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Abstract 
The Niger Delta mangrove and wetland ecosystem are among the most carbon-rich habitats on the 
planet. Despite the crucial role it plays in climate stabilization, with the capacity to protect water, 
soil, and biodiversity, its destruction is alarming. Hence the carbon rich habitat has become a 
carbon source. This paper examines the Niger Delta mangrove and wetland ecosystem as a carbon 
sink or source with a view of recommending effective strategies for maintaining or improving the 
carbon sink potential of the ecosystem. The Nigerian Oil Industry is located mostly in this region 
and estimates of carbon releases related to oil production demonstrates that mangrove protection 
and restoration will definitely play an important role in improving the carbon sink potentials of 
this region and of the country as a whole. 
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Introduction 
The Niger Delta environment is unique both in terms of size and by its location. It is 
marginalized by a deep belt of mangrove forest, which protects vast area of freshwater 
swampland in the Inner Delta. Mangrove forests are coastal plant communities that are 
part of a larger coastal ecosystem. The trees and roots provide rich habitats for a wide 
range of flora and fauna, much of which is only just beginning to be understood. Ajonina 
et. al. (2009) stated that mangroves are among the most productive terrestrial ecosystems 
and are a natural, renewable resource. In terms of vegetation, the Nigerian Niger Delta 
hosts the largest mangrove forest systems in Africa, covering an area of 20,000 square 
kilometres and fifth largest mangrove nation in the world (Spalding et. al., 2010). 
 
Forests including the mangroves are providers of environmental services though often 
subjected to multiple threats which could either be natural or anthropogenic that 
jeopardizes its health, ecology, biodiversity, and resources (Eguakun et al., 2014). Apart 
from the global climate change and its effects, anthropogenic activities has resulted to 
decline in the status of the mangrove forest (Balmford and Bond, 2005; Saunders et. al., 
2006). Niger delta area is the host to petroleum production activities which has brought 
an economic boom in the country Nigeria but with serious environmental concerns. 
Exploration, drilling, extraction, transportation and refining of oil have gone hand in hand 
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with clearing of vegetation, while waste discharge, accidental spills and operational 
failures, in combination with sabotage, pipeline bunkering and artisanal refining, all 
contribute to serious environmental pollution (Langeveld and Delany, 2014). 
 
Issues of climate change and loss of biodiversity are increasingly prompting nations to 
focus on accounting for and managing greenhouse gas emissions (Korner et al., 2005). 
Forests play a significant role in the global carbon cycle, having absorbed approximately 
one third of anthropogenic emissions of carbon IV oxide (CO2) to the atmosphere (Percy 
et al., 2003). However, they can be either sources or sinks of carbon, depending on the 
specific management regime and activities (IPCC, 2000). Fossil fuels are considered as 
the primary source of increasing atmospheric CO2 and therefore the main contributor to 
carbon dioxide concentrations, together with emissions related to land use change. A 
critical question we must grapple with when speaking of the Niger Delta environment 
and oil production has to do with the state of the mangrove and wetlands ecosystem in 
this region as a carbon sink or source. This question is necessary because environmental 
issues like global warming, climate change, desertification, and transboundary pollution 
affects not just the polluter but also neighboring states and beyond (Sagay et. al., 2011). 
This paper examines the Niger Delta mangrove and wetland ecosystem as a carbon sink 
or source with a view of recommending effective strategies of improving the carbon sink 
potential of the ecosystem. 
 
Importance of Mangrove and Wetland Ecosystem 
The environment is our life and it provides us services that we cannot pay for in monetary 
terms. The mangrove and wetland ecosystem provides unique and valuable range of 
resources and services to the rural people. The importance of the mangrove forest and its 
resources to the sustenance of life in the region is enormous and cannot be 
overemphasized. A good knowledge of the importance of this ecosystem is an important 
key for effective management of the system. 
 
Niger Delta mangrove and wetland is regarded as a global biodiversity hot spot (FAO, 
1997). World Bank, (1995) stated that the Niger Delta mangrove is an important 
economically rich ecological zone housing many important flora and fauna species hence 
has been reported to be highly diverse and rich in biological resources (ERML, 1997). 
Several studies have reported that the Niger Delta region has high biodiversity richness 
(Chidumeje et. al., 2015). Being the largest wetland in Africa, the biological diversity of 
the Niger Delta is of both regional and global importance (Moffat and Linden, 1995). In a 
research carried out by Asibor (2009), he estimated that about one third of all endangered 
species are dependent on wetlands. There are 26 mangrove families represented 
throughout the world (Saenger, 2002) and the Niger Delta is a home to three endemic 
families represented by five plant species (James et al., 2007, James, 2008). In terms of 
vegetation, the Niger Delta hosts the largest mangrove forest systems in Africa, covering 
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an area of 20,000 square kilometres. The stilt roots of the Rhizophora racemosa plants 
give the Niger Delta mangrove forest its unique look. 
 
Mangroves are known to serve as carbon sink by way of carbon sequestration. It has been 
reported that mangrove forests are among the most carbon-rich habitats on the planet 
though they occupy just a fraction of the world’s surface. On the average, mangroves 
have double the living biomass of all the tropical forests. ITTO (2012) stated that the 
mangroves have a larger proportion of below ground biomass compared to other forest 
types. These levels of productivity and biomass suggest that this ecosystem plays an 
important role in global carbon cycle. This means that if one wants to slow down carbon 
emissions, one of the first places one could look would be in the mangroves. According 
to Hutchison et al. (2014), an acre of mangrove preserved will achieve a big reduction in 
carbon emission. Estimates for sequestration rates vary between 0.6 tonne/ha/yr (Chmura 
et al., 2003) to 18.0 tonne/ha/yr (UNEP, 2011). Recent scientific papers provide values 
around 1.5-1.7 tonne/ha/yr (Alongi, 2012). 
 
Beyond carbon storage, mangroves delivers a host of other ecosystem services (ES), 
including coastal protection, fisheries, timber, water purification and biodiversity 
(Sathirathai and Barbier, 2001; Gunawardena and Rowan, 2005). The mangrove belt 
helps secure shorelines against coastal erosion and also provides resources such as food 
and building materials for the people. It is well known that mangroves play a role in 
coastal defense and disaster risk reduction and this role will be negatively affected by 
acute and long lasting tree death or reduced system vitality (Constanza et al. 2008). 
 
Mangrove and Wetland Ecosytem as Carbon Sink or Source 
Mangrove and wetland ecosystems receive large inputs of organic matter and nutrients 
from land through sediment runoff rivers flows, ocean upwelling and currents. This 
makes the ecosystems among the most biologically productive areas of the planet. Its 
high productivity supports significant sequestration of carbon in sediment, below ground 
biomass and within surface and waterborne plants and animals. Yeh et al. (2010) stated 
that mangroves are ‘among the most carbon-rich forests in the tropics’, and have been 
reported to store over 1,000 tonnes of carbon per ha. As such, it is gaining increased 
attention for the carbon they store in biomass and especially sediments. This makes them 
potential sources of significant greenhouse gas (GHG) emissions if disturbed, but also 
valuable for nature-based approaches to climate change mitigation (Crooks et. al., 2011). 
Generally, mangroves and wetlands are long term net sinks for atmospheric CO2 through 
production of standing biomass and burial of primarily root and rhizome organic matter 
in sediment.  
 
These ecosystems sequester carbon even more within its soils. According to Crooks et. 
al. (2011) mangrove and wetlands are known for preservation of soil carbon which is as a 
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result of the regular tidal flooding of wetland, fostering saturated soil conditions, where 
under conditions of low oxygen availability, decay rates of soil organic matter and release 
of carbon dioxide are greatly reduced. With rising sea level, and organic material 
becomes progressively buried beneath saturated soils, there is a gradual build up to the 
carbon pool. In the ecosystem the carbon can remain stored in buried sediments for 
millennia. However, loss of mangrove and wetlands ecosystems can leads to a drastic 
decreased carbon sequestration and emissions of CO2 to the atmosphere. Yeh et al. 
(2010) assumed a 20-40% soil carbon loss from infrastructure activities in conventional 
oil and gas production as a result of scraping of surface soil for roads, drainage, drill 
pads, drilling wells, etc.  
 
Threats from environmentally induced problems are as serious as nuclear threats if not 
more serious (Sagay et. al., 2011). The Niger Delta mangrove is reported to be the most 
exploited in the world and regarded as the second most sensitive environment in Africa 
(FAO, 1997). The ecosystem is threatened by direct and indirect causes. Since the 
discovery of oil in Nigeria in the 1950s, the country has been suffering the negative 
environmental consequences of oil development. The Nigerian Oil Industry is located 
mostly in the mangrove forests and the activities of the numerous oil exploration 
companies have led to fragmentation, deforestation and degradation of the mangrove and 
wetland ecosystem. According to Crooks et. al., (2011), any process that destroys 
vegetation in the mangrove or wetland ecosystem, effectively halts a significant 
component of the ongoing carbon sequestration. Oil production is a complex process 
which involves a large number of activities which may impact the environment. Bassey 
(1999) stated that discovery of oil in the Delta marks the beginning of a nightmare that 
refuses to go away. The region suffers from large scale destruction of the mangroves due 
to oil exploitation related activities. There are different phases of the oil production 
process namely exploration, extraction, transport and storage, and post-extraction. 
Activities undertaken in each phase may affect mangrove vegetation in different ways. 
These phases generally lead to direct carbon loss, and loss of production and of 
sequestration capacity of the ecosystem. 
 
In terms of degradation, major oil spills have occurred that have devastated rivers, killed 
mangroves and coastal life and affected the health and livelihoods of millions of 
inhabitants. Activities associated with petroleum exploration, development and 
production have had detrimental impacts on the soils and sediments, surface and 
groundwater, marine environment, terrestrial and aquatic ecosystems in the Niger Delta. 
Discharges of petroleum hydrocarbons and petroleum–derived waste streams have caused 
environmental pollution, adverse human health effects, socio–economic problems and 
widespread environmental degradation. Oil spills can cause a variety of damage to the 
vegetation as they may reduce growth, photosynthetic rate, stem height, density, and 
above ground biomass, eventually leading to plant death (Onwurah et al., 2007). Hoff 
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(2010) stated that mangrove-related biological resources at risk in a spill situation can be 
affected in at least two principal ways: firstly, from physical effects; secondly, from the 
true toxicological effects of petroleum. An area of mangroves that has been destroyed by 
petroleum is susceptible to other problems such as increased deposition of dust, spread of 
invasive and noxious weeds, and the increased potential for wildfires. It has been 
reported that as much as 10% of mangrove trees have been replaced by invasive plant 
species (Nipa palm) in Ogoniland (UNEP, 2011). Losses of mangroves or reduced 
mangrove vitality are bound to reduce their potential for carbon sequestration.  

 
Apart from oil production activities, the socio- economic activities of the local people 
leads to destruction of the ecosystem. For instance, the native people of the Niger Delta 
are regularly engaged in the destruction of the mangrove ecosystem by using non-
conservatory methods of fishing and gathering of aquatics lives such as crabs, oysters, 
cockles and periwinkles. The activities also involve the cutting of the stilt roots of 
Rhizophora racemosa and the cutting of aerial roots to make fish drying racks. 
Rhizophora racemosa stems are used as sources of household energy (firewood) and for 
the construction of houses (Irikana, 2011). All these activities reduce the carbon 
sequestration capacity of the ecosystem and hence turn it to a carbon source.  
 
Carbon Sink Maintenance Strategies 
The world today recognizes the significance of environmental sustainability to the 
development of the nations. Adedeji and Popoola (2011) stated that the most eloquent 
statement on the sustainable forest management worldwide is the Millennium 
Development Goals Declaration of United Nations, 2000 of which Goal No. 7 
emphasized on “Environmental sustainability”. In fact one of the cardinal objectives of 
the Millennium Development Goal is to ensure environmental sustainability. It then 
implies that there should be reduction in environmental degradation. 
 
Given the impacts of oil producing activities on the growth, composition and vitality of 
ecosystems, the need for a solid and reliable monitoring system is now as urgent as ever. 
Even if the causes of the environmental concerns could be stopped immediately, its 
effects would be bound to be observed for many years to come. The issue of 
environmental sustainability cannot be overemphasized in the Niger Delta as this is 
fundamental to the overall wellbeing and the development of the area especially the 
wellbeing of future generation which is an important aspect of environmental economics. 
The local people of this region must be made to realize that the environment is their lives. 
With greater public awareness and support for the economic and social values of 
mangrove ecosystems, it should be possible to halt and reverse their decline hence 
improve the carbon sink potential. Emissions from the Niger Delta mangrove and 
wetland ecosystem can be reduced through conservation, sustainable management, 
afforestation and restoration of degraded areas. Involvement of the local community in 
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the management of these resources is necessary The mangroves should be fully 
accounted for in policy development, economic decision-making and governance, and 
their local, subsistence and commercial benefits should be fully accounted for. If all these 
activities are judiciously carried out then sequestration of additional CO2 from the 
atmosphere can be promoted, hence making the mangrove and wetland ecosystem a 
carbon sink and not a source. 
 
Conclusion 
The journey to Niger Delta mangrove and wetland ecosystem degradation, may have 
started long before oil was struck in commercial quantity by the socio economic activities 
of the local people however, the impact of oil production activities has left the ecosystem 
in a devastating state thereby making it a source of carbon to the atmosphere. In the light 
of this, it must be concluded that oil production activities in the Niger Delta region and its 
environmental impact continues to form a huge threat to the mangrove and wetland 
ecosystem.  
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