, per source type (m) for
the sample population from 2006-2008.

4.2.2.1.

Timber species

Results suggested that variation in timber extracted from the three forest sites
(Table 5). Furthermore, the top ten most utilised species represented a large
proportion of the total timber extracted from each forest type from 2006-2008,
these were: CF 67%, SR 62%, and the LittSR 60%. All of these species,
except two, were native forest species. Kininy and Kininindrano were
introduced, non-native, mostly grown in plantations and were often used for
construction.
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Table 5: Top ten timber construction species used and metre usage for the
three forest sites; SR, CF and LittSR
SR top ten
timber
species
Kininy**
Ravinala
Mokarana
Kininindrano**
Hazondranoa
Laloha
Tomizo
Varongy
Varaotry
Hazondambo
Total

Meters
2777.5
2657
1804
1752
1531.5
1186
1101
1069.5
1034.5
923.5
15836.5

%
10.9
10.4
7.1
6.9
6.0
4.6
4.3
4.2
4.1
3.6
62.1

CF top ten
timber
species
Hazondranoa
Voapaky
Ravinala
Tendrikazo
Varaotry
Fotsakara
Varongy
Nato
Taimbarika
Baby
Total

Meters
7179.5
4825.5
2370
2087
1399
1238
1226.6
1196.5
1037
1008.3
23567.4

%
20.5
13.8
6.8
6.0
4.0
3.5
3.5
3.4
3.0
2.9
67.4

LittSR top
ten timber
species
Hazondranoa
Fotsikahitry
Voapaky
Hintsy
Ravinala
Kininy**
Fotsakara
Sanira
Baby
Laloha
Total

Meters
1458
878.5
828
750.5
693
549
542.5
524.5
462.1
364.5
7050.6

%
12.5
7.5
7.1
6.4
5.9
4.7
4.6
4.5
4.0
3.1
60.3

4.3. Impact of resource use on forest structure
The two forest sites for which botanical data were collected were similar in all
measured metrics (Table 6).
Table 6: Botanical description of two forest types, SR and CF
Summary of Botanical Descriptive Analysis
RS

CF

Area of plot (hectare)

1.0

1.0

Total no. of individuals

10573

8545

No. of individuals

2565

2977

No. of species

110

123

No. of utilitarian individuals

1976

2517

No. of utilitarian species

119

126

Shannon diversity

3.783

3.781

2

Basal Area (m /ha)

29.93

31.43

Utilitarian Basal Area (m2/ha)

24.32

26.54

5.6

4.85

0

80

All individuals >5cm DBH

2

Non-utilitarian Basal Area (m /ha)
Direct signs of disturbance
Cut trees (hectare)
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Figure 8: Size class analysis for the number of individuals per DBH category
for the SR and CF botanical plots.
Distribution of size classes for SR and CF were typical of disturbed forests,
with most individuals in the smallest size classes, especially in SR, and few
mature trees in the larger size classes (Fig. 8).

Figure 9: Size class distribution for the number of individuals per DBH
category for the SR and CF botanical plots for: (a) Utilitarian species and, (b)
Non-utilitarian species.
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Substantially more individuals were available for utilitarian use (SR 77%, CF
85%) for both forest types (Figs 9a and 9b). Secondly, CF sites had more
individuals of utilitarian species in all size classes. Furthermore, there was a
disproportionate number of tree stumps found in the CF compared to SR
(Table 6). In the CF, there were more signs of direct anthropogenic
disturbance with 80 cut trees found (Table 6).

4.4. Determinants of resource use
4.4.1. Alternative resources

Figure 10: Average number of plantation trees available per household for
each forest type with error bars shown.
The number of plantation trees available per household in the three forest
sites, revealed a significant difference in plantation sizes. The SR forest site
was significantly different to CF or the LittSR (Fig 10; Tukey Kramer Post
ANOVA, P = 0.000). The large standard error bars for the SR however,
implied that there is much variance in plantation size by household.
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4.4.2. Access to protected forest

Linear regression analyses revealed a significant, negative trend
between household-forest distance and the amount of firewood
extracted, such that there were fewer bundles extracted/day for
households farther from the protected forest (Fig. 11a, r2 = 0.179, P <
0.0001, df = 250). This finding is further strengthened by the converse
significant, positive relationship between household distance from forest
and firewood extracted from alternative sources (r2 = 0.182, P < 0.001,
df = 250) (Fig. 11b).

Figure 11a and 11b: Regression showing the relationship between distances
from the protected forest (m) and; (a), Firewood extracted from the protected
forest in units of bundles per day (r2 = 0.179; d.f. = 250; P < 0.001), and (b)
Firewood from alternative sources in units of bundles per day (r2 = 0.182; d.f.
= 250; P < 0.001).
Furthermore, there is a similar significant trend between household distance
and timber extraction. However, there is a negative linear relationship
between household-forest distance and amount of timber extracted from the
protected forests (r2 = 0.141, P = 0.001, df = 103; Fig. 11a). As this distance
increases, there was a marked decrease in the amount of forest timber
extracted for house construction. The opposite pattern has emerged for
household-forest distance and alternatively sourced timber. As the distance
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from forest increased, there was a concomitant increase in the amount of
alternatively sourced timber (r2 = 0.215, P < 0.001, df = 103; Fig. 9b).

Figures 12a and 12b: Linear regression showing the relationship between
distance from household to the protected forest (m) and: (a) Protected forest
extracted timber (r2 = 0.141; d.f. = 103; P = 0.001), (b) Alternatively sourced
timber (r2 = 0.215; d.f. = 103; P = 0.000).

4.4.3. Access from household to road as a proxy for ‘remoteness’
The analysis of extraction rates of firewood from protected forests as a
function of distance from road (i.e., remoteness) revealed a significant positive
trend between the two variables (r2 = 0.054; P < 0.001; d.f. = 250; Fig. 12a).
This relationship suggested that an increase in distance to road (e.g.,
‘remoteness’ and thus forest officials), will increase firewood extraction from
the protected forest. Fig. 12b showed a negative relationship between
distance from road and firewood extraction, hence more remote households
collecting less firewood from alternative sources (r2 = 0.083; P < 0.001; d.f. =
250).
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Figures 13a and 13b: Regression showing the relationship between
distances from road (m) and; (a), Firewood extracted from the protected forest
in units of bundles per day (r2 = 0.054; d.f. = 250; P < 0.001), and (b)
Firewood from alternative sources in units of bundles per day (r2 = 0.083; d.f.
= 250; P < 0.001).
The Linear Regression Model for timber extraction as a function of distance
from road revealed significant positive trend for timber extracted from
protected forests (Fig. 13a; r2 = 0.343, P < 0.001; df = 103); and conversely, a
significant negative trend for timber extracted from alternative sources (Fig.
13b; r2 = 0.315; P < 0.001; d.f. = 103;).

Figure 14a and 14b: Regression showing the relationship between distance
from household to road (m) and: (a) Protected forest extracted timber (r2
=0.343; P < 0.001; d.f. = 103;), and (d) Alternatively sourced timber (r2 =
0.315; P < 0.001; d.f. = 103;).
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4.4.4. Species Importance Value and species availability
Regression analyses were performed to determine if relative Species
Importance Values (SIV’s) influenced species consumption of firewood and
timber species. In CF and SR, no relationship was found between the two
variables, suggesting that there is no discernable trend between tree species
availability and corresponding consumption. There was however, a significant
positive linear relationship between the SIV of the SR and firewood index,
indicating that species availability was influencing firewood species
consumption (r2 = 0.223; P = 0.023; d.f. = 23; Fig 15).

Figure 15: Regression of species importance value with firewood
index for the SR (r2 = 0.223; P = 0.023; d.f. = 23;).

4.4.5. Timber species preference
There was a significant positive relationship between preference and species
usage. In SR and CF, there were significant linear relationships between the
two variables (Fig. 16a, SR; r2 = 0.135; P = 0.009; d.f. = 49; Fig. 13b, CF; r2 =
0.268; P < 0.001; d.f. = 49). .
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Figure 16a and 16b: Regression showing the relationship between timber
species preference and the amount of timber extracted (m) between 2006-08 per
species in the botanical plot of: (a) SR (r2 = 0.135; P = 0.009; d.f. = 49) and, (b)
CF (r2 = 0.268; P < 0.001; d.f. = 49)

4.4.6. Examples of timber species preference and species availability
Timber species use, for the ten most consumed species, is characterised by
either species availability, as seen for Mokarana and Varotry (Table 7) in the
SR forest type, and Hazondranoa and Varaorty (Table 8) in the CF, all of
which have high SIV values and low preference values. The species being
selected for in the SR by preference are; Tendrikazo, Laloha, Nato, and
Taimbarika (Table 7 and 8) all of which had high preference scores and low
SIV values.
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Table 7: Ten most used timber species in SR botanical plot, with values for
their; number of individuals, SIV, meters used, percentage of meters used and
preference score.
SR top ten most
consumed species*

Number of
individuals
>5cm DBH

SIV
(0.045-16.5)

Meters
used

% of total
meters

Preference
(0-34)

Mokarana
Hazondranoa
Laloha
Tomizo
Varongy
Varaotry
Hazondambo
Tendrikazo
Nato
Halapo

156
14
4
22
61
100
13
3
47
0

10.70
2.24
0.20
1.09
3.65
6.68
1.10
0.17
3.57
0.00

1804
1531.5
1186
1101
1069.5
1034.5
923.5
764
594.5
573.5

7.07
6.00
4.65
4.32
4.19
4.06
3.62
2.99
2.33
2.25

4
8
20
4
8
0
2
34
17
0

*NB, Plantation trees and Ravinala were emitted from this table as neither were
forest timber.

Table 8: Ten most used timber species in CF botanical plot, with values for
their; number of individuals, SIV, meters used, percentage of meters used and
preference score.
CF top ten most
consumed species

Number of
individuals
>5cm DBH

SIV
(0.03922.19)

Meters
used

% of total
meters

Preference
(0-34)

Hazondranoa
Voapaky
Tendrikazo
Varaotry
Fotsakara
Varongy
Nato
Taimbarika
Baby

100
99
1
152
33
36
23
19
255

4.60
7.01
0.05
8.21
2.27
2.34
1.72
1.27
22.19

7179.5
4825.5
2087
1399
1238
1226.6
1196.5
1037
1008.3

20.54338
13.80766
5.971729
4.00309
3.542406
3.509786
3.423658
2.967266
2.89

8
10
34
0
10
8
17
17
4
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5. Discussion
5.1. Socio-economic characteristics
The socio-economic landscape of the Manombo region is characterised by
poor households that practice subsistence agriculture, typical of many
marginal, rural communities in developing countries (Bahuguna, 2000). All
households surveyed were subsistence farmers who cultivated rice, cassava
beans and fruits. Other predominant livelihoods in this region were weaving
(for rice sieves, floor and sleeping mats, baskets and other household items)
and marine fishing, with some other less popular livelihoods such as brewing
taokagasy and trading. Waged income in this area is available, yet poorly
paid, as most jobs stem from other farmers in the area who need additional
help through the agrarian year, and there are few opportunities for other forms
of paid work.
The results from this study suggest that one of the factors that most
influences a household’s socioeconomic status is their degree of remoteness.
Households that are more remote tend to suffer from less diverse livelihoods,
lower educational levels, and compromised access to commerce, all of which
influence a vicious cycle of poverty from which it is difficult to escape.
Distance from road and household income (from waged labour, sale of
agricultural produce, crafts and other forms of trade), showed an income
gradient with poorer households occurring farther from the road. More
research is needed to determine whether this is a function of access to two of
the larger marketplaces in the area (e.g., Manombo and Marompanahy
markets) or another function. Consequently, most households in the sample
population, and arguably the population of the Manombo region at large,
suffer from extreme poverty, defined by World Bank (2002) as subsisting on
under the $1 a day.
The degree of inaccessibility may have contributed to poor governmental
institutions and infrastructure, causing low education services and a relatively
uneducated populace, as evidenced by the average years of school attended
and number of individuals attending schools. The three functioning schools
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are located in Manombo to the east of the SR, Marovandrika north of the SR,
and Namahora, an un-surveyed village, southeast of the CF. Many children,
particularly in the west of Manombo Forest, live too far to attend schools. Two
of the three schools are grossly inadequate with one teacher for all year
groups and very limited resources.
The variation in socio-economic circumstances between the three forest sites
was evident in the results of this study. Households in the LittSR were more
affluent, as assessed by both mean and median annual income. In addition to
farming, most households partook in weaving and marine fishing. The SR had
higher levels of zebu ownership, and also greater levels of education and
school attendance. The close proximity of these villages to two of the three
schools may explain the latter observations. The CF is the poorest of the
three forest sites, but there is a large gap between poor and wealthy
households (as measured by mean and median annual income). The
dichotomy of relatively rich and relatively poor households, accounted for this
wide variance, stemming from illegal timber trading enterprises run by
‘incomers’ in the southern villages of the CF (Ambongibe and Anivorana; Fig.
2). Households associated with the CF also had the lowest education levels
and the least number of livelihoods, arguably as a result of fewer opportunities
because of their remoteness. Seemingly, greater livelihood opportunities may
account for the higher affluence of households in LittSR, relative to the other
forest sites. This is plausible since villages in the LittSR (i.e., Takoandra) have
easy access to the two local marketplaces and a large thoroughfare (Route
12) that connects to a larger city (e.g. Farafangana). As a result, these
households are able to benefit from commercial exchange of produce, goods,
and services.

5.2. Forest resource use
The use by rural peoples of protected area resources is common place
worldwide, and this leads to often unresolved conflict (Ormsby and Kaplin,
2005). Forests are particularly targeted by impoverished communities who
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have few other alternatives, and therefore have to rely on forests as a ‘lifesupport system’ (Bahuguna 2000). In this study, results have shown that at
least for the sampled population in the Manombo forest, most households
relied heavily on the protected forest tree resources, firewood and
construction timber.
5.2.1. Firewood
In rural communities such as around Manombo, firewood is the primary (often
the only) fuel available for domestic cooking, boiling water and to a lesser
degree for heat and light. Firewood in this region consists of axed living wood,
chopped into strips of about 50-60cm in length, with a DBH of around 3-4cm.
These strips are fed slowly into the fire so that they burn down from one end
to the other. There was no evidence that the sampled communities collected
dead wood for fuel but instead cut living trees for the purpose. This implies
the count of firewood bundles was a testament to active deforestation of the
protected area. With growing human population pressure on the forest, and
rising daily needs for firewood, major ecological impacts are likely in a short
period of time.
All studied communities harvested illegal firewood from the protected
Manombo areas. The volume of firewood extracted varied significantly
between the three forest sites. Households associated with the SR,
harvested significantly less firewood than households associated with CF or
LittSR (Fig. 4). The CF and LittSR shared several ecological and socioeconomic characteristics, perhaps because of their proximity to each other,
but because both lacked alternative resources. This was in contrast to SR
villages, which extracted much of their firewood from alternative sources; SR
villages had access to community plantations planted with Eucalyptus and
Pinus species.
As expected, proximity of villages to forest influenced the extraction of
resources. Other studies have found a similar relationship between villageforest proximity and resource use (Karanth et al., 2006; Elmquist et al., 2007).
Additionally, villages located (illegally) in the interior of the CF, relied
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exclusively on the surrounding forest resources. Takoandra, the only village
in the LittSR, also depended highly on the protected area, collecting 85% of
its firewood from this part of the protected forest.
5.2.2. Timber
Over the last 2.5 years, villages associated with the SR extracted significantly
less timber from the protected area than villages associated with either of the
other two forest sites. This can be attributed to the availability of alternative
timber resources to SR villages. Thus, the six villages close to the CF
depended completely (Vohidroy, Anivorana, Ambototsenatovona, and
Amboangibe) or over three-quarters (Sahamahity and Marovary) on this forest
site. Takoandra, the only village located inside the LittSR, exhibited almost
complete dependence on the Littoral forest. But, SR villages showed different
consumption patterns, where Manombo and Marompanahy were completely
independent of the protected forest, relying instead on timber from alternative
sources.
This study suggests that consumption of protected forest resources for
firewood and timber use occurred within every forest site studied. However,
what remain unclear are the discrepancies between levels of illegal resource
use given the number of complex factors that drive these activities. In
Manombo, the general consumption pattern is greater for the CF than for the
LF. It appears that villages associated with the SR consume fewer resources
from that protected area because they have alternatives. It is unclear to what
extent, access to alternative timber and firewood sources, influenced illegal
use of protected forests.
From the available evidence from this study, access to alternative resources
should decrease the dependency of local communities on native protected
forests. Other studies have shown that people prefer to use alternative fuel if
available, and at no greater cost to the household (Aubad et al., 2008). In this
study, alternative sources included orchards, community or private
plantations, and community forests. Orchards are available to all households
as fruit trees, and are planted in and around the village. However, it is unclear
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as to whether they are really open-access property or not. Similarly, accurate
information regarding custodial rights or regulations for community plantations
and the community forest were unclear. Most plantation species were Kininy,
Sapin or Grevillia, planted for the purpose of house construction and/or
firewood. Furthermore, the evidence in this analysis coupled with the
consumption analyses for firewood and timber suggested that the availability
of alternative resources might decrease illegal resource consumption.
5.2.3. Forest disturbance
Ascertaining the effects of anthropogenic disturbance in a protected area is
essential to ascertain the extent and scale of such perturbations on forest
structure and composition (Aubua et al., 2008). Typically disturbed forests
that have anthropogenic harvesting or natural disturbance, such as cyclones,
tend to have a greater proportion of individuals in the smallest size classes
but few mature trees with large DBH (Ingram et al., 2005). The removal of
mature trees, through harvesting or natural means will promote regeneration
in forest openings (Elmqvist et al., 2007).
Both botanical plots, available to this study, showed that the forests were
heavily disturbed as evidenced by the greater number of individuals in the
smaller size classes. Whether disturbance can be attributed to human or
natural perturbations remains unclear. The most likely reason is a
combination of the 1997 cyclone and incessant anthropogenic exploitation.
However, in one the plots (CF) there were direct observations of timber
extraction than in SR; with the SR showing fewer cut stems than the CF. Such
“selective logging” might be ascribed to presence of more utilitarian species
within the SR than in CF, 85% and 77% respectively. Consequently, these
forests have a high utility value to the surrounding villages.
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5.3. Determinants of resource use
Five major factors appeared to influence resource consumption: distance
between village and forest, village remoteness, species availability, species
preference and available alternatives (discussed above).

5.3.1. Village-forest distance
The linear regression model predicted that forest resource use (thus
dependency) for both firewood and construction timber, will be modulated by
proximity of the household to the edge of the protected forest. This is intuitive,
since the expectation is that those households closest to the forest are
exploiting forest resources at a higher degree than those further away (Hedge
and Enters, 2000). Other studies on rural, subsistent communities have found
similar effects of village-forest distance on resource use. Hedge and Enters
(2000) showed that the surrounding communities’ in a study in Southern India,
proximity to resources played an important role in determining the extent of
resource use. Karanth et al. (2006) report that villagers in India will exhibit
more dependency on forests to which they are closer. Households further
away would conversely have reduced reliance on forest resources due to
overriding factors such as time and energy allocation in harvesting and
transporting the forest products over long distances.

5.3.2. Remoteness
Linear regression models revealed that degree of remoteness predicted an
increase in protected forest resource use. This finding was true for both
firewood and timber extraction. The relationship was stronger for timber than
firewood, possibly owing to differing characteristics associated with the two
resources. For example, more households may collect firewood from nearby
sources out of convenience; but locating optimal timber for house construction
is more restricted. The explanation for this observation may be temporal,
rather than spatial. That is, timber extraction for house construction is less
frequent than firewood.
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These analyses have also revealed that alternative resource use decreased
as remoteness increased – households were less likely to seek out alternative
sources if they were farther from the road. This trend is possibly due to
proximity to authorities, such that households nearer to authority use more
alternative resources and have less dependency on illegal products. That is to
say, households further from a road will be more remote and removed from
authoritarian park officials. As a consequence, they are expected to use more
protected forest resources than households closer to authority. Consumption
patterns are expected to result from risk aversion behaviour dictating that
those households with less risk of being caught and punished for any illegal
behaviour would be able to profit from illegal consumption where benefits
outweigh potential costs (Chiles et al., 1996).

5.3.3. Species availability
The model used to predict species consumption based on their availability
showed that only in the SR did species availability drive firewood species
consumption. All other models were non-significant, which showed that
availability does not drive timber species consumption in neither the SR nor
the CF, nor does it drive firewood species used in the CFt. This result
contradicts the expectation that if there are more individuals of a particular
species (within a desired size class), then those individuals will be selected
out of availability, despite their species identity.
Other factors may also be influential however, such as Mokarana (which is
one of the outlier data points. Fig 15), which has good firewood characteristics
such as non-smokey or slow burning, adding to its appeal (Tabuti et al.,
2003). The same is true of Tanatana the other outlier. Moreover, species
consumption-availability relationships could be a function of time and ease.
Finding any species for firewood that is sufficiently adequate may influence
consumption thus merging a range of influences such as availability, suitability
and time efficiency. Unfortunately, firewood species preference data were not
taken. Therefore, it is not possible to resolve whether the species availability
will drive species consumption.
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5.3.4. Species preference
Results from linear regression models showed that preference influenced type
of timber species used for house construction, for those households in SR
and CF (Fig 16). Tabuit et al. (2003) support these findings, as they show that
certain species may be preferred over others for their physical attributes and
thus lead to preferred species being selectively harvested. Choosing the right
materials for house construction could be advantageous in the durability and
thus lifespan of the house. In the LittSR, however no significance was found.
A plausible explanation might be that the Littoral forest along the eastern
coast of Madagascar has long suffered from much overexploitation leaving
only highly degraded fragments (Bollen and Donati, 2006). A households’
harvesting strategy with regards to species selection, may be severally
hindered by a lack of preferred species within the area.
Preference data are informative as it can quantify the emphasis people have
for different species, which can then indicate how difficult it might be to modify
their preferences (Fa et al., 2002). Furthermore, it can indicate where to
place future species/community level assessments to ascertain ecological
effects of selective species extraction and the degree to which this may
impinge on human-wellbeing.

5.3.5. Species availability and species preference
Some of the most consumed species associated with the SR are: Tendrikazo,
Laloha, Nato, and Taimbarika. All of these species had high preference
scores and low SIV (e.g., availability values) and they are rare in the botanical
plot. For example, Tendrikazo, the most preferred species, numbers only 3 in
the botanical plot giving it an extremely low availability (SIV) value. Yet, it is
also one of the most used. The same characteristics are mirrored for Laloha.
Laloha has only 4 individuals within the plot and has a high preference score
of and use value. These results are suggestive of preference driving
consumption. However, whether Tendrikazo is naturally rare due to it’s
intrinsic biological traits (if this botanical plot is truly representative of the
surrounding forest), or whether this species is rare due to extractive
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harvesting, is unknown. Apparently, preference is predominant in timber
extraction for the most part, but where situational conditions may be
inadequate, the harvesters have to resort to those species that may be less
preferred but more biologically dominant and thus more available, such as
Mokarana, which is one of the most abundant and dominant species in the
SR.

5.4. Summary
These measures of forest dependency are informative as they tell us the
general patterns and trends associated with communities that may be most
influential in the degradation of natural resources in protected areas. These
data are crucial in the formation and implementation of management
strategies and conservation efforts (Ormsby and Kaplin, 2005). Much of the
scientific literature measure economic household dependencies on
forest/protected area resources (McSweeney, 2002; Angelsen and Wunder,
2003). Although these economic evaluations can hold great social, economic
and political sway, the derived values may conflate daily practicalities and
hardships with potentially arbitrary values. Sunderlin et al., (2005), speaks of
the need for adequate measures of poverty outside the confinement of the
cash economy. In order to obtain a comprehensive overview of the
complexities of people-protected area conflict, thorough understanding and
predictions must be made about the ecological effects of household
dependency on the protected area and what that will mean for park efficiency
and success in its conservation goals. Too few studies have assessed the
level of human-induced disturbance from a reconciling conflict management
viewpoint (Aubad et al. 2008). Furthermore, there are even fewer studies that
connect direct measures of the extent to which households use protected
area resources (i.e. firewood and timber) and attempts to examine and
identify influential determinants governing consumption, whist providing an
overview assessment of current forest traits. This study attempts to fill this
niche in the hope of ascertaining information on cause and effects of
protected forest resource use.
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Protected forest resource use in Manombo Forest, exhibit certain traits
depending on their dependency level. The empirical evidence suggested that
households that depended on natural resources for their livelihoods generally
exhibit several characteristics: (1) patterns of remoteness from officials and
more ‘urbanised’ centres; (2) inhabit areas closer to forest or protected area
margins; and (3) have low income and little access or opportunity for
schooling thus very little education. All of these characteristics have been
shown to be traits of local communities associated with the CF.

6. Recommendations
The future of Manombo Forest is uncertain and the long-term security of local
community livelihoods on protected forest resources is questionable.
Personal accounts from residents in the area tell of the forest stretching up to
the perimeters of Farafangana the nearest city, some 27 km away, in the last
10-20 years. As practically the last attempt to conserve the CF,
conservationists are pushing to amend the legal statute of the CF to SR status
(i.e. no exploitation) to be managed by ANGAP. Empirical evidence, within
this study, explicitly states that communities affiliated with the SR forest type
harvest significantly less than either the CF or the LittSR. If this designation
reallocation is successful, and the same policies and governance applied to
the current CF, it is perhaps feasible to assume, harvesting of illegal
resources would decrease and conservation promoted. However it must also
be realised that the LittSR also is governed by ANGAP, yet has similar
exploitation patterns with both firewood and timber resources that the CF.
Moreover, high consumption patterns are marked, amongst other, by
remoteness and lack of alternatives. Concerns about the communities in and
surrounding the CF are warranted. They represent the most marginalised
communities in the data. They have few alternatives and receive little
assistance from government or non-government organisations. Conversely in
areas where there is little illegal consumption occurring, such as Manombo
and Maromphany, is much interaction with ANGAP and Durrell, which. This
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interaction of conservation authority and communities are inferred in the data
and has been noted for its importance in compliance of park rules for Masoala
National park in the northeast Madagascar (Ormsby and Kaplin, 2005).
Problems may therefore stem from communities around the current CF
continuing to use illegal forest resources despite designation rearrangements
if their present situation doesn’t change. Recommendations therefore re as
follows; 1) co-managed forests, 2) agro-forestry scheme, 3) out-reach and
environmental education.
1) Co-managed forests allocate part custodial rights to surrounding local
groups. Although there has been mixed successes, this method is
recommended for situations where governmental institutions are not sufficient
enough to maintain resource management (Pandit and Thapa, 2003). Studies
have shown that regardless of the management authority (government or
social), the most influential determinant of successful forest management is
through strong institutional standing (Elmqvist et al., 2007; Raik and Decker,
2008). Furthermore, people’s actions in Madagascar are often dictated by
strong cultural traditions more so than by external laws (Horning et al., 2000;
Jones et al., 2008). Although this approach still may be subject to top-down
authoritarian constraints, recommendations would be to give partial use rights
to the communities for domestic purposes and couple these use rights with
alternative solutions such as agro-forestry schemes.
2) Village agro-forestry schemes and irrigation management may be two
plausible solutions to alleviate people’s needs on forest resources. The agroforestry scheme would give a long-term solution for local people. Although
such schemes have little short-term gains, long terms solutions need to be
addressed for conservation and local well-being. Many households
(especially in the SR) have already established their own plantations, yet
people near the CF still need to establish alternative wood sources.
Furthermore, many accounts of silting rice fields and failing harvest could
benefit from irrigation schemes providing more self-dependency on
communities. This coupled with environmental education and awareness

51

about ecological services could benefit the forests by promoting their value to
local communities.
3) Out-reach and environmental education is a fundamental catalyst in
changing people’s perceptions and creating situational awareness. It has
been found that often local communities don’t know the main aims of the
protected area leaving them to feel excluded and marginalised (Ormsby and
Kaplin, 2005). Through outreach and education programmes, understanding
of the importance of the protected area, coupled with pragmatic alternatives
for local livelihoods can contribute to the reconciliation of people-protected
area conflicts.

7. Limitations
There were two main limitations regarding the methodology. Firstly, questions
involving recall over long periods of time can cause inaccuracies in the data
(Jones et al., 2008). Yet, as this study was a rapid appraisal of the
communities, this technique was unavoidable. Secondly, questions that didn’t
include direct observations were sometimes questionable. This was most
apparent for some villages concerning the wild meat species they hunt (not
considered in this thesis). The timber and firewood questions however were
combined with direct observations and were validated (apart from those
households who had no firewood in the house or in the first two villages where
we didn’t have knowledgeable guides in timber identification). Other
limitations included the measurements of consumption materials. Ideally
weight or cubage for both firewood and timber would have been preferred yet
obtaining these data would be impractical.

8. Further research
Much more research is needed in thesis vitally important area. Too few
studies have quantified the level of resource use and the causation and
effects of such actions by local peoples surrounding protected areas.
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Knowing their needs is a first step towards mitigating solutions to reconcile
people-protected area conflict.
I propose these aspects for future researchers in light of this study. Firstly,
botanical data on forested areas nearest to the village settlements would be
more indicative of human-induced forest disturbance (see Karanth et al.,
2006) furthermore comparison plots within less disturbed areas would give a
relative comparison (Brown et al., unpub). This is important in forests that
have both natural and human disturbance occurring. Secondly, similar
botanical plots are urgently need in the Littoral Forest, which is suffering from
high levels for degradation. Thirdly, more preference data should be obtained
on areas such as firewood. Other information on non-timber forest products
such as honey and materials for weaving would also add more depth, giving a
more holistically view of the situation. Lastly repeated interviews at intervals
would strengthen data on income and consumption as there would be less
risk of people forgetting information (Jones et al., 2008)

9. Conclusion
This study investigated the complexities surrounding People-Protected Area
conflict. It attempted to disentangle protected area resource use by local
peoples, in Manombo Forest, a protected area in Madagascar. It aimed at
measuring the extent of resource extraction and consumption by the
surrounding rural communities, and to ascertain a better understanding of the
possible effects of these activities, and identify drivers of this behaviour.
Moreover, this research provides baseline data of resource use and
recommendations to facilitate and promote management plans at a local
scale. These data will also contribute to the National Biodiversity Strategy
and Action Plan for Madagascar, and will assist in the implementation of the
2010 Convention on Biological Diversity targets.
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APPENDIX A: Household Questionnaire
Date:

Household ID#:

Village name:

Ethnic group:

GPS:

Section 1: Household Demographics and Socio-economic Characteristics
Household data
1) How many people are part of the household (i.e. share meals/income)?
a) For each person please say their gender
b) For each person also please say their age
c) How many years of education does each person have?
d) How many of your children are in school?
Household wealth
2) What is the livelihood(s) (fivelomana) of the family (if more than one please list in
order of most done to least done)?
3) Do you have a job if so what type?
a) How often do you do this job per week/month/season?
What benefits do you get from the job?
i) Money
If so how much money (karama) do you get per day/week
ii) Goods (such as meat, rice, vegetables, etc)
If so please state what and how much per day/week
4) Do you usually sell food produce/crafts etc? If so how much, how often and how
much, give an account of sales for the last year. Do you derive money from any other
source?
5) Does your household own any of the following livestock and if so how many?
(1)dog
(3)chicken
(5)pig
(2)zebu
(4)duck
(6)other
6) Please state if you are a local (topon’tany) or an incomer (mpiavy), if incomer
when did you arrive?

Section 2: Food Consumption, Hunting and Fishing Practises
Food security and Household consumption
7) a) Do you have ‘taminbary’ (wet rice fields) or ‘tanety’ (hill rice/bean) fields?
b) Is the food from the harvest for you and your family;
(1)always enough
(2) sometimes enough
(3) never enough
8) How many meals per day do you and your family usually eat?
9) Does the number of meals per day vary during the year (such as with the
seasons)? if so give an account of the months you consume 3, 2 or 1 meals per day.
Rank scores for household consumption
10) a) Please place the photos into three piles:
1. Those that you have eaten in the last year (since last may)
2. Those that are fady to eat
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3. The remainder will represent those that you have not eaten or are not fady
Are there any other animals you have eaten that are not in the photos?
b) Choose photos of the meat eaten in the last 6 months
i) Arrange photos from most eaten to least eaten.
c) Choose photos of the meat eaten in the last week
i) Arrange photos from most eaten to least eaten.
d) Choose photos of the meat eaten in the last 24 hours.
i) Arrange photos from most eaten to least eaten.
11) How many days per week do you and your family eat:
a) Domestic meat
b) Wild meat (excluding fish from the sea)
c) Fish (from the sea)
Rank scores for food acquisition
For the animals they have eaten in the last 6 months ask...
12) For each animal photo chosen please say where you usually get the meat from
in order of:
1) where you usually get the meat from
2) where you often get the meat from
3) where you sometimes get the meat from
Taste preference for interviewee
Rank scores for interviewee taste preference
13 a) Using ALL the photo ID cards (except fady) showing the animal species in the
area (inc. livestock) select your preferred meats based on taste.
b) Choose the top 5 most preferred meats from the selected cards and arrange
from most to least preferred.
st
5 = 1 choice
4 = 2nd choice
3 = 3rd preference
th
th
2 = 4 preference
1 = 5 preference
0 = if > 5 choices
Hunter behaviour
Only asked if they have eaten wild meat.
14) How many days last month did you or someone in your household hunt?
15 ) How many in your family hunt?
i) Are they male or female?
ii) What is there age?
16) Using the wild animal photo card ask:
Which animals have you or someone in your household caught, fished or hunted in
the last year?
Then for each animal ask:
a) How do you hunt this animal (e.g. snares, traps, spears etc)?
i) Was it planned or hunted opportunistically?
b) How often have you (or someone in your household) hunted/caught this
animal in the last year?
(is it seasonal?)
c) Where do you hunt this animal?
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4/4

d) How much of the meat is eaten?
¾
2/4
¼
e) Did you sell this animal if so what proportion?
i) Where did you sell this meat?

17) Do you know of any other households in the village who need and hunt/catch
wild meat for their family? If so what proportion of the village?
4/4
¾
2/4
¼

Section 3: Firewood and Construction Timber
Firewood
18) What five species of firewood do you usually use? Rank from most to least
used.
19) How many bundles of firewood did you use yesterday?
i.
ii.
iii.
iv.

What species were included in the bundle?
Where did you get those species from?
State the proportion of each species within yesterdays firewood
amount
Where did you get the species from?

Construction timber
20) How many houses are included in your household?
21) When did you build this house?
22) When are you going to reconstruct your house?
23) Give me five species of timber renowned for house construction – in terms of
strength. Rank from rank from best to least best.
24) What species have you used to build this house?
25) For each species we need to take:
i.
ii.

The number of each pieces used (quantity) and the length of that
piece (meters)
Where did you get each species from?

Section 4: Medicinal Plants and Plantations
Medicinal plants
26) During the last month how many persons have been ill in the household?
i.
Where they male or female?
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ii.
iii.

What illness did they have?
Did they use medicinal plants? If yes what species? Where did they
get it from?

Plantations
27) Have you already planted trees for personal household use?
i.
If yes
i. Which species have you planted?
ii. How many per species?
iii. What was the reasoning for planting them?
ii.

If no
i. Is this due to personal choice or is there a reason?
ii. If there is a reason – what is it?
iii. If the problem can be overcome what species would you like to
plant?
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