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Abstract 

The Spreading of alien vegetation is a major concern in South Africa. Studies by Rowntree 

(1991), King et al. (2003) and Kotzé et al. (2010) have shown that Acacia species are of 

particular concern in the Western Cape region. Rowntree (1991), King et al. (2003) and 

Kotzé et al. (2010) reported that these species extract immense amounts of water and 

therefore pose a threat to both water supply and indigenous vegetation. As a result clearing 

projects such as those initiated by Working for Water organization and the Pietersielieskloof 

coop have been established. Knighton (1984) stated that the removal of woody vegetation has 

adverse effects on channel morphology. This study was therefore aimed at determining the 

spatial distribution of woody alien vegetation throughout the Nuwejaars Catchment and 

determining the canopy cover percentages of the Pietersielieskloof sub-catchment. 

Additionally, it aimed to establish how the removal of woody alien vegetation affects channel 

morphology. These effects were determined by mapping the distribution of alien vegetation 

throughout the catchment for 2003, 2005 and 2014, conducting cross-sections and evaluating 

changes in width-depth ratios within the Pietersielieskloof sub-catchment. It was established 

that the distribution of woody alien vegetation within the riparian zones of the Nuwejaars 

Catchment was decreasing as a result of clearing. Furthermore, it was determined that areas 

invaded by woody alien vegetation had lower width-depth ratios than that of areas without. 

Thereby concluding that the removal of woody alien vegetation may result in adverse effects 

on channel morphology where no post-clearing rehabilitation or monitoring programmes 

have been put into place. 
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1. Introduction 

1.1. Background and Rationale  

 

The Spreading of alien vegetation has been a major concern in South Africa over the 

past 100 years. Studies by Rowntree (1991), King et al. (2003), Holmes et al., (2005) 

and Kotzé et al. (2010) have shown that alien species such as Acacia mearnsii (Black 

Wattle), A. longifolia (Long-leaved Wattle), A. saligna (Port Jackson), A. cyclops 

(Rooikrans), Nicotiana glauca (Tree Tobacco), Datura species (Devil’s Snare) and 

Agromone subfusiformis (Mexican Poppy) have been of particular concern in the 

Western Cape region. The Western Cape is well known for the Fynbos Biome which 

is endemic to this region. Fynbos thrives in this region and in many cases has been 

out competed by the Acacia species among others. Many studies have shown that the 

various Acacia species have a high water intake and were deeply rooted and 

therefore abstract immense volumes of water (Rowntree, 1991; Le Maitre & 

Versefeld, 2000; Kotzé et al., 2010). As a result the water table may be lowered and 

in the process reduce the amount of water available for shallow rooted indigenous 

herbaceous vegetation (such as Fynbos) and indigenous woody vegetation which line 

the riparian zones and floodplains of rivers.   

 

Vegetation plays an important role in river bank stabilization, which in turn aids in 

the channel’s ability to withstand changes in channel morphology resulting from 

erosion. Wynn & Mostaghimi (2006) stated that erosion occurring on river banks can 

be classified into three types namely; subaerial processes, fluvial erosion and bank 

failure. This report however focused on fluvial erosion, in which erosion is defined 

as the removal of soil particles from the channel bed or bank as a result of stream 

flow.  

 

As aforementioned, vegetation aids in river bank stabilization. The extent of which 

varies with regard to the characteristics of the vegetation (specifically the rooting 

systems) which differ in floating aquatics, rooted aquatics, herbaceous vegetation 

and woody vegetation. Research by Rowntree (1991), Wynn & Mostaghimi (2006), 

Holmes et al. (2008) and Gholami & Khaleghi (2013) showed that herbaceous 

vegetation and grasses have shallow but dense rooting systems which provide a good 
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surface cover and therefore was most effective at protecting against surface scour. 

On the other hand, woody trees were associated with a lower surface cover but 

deeper rooting systems which allowed for a more efficient stabilization and cohesion 

of bank material. However, trees provide a lower surface cover which increases the 

soil susceptibility to surface scour and their sheer mass aids in slumping and bank 

failure.  

 

A study by Wynn & Mostaghimi (2006) aimed at evaluating the effects of root 

density on the erodibility and critical shear stress of stream-banks stated that, 

erodibility, shear stress, bank slope and relief are some of the key factors to be 

considered when trying to understand the influence of fluvial erosion. The study by 

Wynn & Mostaghimi (2006) involved submerged jet testing required to quantify the 

erodibility coefficient and critical shear stress required to determine the erosion rates 

within various areas along a river in Virginia USA. It was established that riparian 

forests provided greater protection to bank erosion than did herbaceous vegetation as 

a result of distribution and greater quantity of large root diameters. Moreover, 

Zaimes et al. (2006), Holmes et al. (2008) and Gholami & Khaleghi (2013) 

determined that vegetation increases the critical shear stress of the bank and reduces 

channel flow thus reducing the effects of erosion. However, very little quantitative 

information exists on the influence of vegetation on bank shear stress.  

 

Bartley (2006) assessed erosion and deposition under relatively natural conditions in 

the Daintree River Catchment in Australia. Zaimes et al. (2006) conducted similar 

studies on riparian vegetation on Bear Creek in central Iowa America. By means of 

erosion pins, surveys of bench marked cross-sections and analysis of aerial 

photographs at sites with and without riparian vegetation, an evaluation was 

conducted to determine whether vegetation played a role in bank erosion. It was 

established that the mean rate of river bank erosion was significantly lower in areas 

with riparian vegetation when compared to areas without vegetation. However, 

Bartley (2006) and Zaimes et al. (2006) did not investigate the causes of bank 

erosion. Moreover, studies by Michelie & Kirchner (2002), King et al (2003) and 

Reinecke (2013) used methods in which cross-sectional data were used to establish 

on which riverine geomorphological units vegetation occurred, what type of 

vegetation was found (herbaceous, grass or woody) be it alien or native and the 



 
3 

possible affect it had on erosion. However, these studies did not differentiate 

between alien or native plant species. Kotzé et al. (2010) recommended that at a 

local and international level accurate representation of the abundance and 

distribution of alien vegetation is required for decision making. Furthermore, few 

studies have been conducted on the distribution of woody alien and native vegetation 

from the riparian zone to the channel bed and how this differs from the mountainous 

region to the lower land areas.  

 

Improved knowledge is required of the effects woody alien vegetation has on 

channel morphology (Holmes et al., 2005). Particularly evident in the Western Cape 

where the effects of alien Acacia species have led to several clearing projects and 

programmes which may have adverse effects on channel form. It is therefore 

imperative to determine the effect of Acacia species on bank stabilization and 

consequently improve knowledge of the effects clearing of these species have on 

channel morphology.  

 

1.2. Problem Statement 

 

There is a lack of adequate knowledge with regards to the effects of woody alien 

riparian vegetation on channel morphology in the Western Cape. Herdien et al. 

(2005) and Kotzé et al. (2010) reported that alien vegetation has seriously modified 

the riparian zone of rivers in the Western Cape region. A. saligna is of particular 

concern along the Nuwejaars River for native sedges such as; Phyllodesmium 

serratum (Wilde Palmit), Cyperus spp., (various species of sedge) and Calopsis spp. 

(Besemgoed) as it encroached the area which these plants inhabit. Riparian zones are 

considered one of the most essential ecosystems and it is therefore imperative that the 

knowledge bases about the processes affecting riparian zones are well studied. 

Furthermore, as this area is mostly populated by farms, the adverse effects of erosion 

following clearing projects may lead to the rivers migrating onto farm land thus 

affecting the farms productivity. It is therefore imperative to understand how the 

removal of these alien species affects channel form so as to encourage post-clearing 

rehabilitation programmes. 
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1.3. Research Question and Thesis Statement 

 

Does the removal of alien riparian vegetation affect channel morphology, specifically 

looking at fluvial erosion on the Pietersielieskloof River?  

 

It was hypothesized that the removal of woody alien vegetation may result in 

widening of the channel where no post rehabilitation or replanting of native 

vegetation occurred following the clearing process. 

 

1.4. Aims and Objectives 

 

This study is aimed at improving the understanding of the effects of woody alien 

riparian vegetation on channel morphology. The objectives therefore are firstly, to 

determine the spatial distribution and density of woody alien vegetation from the 

riparian zones to the channel bank, along the Pietersielieskloof River. Additionally, 

to determine the spatial distribution of woody alien and native vegetation along the 

rivers of the Nuwejaars Catchment, from the upper reaches to the lower land areas. 

Lastly it is aimed at examining the possible effects of the removal of woody alien 

vegetation on channel morphology. 

 

1.5. Thesis Outline 

This report is divided into six sections as follows: Section 1 provides a general 

introduction to the study and topic being addressed. Section 2 provides a review of the 

key literature on the factors being observed and the methods used to analyse these 

factors on a global and local scale. Section 3 provides a detailed description of the 

procedures followed for mapping the distribution of woody alien vegetation and 

evaluating the effects of woody alien vegetation on channel morphology. Section 4 

provides the outcomes of these procedures, while Section 5 provides the implications 

thereof. Finally Section 6 provides the concluding statements and recommendations 

for future studies.  
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2. Literature Review  

 

2.1. Introduction 

Channels are shaped by two processes, namely erosion and deposition. These 

processes determine the immediate morphology of the river as they occur in tandem. 

However, this report will focus solely on erosion, more specifically fluvial erosion as 

defined by Wynn & Mostaghimi (2006). This section reviews the literature on the 

effect of woody vegetation within the riparian zone on channel morphology. 

Furthermore, it addresses the methods used to understand the distribution of woody 

alien vegetation along the riverine riparian zones, the effects it has on the channels 

morphology and how these effects are measured. 

2.2. Assessing changes in Channel Morphology 

 

A river channel is an ever-changing form controlled by two processes namely 

erosion and deposition. A mutualistic relationship between these processes accounts 

for the formation of an incised channel as we know it. These two processes act in 

tandem as a never-ending cycle, where erosion occurs in one part of the channel, 

deposition occurs in another. Fluvial erosion specifically, is controlled by factors 

such as soil erodibility, relief, bank slope, runoff, land use and management and the 

presence of vegetation (Stroosnijder, 1992). This section is aimed at addressing how 

vegetation affects these factors by examining the relevant literature and the 

commonly used methods for evaluating changes in channel morphology. 

 

Factors affecting Fluvial Erosion 

 

Soil erodibility 

 

Soil erodibility refers to the degree to which soil material can be detached and 

transported by the influence of a force. Soil erodibility is controlled by particle size, 

aggregate stability, critical shear stress, soil moisture and soil fertility (Knighton, 

1984; Morisawa, 1985; Piegay et al., 1997; Bartley et al., 2006; Zaimes et al., 2006; 

Tal & Paola, 2010; Sang et al., 2015). For example, a fine sandy soil with a particle 

size of 0.064 mm would be more vulnerable to erosion than a coarser sand of 2 mm. 
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Additionally, the particle size is related to the stability of the soil; the more stable the 

soil the less vulnerable it is to erosion. Furthermore, the higher the critical shear 

stress of the soil the less vulnerable it is to erosion. Rowntree (1991), Wynn & 

Mostaghimi (2006) and Gholami & Mohamad (2013) reported that the presence of 

vegetation increases the critical shear stress of the soil. Woody vegetation has a 

deeper rooting system and therefore increases the critical shear stress of the soil more 

than that of herbaceous vegetation. Finally, soil moisture and fertility also affect the 

soils erodibility as soils with higher soil moisture erode easier. Soil moisture and 

fertility determine the types of vegetation which populate the area and therefore 

indirectly affect soil erodibility. 

 

Relief 

 

The degree of inclination is considered the most important factor when referring to 

relief. Since the degree of inclination can be highly variable over the longitudinal 

profile of a river and the slope form can change from concave to convex, it plays a 

major role in changes in channel form (Knighton, 1984; Morisawa, 1985; 

Stroosnijder, 1992). Furthermore, the change in slope would either increase or 

decrease flow and therefore either result in erosion or deposition. 

 

Bank Slope  

 

Knighton (1984), Morisawa (1985) and Thorne (1991) stated that the height and 

angle of channel banks are important factors to consider when assessing bank 

erosion, as bank slope is directly linked to the cohesiveness of the bank. Knighton 

(1984) and Morisawa (1985) reported that more cohesive banks result in streams that 

slowly increase width and depth resulting in a more box-like cross-section. Finally, 

by comparing cohesive near-vertical banks to non-vertical banks Knighton (1984) 

and Thorne (1991) established that non-vertical banks are less vulnerable to erosion 

than that of near-vertical banks. Near-vertical banks are more susceptible to 

undercutting and mass failure, while non-vertical banks add more resistance to flow 

and are more vulnerable to reverse slumping. Furthermore Knighton (1984) and 

Thorne (1991) reported that soil moisture increased the banks susceptibility to 

slumping.  
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Runoff 

 

Knighton (1984), Morisawa (1985) and Stroosnijder (1992) stated that runoff is 

related to the discharge, velocity and transport capacity of the river flow. The 

streams velocity and transport capacity are determined by the characteristics of relief, 

soil properties and the source of water. Furthermore, runoff which is added to the 

stream further affects the erosion of the channel as increased flow increases the 

kinetic energy of the force required for erosion. 

 

Vegetation 

 

Vegetation is one of the key links between bank erosion, soil erodibility and runoff. 

It has the ability to slow overland flow or runoff, increase the critical shear stress of 

the soil by binding soil particles, stabilize banks and reduce surface scour. As 

established by Rowntree (1991), Wynn & Mostaghimi (2006) and Gholami & 

Khaleghi (2013) riparian vegetation is imperative in bank stabilization and 

controlling the migration of rivers. Finally, Schumm (1994) stated that vegetation 

accounts for the natural migration of the river and establishes itself according to the 

natural migration cycle of the stream, if undisturbed by exterior factors. In essence 

what may be interpreted as a negative effect of erosion may in fact be the natural 

migration cycle of the stream.  

 

Determining the effect of Riparian Vegetation on Channel Morphology 

 

In order to determine the effect of vegetation on channel form, one would need to 

ensure that as many factors as possible are kept constant (Schumm, 1994 ; Wynn & 

Mostaghimi, 2006). With regard to this study the effect of woody alien vegetation on 

channel morphology is being addressed. Therefore, an area invaded by woody alien 

vegetation needs to be compared to an area cleared of woody alien vegetation or 

populated by native vegetation. Finally, Knighton (1984) and Morisawa (1985) 

stated that the aforementioned factors; soil erodibility, relief, bank slope, runoff or 

discharge need to be kept constant or relatively similar as these factors all play a role 

in bank erosion. This section looks at the two of the factors used to determine the 

effect of riparian vegetation of channel morphology. 
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Estimation of Critical Shear Stress 

 

Critical shear stress is one of the commonly measured factors used when trying to 

determine the effect of vegetation on bank stabilization or protection against fluvial 

erosion. Wynn & Mostaghimi (2006), Gholami & Khaleghi (2013) and  Sang et al. 

(2015) analysed the effects of woody and herbaceous vegetation on channel 

morphology by determining the critical shear stress of the soil. Wynn & Mostaghimi 

(2006) and Sang et al. (2015) used a submerged jet testing device, while Gholami & 

Khaleghi (2013) used the Cowan method. In both cases the critical shear stress of the 

soil was the key indicator as to how rooting systems decrease the soil erodibility. 

Wynn & Mostaghimi (2006) and Gholami & Khaleghi (2013) reported that these 

methods proved to be significant however, their studies did not consider all the 

effects of riparian vegetation on streambank erosion.  

 

Monitoring Changes in Channel Form 

 

Bartley et al. (2006) and Zaimes et al. (2006) assessed the effects of riparian 

vegetation on bank erosion by means of erosion pins, surveys of bench marked cross-

sections and analysis of aerial photographs. An evaluation was conducted to 

determine whether vegetation played a role in bank erosion. It was established that 

the mean rate of river bank erosion was significantly lower in areas with riparian 

vegetation when compared to areas without vegetation. Moreover, Micheli & 

Kirchner (2002), King et al. (2003) and Reinecke et al. (2013) used cross-sectional 

data to establish on which riverine geomorphological units vegetation occurred, what 

type of vegetation was found and the possible affect it had on erosion. The changes 

in channel morphology were then estimated based on visible changes in the cross-

section by analysing changes in width to depth ratios. However, these studies did not 

distinguish between alien and native vegetation but merely between woody and 

herbaceous vegetation. Furthermore, the methods used by Micheli & Kirchner 

(2002), King et al. (2003) and Reinecke et al. (2013) can be applied to this study as 

the alien species being studied are woody vegetation, while the native vegetation 

types consist of woody shrubs, reeds and herbaceous vegetation. 
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Tools Used 

 

Knighton (1984) stated that cross-sections are commonly used to analyse changes in 

channel morphology. Recent studies by Micheli & Kirchner (2002), King et al. 

(2003) and Reinecke et al. (2013) have further proven its validity. Cross-sections are 

readily produced using a theodolite. However, Higgitt & Warburton (1999) stated 

that the Differential GPS (DGPS) are more broadly used in surveying and mapping 

today. Higgitt & Warburton (1999) stated that the use of the DGPS is more efficient 

and less time consuming than conventional surveying techniques however the major 

disadvantages are tree canopy which affect signal and cost-effectiveness. 

 

Analysis of Width to Depth Ratios 

 

The width to depth (w/d) ratio is a field measurement of the bankful width (w) 

divided by the mean bankful depth (d). Therefore, the two key factors to consider 

whilst analysing w/d ratios are bed and bank erosion. In essence, an increase in w/d 

ratio would relate to bank erosion as the channel widens, while a decrease in w/d 

ratio would be related to bed erosion. Furthermore, these two factors are highly 

dependent on the characteristics of the bed and bank material, soil properties (i.e. soil 

erodibility) and the forces acting on it. In conclusion, w/d ratios are a commonly 

used unit of analysis in the field of fluvial geomorphology recommended by 

Knighton (1984), Morisawa (1985), Rowntree (1991), Schumm (1994) and Sang et 

al. (2015) as an appropriate unit of analysis in determining temporal changes in 

cross-sectional channel morphology.  

 

2.3. Mapping the Distribution of Vegetation 

 

Rowntree (1991), Cleaver & Brown (2005), Azizi et al. (2008) and Kotzé et al. 

(2010) reported that understanding the distribution and density of woody alien 

vegetation is imperative for management and planning interventions to be put in 

place. By understanding the spatial and temporal distribution of alien species, 

management interventions can be put in place to mitigate or reduce the spread of these 

trees. This section evaluates two commonly used methods in distribution mapping.  
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Remote Sensing Methods 

 

Remote sensing is a regularly used method in many mapping studies to date. Azizi et 

al. (2008) reported that satellite remote sensing has proven to be the most cost 

effective method of mapping and monitoring environmental changes, specifically in 

terms of vegetation. Particularly in the 21
st
 Century, technological improvements have 

motivated the use of digitally based methods such as the use of remote sensing. 

 

LANDSAT 7 ETM+ and Lidar imagery are commonly used satellite imagery in 

mapping the distribution of vegetation over large areas. Huang et al. (2001), Wu 

(2002), Azizi et al. (2008) and Dilts et al. (2010) made use of high resolution satellite 

imagery to map the distribution of vegetation over large areas. Using vegetation 

indices such as the Normalized Differential Vegetation Index (NDVI) in conjunction 

with a Bare Soil Index and Shadow Index, Azizi et al. (2008) were able to evaluate 

the effectiveness of remote sensing imagery to predict forest canopy cover. Huang et 

al. (2001) and Wu (2002) reported that although these methods proved effective, 

images are highly dependent on climatic conditions. Images may be affected by cloud 

cover, deciduous trees being incorrectly classified as they shed their leaves in autumn 

or a lower elevation angle of the sun could affect results during seasonal changes. 

However, Huang et al. (2001) and Dilts et al. (2010) recommended that high 

resolution images provide an accurate representation of the real world. 

 

Estimation of Forest Canopy Density 

 

Uys & Waters (2003), Azizi et al. (2008) and Kotzé et al. (2010) reported that 

monitoring forest canopy density is an imperative to consider during planning and 

implementation of rehabilitation programs that should follow clearing projects. Forest 

canopy cover or density refers to the proportion of the forest or riparian floor covered 

by a vertical projection of tree canopy (Azizi et al., 2008).  Huang et al. (2001), Wu 

(2002) and Azizi et al. (2008) used vegetation indices to determine canopy cover 

densities which proved to be highly effective. Furthermore, Huang et al. (2001) stated 

that any high resolution image that has been georeferenced can be used for 

distribution mapping, provided that tree canopy cover can reliably be separated from 

areas of non-canopy cover.  
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Field Based Surveys 

 

Huang et al. (2001) and Dilts et al. (2010) reported that although remote sensing 

methods are effective, vegetation mapping and monitoring in riparian zones mainly 

rely on field based surveys which estimate the distribution of plant communities along 

transects perpendicular to the river. However, this method is not cost effective and 

highly time consuming over large areas.  

 

Cleaver (2005) and Kotzé et al. (2010) used similar methods in which a helicopter 

was used to map the distribution of woody alien vegetation. The latter study however 

mapped the distributions of South Africa, Swaziland and Lesotho, while the study by 

Cleaver & Brown (2005) was conducted within the Heuningnes Catchment. 

Additionally, Kotzé et al. (2010) made use of a vehicle for further mapping and 

ground truthing of the distributions by driving through a few of the areas being 

mapped. The methods used in the studies by Cleaver & Brown (2005) and Kotzé et al. 

(2010) proved to be highly effective. 

 

 Importance of Field Verification 

 

Huang et al. (2001), Cleaver & Brown (2005), Azizia et al. (2008), Wu (2009) and 

Kotzé et al. (2010) emphasize the importance of ground truthing during mapping. The 

use of satellite imagery and observational based methods are subject to errors 

resulting from climatic conditions, human error or technical failure. It is therefore 

imperative that the results obtained are validated by field verification. Furthermore, 

reconnaissance is an important phase in any study, thus allowing one to become 

familiar with the area, subject, object or process being studied. As Gearon (2006) 

stated “Even in the familiar there can be surprise and wonder.” 

 

 

 

 

  



 
12 

3. Research Methodology 

 

3.1. Research Design 

 

For the purposes of this report both a desktop study and field observations were 

conducted. Firstly, by means of Google Earth imagery and orthophotos, the 

distribution of woody alien vegetation was mapped along the Nuwejaars River and its 

tributaries from the upper reaches to the outlet at Soetendalsvlei. Additionally, the 

percentage canopy cover was determined for a selected area along Pietersielieskloof 

River as recommended by Le Maitre & Versveld (1994) and Cleaver & Brown 

(2005). Secondly, a preliminary field visit was conducted for field verification and 

site selection. During these visits informal interviews were initiated with locals, 

farmers, members of the Pietersielieskloof coop and the managers of the 

Pietersielieskloof coop, Agulhas Biodiversity Initiative (ABI) and Nuwejaars River 

Nature Reserve (NRNR) for improved knowledge of the study area, site selection and 

clearing projects that may have taken place in years past. Finally, sites were selected 

at which cross-section were conducted and the distribution of vegetation was then 

mapped across the selected profiles. This section further discusses the procedures 

followed. 

 

3.2. Data Collection Methods 

 

3.2.1. Mapping the Distribution of Alien Vegetation throughout the Catchment 

 

By means of Google Earth Imagery and 1:10 000 orthophotos provided by the Chief 

Directorate of National Geo-spatial Information (NGI), the distribution of woody 

alien and non-alien vegetation along the riparian zones of the entire drainage network 

were mapped. For the years 2003 and 2014 Google Earth images were used to map 

the distribution while for 2005, 1:10 000 orthophotos were used. In this case Google 

Earth imagery was used as there were no recent orthophotos available for the area and 

the picture quality of the orthophotos prior to 2005 did not provide an adequate means 

to identify woody alien vegetation. 
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In both cases woody alien vegetation was associated with dark green clumps along the 

riparian zones of the rivers and lighter green or greyish red colours were associated 

with non-alien vegetation such as grasses, fynbos or herbaceous vegetation (Cleaver 

& Brown, 2005). White colours were assumed to be areas that had either been 

recently cleared or areas of bare soil.  

 

ArcGIS 10.2. was used to digitize and map the distribution of vegetation for each of 

the years. An accurate representation of the drainage network was provided by 

digitizing all the streams on both the left and right bank edges respectively. Secondly, 

an area within 10 metres of the streams was delineated as representative of the 

riparian zones (Rowntree, 1991). The distributions were copied onto a 1: 50 000 

topographic map for use during informal interviews during the preliminary visit. 

 

3.2.2. Field Observations 

 

a) Preliminary Visit and Field Verification 

 

A preliminary visit to the Heuningnes Catchment was conducted, during which 

pictures were taken for field verification of the maps produced. The potential study 

sites were selected based on the following characteristics adapted from Rowntree 

(1991): 

 

 A reach was selected in which there were no significant inflows from other 

tributaries or as limited as possible. Thus ensuring that there was no change in 

Discharge (Q) between the two sites. Furthermore, this ensured that the bank slope 

and soil properties of the sites were similar if not identical. 

 Along this reach a clear distinction between areas with and without alien riparian 

vegetation was determined, in which banks were predominantly colonized by 

either alien or native riparian vegetation but not both.  

 Whether the area had been recently cleared or was still under a natural state was 

taken into consideration based on informal interviews with managers of the 

Pietersielieskloof coop and the ABI, farmers and members of the surrounding 

communities. 
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Field verification was conducted by driving through the catchment and taking pictures 

at various locations from the mouth of the Heuningnes River to the upper most 

tributaries of the catchment (Cleaver & Brown, 2005; Kotzé et al., 2010). Figure 2 

shows the locations at which these pictures were taken. Furthermore, during informal 

discussions, a topographic map of the area was used in order for farmers, managers 

and members of the community to verify areas identified that have recently or in the 

past been cleared. In most if not all cases the persons approached were involved with 

a clearing project or as part of the Pietersielieskloof Co-op, Working for Water 

(WFW) and or managers of farms or governmental organizations (i.e. ABI and 

NRNR). 

b) Study Area and Site Selection 

 

Background 

 

In the Western Cape the Nuwejaars River is located in the Agulhas Plain 

approximately 150 km east of Cape Town. It originates north east of Elim and flows 

down to Soetendalsvlei east of the Agulhas National Park (Figures 1 and 2). The 

Heuningnes Catchment has little known information about hydrology and fluvial 

geomorphology. 

 

The coastal mountains are Cape Fold Belt sandstone, capped in sections by limestone. 

Inland of these mountains are the undulating plains, largely comprising Bokkeveld 

shale, which together with Cape Fold Belt sandstone form part of the Cape 

Supergroup (Bickerton, 1984; Kraaij et al., 2009) . The area is largely underlain by 

Palaeozoic sediments of the Cape Supergroup and Sandstones, and the low mountains 

and coastal ridges comprise quartzite of the Table Mountain Group (Figure 1). Soils 

derived from these rocks are highly acidic and therefore tend to be infertile in most 

cases. 

 

Kraaij et al. (2008) stated that the region has a Mediterranean climate comprising hot 

dry summers and cold wet winters.  It was also noted that 60 % – 75 % of 

precipitation in this area falls in winter, with annual rainfall ranging from 445 

mm/year in the east to 540 mm/year in the west. 
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Figure 1: Showing the Parent Rock Material of the Nuwejaars Catchment, Site locations and 

the area within the Western Cape in which the Catchment is located. The geology is underlain 

by a Hillshade layer and the drainage network digitized from 1:10 000 orthophotos.  

 

Site Selection 

 

The study area selected was located along the tributaries of Pietersielieskloof sub-

catchment north east of Elim. This area was known to be densely invaded with 

A.saligna specifically along the floodplains of the river. The Pietersielieskloof co-op 

is an organization of farmers within the area which together with governmental 

organizations are clearing invasive vegetation in the area. Together with members of 

the Pietersielieskloof co-op sites were selected based on permissions granted by 

private land owners.  

 

Four sites were selected on three of the farms within this area. Site 1 was located 345 

metres upstream from Kersgat at which two cross-sections were conducted and are 
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further referred to as Site 1.1 and Site 1.2. Site 1.1 was approximately 100 m 

upstream of Site 1.2. Site 2 was on the same reach of the stream and together with 

Site 1 suited all the aforementioned criteria as it was selected on the same reach, there 

was a clear distinction between alien and non-alien vegetation and the area had 

recently been cleared. Whereby, Site 1 was clear of alien vegetation, while Site 2 was 

completely invaded.  

 

Site 3 was selected 2 832 metres upstream of Site 1 and 2. This area was completely 

invaded along the floodplain and was a known clearing site of the Pietersielieskloof 

co-op. The land owner was currently involved in a clearing project therefore making 

this an ideal area for the study. Site 3 was located 1 486 metres upstream of Site 4, 

where Site 4 was a confluence of two tributaries, one of which Site 3 was located on. 

Sites 3 and 4 were selected as access to the farms on which they were located was not 

granted and the tree density was too high for access. 

 

 
Figure 2: Showing the selected study area and sites at which cross-sections were 

conducted, the drainage network of the Nuwejaars Catchment, Pietersielieskloof Sub-

catchment and the locations at which ground-truthing images were taken. 
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c) Cross-sections and Basic Mapping of Geomorphic Units and Vegetation 

 

Both a Differential GPS (DGPS) and theodolite with a graduated staff were used to 

produce cross-sections of the river. The first cross-sections were conducted on the 7–

11 September 2015 using the theodolite, while the DGPS was used during the 7-11 

October 2015. The theodolite or DGPS was setup 20 metres from the bank edge so as 

to include part of the floodplain as well as the riparian zone (10m from the bank edge) 

as recommended by Rowntree (1991). However, areas that were heavily invaded 

posed a challenge, in such cases it was only possible to get approximately 6-10m into 

the floodplain. 

 

A metal rod was hammered into the ground and using a Garmin, GPS coordinates 

were taken as a reference point for future measurements to be taken. A 100 m long 

rope on which 1m intervals were marked with tape was then pulled across the river. A 

second metal rod was then hammered into the ground and GPS coordinates were once 

again recorded. Each of the rods were tied and taped with a bright coloured ribbon to 

easily locate them in future. Using the levelling staff and rope as a guide, the first 

point was taken 10 m away from the theodolite at the start of the riparian zone. A 

reading was then taken at 1 m intervals, where possible. Furthermore, readings were 

taken at specific points such as the start, top and middle of a depositional form, start, 

middle and end of the channel and bank edge among others.  

 

At each of the points notes were made as to the species of Acacia that were present 

and all other vegetation was merely noted as grasses, herbaceous, woody or reeds. 

Additionally, notes were made on soil properties along the riverine geomorphological 

units whilst conducting the cross-section. Soil properties were noted based on 

observations, in which they were classified based on the presence of sand, stones, 

cobbles and or boulders or any other depositional forms.  

 

In situations where woody alien vegetation was dense, a hacker was used to cut a path 

in order to produce the cross-section. However, in some cases the vegetation density 

was extremely high and it was only possible to get within 6-10 m away from the bank 

edge.  
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3.3. Data Analysis 

 

3.3.1. Canopy Cover Estimation 

The coverage maps produced were analysed using a delineation method 

recommended by Le Maitre & Versveld (1994) and Cleaver & Brown (2005). The 

density of woody alien vegetation coverage was based on estimations of the canopy 

cover percentage of woody alien vegetation clumps (Table 1). This was done by 

calculating the area of each polygon within the study area and measuring the area 

which was covered by woody alien vegetation using the measurement tool on ArcGIS 

10.2. By dividing the canopy cover area by the area of the polygon a canopy cover 

percentage for the polygon was provided. This process was repeated for the years 

2003, 2005 and 2014 respectively and represented in Tables 2 – 4 below.  

Table 1: Showing the descriptions of the canopy cover delineation method adapted from 

Le Maitre & Versveld (1994) and Cleaver & Brown (2005).  

Density 

class 
Description 

% Absolute 

cover of 

polygon 

Lower limit of % 

absolute cover 

R 
Rare – individual plants are few and far between, spaced 10 

or more canopy diameters apart: canopy cover <1 %. 
>0 to < 4 0 

S 
Scattered – plants are spaced 0 - 10 canopy diameters apart: 

canopy cover 0 – 25 % 
5 to < 24 5 

M 
Medium - plants are spaced at 0.3 – 1 canopy diameters 

apart: canopy cover 25 – 50 % 
25 to < 49 25 

D 

Dense - Plants are spaced >0.1 canopy diameters apart 

(canopy closed): canopy cover 50%>75 %.  Note – natural 

vegetation partly to totally suppressed. 

50 to < 75 

 

 

50 

 

3.3.2. Analysis of Cross-sections 

 

The changes in channel form were analysed by comparing changes in width to depth 

ratios recommended by Knighton (1984), Morisawa (1985) and Schumm (1994). This 

was done by measuring the width of the channels bankful stage (W) and dividing it by 

the average bankful depth (D) of the channel. Changes in the width-depth ratios were 

then associated with changes in channel morphology. An increase in width-depth ratio 

would be the result of lateral movement of the channel and therefore coincided with 

bank erosion. However, where there was a decrease in the magnitude of the width-
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depth ratio, it was assumed that the banks were stable and therefore resulted in 

vertical erosion or insertion (Rowntree, 1991 and Zaimes et al., 2006). 

 

3.4. Limitations to the Study 

 

The accuracy of the maps produced is susceptible to interpretational errors as the 

angle of the sun produces shadows behind woody vegetation and it can therefore be 

misinterpreted. Furthermore, during mapping, native woody vegetation can be 

misinterpreted as invasive woody vegetation. The cross-sections were produced 

using two different devices and could therefore affect the results obtained. Tree 

canopies made it difficult to sight the staff while conducting cross-sections with the 

theodolite and while using the DGPS caused a loss of signal. As a result conducting 

the cross-sections were time consuming as the DGPS had to be recalibrated or trees 

needed to be hacked. Furthermore, the cross-sections were repeated within a month 

of each other and therefore time constraints affected the possible outcomes. The 

hacker used was not effective in cutting down mature trees with larger trunks 

therefore making it difficult to conduct cross-sections in heavily invaded areas. 

Finally, other factors affecting bank erosion such as animals grazing in the area or 

crossing the stream need to be taken into account. 
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4. Results 

 

a) Distribution Mapping 

 

The riparian zones of the Nuwejaars Catchment accounted for 14 184 km
2
. Table 2 

shows the area and percentage distribution of woody alien vegetation throughout the 

catchment measured from the maps produced for the Upper Nuwejaars Catchment 

(quaternary catchment G50B) and the Lower Nuwejaars Catchment (quaternary 

catchment G50C) for 2003, 2005 and 2014 (Figures 3 - 8).  Additionally, the total 

area of riparian zones for the Pietersielieskloof sub-catchment accounted for 2 472, 01 

km
2
. Table 3 shows the area and percentage of woody alien vegetation canopy cover 

for 2003, 2005 and 2014 determined using the methods adapted from Le Maitre & 

Versveld (1994) and Cleaver & Brown (2005). Furthermore selected ground truthing 

images are included below (Appendix 1, Figures 14 – 20). 

 

Table 2: Showing the area and percentage of invasions and clearing within the 

riparian zones of the Nuwejaars Catchment for 2003, 2005 and 2014. 

 

Year 

Area 

Invaded 

(km
2
) 

% Area 

invaded 

Area 

Uninvaded 

(km
2
) 

% Area 

Uninvaded 

Area 

Cleared 

(km
2
) 

% Area 

Cleared 

2003 8375 59.05 5617 39.60 191 1.35 

2005 8103 57.13 5701 40.19 379 2.67 

2014 8086 56.99 5780 40.74 317 2.23 

 

Table 3: Showing the percentage canopy cover estimated using the methods 

adapted from Le Maitre & Versveld (1994) and Cleaver & Brown (2005) for the 

Pietersielieskloof sub-catchment. 

Year 
Density Type Area Coverage (km

2
) % Coverage of Density Type 

R S M D R S M D 

2003 0.26 55.45 203.22 509.167 0.94 11.32 22.64 65.09 

2005 0 57.74 157.5 484.17 0 18.18 23.08 58.74 

2014 0 26.3 109.59 411.1 0 14.66 18.97 66.38 

 

For 2003, quaternary catchment G50B had very few infestations north of Jan 

Swartskraal along the Jan Swartskraal River and its tributaries (Figure 3). Many of the 

invaded riparian zones were located north west of Elim along the Koue River and 

north east of Elim along the Pietersielieskloof River. Very little clearing was 
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conducted during this time with only 191 km
2 

of the riparian zones being cleared for 

the entire catchment. Majority of the clearing occurred on the Nuwejaars River east of 

Elim and occasional clearing in the Pietersielieskloof sub-catchment.  

On the other hand, for quaternary catchment G50C majority of the infestations 

occurred along the Nuwejaars River between Wiesdrif and Elandsdrift (Figure 4). 

Additionally, the riparian zones of the tributaries west of Voëlvlei and Soetendalsvlei 

were heavily infested. However, downstream of Wiesdrif the riparian zones of the 

Nuwejaars River tended to be under a natural state, most likely attributed to the fact 

that this area was managed by SAN Parks. Finally, for quaternary catchment uG50C 

majority of the clearing sites were located north of Elandsdrift (Figure 4). 

 

 

Figure 3: Showing the distribution of woody alien vegetation and natural 

vegetation along the riparian zones of the tributaries in the Upper Nuwejaars 

Catchment for 2003. 
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Figure 4: Showing the distribution of woody alien vegetation and natural 

vegetation along the riparian zones of the tributaries in the Lower Nuwejaars 

Catchment for 2003. 

 

For 2005, the tributaries of the Jan Swartskraal River appear to be relatively similar to 

that of 2003 for quaternary catchment G50B (Figure 5). However, there are 

significantly more clearing sites in the upper reaches of this area when compared to 

2003. Additionally, the Pietersielieskloof area had since 2003 undergone many 

clearing events. Following discussions with the aforementioned managers it was 

determined that the Pietersielieskloof coop and its members were responsible for 

majority of the clearing in this area. Reducing the canopy cover of woody alien 

vegetation in the Pietersielieskloof sub-catchment from 768, 1 km
2 

to 699, 41 km
2
 

(Table 3). However members of the Pietersielieskloof coop reported that post clearing 

practices such as monitoring and rehabilitation has not been put in place. 

The distributions of woody alien vegetation in quaternary catchment G50C, on the 

other hand remained relatively consistent with that of 2003 with no significant 

clearing events taking place (Figure 6). However, the area north of Elandsdrift 

appeared to have been cleared again. It was later discovered that the land owner in 

this area ensured that woody alien vegetation did not repopulate post-clearing. 



 
23 

 

Figure 5: Showing the distribution of woody alien vegetation and natural 

vegetation along the riparian zones of the tributaries in the Upper Nuwejaars 

Catchment for 2005. 

 

Figure 6: Showing the distribution of woody alien vegetation and natural 

vegetation along the riparian zones of the tributaries in the Lower Nuwejaars 

Catchment for 2005. 
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For 2014, the riparian zones of quaternary catchment G50B in the Pietersielieskloof 

sub-catchment show an improved growth of native vegetation (Figure 7). Further 

supported by the percentage canopy cover estimations, the total canopy cover 

decreased from 699, 41 km
2 

in 2005 to 546, 99 km
2
 in 2014. Similarly, the Jan 

Swartskraal River area showed an improved growth of native vegetation. 

Furthermore, clearing in the area appeared to be an ongoing event (Appendix 1, 

Figures 19 & 20, Images 31-32 & 36-38). On the other hand, for quaternary 

catchment G50C there appeared to be no major changes from 2005 (Figure 8). 

However, the infestations west of Voëlvlei and Soetendalsvlei appeared to be 

migrating east towards the Nuwejaars River.  

The selected ground truthing images (Appendix 1, Figures 14-20) provide evidence to 

the distribution maps produced. Although, ground truthing was conducted a year after 

the Google Images were taken it still adequately represents woody vegetation which 

take several years to fully grow. It is clear from the ground truthing images that the 

maps produced are highly accurate as the locations of all the images directly correlate 

to the maps produced. 

 

 

Figure 7: Showing the distribution of woody alien vegetation and natural 

vegetation along the riparian zones of the tributaries in the Upper Nuwejaars 

Catchment for 2014. 
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Figure 8: Showing the distribution of woody alien vegetation and natural 

vegetation along the riparian zones of the tributaries in the Lower Nuwejaars 

Catchment for 2014. 

 

b) Analysis of Cross-sections 

 

Table 4: Showing the changes in width-depth ratios for Sites 1.1, 1.2, 2 and 4 

from September 2015 to October 2015. 

Site 
7 - 11 September 2015 8 - 11 October 2015 Change in  

W : D W D W/D ratio W D W/D ratio 

1.1 52 3.53 14.75 52 3.28 15.86 1.11 

1.2 27 3.17 8.52 27 2.84 9.5 0.98 

2 9 0.71 12.66 9 1.4 6.41 6.25 

3 6 3.68 1.63 / / / / 

4 33 2.72 12.15 33 6.04 5.46 6.69 
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Figure 9: Showing the cross-sections mapping the distribution of vegetation and 

soil properties of the stream at Site 1.1, where A was produced using a theodolite 

and B using a DGPS. 

 

 

Figure 10: Showing the cross-sections mapping the distribution of vegetation and 

soil properties of the stream at Site 1.2, where A was produced using a theodolite 

and B using a DGPS. 

 

The riparian zone of Site 1 was clear of woody alien vegetation. However, there were 

isolated immature coniferous trees beginning to grow (Figures 9 & 10). Furthermore, 

this area was completely cleared of woody alien vegetation prior to 2005 and had 

earlier in the year been exposed to a fire as reported by the land owner (Appendix 2, 

Figure 21, Images 2, 4 & 6). At Site 1.1 the dominant discharge bank was being 

undercut and sediment was falling into the stream while the cross-sections were being 

conducted (Appendix 2, Figure 21, Image 1). The channel in both cases had a U-

shaped profile and there was evidence of slumping and undercutting for both Sites 1.1 

and Site 1.2.  
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Figure 11: Showing the cross-sections mapping the distribution of vegetation and 

soil properties of the stream at Site 2, where A was produced using a theodolite 

and B using a DGPS. 

 

At Site 2, the banks were completely invaded by both mature and immature A.saligna 

(Appendix 2, Figure 22, Images 7 & 8). The banks however appeared to be highly 

stable with little evidence of recent change. However, the left bank had evidence of 

slumping that may have occurred in the past. The soil at Site 2 appeared to have less 

peat than that of Site 1. In comparison to Site 1 the channel was also relatively U-

shaped, however the channel bed itself was more V-shaped than Site 1. 

 

Figure 12: Showing the cross-section mapping the distribution of vegetation and 

soil properties of the stream at Site 3 using a theodolite. 

 

Site 3 was neglected from the width depth ratio analysis as a second visit in October 

was not conducted due to accessibility. However, these banks were completely 

invaded by mature A.saligna and were currently in the process of being cleared 

(Appendix 2, Figure 22, Images 9 & 10). The channel bed in this case was composed 

of a dense network of plant material, underlain by a sandy soil. 
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Figure 13: Showing the cross-sections mapping the distribution of vegetation and 

soil properties of the stream at Site 4, where A was produced using a theodolite 

and B using a DGPS. 

 

Site 4 was completely invaded on the left bank, while the right bank had been cleared 

in June of 2015 (Figure 13). Site 4 unlike the others did not have a sandy bank 

material but rather a solid rock bank composed of conglomerate (Appendix 2, Figure 

22, Images 11 & 12). Furthermore the dead plant material from the recent clearing 

provided a thick layer of humus above the conglomerate bed on the right bank. As a 

result, the bank was densely occupied by grasses, reeds and herbaceous vegetation. 

Furthermore, an island or depositional form within the channel split the stream into 

two. The stream closer to the left bank was slow flowing and the water appeared 

completely stagnant, while the stream closer to the right bank was faster flowing. 

Additionally, the stream on the right had a V-shaped profile which could be attributed 

to the conglomerate bank material and sandy bed.   
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5. Discussion 

 

Distribution Mapping 

 

The results obtained showed that the riparian zones infested by woody alien 

vegetation decreased from 59.05 % in 2003 to 56.99 % in 2014. Additionally, the 

areas that had been cleared increased from 1.35 % in 2003 to 2.67 % in 2005 and 

decreased in 2014 to 2.23 %. Since the area occupied by native vegetation increased 

from 39.60 % in 2003 to 40.74 % in 2014, it can be assumed that the clearing 

conducted by the WFW programme, Pietersielieskloof coop and ABI have thus far 

been effective.  

 

However, the canpoy cover estimates suggest contradictory results, as the scattered 

density type increased from 11.32 % in 2003 to 14.66 % in 2014 in the 

Pietersielieskloof sub-catchment. In relation to this the immature coniferous 

vegetation re-establishing at Site 1 suggest that the clearing process may prove 

ineffective if no rehabilitaion or replanting of indigenous vegetation is established 

post-clearing. Additionaly, since the estimates of dense canopy cover increased from 

58.74 % in 2005 to 66.38 % in 2014 it suggests that densely invaded riparian zones 

will indeed increase the distribution of woody alien vegetation if not regulated. These 

findings substantiate the imprortance of post-clearing monitoring and rehabilitaion 

programmes recommended by Holmes et al. (2005) and Kotzé et al. (2010).  

 

As canopy cover estimates were only conducted for the Pietersielieskloof sub-

catchment it is not representative of the entire catchment. However, it does provide an 

insight as to the effectiveness of clearing and the re-establishment of woody alien 

vegetation post-clearing where no post-clearing rehabilitaion or monitoring 

programmes have been initiated. Additionaly, Holmes et al. (2005) reported that 

Acacia species alter the chemistry of the soil and therefore limit the re-establishment 

of native vegetation. The re-establishment of alien coniferous vegetation at Site 1 may 

therefore be related to the prior clearing of Acacia species. 
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Cross-sectional Analysis 

 

It is clear from the results obtained that Sites 2 and 3 have significantly lower w/d 

ratios than that of Site 1 for October and September 2015. However this is not true for 

the latter and may be attributed to an error during data collection. Moreover, as these 

results were obtained using different devices, comparing them may provide unreliable 

deductions. The w/d ratios were therefore analysed per month. The riparian zone of 

Site 1 was populated by dense grass and isolated herbaceous vegetation while Sites 2 

and 3 was completely invaded by A.saligna. It was therefore expected that the w/d 

ratio of Site 1 be higher than that of Sites 2 and 3. Rowntree (1991) found similar 

results on the Mooi River in the north Eastern Cape. By comparing two reaches with 

distinct riparian vegetation, where the upstream reach was invaded by A.mearnsii 

while the downstream reach was populated by dense grass. Rowntree (1991) reported 

that the w/d ratio increased from 6.4 in the upstream invaded area to 13.7 in the 

downstream grass covered reach. Although time did not permit, the aforementioned 

deductions can be made on the mere shape of the channel.  

 

Furthermore, Knighton (1984) assessed the effects of forest clearance and reported 

that accelerated erosion is expected on the hillslopes of areas being cleared, attributed 

to increased runoff which increases the magnitude and recurrence of floods. In 

relation to studies by Rowntree (1991), Wynn & Mostaghimi (2006), Holmes et al. 

(2008) and Gholami & Khaleghi (2013) it was established that woody alien vegetation 

within riparian zones of rivers are more effective at increasing bank stability than that 

of herbaceous vegetation and grasses.  

 

Additionaly, Knighton (1985) reported that obstructions in the stream such as the 

bridge downstream of Site 2 should result in lateral erosion upstream of the 

obstruction by means of eddying. In support of the findings by Rowntree (1991) Site 

1 had a more U-shaped profile than that of Site 2 which had a more V-shaped stream 

bed despite the reports by Knighton (1985). In this case the bank at Site 2 has been 

stablilized by the A.saligna. It is therefore clear by comparing the banks downstream 

of the bridge near Kersgat (Appendix 1, Figure 19, Image 36) to that of the banks 

upstream of the bridge (Appendix 1, Figure 19, Image 35) that the A.saligna have 

aided in bank stablization. 
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6. Conclusion and Recommendations 

 

The majority of woody alien vegetation infestations appear to be distributed from the 

upper tributaries east and west of Elim and the Pietersielieskloof tributaries, while 

majority of the univaded riparian zones occur on the upper tributaries of Jan 

Swartskraal River. Additionaly, the Nuwejaars River is densely invaded by woody 

alien vegetation, however downstream of Wiesdrif the riparian zones are still 

occupied by natural vegetation. However, if the spreading of woody alien vegetation 

is not controlled further upstream it may result in the lower lying areas being infested 

in future.  

 

It is evident that there is a difference in channel morphology between areas invaded 

with woody alien vegetation and areas of natural vegetation. The presence of the 

woody alien vegetation, particularly A.saligna have proven to be effective in bank 

stabilization along the tributaries of the Pietersielieskloof River. Furthermore, where 

these trees have been removed as a result of clearing, adverse effects on channel 

morphology are observed. It was established that areas which have been cleared have 

higher w/d ratios while areas infested with woody alien vegetation have lower w/d 

ratios. In conclusion, the removal of woody alien vegetation therefore does indeed 

affect channel morphology. However, these changes cannot be attributed to the 

removal of alien vegetation only, as the natural migration of the stream, land use 

characteristics (i.e. grazing, tilling and cultivation) and land management need to be 

considered.  

 

It is recommended that areas being cleared are monitored over a longer period of 

time, to determine whether the removal of woody alien vegetation does indeed affect 

channel morphology. Additionally, by selecting more reaches across the catchment 

from the upper reaches to lower land areas, a more accurate representation of the 

extent to which the removal of woody alien vegetation affects channel morphology 

will be provided. In conclusion, the need for post-clearing rehabilitaion and 

monitoring programmes are substantiated by the re-establishment of woody alien 

vegetation observed in the Pietersielieskloof area.  
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8. Appendix 1 
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Figure 14: Ground Truthing Images 1-3 show native vegetation in the Soetendalsvlei 

area, while Image 4 Shows isolated woody alien vegetation in the same area. Image 5 

shows part of the Heuningnes River facing upstream with aquatic reeds in the stream 

and isolated woody alien vegetation along the banks, while Image 6 shows the area 

downstream of Image 5. 
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Figure 15: Ground Truthing Images 7 and 8 show vegetation within the Soetendalsvlei 

area with grasses, reeds and isolated colonies of woody alien vegetation. While Images 9 

– 12 show mature Acacia between reeds and native herbaceous vegetation, native woody 

vegetation and Fynbos on the banks of the Heuningnes River. 
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Figure 16: Ground Truthing Images 13 and 14 show close-ups of the Fynbos and reeds 

growing in the same area as images 9 – 12. Images 15 – 18 were taken from the bridge 

crossing the Heuningnes River on the road to Struisbaai. Dense reeds and grasses 

occupy the terrace formed in the channel while isolated colonies of woody alien 

vegetation occupy the banks of the river. 
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Figure 17: Ground Truthing Image 19 shows the left bank of the area in Images 15 – 18 

downstream of the bridge. Images 20 – 23 show the banks of the Nuwejaars River 

upstream of Soetendalsvlei. The banks in this area are occupied by dense reeds and 

Fynbos. Image 22 illustrated the shallow rooting system of the reeds and its 

susceptibility to undercutting. Image 24 shows dense grasses and herbaceous vegetation 

on the banks of the Nuwejaars River further upstream at Wiesdrif. 
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Figure 18: Ground Truthing Images 25 – 28 show the banks of the Nuwejaars River 

occupied by dense grasses and reeds. Image 25 shows adverse effects of erosion and 

undercutting down stream of Image 24 at Wiesdrif, while Images 26 – 28 are upstream 

of Image 25. Images 29 and 30 are taken from a bridge crossing the Nuwejaars River at 

Elandsdrift. The latter shows the area downstream of the bridge with the left bank 

densely occupied by grass, while the right bank is occupied by reeds. The banks 

upstream are occupied by isolated woody alien vegetation and reeds. 
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Figure 19: Ground Truthing Images 31 and 32 taken on a bridge crossing the 

Nuwejaars River at the Hasvlakte farm. Image 31 shows isolated A.saligna and evidence 

of clearing upstream of the bridge, while downstream Image 32 depicts dense growth of 

A.saligna.  Image 33 shows dense A.saligna on the banks of the Nuwejaars River 

upstream of the bridge, while Image 34 shows the area downstream of the bridge. 

Images 35 and 36 are taken on a bridge downstream of Site 2. Image 35 shows the dense 

invasion of A.saligna on the banks of the river upstream of the bridge, while the latter 

shows the area downstream of the bridge currently being cleared. 
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Figure 20: Ground Truthing Image 37 is taken downstream of Site 4 showing the right 

bank invaded by dense A.saligna and the left bank in the process of being cleared. 

Image 38 is taken downstream of Image 36 showing workers in the process of clearing. 

Image 39 and 40 are taken on tributaries located downstream of Jan Swartskraal and 

showing the banks densely invaded by Acacia. Images 41 and 42 are taken on 

tributaries of the Kouerivier and show the stream barely visible through the dense 

A.saligna infestations.  
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1 2 

 

 

 

 

 

 

2 4 

 

 

 

 

 

 

 

 5      6 

 

 

 

 

 

Figure 21: Image 1, depicts the right bank in the process of being undercut at Site 1.1. 

Images 2 & 6 depict the immature coniferous vegetation re-establishing on the left and 

right banks at Sites 1.1 & 1.2. Image 3, depicts the sandy peat left bank of the stream 

and the slumped area on the right bank at Site 1.1. Image 4, depicts remanence of the 

recent fire at Site 1 and Image 5 depicts the profile of the stream looking upstream at 

Site 2.1. 
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Figure 22: Images 7 & 8 depicts the dense infestations of A.saligna along the banks of 

the stream at Site 2. Image 9 depicts the right bank of the stream at Site 3 that has 

recently been cleared and left bank which is densely invaded by A.saligna, while Image 

10 depicts the density of the infestation on the left bank at Site 3. Image 11 depicts the 

conglomerate bank material on the right bank of Site 4, overlain by humus and 

herbaceous vegetation. Image 12 depicts the dense infestation of A.saligna on the left 

bank of the stream. 


