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ABSTRACT: Marshes are among the most productive ecological coastal habitats on earth that 
provide more ecosystem services to coastal populations. Humans have modified coastal marshes at a 
grand scale, altering species composition, distribution and ecosystem functions thus, resulting in 
various environmental impacts along the coast. Globally, studies to assess the extent of modifications 
on coastal marshes and mechanisms for their restoration exist however, investigations are scarce 
along the Nigerian coastal zone. The study examined the magnitude of the Deltaic Coast modification 
over 30 years and the implications of these changes in ecosystem functions to determine conservation 
and restoration measures. The study obtained a spatially explicit wetland dataset which serves as 
reference data for the marsh ecosystem. A spatiotemporal assessment of historical Landsat imageries 
using the maximum likelihood classification was conducted and overlaid on the wetland data to 
showcase changes in the marsh ecosystem. The study conducted a qualitative assessment with 
varying agencies to ascertain modifications of the marsh ecosystem. Results indicate that 109,564 
hectares (33.12%) of the extent of the coastal marshes in 1991 have been lost in 2021. The drivers of 
these modifications are mainly from anthropogenic activities which include urbanization and 
conversion of the coastal marshes to other uses thus leading to coastal risks and the inability of the 
coastal marshes to function effectively in providing its services. The study recommends an 
ecosystem-based management approach to restore and conserve the marshes of the Deltaic Coast.  
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INTRODUCTION 

Coastal environments are highly valued for 
their rich resources such as land, food security 
and access to the sea (Bilkovic, et al., 2016). 
Coastal areas face increasing threats from rising 
sea levels and storms under climate change 
(Mo, Kearney and Turner, 2020) and 
modifications of coastal marshes by 
anthropogenic forces. Marshes are vibrant 
intertidal ecosystems intermittently overflowed 
with saline or brackish water and dominated by 
halophytic grasses, herbs and low shrubs 
(Sarika & Zikos, 2020). They occur in coastal 
zones, on shielded delicate shores archetypal of 
deltas, estuaries and intertidal inlets, 
guaranteeing the stability and support of diverse 
habitat types through a variety of ecological 

services (Valiela, et al., 2002; Boorman, 2003; 
Doody, 2008). They play a significant role in 
coastal protection, wildlife conservation, serve 
as a source of biodiversity and nutrients and are 
very important to various marine communities 
(Giuliani and Bellucci, 2019). They are 
characterized by high biodiversity and primary 
production levels, which act as protective 
buffers reducing wave energy and shoreline 
erosion (Belluco, et al., 2006; Gedan, et al., 
2011; Tempest, et al, 2015). Coastal marshes 
serve as a unique shelter for many birds, plants 
and other wildlife species that have adapted to 
this particular environment (Boorman, 2003; 
Townend, et al., 2011; Gedan, et al, 2011). 
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The services provided by the coastal marsh are 
numerous as they include disturbance 
regulation, waste treatment, habitat for species, 
food production, raw material and recreation 
(Elliot & Whitfield, 2011; Costanza, et al., 
2014; Costanza, et al., 1997). Coastal marshes 
provide services that moderate natural 
phenomena such as wave attenuation, 
floodwater attenuation, shoreline stabilization 
and natural barrier against erosion, flooding and 
storms (Sarika and Zikos, 2020; Weis, et al., 
2017; Shepard, et al., 2011; Chirol, et al., 
2018). Another regulatory assistance provided 
is pollution control in terrestrial and aquatic 
ecosystems, nutrient and water cycling, and 
flood and storm protection (Barbier, 2015). 
They support food production such as edible 
plants and animals for humans' direct 
consumption and livestock growth (Shepard, et 
al., 2011). They are rich in raw materials 
(Jacobs, et al., 2013) and they provide 
recreational and tourism services to humans due 
to the beautiful scenery of organisms and 
landscapes around them (Jacobs, et al., 2013).  
Despite the numerous high-value ecological 
services they provide to humans and animal 
species, coastal marshes are among the most 
vulnerable and threatened habitats globally 
(Weis, et al., 2017). Most of the world's coastal 
wetlands are experiencing severe degradation 
such as erosion, pollution, invasive species 
(Nichols, et al., 2007). Marshes have been 
declining slowly due to urbanization, 
agricultural and industrial development 
(Bishop, et al., 2017). The rate of loss of coastal 
marshes is rapidly on the rise, even though their 
enormous value has been recognized on a 
global scale (Chirol, et al., 2018). In the last 
century, coastal marshes have receded to about 
half of their historical coverage (Martinez-
Lopez, et al., 2019).  
The position of coastal marshes in the intertidal 
zone of the coastal shore has made them 
vulnerable to coastal development (Halpern, et 
al., 2019). Research (Seasholes, 2003; 
Knottnerus, 2005) has shown that urbanization 
exerts pressure on the coastal marshes globally, 
and there is a need for a more thorough and 
robust understanding and intervention of how 
urbanization interacts with other stressors for 

more effective management (Gedan, et al., 
2009). The interactive effects of various 
anthropogenic impacts drive large and complex 
changes in the coastal zones (Ziegler, et al., 
2019). Expanding human infrastructure has 
fragmented the coastal marshes and reduced 
their service coverage (Bishop, et al., 2017). 
Modifications to coastal marshes reduce its 
trophic roles, including support of fisheries, 
food webs, and other adjacent aquatic systems 
(Gilby, et al., 2018), thus compromising the 
possibility of continuous shoreline protection 
by the coastal marshes. Research has also 
shown that the world population will likely hit 
9 billion by the end of 2050 as it has increased 
nearly 4-fold since 1900 (Elliot and Whitfield, 
2011; Halpern, et al., 2019). Therefore, the 
future human population concentration in the 
coastal area will be enormously more than now, 
in a bid to intensify their activities to support 
this population boom.  
This productive coastal ecosystem needs to be 
protected and conserved for sustainability and 
its effective management. Over the years, 
different conservation approaches have been 
used in the conservation of coastal ecosystems 
century (Ingram, et al. 2012). Indeed, 
ecosystem-based management (EBM) is fast 
becoming the dominant paradigm in coastal 
resource management (Wasson, et al. 2015). It 
perceives the big picture, identifies linkages, 
and aspires to strengthen these linkages by 
maintaining the elements of the ecosystems 
under study (Long, et al. 2015). EBM has 
emerged as an alternative to traditional 
management approaches that fail to recognize 
that the ecological systems in coastal zones 
have different interacting components (Layzer, 
2012).  
Having the understanding that ecological 
conservation problems can only be solved using 
a scientific approach, hence the need to apply 
the full range of knowledge and skills from 
science in EBM (Lithgow, et al. 2016). This 
scientific knowledge helps in projecting 
changes in the ecosystem and decision-making 
process. EBM acknowledges the interactions 
and dynamism of the complex socio-ecological 
system and incorporates them into management 
decisions. It further recognizes that humans are 
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at the centre of both societal and ecological 
systems. EBM, which is useful for planners and 
coastal managers, describes management 
systems in spatial and temporal scales to 
identify environmental dynamics and use 
scientific knowledge to monitor ecosystem 
values and management actions/decisions 
(Yáñez-Arancibia, et al., 2013).  
Nigeria has a coastline of about 853 kilometres 
long, and the population of coastal states, which 
is 49 million, is a quarter of the Nigerian 
population (NBS, 2017). The core Niger Delta 
states based on geomorphology are Delta, 
Bayelsa, Rivers and Akwa Ibom States, with 
20.4 million inhabitants. In Nigeria, coastal 
marshes are found in the barrier islands and 
mainly in the Niger Delta region (Lehner & 
Döll, 2004; Popoola, et al., 2019). Larger 
amounts of coastal marshes (more than 50%) 
are in Delta State (Lehner & Döll, 2004). Delta 
state house a population of about 6 million. This 
presupposes that this large population will 

depend on the natural resources of coastal 
ecosystems and coastal marshes. Other threats 
facing the marsh wetland in Delta state include 
dredging, oil exploration activities leading to an 
oil spill, over-utilization of its resources, 
clearing of vegetation for agricultural purposes, 
sand filling of wetlands for construction and 
installation of facilities (Edo & Albrecht, 2021).  
There is a gap in understanding the historical, 
current and future trends of coastal marshes 
globally (Bilkovic, et al., 2016) and in Nigeria. 
Thus, through Spatio-temporal analysis, 
research can reveal how the changing 
interactions of coastal wetlands change, their 
current size and continuous balance and 
anticipate future trends (Mo, et al., 2020). 
Therefore, this study aims to examine the 
modification of coastal lakes due to urban 
migration in the Deltaic Coast over 30 years and 
the implications of these modifications to 
recommend sustainable measures for 
conservation and restoration. 

 
RESEARCH METHDOLOGY 

Study Area: Deltaic Coast, Nigeria 
Delta State, also known as the Deltaic coast in 
this study is located in the Niger Delta region of 
Nigeria. The Delta state crosses the Atlantic 
Ocean (Bight of Benin) and is bounded north 
and west by Edo State, east by Anambra, Imo 
and Rivers States, south-east of Bayelsa State 
and along the coast about 120 kilometres (see 
Figure 1). According to Census figures, the 
population of Delta State was 4,112,445 in 2006 
(NPC, 2006). Projecting this figure to 2021 with 
a growth rate of 3.2%, the estimated total 
population of Delta province is 6,596,226. 
Delta State has an area of about 17,698 square 
kilometres with a population density of 372 
square kilometres. Delta state lies 
approximately between 50001 and 60451 E and 
50001 and 60301N (Ebewore, 2020). Delta State 
is generally low-lying (Popoola, 2014) without 
any remarkable hills. The state has a wide 
coastal belt interface with rivulets and streams, 
which form part of the Niger River Delta 
(NigeriaGalleria, 2021). Delta State is situated 
in the tropics and therefore experiences a 
fluctuating climate, ranging from the humid 
tropical in the south to the subhumid in the 

northeast (NigeriaGalleria, 2021). The annual 
rainfall is between 2834 and 4500 mm while the 
average monthly temperature is 27°C 
(Nwankwoala and Okujagu, 2021; Igweze, et 
al., 2014). Delta State is well endowed with 
plenty of solid mineral deposits, such as 
industrial clay, silica, lignite, kaolin, tar sand, 
decorative rocks and limestone (Delta State 
Government, 2021). The state also has huge 
deposits of crude oil and is also the largest 
producer of petroleum products in Nigeria 
(Offiong, 2019). 
The wetlands in Delta state include mangrove 
and coastal marsh, river and aquatic 
ecosystems, freshwater swamp and lowland 
rainforests (Ayanlade, 2014). Delta state is the 
coastal state with the highest proportion of 
coastal marshes (Lehner and Döll, 2004). Delta 
state has 15 Local Government Areas (LGAs). 
Coastal marshes are mainly found in four 
LGAs, namely Warri North, Warri West, Warri 
South and Burutu LGAs. Marshes are also in 
Isoko North, Isoko South, Ndokwa East, 
Oshimili South and Oshimili North LGAs 
(Figure 2).  
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Figure 1: Map of Nigeria showing Delta State 
 

 
Figure 2: Map of Delta State showing the spread of coastal wetlands 
 
Source of Data 
This study attempts a Spatio-temporal mapping of the marsh ecosystem in the Deltaic Coast of 
Nigeria to assess the modifications on the coastal marshes with the view to conserving the ecosystem. 
This involves an inventory of the marsh ecosystem services, assessment of its modification over time 
and its implications. Secondary data were obtained for this study. They include historical satellite 
imageries (Landsat) from the United States Geological Survey (USGS) and high-quality 
disaggregated wetland data from Global Lakes and Wetlands Database (GLWD) (Lehner and Döll, 
2004). The Landsat imageries used are highlighted in Table 1. 
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Table 1: Landsat Imageries need for the study 

Datasets         Years Instruments 
Landsat 8 2021    Operational Land Imager (OLI) 
Landsat 7 2011 Enhanced Thematic Mapper 
Landsat 7 2001 Enhanced Thematic Mapper 
Landsat 5 1991 Thematic Mapper 

Research Procedure  
The research delineated the study area by 
extracting the Deltaic Coast from Google Earth 
Imagery which was digitized into a polygon 
feature class using ArcGIS10.6. The feature 
class was then overlaid on the spatially 
disaggregated wetland dataset from GLWD to 
determine the extent of wetlands and 
specifically coastal marshland in the study area. 
This serves as verification features for the 
acquired Landsat imageries. Geometrically 
corrected Landsat satellite images (30 meters 
resolution - path 189, row 056; path 190, row 
056) were acquired from the USGS Portal (See 
Table 1) were acquired. The imageries were 
subjected to cleaning to remove excess cloud 
cover using the approach adopted by 
(Alademoni, et al., 2020). For proper 
comparison of land cover change that had 
occurred between 1991 to 2021, all the images 
were acquired in January because, at this time 
of the year, the cloud cover in the study area was 
less and to avoid seasonal differences in the 
study area. 
The research made composite bands to combine 
single image bands into one multi-band raster 
for each of the years under study. Bands 1, 2, 3, 
4, 5, 7, and 9 were stacked for Landsat-
OLITIRS, 2021, while bands 1, 2, 3, 4, and 5 
were stacked for Landsat TM (Thematic 
mapper), 1991 and ETM (Enhanced Thematic 
Mapper), 2001 and 2011. Thereafter, the four 
series of Landsat TM (Thematic mapper), 
Landsat ETM (Enhanced Thematic Mapper), 
and Landsat OLI-TIRS of 1991, 2000, and 2013 
respectively were processed. Bands 4, 3, and 2 
were used for color composite (feature 
identification) for TM and ETM while bands 5, 
4, and 3 were used for color composite for 
Landsat OLI-TIRS. Afterwards, color 
composite was created. The study area was 
subset and the color composite cropped out for 

each band of each year using boundary of the 
study area. Image enhancement was 
subsequently carried out through histogram 
equalization using Erdas Imagine 2014 to 
improve the image quality and to achieve better 
classification accuracy. Reference image data 
(IKONOS 2007 Image) was used to register the 
imageries by carrying out image-to-image 
registration. Training samples were generated 
from the multi-band raster and were then 
subjected to a supervised classification method 
using the Maximum Likelihood (ML) 
classification algorithm. This method provides 
better performance than other parametric 
parameters as it combines variance-covariance 
within the class with standard distribution 
(Alademoni, et al., 2020). For the classification, 
six major land covers were identified. They are 
built-up areas, sparse vegetation, swamp/dense 
vegetation, coastal marsh, bare land and water 
bodies. The classification was based on the 
Anderson land-use/cover classification system 
which was supported by the classification of 
wetlands based on Lehner & Döll (2004). The 
area of the land cover classes was calculated 
and expressed in hectares and percentages using 
1991 as the base year. This process was 
repeated for 2001, 2011 and 2021 to identify the 
trend of the change.  
For the accuracy assessment, the research 
obtained sample references from the imageries 
as ground verification points to compare 
features interpreted on the historical imageries 
and their corresponding output in the land 
use/land cover classification. This process is 
appropriate in detecting the correctly classified 
pixels, pixels assigned to classes to which they 
do not belong (commission errors) and pixels 
assigned to more than one class at the same time 
(omission errors) (Aboelmour and Engel, 2018; 
Tran, et al., 2017). Reference image data 
(IKONOS 2007 Image) was used to register the 
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imageries by carrying out image-to-image 
registration. This pixel-by-pixel comparison is 
accomplished using a change detection matrix; 
hence, a specific number was assigned to all 
classes to achieve uniformity. The involved 
imageries were reclassified using the same 
matrix. For the accuracy assessment, the study 
used a confusion (error) matrix, which is the 
quantitative method for characterizing image 
classification accuracy (Ukrainski, 2016). The 
total number of pixels is the sum of all the pixels 
in the ground truth classes (Liu & Mason, 
2009). The computed user accuracy, producer 
accuracy, overall accuracy and kappa 
coefficient are depicted in Table 2. The overall 
accuracies and kappa coefficients are greater 

than 0.7 which depicts a high level of accuracy 
with negligible errors. 
Semi-structured interviews were conducted 
with agencies involved in the management of 
wetlands in Delta state. These include the Niger 
Delta Development Commission (NDDC), The 
Niger Delta Wetland Centre (NDWC), The 
Niger Delta Ministry (NDM), the Ministry of 
Environment and the Town Planning Local 
Planning Authority in Effurun and at Warri 
South Local Government Area. A qualitative 
assessment was conducted using Content 
Analysis to assess how coastal marshes have 
been modified, their implications and the extent 
of restoration and conservation activities.  

 
Table 2: The computed producer, user and overall accuracy with Kappa coefficient 

LULC 

1991  2001  2011  2021  
Producer 
accuracy 

(%) 

User 
accuracy 

(%) 

Producer 
accuracy 

(%) 

User 
accuracy 

(%) 

Producer 
accuracy 

(%) 

User 
accuracy 

(%) 

Producer 
accuracy 

(%) 

User 
accuracy 

(%) 
Water body 77.5 75.6 77.5 75.6 75 75.6 77.5 79.1 
Sparse Vegetation 75.3 70.2 75.3 70.2 71.3 70.2 75.3 80.2 
Dense Vegetation 79.2 80.5 79.2 80.5 74.2 80.5 79.2 78.5 
Built-up 80.1 73.4 80.1 73.4 80.1 78.4 80.3 87.4 
Bare land 81.2 77.4 81.2 83.7 81.2 82.3 81.8 84.6 
Marsh land 80.1 72.9 80.8 84.2 84.5 88.7 89.3 88.2 
Overall accuracy 0.72  0.82  0.80  0.87  
Kappa coefficient 0.70  0.81  0.89  0.86  

RESULTS AND DISCUSSION 
Overview of changes in coastal ecosystems 
between 1991 and 2021 in the Deltaic coast 
A baseline analysis was carried out on the 
Deltaic coast of Nigeria, using 1991 as the base 
year. This analysis identified the major 
ecosystem biomes present in the study area and 
determined their coverage area in hectares. 
They include marsh, swamp/dense vegetation, 
sparse vegetation, and water. The analysis also 
accounts for physical development along the 
Deltaic Coast, as there were built-up areas near 
the coast. The result of the analysis for the base 
year 1991 shows that the marsh ecosystem 
covered 19.64%, with a land area of 330,790 
hectares. The area coverage of the swamp forest 
is 59.57%, grassland covers 4.1%, bare land 
covered 10.45%, while water and built-up areas 
covered 3.14% and 3.10% of the total land area, 
respectively (Table 3 and Figure 3). 

Noticeable changes were found in these 
ecosystems over the 30 years. Indeed, there was 
a significant decrease in the landscape of the 
marsh and swamp ecosystems as they decreased 
from 19.64% and 59.57% to 13.1% and 37.5% 
respectively. When combining the extents of 
the marsh and swamp it means that there is a 
reduction from 77.21% to 50.6% within 30 
years. Hence, this implies that 26.6% of 
productive ecosystems have been lost within the 
periods. A substantive amount of these 
vegetations have changed to sparse vegetations 
which saw an increase from 4.1% to 19.2% of 
its coverage. The main reason for this is the oil 
exploration that takes place along the coastal 
area. The bare land has reduced drastically from 
10.45% to 2.7% within the period of study. This 
is a result of urbanization within the Deltaic 
Coast. Varying types of constructions are 
ongoing within the coast and other 
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anthropogenic activities such as mining and oil 
exploration. Built-up areas have drastically 
increased from 3.1% in 1991 to 23.7% in 2021. 
Many of the coastal ecosystems and coastal 
marshes have been sand-filled and converted to 
other uses. Such uses include building 

constructions, industries, agricultural farms and 
oil exploration facilities. Water bodies 
remained relatively stable over the period. 
Maps showing the extent of changes to the 
coastal ecosystems between 1991 and 2021 are 
presented with Figures 4, 5, 6 and 7.  

 
 
Table 3: Vegetations along the Deltaic coast of Nigeria from 1991 to 2021 

Ecosystem Land area 1991 Land area 2001 Land area 2011 Land area 2021 
 Ha % Ha % Ha % Ha % 
Marsh 330,790 19.64 292,115 17.3 249,687 14.83 221,226 13.1 
Swamp 1,003,432 59.57 937,979 55.7 896,758 53.25 631,687 37.5 
Sparse Vegetation 68,934 4.10 54,431 3.2 181,387 10.77 321,104 19.2 
Bare land 175,963 10.45 277,453 16.5 3,894 0.23 46,229 2.7 
Waterbody 52,598 3.14 50,905 3.0 53,924 3.2 64,488 3.8 
Built-up land 52,483 3.10 71,317 4.3 298,550 17.72 399,466 23.7 
Total 1684200 100 1,684,200 100 1684200 100 1684200 100 

Source: Author’s field, work 2021 
 
 

 
Figure 3: Land cover changes in the study area from 1991 to 2021 
Source: Author’s field, work 2021
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Figure 4: Map showing marsh ecosystem coverage in the year 1991 
Source: Author’s field, work 2021 
 

 
Figure 5: Depletion of the marsh ecosystem coverage in 2001 
Source: Author’s field, work 2021 
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Figure 6: Depletion of the marsh ecosystem coverage in the year 2011 
Source: Author’s field, work 2021 
 

 
Figure 7: Depletion of the marsh ecosystem coverage in the year 2021 
Source: Author’s field, work 2021
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Modifications to coastal marshes along the 
Deltaic coast 
From the base year to the first reference year of 
2001, there was a significant loss of 38,675 ha 
(11.69%) in the coastal marsh ecosystem 
coverage. As obtained from observation from 
the remotely sensed data, coastal marshes were 
still widely spread in their areal extent however, 
the intensity of occurrence of the marshes have 
been severely compromised. Analysis from the 
study revealed more depletions of the coastal 
marsh in the Deltaic Coast in the years 2011 and 
2021 with 81,103 ha (24.52%) and 109,564 ha 
(33.12%) reduction in its total coverage (Table 
4). Therefore, this brings the remaining coastal 
marsh coverage to 221,226 hectares suggesting 
that approximately one-third of the coastal 
wetlands are lost within 30 years. 
The increasing human quest for development 
has seriously depleted the coastal marsh 
coverage by 2021, as the analysis shows the 
rapidly increasing urbanization rate which is 
661% increase between 1991 and 2021 in the 
study area. The implication of this is a severe 
loss of ecosystem services that are beneficial to 
human well-being. The already fast-rising 
urbanization in the area is putting the 
communities and residents at risk of extreme 
events since the protection service integrity of 
the coastal marshes has been compromised. 
Other implications include loss of provisioning, 
recreational and cultural and regulatory 
services. The study found out that the coastal 
marsh coverage has depleted severely within 
the 30 years of assessment. The total coverage 
of coastal marsh in 1991 was 330,790 hectares. 
By 2001, 38,675 hectares of coastal marsh has 
been lost which shows that the rate of change in 
terms of loss is 11.69%. Between 2001 and 
2011 42,428 hectares of coastal marsh got 
depleted. This reflects a rate of loss of 14.52% 
within the ten-year period. Between 2011 and 
2021, 28,461 hectares of coastal marsh got 
depleted. This shows an 11.52% rate of loss 
within the ten-year period. Considering the 
extent of coastal marsh lost in the 30-year 
period for this study, a total of 109,564 hectares 
has been lost. This amounts to a third (33.12%) 

of the coastal land lost within the 30 years 
considered. The implications of the loss of this 
important wetland are grave as many ecosystem 
services are already lost. These ecosystem 
services include disturbance regulation, waste 
treatment, refuge for various habitats and 
species, food production, raw materials and 
recreation.  
In terms of disturbance regulation, the coastal 
marsh has lost a third of its storm protection, 
flood control, drought recovery abilities and 
other aspects of habitat response to 
environmental variability controlled by 
vegetation structure. A third of the waste 
treatment ecosystem service of the coastal 
marsh which include pollution control and 
detoxification has been lost within the 30 years 
of study. Refuge for habitats and species which 
means the nurseries and habitats of migratory 
species and regional habitats for locally 
harvested species have been compromised. The 
major ecosystem service of the coastal marsh 
that has been compromised by a third over the 
30-year period is food production. This includes 
the production of fish, game, crops, nuts, fruits 
and subsistence farming and fishing. In terms of 
the raw materials ecosystem service, over the 
30-year period, a proportionate ability of the 
coastal marsh to produce lumber, fuel and 
fodder is compromised. The recreation aspect 
of the services of the coastal marsh has also 
been compromised by a third between 1991 and 
2021. This thus implies that the eco-tourism, 
sportfishing potentials and other recreation 
activities within the coastal marsh are lost. 
These implications are grave already within the 
study area. If the rate of depletion continues 
without any planning and environmental 
regulatory procedures applied, then the whole 
of the coastal marsh of the Delta coast will be 
lost within the next 60 years and hence, the loss 
of all the numerous ecosystem services 
associated with it. This thus calls for an 
assessment of what the various regulatory 
bodies in Delta State has been doing with 
regards to safeguarding the loss of this vital 
ecosystem. 
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Table 4: Marsh coverage depleted in the study area 
Year Total Coverage 

(Ha) 
Loss 
(Ha) 

Loss (%) Rate of Change 
(%) 

Coverage Area 
Left (Ha) 

1991 330,790 0 0 0 330,790 
2001 330,790 38,675 11.69 11.69 292,115 
2011 330,790 81,103 24.52 14.52 249,687 
2021 330,790 109,564 33.12 11.52 221,226 

Source: Author’s field, work 2021 
 
Qualitative Assessments on modifications of 
coastal marsh in the Deltaic coast 
As obtained from the interview conducted using 
content analysis, the decrease in the marsh 
coverage area has been attributed to the rising 
anthropogenic activities on the Deltaic Coast. 
Information received from the NDDC revealed 
that there have been construction projects 
ongoing such as roads, buildings, oil 
exploration facilities and other infrastructure. 
As obtained from NDWC, there is also a desire 
for services provided by the aquatic 
environment such as food and resources as local 
people rely on this for survival. The study also 
obtained from all the agencies interviewed that 
massive degradation is an ongoing problem due 
to urbanization, industry, oil and gas activities, 
mining, intensive agricultural practices and 
emissions from fossil fuels, sea-level rise, 
erosion, dam construction, land reclamation, 
desertification and land grazing. Indeed, the 
NDWC and NDW affirmed that the implication 
of these anthropogenic activities has ensured 
that the coastal marsh loses green biomass in the 
areas previously occupied by rainforest. 
Certainly, this is the reason for the increase in 
the sparse vegetation as many of the coastal 
marshes are already degraded, which is not 
unconnected to massive forest degradation in 
the region.   
The Chief Environmental Officer at the 
Ministry of Environment pointed out that in 
addition to human activities, climate change has 
contributed to the loss of coastal marches as 
rising sea levels have been observed along the 
coast. This claim was corroborated by the Local 
Planning Authorities at Effurun and Warri 
South LGA. As obtained from responses 
implications of this include changes in animal 
assemblages and their functional interactions, 
changes in tidal inundation, changes in zonation 

patterns of the coastal marsh plants on 
seashores, intertidal habitat loss and increased 
risk of erosion which comply with recent 
researches (Crosby, et al., 2016; Leo, et al. 
2019). Many species in the delta coast are 
already changing in quantity and distribution 
due to the effects of climate change in the 
region. For example, the mangroves are already 
encroaching into coastal marshes in the Deltaic 
Coast, which corroborates findings of Sayre and 
Warner (2010) and Saintilan, et al., (2014) that 
the mangrove ecosystem will encroach on the 
marshes in the tropics as they seek to remain 
within preferred environmental conditions 
bringing about changes in the functions and 
services of the marsh ecosystem.  
All the agencies interviewed in this study 
affirmed that coastal marshes are threatened by 
coastal development and urbanization. The 
expanding human infrastructure has fragmented 
coastal marshes and reduced their extent hence 
leading to worsened ecological conditions. In 
some locations along the Deltaic Coast 
especially at Warri South West and Burutu 
LGA where Forcados is situated, there are 
activities such as hardening of coastal shores 
carried out by NDDC and the Ministry of 
Environment to protect the coast from extreme 
tidal influences and to attenuate wave action. 
However, this also presents challenges as the 
effects of coastal congestion are compounded 
leading to the failure of coastal wetlands in 
those areas to rise to higher levels and thus 
suffer submersion due to increased sea-level 
rise. Because many of the coastal marshes in the 
Deltaic Coast are dominated by artisans and 
fishermen, they are more exposed to heightened 
fishing trampling, erosion from boat wakes and 
sediment and pollutant runoff. As obtained 
from the Local Planning Authorities, many 
channelization activities also affect the marshes 
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of the Deltaic Coast. This is due to extensive 
agricultural practices in the zone mainly for 
food to cater for the livelihood of the urban 
inhabitants. Indeed, many of the land areas 
occupied by coastal marshes have been 
modified into other uses, of which agriculture is 
the main culprit. The normal landward profile 
of coastal marshes with a high elevation and 
upland marsh migration in the Deltaic Coast is 
already truncated due to urbanization.  
In a question to assess the restoration and 
conservation approaches that have been 
adopted for the sustainability of coastal 

marshes, this study found out that management 
activities have been sectoral and not integrated. 
Indeed, the conservation of coastal marshes has 
not received the management attention needed. 
However, there are claims that there are laid-
down regulations to protect Delta's wetlands but 
they are yet to be implemented. This thus calls 
for an integrated approach which the 
ecosystem-based management approach offers 
to conserving and restoring the coastal marshes 
in the Deltaic Coast to ensure sustained 
provision of the ecosystem services they offer. 

 
CONCLUSION AND RECOMMENDATIONS 

More than a third of the coastal marshes of the 
Deltaic Coast have been lost due to direct and 
indirect human impacts. Human modifications 
to the coastal areas have led to a reduction in the 
supply of sediments to marshes, altered 
hydrological functioning and increased 
subsidence. These contribute to the loss of 
marshes and declining coastal protection 
services such as provision, management, 
support and cultural services. Planners are to be 
at the forefront of protecting and conserving 
this productive ecosystem since their main goal 
is creating a balanced demand for physical 
development while preserving the productive 
ecosystems of the environment. The ecosystem-
based management approach is useful in 
creating workable policies and environmentally 
friendly measures to conserve and restore the 
coastal marshes in the Deltaic Coast.  
This study recommends coastal marsh 
restoration and conservation to preserve the 
ecological benefits of the ecosystem. This can 
be achieved by incorporating ecosystem-based 
management techniques in managing this 
productive ecosystem. This involves 
considering an integrated management 
approach due to the interactions between 
elements of the ecosystem. It also requires 
balancing social and ecological systems' 
connectivity. The EBM advocate set up policies 
and processes to maintain dynamics and 
functions of the ecosystems to improve capacity 

and maintain resilience and productivity over 
time. A key component of EBM is the inclusion 
of social, cultural and economic values in the 
marine ecosystem as this will provide sufficient 
information to establish protected area 
networks. Participatory governance of the 
coastal marshes and involving stakeholders in 
its management is key as this will aid the full 
range of expertise, local communities and 
stakeholders to facilitate the sharing of 
management responsibilities of the coastal 
marsh. Other recommendations include 
recognizing uncertainty and adaptive 
management and leveraging all relevant forms 
of knowledge to aid planning and decision-
making.   
To ascertain the utility of the marsh ecosystem 
service provisioning for coastal planners and 
managers to inform decision making, 
ecosystem-based management must be 
integrated into coastal zone hazard mitigation 
and climate change adaptation policies. Coastal 
marsh conservation and restoration decisions 
can then be framed in the larger context of 
sustaining the Nigerian coastlines. Management 
realignment is a principle within the ecosystem-
based management strategy useful for urban 
and coastal planners to meet biodiversity and 
hazard mitigation objectives. The principle, if 
used, will help the reclaimed land to replenish 
and improve habitats such as coastal marshes. 
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