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Abstract Changes in mangrove vegetation have been

identified as important indicators of environmental
deterioration. The mangroves of the Tanbi Wetland National
Park (TWNP) connect the Atlantic coast with the estuary of
the River Gambia and as such, play an invaluable role in the
agriculture, tourism and fisheries sectors of The Gambia.
Our research seeks to understand the long-term changes in
the mangrove vegetation in order to strengthen the
formulation of sustainable alternative livelihoods and
adaptation strategies to climate change. Mangrove
vegetation dynamics was assessed by remote sensing, using
decadal Landsat images covering 1973 – 2012.
Physicochemical parameters were analyzed during the rainy
and dry seasons for correlation with climate data. Our
findings indicate that the long-term changes in salinity (24.5
and 35.8ppt) and water temperature (27.6oC and 30.2oC)
during the rainy and dry seasons respectively are retarding
mangrove growth. Mangrove vegetation cover declined by
6%, while grassland increased by 56.4%. This research
concludes that long-term hyper-salinity is the cause for the
stunted vegetation and lack of mangrove rejuvenation in
TWNP. We propose that specialized replanting systems such
as the use of saplings be adopted instead of the conventional
use of propagules. Alternative livelihoods also need to be
diversified to support coastal communities.
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1. Introduction
Mangroves are unique tropical and subtropical plants that
are specially adapted to thrive in inundated and saline
intertidal zones [1]. Based on their ability to cope with high

salt concentration and regular inundation, they form the
primary features within estuarine ecosystems [2]. Mangroves
form habitats that support numerous species through the
provision of spawning grounds, essential organic nutrients
like nitrogen and carbon [3], as well as refuges from
predation [4,5]. They also serve as natural windbreakers that
protect shorelines from erosion, while serving as a rich
source of food, water and employment for coastal
communities [6].
Globally, mangrove coverage has declined from 198,000
km2 in 1980 to 150,000 km2 in 2012 [7]. This decline has
been attributed to the impacts of natural and anthropogenic
processes [8]. The impacts of socio-economic activities such
as agriculture, settlement and ecotourism; coupled with the
recent changes in climate variables such as atmospheric
temperature, rainfall and sea level have led to reduced habitat
integrity (hyper-salinity) [9]. Such drastic changes in
hydrology were reported to induce stunting of Avicennia
marina L. stands and denaturing of terminal buds in
Rhizophora mangle L. seedlings in the USA [10]. Austin et al.
[11] also suggested that modest changes in rainfall and
temperature caused signiﬁcant reductions in mean annual
runoff and increased stream salt concentrations in
Murray-Darlin Basin (Australia), resulting in loss of
mangrove vegetation.
For proper functioning of estuaries, a healthy vegetation
(mangrove) is prerequisite [12]. The U.S. Fish and Wildlife
Services [13] reported that mangroves improve water quality
and clarity by filtering upland runoff and trapping
waterborne sediments/debris and at the same time recycling
and maintaining the nutrient mass balance of the estuarine
ecosystems. Vannucci [3] also suggested that mangroves
serve as a sink for carbon, heavy metal pollutants and other
toxic compounds, making their regulatory role very vital for
cushioning the effect of seasonal variability in coastal
waters.
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Thus, the degradation of mangroves can shake the
estuarine physicochemical balance and stall important
biochemical
processes
such
as
photosynthesis,
decomposition and nutrient uptake, spawning activities and
consequently growth and reproduction of the dwelling fauna
[14, 15]. However, current research shows little attention to
the impacts of climate and anthropogenic processes on
estuaries, especially for countries such as The Gambia in
West Africa where population density and industrial
development is highest along the coast [16].
This research seeks to assess the long-term changes in
mangrove vegetation of the Tanbi Wetland National Park
(TWNP) in relation to the climate-induced changes in the
estuarine hydrology. Designated a Ramsar wetland of
international importance in 2007 in The Gambia [17], the
TWNP served as an important socio-economic hub for
fisheries, agriculture and tourism [18]. By integrating direct
in-situ observation data with remotely sensed data, this
research provides a comprehensive assessment accounting
for both anthropogenic and natural drivers of change in
mangrove estuaries, thus filling the existing information gap
on the synergistic impacts of land use and climate change
and variability. This paper will also provide useful
recommendations for the rational use of the mangrove
estuary for coastal communities while maintaining a healthy

mangrove vegetation cover. Most importantly, findings of
this research will serve as a baseline for mangrove
conservation in The Gambia and provide recommendations
for better management of the TWNP.

2. Materials and Methods
2.1. Study Site
The Tanbi Wetland National Park (TWNP) (Figure 1) is a
lowland area with a mean altitude of 1 to 1.6m above sea
level, extending between 13o23N – 16o34W and 13o26N –
16o38W [17]. With an area of about 6300ha [19], the TWNP
is flanked on the Southeast by the River Gambia and to the
Northwest by the Atlantic Ocean and the Greater Banjul
Area (GBA) in the Southwest [18], as well as the capital city
Banjul on the East [20]. Located in the Sahelo-Sudanian
climate zone, TWNP has a long dry season (October – June)
and a short rainy season (June – October) [21]. Prominent
land use types include: agricultural lands and dumping
grounds; settlement areas; ubiquitous oyster processing
zones; cruising boat docks for river excursions and others
[22].

Figure 1. Location of Tanbi Wetland National Park in The Gambia, with the sampling stations marked (red star).

Mangroves in TWNP are comprised of Rhizophora mangle L. (red mangrove), Avicennia germinans L. (black mangrove),
Laguncularia racemosa L. (white mangrove) and Rhizophora harrisonii L. [23] (Figure 2).
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Figure 2. Dominant mangrove species in Tanbi Wetland National Park in The Gambia in 2014. Rhizophora mangle leaves (A) and propagules (B),
Laguncularia racemosa leaves (C) with “fruits” and flowers (F), and Avicennia germinans leaves with flowers (D) and “fruits” (E).

Figure 3. Sampling design used (Adapted from Kathiresan, 1990; Louca et al., 2008). P: plot.
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Figure 4. False color composites of Tanbi Wetland National Park, ETM+1/4/5/7 (A) and ACP1/ACP3/NDVI (B).

2.2. Sampling Design
A straight-line-transect method was set up for sampling
environmental parameters according to Kathiresan [24].
Seven sampling stations were selected to be representative of
all the land use types in TWNP. At each station, three
transects were set perpendicular to the water source
according to Louca et al. [25] and then four plots set in each
transect to give 12 plots per land use type (Figure 3).
2.3. Environment/Water Quality Analysis
Water samples were collected diagonally at a depth of 10 –
25 cm from 3 points at each plot to give 36 water samples per
station (n=36). Since no significant vertical stratification has
been reported in the River Gambia estuary [26, 27, 28], all
water samples were collected at high tides between the hours
of 6 am and 12 pm. The physicochemical parameters i.e.
salinity, pH, dissolved oxygen (DO) and water temperature
were analyzed in-situ using a YSI Pro-plus water meter,
while turbidity was analyzed ex-situ using a HACH turbidity
meter (HACH 2100P). Nitrate was analyzed by the cadmium
reduction method, while phosphate was analyzed by the
ascorbic acid method [29, 30].
To assess chlorophyll a content, 12 water samples (each of
500 ml) were collected at each station. Using Whatman fibre
glass membrane filters (diameter 25 mm and porosity 0.7
µm), these samples were filtered in subdued light and
analyzed by fluorescence method (spectrophotometry) based
on the EPA protocol 445.0 [31]. Chlorophyll a content was
calculated as follows:
CE, c 𝑥𝑥 Extract Volume (L) 𝑥𝑥 𝐷𝐷𝐷𝐷
𝐶𝐶𝐶𝐶, 𝑐𝑐 =
Sample Volume (L)
Where, CS,c = corrected chlorophyll a concentration
(µg/L) in the whole water sample,
CE,c = corrected chlorophyll a concentration (µg/L) in the
extract solution analyzed,
DF = dilution factor,
Extract volume = volume (L) of extract prepared before
dilution

For representation of the complete seasonal cycle,
sampling for the environmental studies was done during the
peak discharge period of the River Gambia (September –
December, 2013) and repeated during the peak dry season
(April – July, 2014).
2.4. Mangrove Vegetation Dynamics
2.4.1. Image Selection and Acquisition
The satellite images used in this study were Landsat
images. These were downloaded from the United States
Geological Survey (USGS) website (http://glovis.usgs.gov/).
The images were selected based on availability for the study
site’s path and row i.e. 205/051 from different Landsat
sensors (Table 1).
Table 1. Characteristics of the satellite images used in this research.
Path/Row

Acquisition date

Landsat #

Image type

UTM
Zone

205/051

Feb 21, 1973

1

MSS

28N

205/051

March 18, 1984

5

TM

28N

205/051

May 09, 1995

5

TM

28N

205/051

May 20, 2002

7

ETM+

28N

205/051

May 15, 2012

7

ETM+

28N

2.4.2. Image Processing
The images were pretreated in preparation for vegetation
analysis. This stage involves radiance calibration of the
images and the extraction (sub-setting) based on the frame of
the study area. After this, the 2012 image was
stripe-corrected using the gap-fill method suggested by the
USGS and according to methods of Scaramuzza et al. [32].
These stripes were caused by digital malfunctions of the
Landsat 7 sensor in 2003. After this, a Principal Component
Analysis (PCA) and Normalized Differential Vegetation
Index (NDVI) calculations were performed to create new
components for the images. These together with the original
bands were used to create the false color composites of the
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study site’s land cover, according to methods of Thu and
Populus [33].
The analysis of these false color composites was based on
the principle that each land use/land cover type has a specific
spectral reflectance. This is indicated in the color of that
particular vegetation, characterized by its phenology and
structure. With this, two sets of false color composites were
generated i.e. the false color images of ETM+1/4/5/7 (A) and
ACP1/ACP3/NDVI (B). Based on the clarity of the resultant
images, the false color composite PCA1/PCA3/NDVI (B)
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was more accurate as opposed to the classic false color image
ETM+1/4/5/7 (A) in discriminating major components such
as mangrove and swamp areas. Therefore, the most
discriminative colors (in PCA1/PCA3/NDVI (B)) were
retained to support the ground-truthing stage which is
necessary for confirmation of the different types of land
use/land cover (Figure 4). After this, a sample of 84 ground
control points representative of the different land use types
were selected and their geographical coordinates recorded to
ease location in the field.

Figure 5. Pictorial view of the prominent land use/land cover features TWNP, 2014. A: Low growth at the completely fragmented zone, B: walk-bridge
made from oyster shells, C: Local dock for small tourist boats, D: Peanut shells dumped in the wetland, E: Mini culvert near Banjul, F: Thatch houses built
along the shores.
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For illustration of the different land uses/land cover,
representative pictures were also taken of each one during
the fieldwork (Figure 5). Additional data were collected to
facilitate easy exploitation of the images and for
familiarization with the work environment. These include
historical data about the TWNP from literature [17] and
those generated from the images. Layers of roads, localities,
rivers etc. were digitized from the panchromatic images.
Protected area and administrative zone layers were also
gathered from literature and existing wetlands projects [18].
A supervised classification of images was performed
using the most recent image (2012) and based on the
maximum likelihood algorithm. The parcels visited (84)
were divided into two (2) groups. The first batch (34 plots)
was used as training in the classification. The second batch
(50 plots) was used for the development of the confusion
matrix (classification validation).
Multiple trials were performed to enhance the resultant
image and then the same process was performed for the
images of the previous years under study i.e. 1973, 1984,
1995 and 2002.
2.4.3. Accuracy Assessment and Spatial Dynamics
An accuracy assessment was performed in two stages: the
thematic and the statistical validations based on methods of
Kaufmann and Seto [34]. The thematic validation was
comprised of a visual comparison between the
color-composite (B) and the classification results. Historical
data was also used during the accuracy assessment to aid in
verification of classification results.
An overall accuracy of at least 80% and a Kappa
coefficient close to 1 are expected for a good classification,
based on recommended assessment scale by Blum et al. [35].
After this assessment, a median filter of 3x3 pixels was
applied to eliminate isolated pixels.
The classified data which were in raster format were then
converted to vector files and exported to ArcGIS for the
estimation of the areas of the different land use/land cover
types and the analysis of their corresponding spatial
dynamics.
2.5. Data Analysis
Individual environmental variables for all sites were
subjected to a One-way Analysis of Variance (ANOVA) (P
value set at <0.05) to detect significant differences per
season. Pairwise student’s t-test was performed to establish
seasonal differences in mean values of the water variables at
individual sampling stations during the rainy and dry seasons
according to methods of Hayé Claire et al. [36] using R
software version 3.1.2 statistical package for windows.
For establishing the relationship between long-term
changes in mangrove vegetation and long-term rainfall
anomalies for Banjul, annual rainfall index (Ssy) was
calculated starting from 1964 to 2014 according to methods
of L’Hôte et al. [37], based on the formula below:
Ssy = (Rsy – Rs) / σs

Where: Rsv = the annual rainfall of Banjul for the year y,
Rs = the mean annual rainfall for the reference period
(1964 – 2014),
σs = the standard deviation for Banjul rainfall for the
reference period (1964 –2014).
A similar approach was applied to long-term atmospheric
temperature data for Banjul to identify temperature
anomalies during the same period (herein temperature index
for Banjul).

3. Results
3.1. Environment/Water Quality
Based on the one-way ANOVA results, significant
differences were recorded in mean salinity levels during the
two seasons studied (P value <0.0001). Average salinity
level was 24.5ppt during the rainy season. This value
increased to 35.8ppt during the dry season. Similarly,
average water temperature increased significantly (P value,
<0.001) from 27.6℃ during the rainy season to 30.2℃ during
the dry season.
Average pH levels did not differ significantly between the
two seasons, i.e. 7.60 and 7.55 for the rainy and dry seasons
respectively. Throughout the study, DO values were never
critical (<3 mgl-1)[38]. Average DO was 5.5 mgl-1 during the
rainy season, slightly decreasing to 5.4 mgl-1 during the dry
season.
Significant differences were noted in nitrate and
phosphate levels between the two seasons (P value, <0.003).
Average nitrate level declined from 2.7 mgl-1 during the
rainy season to 0.8mgl-1 in the dry season. Likewise, average
phosphate level declined significantly (P value, <0.005)
from 2.0 mgl-1 during the rainy season to 0.6 mgl-1 during the
dry season.
Average chlorophyll a level in TWNP was generally low
during the rainy season (3.9µgl-1). This declined slightly to
3.6 µgl-1, but not significantly during the dry season (P value,
0.4). Average turbidity levels followed a similar trend,
declining significantly (P value, <0.004) from 11.6 NTU
during the rainy to 8.2 NTU during the dry season (Table 2).
Table 2. Summary of environmental variables and their significance levels
during the rainy and dry seasons in Tanbi wetland National Park in The
Gambia in 2014.
Environmental Variable
Salinity (ppt)
Dissolved oxygen (mgl-1)
Temperature (oC)
pH
Chlorophyll a (µgl-1)
Turbidity (NTU)
Nitrate (mgl-1)
Phosphate (mgl-1)

Rainy
season
24.5
5.5
27.7
7.6
3.9
11.6
2.7
1.7

Dry
season
35.8
5.4
30.2
7.5
3.6
8.2
0.8
0.1

Statistical
significance
****
ns
*
ns
ns
**
***
**

Number of stars indicates significance level. *: significant at <0.05, **:
significant at <0.01, ***: significant at <0.001, ****: significant at <0.0001,
ns: not significant.
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3.2. Mangrove Vegetation Dynamics and Its Relationship
with Climate Variables
Accuracy assessment was above 80% for all the images
used. Kappa coefficients for the images of 1973, 1983 and
2002 scored regular, while those of 1995 and 2012 scored
excellent based on the image accuracy scale of 0 – 1
suggested by Blum et al. [35]. Global accuracy assessments
for the images analyzed were reported in percentage as
follows: 84.4 for 1973, 89.2 for 1984, 93.0 for 1995, 95.2 for
2002 and 96.5 for 2012 (Table 3).
Table 3. Accuracy assessment of images analyzed for Tanbi Wetland
National Park (1973 - 2012).
Year

Accuracy (%)

Kappa coefficient

1973

84.43

0.85

1984

89.19

0.88

1995

93.04

0.92

2002

95.23

0.86

2012

96.54

0.96

Notwithstanding, some confusion was noted between
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some of the non-mangrove LULC classes i.e. the swamp,
grassland / low growth, forest and planting/cultivation
(ranging from 12 to 26%). Based on the accuracy scale, the
assessment of the remotely sensed data yielded seven LULC
types in TWNP. These include: Mangrove, Swamp, Forest,
Water, Cultivation, Woods, and Grassland (Figure 6).
Mangrove vegetation was the largest LULC class, forming
59.2% of total area coverage in 1973 and increased by 1.9%
and 1.2% between the years 1973-1984 and 1984-1995
respectively. This trend however began to reverse between
1995-2002 and 2002-2012, declining by 7.3% and 6.6%
respectively. Overall loss of mangrove vegetation in TWNP
was 6% between 1973 and 2012. This is visible along the
fringes of the wetland where massive number of Avicennia
germinans stumps could be seen. This situation is even more
pronounced in Bakau (fragmented zone) located in the
Northwestern part of the park, where the mangrove
vegetation is mostly comprised of Avicennia germinans. In
relation, swamp coverage increased proportionally by 44.4%
as mangroves declined and seemingly replacing the degraded
areas (Figure 7).

Figure 6. Land cover map of Tanbi Wetland National Park in The Gambia, for 1973.
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Figure 7. Land use / land cover map of Tanbi Wetland National Park in The Gambia, for 2012

Within the four-decade period, the forest areas surrounding the park declined by 311.1% to be replaced by either low
growth/grassland or cultivation/plantation, especially along the Southwestern part of the park (Abuko end, oyster processing
zone). A similar trend was observed for the woody areas with a decline of 112.0%.
In relation to historical data of climate variables (herein rainfall and atmospheric temperatures) of Banjul, mangrove
vegetation cover in TWNP declined proportionally as rainfall declined and atmospheric temperatures increased. Historical
climate data showed that rainfall index for Banjul was quite positive before 1968. During this period, the rainfall index for
Banjul was always above 1.4 (wet periods). Hence the focus here is on the rainfall data during and after the Sahelian drought
(1972 – 2014). The mean rainfall index for the decade leading to 1973 was -0.4 (dry); further declining to -0.2 during the
decade of 1984, as well as for the decade of 1994. There was a further decline in rainfall index to -0.1 during the decade
leading to 2004 and then making a slight recovery to 0.01 during the decade leading to 2012 (Figure 8).
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Figure 8. Long-term rainfall pattern (A) and index (B) for Banjul, 1964 – 2014 (Data source: The Gambia Meteorological Bureau, 2015).
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Figure 9. Long-term atmospheric temperature pattern (A) and index (B) for Banjul, 1964 – 2014 (Data source: The Gambia Meteorological Bureau, 2015).
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Mean annual temperature index for Banjul followed a
similar trend to rainfall, with indices staying below zero
before the Sahelian drought in early 1970s. However,
temperature indices spiked to a mean of 0.6(hot period) in
1972 and stayed above zero for that entire decade. This
declined to -0.5 (cooler period) in 1984, but lasted only until
1987 and then spiked to a mean of 0.2. This lasted the rest of
the decade (1987-1996), after which the temperature index
declined to -0.51 and remained cooler until 2002. This was
followed by a steady increase in the temperature index,
staying at a mean of 0.6 until 2010 and then cooling down a
bit to a mean of -0.3 until 2014 (Figure 9).
In relation to the above, the area coverage for mangrove
vegetation was stable during the first two decades studied,
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with a slight increase of 1.9% between the years 1973 – 1984
and then by 1.3% from 1984 – 1995. This trend however
changed course with significant declines during the next two
decades. Between the years 1995 – 2002 and 2002 – 2012,
mangrove vegetation in TWNP declined by 2.4 and 7.3%
respectively, resulting in a total decline of 6% in mangrove
vegetation by 2012. Forests around the park followed a
similar trend, only increasing by 14.6% during the first
decade, then declining by 292.2%, 17.1% and 16.4%
respectively during the following three decades. The
grassland and swamps were the only LULC type that
registered a significant increase in area coverage (56.4% and
44.4% respectively) as environmental conditions became
harsher (Tables 4 and 5).

Table 4. Percentage area of land cover classes in Tanbi Wetland National Park in The Gambia, 1973 - 2012.

Land cover

Area coverage (%)
1973

1984

1995

2002

2012

Mangrove

59.2

60.4

61.1

59.7

55.6

Swamp

7.7

7.1

8.5

8.0

14.1

Forest

1.3

1.5

0.4

0.3

0.3

Water

12.1

11.9

12.2

10.9

10.7

Cultivation/plantation

11.0

10.2

10.3

6.1

9.3

Woods

6.6

5.7

4.0

3.2

2.5

Grass Land/low growth

2.0

3.2

3.4

11.8

7.5

Table 5. Summary of land and cover changes in Tanbi Wetland National Park in The Gambia, 1973 to 2012.

Land cover

Decadal land use land cover changes TWNP (%)

Total (%)

1973- 1984

1984- 1995

1995 - 2002

2002 - 2012

Mangrove

+1.9

+1.3

-2.4

-7.3

-6.6

Swamp

-8.8

+17.0

-7.2

+43.4

+44.4

Forest

+14.6

-292.2

-17.1

-16.4

-311.1

Water

-1.7

+2.7

-12.7

-1.4

-13.3

Cultivation/plantation

-7.2

+0.4

-68.1

+34.3

-40.6

Woods

-16.0

-42.1

-24.5

-29.3

-112.0

Grassland/low growth

+35.7

+6.5

+71.2

-57.0

+56.4
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4. Discussion

growth of aquatic plants [38].

4.1. Environment/Water Quality

4.2. Mangrove Vegetation Dynamics

For an ambient water quality regime in any given estuary,
there is a need for a balanced water budget i.e. one where
rainfall equilibrates evaporation on a yearly basis, so that key
variables such as salinity would remain stable between
successive years [39]. A lot of research has been done on
seasonal variations in the estuaries of the Sahel [39, 40, 41]
and of West Africa as a whole [42, 43]. The general
consensus being that seasonal variations are much more
pronounced within the River Gambia estuary [44,28]. The
brackish water zone of the River Gambia extends from about
80km in September to more than 220km inland in June,
while in the rainy/flood season, at least two-thirds of the
estuary becomes totally fresh, oligohaline or mesohaline [25].
Thus, the high seasonal variation recorded in salinities of the
rainy and dry seasons during this study is an indication of a
negative runoff, which enables seawater to intrude the
estuary and become concentrated by evaporation [39].
About a decade ago, average water temperatures in TWNP
were 23.8 and 30oC for the rainy and dry seasons [23]. But
these values have greatly increased as indicated in the current
research, suggesting higher overall temperatures and lesser
cooling effect from river flow as the region’s water budget
has become very low [45]. These findings are concurrent
with predictions of Pagés and Citeau [39] that about 80% of
the increase in estuarine salinity within the Sahel is explained
by long-term variability in rainfall and evaporation. In the
same vein, Pagés and Citeau [39] determined that for
Sahelian estuaries such as the Kaolack inverse estuary in
Southwest of the River Gambia to return to the “normalcy” it
had before the Sahelian drought, an annual rainfall of
≥2000mm is needed. However, this amount of rainfall can
only be dreamed of in the Sahel, considering the recent
climate scenarios. Annual rainfall went down from 1067mm
before 1960 to 680 between 1968 and 1977 [46]. Drastic
changes in salinity, such as those due to droughts or storms
that result from erratic rainfall and high atmospheric
temperatures can greatly alter the number and types of plants
in the estuary [38].
Indeed pollution and excessive nutrient loading have been
reported to cause eutrophication and anoxic conditions
unsuitable for supporting marine life in estuaries surrounded
by human activities such as agriculture and industry [36].
Although, nutrient concentrations in estuaries vary according
to surrounding land use, season, and geology [38], nutrient
levels recorded during this research were way below the
critical point, ruling out pollution as an ecosystem
destabilizer in TWNP. While ruling out a case of excess
nutrients being released from land uses such as agriculture
and settlement, this also points to a possible situation of
nutrient deficiency, which has great implications for
vegetation such as mangrove. Nitrogen and phosphorus in
particular are of great importance as they are essential in the

Generally, all types of land use in TWNP were well
mapped, especially the mangroves which are our main
interest. Despite the high precision maps, some land uses had
important confusions that are explicable by soil moisture and
spatial structure. Indeed, soil moisture under the
Grassland/low growth and woods is the basis for the
confusion between the two classes and the swamps. Spatially,
plantation and cultivation are created in natural surfaces
(grassland/low growth, wood). These artificial surfaces often
look like the grassland/low growth, hence the confusion
between them. While such confusion could be reduced by
using a generalized classification of different types of
vegetation as one class, it would divert focus from gregarious
species such as mangroves which are the most important part
of the wetland.
The mangroves of the TWNP were predicted to be
undergoing a short-term lack of rejuvenation [47]. From field
observations of the seemingly intact nature of the mangrove
vegetation, this phenomenon appears to have persisted as
most of the vegetation is of uniform height (≤3 meters),
lacking younger/smaller recruits. Such occurrences signify a
response to swift changes in hydrology, in this case excess
salinity [11]. Drastic changes in hydrology were reported to
induce stunting of Avicennia marina stands and denaturing
of terminal buds in Rhizophora mangle seedlings in the USA
[10].
Likewise, the mangrove estuaries of the Sahel have
suffered some of the most drastic ecosystems changes since
the drought in the early 1970s [39]. The increase in
atmospheric temperatures, erratic rains and prolonged
droughts have led to reduced habitat integrity and lower
ecosystem services/functions in many Sahelian estuaries [9]
and in many cases, the formation of inverse estuaries [39].
For instance, exponential increase in salinity of the
Casamance estuary in Senegal was reported to have
completely eradicated Rhizophora mangle stands, while the
few Avicennia germinans stands that survived got severely
stunted [40].
In relation, the low diversity of the mangrove species in
TWNP points to long-term instability of salinity condition.
Maniatis [23] reported that the mangrove vegetation in
TWNP is comprised of only four species, even though about
nine true mangrove species exist in the Sahelian region [48].
Most mangroves in West Africa have undergone serious
degradation due to deforestation, as humans seek vegetation
for fuel use and clearing for agricultural land [49]. Evidences
of these are usually noticed in the sparseness of the
mangrove vegetation in question and the presence of tree
stumps [18, 20]. Except at Bakau (completely fragmented
zone), these signs were absent in TWNP, indicating
negligible use of the wetland for the aforesaid purposes.
Maniatis [23] also reported dwarfism in the two major
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mangrove species and a negative correlation between canopy
height and salinity in TWNP. All of these indicate mangrove
species’ response to long-term seasonal hyper-salinity, in the
form of reduced growth and decreased success in seedling
[50, 51, 52]. In a study in Pichavaram (India), natural causes
of mangrove degradation were attributed to high salinity, low
levels of available nutrients and low microbial counts [10].
The large amounts of brackish water accumulated during the
summer turns hyper-saline, ultimately killing/retarding
mangroves [10]. In relation, the River Gambia estuary has
one of the most drastic seasonal variations in the world; from
extensive floods during the peak rainy season to
overwhelming salt intrusions during the peak dry season [25],
leading to insufficient time for adaptation/succession by any
given species [27].
Even though climate effects on human systems are often
difficult to discern from other adaptation processes [53], the
low percentage (6%) of depleted mangrove cover indicates
nill/negligible human impacts on the mangroves of the
TWNP. In addition, over the past couple of decades,
conservation efforts have been intensified in and around the
coastal zones of The Gambia. Apart from the ratification of
almost all climate change and biodiversity accords [54], The
Gambia has followed up at national level by acts such as the
formulation and implementation of the Coastal Zone
Management Plan [55]. The Tanbi Wetland was designated a
national park in 2007 [17], local awareness creation
programs instituted for vulnerable coastal communities and
for the first time in West Africa, exclusive user and
co-management rights were awarded to women groups
involved in oyster collection [56]. These activities have paid
off in the form of reduced human interference in the TWNP.
From all indications, mangroves of the TWNP are not as
productive as expected because of their old age. In a study
comparing the nursery role of young (3 – 12 years) versus old
(>60 years) mangroves, Manson et al. [57] reported a high
compaction in sediments and excess deposition of leave
litter/organic matter in the latter. This can affect nutrient
recycling and lower the rate of nutrient utilization and export
into the open coast [58]. These are in line with recent
findings indicating that vegetation cover in TWNP is
seemingly intact with no noticeable growth since
pre-independence days (1965) [23]. This is a uniquely
bizarre ecological situation that has not been reported
elsewhere and is explicable by the long-term lack of
rejuvenation stemming from low growth and seedlings
survival in estuaries with unstable hydrological regimes [52].
The impacts of long-term changes in climate variables on
West African estuaries have been reported by many [59].
Rainfall anomalies following the Sahelian drought are the
likely cause for the current degraded state of mangroves in
TWNP. Since the period from 1971 – 2000 were the driest
three decades ever of the 20th century [37], the slight
recovery in rainfall/wet years realized after the year 2000 are
actually still “dry years” when compared to the long-term
rainfall averages [37]. Thus, the current findings indicate that
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mangrove vegetation in TWNP is suffering the long-term
effects of climate-induced hydrological changes.

5. Conclusions
The findings from this research indicate that the
mangroves of TWNP have been very well conserved with
minimum human interference. This is remarkable for a
natural resources-dependent country such as The Gambia.
We conclude that climate change is taking its toll on the
habitat integrity through excessive seasonal hyper-salinity,
which is a major cause for the loss of mangrove vegetation
in the Sahelian and Sahelo-Sudanian estuaries.
Climate-induced mangrove dwarfism is evident in TWNP
and natural species rejuvenation is nearly impossible due to
erratic seasonal changes in hydrology. Mangrove
seedlings/propagules have a near-zero chance of naturally
surviving the high variations on their own. Thus, we
propose direct human intervention through mangrove
replanting exercises. This of course will require specialized
replanting methods using saplings instead of propagules to
ensure greater survival, as the saplings already have a
relatively well developed vascular system when compared
to propagules which may end up being washed away to less
suitable zones during the flood season or become rotten
when the estuary becomes hyper-haline.
To increase ecological knowledge about mangroves in
TWNP, there is a need for further research to assess
long-term changes in species zonation, as well as
seedlings/sapling survival in TWNP. This will serve as a
reliable guide for choosing mangrove species most suitable
for revegetation projects within TWNP and the River
Gambia estuary as well as prevent low survival rates as
encountered in past revegetation programs in The Gambia.
More research is needed on the response mechanisms of
estuarine flora and fauna to climate change. In addition,
identifying and assessing success rates of state-run
interventions/alternative livelihoods will provide better
adaptation strategies to climate change; while at the same
time recognizing the role of the mangrove estuaries as a
life-supporting system for vulnerable coastal communities.
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