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1. Ecosystem Services provided by mangroves in West Africa 
 
Diop, Salif, Jean-Paul Barusseau, and Cyr Descamps, eds. The Land/Ocean Interactions in the 
Coastal Zone of West and Central Africa. Springer, 2014. 
 
Preface: 
Case studies in West and Central Africa and demonstrate that mangrove ecosystems are extremely 
valuable in mitigating effects from deleterious human activities, providing ecosystem services like carbon 
sequestration, protection from storms, floods and erosion, processing of waste and nutrient pollution, 
aquaculture and agriculture support and a refuge for aquatic and terrestrial species. 
 
Ecosystem Services provided by mangroves in West Africa: 
The natural coastal milieus in West Africa, and in particular the estuary systems and fluvio-marine 
connections, contribute directly to producing ecological services that are useful or even indispensable to 
the coastal societies, perhaps even more so in the context of climate change on the agenda today. These 
ecological services procure identifiable benefits on every scale, including global: carbon sequestration by 
the mangroves, sea grass beds and coastal marshlands, the importance of which is recognised. 

 Self-maintenance services: constitution of habitats and of the milieu. Maintaining of energy 
flows and nutritional cycles through primary production, inter- and intra-ecosystem services and 
functions, reproduction, nourishment, etc. 

 Provisioning services: fisheries (artisanal, staple, and commercial), agriculture, firewood, 
ligneous and nonligneous gathered food products, aquaculture, crafts, building (materials and 
service wood), pharmacopeia, genetic resources, etc. 

 Regulation services: climatic (carbon sequestration), sediment trapping and coastal protection 
against marine erosion and extreme marine weather events, treatment and recycling terrigenous 
and effluent input from human activities, waste water purification, protection against floods from 
continental waters, stabilisation of mobile dunes, etc. 

 Cultural services: landscape appeal and environmental quality (formation of beaches, islands 
and coastal landscapes), leisure activities (urban beaches for example), research and education, 
cultural and religious heritage (sacred sites, customs, traditional ways of life, artistic expression), 
etc. 

 
Corcoran, Emily, Corinna Ravilious, and Mike Skuja. Mangroves of western and central Africa. No. 
26. UNEP/Earthprint, 2007. 
Almost one fifth of the world’s mangroves are found in Sub-Saharan Africa, and 70 per cent of these are 
found in 19 countries of West Africa. West African mangroves are in moderate decline, with average 
estimates reducing by a quarter between 1980 and 2006. The Atlantic coast of Africa has some of the 
highest population densities on the continent and the majority of industry of West Africa is located in the 
coastal zone. This combined with rapid growth, high poverty, low development indices, poor governance 
in rural regions and open access of coastal resources suggest urgent and coordinated action is needed to 
halt this current trend. Fourteen per cent of identified mangrove areas in West Africa fall within nationally 
and internationally designated protected areas; however, there are strong concerns about the 
management coordination and effectiveness of these protected areas, predominantly due to financial and 
administrative constraints of the region. Four key drivers have been identified as the principal factors 
influencing mangrove change in West Africa: Population growth Economic and political trends Climate 
change Changes in upstream habitat Governance and sustainable management of mangrove areas in 
the region is likely to be complex with strong competition between economic activities taking place. High 
numbers of people are dependent on the mangroves for subsistence and small-scale commercial 
activities, which rely on the long-term functioning of the ecosystem, unlike activities that generate higher 
revenues over the shorter term with high risk to environmental integrity. There is some concern that the 
long-term values of intact and functioning mangrove ecosystems are not being recognized in the 
coordination and application of current policy strategies and decisions, where short-term gain resulting in 
loss of the ecosystem is being pursued at the expense of long-term sustainability. Where analyses to 
demonstrate the values of the wide range of goods and services provided by mangrove habitats have 
been undertaken, they have proven to be a valuable tool in assisting decision-makers. One estimate of 
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the economic value of one square kilometre of mangrove ranges between US$ 200 000 and US$ 900 000 
per year. Currently only two countries in West Africa refer to mangroves in their national Poverty 
Reduction Strategy Papers (PRSPs). There is precedence to include mangrove habitat within Poverty 
Reduction Strategy Papers, where there is evidence that the goods and services provided by the habitat 
are important to sustaining livelihood strategies and food security. The sustainable management of 
mangrove ecosystems throughout the West African region will be an essential contribution to the 
proposed new target for the Millennium Development Goals to “Reduce biodiversity loss, achieving a 
significant reduction in the rate of loss by 2010”. 

  



4 
 

2. Ecological/ecosystem studies of mangroves in West Africa 
 
Bojang, F., and A. Ndeso-Atanga. "The relevance of mangrove forests to African fisheries, wildlife 
and water resources." Nature et Faune (FAO/PNUE) (2009). 
During the last decades, African mangroves have been increasingly affected by deforestation. In West 
Africa, mangrove areas have diminished from 20,500 km2 in 1980 to their current 15,800 km2, while in 
Central Africa they have been reduced from 6,500 km2 in 1980 to 4,300 km2 at present (Ajonina et al 
2008). Estimates of existing mangrove areas in Eastern Africa range from 2,555 km2 to 7,211 km2 (The 
Encyclopedia of Earth. 2007) and no data appears to be available as respects to the rate of mangrove 
loss –which has in fact occurred- during the past decades. According to the FAO, Africa has lost about 
500,000 hectares of mangroves over the last 25 years. (FAO. 2007) 
 
“Mangrove Conditions as Indicator for Potential Payment for Ecosystem Services in Some 
Estuaries of Western Region of Ghana, West Africa” in Diop, Salif, Jean-Paul Barusseau, and Cyr 
Descamps, eds. The Land/Ocean Interactions in the Coastal Zone of West and Central Africa. 
Springer, 2014. 
A rapid assessment was carried out on the Greater Amanzule wetlands in Ghana to assess the types and 
conditions of mangroves and associated ecosystem services (e.g. carbon sequestration, wood collection 
and tourism) for determining the potential for payment for ecosystem services (PES). A combination of 
stakeholder discussions and on-the-ground surveys was used to gather information on 18 mangrove 
sites. The survey showed that over 1,000 ha of mangrove forests exists in scattered pockets of less than 
10 ha (in 50 % of the sites), representing nearly 10 % of the known national mangrove coverage of 
14,000 ha. The mangroves are estuarine type, generally healthy, and reach canopy height of 30 m. They 
support livelihoods and ecological securities of the surrounding fishing or farming communities. There 
was a general community perception that mangrove forests have decreased in area over the last 20 
years. Identified threats include harvesting for fuelwood and construction, pollution from domestic and 
mining waste disruption in the tidal regime at some estuaries. Carbon sequestration remains a valuable 
service: total aboveground carbon stored in intact mangrove areas ranged from 65 to 422 tC/ha (mean of 
185 tC/ha) with estimated aboveground roots (aerial roots) making up 78 % of the carbon stock in some 
degraded areas. The economic value of mangroves as a source of fuelwood was approximated at 
US$2,765/ha. A number of factors were identified as contributing to suboptimal governance of mangroves 
and wetlands. Appropriate PES schemes with improved legal and institutional arrangements are expected 
to help surmount management challenges. 
 
“Importance of Mangrove Litter Production in the Protection of Atlantic Coastal Forest of 
Cameroon and Ghana” in Diop, Salif, Jean-Paul Barusseau, and Cyr Descamps, eds. The 
Land/Ocean Interactions in the Coastal Zone of West and Central Africa. Springer, 2014. 
For this study, litterfall and structural characteristics of mangrove forest in Ghana and Cameroon were 
monitored from November 2008 to November 2010. The annual fluctuation of litterfall mass and carbon 
stocks increased with increases in air temperature (Dry season). During the study period, mean annual 
total litterfall production, mean carbon litterfall stocks and density were, respectively, 3,035 g/m2, 
12,454.15 g/m2 and 24,500 stems/ha in Ghana and 5,410 g/m2, 21,441.61 g/m2 and 32,275 stems/ha in 
Cameroon. Litterfall biomass in both countries was made up of more than 80 % leaves. It also appeared 
that the structural development of the mangrove forest was positively related to the production of litterfall 
in each country, indicating the importance of litterfall productivity in the general growth of mangrove 
forest. 
 
“Carbon Budget as a Tool for Assessing Mangrove Forests Degradation in the Western, Coastal 
Wetlands Complex (Ramsar Site 1017) of Southern Benin, West Africa” in Diop, Salif, Jean-Paul 
Barusseau, and Cyr Descamps, eds. The Land/Ocean Interactions in the Coastal Zone of West and 
Central Africa. Springer, 2014. 
Carbon budgets were established for pockets of mangrove forests within the western coastal wetland 
complex of southern Benin (Ramsar site 1017) using standard methods. We assessed carbon stocks in 
four (0.1 ha) transects in sites with different levels of degradation of mangrove vegetation from non-
forested, very degraded, degraded, to non-degraded mangroves in Kpétou, Djègbadji, Adounko (1), and 
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Adounko (2) sites, respectively. Species encountered were typical of the west-central African region: 
Avicennia germinans, Rhizophora racemosa, Acrosticum aureum (fern), and Paspalum vaginatum. The 
maximum diameter was 24.8 and 20.3 cm for Avicennia and Rhizophora, respectively, in non-degraded 
mangrove sites, at a maximum height of 21 m. Standing volumes varied from 6.55 m3/ha in degraded 
mangroves to 50.42 m3/ha in the non-degraded mangrove sites. The total annual carbon stock, to a soil 
depth of one meter, varied from 179.39 t/ha in the non-forested site, to 288.77 t/ha in degraded 
mangroves and 184.01 t/ha for non-degraded mangroves. Aboveground biomass carbon in non-degraded 
sites was on average 35.07 t/ha, more than five times that in degraded mangrove sites. The distribution of 
total ecosystem carbon stocks for the aboveground component for the mangrove sites ranged from 0.82 
% for non-forested sites, 2.94 % for degraded to 16.01 % for non-degraded mangrove forests. The 
belowground carbon stocks component ranged from 179.39 to 288.77 t/ha, being the highest in degraded 
mangrove sites due to leached organic matter following degradation. Potential annual net CO2e 
emissions from up to 30 cm soil depth (compared to non-wooded mangrove vegetation) is estimated to 
increase from 10.28 to 99.64 t CO2e (22 % of non-wooded mangroves) following mangrove degradation 
and 43 t CO2e (10 %) avoided CO2e emissions from undisturbed mangrove forests. 
 
“Combined Uses of Supervised Classification and Normalized Difference Vegetation Index 
Techniques to Monitor Land Degradation in the Saloum Saline Estuary System” in Diop, Salif, 
Jean-Paul Barusseau, and Cyr Descamps, eds. The Land/Ocean Interactions in the Coastal Zone 
of West and Central Africa. Springer, 2014. 
Saltwater contamination constitutes a serious problem in Saloumestuary, due to the intermittent and 
reverse tide flows of the Saloum River. This phenomenon is caused by the runoff deficit, which forces the 
advance of saltwater 60 km upstream, contaminating surface water and thus causing the degradation of 
biodiversity and large areas of agricultural soils in this region. The present study aims to evaluate the 
consequences of saltwater contamination in the last three decades in this estuary by assessing the land-
cover dynamics. Thus, latter consists of tracking the landscape-changing process over time to identify 
land-cover transitions. These transitions are closely related to the ecosystem-setting condition and can be 
used to assess the combined impacts of both natural and human-induced phenomena over a given 
period of time. In this study, special attention was given to mangrove degradation and to temporal 
progression of the salty barren soils locally called ‘‘tan’’. The loss of mangrove areas to tan and the 
general increase in salty barren soil areas can reflect the increase in the level of salinization in the study 
area over the time period under consideration. To fulfill this objective, four Landsat satellite images from 
the same season in the years 1984, 1992, 1999, and 2010 were used to infer time series land-use and 
land-cover maps of the Saloumestuary area. In addition to satellite imagery, rainfall records were used to 
evaluate climatic variation in terms of high-to-low precipitation during the time span considered. Spectral 
analysis indicated that from 1984 to 2010, mangroves and savanna/ rain-fed agriculture are converted to 
‘‘tan’’ (denuded and salty soils). In addition, these results showed that significant changes in land 
use/land cover occur within the whole estuary system and reflecting therefore environmental degradation, 
such as land desertification and salinization, and vegetation degradation which reflect the advanced of 
salinity. 
 
“Governing Through Networks: Working Toward a Sustainable Management of West Africa’s 
Coastal Mangrove Ecosystems” in Diop, Salif, Jean-Paul Barusseau, and Cyr Descamps, eds. The 
Land/Ocean Interactions in the Coastal Zone of West and Central Africa. Springer, 2014. 
The West African coastal environment’s extremely productive and biologically diverse estuaries and 
mangrove ecosystems have suffered increasing stress due to natural and human induced pressures. 
Conserving biodiversity in this region is full of complexity as a result of the myriad connections inherent in 
natural ecosystems and the variety of perspectives and interests arising at multiple scales and out of 
varying social and cultural contexts. Therefore, a participatory system of interregional governance is 
necessary in order to develop appropriate solutions to achieve effective conservation. Two case studies 
are presented that demonstrate the usefulness of the networked governance approach to engage actors 
as all levels in the preservation of mangrove ecosystems. The Regional coastal and marine conservation 
partnership in West Africa (PRCM) and the West African network of marine protected areas (RAMPAO) 
demonstrate the effectiveness of coordinating local actions with the development of national and regional 
policies. Challenges remain including the impact of competing goals, communication difficulties, uncertain 
funding, unequal capacity, and political instability. 
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“Assessment of Critical Coastal Habitats of the Western Region, Ghana. Integrated Coastal and 
Fisheries Governance. Initiative for the Western Region of Ghana.” 
The Western Region of Ghana harbors several key ecosystems with high value biodiversity. The coastal 
area of the region is particularly diverse in habitats many of which are unique in terms of biodiversity and 
provision of ecosystem goods and services. The habitats comprise of lagoonwetland systems, mangroves 
estuaries, sandy beaches and rocky beaches. These habitats are considered critical because of their high 
vulnerability to population growth, urbanization, industrialization and climate change vulnerability. 
Nonetheless, the main threats to terrestrial and marine biodiversity in the Region have been identified as 
overexploitation of marine fisheries resources, degradation of coastal habitats, pollution from land and 
sea based sources, algal blooms, accelerated coastal erosion, increasing population density, weak 
governance, legislation and institutional framework, potential conflicts and environmental degradation 
from oil and gas exploitation, climate change and sea level rise, spread of invasive species and 
acculturation of traditional knowledge. Additionally, these critical coastal areas are often the repositories 
for contaminants released in coastal areas including potential of oil spills from ongoing oil exploration and 
production activities in the offshore environment of the region.  
 
The overall selected habitat assessment of the region indicates important management issues related 
biodiversity and overall ecosystem integrity/health. Cape Three Points, Ankobra and Belibangara appear 
to be heavily impacted by humans and require restoration of habitat quality; while the greater Amansuri 
(Amansuri lagoon and Amansuri outlet), Cape Three Points and Dormunli are important for ecosystem 
goods and services and need to be protected. As Cape Three Points falls in both categories, it has 
priority importance for management actions. The assessment suggests the wider Cape Three Points 
areas and the Amansuri Estuary as potential biodiversity hotspot that need urgent strategic management 
attention. These areas have not been significantly impacted by human activities and host huge 
biodiversity resources including avifauna, macrobenthic organisms, important terrestrial flora and fauna 
and unimpaired water quality. These areas may be accorded the status of MPAs after a detailed 
assessment has been carried out and mechanisms put in place. In order to ensure sustainability of the 
resources, these areas may be developed into biodiversity parks with to generate revenue that could be 
used for alternate source of livelihood in the area. The other critical habitats do not host overall huge 
diversity except that certain sites/areas were noted for their potentials for either one or two resources of 
ecological importance such as mangroves (e.g., Butre, Domunli). 

 
Feka, Njisuh Z., Mario G. Manzano, and Farid Dahdouh-Guebas. "The effects of different gender 
harvesting practices on mangrove ecology and conservation in Cameroon." International Journal of 
Biodiversity Science, Ecosystem Services & Management 7.2 (2011): 108-121. 
Wood harvesting is an important source of income and a direct threat to mangrove forests in West-
Central Africa. To understand the effects of this activity on mangrove ecology, it is necessary to assess 
harvesting practices of local communities. Knowledge on those is scarce for this region; we therefore 
examined implications of gender roles on the sustainability of mangrove forests in the South West Region 
(SWR), Cameroon. Socio-economic surveys, focus group discussions and forest inventories were used 
for the assessments. Mangroves in the studied sites were dominated by Rhizophora racemosa. The 
Simpson’s diversity index did not vary significantly between exploitation levels. The current harvesting 
style by women (compared with men) is characterised by a larger working area but closer to home and 
more seasonal, intensive harvesting of smaller trees. This enhances mangrove ecosystem degradation, 
whereby the effect is exacerbated because of the catalytic harvesting practices of men (less frequent, 
small scale, selective harvesting of larger trees). To help sustain mangroves in this region, further 
research on wood harvesting practices and implications for factors affecting growth is essential. To 
improve harvesting strategies, communities need to be provided with alternative sources of livelihood and 
educated on the values of mangroves and regeneration techniques. 
 
The challenges and prospects of developing a community based generalizable method to assess 
mangrove ecosystems vulnerability and adaptation to climate change impacts: Experience from 
Cameroon in Bojang, F., and A. Ndeso-Atanga. "The relevance of mangrove forests to African 
fisheries, wildlife and water resources." Nature et Faune (FAO/PNUE) (2009). 
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Mangroves provide a wide range of resources and ecosystem services for human livelihood, including 
fisheries production, timber production, coastal protection, pollution abatement and carbon sequestration. 
However, human-induced stresses ranging from: diversion of freshwater, poor land-use in and around 
mangrove forests, overharvesting of resources, and pollution disrupt the natural equilibrium of 
mangroves. Mangroves are also predicted to suffer from the impact of climate change as the frequency 
and significance of environmental observations related to Climate Change (CC) increase across the 
entire planet’s ecosystems especially in the low-lying coastal areas, especially regions such as tropical 
Africa, Southeast Asia and the South Pacific. However, even in the light of such warnings, there have 
been no clear approaches identified through which the direct environmental effects of CC can be 
ameliorated in the short term especially development of comparable methods that assess the vulnerability 
of coastal ecosystems and services. In WWF-US, Global Environment Facility Project Development 
Facility – Climate Change (GEF PDF B) supported initiative to develop a generalizable method to assess 
the vulnerability and adaptation of mangroves and associated ecosystems to climate change impacts in 
three project countries including Fiji, Tanzania and Cameroon. The approach intended to build and 
strengthen local and national capacity of targeted countries as well as on-the-ground projects 
demonstrating practical approaches to vulnerability assessment and adaptation by involving multiple 
stakeholder groups throughout the planning and execution stages of project to promote effective 
vulnerability assessment and climate change adaptation projects and policies. In this paper the authors 
assess the status of achievements of such initiatives in Cameroon. The paper also examines challenges 
and future perspectives for such an expanded programme in the rest of mangrove-covered countries in 
Africa. 
 
The Application of the Ecosystem Approach to Mangrove management: Lessons for Ghana in 
Bojang, F., and A. Ndeso-Atanga. "The relevance of mangrove forests to African fisheries, wildlife 
and water resources." Nature et Faune (FAO/PNUE) (2009). 
The area of mangrove in Ghana has suffered significant depletion in the last 30 years. Causes of loss are 
based on anthropogenic pressures which will increase with population rise and the climate variability. The 
impact of this loss of mangrove cover reduces ecosystem services such as fish breeding and nursery as 
well as erosion control. These losses have a negative effect on marginalised coastal populations, 
especially women and the elderly. The FAO and CBD ecosystem approach to natural resource 
management provides a tool for government to revisit the issue of mangrove management in Ghana 
using adaptive management, participatory engagement with local communities and a holistic approach 
involving various disciplines. The immediate assessment of frameworks such as the ITTO Action Plan for 
Mangroves; the World Bank Code of Conduct for Mangrove Ecosystems for their implementation in the 
Ghanaian context should be carried out by Government. Capacity to apply the FAO system of ecosystem 
management needs to be built in Ghana. 
 
Management challenges of mangrove forests in Africa: a critical appraisal of the coastal 
mangrove ecosystem of Nigeria in Bojang, F., and A. Ndeso-Atanga. "The relevance of mangrove 
forests to African fisheries, wildlife and water resources." Nature et Faune (FAO/PNUE) (2009). 
Mangroves in Africa have played significant ecological, economical and socio-cultural roles in the lives of 
coastal communities in the continent. This paper presents the management challenges confronting the 
mangrove ecosystem of a typical tropical mangrove ecosystem - the Niger delta area of maritime Nigeria. 
With a coastline of over 970km, Nigeria is a coastal-oriented continental nation having a coastal resource 
base and a concentration of population along the coast. The paper shows that the Niger delta consists of 
a tropical rain forest zone and a coastal area of mangrove vegetation transversed by many rivers, 
tributaries, creeks and lagoons. It lies at the centre of oil productive sites (off-shore and in-shore) and is a 
sensitive ecosystem vital to the fishing industry and local economy of the citizenry. With a view to 
highlighting the importance of this ecosystem to the fishing industry, this paper presents the results of 
investigations carried out in three coastal mangrove systems of Nigeria (Ondo, Ogun and Cross River). 
All the commercially important fin and shell fish assessed are shown to be either temporary or permanent 
residents of the mangrove area. The beneficial effects on marine fisheries are at risk from anthropogenic 
influences such as pollution or destruction of the mangrove ecosystem. The paper calls for a sound 
marine area protection programme in Nigeria, most especially due to the negative environmental impact 
of oil production activities in the area. 
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Oil exploitation, fisheries resources and sustainable livelihood in the Niger delta, Nigeria in 
Bojang, F., and A. Ndeso-Atanga. "The relevance of mangrove forests to African fisheries, wildlife 
and water resources." Nature et Faune (FAO/PNUE) (2009). 
Mangroves, the coastal forests of the tropics, have traditionally provided a variety of plant products, fish 
and shellfish for local communities. They also provide services such as coastal stabilization, and food 
chain support for near-shore fisheries. This study assessed the status of the coastal area of Niger Delta, 
Africa’s largest delta. In the Nigerian coastal environment, large areas of the mangrove ecosystem have 
been destroyed. The mangrove forests were once a source of both fuelwood for the indigenous people 
and a habitat for the area's rich biodiversity, but are now unable to survive the oil toxicity of their habitat. 
The harmful effects of oil spills on the environment are many. Oil kills plants and animals in the estuarine 
zone. Oil settles on beaches and kills organisms that live there; it also settles on ocean floor and kills 
benthic (bottom-dwelling) organisms such as crabs and disrupts major food chains. It also covers birds, 
impairing their flight or reducing the insulative property of their feathers. Oil endangers fish hatcheries in 
coastal waters and contaminates the flesh of commercially valuable fish. In many villages near oil 
installations, even when there has been no recent spill, an oily sheen can be seen on the water, which in 
fresh water areas is usually the same water that the people living there use for drinking and washing. 
Hence, the public health implication is grave. Several oil spill management policies and efforts are in 
place to reduce the menace of oil spill incidents in the country. However, most are poorly implemented 
and laws are usually not enforced. We therefore propose constant monitoring for oil spillage, stringent 
enforcement of laws and other policies and remediation efforts geared towards restoring the environment 
of the Niger Delta. 
 
Livelihoods in Cameroon mangrove areas: finding a balance between conservation and 
sustainable use in a fragile ecosystem in Bojang, F., and A. Ndeso-Atanga. "The relevance of 
mangrove forests to African fisheries, wildlife and water resources." Nature et Faune (FAO/PNUE) 
(2009). 
A socioeconomic study was conducted in the two mangroves of Cameroon with the objective of 
identifying all the activities and livelihoods of populations and subsequently record their impact on the 
conservation and sustainable management of this ecosystem. The Rio Del Rey mangrove in the South-
west region (Bakassi area) and the Cameroon estuary mangrove in the Douala region, include seven 
species that form the wood and non-wood floristic base in this environment. These comprise six 
indigenous mangroves species and one species introduced from Asia, the Nipa palm (Nypa fructicans). 
The study underlines a multitude of sectors including those of halieutic (fishing) products, agricultural 
products, wood, shopkeeping and sand. Measures to manage the anarchic development of Nipa palm are 
suggested. For a sustainable management policy of Cameroonian mangroves, it is urgent to have laws 
and regulations specific to that ecosystem. 
 
Rehabilitation of mangroves between Fresco and Grand-Lahou (Côte d’Ivoire): Important fishing 
areas in Bojang, F., and A. Ndeso-Atanga. "The relevance of mangrove forests to African fisheries, 
wildlife and water resources." Nature et Faune (FAO/PNUE) (2009). 
Even though Côte d’Ivoire is one of the most botanically studied francophone African countries, 
mangroves are not well known. In spite of the important ecological and socioeconomic role they play, they 
do not enjoy the attention they deserve and are deteriorating at a disturbing rate along the coastline. The 
mangroves lying between the cities of Fresco and Grand-Lahou play a vital role in supplying fish to the 
population centers of Abidjan (with about 5 million inhabitants) and Yamoussoukro. These wetlands which 
feed 60% to 80% of coastline communities are threatened with extinction by the indiscriminate logging 
and by poison fishing. Twenty years ago, the mangroves between Fresco and Grand-Lahou boasted a 
surface area of 15,000ha. Today however, they hardly reach 6,000ha. Red mangroves (Rhizophora 
racemosa) and white mangroves (Avicennia germinans) tree formations are increasingly being replaced 
by a herbaceous stratum (Paspalum vaginatum) or shrub stratum (Drepanocarpus lunatus and Dalbergia 
escastaphyllum). In view of this deterioration, during recent years, there has been a reduction in fisheries 
productivity, exacerbating poverty among the communities, particularly among the youth and women. In 
order to rehabilitate the ecosystem and restore fish stock, we carried out silvicultural activities on that 
section of the Ivorian coastline. These activities included enrichment planting 
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Development of Mangrove paddy fields in Casamance Southern Senegal in Bojang, F., and A. 
Ndeso-Atanga. "The relevance of mangrove forests to African fisheries, wildlife and water 
resources." Nature et Faune (FAO/PNUE) (2009). 
Mangroves areas in Casamance have been traditionally used for rice growing, fishing, fish culture, shell 
picking and wood. Senegal has been affected by drought since 1963 and this has had an adverse effect 
on the mangroves leading to a decrease in the total area. Intensification of agriculture and increasing 
population pressure has resulted in increased erosion and siltation. Given the shortage of rainfall due to 
recurrent droughts over the last three decades, one can easily observe a tendency towards increased 
salinity of soils and the underlying water table. Site development has become the only solution to the salt 
intrusion problem since early 1970s.The present paper focuses on the different types of site development 
such as the traditional polder and anti-small dams and their role in increasing rice production. 
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3. Other relevant studies of mangroves elsewhere and globally 
 
Mangrove Ecosystem Services Valuation: State of the Literature. Nicholas Institute for 
Environmental Policy Solutions, Duke University 
The geographic coverage of mangroves and the geographic representation of the studies are 
asymmetrical. For instance, Africa is home to 22% of the world's mangroves, yet only 7% of mangrove 
valuation studies focus on this part of the world (Table 2). African mangroves exist in both West Africa 
(i.e., the coast from Guinea down to Nigeria and Cameroon) and East Africa (i.e., Kenya, Tanzania, and 
Mozambique). The MESP could locate only five studies for the entire continent, and all were on the east 
coast; none of these studies valued mangrove resources in West Africa. The Americas are home to 30% 
of the world's mangrove areas but make up only 20% of the valuation literature. The Caribbean and the 
eastern coast of South America are home to dense stands of mangrove forests. None of the studies the 
MESP found were for Caribbean islands. 
 
Mukherjee, Nibedita, et al. "Ecosystem service valuations of mangrove ecosystems to inform 
decision making and future valuation exercises." PloS one 9.9 (2014): e107706. 
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Vo, Quoc Tuan. Valuation of Mangrove Ecosystems along the Coast of the Mekong Delta in 
Vietnam an approach combining socio-economic and remote sensing methods. Diss. Christian-
Albrechts Universität Kiel, 2013. 

 
 
Integrating Multiple Demands on Coastal Zones with Emphasis on Aquatic Ecosystems and 
Fisheries 
In Naylor and Drew (1998), the valuation exercise included estimation of direct and indirect use values. In 
Kosrae, communities harvested mangroves for fuelwood and for building structures while some indirect 



12 
 

service provided are the crabs and fish which are caught in the mangrove area and nearshore. Direct use 
values were estimated to reach $1 million per year—28 per cent from wood, 55 per cent from crabs, and 
17 per cent from fish. Indirect services such as storm protection, erosion control, and maintenance of 
water quality were recognized as important but not valued. As for the non-use values, a CV survey asked 
respondents three sets of questions: (1) the amount they would need to be compensated if the 
government allowed full development of the mangroves that precluded their use by the public; (2) the 
amount they would be willing to pay in monthly taxes to implement a management program that allowed 
partial use and that sustained mangrove ecosystems indefinitely into the future; and (3) the amount they 
would be willing to pay in the form of a monthly permit for continued access and use of the mangroves. 
Results indicate that mean WTP values of the subsistence and formal sectors, respectively, were $33/mo 
and $74/mo for the management tax, and $21/mo and $53/mo for the use permit. Generally, WTP for the 
subsistence sector was lower than the formal sector which Naylor and Drew (1998) attributes more to an 
income constraint rather than a substitution constraint especially for use of mangroves as fuelwood vis-à-
vis alternative sources of fuel. This result indicates the desire by those who do not use mangroves directly 
to protect the resource for its ecosystem functions and some degree of existence value. Further, the 
preference for a tax rather than a permit indicates some implicit valuation on ecosystem services as 
opposed to a user tax which covers mostly direct/market uses of mangrove products. When the median 
values are aggregated across Kosrae’s population, the total willingness-to-pay for the protection and 
sustained use of mangroves is $1.26 million per year with the tax system and $1.08 million per year with 
the permit system. The stated use value reflected in the permit system estimate is well within range of the 
revealed preference value of mangroves. 
 
Salem, Marwa E., and D. Evan Mercer. "The economic value of mangroves: A meta-analysis." 
Sustainability 4.3 (2012): 359-383. 
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4. Relevant survey questions to assessing mangroves 
 
Community Participation in Mangrove Forest Management in the Philippines: Management 
Strategies, Influences to Participation, and Socio-Economic and Environmental Impacts 
- Ethnic group 
- Highest educational attainment 
- Main occupation 
- Location of the house (floor prone/low-lying, etc.) 
- Members in household 
- Household income 
- Percentages of income derived from fishing/forest-related sources/agriculture 
- Harvest resources from mangrove forests (yes/no) 
- How many years have been harvesting from mangroves 
- How many months of the year, days of the month, times in a day 
- From whom/where did they learn the activity 
- Equipment used to extract resources (fishing boat, fishing net, etc.) 
-  During the last X years, has there been a change in the area over which vegetation exists/existed 
(decrease, same, increase) 
- Has the density of mangrove trees in the forest land changed in the past five years (decrease, same, 
increase) 
- Has the diversity of fish changed over the past five years? (decrease, same, increase) 
- Has the diversity of shells (clams) changed over the past five years? (decrease, same, increase) 
- Has the diversity of crustaceans (lobster, shrimp, crabs) changed over the past five years? (decrease, 
same, increase) 
- Has the diversity of insects changed over the past five years? (decrease, same, increase) 
- Has the frequency of soil erosion changed over the past five years? (decrease, same, increase) 
- House ownership 
- Source of lighting in the house (kerosene, biogas, etc.) 
- Provision of drinking water (source/spring water, deep well, artesian well, etc.) 
- Kind of fuel for cooking use (firewood, biogas, LPG, coal, kerosene, etc.) 
- Garbage disposal (community, pit, garbage collection, recycle, etc.) 
- means of transportation and time required to nearest all-weather road and market (walking, bicycle, 
boat, etc.) 
- Type of land that family has acces to (house lot, garden, fish pond, private/public forest, farmland, etc.) 
- Faced food shortage in last 12 months? 
- How many months can survive on own food production 
- Reasons for food deficit (no production, insufficient production, not enough income to purchase, not 
available in the market, etc.) 
- how food requirements are fulfilled during food deficit months (purchased food grain, borrowing food 
grain, taking wage in food grain, family/government support, etc. 
- Has the frequency of food deficiency changed over the past 5 years (decreased, same, increased) 
- Has family borrowed cash in last 12 months?  
- Sources of loan 
- Purpose of borrowing (land purchase, agriculture/livestock, purchase of food, etc.) 
- Causes of livelihood insecurity/instability (limited access to land and forest assets, loss of traditional 
occupation, etc.) 
- Participation in trainings or financial support to develop activities (business, product-based income-
generating activities, agriculture-based income, fishing technology, livestock/animal income-generating 
activities, extractive forest-based income-generating activities, forest enrichment practices, alternative 
energy use activities, sustainable forest management, etc.) 
- Member of forest user group/regime (community forest, collaborative forest, private, land management 
group, etc.) 
- Awareness of illegal/destructive activities in mangrove forests in community 
- Types of illegal activities (illegal fishing/logging, theft, fishpond operation, etc.) 
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- Forest activities participation in last 12 months (nursery, planting, weeding, guarding, tour guide, 
harvesting, transportation, etc.) 
- Harvested crops (corn, rice, sugarcane, banana, coconut, root crops, spices, etc.) 
- What is done with harvested products (sold directly, sold to vendors, processed for selling, home  
consumption, etc.) 
- Production level, prices per unit, average units sold monthly, household demand 
- How has income from crops changed over past 5 years (decreased, same, increased) 
- Harvested fishery/forestry products (shells, cephalopods, crustaceans, fish, mushroom, tannins, 
fuelwood, bamboo poles, etc.) 
- Shells harvested (clams, sikad-sikad, sobra-sobra, litob, etc.) 
- Crustaceans harvested (lobster, shrimp, blue crab, mud crab, dawat) 
- Fish harvested (bullet tuna, lagaw, goatfish, samara, etc.) 
- What is done with harvested products (sold directly, sold to vendors, processed for selling, home  
consumption, etc.) 
- Production level, prices per unit, average units sold monthly, household demand 
- How has income from mangrove forest/fistery/fish catch changed over past 5 years (decreased, same, 
increased) 
- Livestock holding, grazing, purchased/sold, what is done with livestock products,, quantity sold, price, 
demand 
 
Vo, Quoc Tuan. Valuation of Mangrove Ecosystems along the Coast of the Mekong Delta in 
Vietnam an approach combining socio-economic and remote sensing methods. Diss. Christian-
Albrechts Universität Kiel, 2013. 
- Age, Sex, Education level, Years experience with mangrove management, Major occupation 
The questionnaire included measures of both discrete information of land size, mangrove area, and 
mangrove-related income and general quantitative information on the awareness of mangrove 
ecosystems, mangrove forest utilization, and the perception of mangrove forest protection 
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5. Relevant survey methodology to assessing mangroves 
 
Vo, Tuan Quoc, C. Kuenzer, and N. Oppelt. "How remote sensing supports mangrove ecosystem 
service valuation: A case study in Ca Mau Province, Vietnam." Ecosystem Services 14 (2015): 67-
75. 
To establish a framework of mangrove ecosystem service evaluation based on earth observation data 
and a household survey, we selected services that are highly relevant to the livelihoods of local 
communities. The household survey involved two stages. The first was the development and pre-testing 
of a questionnaire to ensure that relevant questions were included and captured the most robust data. 
The second stage consisted of a detailed survey of 300 randomly selected households, which was 
eventually reduced to 285 households after data exclusion due to the absence of important information 
such as shrimp farming area, total area as well as income and investment of shrimp farming activities. 
The survey used a semi-structured questionnaire with over 150 questions on different aspects of 
mangrove ecosystem services. The questionnaire included measures of both discrete information (land 
size, mangrove area, and mangrove-related income) and general qualitative information on the 
awareness of mangrove ecosystems, mangrove forest utilization, and the perception of mangrove forest 
protection. Information from all households interviewed was analyzed using SPSS statistics software. For 
fisheries and wood-based products, the market price approach was used to calculate the values of fishery 
products and wood-related products with different mangrove forest densities using the following equation. 
 
Hussain, Syed Ainul, and Ruchi Badola. "Valuing mangrove benefits: contribution of mangrove 
forests to local livelihoods in Bhitarkanika Conservation Area, East Coast of India." Wetlands 
Ecology and Management 18.3 (2010): 321-331. 
The dependency of local people on mangrove forests was estimated in 36 villages situated in the BCA. 
These villages were selected on the basis of 35 parameters through a hierarchical cluster analysis (Sokal 
and Rohlf 1995) followed by a random selection from each of the clusters proportionately (Badola and 
Hussain 2005). For each selected village 10% of the housing units were picked up randomly for the 
household survey. A point was made to evenly distribute the household over the total area of the villages 
in order to get a full representation of all communities and economic groups. Using structured 
questionnaires, information on demography, land use, income and occupational pattern as well as local 
dependence on mangrove resources was collected from 324 intensively surveyed households. During the 
survey, the types of goods and their amount extracted were quantified. For estimating the contribution of 
Bhitarkanika mangrove ecosystem to fish productivity, we evaluated the fishery production in three 
stages—inshore fishery, offshore fishery, and the role of Bhitarkanika mangrove ecosystem as nursery 
ground for fish and shellfish. 
 
Badola, Ruchi, and S. A. Hussain. "Valuing ecosystem functions: an empirical study on the storm 
protection function of Bhitarkanika mangrove ecosystem, India." Environmental Conservation 
32.01 (2005): 85-92. 
We used the damage-cost avoided approach (Bann 1998) to value the storm protection function of the 
Bhitarkanika mangrove ecosystem. The actual damages avoided due to mangrove forest were estimated 
after a cyclone hit the area in October 1999. Socio-economic data pertaining to local demography and 
economic conditions were collected from 35 villages located in and around the BCA. Data on 
demography, land use and occupational patterns, resource use, and perceptions and attitudes were 
gathered through a questionnaire survey from 10% of the households. We collected preliminary 
information randomly by asking people about the losses they incurred because of the 1999 cyclone. On 
this basis, we tried to compare the impact of the cyclone in villages that had mangrove cover with those 
unprotected by mangrove forests, but since coastal embankments have been constructed in Orissa to 
prevent seawater intrusion into reclaimed paddy fields, it was imperative that the effects of embankments 
and mangroves be separated. Hence, the following three situations were identified: (1) a village in the 
shadow of mangrove (2) a village not in the shadow of mangrove and having no embankment, and (3) a 
village not in the shadow of mangrove, but with an embankment on the seaward side. 
 
Based on a land-use cover map prepared in a geographical information system domain (Fig. 1), three 
study villages were identified, representing the three situations. Care taken to avoid variations in damage 
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attributable to wind, water logging and distance of villages from the coast and mangrove forests limited 
the sample size to three villages. Bankual village was in the shadow of mangrove forest, Singidi village 
was neither in the shadow of mangroves nor protected by embankment from storm surge, and 
Bandhamal village was not in the shadow of mangroves, but had seaward side embankment. The 
intensity of the impact of the 1999 cyclone on these villages should have been fairly uniform, as all the 
three selected villages were equidistant from the seashore and had similar aspects. The two villages 
outside mangrove cover were located close to each other, but both were far from the mangrove forest in 
order to eliminate any effect of mangrove forest presence (Table 1). We conducted a door-to-door survey 
and sampled 100% of the selected households to assess the socio-economic status of the villages, the 
actual damage to houses, livestock, fisheries, trees and other assets owned by the people and the rate, 
level and duration of flooding. To assess the type of damage caused to houses, we developed a 
composite score or damage rating (DR) for each of the households surveyed in the three villages. The 
scores were in the range of 0–19 depending on the intensity of damage to the house. A value of 19 
signified total collapse, i.e. the sum of the damage to all the structures (thatch, poles, roof, beams and 
walls) of the house. We used Statistical Package for the Social Sciences (SPSS) software for data 
processing and performed one-way ANOVA tests (Zar 1984) to compare the means of various variables 
for the three villages. 
 
Livelihoods in Cameroon mangrove areas: finding a balance between conservation and 
sustainable use in a fragile ecosystem in Bojang, F., and A. Ndeso-Atanga. "The relevance of 
mangrove forests to African fisheries, wildlife and water resources." Nature et Faune (FAO/PNUE) 
(2009). 
A multidisciplinary team including a socio-economist in fishery, a mangrove developer, a hydro-
pedologist, a lawyer and the survey staff, was formed to conduct a participatory analysis in the 
communities living in the region under study. The collection of information was primarily done at the level 
of the administrative centre of localities visited, after consultation with local institutions for information on 
the largescale dynamics affecting the overall mangrove ecosystem. Local institutions consulted included 
administrative authorities, representatives of relevant technical ministries, NGOs, fishermen associations, 
fish traders, logging companies and lumberjacks; and sand operators. Information was collected in 
villages systematically visited and georeferenced: At the level of focal groups and village institutions 
(Village Chief, heads of socioprofessional associations, youth and women groups, fishing post managers, 
School headmaster, hospital nurse, etc) to collect information on the various aspects of communities 
livelihoods; Participatory discussions with the various socio-professional categories (fishermen, fish 
traders, farmers, loggers, transporters, sand and gravel operators, etc.) in 20% of villages visited. The 
sample embraced all the types of villages (small, average, large). The data collected enabled the team to 
grasp the village dynamics as regards access to resources and related conflicts, income generating 
activities, actors’ perceptions on sustainability, environment preservation and protection, etc. The 
approach used was interactive and deductive with the use of the main MARP (Methode Acceleree de 
Recherche Participative) tools which facilitated an identification and inventory of the floristic biodiversity 
and enabled detection of areas where the mangrove ecosystem is in a state of advanced deterioration. 
MARP (a French acronym) is very similar to Participatory Rural Appraisal (PRA). 
 
Gunawardena, M., and J. S. Rowan. "Economic valuation of a mangrove ecosystem threatened by 
shrimp aquaculture in Sri Lanka." Environmental Management 36.4 (2005): 535-550. 
The second phase of the data collection process extended over a period of 1 month and principally 
involved in-depth interviews and questionnaire surveys as the means to collect other relevant data 
necessary to complete the TEV. Survey respondents were asked about the nature of mangrove products 
harvested and about their dependence on lagoon and coastal fisheries. These data enabled the 
proportion of mangrove users and nonusers to be defined and was used as the basis for establishing the 
existence, bequest, and option values of the mangroves for the local community. One of the researchers 
(MG) lived among the local community for the duration of the study, enabling a research diary to be 
maintained and providing valuable qualitative insights into lifestyles, local economic practices, and 
cultural attitudes to resource management. To represent the population of Rekawa, a systematic random 
sample was drawn from a complete list of households held by the relevant local authorities. The 
household list revealed that there were a total of 1184 households in the Rekawa area. From this list, a 
random sample of 205 households was drawn. The sample interviewed was assumed to be 
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representative of the entire Rekawa community. The questionnaire design followed accepted conventions 
(Joliffe 1983), and interviews were conducted on a house-to-house basis and conducted in the local 
language, Sanskrit. A total of 205 persons were interviewed. Beyond basic demographic data, including 
age, education, gender, income, the number of occupants per household, and number of children per 
household, the questionnaire sought to establish the proportion of the local population directly benefiting 
from mangrove goods and services (i.e., forestry and fisheries) as opposed to those not directly benefiting 
from mangroves (i.e., mangrove nonusers). This was needed to avoid double-counting effects when 
calculating the individual TEV components. The questionnaire sought information about the range of 
mangrove products harvested, along with quantities and frequency of collection. These data were used 
as the basis for quantifying the value of traditional forestry uses in Rekawa. Survey respondents were 
also asked about their dependence on lagoon and coastal fisheries. However, most of the data needed to 
calculate the mangrove fisheries value were based on existing government fisheries catch data. The 
contingent valuation method (CVM) using an open-ended approach (after Bateman and Turner 1993) was 
adopted to measure the worth of preserving the Rekawa mangrove–lagoon ecosystem from shrimp 
development. The CVM was designed to measure WTP to preserve the Rekawa mangroves, estimated in 
the form of voluntary contributions to a hypothetical mangrove protection fund (cf. Hutchinson and others 
1995). The contingent market section of the questionnaire described the various functions and benefits of 
mangroves and presented information on the scale and nature of the proposed shrimp farm. 
Respondents were then asked a series of structured questions regarding maximum WTP to preserve and 
conserve the existing mangrove system without further development. 
 

 
 
Badola, R., and S. A. Hussain. "Valuation of the Bhitarkanika mangrove ecosystem for ecological 
security and sustainable resource use." Study report. Wildlife Institute of India, Dehra Dun, India 
(2003). 
The data on socio economic and dependency aspects was collected in three stages. The first stage 
involved a rapid assessment of the 403 villages located in the impact zone of Bhitarkanika Wildlife 
Sanctuary. Information on 35 parameters related to socioeconomic status, location and distribution of 
villages with respect to forest and their dependency on forests for fuel wood, timber, fodder etc. was 
collected. Of the 35 parameters, 28 parameters believed to be characterizing villages were subjected to 
Factor Analysis. Seven components having eigen values greater than one were identified from the 
correlation matrix. In the second stage, hierarchical cluster analysis using Ward’s method was done to 
identify relatively homogeneous groups of villages based on selected characteristics. A sample size of 35 
villages was identified and the villages were then randomly selected from the clusters in proportion to the 
size of each cluster. In the selected villages data regarding the socio-economic set up, dependency on 
mangrove ecosystem and attitude of the people towards conservation were gathered. From each 
selected village 10% of the housing units were picked up randomly for the household and attitude survey. 


