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Key points

1.

The potential for forest foods to contribute to food security and better nutrition as elements of
sustainable diets is largely untapped. Forest foods represent an affordable source of food,
especially for those with limited livelihood options, supplying micronutrients, fibres and other key
food components most commonly lacking from diets.

Full realization of the contribution of forest and tree foods to sustainable diets faces a number of
constraints. Key among these are knowledge gaps, issues related to tenure and access, aspects of
sustainability of extraction, and rapidly evolving social and cultural contexts, which have a
significant impact on diets. Research is needed on all these topics.

There is a need to promote better integration of information and knowledge on nutritious forest
and tree foods into national nutrition strategies and programmes. The establishment of cross-
sectoral policy platforms that bring together nutrition, food security, environment, agriculture,
health, development, conservation and land-use planning would help achieve this.




Background

Introduction

It is unclear how the current global food system will meet the growing demands of a population expected
to reach 9 billion people by 2050. In the present context of climate change, ongoing loss of species and
genetic diversity, soil degradation, increasing urbanization, social conflict and extreme poverty, there is an
urgent need for collective action to address food and nutrition security at the global level (Hunter and
Fanzo, 2013).

Energy-rich staple crops assure caloric adequacy and policy makers have thus made them a focus in the
quest for global food security. However, they generally contain low amounts of limiting nutrients, including
micronutrients per unit of energy, and by themselves are not sufficient to address the problem of “hidden
hunger” or micronutrient deficiency (Tontisirin et al., 2002; Stephenson et al., 2010). Increasing
consumption of micronutrient-dense foods (such as a diversity of fruit, pulses, vegetables and some animal
source foods) is seen as a sustainable way to improve nutrient quality (Tontisirin et al., 2002; Johns and
Sthapit, 2004; Stephenson et al., 2010). In this context, the challenges are to make food systems
simultaneously productive, nutrition-sensitive, culturally acceptable and sustainable (Johns et al.,
submitted) and to ensure that consumers and producers have the necessary information to make the best
choices to meet their dietary and life choices.

Forest ecosystems

Forests play an important role in many food systems, either through direct and indirect provisioning for
human nutrition, particularly in developing countries (Hladik et al., 1993; Vinceti et al., 2008; Arnold et al.,
2011; Jamnadass et al., 2011; Sunderland, 2011), or through ecosystem services essential for both near and
distant agro-ecological systems (Millennium Ecosystem Assessment, 2005). Forests and trees-outside-
forests contribute to the livelihoods of more than 1.6 billion people (FAO, 2010).

Forests, tree cover and/or agroforestry’ systems are characterized by substantial worldwide variation.
Forests range from closed to open formations and cover 31 percent (4 billion hectares) of total land area
(FAO, 2010).% The forest category also includes small patches of land with trees (often not much larger than
0.5 hectares) scattered across densely populated agricultural landscapes, and referred to as agroforestry
systems. Identification and monitoring of such areas is challenging and in most countries trees outside
forests are still poorly reported in official statistics.

Around 30 percent of the world’s forests are used primarily for production of wood and non-wood forest
products. Information on non-timber forest products (NTFPs)? is not available for many countries and their
true value for subsistence is not captured by available statistics. However, according to the most recent
Global Forest Resource Assessment (FAO, 2010), the estimated value of non-wood forest products

'Fora description of agroforestry, see the background paper on “Agroforestry, food and nutritional security”.

% This calculation is based on FAQ’s definition of forest defined as a piece of land with tree crown cover (or equivalent stocking
level) of more than 10 percent and an area of more than 0.5 hectares, with trees reaching a minimum height of 5 metres at
maturity in situ (FAO, 2000).

® Non-timber forest products consist of goods of biological origin other than timber, derived from forests, other wooded land and
trees outside forests, including fuelwood and small woods.




(NWFPs)* extracted in 2005, based on country reports, amounts to approximately US$18.5 billion, and this
is most likely an underestimate. According to some authors, the value of the trade of NTFPs harvested from
the wild for nutrition and income is much higher, reaching around US$90 billion/year (Pimentel et al.,
1997). The Global Forest Resource Assessment (FAO, 2010) also states that food represents, by far, the
most valuable category of NWFPs removed globally, followed by other plant products, wild honey and
beeswax, ornamental plants and exudates (Table 1).

Table 1. Value of NWFPs extracted by category and region, 2005.

Total Share of each category in total value (%)
PFNM categorias (millon

us $) World Europe Asia Americas Oceania Africa
Food 8614 51 48 67 23 47 39
Other plant products 2792 17 3 22 61 3 7
Wild honey and beeswax 13805 11 21 n.s. n.s. 12 n.s.
Ornamental plants 984 6 10 1 3 4 0
Exudates 631 4 1 7 5 0 25
Plant materials for medicine, etc. 628 4 5 2 1 9 18
Wild meat 577 3 7 n.s. n.s. 1 2
Materials for utensils, construction, etc. 427 3 3 1 3 18 n.s.
Hides, skins and trophies 183 1 1 n.s. 3 7 n.s.
Living animals 154 1 2 n.s. n.s. 0 7
Fodder 21 n.s. n.s. n.s. n.s. 0 2
Colorants and dyes 18 n.s. n.s. n.s. n.s. 0 n.s.
Other non-edible animal products 6 n.s. 0 n.s. 0 0 n.s.
Other edible animal products 1 n.s. n.s. 0 0 n.s.
Raw animal material for medicine 0 n.s. n.s. 0 0 0
Total value (millon US $) 16 839 16 839 8389 5655 13; 402 261

Note: n.s = ‘non-significant’ (i.e less than one percent of the total)
Source: FAO, 2010.

* While the text refers throughout to NTFPs, this section makes reference to FAO statistics from the Global Forest Resource
Assessment, which reports values for NWFPs. These correspond to NTFPs with the exclusion of fuelwood.




Sustainable diets

The first International Scientific Symposium on Biodiversity and Sustainable Diets, held at FAO in 2010,
defined sustainable diets as:

Those diets with low environmental impacts which contribute to food and nutrition security and to healthy
life for present and future generations. Sustainable diets are protective and respectful of biodiversity and
ecosystems, culturally acceptable, accessible, economically fair and affordable; nutritionally adequate, safe
and healthy; while optimizing natural and human resources (Burlingame and Dernini, 2012).

This symposium also drafted a “platform for action” as well as a “code of conduct” (Burlingame and
Dernini, 2012). Work on what constitutes a sustainable diet and how to promote it is still at an early stage
and more research is needed to fully capture its many dimensions (Figure 1). The development of a “score
card” or “index”, however, might aid operationalization of the concept of sustainable diets into
measurable, robust and useful metrics or indicators. This could allow for comparison of diets across regions
and countries and guide future policies and programmes (Fanzo et al., 2012).

Figure 1. The many dimensions of a sustainable diet

Source: FAO/Bioversity International 2012.

This paper makes a first attempt to examine the contribution of forests and trees to some of the
dimensions of sustainable diets presented here (Figure 2). Future work on sustainable diets should include
the role and contribution of forests and trees.




Forests and sustainable diets

This section reviews the main characteristics of forest foods and the ways in which they relate to the main
dimensions of the sustainable diet framework.

Availability of local, affordable, nutritious forest foods

Forest foods, including products from trees, herbs, mushrooms and animals, contribute in many ways to
improving food security by providing ready accessibility to affordable and often highly nutritious food
(Chweya and Eyzaguirre, 1999; Dansi et al., 2008; Vinceti et al., 2008; Powell et al., 2011). While there are
very few communities in the world that currently rely on forest foods to provide a complete diet (Bailey et
al., 1989; Mercader, 2002; Colfer, 2008), forest foods can help maintain household nutrition during the
lean season (complementing for example the seasonality of staple agricultural crops) and at times of low
agricultural production, periods of climate-induced vulnerability and food gaps due to other cyclical events
(Humphry et al., 1993; Moreno-Black et al., 2000; Angelsen and Wunder, 2003; Faye et al., 2010a;
Karjalainen et al., 2010). For examples, see the seasonal calendar of indigenous fruit tree species in the
background paper on “Agroforestry, food and nutritional security” (Jamnadass et al., 2011).

Despite their value and contribution to the “global food basket”, wild foods only recently made an
appearance in official statistics on the economic value of natural resources (Bharucha and Pretty, 2010),
although there remain questions about the reliability of these data, which come mainly from the informal
sector. A recent survey by these authors, summarizing information from 36 studies in 22 countries,
highlights the important role still played by wild biodiversity in local contexts with around 90-100 wild
species known per location. In some instances, estimates for level of utilization can reach 300-800 species
(e.g. Ethiopia, India, Kenya). However, such studies include data from very different contexts, collected
using different methodological approaches; therefore global estimates need to be considered with caution
(Pefiafiel et al., 2011). In addition, absolute numbers of species known/used are not very informative per
se, and should be considered in relation to the richness of the local flora. Moreover, knowledge about the
usefulness of a large number of plant species does not mean necessarily that they are consumed or
collected with high frequency (Termote, 2012a). Thus, there is a large margin for improvement in the
process of documenting consumption of wild foods.

As discussed above, forest foods cannot be a panacea for global issues related to food security and
nutrition, but in some specific geographic contexts they can have a significant role. A study conducted over
five districts of the Orissa State in eastern India (a state with the second largest tribal population in the
country, ca. 6.82 million) showed that tribal communities derive, on average, 15 percent of their gross
family income from selling fruits, and that indigenous tribal families living within a 5-7 km radius of forests
consume on average 82 kg yr-1 household-1 of wild fruits, with about a quarter of households collecting
regularly (Mahapatra and Panda, 2012). This has been observed for the majority of tribal populations in
India, living within or near the forest (Bahuguna, 2000; Mohapatra and Sahoo, 2010).

Forest foods are mostly consumed locally or traded in local/regional markets, with transportation distances
highly limited by perishability of products and pest infestation (Akinnifesi et al., 2006). The collection and
sale of wild foods can provide considerable support to local livelihoods, especially for those who lack the
capital to engage in other livelihood activities (women and the most disadvantaged members of a




community) (Delang, 2006). Forest products can also be sold in time of crisis to earn the income needed to
ensure food security (Fisher, 2004; Arnold, 2008).

Nutritional quality of forest foods

The contribution of forests and trees is not limited to periods of scarcity or shortage; even during periods of
less difficulty, forests play a critical role in supplying crucial nutrients and other components not provided
by staple foods alone. From a nutritional perspective, forest environments offer sources of animal foods
(vertebrate and invertebrate) rich in highly bio-available iron, zinc and vitamin B, (a well as protein and fat)
and diverse options for obtaining leafy vegetables, fruits, nuts and other plant foods important for intake of
vitamin A, iron, folate, niacin and calcium (Johns and Maundu, 2006; Vinceti et al., 2008; Powell et al.,
2011).

Many of the micronutrients provided by forest foods are those most commonly lacking from diets and
which have important health and developmental functions (UNSCN, 2004). For example, vitamin A
deficiency causes blindness in up to 500 000 children every year and is also associated with higher rates of
infection (diarrhea, measles, respiratory tract infections, etc.) because of its importance to proper immune
function (Black et al., 2003; Kennedy et al., 2003). Good dietary sources of vitamin A are green leafy
vegetables and orange-coloured fruits and vegetables (Underwood, 2004). Iron, zinc and vitamin B,
deficiency can impair growth, cognitive development and school performance with life-long implications
for health and socio-economic success (UNSCN, 2004). The best dietary sources of these nutrients are
animal source foods (meat) and leafy green vegetables and legumes for iron.

Even though the nature of the evidence is still circumstantial, many authors argue that there is a
reasonable and compelling case for increased agricultural and forest biological diversity leading to a more
varied diet, which in turn improves specific health outcomes (Johns and Sthapit, 2004; Johns and
Eyzaguirre, 2006; Toledo and Burlingame, 2006; Bélanger and Johns, 2008; Lutaladio, 2010). Forest
ecosystems seem to provide more diversified wild foods compared to other land uses within the same
region, especially if animal sources are accounted for. Powell et al. (2011), in a study of 270 households
across six villages in the East Usambara Mountains (Tanzania), showed that individuals consuming forest
foods had significantly more diverse and nutrient dense diets, and consumed a larger number of animal
source food items. Those who consumed forest foods also had greater tree cover in close proximity to the
house (Figure 2).

Using Demographic Health Survey data for children between the ages of 12 and 59 months from 21 African
countries, Ickowitz et al. (2013) found an inverted-U-shaped relationship between tree cover and dietary
diversity, which peaked at 61 percent tree cover. The authors found a similar relationship between forest
cover and consumption of fruits and vegetables, which reached a maximum at 48 percent forest cover.




Figure 2. Total number of wild species from the forest and other land-use types consumed by 270 surveyed
households, grouped by different food types (East Usambara Mountains, Tanzania)
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Source: Powell et al. (2011).

“Bushmeat” or wild meat constitutes the main source of animal protein in many tropical forested
landscapes, especially in the Congo and Amazon basins (Arnold et al., 2011). Bushmeat also supplies many
important micronutrients in much higher amounts or with higher bioavailability than plant source foods.
Although still a concern, protein deficiency is not considered a widespread problem, while micronutrient
deficiencies are common (UNSCN, 2004) and can be addressed by improving the consumption of animal
source foods. A recent study from Madagascar estimated that the loss of bushmeat from the diet of
children, without substitution by other sources, would result in a 29 percent increase in children suffering
from iron deficiency anaemia (Golden et al., 2011).

However, over-exploitation of certain wild animal populations is leading to the extinction of species with
levels of vulnerability to hunting, depending on habitat, species and hunting methods (Nasi et al., 2011).
The resulting bushmeat crisis, documented by Nasi et al. (2008), is threatening the food security and
livelihoods of some forest communities (Heywood, 2013), especially where home consumption is more
common than bushmeat trading.

Fruit consumption in sub-Saharan Africa (SSA) has been estimated to fall considerably short of the
recommended daily amount, and between 48 and 68 percent of the population, mostly women and
children, suffer from some form of under nutrition (HarvestPlus, 2013). Iron and vitamin A deficiency are
among the most common forms of under nutrition in SSA. Kehlenbeck et al. (2013) show that a number of
indigenous fruit trees have a high vitamin and mineral content and the potential to contribute to the
micronutrient supply of local communities (Table 2). For example, consuming 40-100 g of berries from
Grewia tenax (Forrsk.) Fiori® could supply almost 100 percent of a child’s (under 8 years of age) daily iron

® Grewia tenax is a fruit-producing deciduous shrub or small tree of widespread occurrence in semi-arid and sub-humid tropical
climates, growing wild at low elevations throughout the Sahelian zone, northern and southern Africa, in the Arabian Peninsula, and
from Iran to India.




requirement. In addition to micronutrients, the high sugar content of fruits such as tamarind (Tamarindus
indica L.) and baobab (Adansonia digitata L.) make them important sources of energy (Table 2). The fruits
of Dacryodes edulis (G.Don) H.J.Lam, and the seeds of Irvingia gabonensis (Aubrey-Lecomte ex O’Rorke)
Baill., Sclerocarya caffra Sond. and Ricinodendron rautanenii Schinz have a higher fat content than peanuts
(Barany et al., 2004).

Colfer et al. (2006) point out that data on the nutrient content of many indigenous fruits are either
unavailable or unreliable. In addition, the bioavailability of nutrients varies and also depends on what other
foods are being eaten. To fully understand the contribution of a single food to nutrition, an understanding
of the nutrient composition, bioavailability and the steps used to process, conserve, prepare and consume
the food is required.

A recent review by Stadlmayr et al. (submitted) on the nutrient composition of selected indigenous fruits
from sub-Saharan Africa notes the very high variability in nutrient contents naturally occurring among
different populations of the same species, when undomesticated. This has also been documented in
vegetables (Msuya et al., 2008) and cereals (Barikmo et al., 2007).

Table 2. Nutrient contents of some African indigenous and exotic fruits per 100 g edible portion (high values are
highlighted in bold)

Species Energy | Protein Vit C Vit A (RE) Iron Calcium
(Kcal) (g) (mg) (ug) (mg) (mg)
Indigenous fruits
Adansonia digitata L. 340 31 150-500 0.03-0.06 1.7 360
Grewia tenax (Forrsk.) Fiori N.A. 3.6 N.A. N.A. 7.4-20.8 610
Sclerocarya birrea Hochst. 225 0.5 68-200 0.035 0.1 6
Tamarindus indica L. 270 4.8 3-9 0.01-0.06 0.7 260
Ziziphus mauritiana Lam. 21 1.2 70-165 0.07 1.0 40
Exotic fruits
Guava (Psidium guajava L.) 68 2.6 228.3 0.031 0.3 18
Mango (Mangifera indica L.) 65 0.5 27.7 0.038 0.1 10
Orange (Citrus sinensis (L.) Osbeck) 47 0.9 53.0 0.008 0.1 40
Pawpaw (Carica papaya L.) 39 0.6 62.0 0.135 0.1 24

Note: RE is retinol equivalents.
Source: Kehlenbeck et al., 2013, compiled from different sources.

Until a decade ago, there was little available research on the range and origin of intraspecific genetic
variation behind variable nutritive values and other properties of edible products from key tree species.
Domestication programmes are now being developed to bring many wild tree species into cultivation and
integrate them into agroforestry systems (see “Agroforestry, food and nutritional properties”).

The role of home gardens has been investigated in relation to nutritional outcomes. Home gardens are
highly diverse and provide many ecosystem goods and services (Figure 3). These systems are common in




most parts of the world, especially in tropical and subtropical regions, and it has been estimated that
around 1 billion people in the tropics obtain produce from home gardens supported by semi-subsistence
agriculture (Heywood, 2013). Some studies have found that the presence of a home garden is associated
with children’s nutritional status and that diversity, rather than size of the garden, is the important factor
(Jones et al. 2005). Home garden interventions can be highly effective for improving micronutrient intake
(Tontisirin et al., 2002; Berti et al., 2004).

Figure 3. Main functions of homegardens and selected products/service outputs

Source: Kehlenbeck et al,, 2007.

Many factors beyond agricultural produce influence nutritional status, such as the circumstances under
which people participate in these interventions, their health and sanitation environment, cultural practices,
and so on (Masset et al., 2012). These factors affect project implementation and confound outcomes of
programmes aimed at promoting agrobiodiversity for better nutrition and health. This further reinforces
past studies that argue for a combined livelihoods, agriculture, health, and education approach to
improving nutritional status, and emphasizes the need for more carefully designed evaluations of the
impacts of home gardens on overall nutrition.

Cultural importance of forest foods

In most societies that traditionally inhabit areas with significant forest cover, forest foods have been used
for generations and many have social and cultural importance. Wild edible plants are part of the intangible
cultural heritage of local populations (UNESCO, 2003; Pieroni, 2008) and are even related to cultural
identity (Ndam et al., 2001; Pieroni et al., 2005; Macia, 2004; Dansi et al., 2008; Maxia et al., 2008).

Knowledge about the identification, preparation and sustainable management of forest and wild foods is
part of indigenous knowledge systems and practices that have been developed over many generations.
These play an important part in decision-making in local food production, human and animal health, and




management of natural resources (Slikkerveer, 1994). In South Africa, most forest foods traded in local
markets maintain a key position in local culture; in several cases commercial substitutes of forest foods do
not exist, and wild resources are generally preferred even when alternative products can be found
(Shackleton et al., 2008). A recent extensive review of indigenous food systems, including a range of NFTPs,
highlights both their nutritional and cultural importance (Kuhnlein et al., 2009).

Indirect contribution of NTFPs to improved livelihoods allowing access to other food sources

NTFPs can contribute indirectly to food security and nutritional outcomes through the income generated by
their sale. In some cases, the need to generate income from forest foods may take precedence over direct
consumption. A study in Viet Nam revealed that forest vegetables, bamboo shoots and mushrooms
collected were eaten in wealthier households, but in poorer ones had to be sold in order to buy rice
(Nguyen Thi Yen et al., 1994). Similar results were obtained from a study on fruits in the Amazon basin
(Melnyk, 1993) and bushmeat in parts of West Africa (Brown and Williams, 2003). Selling off collected
foods can have both positive and negative nutritional impacts (the income generated may be used to
purchase other types of food); therefore generalizations are not appropriate.

A growing literature suggests that forest foods contribute to income and poverty reduction, and that wild
harvested plants and animals are of particular importance to the economy of the world’s rural poor,
particularly for forest communities (Nepstad and Schwartzman, 1992; Colfer, 1997; Pimentel et al., 1997,
Shanley et al., 2002; Belcher and Schreckenberg, 2007; Paumgarten and Shackleton, 2009). Locally
important forest products contribute significantly to livelihoods, not only for rural people, but also in urban
and peri-urban environments where intermediaries and traders of NTFPs often come from poorer and
more marginalized sectors of society (Kaimowitz, 2003; Stoian, 2005; Termote, 2012b). However, a
thorough examination of all local supply chains of NTFPs and their stakeholders, as well as rural-urban
linkages, is needed to arrive at a correct valuation of forests and forest products, and to assess the role and
potential of NTFPs at local, regional and national levels (Hegde et al., 1996; Sundriyal and Sundriyal, 2004;
Stoian, 2005; Jensen, 2009).

Efforts to understand the role of NTFPs have moved away increasingly from isolated case studies to global
analyses based on uniform criteria, so as to draw lessons at a broader scale (Belcher et al., 2005; Angelsen
et al., 2011) across regions (Ruiz-Perez et al., 2004) or different products (Marshall et al., 2006). Results
indicate that, as a general pattern, the relative contribution of forest products to total household income is
higher for poorer and more marginalized people (see the preliminary results from the Poverty Environment
Network: www.cifor.org/pen).

Environmental aspects of forest foods systems

Forest food systems are low input systems not reliant on costly external inputs, which can be polluting and
damaging to the environment. While a large part of global agricultural production takes place at the
expense of biodiversity and the wider environment (McMichael, 2005), forest food systems have a smaller
ecological footprint: forests and trees are carbon sequestering (Montagnini and Nair, 2004), use fewer (or
no) chemical inputs, and rely on natural precipitation instead of groundwater. The value of forest foods and
other forest products is often not sufficiently taken into account when decisions are taken about land-use
planning.
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Challenges and opportunities to strengthen the role of forest foods in
sustainable diets

The concept of sustainale diets presented here is recent and its translation into an operational framework
has not yet been implemented. Taking into consideration the following series of factors can help to
strengthen the potential contribution of forest foods to sustainable diets.

Cultural challenges

One of the most widely reported factors likely to determine differences in the use and value of food tree
products is ethnicity (Chadare et al., 2008; De Caluwe et al., 2009; Fandohan et al., 2010; Assogbadjo et al.,
2011; Termote et al., 2011). Traditional knowledge should therefore be taken into consideration when
promoting nutritious forest foods as part of a diet, and in the selection of priority species for marketing and
domestication.

Many indigenous people, including those living in forested environments, also often face issues arising from
poverty, prejudice, discrimination and marginalization, which can affect access to traditional resources and
collecting grounds, with potentially severe negative impacts on nutrition and health (Kuhnlein and
Receveur, 1996). Indigenous foods valued in the past may become perceived as old-fashioned or inferior.
Other reasons responsible for declining use, depending on the context, may include: physical shortage of
the product as a consequence of resource depletion, reduced time to gather wild foods as a result of
changes in the availability or allocation of a household’s supply of labour, increasing pressure on women’s
time, loss of knowledge about use of forest foods (Falconer, 1990), and limited opportunities to
commercialize production (Kuhnlein et al., 2009; Bharucha and Pretty, 2010).

Changes in forest use often result in dietary change with both positive and negative repercussions. Changes
in livelihood strategies and the process of urbanization, coupled with the commercialization of food and
changes in diets (high salt and energy density, but lower nutrition) have resulted in considerable
modification in consumption and natural resource-use patterns (Pingali, 2007). An extreme example of
maladaptation to “modern” conditions is the process of sedentarization of former hunter-gatherers groups,
such as the Baka and Kola Pygmies of Cameroon and the Tubu Punan of Borneo, resulting in negative
nutritional and epidemiological consequences (Dounias et al., 2007; Dounias and Froment, 2011). The
abandonment of forest-based livelihoods and traditional food regimes in these groups has been associated
with diets lower in protein and fibre and higher in salt, milk and sugar — a shift often referred to as the
nutrition transition (Popkin, 2004).

Sustainability of use of NTFPs and threats to the resource base

Several threats to forests and other tree-based systems could curtail their capacity to provide food and
nutrients. Unsustainable harvesting of wild resources has been documented in different contexts. A review
of important fruit species for the local economy and diet, regularly consumed in the region surrounding
Iquitos, Peru (Vasquez and Gentry, 1989), revealed that out of 193 fruit species used, 120 were exclusively
wild-harvested and 19 additional species originated from both wild and cultivated sources. However, the
availability of several of the most popular fruit species had decreased markedly and destructive harvesting
techniques and increasing market pressures were rapidly depleting wild populations (Sundriyal and
Sundriyal, 2004; Delvaux et al., 2010). This highlights the need to take measures to manage the threat of
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overexploitation in any attempt to extract forest food products. Sustainability of NTFP use, including forest
foods, depends greatly on level of use and the population dynamics of the species (Ticktin, 2004; Belcher et
al., 2005).

Conflict between different uses of trees for timber and NTFP can pose additional threats. In the Congo
Basin, timber exploitation is placing growing pressure on local biodiversity, with potential negative
repercussions on food security and livelihoods (Rist et al., 2012). NTFPs used locally as sources of food and
medicine are being depleted in areas where people depend on them most. Some species have edible fruits
and oil extracted from seeds; others host caterpillars that make up 75 percent of the protein eaten by Baka
pygmies during the period when caterpillars are available (Ndoye and Tieguhong, 2004). Examples of
conflicts between multiple uses are also documented in Asia (Limberg, 2007) and South America
(Guariguata et al., 2010).

In West Africa, when woodland is cleared for traditional agriculture, some selected multipurpose trees
supplying food, wood and medicinal functions are maintained (Faye et al, 2010b); however useful trees and
shrubs are progressively disappearing due to shortening fallow periods, tenure issues, drier climate,
browsing by livestock and the absence of conservation practices to protect regeneration (Gijsbers et al.,
1994; Nikiema, 2005; Maranz, 2009).

For most wild-collected animal and plant species there is minimal available knowledge regarding the effect
that collection has on the genetic diversity and long-term survival of species’ populations (see the case of
Gnetum spp. in Sunderland et al., 2002; Ndoye and Awono, 2010; Ingram et al., 2012). Detailed inventories
of these wild species exist for only few countries and the literature is scattered (Scoones et al., 1992; FAO,
1995, Townson, 1995; Colfer et al., 2006; Vinceti, 2008; Special issue of International Forestry Review
edited by Sunderland and Pottinger, 2011; Heywood, 2013).

Increased reliance on food-based approaches

The role of micronutrients in health and well-being and the synergies with the physiological functions of
nutrients are increasingly recognized (Frison et al., 2006; Remans et al., 2011). Nutrition interventions
should thus focus on improving overall diet quality. This calls for promoting dietary diversification and
food-based nutritional interventions (Frison et al., 2006; Torheim et al., 2010), taking into account the role
of forest foods. The increasing focus on dietary diversity, defined as the number of unique food categories
consumed over a given period of time, as an indicator of food security (Hoddinott and Yohannes, 2004) and
a proxy for diet quality (Arimond et al., 2010; Kennedy et al., 2011; Ruel, 2003a), allows to better capture
the whole-diet approach in a quick and low cost manner. Translating this approach into programmes is
challenging, however, and researchers are investigating the best tools for evaluating diversity in diets,
nutritional outcomes and assessment (Ruel, 2003b; Torheim et al., 2004; Savy et al., 2005; Frison et al.,
2006; Savy et al., 2007; Kennedy et al., 2010).

Furthermore, there is growing interest in using micronutrient-rich foods, including food from indigenous or
traditional trees and plants, to meet the high nutrient needs of infants and children, whose diets are
founded predominantly on cereals and legumes (Kuyper et al., 2013). Based on local availability and ease of
access, underused complementary foods may be affordable and potentially more acceptable than other
options. An example is the fermented condiment obtained from the seeds of Parkia biglobosa (Jacq.) R.Br.
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ex G.Don, in West Africa, called “soumbala”. A rich source of iron (16.9 mg/100 kcal) (Ouedraogo et al.,
2010) it is often used as a low-cost meat substitute by families (Savadogo et al., 2011).

Increasing knowledge

There is room to increase the use and consumption of diverse foods including traditional forest foods by
enhancing the knowledge of policy-makers, healthcare workers and extension agents through the provision
of information (Bisseleua and Niang, 2013; Smith, 2013). Nutritional education activities to promote forest
food consumption should be based on sound scientific knowledge of their nutritional values, and should be
able to stimulate local positive attitudes towards wild edible plants (Kuhnlein, 2009). Promoting the
necessary behaviour change to use and consume what are often considered inferior foods remains one of
the biggest challenges due to the growing aversion to consuming certain traditional complementary foods
(e.g. insects; see DeFoliart, 1999). Another aspect to be carefully taken into account is palatability, as it may
be difficult for infants to consume large amounts of certain underused micronutrient-rich foods.

Food composition tables should be expanded based on local biodiversity, and some actions have already
been taken in this respect (Burlingame et al., 2009; Nesbitt et al., 2010). Generation and use of better
composition data for forest foods can be combined with research on ecology, management and
(participatory) domestication so that appropriate nutritionally rich species can be integrated into fields and
home gardens (Pudasaini et al., 2013; see “Agroforestry, food and nutritional security”). Examples of
increased consumption of micronutrient-rich foods as a result of information dissemination and promotion
are available (e.g. Low et al., 2007) and such an approach should be adopted for forest foods. Nevertheless,
nutrition interventions remain complicated by measurement issues and limited understanding of the actual
requirements of many micronutrients.

Adapting management of forests and trees to account for forest foods

Many traditional communities actively manage the wild resources they use, and in many cases, customary
methods of resource management may be fundamental to the sustainable conservation of habitats and
species (Schroeder, 1993; Greenberg, 2003; Anderson, 2006; Castle, 2006; Moller et al., 2009).

In cases of conflict over the use of multipurpose species that supply both timber and food products, forest
management plans should be negotiated with timber concessions and adapted to consider the interests of
both local communities and timber companies (Ndoye and Tieguhong, 2004). Such an approach should be
based on a sound cost-benefit analysis that takes into account livelihoods and the food and nutritional
benefits of forest foods in the diets of the most vulnerable: women and children.

Women have a central role in ensuring food security and adequate nutrition (de Schutter, 2011). The food
security literature indicates that interventions directed towards women are likely to have a particularly
beneficial impact (Hoddinot, 1999). Supporting the role of women as producers and consumers would help
to remove barriers to improved nutrition, including higher consumption of forest foods (see the
background paper on “Gender aspects”). Maintaining forest cover around villages and homes may be
necessary if forest foods are to remain in the diet, with important implications for village and household-
level land management.
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Furthermore, nutritionally important indigenous trees can be introduced into farming systems to produce
traditional forest foods through processes of domestication to improve quality and yield (see “Agroforestry,
food and nutritional security”).

Access rights to forest foods

A lack of secure access rights and land tenure discourage many poor or marginalized communities from
investing in more productive land management, and from protecting and planting key species, which could
play a key role in terms of food security and nutrition — as in the case of parklands in West Africa
(Teklehaimanot, 2004; Rzebild et al., 2011). Weak and ineffective political and institutional arrangements in
support of local control and management of forests still widely constrain access by the poor to resources
that can yield forest foods and income. Policies and programmes that actually enable local people to have a
genuine role in decision-making are rare (Larson and Ribot, 2007).

Community biodiversity management is an approach to natural resource management that contributes to
the empowerment of agricultural and forest communities to better manage their biological resources, and
to make informed decisions on the conservation and use of biodiversity including forest and tree resources
(de Boef, 2013). Steps involved in community biodiversity management include: the introduction and
domestication of wild species in home gardens; the creation of networks of extension agents and
community members; social institutional empowerment (land tenure rights); generation of livelihood
benefits and income through consumption and sale of tree products.

Integrating forest biodiversity into complex landscapes managed for multiple benefits

The diversity of foods that can be derived from different land uses, such as forest, fallow and agricultural
margins, could help to provide the range of micronutrients needed for a sustainable human diet (High and
Shackleton, 2000; Padoch and Pinedo-Vasquez, 2010). Forest fallows can be equally productive of forest
foods as pristine forests (Davies and Richards, 1991). In many contexts, fallow land and farm bush areas are
actively managed to protect and regenerate species of value to local communities. Examples include the
babacu palm (Attalea speciosa Mart. ex Spreng.) in northeast Brazil, which is integrated into local farmers’
shifting cultivation systems (Mayso et al., 1985), and fruit trees planted at an early stage in agricultural
settlements (Arnold and Dewees, 1997). Research and development practitioners must start thinking about
ways to develop innovative new roles for agro-ecosystems and heterogeneous landscapes, so as to ensure
that food production systems and value chains are more nutrition sensitive, while minimizing their
ecological footprint (Hunter and Fanzo, 2013).
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General recommendations

1. Prioritize research and development into nutritious forest foods including analysis and documentation
of their nutritional composition, digestibility and bioavailability, the effect of storage and processing on
the nutritional value of specific forest foods, and the potential for domestication and integration of
important species into value chains.

2. Encourage research that examines the relative contribution of forest foods to local diets and nutrition.
Describe and measure the sustainability of diets reliant on forest foods in relation to indigenous
peoples’ food systems, and compare these systems in terms of resilience, health, cost-effectiveness and
sustainability with other diets and food systems across countries and regions.

3. Support research on governance and access issues and on the development of nutrition-sensitive value
chains involving forest foods, with a particular focus on improving understanding of the risks associated
with potential overharvesting and changes to access, as targeted NTFPs become more valuable.

4. Ensure extension services, NGOs, schools, hospitals and health centres are aware of the benefits and
promote the consumption of nutritious forest foods within their programmes and interventions,
including efforts to counter negative perceptions and attitudes to local, traditional foods.

5. Promote the better integration of information and knowledge on nutritious forest foods and their
conservation into national nutrition strategies and programmes by establishing cross-sectoral policy
platforms that bring together environment, health, development, agriculture and other sectors to better
mainstream the use of tree biodiversity with high nutritional value in strategies addressing food
security, nutrition, conservation, and land-use planning and policy.

Acknowledgements

The preparation of this background paper was supported by the CGIAR research programmes on “Forests,
Trees and Agroforestry” (CRP6) and “Agriculture for Nutrition and Health” (CRP4), and by the global
GEF/UNEP/FAO project “Biodiversity for Food and Nutrition”, led by Bioversity International. The authors
thank lan Dawson for his comments on an earlier version of the manuscript.

15



References

Akinnifesi, F. K., Kwesiga, F., Mhango, J., Chilanga, T., Mkonda, A., Kadu, C.A.C., Kadzere, I., Mithofer, D., Saku,
J.D.K., Sileshi, G., Ramadhani, T. & Dhliwayo, P. 2006. Towards the development of Miombo fruit trees as commercial
tree crops in Southern Africa. Forests, Trees and Livelihoods, 16: 103—121.

Anderson, K. 2006. Tending the wild: Native American knowledge and the management of California’s natural
resources. Berkeley, CA, USA, University of California Press.

Angelsen, A. & Wunder, S. 2003. Exploring the forest-poverty link: key concepts, issues and research implications.
CIFOR Occasional Paper No. 40. Bogor, Centre for International Forestry Research.

Angelsen, A., Wunder, S., Babigumira, R., Belcher, B., Borner, J. & Smith-Hall, C. 2011. Environmental incomes and
rural livelihoods: a global-comparative assessment. Paper presented at the 4th Wye Global Conference, Rio de
Janeiro, 9 to 11 November 2011. Wye City Group on statistics on rural development and agriculture household
income. Rio de Janeiro/Rome, Brazilian Institute of Geography and Statistics/Food and Agricultural Organization of the
United Nations.

Arimond, M., Wiesmann, D., Becquey, E., Carriquiry, A., Daniels, M.C., Deitchler, M., Fanou-Fogny, N., Joseph, M.L.,
Kennedy, G., Martin-Prevel, Y. & Torheim, L.E. 2010. Simple food group diversity indicators predict micronutrient
adequacy of women’s diets in 5 diverse, resource-poor settings. Journal of Nutrition, 140(11): 20595-2069S.

Arnold, J.E.M. 2008. Managing ecosystems to enhance the food security of the rural poor. A situation analysis
prepared for IUCN, Gland.

Arnold, J.E.M. & Dewees, P.A. 1997. Farms, trees and farmers: responses to agricultural intensification. London,
Earthscan.

Arnold, M., Powell, B., Shanley, P. & Sundernald, T.C.H. 2011. Forests, biodiversity and food security. International
Forestry Review, 13(3): 259-264.

Assogbadjo, A.E., Glélé Kakai, R., Vodouhé, F.G., Djagoun, C.A.M.S., Codjia, J.T.C. & Sinsin, B. 2011. Biodiversity and
socioeconomic factors supporting farmers’ choice of wild edible trees in the agroforestry systems of Benin (West
Africa). Forest Policy and Economics, 14: 41-49. DOI:10.1016/j.forpol.2011.07.013.

Bahuguna, V.K. 2000. Forests in the economy of the rural poor: an estimation of the dependency level. Ambio, 29(3):
126-129.

Bailey, R.C., Head, G., Jenike, M., Owen, B., Rechtman, R. & Zechenter, E. 1989. Hunting and gathering in tropical
rain forest: is it possible? American Anthropologist, 91(1): 59-82.

Barany, M., Hammett, A.L., Stadler, K.M. & Kengni, E. 2004. Non-timber forest products in the food security and
nutrition of smallholders afflicted by HIV/AIDS in sub-Saharan Africa. Forests, Trees and Livelihoods, 14: 3-18.

Barikmo, I., Ouattara, F. & Oshaug, A. 2007. Differences in micronutrients content found in cereals from various parts
of Mali. Journal of Food Composition and Analysis, 20(8): 681-687.

16



Bélanger, J. & Johns, T. 2008. Biological diversity, dietary diversity, and eye health in developing country populations:
establishing the evidence base. EcoHealth, 5: 244-256.

Belcher, B., Ruiz-Perez, M. & Achdiawan, R. 2005. Global patterns and trends in the use and management of
commercial NTFPs: implications for livelihoods and conservation. World Development 33(9): 1435-1452.

Belcher, B. & Schreckenger, K. 2007. Commercialisation of non-timber forest products: a reality check. Development
Policy Review, 25: 355-377.

Berti, P.R., Krasevec, J. & Fitzgerald, S. 2004. A review of the effectiveness of agriculture interventions in improving
nutrition outcomes. Public Health Nutr., 7(5): 599—609.

Bharucha, Z. & Pretty, J. 2010. The roles and values of wild foods in agricultural systems. Philosophical Transactions of
the Royal Society B: Biological Sciences, 365: 2913—2926. DOI:10.1098/rstb.2010.0123.

Bisseleua, H.B.D. & Niang, A.l. 2013. Lessons from sub-Saharan Africa: delivery mechanisms for mobilizing agricultural
biodiversity for improved food and nutrition security. In J. Fanzo, D. Hunter, D. et al., eds. Diversifying food and diets:
using agricultural biodiversity to improve nutrition and health issues in agricultural biodiversity. London, Earthscan, pp.
111-121.

Black, R.E., Morris, S.S. & Bryce, J. 2003. Where and why are 10 million children dying every year? (Child survival). The
Lancet, 361.9376: 2226.

Brown, D. & Williams, A. 2003. The case for bushmeat as a component of development policy: issues and challenges.
International Forestry Review 5(2): 148-155.

Burlingame, B., Charrondiere, R. & Mouille, B. 2009. Food composition is fundamental to the cross-cutting initiative
on biodiversity for food and nutrition. Journal of Food Composition and Analysis, 22(5): 361-365.

Burlingame, B. & Dernini, S. eds,. 2012. Sustainable diets and biodiversity. Rome, FAO/Bioversity International.

Castle, L.M. 2006. The Prairie Turnip paradox: contributions of population dynamics, ethnobotany, and community
ecology to understanding Pediomelum esculentum root harvest on the Great Plain. Doctoral dissertation. Department
of Ecology and Evolutionary Biology Lawrence, University of Kansas Press.

Chadare, F.J., Hounhouigan, J.D., Linnemann, A.R., Nout, M.J.R. & Van Boekel, M.A.J.S. 2008. Indigenous knowledge
and processing of Adansonia Digitata L. food products in Benin. Ecology of Food and Nutrition, 47(4): 338-362.

DOI:10.1080/03670240802003850.

Chweya, J.A. & Eyzaguirre, P.B. 1999. The biodiversity of traditional leafy vegetables. Rome, International Plant
Genetic Resources Institute (IPGRI).

Colfer, C. 1997. Beyond slash and burn: building on indigenous management of Borneo’s tropical rain forests.
Advances in Economic Botany. Vol. Il. New York, New York Botanical Garden.

Colfer, C.J.P. 2008. Human health and forests: global overview of issues, practice and policy. London, Earthscan.

17



Colfer, C.J.P., Sheil, D. & Kishi, M. 2006. Forests and human health: assessing the evidence. Occasional Paper No.45.
Bogor, CIFOR.

Dansi, A., Adjatin, A., Adoukonou-Sagbadja, H., Faladé, V., Ydomonhan, H., Odou, D. & Dossou, B. 2008. Traditional
leafy vegetables and their use in the Benin Republic. Genetic Resources and Crop Evolution, 55: 1239-1256.

Davies, A.G. & Richards, P. 1991. Rain forest in Mende life: resources and subsistence strategies in rural communities
around the Gola North Forest Reserve (Sierra Leone). A report to ESCOR, UK Overseas Development Administration.

De Boef, W.S., Subedi, A., Peroni, N. & Thijssen, M., eds. 2013. Community biodiversity management: promoting
resilience and the conservation of plant genetic resources. London, Earthscan.

De Caluwe, E., De Smedt, S., Assogbadjo, A.E., Samson, R., Sinsin, B. & Van Damme, P. 2009. Ethnic differences in
use value and use patterns of baobab (Adansonia digitata L.) in northern Benin. African Journal of Ecology, 47: 433—
440.

DeFoliart, G.R. 1999. Insects as food: why the Western attitude is important. Annu Rev Entomol, 44: 21-50.

de Schutter, O. 2011. Report submitted by Special Rapporteur on the right to food: UN General Assembly Human
Rights Council (available at: www.srfood.org/index.php/en/component/content/article/ 1-latest-news/1174-report-
agroecology-and-the-right-to- food).

Delang, C.O. 2006. The role of wild plants in poverty alleviation and biodiversity conservation in tropical countries.
Progress in Development Studies, 4: 275-286.

Delvaux, C., Sinsin, B. & Van Damme, P. 2010. Impact of season, stem diameter and intensity of debarking on survival
and bark re-growth pattern of medicinal tree species, Benin, West Africa. Biological Conservation, 143: 2664—2671.

Dounias, E., Selzner, A., Koizumi, M. & Levang, P. 2007. From sago to rice, from forest to town: the consequences of
sedentarization for the nutritional ecology of Punan former hunter-gatherers of Borneo. Food and Nutrition Bulletin,
28(2, supplement): 294-302.

Dounias, E. & Froment, A. 2011. From foraging to farming among present-day forest hunter-gatherers: consequences
on diet and health. International Forestry Rev., 13(3): 338-354.

Falconer, J. 1990. The major significance of “minor” forest products: the local use and value of forests in the west
African humid forest zone. Community Forestry Note 6. Rome, FAO.

Fandohan, B., Assogbadjo, A.E., Glele Kakai, R., Kyndt, T., De Caluwé, E., Codjia, J.T.C. & Sinsin, B. 2010. Women’s
traditional knowledge, use value, and the contribution of Tamarind (Tamarindus indica L.) to rural households’ cash
income in Benin. Economic Botany, 64(3): 248-259.

Fanzo, J., Cogill, B. & Mattei, F. 2012. Metrics of sustainable diets and food systems. Rome, Bioversity International.

Faye, M.D., Weber, J.C., Mounkoro, B. & Dakouo, J.M. 2010a. Contribution of parkland trees to farmers’ livelihoods:
a case study from Mali. Development in Practice, 20(3): 428-434. DOI:10.1080/09614521003710013.

18



Faye, M.D., Weber, J.C., Abasse, T.A., Boureima, M., Larwanou, M., Bationo, A.B., Diallo, B.O, Sigué, H., Dakouo,
J.M., Samaké, O. & Sonogo Diaité, D. 2010b. Farmers’ preferences for tree functions and species in the West African
Sahel. Forests, Trees and Livelihoods, 20(2-3): 113—-136.

Fisher, M. 2004. Household welfare and forest dependence in Southern Malawi. Environment and Development
Economics, 9: 135-154.

FAO. 1995. Non-wood forest products and nutrition. In Report of the International Expert Consultation on Non-Wood
Forest Products. Non-Wood Forest Products Paper No. 3, FAO.

FAO. 2000. Global forest resources assessment 2000. Rome, FAO.

FAO. 2010. Global forest resources assessment 2010: progress towards sustainable forest management. Rome, FAO
(Available at: www.fao.org/docrep/013/i1757¢e/i1757e.pdf).

Frison, E.A., Smith, L.F., Johns, T., Cherfas, J. & Eyzaguirre, P.B. 2006. Agricultural biodiversity, nutrition, and health:
making a difference to hunger and nutrition in the developing world. Food and Nutrition Bulletin, 27(2): 167-179.

Gijsbers, H.J.M., Kessler, J.J. & Knevel, M.K. 1994. Dynamics and natural regeneration of woody species in farmed
parklands in the Sahel region (province of Passore, Burkina-Faso). For Ecol Manag, 64:1-12

Golden, C.D., Fernald, L.C.H., Brashares, J.S., Rasolofoniaina, B.J.R. & Kremen, C. 2011. Benefits of wildlife
consumption to child nutrition in a biodiversity hotspot. Proceedings of the National Academy of Sciences of the
United States of America, 108(49): 19653-19656. DOI:10.1073/pnas.1112586108.

Greenberg, L. 2003. Women in the garden and kitchen: the role of cuisine in the conservation of traditional house lot
crops among the Yucatec Mayan immigrants. In P.L. Howard, eds Women and plants: gender relations in biodiversity
management and conservation. London, Zed Books.

Guariguata, M.R., Garcia-Fernandez, C., Sheil, D., Nasi, R., Herrero-Jauregui, C., Cronkleton, P. & Ingram, V. 2010.
Compatibility of timber and non-timber forest product management in natural tropical forests: perspectives,
challenges, and opportunities. Forest Ecology and Management, 259: 237-245.

HarvestPlus 2013. www.harvestplus.org/content/nutrients. Accessed: April 2013.

Hegde, R., Suryaparakash, S., Achoth, L. & Bawa, K.S. 1996. Extraction of non-timber forest products in the forests of
Biligiri Rangan Hills, India: contribution to rural income. Economic Botany, 50: 243-251.

Heywood, V. 2013. Overview of agricultural biodiversity and its contribution to nutrition and health. In J. Fanzo, D.
Hunter et al., eds Diversifying food and diets: using agricultural biodiversity to improve nutrition and health issues in
agricultural biodiversity. London, Earthscan, pp. 35-67.

High, C. & Shackleton, C.M. 2000. The comparative value of wild and domestic plants in home gardens of a South
African rural village. Agroforestry Systems, 48: 141-156.

19



Hladik, C.M., Hladik, A., Linares, O.F., Oagezy, H., Semple, A. & Hadley, M., eds. 1993. Tropical forests, people and
food: biocultural interactions and applications to development. Paris/Carnforth, UK, UNESCO/Parthenon Publishing
Group.

Hoddinot, J. 1999. Operationalizing household food security in development projects: an introduction. Washington DC,
International Food Policy Research Institute (IFPRI).

Hoddinott, J. & Yohannes, Y. 2004. Dietary diversity as a food security indicator. Discussion Paper 136. Washington
DC, IFPRI.

Humphry, C.M.,, Clegg, M.S., Keen, C.L. & Grivetti, L.E. 1993. Food diversity and drought survival: the hausa example.
International Journal of Food Sciences and Nutrition, 44(1): 1-16.

Hunter, D. & Fanzo, J. 2013. Agricultural biodiversity, diverse diets and improving nutrition. /n J. Fanzo, D. Hunter et
al., eds. Diversifying food and diets: using agricultural biodiversity to improve nutrition and health Issues in agricultural
biodiversity. London, Earthscan, pp. 1-14.

Ickowitz, A., Powell, P. & Sunderland, T. 2013. Forests and child nutrition in Africa. Manuscript submitted for
publication.

Ingram, V.., Ndumbe, L.N. & Ewane, M.E. 2012. Small scale, high value: Gnetum africanum and Gnetum
buchholzianum value chains in Cameroon. Small Scale Forestry. DOI:10.1007/s11842-012-9200-8.

Jamnadass, R.H., Dawson, LK., Franzel, S., Leakey, R.R.B., Mithhéfer, D., Akinnifesi, F.K. & Tchondjeu, Z. 2011.
Improving livelihoods and nutrition in sub-Saharan Africa through the promotion of indigenous and exotic fruit
production in smallholders’ agroforestry systems: a review. International Forestry Review, 13(3): 338-354.

Jensen, A. 2009. Valuation of non-timber forest products value chains. Forest Policy and Economics, 11: 34—41.

Johns, T. & Eyzaguirre, P.B. 2006. Linking biodiversity, diet and health in policy and practice. Symposium on “wild-
gathered plants: basic nutrition, health and survival”. Linking biodiversity, diet and health in policy and practice.
Proceedings of the Nutrition Society, 65: 182—189.

Johns, T. & Maundu, P. 2006. Forest biodiversity, nutrition and population health in market-oriented foodsystems.
Unasylva, 224(57): 34-40.

Johns, T., Powell, B., Maundu, P. & Eyzaguirre, P. submitted. Agricultural biodiversity as a link between traditional
food systems and contemporary development, social integrity and ecological health. Journal of the Science of Food
and Agriculture.

Johns, T. & Sthapit, B.R. 2004. Biocultural diversity in the sustainability of developing country food systems. Food and
Nutrition Bulletin, 25(2): 143-155.

Jones, K.M., Specio, S.E., Shrestha, P., Brown, K.H. & Allen, L.H. 2005. Nutrition knowledge and practices, and
consumption of vitamin a rich plants by rural Nepali participants and nonparticipants in a kitchen-garden program.
Food and Nutrition Bulletin, 26(2): 198—208.

20



Kaimovitz, D. 2003. Not by bread alone...forests and rural livelihoods in sub-Saharan Africa. In T. Oksanen, B. Pajari &
T. Tuomasjukka, eds. Forestry in poverty reduction strategies: capturing the potential. EFl Proceedings No. 47.
Joensuu, European Forest Institute, pp. 45-64.

Karjalainen, E., Sarjala, T. & Raito, H. 2010. Promoting human health through forests: overview and major challenges.
Environmental Health and Preventive Medicine, 15: 1-8.

Kehlenbeck, K. 2007. Rural homegardens in Central Sulawesi, Indonesia: an example for a sustainable agro-
ecosystem? PhD thesis at Georg-August-Univ. Gottingen, Germany. Electronic Dissertations and Habilitations of
University of Goettingen, Goettingen State and University Library (available at:
http://webdoc.sub.gwdg.de/diss/2007/kehlenbeck/kehlenbeck.pdf).

Kehlenbeck, K., Asaah, E. & Jamnadass, R. 2013. Diversity of indigenous fruit trees and their contribution to nutrition
and livelihoods in sub-Saharan Africa: examples from Kenya and Cameroon. In J. Fanzo, D. Hunter et al., eds.
Diversifying food and diets: using agricultural biodiversity to improve nutrition and health issues in agricultural
biodiversity. London, Earthscan, pp. 257-269.

Kennedy, G., Ballard, T. & Dop, M.C. 2011. Guidelines for measuring household and individual dietary diversity.
Rome, FAO.

Kennedy, G., Fanou-Fogny, N., Seghieri, C., Arimond, M., Koreissi, Y., Dossa, R., Kok, F.J. & Brouwer, I.D. 2010. Food
groups associated with a composite measure of probability of adequate intake of 11 micronutrients in the diets of
women in urban Mali. Journal of Nutrition, 140: 2070-2078.

Kennedy, G., Nantel, G. & Shetty, P. 2003. The scourge of “hidden hunger”: global dimensions of micronutrient
deficiencies. Food, Nutrition, and Agriculture, 32: 8-16.

Kuhnlein, H.V., Erasmus, B. & Spigelski, D. 2009. Indigenous peoples’ food systems: the many dimensions of culture,
diversity and environment for nutrition and health. Rome, FAO (available at
www.fao.org/docrep/012/i0370e/i0370€00.htm).

Kuhnlein, H.V. & Receveur, O. 1996. Dietary change and traditional food systems of indigenous peoples. Annual
Review of Nutrition, 16: 417-442.

Kuyper, E., Vitta, B. & Dewey, K. 2013. Novel and underused food sources of key nutrients for complementary
feeding. Alive&Thrive Technical Brief, Issue 6, p. 8 (available at www.aliveandthrive.org).

Larson, A.M. & Ribot, J.C. 2007. The poverty of forestry policy: double standards on an uneven playing field.
Sustainability Science, 2(2).

Limberg, G.R., lwan, M., Moeliono, M., Sudana, .M. & Wollenberg, E. 2007. Community-based forestry and
management planning. In: P. Gunarso, T. Setyawati, T. Sunderland & C. Shackleton, eds. Managing forest resources in
a decentralized environment: lessons learnt from the Malinau Research Forest, East Kalimantan, Indonesia. Bogor,
Centre for International Forestry Research (CIFOR).

21



Low, J.W., Arimond, M., Osman, N., Cunguara, B., Zano, F. & Tschirley, D. 2007. A foodbased approach introducing
orange-fleshed sweet potatoes increased vitamin A intake and serum retinol concentrations among young children in
rural Mozambique. Journal of Nutrition, 137: 1320-1327.

Lutaladio, N., Burlinghame, B. & Crews, J. 2010. Horticulture, biodiversity and nutrition. Journal of Food Composition
and Analysis, 23: 481-485.

Macia, M.J. 2004. Multiplicity in palm uses by the Huaorani of Amazonian Ecuador. Botanical Journal of the Linnean
Society, 144: 149-159.

Mahapatra, A.K. & Panda, P.C. 2012. Wild edible fruit diversity and its significance in the livelihood of indigenous
tribals: evidence from eastern India. Food Security, 4(2): 219-234. DOI:10.1007/s12571-012-0186-z.

Maranz, S. 2009. Tree mortality in the African sahel indicates an anthropogenic ecosystem displaced by climate
change. J Biogeogr, 36: 1181-1193.

Marshall, D., Schreckenberg, K. & Newton, A.C., eds. 2006. Commercialization of non-timber forest products: factors
influencing success. Lessons learned from Mexico and Bolivia and policy implications for decision-makers. Cambridge,
UK, UNEP World Conservation Monitoring Centre.

Masset, E., Haddad, L., Cornelius, A. & Isaza-Castro, J. 2012. Effectiveness of agricultural interventions that aim to
improve nutritional status of children: systematic review. British Medical Journal, 344: d8222.
DO0I:10.1136/bmj.d8222.

Maxia, A., Lancioni, M.C., Balia, A.N., Alborghetti, R., Pieroni, A. & Loi, M.C. 2008. Medical ethnobotany of the
Tabarkins, a Northern Italian (Ligurian) minority in south-western Sardinia. Genetic Resources and Crop Evolution, 55:
911-924.

May, P.H., Anderson, A.B., Balick, M.J. & Unruh, J. 1985. Babacu palm in the agroforestry systems in Brazil’s mid-
north region. Agroforestry Systems, 3(39): 275-295.

McMichael, A.J. 2005. Integrating nutrition with ecology: balancing the health of humans and biosphere. Public Health
Nutrition, 8: 706—715.

Melnyk, M. 1993. The effects of sederentization on agriculture and forest resources in southern Venezuela. Network
paper 16b, Rural Development Forestry Network, Overseas Development Institute.

Mercader, J. 2002. Forest people: the role of African rainforests in human evolution and dispersal. Evolutionary
Anthropology: Issues, News, and Reviews, 11(3): 117-124.

Millennium Ecosystem Assessment. 2005. Ecosystems and human well-being: health synthesis and biodiversity
synthesis. Geneva: WHO (World Health Organization), World Research Institute.

Mohapatra, S.P. & Sahoo, H.P. 2010. The status and use of tree biomass in the tribal village ecosystem of Bolangir
District, Orissa, India. African Journal of Plant Science, 4(11): 445-450.

22



Moller, H., Fletcher, D., Johnson, P.N., Bell, B.D., Flack, D., Bragg, C., Scott, D., Newman, J., McKechnie, S. & Lyver,
PO’B. 2009. Changes in sooty shearwater (Puffinus griseus) abundance and harvesting on the Rakiura Titi Islands. New
Zealand Journal of Zoology, 36(3): 325—-341.

Montagnini, F. & Nair, P.K.R. 2004. Carbon sequestration: an underexploited environmental benefit of agroforestry
systems,” Agroforestry Systems, 61: 281-295.

Moreno-Black, G. & Somnasang, P. 2000. In times of plenty and times of scarcity: nondomesticated food in north-
eastern Thailand. Ecology of Food and Nutrition, 38(6): 563—586.

Msuya, J.M., Mamiro, P. & Weinberger, K. 2008. Iron, zinc and B-carotene nutrient potential of non-cultivated
indigenous vegetables in Tanzania. Paper presented at the International Symposium on Underutilized Plants. Arusha,
Tanzania, ISHS, Acta Hort.

Nasi, R., Brown, D., Wilkie, D., Bennett, E., Tutin, C., van Tol, G. & Christophersen, T. 2008. Conservation and use of
wildlife-based resources: the bushmeat crisis. Technical Series 33. Montreal/Bogor, Secretariat of the Convention on
Biological Diversity/Center for International Forestry Research (CIFOR).

Nasi, R., Taber, A. & Van Vliet, N. 2011. Empty forests, empty stomachs? Bushmeat and livelihoods in the Congo and
Amazon Basins. International Forestry Review, 13(3): 355—-368.

Ndam, N., Nkefor, P. & Blackmore, P. 2001. Domestication of Gnetum africanum and G. buchholzianum (Gnetaceae),
over-exploited wild forest vegetables of the Central African Region. Systematics and Geography of Plants, 71(2): 739—
745.

Ndoye, O. & Awono, A. 2010. Case study B: policies for Gnetum spp. trade in Cameroon: overcoming constraints that
reduce benefits and discourage sustainability. S.A. Laird, R.J. McLain & R.P. Wynberg, eds. Wild governance: finding
policies that work for non-timber forest products. London, Earthscan, pp. 71-76.

Ndoye, O. & Tieguhong, J.C. 2004. Forest resources and rural livelihoods: the conflict between timber and non-timber
forest products in the Congo Basin. Scandinavian Journal of Forest Research, 19(sup004): 36-44.
DO0I:10.1080/14004080410034047.

Nepstad, D.C. & Schwartzman, S., eds. 1992. Non-timber products from tropical forests: evaluation of a conservation
and development strategy. Bronx, NY: New York Botanical Garden.

Nesbitt, M., McBurney, R.P.H., Broin, M. & Beentje, H.J. 2010. Linking biodiversity, food and nutrition: the
importance of plant identification and nomenclature. Journal of Food Composition and Analysis, 23(6): 486—498.

Nguyen Thi Yen, Nguyen Quang Duc, Vu Manh Thien, Dand Duc Phuong & Ogle, B.A. 1994. Dependency on forest and
tree products for food security: a pilot study in Yen Huong Commune, Ham Yen District, Tuyen Quang Province, North
Vietnam. Working Paper 250. Uppsala, Swedish University of Agricultural Sciences.

Nikiema, A. 2005. Agroforestry parkland species diversity: uses and management in semi-arid West Africa (Burkina
Faso). Dissertation. Wageningen University.

23



Ouedraogo, H.Z., Traore, T., Zeba, A.N., Dramaix-Wilmet, M., Hennart, P. & Donnen, P. 2010. Effect of an improved
local ingredient-based complementary food fortified or not with iron and selected multiple micronutrients on Hb
concentration. Public Health Nutr, 13: 1923—-1930.

Padoch, C. & Pinedo-Vasquez, M. 2010. Saving slash and burn to save biodiversity. Biotropica, 42: 550-552.

Paumgarten, F. & Shackleton, C. 2009. Wealth differentiation in household use and trade in non-timber forest
products in South Africa. Ecological Economics, 68: 2950-2959.

Penafiel, A.D.D., Lachat, C., Espinel, R., Van Damme, P. & Kolsteren, P. 2011. A systematic review on the
contributions of edible plant and animal biodiversity to human diets. Ecohealth, 8: 281-399.

Pieroni, A. 2008. Local plant resources in the ethnobotany of Theth, a village in the Northern Albanian Alps. Genetic
Resources and Crop Evolution, 55: 1197-1214.

Pieroni, A., Nebel, S., Santoro, R.F. & Heinrich, M. 2005. Food for two seasons: culinary uses of non-cultivated local
vegetables and mushrooms in a south Italian village. International Journal of Food Sciences and Nutrition, 56: 245—
272.

Pimentel, D., McNair, M., Buck, L., Pimentel, M. & Kamil, J. 1997. The value of forests to world food security. Human
Ecology 25: 91-120.

Pingali, P. 2007. Westernization of Asian diets and the transformation of food systems: implications for research and
policy. Food Policy, 32(3): 281-298.

Popkin, B.M. 2004. The nutrition transition: an overview of world patterns of change. Nutrition Reviews, 62(7Pt 2):
$140-143.

Powell B., Hall, J. & Johns, T. 2011. Forest cover, use and dietary intake in the East Usambara Mountains, Tanzania.
International Forestry Review, 13(3): 305-317.

Pudasaini R., Sthapit, S., Suwal, R. & Sthapit, B. 2013. The role of integrated home gardens and local, neglected and
underutilized plant species in food security in Nepal and meeting the Millennium Development Goal 1 (MDG) In J.
Fanzo, D. Hunter et al., eds. Diversifying food and diets: using agricultural biodiversity to improve nutrition and health
issues in agricultural biodiversity. London, Earthscan, pp. 242-256.

Rabild, A., Hansen, U. B., & Kambou, S. 2011. Regeneration of Vitellaria paradoxa and Parkia biglobosa in a parkland
in Southern Burkina Faso. Agroforestry Systems. DOI:10.1007/s10457-011-9397-0

Remans, R., Flynn, D.F.B., DeClerck, F., Diru, W., Fanzo, J., Gaynor, K., Lambrecht, I., Mudiope, J., Mutuo, P.K.,
Nkhoma, P., Siriri, D., Sullivan, C. & Palm, C.A. 2011. Assessing nutritional diversity of cropping systems in African
villages. PLoS ONE, 6(6): €21235. DOI: 10.1371/journal.pone.0021235.

Rist, L., Shanley, P., Sunderland, T., Sheil, D., Ndoye, O., Liswanti, N. & Tieguhong, J. 2012. The impacts of selective
logging on non-timber forest products of livelihood importance. Forest Ecology and Management, 268: 57—69.
DO0I:10.1016/j.foreco.2011.04.037.

24



Ruel, M.T. 2003a. Is dietary diversity an indicator of food security or dietary quality? A review of measurement issues
and research needs. Food and Nutrition Bulletin, 24(2): 231-232.

Ruel, M.T. 2003b. Operationalizing dietary diversity: a review of measurement issues and research priorities. Journal
of Nutrition, 133: 39115-3926S.

Ruiz-Pérez, M., Belcher, B., Achdiawan, R., Alexiades, M., Aubertin, C., Caballero, J., Campbell, B., Clement, C.,
Cunningham, T., Fantini, A., de Foresta, H., Garcia Fernandez, C., Gautam, K.H., Hersch Martinez, P., de Jong, W.,
Kusters, K., Kutty, M.G., Lépez, C., Fu, M., Martinez Alfaro, M.A., Nair, T.R., Ndoye, O., Ocampo, R., Rai, N., Ricker,
M., Schreckenberg, K., Shackleton, S., Shanley, P., Sunderland, T. & Youn, Y. 2004. Markets drive the specialization
strategies of forest peoples. Ecology and Society, 9 (available at: www.ecologyandsociety.org/vol9/iss2/art4/).

Savadogo, A., lboudu, J.A., Gnankine, O. & Traore, A.S. 2011. Numeration and identification of thermotolerant
endospore-forming Bacillus from two fermented condiments Bikalga and Soumbala. Advances in Environmental
Biology, 5: 2960—2966.

Savy, M., Martin-Prevel, Y., Sawadogo, P., Kameli, Y. & Delpeuch, F. 2005. Use of variety/diversity scores for diet
quality measurement: relation with nutritional status of women in a rural area in Burkina Faso. European Journal of
Clinical Nutrition 133(11 suppl. 3): 39115-3926S.

Savy, M., Martin-Prevel, Y., Traissac, P. & Delpeuch, F. 2007. Measuring dietary diversity in rural Burkina Faso:
comparison of a 1-day and a 3-day dietary recall. Public Health Nutrition, 10(1): 71-78.

Schroeder, R.A. 1993. Shady practices: gender and the political ecology of resource stabilization. Economic
Geography, 69(4): 349-365.

Scoones, |., Melnyk, M. & Pretty, J.N. 1992. The hidden harvest. Wild foods and agricultural systems: a literature
review and annotated bibliography. London, International Institute for Environment and Development (IIED)/SIDA and
WWF International.

Shackleton S., Shanley, P. & Ndoye, O. 2008. Invisible but viable: recognising local markets for non-timber forest
products. International Forestry Review, 9(3): 697-712.

Shanley, P., Luz, L. & Swingland, I.R. 2002. The promise of a distant market: a survey of Belém’s trade in non timber
forest products. Biodiversity and Conservation, 11: 615—-636.

Slikkerveer, L. 1994. Indigenous agricultural knowledge systems in developing countries: a bibliography. Indigenous
Knowledge Systems Research and Development Studies No. 1. Special Issue: INDAKS Project Report 1 in collaboration
with the European Commission DG Xll. Leiden, the Netherlands, Leiden Ethnosystems and Development Programme
(LEAD).

Smith, I.LF. 2013. Sustained and integrated promotion of local, traditional food systems for nutrition security. In
(Fanzo, J., Hunter, D. et al eds)., Diversifying Food and Diets: Using Agricultural Biodiversity to Improve Nutrition and
Health Issues in Agricultural Biodiversity, Earthscan, UK, pp. 122-139.

Stadlmayr, B., Charrondiere, R., Eisenwagen, S., Jamnadass, R., Kehlenbeck K. 2013. Nutrient composition of
selected indigenous fruits from sub-Saharan Africa. Journal of the Science of Food and Agriculture (submitted).

25



Sunderland, T.C.H., & Pottinger, A.).(eds). 2011. Special Issue: Forests, Biodiversity and Food Security. The
International Forestry Review, Vol. 13(3).

Stephenson, K., Amthor, R., Mallowa, S., Nungo, R., Maziya-Dixon, B., Gichuki, S., Mbanaso, A. & Manary, M. 2010.
Consuming cassava as a staple food places children 2-5 years old at risk for inadequate protein intake, an
observational study in Kenya and Nigeria. Nutrition Journal, 9: 9. DOI:10.1186/1475-2891-9-9.

Stoian, D. 2005. Making the best of two worlds: rural and peri-urban livelihood options sustained by nontimber forest
products from the Bolivian Amazon. World Development, 33(9): 1473-1490.

Sunderland, T.C.H. 2011. Food security: why is biodiversity important? International Forestry Review, 13(3): 265-274.

Sunderland, T.C.H., Besong, S. & Ayeni, J.S.0. 2002. Distribution, utilization and sustainability of the non-timber forest
products of the Takamanda Forest Reserve, Cameroon. Consultancy Report for the Project Protection of the Forests
Around Akwaya (PROFA). Mamfe, Cameroon: GTZ.

Sundriyal, M. & Sundriyal, R.C. 2004. Wild edible plants of the Sikkim Himalaya: marketing, value addition and
implications for management. Economic Botany, 58(2): 300-315.

Teklehaimanot, Z. 2004. Exploiting the potential of indigenous agroforestry trees: Parkia biglobosa and Vitellaria
paradoxa in sub-Saharan Africa. Agroforestry Systems, 61-62(1): 207-220.
DO0I:10.1023/B:AGF0.0000029000.22293.d1.

Termote, C., Bwama Meyi, M., Dhed’a Djailo, B., Huybregts, L., Lachat, C., Kolsteren, P. & Van Damme, P. 2012a. A
biodiverse rich environment does not contribute to a better diet: a case study from DR Congo. PloS One, 7(1): e30533.
DOI:10.1371/journal.pone.0030533.

Termote, C., Damme, P. & Dhed’a Djailo, B. 2011. Eating from the wild: Turumbu, Mbole and Bali traditional
knowledge on non-cultivated edible plants, District Tshopo, DRCongo. Genetic Resources and Crop Evolution, 58(4):
585—-618. DOI:10.1007/s10722-010-9602-4.

Termote, C., Everaert, G., Bwama Meyi, M., Dhed’a Djailo, B. & Damme, P. 2012b. Wild edible plant markets in
Kisangani, Democratic Republic of Congo. Human Ecology, 40(2): 269-285. DOI:10.1007/s10745-012-9462-y.

Ticktin, T. 2004. The ecological implications of harvesting non-timber forest products. Journal of Applied Ecology,
41(1): 11-21.

Toledo, A. & Burlinghame, B. 2006. Biodiversity and nutrition: a common path toward global food security and
sustainable development. Journal of Food Composition and Analysis, 19: 477-483.

Tontisirin, K., Nantel, G. & Bhattacharjee, L. 2002. Food-based strategies to meet the challenges of micronutrient
malnutrition in the developing world. Proceedings of the Nutrition Society, 61(2): 243-250.

Torheim, L.E., Ferguson, E.L., Penrose, K. & Arimond, M. 2010. Women in resource-poor settings are at risk of
inadequate intakes of multiple micronutrients. J Nutr, 140: 20515-2058S.

26



Torheim, L.E., Ouattara, F., Diarra, M.M., Thiam, F.D., Barikmo, I., Hatloy, A. & Oshaug, A. 2004. Nutrient adequacy
and dietary diversity in rural Mali: association and determinants. European Journal of Clinical Nutrition, 58(4): 594—
604.

Townson, .M. 1995. Forest products and household incomes: a review and annotated bibliography. Tropical Forestry
Papers 31. Oxford/Bogor, CIFOR/Oxford Forestry Institute.

Underwood, B.A. 2004. Vitamin a deficiency disorders: international efforts to control a preventable “pox”. Journal of
Nutrition, 134(1): 231S-236S.

UNESCO. 2003. Convention for the Safeguarding of the Intangible Cultural Heritage. Paris: UNESCO (Available at:
www.unesco.org/culture/ich/index.php?lg=en&pg=00022).

UNSCN. 2004. Fifth Report on the world nutrition situation. Geneva: United Nations, Standing Committee on
Nutrition/International Food Policy Research Institute.

Vasquez, R. & Gentry, A.H. 1989. Use and misuse of forest-harvested fruits in the Iquitos Area. Conservation Biology,
3:350-361. DOI: 10.1111/j.1523-1739.1989.tb00241 .x.

Vinceti, B., Eyzaguirre, P. & Johns, T. 2008. The nutritional role of forest plant foods for rural communities. In C.J.P.
Colfer, ed. Human health and forests: a global overview of issues, practice and policy. London: Earthscan
(Chapter 4).

27



28



Forests

13-15 | FAO

MAY 2013 | ROME

[J * Federal Ministry N LA

\W/ J’ of Food, Agriculture and
J (7 \ o i Consumer fiezmm A
Workd Agrforetry Canie Bioversity OR o AR ICO L RE AND FOOD ukaid

nnnnnnnnnnnnn






