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The Isimangaliso Wetland (IW) in KwaZulu-Natal Province of South Africa has a variety of wetlands that
contribute valuable ecosystem services to a notable number of people, the natural species habitat and
tourism interests. Wetlands are epoch-making reproducing and nourishing zones for wildlife and give
shelters and protection for sea creatures. As with any natural habitat, wetlands are important in support-
ing species diversity as well as providing the climate moderating element. This study aimed at appraising
the spatial pattern of the Isimangaliso Wetland, the potential determinants and effects of the wetland
depletion between 1987 and 2017 using remote sensing and GIS approach. Landsat Thematic Mapper
(TM) images acquired for 1987, 1997, 2007 and Landsat 8 Thermal Infrared Sensor (TIRS) and
Operational Land Imager (OLI) imagery for 2017 was acquired from the archives of United States
Geological Survey (USGS) for the analysis using ArcGIS 10.2. The Normalized Difference Water Index
(NDWI) analyses between 1987 and 2017 successfully revealed the significant depletion of the water sur-
rounding IW area which might be as a result of natural or human activities which may include climate
change, built-up areas and agricultural activities. In 1987 and 2017, the results showed that wetland
extent was 655.416 Km2 and 429.489 Km2 respectively which connotes that IW has witnessed significant
changes during the study period over the area. It was also revealed that the other land features (vegeta-
tion, built-up, open surface and rocky surface) over the area increased from 2149.911 Km2 to 2375.838
Km2 in 1987 and 2017 respectively. The overall classification accuracy of 97.55% and Kappa coefficient of
0.941. This wetland depletion might have a significant impact on biodiversity including human and ani-
mals as well as plants thus diminishing its world heritage status. Consequently, this natural gift needs to
be conserved to create a livable environment for wetland animals in order to moderate local climate as
well as preserve human wellness and protection by reducing flood disaster and maintaining efficient
water quantity and quality in the area.
� 2018 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Remote sensing information including derived vegetation
indices and biophysical outcomes have vital preferences, especially
high temporal resolution of measurements, wide scope and simple
accessibility, for observing and evaluating temporal patterns of
natural landscapes and land environments. As a fundamental
source of multi-temporal analyses of the land surface, satellite
information (especially Landsat Imageries) has been used by sev-
eral researchers to monitor crucial biological community and land
surface properties, map land cover patterns and examine their dif-
ferences (Nguyen et al., 2012; Adefisan et al., 2015; Nsubuga et al.,
2017; Onamuti et al., 2017; Stephen et al., 2017; Orimoloye et al.,
2018). The persistent decline in the natural landscape, accelerating
natural resource extinction, climate change impact and difficulties
to saving biodiversity appear to be progressively unassailable
(Hirsch et al., 2011; Sayer et al., 2013). Assessment and monitoring
of natural landscape, habitat transformation, extinction of species
and the decline of animal, plant populations and wetland depletion
necessitate compelling action (Naeem et al., 2016; Waldron et al.,
2017).

Wetlands can be ascribed to the lands intermediate between
terrene and marine eco-systems where the water table is usually
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near the surface or the land areas that are covered by shallow
water. The essentiality of the wetlands globally is progressively
getting apt attention as they add to a healthy and loveable environ-
ment in various ways (Cohen et al., 2016; Richardson et al., 2016).
Wetlands retain water to a high extent during dry periods, hence
keeping the water table high and moderately stable. More so, dur-
ing the occurrence of flood, wetlands play a vital role in mitigating
flood and to trap suspended solids and associated nutrients. Conse-
quently, streams moving into lakes by means of wetland zones will
transport less suspended solid nutrients to the lakes than if they
stream directly into the lakes and many times lake creatures such
as phytoplankton and fishes fed on these nutrients (Knight et al.,
2001; Cronk and Fennessy, 2016). Furthermore, wetlands are cru-
cial breeding and feeding regions for wildlife and create shelters
and protection for sea creatures. Likewise, with every natural habi-
tat, wetlands are essential in preserving species diversity. Wet-
lands also create an environment for recreation and tourist
attraction thus contributes to the economy of a particular area.
Consequently, the elimination of such wetland systems as a result
of urbanization or other factors typically causes the extinction of
the sea animals and water quality deteriorates (Bassi et al., 2014;
Garg, 2015). Most of the wetland-subordinate animals live in var-
ious local populations supported by the infrequent change. Conser-
vation of smallest wetland densities in human-governed
landscapes is essential to preserving these animals and other envi-
ronmental benefits from wetlands (Bassi et al., 2014).

Natural landscape extinction and biodiversity conservation
have created a rich biota related to wetlands. Wetlands usually
happen in discrete patches of an upland environment, such that
most local populations of wetland varieties are small and sepa-
rated and sometimes are exposed to extinction (Serran and
Creed, 2016; Salaria, 2017). However, wetland depletion and
extinction caused by anthropogenic activities and natural causes,
all require constant spatial assessment and regulations to restrict
it, are required. Therefore, this study is aimed at appraising the
spatial pattern of wetlands, particularly the potential determinants
and effects of wetland depletion in Isimangaliso Wetland (IW),
South Africa between 1987 and 2017 using remote sensing and
GIS techniques. Due to the need to protect IW’s both its global
and ecological significance (Grundling et al., 2013; Hansen, 2014).
2. The study area and research methods

Isimangaliso Wetland (IW) is situated on the east shoreline of
KwaZulu-Natal, South Africa, approximately 275 km northern part
of Durban. IW positioned as South Africa’s third-biggest secured
zone, spanning 280 km of the coastline, from the Mozambican
fringe in the north to Mapelane south of the Lake St. Lucia estuary,
and made up of about 3280 km2 of natural biological communities
superintended by the Authority of iSimangaliso. The IW Park was
previously known as the Greater St. Lucia Wetland Park, however,
it was renamed ‘‘Isimangaliso Wetland Park” in November 2007.

The IW Park was declared a world heritage site in light of the
rich biodiversity, outstanding environments and natural magnifi-
cence appearing in a moderately little area. The reason behind
the tremendous suitable variety in the region is the colossal of var-
ious ecosystems on the park, extending from coral reefs and sandy
shorelines to subtropical rise woodlands, savannas and wetlands.
Creatures available on the park include African panther, Africa lion,
elephant, southern white and dark rhino, wild ox, and in the sea;
dolphins, whales and marine turtles including the loggerhead
and leatherback turtle (Nel et al., 2012). The park created shelters
for more than 800 hippopotami and 1200 Nile crocodiles as a result
of its values and ecological benefits. Fig. 1 shows the map of IW in
KwaZulu-Natal province of South Africa.
To determine the changing trends in wetland depletion of IW,
satellite images were employed. The images were freely acquired
from United States Geological Survey (USGS) database between
1987 and 2017 over the study area as represented in Table 1.
3. Image processing

In this study, the images of IW were acquired from USGS data-
base using maximum likelihood classification. The imageries col-
lected for the analysis are in four segments, image data in 1987,
1997, 2007 and 2017. All the images selected were good quality
of less than 10% cloud cover. The information in Table 1 shows
the specifications of the image of IW used for this study and the
images were identified with their imaging period by month, year
as well as the day of the year with path and row of different ima-
geries, were analyzed using ArcGIS 10.2. The Operational Land Ima-
ger (OLI) image comprises of the near-infrared (NIR) band,
shortwave infrared (SWIR) band, visible bands, and thermal infra-
red (TIR) band, which are present in TM images (1987, 1997, 2007
images). TIRS bands are also thermal infrared bands with a higher
resolution compared with TIR bands (2017 image).
4. Results and discussion

4.1. Digital elevation model and normalized difference water index of
IW

4.1.1. Digital elevation model
The current intensive spatial monitoring of IW conditions for

three decades (1987 to 2017) had shown drastic changes that
occurred over the years and this may also be worth considering
other features which are sensitive to wetland extinction as a result
of hydrologic phenomena (Fig. 2). These features include flow
direction, aspect, hill shade and flow which might also contribute
or play a vital role in the current state of IW wetland (Conly and
Van Der Kamp, 2001). The information in Fig. 2 revealed that the
hillshade had the highest value of about 180 m3/s over the wetland
region. Studies have shown that hillshade and other hydrologic
features can determine wetland storage which might connote
either reduction or increment of wetland extent (Los Huertos and
Smith, 2013; Golden et al., 2014). The outcomes of this study also
reveal that the flow direction witnessed increase with about 180
m3/s in the wetland zone which might contribute to the depletion
of the wetland which may also negatively affect the biodiversity. It
has been asserted by previous studies that flow direction and the
rate of water movement into and out of wetlands is controlled
by the temporal and spatial variability of water volume availability
in the wetland (Golden et al., 2014; Karim et al., 2016; Nsubuga
et al., 2017). A change in volume with distance generates a force
that causes water to move from zones of high to the zones of lower
volume.

The hydrology tools such as flow length, flow direction and
aspect were used to model the flow of water across a surface.
The result of the flow aspect in Fig. 2 revealed that the IW had
the highest value of 358 m3/s and this may influence the flow
length and direction of the wetland (Wörman and Kronnäs,
2005). More so, this can also determine how water flows across
an area and the changes in that region may affect the volume of
water availability (Golden et al., 2014; Vepraskas and Craft,
2016). Aspect identifies the downslope direction of the maximum
rate of change in water volume from wetland to its environs.

4.1.2. Normalized difference water index
An analysis of NDWI has been presented in this study based on

the study by Campos et al. (2012) which utilized the Modified



Fig. 1. Location of Isimangaliso, KwaZulu Natal Province, South Africa.

Table 1
Specifications of data used.

Data Year Date Acquired Path/
Row

Landsat thematic mapper (Landsat5 TM) 1987 1986–10-18 167/079
Landsat5 TM 1997 1997–10-11 167/079
Landsat5 TM 2007 2007–09-21 167/079
Landsat8 OLI_TIRS 2017 2017–08-25 167/079
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Normalized Difference Water Index. This index has been verified
and utilized in the wetlands, river, lakes and ocean studies
(Gilmore et al., 2015; Kavyashree and Ramesh, 2016; Nsubuga
et al., 2017). This study showed that the NDWI can noticeably
influence or enhance the wetland and information on water mostly
in the area mainly with the natural wetland. The NDWI can depress
the anthropogenic activities such as built-up, land use and land-
scape alteration efficiently while describing water information
can also effectively extract the water body information from the
other land surface features. The NDWI can reveal subtle features
of water-related features of wetlands and can be more efficiently
at evaluation than the Normalized Difference Vegetation Index
(NDVI) as well as being better than other visible spectral bands
due to its vast dynamic data range (Gu et al., 2007, 2008). The uti-
lization of the NDWI in the Landsat imageries of IW has achieved a
significant result. The NDWI analysis between 1987 and 2017 suc-
cessfully revealed a significant depletion of the water surrounding
IW area which might be as a result of natural or human activities
including climate change, built-up and agricultural activities
(Conly and Van Der Kamp, 2001). In addition, taking the advantage
of the index (Fig. 3), the NDWI can connote a very good proxy for
plant water stress and other wetland creatures inhabited in the
wetland. In the years 1987 and 1997, the results show that the
NDWI was high on the wetland area compared to other years
which shows that recent human activities might play a vital role
in the wetland extinction experienced in the study area
(Quesnelle et al., 2014). It can also be denoted by the result that
year 2017 had the lowest NDWI and this might have a significant
impact on biodiversity including plants as well as animals. This
natural gift needs to be conserved to create a livable environment
for wetland animals in order to moderate local climate as well as
securing human wellbeing by reducing flood-related hazards and
saving water quality (Quesnelle et al., 2014; Watson et al., 2016).

5. Wetland depletion of IW between 1987 and 2017

This wetland is characterized by one or more special habitat or
biodiversity attributes that make the site important for local con-
servation efforts. These include supporting important populations
of species of conservation concern; supporting large populations
of wetland-dependent species; providing important migration,
breeding or feeding sites; and characterized by unusually high nat-
ural habitat diversity (Lehikoinen et al., 2016). The information in
Fig. 4 showed the changes and the pattern of wetland in the study
area between 1987 and 2017. Monitoring the spatial differences in
wetlands and appraising their influential factors is critical for
developing sensible strategies for wetland restoration and conser-
vation of its ecological value for ecosystems.

This study has revealed that the spatial differences or changes
in wetland within Isimangaliso Wetland area and its environs
can be assessed by utilizing the spatial analyses of satellite images.
Notable changes in the extent and the land features of the IW wet-
land were assessed from the spatial analyses of the satellite ima-
geries between 1987 and 2017. The wetland area has declined
from 655.416 km2 in 1987 to 429.489 km2 in 2017 with a substan-
tial reduction in the size of the IW. While the other land features
had witnessed increase between 1987 and 2017 from 2149.911
km2 to 2375.838 km2 respectively (Table 2). The land features
and water area cover changes within the wetland were associated
with the spatiotemporal changes in the land cover at the



Fig. 2. Digital Elevation Model of IW.
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catchment area. It can be connoted that the changes which
occurred in the area might be as a result of natural or anthro-
pogenic activities such as climatic conditions, deforestation, envi-
ronmental injustice, urbanization and changes in the hydrologic
(Grundling et al., 2013). Also, the land use changes (built-up, open
surface and bare surface) witnessed in the catchment are the major
factors influencing the depletion of wetland size and extent, water
availability and biodiversity (Gauthier et al., 2005; Perreault et al.,
2017). More so, these changes may negatively influence the hydro-
logic downturn and other land surface events in the watershed
area. All these causes and effects are witnessed in the form of
degradation and the loss of habitats, the biodiversity changes,
reduced water quantity and quality and the declining migratory
wetland animal’ population in IW (Berteaux et al., 2016;
Perreault et al., 2017).

The results from this study show good overall classification
accuracy during the study period. The classification of 1987 images
shows an overall accuracy value of 96.4% as well as Kappa coeffi-
cient value of 0.89 while the imagery of 1997 gave an accuracy
of 98.63% and the kappa coefficient value of 0.975. The classifica-
tions of years 2007 and 2017 have revealed an accuracy value of
97.54 and 97.63%, and kappa coefficient values 0.9527 and
0.9497 respectively.
6. Causes of change or depletion in the IW and their potential
impact on water resources and ecosystem conservation

The causes of changes in wetland pattern in recent years
majorly include natural elements (such as climate change, sedi-
ment condition differences) and human activities (agricultural
practices, built up, deforestation). Wetland processes in the study
area have been slowed down in recent years (Grundling et al.,
2013). Anthropogenic activities and environmental degradation
can have enormous effects on natural wetland by modifying natu-
ral landscapes with various human activities which might have
adverse impacts on ecological systems.

Although wetlands can moderate watershed water quantity and
quality as well as their capacity to process or reduce pollutants,
most wetlands have suffered functional degeneration. Thus, it is
crucial to estimate the severity of the depletion with a conven-
tional technique such as manual mapping and interviews. Conse-
quently, this study appraised the wetland of the study area using
remote sensing and GIS methods to detect the depletion of IW dur-
ing the study period. Results showed that the IW has declined by
225.927 km2 (8%) between 1987 and 2017 supported by
Grundling et al. (2013) where the wetland extent declined by
11% and grassland increased by 7%. These changes might have sig-
nificant effects on biodiversity and ecosystem services in the area
(Grundling et al., 2013; Mushtaq and Pandey, 2014). Moreover,
studies have asserted that wetlands are jeopardized by several fac-
tors including water and air pollutants, climate change, environ-
mental injustice as well as hydrologic alteration (Grundling et al.,
2013; Song et al., 2014; Romshoo and Rashid, 2014; Romshoo
et al., 2015). Studies have investigated and revealed that a notable
percentage of the earth’s remaining wetlands hydrology have been
significantly undermined (Dahl et al., 1991; Tangen and
Finocchiaro, 2017). Although the frequency or magnitude of such
depletions has not been properly assessed to some pronounced



Fig. 3. NDWI of IW between 1987 and 2017.
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extent in Africa and in other developing nations (Marlor et al.,
2014), proper management of wetland ecosystems is essential as
it will provide a variety of environmental functions and services
as well as contribute significantly to the human wellbeing and
livelihoods in the wetland area.
7. Aquatic diversity and wetland values

Wetlands are usually illustrated as ‘‘kidney of the landscape
(Amani et al., 2017; Talukdar, 2017). Aquatic biodiversity is depen-
dent on some factors such as geological conditions and hydrologic
regime. Different attempts are being made to preserve the biodi-
versity found in wetlands, swamp, marches, streams and water-
ways. The purpose of this crucial biodiversity is to limit its loss
through feasible management and safeguard practices (Miller
et al., 2016; Talukdar, 2017). One of the techniques in conserving
biodiversity is to appraise the diversity of natural resources avail-
able and recognize those that are significant and most crucial
(Knight, 1997; Miller et al., 2016). Awareness of the unique nature
of biodiversity contributes to managing habitat species popula-
tions and quality available in the wetland zones.

In South Africa, wetlands, lakes, streams and other freshwaters
embrace a wider diversity of biota describing almost all creatures
inhabited in the water cover-related areas. It might be difficult to
analyze the various diversities in South African wetlands with ref-
erence to various habitats as well as the changes that ensue due to
climate variability and other anthropogenic disturbances (Gauthier
et al., 2005; Hansen, 2013). From the environmental and ecological
perspective, the diversity of species available in the wetlands con-
notes the relative importance of the marine biodiversity issue
overall.

Wetlands give many commodities and services to humanity.
Regional and local wetlands are constitutive parts of bigger natural
landscapes, their values and functions to humans who rely on both
their location and area covered. Every wetland thus is ecologically
unique and plays various valuable tasks including urban climate
moderation, recycling of nutrients, floods attenuation, water filter-
ing, sustainability of streamflow, groundwater replenishment and
also serves in providing drinking water and wildlife habitat
(Richardson et al., 2016; Bassi et al., 2014). The interplay between
man and wetlands during the last few decades has been of concern
more evidently as a result of rapid population growth associated
with intensified industrial, commercial and residential develop-
ment further leading to pollution of wetlands by industrial and
agricultural practices, domestic sewage as well as fertilizers, insec-
ticides and feedlot wastes. Furthermore, the fact that wetland val-
ues are most times ignored has brought about the risk to the source
of these advantages.



Fig. 4. Wetland depletion of Isimangaliso between 1987 and 2017.

Table 2
Isimangaliso Wetland changes between 1987 and 2017.

Years/Wetlands depletion Area coverage (km2) Percentage coverage (%)

1987
Wetland 655.416 23
Others 2149.911 77

1997
Wetland 558.315 20
Others 2247.012 80

2007
Wetland 544.707 19
Others 2260.62 81

2017
Wetland 429.489 15
Others 2375.838 85
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8. Conclusion

This study has revealed that the transformation of IW wetland
and shifts in biodiversity induced by both natural and human pro-
cesses can be accurately appraised by remotely sensed data. This
study has presented a novel quantification of wetland depletion
that had occurred in the study area using fine-scale NDWI and
change detection analyses. These results open up new opportuni-
ties to examine the current size of IW and its potential impact on
biodiversity and urgent intervention in conserving the wetland.
The result from Landsat images data shows land use activities have
reduced wetland extent and distribution by 5% between 1987 and
2017. Wetland loss could be a significant problem for the local
communities that depend on them as a natural resource as well
as for many wetland species. Such significant problems illustrate
the need for improved management by both the communities
and the environmental policy-makers. The wetland map and
land-use change assessment on wetlands can help to underscore
the wetland depletion and its attendant vulnerability as well as
serves as a guide land-use practices that have a direct and indirect
effect on wetlands. Subsequently, a more thorough evaluation of
the wetland dynamics and depletions monitoring necessitate
meteorological variables such as rainfall amount, relative humidity
and temperature incorporated with remotely sensed data.
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