
 
 

 

 

 

 

 

 

 

 

 FAMILY FARMING IN A CHANGING LANDSCAPE:  

HOW ACTIVITIES CHANGE WHEN FOREST DISAPPEARS 

 

 

 

 

 

 

FEINTRENIE L
1
, GILLET P

2
, GARCIA C

1, 6
, BOULAUD AL

1,3,4
, FERLAY A

1,3,5
,  

CODINA LLAVINIA E
2
, LEHNEBACH C

2
, VERMEULEN C

2
. 

 

1. CIRAD, Forest ecosystems goods and services, Yaoundé, Cameroon 

2. Gembloux Agro-Bio Tech, Département BIOSE, Laboratoire de Foresterie des Régions 

Tropicales et Subtropicales, Université de Liège, Belgique 

3. IRC-Supagro Montpellier, France 

4. AgroSup Dijon, France 

5. Agro Campus Ouest, Rennes, France 

6. ETH Zurich, Switzerland 

 

Laurene.feintrenie@cirad.fr 

 

 

 

 

 

Paper prepared for presentation at the 

“2015 WORLD BANK CONFERENCE ON LAND AND POVERTY” 

The World Bank - Washington DC, March 23-27, 2015 

 

 

 

 

 

 

mailto:Laurene.feintrenie@cirad.fr


 

 

2 

 

 Copyright 2015 by author(s). All rights reserved. Readers may make verbatim copies of this 

document for non-commercial purposes by any means, provided that this copyright notice 

appears on all such copies. 

 

 

 

Abstract 

In the Congo Basin forests, local communities used to live from hunting, fishing and gathering, and from 

slash and burn agriculture. Nowadays, few places remain isolated from the external world, and local 

practices often have to integrate new parameters. How do family farming and forest activities evolve in a 

changing landscape, when forest disappears? To answer this question we selected three social and 

ecological systems positioned in specific places on the forest transition curve (Mather 1992), to constitute 

a synchronic sample of forested social and ecological system representative of the evolution of Congo 

Basin Forests. We conducted in 2013 and 2014 a deep analysis of family farming in 8 villages distributed 

in these 3 studied sites. The method crosses a systemic approach with a systematic approach: agrarian 

diagnoses were conducted in the three sites (Boulaud 2014; Ferlay 2014) to evaluate technical and 

economic performances of family farming and forest extractive activities, in parallel, census of 

households were conducted (Codina Llavinia 2014; Gillet et al. 2014; Lehnebach 2014) to range family 

activities according to their share in the family income and as subsistence means. Results were 

harmonized and allowed a deep understanding of the strategy of adaptation to changes of households. 
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Introduction 

For climatic and edaphic reasons, potential arable land usually carries forest under natural conditions. As 

societies grow and develop, (i) the expansion of arable land and permanent crops, (ii) the development of 

infrastructures, roads, cities, mines, dams, and (3) the extraction of timber and other forest products lead 

to the contraction of the forest cover (Geist & Lambin 2002). These direct drivers are in turn explained by 

complex interactions between demographic, economic, technologic, social and cultural underlying 

drivers. Growth in population stimulates an expansion in arable land, in order to produce more food. In 

addition, the harvesting of wood and other forest products, if carried out beyond a 'critical zone' or certain 

threshold, is likely to result in a reduction in forest extent. These represent two theoretical reasons for 

expecting forest area to decline as human population increases. Approximately half of the deforestation 

that has occurred over the long sweep of human history can be explained statistically in terms of 

population growth (Mather et al. 1998). 

However, when we move from global patterns to finer scales, another story unravels. At the national 

level, historical time series show that deforestation stops and reverses (Mather 1992; Mather & Needle 

1998). As societies develop their infrastructures and economic activities, progress in agricultural 

techniques, motorization and the spread of good vegetal material and inputs favor the concentration of 

agricultural production in the most productive lands. These leave sub-optimal areas available for 

reforestation. And as concrete replaces timber, and oil and electricity replace fuel-wood, the demand for 

forest products also decreases (Rudel et al. 2005). This change, observed for the first time in European, 

and North American countries, has been described as the forest transition (Mather 1992; Mather & Needle 

1998)  (Figure 1b). Forest regrowth, the second part of the forest transition paradigm, happens (i) through 

natural regrowth of secondary forests and (ii) through plantations done for all kind of purposes: 

recreation, timber production, firewood, agroforestry or pulp and paper industry for example. These two 

pathways for recovery have been described in European and Asian societies (Rudel et al. 2005).  

The curve, that considers only the total area covered, hides the fact the forests along the different phases 

of the forest transition are not equivalent. Primary forests in the early phases of the process slowly change 

into secondary forests as fragmentation occurs. During the recovery phase, plantations, agroforestry 

systems, fragments and secondary forests co-exist with any remnants of the primary forest that might 

have been maintained in the landscape (Garcia & Feintrenie 2014). While these different forests might be 

comparable in terms of carbon storage for example (Kauppi et al. 2006), they will be very different in 

terms of biodiversity and the ecosystem process underpinning the delivery of ecosystem services.  

If the environmental impacts across the forest transition curve have been well documented, comparatively 

few studies have been conducted on the changes to the local livelihoods as this process unfolds. The 

relationships between societies and forests are mostly described in terms of pressure, disturbance and 

threats and the fields of social sciences, economy, and health. Authors of such studies are unlikely to refer 

to the forest transition theory to frame their problems. 

Mather (1992) and Mather et al. (1998) developed the forest transition theory based on analyses of 

national statistics. The drivers of change as well as the consequences of forest cover change were 

analyzed at national and global scales. At local scale, are these drivers the same? Are the social and 

societal changes observed at national scale occurring at local scale? To answer these questions we 

selected three social and ecological systems in the Central Africa region, positioned in specific places on 
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the forest transition curve. These sites constitute a synchronic sample of forested social and ecological 

systems, representative of the evolution of the Congo Basin forests. We conducted in depth analyses of 

family farming activities, and estimated the relative importance of other sources of livelihoods such as 

forest activities (gathering, hunting, fishing, logging), employment and outsourcing (permanent or non-

permanent migration). 

 

Method 

 

Figure 1: Location of the research sites in Central Africa (a) and on the forest transition curve (b) 

In the forests of the Congo Basin, local communities continue to live from hunting, fishing and gathering, 

and from slash and burn agriculture. Until recently, low human densities, and the lack of infrastructure 

and investment were putting comparatively low pressure on the forests (Burgess et al. 2006). We selected 

three study sites on the basis of their position in the theoretical forest transition curve.  

The first site is located in Ogooué-Ivindo province, in the North of Gabon (Figure 1, dark green star). The 

local population density was 1.6 inhabitants/km² in 2013. The selected villages are remote, with a forest 

track in bad condition as the sole link to the province capital city of Makokou, itself being a small city of 

less than 14 000 inhabitants. This site is on the upper part of the forest transition curve with a dense forest 

cover. 

The second site is located in Dja sub-district (Haut-Nyong district), in the region East in Cameroon 

(Figure 1, light green star). Here the population density was 6.3 inhabitants/km² in 2014. A logging 

company settled in Mindourou, the sub-district capital town in 1996, and has managed and logged the 

surrounding forest since then. Logging operations create local employment and an influx of migrants 

looking for jobs and clearing land for agriculture. While forests still dominate the landscape, the site is 

clearly positioned on the downward slope of the forest transition curve. 

a 

b 
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The third and final site, in Bokito sub-district (Mbam et Inoubou district), in the region Centre in 

Cameroon (Figure 1, yellow star), has nearly no natural forest left.  The local population was 

71 inhabitants/km² in 2014. The landscape is dominated by agriculture, and the studied villages are at a 

walking distance to a national road linking them to the country capital city Yaoundé (at a distance of 

125 km), and to the district administrative center Bafia (16 km). Cacao agroforestry systems and 

plantations (fruit trees) are driving forest dynamics.  

The authors put forth the hypothesis that these three sites represent successive stages of evolution of one 

common initial forested Social and Ecological System (SES). This assumption makes it possible to use 

the synchronic approach, which substitutes space dimension for temporal dimension, using a series of 

samples representing various ages of the system considered (Pickett, 1991). The studied sites thus form a 

synchronic sample of Congo Basin forested SES making it possible to analyze the evolution in time of 

dynamics of biodiversity and of the resilience of the forested SES of the Congo Basin. 

We conducted in 2013 and 2014 a deep analysis of family farming in 8 villages distributed in these 3 

studied sites (Table 1 shows the sample of respondents in each site). The method crosses a systemic 

approach with a systematic approach: agrarian diagnoses were conducted in the three sites (Boulaud 

2014; Ferlay 2014) to evaluate technical and economic performances of family farming and forest 

extractive activities; in parallel, census of households were conducted (Codina Llavinia 2014; Gillet et al. 

2014; Lehnebach 2014) to range family activities according to their share in the family income and as 

subsistence means. Results were harmonized and allowed a deep understanding of households’ strategies 

of adaptation to changes. 

 Technic and economic 

survey 

Farming systems and 

history 

Census (full 

population) 

Production 

estimation 

Site 1 54 households 104 respondents 296 households 10 plots 

Site 2 25 households 96 respondents 808 households 10 plots 

Site 3 16 households 81 respondents 455 households 15 plots 

Total 95 households 281 respondents 1559 households 35 plots 

Table 1: Sample of respondents surveyed in 2013 and 2014 

 

Results 

As written above, the main sources of livelihoods in forested SES come from the forest activities 

(logging, harvesting of Non Timber Forest Products (NTFP), hunting, and fishing) and from shifting 

cultivation.  

In the three studied sites family farming is based on slash and burn practices with food-crops in rotation 

with bush and forest fallows. Food-crops are associated in a complex multi-species plot during 2 to 4 

years, before turning to fallow. The main species include tuber plants such as cassava, cocoyam, yam and 

sweet potatoes (Figure 2) and plantain. They are associated in the plots with various vegetables, spices 

and occasionally fruits. A species of melon is cropped for its seeds (Cucumeropsis spp.) as a first crop 

after slash and burn of the forest or forest-fallow in the two first sites. The full rotation, including stages 

with trees, is a typical agroforestry system (Leakey 1996).  



 

 

6 

 

Most of the labor force for food-crops cultivation is constituted of women. Men are mainly responsible 

for logging and burning, and might come to help from time to time to clean the plot or harvest some 

products that they hope to sell for cash (plantain, corn). Children and teenagers participate in the labor 

during their free time, after school and during Sundays and holidays. 

The logging needed before opening a new plot after a long fallow (more than 10 years) is hard work, done 

by men. In Mindourou, men are appealed by jobs that can generate direct cash, through employment in 

logging companies, transportation or small businesses. In consequence, women practice 2 rotations with 

short fallows before requesting the help of men to re-open a long forest-fallow (Figure 2). A short rotation 

is combined to a long one to adapt to labor capacities. The total fallow duration in this site (21 years of 

fallows during the rotation) thus exceeds the one of the most forested site (10 years). 

The ratio of years of fallow to years of cropping (Figure 3) shows a tendency of a decrease of fallow 

duration in the rotation from the most forested site to the most agricultural landscape, but with little 

difference between Makokou and Mindourou in the proportion of fallows in the full rotation, respectively 

77 and 75 % in duration, against 33% in Bokito. 

 

Figure 2: Comparison of the food crop rotations in the 3 sites (based on data from: Boulaud 2014 and Ferlay 

2014) 
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Figure 3: Food crop rotation and fallow durations in the 3 sites (based on data from: Boulaud 2014 and 

Ferlay 2014) 

Beside a complexification of the rotation, farmers tend to diversify their production which translates in a 

diversification of the diet (Figure 4). In the first site, the staple food is dominated by cassava; in the 

second site plantain appears as the main second staple food; in the third site, if cassava is still dominant, 

other tubers become an important part of the production. Other species such as corn, groundnut and 

pineapple also grow in importance from site 1 to site 3. 

 

Figure 4: Nutritive value of the food-crop production per household per year (yields based on data from: 

Boulaud 2014 and Ferlay 2014 and nutritive value based on Stadlmayr et al. 2012) 

The low output in  site 1 is explained by the small surface each household puts under cultivation, about 

0.5 ha/household, less than a third of the one in Mindourou (1,75 ha/household), and half the one in 

Bokito (1 ha/household). As we will see, in Makokou, households supplement their nutrition with forest 
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products. Another difference is the proportion of the agricultural production consumed by the family 

rather than sold (Figure 5).  

Despite a bigger surface cultivated in food-crops in the second site, farmers generated more energy in 

Bokito. This is the result of more productive farming practices. In Bokito farmers fertilize the soil by 

incorporating every two years the vegetal waste resulting from the cultivation of groundnut, a Nitrogen 

fixating leguminous. To this they eventually add chemical fertilization when they have money left. The 

diversification of tubers also translates in less cassava in favor of sweet potatoes, a crop that is less 

demanding in nutritive elements from the soil. 

The three sites also differ in the stated objective of production. In Bokito, agricultural production, even of 

food-crops, targets the local market to generate cash. Farmers are partly organized in professional 

associations to sell their production and ask for subsidies (inputs, small material) from public 

development programs. In Makokou and Mindourou, only production surplus are sold, food-crops are 

mainly subsistence means (Figure 5). This can be explained by the lack of market opportunities. Both 

areas are remote, far from urban centers and their growing demand in food products. However, the 

connection to Mindourou recently improved when the logging company decided to invest in road 

construction. As a result, middlemen started visiting the village and offering to buy agricultural products, 

particularly cocoa beans.  

 

Figure 5: Share of the agricultural production sold or consumed by the household (based on data from: 

Boulaud 2014 and Ferlay 2014) 

Alongside farming activities, part of the family’s nutrition and income needs is covered by products from 

the forest. Similar forest based activities take place in Makokou and Mindourou sites: hunting, gathering 

of non timber forest products (NTFP), fishing, and small artisanal logging. In Bokito these activities are 

reduced, in proportion with the remaining forest. Only small animals are caught in traps in Bokito (Gillet 

et al. 2014), whereas bushmeat is very diverse in the two other sites, from small rodents to big mammals 

(monkeys, wild pigs, deers). In Makokou and Mindourou, NTFP are significant part of the subsistence 

means of households (Gillet et al. 2014). In Makokou some harvested leaves and fruits also contribute to 

the family income, and hunting or fishing are the main income-generating activities for some households. 
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In Bokito, nearly every household owns a cocoa plantation, and some even temporary or permanently 

migrate to the neighboring region where they can easily buy land and plant cocoa (Boulaud 2014). For the 

last three decades, cocoa plantations have been expanding. This is driven both by local farmers but also 

by elites living in urban centers investing in their village (Pedelahore 2012). In recent years, cocoa 

production in Mindourou has been developing as a response to the global market demand, relayed by the 

local traders benefitting from the improved road connection. 

In Makokou, plantain plantations as cash crops represent a new trend stimulated by a public development 

project. The future of this trend is unsure, mainly for two reasons. Firstly villagers do not show much 

interest in the project and question the market facilities needed to make it profitable. Secondly, there are 

high risks of losing crops and investment to crop raiding, since elephants appear more interested in these 

plantations than their owners (Ferlay 2014). 

Figure 6 shows the share of income by sector of activity in the three sites. The category ‘other’ mainly 

covers employment. In Makokou and Mindourou, most of the job offers come from logging companies. 

The category ‘forest’ covers income from the sale of NTFP, bush meat and fishes. The category ‘farming’ 

regroups sold food-crops and cash crops. 

In Makokou, the share in the households’ income of the exploitation of forest resources, including 

through employment by logging companies, is less important than in Mindourou. This first site is located 

in the initial stages of the forest transition curve, where deforestation is still less intense than in the next 

phase In Mindourou, forests represent nearly ¾ of the income, either through employment in logging 

companies or through hunting and gathering. This is coherent with the position of this site on the forest 

transition curve, in the downward slope resulting from the association of deforestation and forest 

degradation. In Bokito, where more than 75% of the households’ income is generated by farming, the 

share of the forest is almost nil. 

  

Figure 6: Sources of income by sector of activity (based on data from: Boulaud 2014; Codina Llavinia 2014; 

Ferlay 2014; Gillet et al. 2014; Lehnebach 2014)  

 

The same trends are visible in the changes to the distribution of the active population’s main activity by 

sector (Figure 7). We distinguish between farming activities linked to food-crops production and to cash 

crops production. This distinction is critical in Bokito, where it is associated to gender specialization. 
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Women are mainly responsible for food-crops production, which in Bokito covers both family 

consumption needs and market objectives, whereas men are fully engaged in the management of the cash 

generating cocoa plantations. 

 

Figure 7: Share of the active population by sector of activity (based on data from: Codina Llavinia 2014; 

Gillet et al. 2014; Lehnebach 2014) 

 

Discussion 

The households in the three sites exhibit marked differences in their activities, production systems and 

sources of income. These differences can be explained by the differential (i) access to forest resources and 

agricultural land, (ii) to market and (iii) to external source of employment. The comparison of the three 

sites illustrates a gradual increase of agricultural activities, a transient surge of the exploitation of forest 

resources in the second site and their nearly disappearance from the households’ balance sheet in the third 

site. These trends are coherent with the forest transition theory, and demonstrate that the dynamics 

identified at the national scale by Mather (1992) and Mather et al. (1998) are also relevant at a very local 

scale.  

We have described how small scale farmers opportunistically respond to job opportunities offered by the 

deforestation front increasing the share of forest activities in their time allocation. More importantly they 

adapt to new market opportunities by increasing their agricultural production, cropping new species with 

different practices, in answer to specific market demands (such as cocoa, or diversification of tubers). In 

doing so, they move from a self-sufficient strategy of agricultural production to cash crop production, and 

convert more natural forest to agricultural land in the process.  

We do not see a decline in cropland as the forest transition unfolds. Arable land saturation leads to an 

almost complete use of space by agriculture. The only growing forest areas are not remnants expanding 

but new productive systems based on cocoa agroforestry. The progressive adjustment announced by 

Mather et al. (1998) only appears if we conflate the two landscape components, forest remnants and 

agroforestry systems. Here again, the trend we describe at the local level matches the one described at the 

national level. 
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Mather et al. (1998) stress that the relationship between forest cover and human population is not linear, 

and that each individual nation trajectory is contingent on social changes, historical events as well as 

conservation policies. In particular, the phenomenon of land sparing due to the intensification of 

agriculture is not necessarily observed at the national scale (Rudel et al. 2009). Countries benefiting from 

technical advances in agriculture use it as a comparative advantage to export agricultural products surplus 

rather than to spare land. Like the small farmers in our case studies, the strategy shifts from subsistence to 

market integration. Intensification thus does not lead to less pressure on forests. This farming strategy has 

been analyzed in the ‘Alternative to Slash and Burn’ research project, which aimed at intensifying 

swidden agriculture in the objective to limit deforestation induced by this activity. The gain in production 

conducted to increasing agricultural areas as farmers understood the profit they could make from the new 

technics. This paradox is similar to what has been conceptualized in the field of energy transition. Gains 

in efficiency in steam engines led to more coal extraction, not less.  

If land sparing and the end of deforestation will not result from improved efficiencies and better access to 

markets, it has to come from decisions on land allocation. It has to be driven by policy decisions. We put 

forth the hypothesis that only strong commitments to conservation made by the State and enforced on the 

ground, with adequate compensations where required, can allow a reversal in deforestation rates.  

Community forestry could be one such policy. These have been conceptualized as a means to confer 

access to forest resources - including timber - to communities, giving them options other than forest 

conversion to agriculture. However in Cameroon, the only country where times series would allow a 

proper analysis, these community forests are carved out of the non-permanent Forest Estate (‘Domaine 

Forestier Non-Permanent’), in other words land earmarked for deforestation on the medium term 

anyway. In all cases, whether community forests will act as obstacles to deforestation remains to be 

demonstrated, in Central Africa or elsewhere (Poffenberger 2006; Godoy et al. 2009).  

The final elements that our results highlight are the boundaries of the system, and the nature of the drivers 

of change. The forest transition described at the national scale by Mather et al. (1998) is driven by internal 

processes. Our results suggest the main drivers of land use change at a local scale are external: the 

opening of a road by an economic actor taking matters in its own hands, the introduction of industrial 

activities, including logging companies, creating job opportunities and market demand for agricultural 

and forest products in the nearby villages. As in Makokou, before such an external factor happens, forest 

cover and population densities appear stable and there are processes that maintain this stability locally. 

When land near the village becomes scarce, young people will migrate and create a new settlement 

(Boulaud 2014; Ferlay 2014). The presence of public infrastructure and services such as health 

(dispensaries) and education (schools) have disrupted these regulation mechanisms, as these are strong 

incentives to stay, but are not sufficient to boost population density far enough to change the landscape. 

The happening of an external factor can be considered as a trigger of change in people strategies, and 

consequently of land cover change. This trigger can also be seen as a tipping point on the forest transition 

followed by a social and ecological system that will push the SES to a new stable stage after a transition 

period. Enabling conditions and triggering effects are to be combined to arouse the change. 

 

 



 

 

12 

 

Conclusion 

The main agricultural system, the food-crop plot does not change so much from one site to the other on 

the forest transition curve of Congo Basin forested SES. It conserves its main characteristics of multi-

species association turning with fallow. The main cultivated species remain the same. This fact alone 

demonstrates the importance of the food-crop plot in the household. It is the safety net of the family, 

whatever change comes, nutrition needs of the family are guaranteed by its production. This makes the 

household resilient to external drivers of change. Any attempt to develop new income generating 

activities without preserving this food-crop production will meet the resistance of farmers, and especially 

of women. As long as they do not feel fully secured regarding the long-term and regular provision of food 

at a reasonable price (the price they would sell their agricultural production), women will not abandon 

their plots. 

Above all, our results reflect that the strategies of forest dwellers and small farmers change and adapt to 

cope with exogenous changes. Until behavioral flexibility is taken into account in the theories of change 

that drive decision, policy makers and developers will constantly be surprised by the outcomes of their 

decisions.  
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