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Abstract: Land use/cover trends in the Keiskamma catchment were investigated using Multi-temporal Landsat
satellite imagery from 1972 to 2006. Object-oriented post-classification comparison and fragmentation analyses
were performed; and the Landscape-Function analysis was used to assess the current rangeland condition of
proximal hillslopes and the riparian zone. Temporal land use/cover analyses revealed that intact vegetation has
undergone a significant decline from 1972 to 2006. Increases in degraded vegetation and fragmentation, as well
as in bare eroded soil, were identified - particularly in the communal villages of the central Keiskamma
catchment. The Landscape Organisation Index revealed very low vegetation connectivity in the communal
rangelands that have weak local traditional institutions. Fragmentation analyses on the riparian and proximal
hillslopes revealed evidence of increasing vegetation fragmentation from 1972 to 2006. Given the worsening
degradation trends in the communal areas, a systematic re-allocation of state land in sections of the catchment
is recommended. Strengthening local institutions that effectively manage vegetation resources will be required,
in order to maintain optimum flow regimes in rivers and curb thicket degradation. Such measures should be
sensitive to the socio-economic challenges facing the people in the communal areas.

Key words: Object-oriented classification  Multi-temporal  Landsat imagery  Riparian zone  Landscape
fragmentation

INTRODUCTION The advent of object-oriented segmentation and

Change detection of land use and cover is a critical per-pixel classification. A fundamental problem for
consideration  for  environmental   health  assessment. incorporating digital imagery into classification processes
The inventory and monitoring of land-use/land-cover is that for a given land cover unit, spectral response is
changes are indispensable aspects for an understanding represented in digital imagery as a series of discrete pixels
of change mechanisms and modelling the variables at covering a wide range of spectral values; yet for
different scales [1-2]. Earth-observation remote  sensing classification purposes, the land use unit is seen as a
is an effective tool in monitoring the spatio-temporal single homogeneous polygon [7]. One solution to this
dynamics in landscape ecology. Many studies have dilemma is to aggregate the individual pixels representing
successfully applied remote sensing and geographical land use into an image object represented spectrally as
information systems in ecological studies [3-6]. Change the combined response of all underlying pixels. The image
detection is a fundamental remote sensing technique, objects, rather than the underlying pixels, become the
which seeks to determine the environmental temporal carriers of image information; and they then form the basic
changes from satellite and airborne sensed images. The units of the subsequent analysis [8].
difference in reflectance values between images acquired O’Neill [9]  points  out  that  ecosystem  health  can
on two different occasions as a result of the physical be monitored effectively if  dominance,  contagion  and
changes in the land is the basis for all change detection fractal are monitored through time. These three landscape
techniques. and  structure  metrics  are  incorporated  in object-based

classification is a major paradigm shift from the traditional
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techniques. Multi-resolution segmentation, done altered in terms of the timing and duration, which affect
according to a suitable scale, results in image objects  that processes such as erosion, sedimentation and
could be regarded as patches or ecological units. These groundwater recharge [15].
are suitable for further ecological analysis, particularly Permanent loss of saturation has severe implications
landscape fragmentation analysis. Landscape for ecological function, as reflected by deteriorating
fragmentation may be defined as processes in which large vegetation condition. Such vegetation condition could be
continuous cover is subdivided into a number of smaller manifested by an increase in fragmentation, such as the
patches of smaller total area that are isolated from each shape of patches, a decrease in patch size, habitat
other by a matrix of habitats. These patches are unlike the interspersion and connectivity, as well as the proportion
original [10]. Some of the effects of fragmentation on of each land cover type on the landscape.
landscape structure are: a decrease in the overall amount In the present study, land use/cover changes and
of habitat and mean patch size, incrementing of the edges, landscape fragmentation from 1972 to 2006 are analysed in
decrease of the core area and isolation of the habitat the Keiskamma catchment, Eastern Cape, South Africa.
patches [10, 11, 12]. Turner et al. [13] suggest that a close Temporal change detection was performed at catchment
relationship exists between landscape patterns and scale using an object-oriented post-classification
processes occurring in the landscape. comparison. A closer look at temporal changes involving

Analyzing landscape transformation and structure in landscape fragmentation analysis in the riparian-hillslope
terms of composition and configuration is essential when proximal zones of the Keiskamma River and communal
evaluating its state and response to disturbances [9]. areas of the central Keiskamma catchment was done by
Landscape metrics are used to quantify specific spatial computing and analyzing the landscape metrics.
characteristics of patches, classes of patches, or entire
landscapes mosaics. Kamusoko and Aniya [5] indicate Study  Area:  The Keiskamma is a semi-arid rural
that analysis of land use/cover change and landscape catchment which spans over 2 745 km . The Keiskamma
structure is useful in understanding the extent and River with its headwaters in the Amatole Mountains,
implications of fragmentation within landscapes. flows eastwards for 263 km, before it drains into the Indian

Riparian zones in particular, have a central ecological Ocean at Hamburg resort (33° 17´S 27° 29´E) (Figure 1).
and economic role in most landscapes; and they are The  catchment  is  classified  into  three  topographic
sensitive indicators of environmental change. They zones, namely: the escarpment zone, the coastal plateau
occupy the ecotone that acts as a buffer between aquatic and the coastal zone [18]. The deeply incised Keiskamma
and terrestrial systems [14, 15]. The degradation of the River valley bisects both the coastal plateau and the
riparian zone is driven by anthropogenic impacts, such as coastal belt of the catchment. Climatic variations in the
deforestation, overgrazing and river impoundments. River catchment are highly correlated with elevation and
impoundments in particular, alter the water flow regime proximity to the sea. Average annual rainfall and
and impacts on downstream vegetation condition [16]. temperatures are 1900 mm and 11°C for the escarpment
Vegetation conditions in the riparian and slope riverine zone and 600 m and 18°C for the coastal plateau.
proximal wetlands are a reflection of the constraints Temperatures can rise and fall to 38°C and -2°C, in winter
imposed by environmental conditions, such as climatic, and summer respectively [18].
hydrologic regime and geomorphologic processes [15]. The geology of the catchment is mainly underlain by

The riparian and slope riverine proximal wetlands are the Beaufort Group of the Karoo supergroup [19]. This is
hydrologically and topographically adjoining; and they predominantly characterised by sedimentary rocks, such
have a surface and shallow subsurface hydrologic as shales, mudstones and sandstones [20]. Highly
connection with the river [17]. The interactions between erodible soils derived from shales and mudstones are
the river channel, riparian and adjacent hillslope prevalent throughout the catchment. Dominant soil forms
vegetation generate and maintain important hydrologic include lithic, oxidic, cumulic and melanic [20]. The natural
and ecological functions [17]. River impoundments affect vegetation cover from the coastal areas trending through
riparian vegetation upstream by rising water levels. to the escarpment ranges from coastal grasslands and
Downstream environments are affected by a decrease in savanna (thornveld or sourveld), woody shrubs and
the flow regimes, which alters hydrologic processes such valley thicket in the river valleys to indigenous forests in
as riparian and hillslope saturation. Flood regimes are also the high rainfall escarpment zone.
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Fig. 1: The Keiskamma catchment A semi-empirical Quick Atmospheric Correction

MATERIALS AND METHODS software was applied in this study to normalize the

Sequential Imagery: A combination of datasets radiometric gains and bias of Landsat 5 TM determined at
comprising Landsat imagery, orthophotographs, a 20 m launch and available in the header files are now invalid,
DEM acquired from the Council for Scientific and due to the deteriorating radiometry of the ageing Landsat
Industrial Research’s (CSIR) Satellite Applications Centre 5 TM sensors. QUAC provides a viable alternative to the
and 1:50000 topographic maps was used for the study. retrieval of approximate reflectance spectra, regardless of
The Landsat satellite series has the most comprehensive the fact that the sensor had imprecise radiometric or
archive of earth observation satellite imagery to date; and wavelength calibration, as well as unknown solar
it provides an excellent baseline resource for moderate illumination intensity.
resolution land cover-change detection studies from 1972 This calibration method is particularly suitable for the
[21, 22]. A total of six Landsat MSS and Landsat 5 TM normalization of multiple scenes that are typical of many
images were selected for the study. The dates of temporal monitoring studies. This is because of its high
acquisition of the images are 21 November 1972 for computational speed and ability to produce accurate
Landsat 1 MSS, 30 April 1988 for Landsat 4 MSS, 08 results [26].
December  1993, 19 December 1997, 12 January 2001 and The QUAC algorithm uses the scene parameters to
12 December 2006 for Landsat 5 TM images. A deliberate retrieve surface reflectance. The mathematical formulation
effort was made to ensure that all the images were of this algorithm is shown below.
acquired in the summer rainfall season during which the
spectral differences between vegetated, cropped and (1)
degraded areas are distinct. The unavailability of images,
together   with     cloud-cover     problems,    constrained Where  is the wavelength

the  selection  of  images  from  the  same  month. The
object-oriented post-classification method was used to
classify the imagery. Historical datasets, such as aerial
photographs, SPOT imagery and topographic maps, were
also acquired from National Geospatial Information (NGI),
CSIR and the Nelson Mandela Metropolitan University
for accuracy assessment.

Image Pre-Processing: Geometric and radiometric
accuracy are a prerequisite for reliable change detection
using satellite imagery [23]. The orthorectification process
corrects different viewing angles typical of multi-temporal
datasets; and it also ensures that images and secondary
products overlay perfectly with other GIS datasets.
Toutin’s Low-Resolution satellite orbital model was used
for orthorectification [24, 25]. The multi-temporal image
datasets were geo-referenced to an orthorectified 5m Spot
mosaic and then projected to the Universal Transverse
Mercator (UTM) system, using the World Geodetic
System 1984 datum. A 20 m DEM was used to correct for
relief displacement caused by local topography. At least
25 evenly distributed ground control points were selected
for each image. The cubic convolution resampling
technique was used and a root-mean-square error (RMSE)
of less than 0.35 pixels was obtained for all the six images.

(QUAC) method available in ENVI 4.7 remote sensing

Landsat 5 TM and Landsat 1-4 MSS imagery. The
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 is the spectral standard deviation for a group ofj
0

diverse materials. This is a wavelength constant that is Year Overall Accuracy KIA

nearly independent.
g is the normalization factor and  is the correctiono

factor.
 is the base-line contribution.b

Classification Method: Image classification was
executed through an object-oriented classification
algorithm called the Standard Nearest Neighbour
Classification. This is essentially a supervised
classification technique, which uses selected image
objects as training data. The Landsat images were
segmented into image objects by using a multi-resolution
image segmentation algorithm. The algorithm incorporates
both spectral and spatial information in the image-
segmentation phase, resulting in meaningful image
objects, which carry typical characteristics of land-cover
types, as compared with pixels. The homogeneity criterion
of the multi-resolution segmentation algorithm measures
how homogeneous or heterogeneous an image object is
within itself.

Landsat TM images were partitioned into image
objects by using the Definiens Developer software
package [27]. The generation of image objects was
achieved through an image multi-resolution segmentation
procedure in Definiens. Decisions regarding the selection
and weighting of inputs to the segmentation process were
based on the spectral and spatial characteristics of the
individual Landsat bands and experimentation. The three
visible bands were assigned equal weightings and the
sum of the weightings assigned to all the bands combined
equalled that assigned to the near-infrared band. Each
input scenario was evaluated on its ability to delineate
meaningful landscape components, based on the visual
inspection of the segmentation output [8].

The Nearest Neighbour classification method was
used to classify image objects based on user-defined
functions of object features. Anderson et al. [28] point
out that there is no one ideal classification of land use and
cover; the process is subjective, depending on the
different perspectives in the classification process. In this
study, a total of five classes were chosen for the
classification, namely: intact vegetation (V), degraded
vegetation (DV), settlements (S), bare and degraded soil
(BDS) and water (W). 

The intact vegetation category included natural
forests, grass, crops, shrubs, riparian vegetation and
plantations. Degraded vegetation comprised Acacia
karoo, Aloe, Pteronia incana, together with very sparse

Table 1: Accuracy assessment summary (1977-2006)

1972 0.861 0.762

1988 0.819 0.749

1992 0.839 0.780

1997 0.899 0.867

2001 0.920 0.892

2006 0.898 0.866

vegetation cover. Bare and degraded soil comprised
exposed soil surfaces and eroded areas. The water class
included water bodies in the catchment like rivers, dams
and the estuary.

The Keiskamma catchment comprises various
pockets of relatively stable land use/cover features, which
can be discerned from the satellite imagery, aerial
photography and topographical maps since 1972.
Accuracy assessment was done for all the classification
results by first identifying the features on the satellite
imagery from 1972 to 2006, which could still be verified in
the field. This entailed identifying stable land cover
features, such as nature reserves, forest plantations,
mature mixed forest, dams and settlements, which had
been in existence since 1972. Validation of the
classification results proved that the object-oriented
classification had produced valid and reliable land cover
maps, since the overall accuracies were higher than 0.819;
and the Kappa Index of Agreement (KIA) was above
0.749. A summary of the overall accuracies and the KIA is
presented in Table 1. The object-oriented approach
produced a smooth classification that minimised the mixed
pixel effect common with the per-pixel classification
approach. The conceptualization of image objects, as
ecological units, was useful for fragmentation analysis,
since their patterns and structure could be monitored over
time.

In   addition   to   image   analysis,  degraded
vegetation was also established by means of aerial
photograph interpretation. A high precision Ashtech®

ProMark2  Global Positioning System (GPS) receiver was™

then used to validate these reference points in the field.
Additional points were also collected from a 2,5m spatial
resolution p an-sharped  SPOT image acquired in
December 2006. The GPS co-ordinates were converted to
shapefiles before exporting them to Definiens Developer
7 software for sample extraction. Ground-based sample
points were superimposed on a segmented satellite
imagery to facilitate the extraction of pixels for use as test
areas.
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Landscape Fragmentation: Landscape fragmentation A continuous record of patch/inter-patch distances
analysis was performed in communal areas in the central
Keiskamma catchment area, as well as the riparian and
hillslope zones of the catchment. Delineating the spatial
extent of the riparian and slope river proximal zone is
problematic; and this is subject to a lot of ecological and
geomorphological debate [29, 30]. The riparian zones were
extracted from the object-oriented classified images by
using a fixed width of one kilometre buffer zone generated
around the rivers in ArcGIS.

Central Keiskamma communal areas were extracted
from the catchment using PCI Geomatica 10.1 software - to
permit more detailed landscape structural analysis. Patch
Analyst, a FRAGSTATS interface in ArcGIS was used to
compute class level landscape metrics, in order to analyse
landscape structure and its change over time within
riparian hillslope zones and communal areas. Class level
metrics are useful fragmentation indices because they
measure the quantity and distribution of a particular land
use/cover class [31]. In this study, seven class level
landscape metrics that were considered effective in
determining landscape structural changes were selected
for fragmentation analysis. These are: a) Number of
Patches  (NUMP);  b)  Edge  Density   (ED);   c)  Class
Area  (CA);  d)  Mean  Patch  Size  (MPS);  e)  Mean
Shape  Index  (MSI);  f)  Mean  Nearest-Neighbour
(MNN); g) Mean Proximity Index (MPI); and h)
Interspersion  and  Juxtaposition  Index   (IJI).  Selection
of  the  metrics  was  based  on  the  scale  of  the  analysis
and the relevance for monitoring riparian zone and
hillslope degradation. A detailed description and
interpretation of the landscape metrics is provided by
McGarigal et al. [31].

Characterisation of landscape organisation, using the
Landscape  Functional  Analysis  (LFA)  technique [32],
is an effective means to validate rangeland condition and The overall land use/cover transformation that had
landscape fragmentation indices, which relate to the
connectivity of vegetation patches. The Landscape
Organisation Index (LOI) is defined as the proportion of
the length of a patch to the total transect length. A totally
bare transect will have an index of 0, while transects filled
with patches will have an index of 1 [33]. Fieldwork was
conducted to collect landscape organisation data, using
line transects oriented along the maximum slope direction
of hillslopes. Twelve transects per rangeland type were
generated with the aid of classified imagery in communal
rangelands with degraded vegetation, on the one hand
and those with good - but transformed vegetation - on the
other hand, in order to validate the differences in
rangeland condition.

was collected along transects, as a means of
characterising landscape organisation. Analysis of
variance (ANOVA) single factor statistics (  = 0.01) was
used to test for significant differences between the mean
landscape organisation indices obtained in communal
areas with degraded and transformed vegetation
condition. A more detailed assessment of riparian
vegetation along the Keiskamma River was done by
Rowntree  [34],  Colloty [35], Hall [36] and Matoti [37].
This work provides more detailed field evidence of
riparian and adjacent hillslope vegetation condition.

RESULTS AND DISCUSSION

Land  Use/Cover  Changes Between 1972 and 2006:
Land cover classification maps for 1972 and 2006, selected
from the overall set of classified imagery are presented in
Figures 2 a and 2 b. The quantified land use and cover
trends mapped between 1972 and 2006 are depicted in
Figure 3. The trends generally show increasing
degradation from 1972 to 2006. This change is however
non-linear; the trends indicate periods of decline and
recovery in vegetation cover. In contrast to the intact
vegetation, degraded vegetation showed a general
increase between 1972 and 2006. Whereas the former
classification shows small isolated bare and degraded soil
patches, the latter classification shows a proliferation of
these surfaces, which tend to merge, forming bigger bare
soil surfaces in subsequent years. Severe gully erosion on
abandoned lands and vegetation invasion by dwarf
shrubs are ubiquitous phenomena in many communal
areas of the Eastern Cape Province [38]. Severe rill and
gully erosion sites were observed on overgrazed and
abandoned lands during field surveys.

occurred in the Keiskamma catchment between 1972 and
2006 is shown by the change detection matrix in Table 2.
The intact vegetation class changed to Degraded
Vegetation  by  528.792km   and  to  Bare  and Degraded2

Soil by 39.746km , marking a net vegetation decrease2

during this period. The Degraded Vegetation class, in
particular, increased by 194.952km . Further degradation2

is also noted in the form of Degraded Vegetation
conversion  to  Bare  and  Degraded  Soil  by  139.822km .2

The Bare and Degraded Soil Class increased by
179.322km .  These  trends,  however,   show   that  the2

Bare and Degraded soil class has the potential to recover,
as revealed by the conversion of 12.182km  to degraded2

vegetation    and    a    further    6.383km    to   vegetation.2
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Fig. 2a: 1972 LULC Classification Fig. 2b: 2006 LULC classification.

Table 2: Change detection statistics 1972 to 2006.

Initial state 1972- Area (km )2

----------------------------------------------------------------------------------------------------------------------------------------------------------
Final State 2006 V W DV S BDS Total

V 626.2 2.7 232.1 19.3 6.4 886.6
W 3.1 0.4 2.7 0.0 0.0 6.2
DV 528.8 3.8 907.9 66.3 12.2 1518.9
S 18.9 0.1 41.4 8.6 3.0 72.0
BDS 39.7 0.7 139.8 20.6 8.2 209.1
Total 1216.7 7.6 1324.0 114.8 29.8 2692.8
Class Difference -330.1 -1.4 +195.0 +42.8 +179.3 0.0

Intact vegetation (V), degraded vegetation (DV), settlements (S), bare and degraded soil (BDS) and water (W)

Table 3: Landscape metrics change at the patch class level and riparian-hillslope zone

Class NUMP ED CA MPS MSI IJI MPI MNN

1972
Vegetaion 322.00 3.38 2381.02 73.95 1.67 49.44 886.31 162.43
Water 40.00 0.16 471.41 11.81 1.53 75.54 1.64 1975.34
Degraded Vegetation 201.00 3.72 28741.05 142.99 1.78 58.97 6473.30 192.72
Bare and Degraded Soil 186.00 0.71 2758.68 14.83 1.41 68.36 18.60 507.19
Settlement 51.00 0.16 512.46 10.05 1.34 71.74 8.58 1357.10
2006
Vegetaion 513.00 4.33 16919.10 31.86 1.77 44.72 3087.09 126.61
Water 11.00 0.06 388.35 35.30 1.60 26.91 0.94 9159.48
Degraded Vegetation 377.00 5.79 30336.12 80.47 2.01 59.52 4831.27 83.70
Bare and Degraded Soil 403.00 2.05 7339.77 18.21 1.64 49.98 361.51 198.05
Settlement 176.00 0.60 1326.87 7.54 1.66 66.09 24.97 500.56

NUMP = Number of Patches; ED = Edge Density; CA = Class Area; MPS = Mean Patch Size; MSI = Mean Shape Index; IJI = Interspersion and
Juxtaposition Index; MPI = Mean Proximity Index; MNN = Mean Nearest-Neighbour
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Fig. 3: Land use and cover trends 1972 to 2006

Fig. 4a and 4b 1972 and 2006 riparian zone condition.

The overall trends, however, reveal increasing was more fragmented in 2006, when compared with 1972.
degradation, as manifested by increases in the degraded This is revealed by the increase in the NUMP and ED of
vegetation, as well as bare and degraded soil. vegetation in the riparian and adjacent hillslope zone. The

While the overall results indicate a decline in intact NUMP increased from 322 to 513, while the ED increased
vegetation cover, an increase in degraded vegetation, as from 3.38 m/ha to 4.33 m/ha. The MPS decreased from
well as bare eroded soil from 1972 and 2006, the temporal 73.95ha in 1972 to 31.86ha in 2006, signifying a decrease
changes observed in the intermediate years suggest that in vegetation patch size. The MSI increased from 1.67ha
vegetation in the Keiskamma catchment undergoes to 1.77ha between 1972 and 2006.
cyclical transitions of decline and recovery. Unlike the intact vegetation class, the degraded

Fragmentation Analyses of the Riparian and Proximal clumped. This is portrayed by the increase in the IJI,
Hillslopes: The results of the riparian and proximal which changed from 58.97% in 1972 to 59.52% in 2006.
hillslope analysis are presented in Table 3. The land cover Although the NUMP and ED increased for degraded
status for the riparian and proximal hillslopes in 1972 and vegetation, the class area increased from 28 741.05ha to 30
2006 are shown in Figures 4a and 4b. The class landscape 336.12ha, indicating an increase in degraded vegetation
metrics indicate that the riparian and hillslope vegetation within the riparian and adjacent hillslope zones.

vegetation class became more interconnected and
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Fig. 5: Degraded hillslope vegetation adjacent to intact riparian vegetation

The MNN for degraded vegetation patches establishment of inferior vegetation species [15]. In the
decreased from 192.72m to 83.70m, signifying that present study, the presence of xeric plants and other
degraded  vegetation  patches   were   beginning to invasive plant species within the adjacent hillslopes could
merge. The bare and degraded soil class also shows be linked to post-impoundment hydrological changes.
significant  increases  in the  class  area  from  2 758.68ha This condition is undoubtedly exacerbated by
in 1972 to 7 339.77ha in 2006. The MPI and MNN also anthropogenically induced degradation of the riparian and
show  that  bare  and  degraded  soil  patches  have hillslope zones. A reduction in the plant water
become more interconnected. The results indicate requirements could stress native vegetation and lead to
increasing land degradation in the riparian and hillslope the successive die-back of older plants, while inhibiting
zones. Processes, such as soil erosion are evident on river the regeneration of younger pioneer species [15].
banks and hillslope proximal zones of the Keiskamma The geomorphological impacts of impoundments on
River. the Keiskamma River were studied by Rowntree and

Field observations revealed a remarkable contrast Dollar [40] and McGregor [41]. Rowntree and Dollar [38]
between vegetation cover within riparian zones and the estimated that the Sandile Dam has a sediment trap
hillslopes. The latter comprise degraded vegetation efficiency of 100%. The 30% reduction in flood levels
dominated by mainly xeric plants, as opposed to the noted by Rowntree and Dollar [40] - due to the
former, which still has relatively dense vegetation, despite impoundments - reduces the rates of river meandering and
sections of eroding river banks. This scenario is vividly channel realignment, resulting in the narrowing of the
shown in Figure 5, where patches of Cynodon dactylon riparian zone and a reduction in the patchiness and
and Acacia karroo were dominant outside the areas of diversity of vegetation adjacent to the river channel [42].
riparian vegetation. It could be inferred that the reduction Auble et al. [43] point out that geomorphological
in intact native vegetation is a result of the loss of changes imposed by flow regulation may cause plant
saturation in the riparian and the proximal hillslopes, species to disappear. In the same vein, in the Keiskamma
induced by up-stream impoundments. Décamps et al. [39] catchment, impoundments largely explain the replacement
point out that changes in the hydrological regime, such as of indigenous species by invader plants within the
a reduction or elimination of the perturbing effects of riparian and proximal zones. The encroachment of
floods and lowered groundwater levels introduce a new degraded species, such as blue bush (Pteronia incana)
succession of riparian vegetation. and renosterbos (Elytropappus rhinocerotis) in the

Nilsson and Berggren [15] also observed that riparian Keiskamma river valley is a further manifestation of the
zones are generally vulnerable to invasion by exotic loss of saturation in the riparian zones and adjacent
species, because rivers are dynamic and have recurrent hillslopes. Well-timed water releases from the Sandile and
disturbances, which are more pronounced in regulated Binfield Park Dam are recommended, in order to maintain
rivers. The reduction in flow and the changes in the the vegetation in the riparian zone and on the proximal
pattern of flooding also provide ideal conditions for the slopes.
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(a) (b)
Fig. 6: a and b Vegetation condition in central Keiskamma area in 1972 and 2006.

(a) (b)
Fig. 7: a and b Contrasting degraded and healthy vegetation in communal villages in 2006

Contrasting Vegetation Condition in the Central Landscape Function Analysis: A comparison between the
Keiskamma Catchment: The classified images for the degraded and transformed communal rangelands indicates
communal  villages  of   the   central  Keiskamma that there is a significant difference between them; the
catchment  for  1972  and  2006  are  shown  in  Figures 6a average landscape organisation index for the former is
and  6b,  respectively.   A   dramatic   increase in 0.268, while the latter is 0.509. The summary of ANOVA
degraded vegetation is clearly discernible. Field statistics provided in Table 5 reveals differences between
observations in the communal areas confirmed degraded and transformed communal rangelands, as
contrasting rangeland conditions in the different shown by a P-value (5.560 x 10 ) which is less than the
communal villages. These contrasts are particularly significance level of 0.01 and an F value of 35.327, which
evident between villages managed by different traditional is greater than the critical value of 7.945. Landscape
institutions that are separated by road and fence function analyses indicate very low vegetation
boundaries. Figures 7a and 7b show communal villages in connectivity  in  highly  degraded  communal  areas.
the central part of the catchment with contrasting highly These are identified as having weak local traditional
degraded and healthy vegetation condition. Many institutions. In contrast, vegetation condition in
hillslopes bordering the riparian zone in communal communal villages with strong local governance
settlements are characterised by gully erosion and invader institutions is healthier, as shown by their much higher
vegetation types indicative of degradation, such as mean landscape organisation indices.
Acacia Karroo and Pteronia incana patchy shrubs of Bennett and Barrett [44] investigated the grazing
karroid origin. management  system  in the communal areas in the former

6
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Table 4: ANOVA summary

Group Count Sum Average Variance

Degraded Communal 12 3.221 0.268 0.008

Transformed Communal 12 6.11 0.509 0.011

Table 5: ANOVA: Degraded and transformed communal lands

Source of variation SS df MS F P-value F crit

Between Groups 0.348 1 0.348 35.327 5.56E-06 7.945

Within Groups 0.216 22 0.010

Total 0.564 23

Ciskei homelands. They identified that the differences in vegetation fragmentation. The differences in vegetation
the management systems are dependent on the degree of condition observed in the communal villages are a
control the communities exert on communal grazing reflection of the interaction between social, land tenure,
resources. Moyo et al. [45] also concluded that rangeland ecological heterogeneity and institutional factors that
conditions and grazing strategies in the communal areas characterize the catchment.
are a product of the interaction between social, land Vegetation condition is influenced by the strength or
tenure, ecological and institutional factors. weakness of local institutions responsible for co-

Grazing resources are influenced by the social and ordinating grazing and land management in communal
ecological heterogeneity that characterises the catchment areas. Degraded vegetation is more prevalent in villages
[44]. Ainslie [46] attributed the vegetation condition in the with weak governing institutions, while strong traditional
communal grazing areas to high stocking density and institutional practices, which regulate grazing activities
ineffective rangeland management practices. The and enforce community rules still maintain reasonably
dominance of the open-access grazing system is a healthy vegetation condition.
reflection of a weakening obligation to manage communal The overall results indicate that the environmental
resources properly [47]. Differences in the strength of health status of the Keiskamma catchment is endangered
local institutions, such as Residence Associations (RA) by increasing degradation trends. A systematic re-
and traditional authorities responsible for co-ordinating allocation of state land in sections of the Keiskamma
grazing and land management in communal villages catchment is, consequently, recommended. This would
account for the variations observed in vegetation ease the current pressure on land and enhance its
condition. judicious use. Properly regulated water releases from the

CONCLUSION order to maintain the vegetation in the riparian zone and

The  study has confirmed that image objects in
object-oriented post-classification are suitable as ACKNOWLEDGEMENTS
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