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Abstract

Forest landscapes are under much pressure globally due to changes in land
use and their biodiversity and services are threatened at increasing magnitude
especially in the tropics. Biodiversity and ample forest cover still remain in
freshwater forest landscapes in the Niger basin of Nigeria, but are declining at
astronomical scales across the region. To better understand the changes and
modifications going on in the ecosystem at the landscape level, a thirty-year
study (1987-2017) was conducted using remotely sensed Landsat imageries.
These were processed and used to verify the dynamics in land cover changes
and their major drivers. Land use change across the region reduced the forest
extent and forest cover (up to 50.2 percent) of the natural ecosystems which
served as the habitats for the indigenous species. Sparse vegetation and bare
soil/farmlands increased over the study period and were seen as the major in-
dices for modifications and forest loss in the area. Since land use indices such
as agricultural activities were seen as one of the major factors of land cover
change, sustainable forest use and management practices that accommodate
agricultural practices were advocated. While the forest cover and ultimately
their biodiversity and conservation prospects reduced following forest loss in
the region, efforts should be targeted at conserving the pockets of vegetation
seen in the sparsely vegetated zones and also maximize the potentials that the
biodiversity in the agro-forested locations offers.
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1. Introduction

Tropical forest ecosystems are widely reckoned epicentres of biodiversity [1] and
host to at least two-thirds of the earth’s terrestrial biodiversity [2]. They are very
productive ecosystems that have consistently produced sufficient above ground
net primary productivity (NPP) and very vital for global carbon storage and se-
questration [3] [4]. It has remained a source of sustenance and income for forest
communities across the tropics and is equally a source of revenue at local, re-
gional and national levels. Such revenues include (but not limited to) derivations
from the sale of timber for which loggings from the tropics contribute as much
as up to one eight globally [5], income from the sale or lease of land and also
other profits from the sale of other non-timber forest products such as fruits,
medicine/herbs and game. On the other hand, tropical forest ecosystems equally
act as or provide shelter and cultural basis (services) for most of the remaining
hunter-gatherer populations (such as the Baka of central Africa) [1] and play a
very active role in maintaining global biogeochemical processes [6].

Although tropical forest ecosystems are very beneficial and continue to pro-
vide very vital ecosystem services, they are lost at unprecedented rates. The rate
of loss encountered just last century was so much that estimated 350 million
hectares were lost to deforestation, while 500 million hectares have been de-
graded [7]. Such losses have continued in most locations because the bulk of fuel
consumed is mainly wood fuel that is sourced from their forests. Such increased
dependence on the forests as sources of sustenance and livelihood across Africa
as in other tropical landscapes [8] [9] has made forest loss and forest degrada-
tion to continually be on the increase in most areas. Though such losses affect
the carbon and nitrogen cycling of the ecosystem [10] and ultimately, its ecosys-
tem functioning at local scales [11] [12], the trend of loss does not seem to be
abated in most landscapes yet. Consequently, ecosystem services decline much
faster and land uses are then changed to accommodate the dynamics experi-
enced across the forest landscapes.

Across the globe, available land is becoming scarce and is continually sub-
jected to modifications and changes in land use. Extensions of crop and pastoral
land into natural ecosystems contribute to this bulk of land use changes experi-
enced in many landscapes [13]. While it remains true and glaring that land is
indeed becoming more scarce and will likely imply that more land should be al-
located to land uses such as agriculture, it should be done with efficiency at sight
since land use changes are major drivers and contributors to environmental
changes [13] [14]. Across the Niger basin, a host of factors have continually led
to the changes in the land use and cover of its forest landscapes and ecosystems
without much documentation. Understanding how these changes affect ecosys-
tems is vital steps that will help to tackle conservation issues that could endanger
ecosystem viability and continuity. This study is aimed at understanding the
pattern of land use/cover change and possible biodiversity conservation meas-

ures that may be adopted for the ecosystem and region. Such insights will help to
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proffer solutions to ecological issues that are becoming grave concerns across
most parts of the tropics.

2. Materials and Methods
2.1. Study Region

The area is a vast sedimentary basin that is generally low-lying and found in the
lower reaches of the Niger (Figure 1). It is characterized by annual flooding and
accumulation of mineral-rich sediments. The zone is characterized by a tropical
climate with a long rainy season that normally lasts from March to October, and
shorter dry months, mainly experienced between November and February. Rela-
tive humidity in the zone rarely dips below 60% and experiences a flooding re-
gime normally experienced towards the end of the rainy season. It is dominantly
a freshwater swamp forest zone that is either seasonally or permanently flooded.
Land use in the region is determined by whether the location is marshy or well

drained. Agricultural activities dominate the drained landscapes, while fishing
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Figure 1. Map of the study area with Nigerian map inset.
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activities are mainly practiced in the swampy or marshy zones. The alluvial soils
found in the region are both fertile and supports continuous cropping; hence ag-
ricultural activities are prominent features of the region. Economic activities in
the zone are mainly agro-based as majority of the people are either farmers or
are engaged in agro-based businesses. Fishing activities too are prominent fea-
tures of the zone especially because the zone has much freshwater rivers and
lakes with ample amount of fishes being harvested from them for a greater part
of each year. Majority of the populace is from the Igbo tribe and are the indi-
genes of the land. Others are mainly from other parts of Anambra state and
south eastern Nigeria generally. People from other parts of Nigeria, mainly from
Delta state are equally found among them and known to transact business with

them as the two locations are only separated by the river Niger.

2.2. Data Collection

The data used were geometrically rectified satellite imagery acquired from
Global Land Cover Facilities (GLCF) website. The Landsat imagery (Path 189,
Row 055) used has a resolution of 30 m and was acquired for the year December
1987, 2002 and January 2017. Landsat TM 1987, Landsat ETM+ 2002, and
Landsat OLI/TIR 2017 were used to generate false colour composite. The analy-
ses of observed changes were done in a GIS environment (Terrset, QGIS 2.16) in

order to establish the changes over time and show same on table and maps.

2.3. Data Classification and Analysis

A classification scheme developed after Anderson [15] was used for the classifi-
cation scheme. This scheme gives a broad classification where the land use/cover
was identified as a single digit as seen below: (Table 1). The definition of bare
soil and farmlands in this work denotes land without scrub, sandy areas, dry
grasses, farmlands and other human induced barren lands. Built-up areas denote
developed areas and include buildings as well roads.

Multi-temporal medium resolution Landsat images were used to analyze the
forest dynamics in Ogbaru LGA for the period of thirty years. Furthermore, the
images were classified in Terrset softare environment using the Supervised
Maximum Likelihood Classification (SMLC) algorithm. The images were classi-
fied into different land cover classes and in generating land cover maps for the

study region. The SMLC was used to classify the area into the five major classes

Table 1. Land use/cover classification scheme.

Code Land use/cover categories
1 Bare soil and farmland
2 Built up
3 Forest
4 Sparse vegetation
5 Water body
DOI: 10.4236/jep.2019.1012094 1581 Journal of Environmental Protection
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(Table 1). Built up area consists of the commercial, residential, road and imper-
vious features, bare soils and farmlands consists of empty waste land with no
form of development and cultivated lands, the forest consists of thick clusters of
vegetation cover, the sparse vegetation includes the grasslands, shrubs, green
spaces, and the water body consists of rivers and streams. Training samples were
collected via visual interpretation of very high resolution images (google earth)
and was used for the three images.

In order to determine the rate of forest changes in the area from 1987 to 2017,
the area of coverage of the forest and other land cover types were extracted from

the classified land cover maps and the raster images calculated thus:
Area = count x 30 x30x10000 (1)

The pixel values were first converted to square kilometre and then to hectares.
The areas were calculated in hectares and the rate of the changes in percent. The
results of the analysis were presented in tables and maps.

To ascertain the major drivers of the changes, a transition matrix for 1987 to
2017 was performed using the land change module in Terrset environment and
the results presented in a map. A persistence analysis module was further done
in Terrset environment to show the areas of no changes, gains and losses within

the forest region.

3. Results and Discussion
3.1. Rate of Forest Changes from 1987 to 2017

The forest area under study experienced changes in its area from 1987 to 2017
(Figures 2-4). As at 1987 forest covered 15.95%, bare soil and farmland had the
highest area coverage of 55.58% and sparse vegetation had the lowest area cov-
erage of 7.03%. By 2002, the vegetal cover (forest cover and sparse vegetation:
44.17% and 30.13%, respectively) increased noticeably (Figure 3), while bare soil
and farmland, and water body areas decreased at 1.09% and 4.54%, respectively
(Figure 3). The built up area increased up to 20.06%.

There were further decrease in forest cover (21.09%) and a rise in the area
covered by regenerating sparse vegetation (up to 36.5%). Furthermore, the bare
soil and farmlands equally increased (36.01%), while the built-up areas and wa-
ter body zones reduced by 3.36% and 2.39%, respectively. In summary, a total
50.12% loss in forest cover was experienced between 1987 and 2017, 59.46% gain
in sparse vegetation, 18.49% gain in bare soil and farmlands, 12.55% loss in

built-up area and a 3.63% decrease in water body extent (Table 2).

3.2. Factors/Drivers of Forest Changes in the Region

The forests found in the region experienced changes due to an increase in built
up area, increase in the area of farmlands, and increased conversions of forest
lands to bare soil (Figure 5). This meant that the sparse vegetation and forests in
the area were either removed (deforested) or lost through natural processes such

as flood. Since this trend persisted over the years, much of the areas covered with
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Figure 2. 1987 LULC.

vegetation were lost, very little gain was experienced and vegetation persisted or

remained unchanged in some other areas (Figure 6).

3.3. Forest Cover Dynamics and Its Prevalent Indices

Forest cover in the region experienced unprecedented losses over the years
mainly due to the factors identified: development activities (built up areas), ag-

ricultural activities (farmlands) and forest uses (deforestation). These factors are
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among the major reasons for forest cover changes and losses experienced across

many tropical landscapes [16] [17] [18], with variations in intensity across dif-

ferent scales. Agricultural activities (farmlands) were seen to grow over the pe-

riod under review across the landscape due to factors related to population

growth and the quest to meet the demands for food and income across the re-

gion. This growth in agricultural activities is both regional and global concerns

as it is estimated to double by 2050 in order to meet the needs of a globally
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Figure 4. 2017 LULC.

increasing population [19]. With such growth in agriculture occurring across the
region, much of the primary forest was lost and implied that the species diver-
sity of the locality has become much reduced. While much of the native species
were lost through agricultural intensification and expansion in the area, the
biodiversity was replaced with crops and possibly tree crops such as oil palm.

Such replacements account for the sparse vegetation which was seen to increase
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over the years and which could appear as persistent vegetation cover (as seen in
Figures 2-4 and Figure 6) at a glance. Though such modified ecosystem still
stores carbon (while compared to other land uses such as built up areas), how-
ever, the amount sequestered becomes much reduced compared to what native
forests would normally store [20]. Furthermore, such changes in biodiversity
would ultimately affect ecosystem functions as well as the livelihood of the peo-
ple following reductions in ecosystem service provisions in the area.

While forest loss was seen to escalate across the region, the rate at which the
forests were regained was quite poor (Figure 6). With this, even the zones where
forests were seen to have persisted (mainly due to inaccessibility) cannot be to-
tally guaranteed of continuous persistence except concerted efforts are taken to
regulate the aforementioned forcings of forest loss in the region. Such strides

can only be taken in the right direction if guidelines and policies on

DOI: 10.4236/jep.2019.1012094

1586 Journal of Environmental Protection


https://doi.org/10.4236/jep.2019.1012094

N. . 1gu, J. O. Duluora

6°37'20"E 6°40'0"E 6°42'40"E 6°45'20"E 6°48'0"E
Z z
2 2
o =}
© ©
z > Forest Gains and Losses
3 g
8 RS “ Persistence
in o
“ Losses
£ Z Cﬁ) Gains
(=} o
3 3
io o
% Non Forest Areas
4  Towns
Z z
IS o
N s
2 g | |74 ogbaruLcA
0 19}
Coordinate System: Minna UTM Zone 32N
Projection: Transverse Mercator
Z Zz | Datum: Minna
3 S |False Easting: 500000.0000
3 9 | False Northing: 0.0000
© © [ Central Meridian: 9.0000
Scale Factor: 0.9996
Latitude of Origin: 0.0000
Units: Meter
z
o
~ |0 15 3 6 9 12
Al
o | — e —
6°37'20"E 6°40'0"E 6°42'40"E 6°45'20"E 6°48'0"E
Figure 6. Forest gains and losses.
Table 2. Rate of forest changes in the area from 1987 to 2017.
1987 2002 2017
SIN LULC Classes Overall Changes (%)
Hectares % Hectares % Hectares %
1 Forest 207,036 15.95 1,758,915 44.17 871,965 21.90 -50.12
2 Sparse Vegetation 91,197 7.03 1,199,799 30.13 1,447,497 36.35 59.46
3 Bare soil and Farmland 721,296 55.58 43,209 1.09 1,433,745 36.01 18.49
4 Built up 141,093 10.87 798,912 20.06 133,605 3.36 -12.55
5 Water body 137,061 10.56 180,945 4.54 94,968 2.39 -3.63
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sustainable forest use are designed and adhered to in the locality.

3.4. Promoting Biodiversity Conservation and Sustainable
Forest Use Initiatives

Tropical forest ecosystems are under intense pressure from land uses (such as
agricultural activities) which continually threaten the species and puts them at
the risk of extinction. Since this is seen to increase in magnitude across the re-
gion, proactive steps to ensure that the ecosystem is not completely lost need to
be in place. Such efforts should be targeted at reforesting degraded forests (espe-
cially with species that are suitable for such landscapes) across landscapes with
the support of host communities to ensure continuity of such ambitious pro-
jects. Community involvement and participation being advocated is seen to be
effective only when the people concerned are aware of forest management prin-
ciples involved and are willing to adhere to the tenets guiding it. Conversely,
such degraded landscapes could also engage in agroforestry initiatives and seek
to utilize it maximally across the landscape. Such initiative (agroforestry) ac-
commodates varieties of tree species on farmlands, gardens and open spaces, and
so could be an avenue to equally promote and improve on the biodiversity of the
region. With such scheme, community members will feel restricted in their us-
age of lands for agriculture. This will equally make it easier to instruct them to
plant trees or allow the already existing ones in their lands to coexist alongside
their crops.

On the other hand, agroforestry practices conducted in the area could equally
focus on planting trees (especially tree crops) in open spaces such as in the bare
land (Figure 4 and Figure 5) that constitutes much of the spaces in the area.
This strategy is seen as a viable solution to sustainable agriculture in tropical
landscapes and a potential channel for economic returns and ecosystem service
provisions [21]. Furthermore, since most people in such environments use fire-
wood for cooking, they could be made to rely on the agroforests and planted
forest landscapes for their fuel instead of the natural forests. Such initiatives will
undoubtedly promote conservation and reduce degradation in the natural for-

ests across the region.

4. Conclusion

Land cover of the freshwater forest landscape under study was found to experi-
ence significant changes due to land use changes emanating from development
activities (built up areas), agricultural activities (farmlands) and forest uses (de-
forestation). While this trend of land use change is expected following popula-
tion growth and associated pressure on forest ecosystems, implementing policies
that promote sustainable forest use and management were seen as veritable steps
to accommodate such changes and still preserve biodiversity in the region. De-
signing ecosystem effective and coping mechanisms that will help forest land-

scapes become more resilient and able to handle the growing impacts of land use
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changes and climate change is a necessity for continuous existence of tropical

ecosystems.
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