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1. Introduction  

1.1. Background 

Cape Action for People and the Environment (C.A.P.E.) is a partnership programme, hosted 
by the South African National Biodiversity Institute (SANBI) that seeks to conserve and restore 
the biodiversity of the Cape Floristic Region (CFR) and the adjacent marine environment, 
while delivering significant benefits to the people of the region.  The Baviaanskloof Mega-
Reserve Project is a partnership between the Eastern Cape Parks Board and the Wilderness 
Foundation (a conservation NPO), which seeks to expand and consolidate the existing 
protected area and create a Mega-Reserve in which the conservation of the regionôs 
biodiversity and natural resources are aligned with rural and agricultural development needs. 
The C.A.P.E programme has also invested substantially in the protection of biodiversity in the 
Mega Reserve area.  The C.A.P.E project have identified the importance of the 
implementation of the Ecological Reserve in the CFR as a priority to add to the successful 
conservation of the biodiversity in the unique CFR.  South Africa is one of the first countries in 
the world to legislate Environmental Water Requirements (EWRs).  The need for the 
determination and implementation of the Ecological Reserve was incorporated in Chapter 3 of 
the National Water Act (Act 36 of 1998). Methods to determine Resource Directed Measures 
(RDM), which include the determination of the Ecological Reserve were developed and 
formalised in 1999, and have subsequently been modified and updated.  Various EWR 
determination studies have been conducted since the early 1990s and since 1999 various 
high confidence Ecological Reserve determination studies have been conducted in many river 
systems. The enforcement and monitoring of operating rules and their compliance with 
Ecological Reserve requirements are however lagging behind.  The vision for the 
Baviaanskloof Mega-Reserve is a biologically, economically and socially sustainable 
conservation landscape incorporating private land owners, state protected areas and 
communal concerns. The goal of the mega-reserve is the effective long term conservation of 
the Baviaanskloof's remarkable biodiversity, scenery and cultural history, and the promotion 
and facilitation of a biodiversity based economy in the surrounding areas. 

1.2. Purpose of the Study  

The river ecosystems form a fundamental element in the landscape adding to the unique 
biodiversity found in the Baviaanskloof Mega-Reserve. The monitoring of these aquatic 
ecosystems is therefore important as this provides data necessary to determine the present 
condition of the ecosystems. It is important to establish whether the environmental water 
requirements in the form of flows required by the Ecological Reserve are being implemented.  
Based on the results of the monitoring programme, the study needs to provide 
recommendations regarding the management and protection of the water resource within the 
river system with the aim of developing biodiversity conservation plans with sustainable goals. 
In addition to this, the study should be used to develop the monitoring capacity of DWAF, 
CapeNature and Eastern Cape Parks (ECP). 

1.3. Rationale 

The following aspects were addressed in this assessment: 

1. Hydrology (Desktop Model) 
2. Hydraulics 
3. Instream and Riparian Habitat (IHAS, IHI) 
4. Macro-invertebrates (SASS5, MIRAI) 
5. Fish (FAII, FRAI) 
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Procedures have been developed to address each of these aspects and these have been 
combined into a process currently termed Environmental Water Requirements (EWR) 
determination or Ecological Reserve Determination.  The approach that will be used in this 
study is based on the EcoStatus approach (within the ecological Reserve determination 
framework).  EcoStatus is defined as ñThe totality of the features and characteristics of the river 
and its riparian areas that bear upon its ability to support an appropriate natural flora and fauna 
and its capacity to provide a variety of goods and servicesò (Kleynhans & Louw, 2007).  The 
EcoStatus approach can be conducted at different levels of detail depending on, amongst 
others, the magnitude and anticipated impact of the project, the sensitivity of the aquatic 
ecosystem in question, as well as time, information and budgetary constraints.  For this project 
it was decided to conduct an EcoStatus Level III determination (with the highest level being IV).  
Since the EcoStatus methodology is very detailed and complex, only a brief overview of the 
methodology (taken directly from Kleynhans & Louw (2007) ï Module A) will be presented 
(Section 2).  More detail can be found in the series of discipline specific EcoStatus manuals  
Kleynhans et al. (2007) and Thirion (2007).  

1.4. Scope and limitations 

Historical data was generally sparse and incoherent and not much was gained from it in terms 
of the study.  Dam operation is based on agricultural requirements and the implementation of 
operating rules is unfeasible due to the design of the dam.  It seems that the only option for the 
implementation of the Ecological Reserve would be to use the natural flow variability 
introduced by the Groot River below the Kouga Dam.  The Groot River enters the Gamtoos 
River about 4.5km below the dam.  This will however result in a degradation of the 4.5km 
stretch between the dam and the inflow of the Groot River.  The Groot River is located in the 
Southern Folded Mountains Ecoregion within the L70G quaternary catchment.  The calculated 
discharge for the Groot River at site GRO1 was 3.287m3/s.  This approach will obviously 
necessitate the careful conservation and protection of the Groot River catchment.  

1.5. Objectives 

The objectives of the study as stated in the ToR are to: 

1. Determine the status of historical IFR and Ecological Reserve studies 
2. Update the Ecological Reserve requirements using the DSS 
3. Evaluate compliance of dam releases to Ecological Reserve requirements 
4. Investigate the feasibility of implementing dam operating rules 
5. Compile dam operating rules if feasible 
6. Compile an Ecological Reserve assessment report 
7. Prepare the legal templates for submission to the DG:DWAF 

The specific objectives of the Ecological Reserve assessment are to: 

1. Determine the Present Ecological State (PES) of the fish, aquatic macro-invertebrate 
and riparian- and instream habitat components of Baviaanskloof, Geelhoutbos, Wit, 
Groot, Kouga and Gamtoos Rivers; 

2. Determine the integrated ecological category (EC) or EcoStatus for the Baviaanskloof, 
Geelhoutbos, Wit, Groot, Kouga and Gamtoos Rivers; 

3. Assess the modeled EWR estimates (DSS outputs) based on the aforementioned 
integrated EcoStatus for the Baviaanskloof, Geelhoutbos, Wit, Groot, Kouga and 
Gamtoos Rivers; 

4. Provide a recommended ecological management class (REC) for the Baviaanskloof, 
Geelhoutbos, Wit, Groot, Kouga and Gamtoos Rivers. 
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2. Approach  

2.1. Ecological Reserve Determination Method 

A suite of methods has been developed for determining the ecological Reserve depending on 
the level of accuracy and confidence in the results required.  These are outlined in Volume 2 of 
the Resource Directed Measures (RDM) publication (DWAF 1999), which consists of a 
continuum of approaches with the first level being the Rapid Ecological Reserve Method 
(RERM), the second the Intermediate Ecological Reserve Method (IERM) and, finally, the 
Comprehensive Ecological Reserve Method (CERM). The ecological Reserve (ER) can be 
defined as the quantity and quality of water that must be reserved for ecosystem health and 
basic human needs.  Although the Reserve is not intended to protect the aquatic ecosystem 
per se, it aims to maintain aquatic ecosystem health such that it can continue to provide the 
ecosystem goods and services that is needed by society.  

2.2. Rapid Ecological Reserve Method 

The determination of the quantity component of the Reserve (or otherwise known as the 
EWR) at a rapid level is presently based primarily on the desktop EWR estimates produced by 
the Hughes Decision Support System (DSS) model (Hughes and Munster 1999). The Hughes 
DSS model provides a low-confidence estimate of the EWR for a selected river at the outlet of 
the quaternary catchment under consideration, or it can be scaled to the exact location of the 
EWR site. The EWR results generated by the DSS model can also be scaled to other 
ecological homogeneous sites in the catchment under consideration. The DSS model is 
based on the relationships between the hydrological characteristics of the catchment under 
consideration; the IFRs previously generated for various rivers in South Africa, and the 
selected ecological state. The selected state can be the Present Ecological State (PES) or the 
recommended Ecological Category (REC). The procedures employed in the RERM allow for 
a rapid assessment of the recommended EC of the river reach to be made. The flow regime 
recommended by the DSS model for this EC is then either confirmed or adapted (verified) on 
the grounds of site-specific ecological motivations. An outline of the protocol is as follows: 

 
1. Obtain the EWR for the river reach under consideration (can be based on the mainstream 

river, where it leaves the quaternary catchment, or the EWR site to which the DSS model 
is scaled) from the DSS model (DWAF 1999) for every likely EC.   

2. Assess the availability of relevant data to the study area with the purpose of collating 
available biophysical information prior to the site visit in order to facilitate the determination 
of the reference and present state for the various biophysical components investigated.   

3. Assess the suitability of the chosen EWR sites with respect to the diversity of habitats for 
the ecological assessment, as well as the accuracy of hydraulic and flow assessments. 

4. Undertake a site visit to the river(s) in question and carry out the following investigations: 
4.1. Determine the EC of the river as follows: i) an on-site habitat integrity assessment, ii) 

biophysical surveys (fish, invertebrates and riparian vegetation), iii) assessment of the 
EIS and iv) determination of the integrated EC. 

4.2. Undertake on-site flow measurements and a cross-sectional survey and apply an 
expert hydraulic system to the data to provide on-site flow and depth relationships. 

4.3. Run the DSS model for the recommended EC (as determined above) and compare 
the flows recommended by the DSS model for the allocated EC to the measured 
flows in the river during the site visit. This will indicate whether the DSS estimates are 
acceptable or whether they should be adjusted. 

4.4. Motivate, using biophysical and habitat requirements of the various biotic 
components, for adjustments of the Hughes DSS modeled flows, if these are 
considered necessary. 
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2.3. EcoClassification Method 

The approach followed to determine the EC of a river is termed EcoClassification1.  The 
EcoClassification process is an integral part of any EWR method. Flows and/or water quality 
conditions cannot be recommended without information on the predicted resulting state, or the 
Ecological Category. The EcoClassification process followed in the current study is based on 
the EcoStatus Level III determination and essentially involves the following steps: 
1. Determine reference conditions for each biophysical component of the aquatic ecosystem 
2. Determine the Present Ecological State for each component as well as for the EcoStatus2 
3. Determine the trend (i.e. moving towards or away from the reference condition) for each 

component as well as for the EcoStatus 
4. Determine causes for the PES and whether these are flow or non-flow related 
5. Determine the Ecological Importance and Sensitivity of the biota and habitat 
6. Considering the PES and EIS, suggest a realistic and practically attainable recommended 

Ecological Category (REC) for each component as well as for the EcoStatus 

2.4. EcoStatus Method 

In essence EcoStatus represents an ecologically integrated state representing Drivers 
(hydrology, geomorphology, physico-chemical) and Responses (fish, aquatic macro-
invertebrates and riparian vegetation). The EcoStatus method is based on the principle that 
the biological responses integrate the effect of the modification of the drivers and that this 
results in an ecological endpoint. Indices are determined for each of the Driver and Response 
components using a rule-based modeling approach. The modeling approach is based on 
rating the degree of change from natural on a scale of 0 (no change) to 5 (maximum relative 
change) for various metrics.  Each metric is also weighted in terms of its importance for 
determining the Ecological Category under natural conditions for the specific river reach.  The 
following index models were developed following a Multi Criteria Decision Making Approach 
(MCDA): 

 
1. Hydrological Driver Assessment Index (HAI) 
2. Geomorphology Driver Assessment Index (GAI) 
3. Physico-chemical Driver Assessment Index (PAI) 
4. Fish Response Assessment Index (FRAI) 
5. Macro Invertebrate Response Assessment Index (MIRAI) 
6. Riparian Vegetation Response Assessment Index (VEGRAI) 

Each of these models result in an Ecological Category expressed in terms of A to F where A 
represents a closest to natural and F a critically modified ecological condition (Figure 1).  The 
metrics are then integrated to provide an Ecological Category (EC) for each component. 

                                                      
1
 The term used for the Ecological Classification process which refers to the determination and categorisation 

of the Present Ecological State (PES; health or integrity) of various biophysical attributes of rivers relative the 

natural or close to the natural reference condition. The purpose of the EcoClassification process is to gain 

insight into the possible reasons for the deviation of the PES of biophysical attributes from the reference 

condition. This provides the information needed to derive desirable and attainable future ecological objectives 

for the river. 
2
 The EcoStatus refers to the integration of physical changes by the biota and as reflected by biological 

responses.  EcoStatus can be defined as:  the totality of the features and characteristics of the river and its 

riparian areas that bear upon its ability to support an appropriate natural flora and fauna and its capacity to 

provide a variety of goods and services. 
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Unmodified, natural.  

Largely natural with few modifications. A small change in 
natural habitats and biota may have taken place but the 
ecosystem functions are essentially unchanged.  

Moderately modified. Loss and change of natural habitat and 
biota have occurred, but the basic ecosystem functions are 
still predominantly unchanged.  

Largely modified. A large loss of natural habitat, biota and 
basic ecosystem functions has occurred.  

Seriously modified. The loss of natural habitat, biota and 
basic ecosystem functions is extensive.  

90 -100  

80 -89  

60 -79  

40 -59  

20 -39  

A  

B  

C 

D  

E 

Description  %EC  EC 

Critically / Extremely modified. Modifications have reached a 
critical level and the system has been modified completely 

with an almost complete lo ss of natural habitat and biota. In 

the worst instances the basic ecosystem functions have been 
destroyed and the changes are irreversible.  

0-19  F 

 

Figure 1:  Ecological Categories from a Class A (natural/unmodified) to a F (severely impacted/critically 
modified) 

Due to time and funding constraints, various levels of EWR determinations can be undertaken. 
The EcoClassification process, and specifically the detail and effort required for assessing the 
metrics, varies according to the different levels.  The process to determine the EcoStatus also 
differs on the basis of different levels of information.  There are five EcoStatus levels and they 
are linked to the different levels of Ecological Reserve determination as follows: 

 
1. Desktop Reserve method / Desktop EcoStatus level 
2. Rapid I Ecological Reserve method / EcoStatus Level I 
3. Rapid II Ecological Reserve methods / EcoStatus Level II 
4. Rapid III Ecological Reserve methods / EcoStatus Level III 
5. Intermediate and Comprehensive Reserve methods / EcoStatus Level IV 

These five levels of EcoStatus determination are associated with an increase in the level of 
detail required to execute them. As the EcoStatus levels become less complex, less-complex 
tools are used, such as the Index of Habitat Integrity (IHI) instead of the driver indices (GAI, 
PAI, and HAI).  

A Level III EcoStatus assessment (Figure 2) was used in the current study due to budgetary, 
time and information constraints. A level III EcoStatus assessment includes the use of the 
invertebrate (MIRAI), fish (FRAI) and vegetation (VEGRAI) response indices and the 
determination of the Index of Habitat Integrity in stead of the driver indices (PAI, GAI, HAI).  
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Figure 2:  Schematic representation of the EcoStatus Level III approach to EWR determination 

3. Methodology  

3.1. Site selection 

Selecting appropriate EWR sites is governed by the suitability of the river channel for accurate 
hydraulic modeling and flow assessment, as well as the presence of habitats that are critical 
for ecosystem functioning, such as riffles (for more detail refer to Table 12). The sites are also 
selected to be representative of a river reach in order to allow for the scaling of results to other 
relevant points in the catchment if required.  For the purposes of the study, eight EWR sites 
were selected (Table 2) based on the above criteria.  For more detail on each EWR site see 
Section 4. The site selection methodology initially involves the desktop selection of possible 
sites based on Ecoregion Level 1 mapping information, Google Earth imagery, accessibility 
and relative location.  The desktop sites selected are then verified for suitability during a 
reconnaissance survey. During this survey the hydraulic suitability and critical biotope 
availability of sites are investigated in more detail as well as accessibility.  GPS references are 
taken at each verified site for future reference. 

3.2. Classification of the resource 

3.2.1. Field survey 

The specialist study team conducted a field survey at each of the eight EWR sites in October 
2008 by applying the field protocol summarised in Table 1. 
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Table 1:  Summary of the approaches used to assess the different river components at each EWR site 

Component Methods and Techniques 

Site characterisation 

River health programme site characterisation field-data sheets are completed at 
each site which includes and upstream and downstream view (photo) of each site 
as well as a photo of the cross section and any special features observed 
(Annexure 1). 

Water quality 

In situ water quality measurements including dissolved oxygen concentration (DO), 
pH, temperature, %oxygen saturation (%Sat), Conductivity (Cond) and Total 
Dissolved Salts (TDS) is measured and recorded on the site characterisation field 
data sheets at each site.  

Hydraulics 

The hydraulic specialist surveys the cross-sectional profile of the river channel at 
selected sites.  Hydraulic data for calibration purposes is collected and the river flow 
volume determined with the aid of a current meter.  For each site assessed the 
measured data is then used to convert the recommended Hughes DSS flows into 
depths and flow velocities for the site.  This facilitates ecological interpretation of the 
recommended flows by the various aquatic specialists who assess the impacts of 
the recommended flows on habitat availability and water flow requirements of the 
instream and riparian biota.  This allows a decision to be taken as to whether the 
recommended EC would be achieved if the Hughes DSS results are accepted or if 
these flows should be adjusted (Annexure 2).  

Fish 

The fish specialist samples fish in all suitable aquatic habitats (flow and depth 
classes) in the vicinity of the site using an electro-shocker, seine nets and/or cast 
netting and/or fyke nets. In this study snorkeling was also employed to observe and 
record fish. Fish species caught are identified and their health assessed. Fish 
diversity and abundance data are recorded on the site characterisation field data 
sheets at each site and voucher specimens collected to be sent to the South 
African Institute for Aquatic Biodiversity.  Any human-induced habitat modifications 
impacting on fish fauna are also recorded. This field assessment is followed by 
conducting the Fish Response Assessment Index (FRAI) in order to assess the 
PES (EC) of the fish component of the rivers assessed (Annexure 3). 

Aquatic invertebrates 

An aquatic invertebrate specialist implements the SASS5 protocol to collect 
macroinvertebrate taxa at each site.  The protocol includes the identification of taxa 
found to family level, the recording of relative abundances of each taxon and an 
assessment of the habitat template (biotope availability and quality). SASS5 results 
are expressed both as an index score (SASS score) and an average score per 
taxon (ASPT). The SASS assessment is coupled with an instream habitat 
assessment (IHAS:  McMillan 1998) The Macro-Invertebrate Response 
Assessment Index is subsequently employed to analyse the field data. MIRAI 
provides an EC for each site which results in the determination of the PES 
(Annexure 4) 

Riparian vegetation 

Data was entered onto the standard data sheets forms that are provided with the 
manual for the VEGRAI model (Kleynhans et al, 2007b). At each site the causeway 

or river crossing was regarded as the middle of the site and the riparian vegetation 
was surveyed approximately 75 m up and downstream of the causeway.  Species 
that could not be identified were collected, pressed and dried and identified as far 
as possible in the Compton Herbarium, Kirstenbosch in Cape Town.  (Annexure 5). 

Habitat integrity 

The Habitat Integrity (HI) assessment (Kleynhans, 1996) used to give a general 
assessment of the integrity of the instream and riparian habitats is conducted with 
the help of an Excel based model (Annexure 6) The Habitat Integrity (HI) model 
(Kleynhans, 1996) evaluates the habitat integrity of both the in stream and riparian 
components for each site and is based on the qualitative assessment (allocation of 
scores) for various impact criteria on both the in stream and riparian zones.  

Ecological Importance & 
Sensitivity Category 

The Excel-based EIS model developed by Kleynhans, is used to assess the 
ecological importance and sensitivity at each site.  EIS subsequently feeds into the 
determination of the recommended EC for each site (Annexure 7). 

Present Ecological Status 

Each specialist determines a reference condition for his/her specialist component.  
Based on these reference conditions, the present ecological status (PES) is derived 
using the FRAI EcoStatus model for the fish, the VEGRA EcoStatus model for the 
riparian vegetation and the MIRAI EcoStatus model for the macro-invertebrates 
(Annexure 8) 
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Component Methods and Techniques 

Ecological Category & 
EcoStatus determination 

The attainable ecological category (EC) for each discipline is determined by 
integrating the results of the field assessments of the driver and response 
components into an integrated EcoStatus.  This process includes the assessment 
of the instream and riparian zone Habitat Integrity as well as the assessment of the 
Ecological Importance and Sensitivity (EIS) (Annexure 9) 

3.2.2. Determination of the PES, Ecological Category, and integrated EcoStatus 

The results obtained for each biophysical component (response and driver components) 
during the field assessments of the various habitat and biotic components is subjected to a 
modeling exercise (FRAI, MIRAI, VEGRAI and IHI) in order to determine the Present 
Ecological State (PES) and hence the EC for each component. This assessment takes place 
in a workshop environment with input from all the specialists involved.  In order to determine 
the integrated EcoStatus for each site the excel-based EcoStatus model is implemented. This 
process involves the running of the Excel-based In-stream and Riparian zone site-based 
Habitat Integrity Index (Kleynhans, 1996) as well as the Ecological Importance and Sensitivity 
(EIS) Model developed by Kleynhans. 

3.2.2.1. Habitat Integrity 

The Index of Habitat Integrity (IHI) model (Kleynhans, 1996) is used to evaluate the habitat 
integrity of both the in-stream and riparian components at each site. This assessment model is 
based on the qualitative assessment (allocation of scores) for various impact criteria on both 
the instream and riparian zones. Details of the scores given to the various impact criteria are 
provided in Annexure 6. 

3.2.2.2. Ecological Importance and Sensitivity and EcoStatus 

The ecological importance of a river is regarded as an expression of its ability to maintain the 
ecological diversity and functioning on local and wider scales.  The ecological sensitivity refers 
to the riverôs ability to recover from disturbance.  The outputs from the EIS model run is 
presented in Annexure 7.  Finally, the PES assessments from the various components are 
integrated based on the EcoClassification approach (Section 2) and using the Excel based 
EcoStatus model developed by Kleynhans. This results in a final combined EC for the river 
reach under investigation for use in the hydrological model (Annexure 9). 

3.2.3. Quantification and confirmation of the modeled EWR flows 

The flows recommended by the Hughes DSS model (based on the aforementioned ECs) are 
converted into hydraulic parameters (depth and velocity) for each EWR site in order to facilitate 
ecological interpretation of the recommended flows.  Following the conversion of the modeled 
flows to hydraulic parameters (which is plotted on the cross-section profile for each EWR site) 
the specialists assess the impact of the modeled flows on the biota in order to determine 
whether the allocated ECs would be achieved if the DSS model results were accepted.  This 
allows for adjustments to these values to be made according to site-specific ecological 
requirements if necessary.  In keeping with the RERM determination methodology, the 
assessment at each EWR site focuses only on the maintenance flow component for the 
allocated EC, which consists of low flows and high flows (or freshets) and doesnôt include 
floods. The floods are only assessed during the IERM and CERM determinations. 
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4. Study Area Description  

4.1. EWR Site location 

Eight EWR sites were assessed.  Two EWR sites are located on the Baviaanskloof River and 
one each on the Geelhoutbos, Wit, Groot, and Gamtoos Rivers as well as two on the Kouga 
River.  Table 2  provides the site code, coordinates and quaternary drainage regions for each 
of the selected EWR sites.   

Table 2:  Latitude, longitude and quaternary drainage region for each monitoring site 

River (description)  Site Code  Latitude  Longitude  
Quaternary 
Catchment  

BAVIAANSKLOOF CATCHMENT 

Baviaanskloof River (upstream) BAV1 S 33Á32ô16.2ò E 23Á57ô54.3ò L81B 

Baviaanskloof River (downstream) BAV3 S 33Á37ô22.3ò E 24Á16ô09.3ò L81D 

Geelhoutbos River (one site only) GEE1 S 33Á38ô12.5ò E 24Á14ô49.3ò L81D 

WIT & GROOT CATCHMENT 

Wit River (one site only) WIT1 S 33Á39ô36.5ò E 24Á32ô06.3ò L70G 

Groot River (one site only) GRO1 S 33Á41ô42.8ò E 24Á36ô41.8ò L70G 

GAMTOOS CATCHMENT 

Gamtoos River (one site below dam) GAM1 S 33Á45ô38.9ò E 24Á41ô35.7ò L90A 

KOUGA CATCHMENT 

Kouga River (upstream) KOU1 S 33Á43ô00.3ò E 23Á24ô40.6ò L82A 

Kouga River (downstream) KOU2 S 33Á47ô17.9ò E 24Á01ô31.4ò L82D 

Three more sites, one in the Baviaanskloof catchment and two in the Kouga catchment (Table 
3), were investigated separately by the fish specialist to gain a better overall picture of the 
distribution of fish in the project area and to assess the existence of possible refugia. 

Table 3:  Latitude, longitude and drainage regions for additional fish specific monitoring sites 

River (description)  Site Code  Latitude  Longitude  
Quaternary 
Catchment  

BAVIAANSKLOOF CATCHMENT 

Bokkraal River (one site only) BOK1 S 33°38'45.5" E 24°26'43.0" L82H 

KOUGA CATCHMENT 

Kouga River (further downstream) KOU3 S 33°51'34.2" E 24°13'43.6" L82E 

Tributary of the Kouga Dam KOU4 S 33°39'9.83" E 24°25'7.90" L82H 

Figure 3 represents the site locations, including the quaternary drainage regions within which 
each EWR site is located, as well as the Level 2 Ecoregion classifications for each site 
location.   The map shows both the 8 EWR sites (BAV1, BAV3, GEE1, WIT1, GRO1, GAM1, 
KOU1 & KOU2) assessed as well as the historical RHP sites (BAV2 & BAV4) that were not 
assessed. 
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Figure 3:  Study area map with 8 EWR sites (BAV1, BAV3, GEE1, WIT1, GRO1, GAM1, KOU1 & KOU2) and 2 RHP sites (BAV2 & BAV4) 
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4.2. Site descriptions 

All eight EWR sites that were assessed are located within the Fish-to-Tsitsikamma Water 
Management Area and fall within the Southern Folded Mountains Ecoregion 1 category.  The 
only river that is not located in the 19.02 Level II Ecoregion is the upstream Kouga site (KOU1) 
which is located in the 19.08 Level II Ecoregion. The rivers are all perennial and have an 
aseasonal rainfall patterns.   

Descriptions of the sites are provided below (Figure 4 to Figure 11) summarising the general 
characteristics at each EWR site.  Detailed descriptions of all eight EWR sites, including: i) 
general site information, ii) catchment condition and land use, iii) channel condition, iv) channel 
morphology, v) site visit information, vi) stream dimensions, vii) substratum composition, viii) 
invertebrate biotopes and ix) fish velocity depth classes are provided in Annexure 1.   

4.2.1. Upper Baviaanskloof River (BAV1) 

BAV1 is situated in the upper foothills at an altitude of 521m within the L81B quaternary 
catchment.  The geology of the area includes steep slopes with relatively shallow, red, clayey 
and often rocky soils and is underlain by the Table Mountain, Dwyka, Ecca and Witteberg 
groups (Mucina & Rutherford, 2006).  The vegetation type is classified as Groot Thicket (AT 3) 
which includes stem and leaf succulents and abundant Spekboom (Portulacia afra) between 
dense stands of other low woody shrubs (Mucina & Rutherford, 2006). The canopy cover 
varies between open and partially open.  The river is clear and moderate flows were observed 
at the time of sampling. 

 

 

Figure 4: Upstream view of BAV1 
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4.2.2. Lower Baviaanskloof River (BAV3) 

BAV3 is located in the L81D quaternary catchment, in the upper foothills at an altitude of 
257m.  The canopy varies between partially open and open.  The river is clear and moderate 
flows were observed at the time of sampling.  The geology for the site is underlain by Jurassic-
Cretaceous sediments of the Uitenhage Group.  The vegetation is classified as Albany Alluvial 
(AZa6) vegetation with riverine thicket and thornveld being the two major types of vegetation 
found (Mucina & Rutherford, 2006). 

 

 

Figure 5: Upstream view of BAV3 

4.2.3. Geelhoutbos River (GEE1) 

GEE1 is located on a mountain stream that runs alongside a demolished campsite (right hand 
bank) and has a small weir with a fish ladder a short distance upstream of the EWR site. It is 
located at an altitude of 236m within the L81D quaternary catchment.  The canopy varies 
between open and partially open.  The river is clear and low flows were observed at the time of 
sampling.  The geology of the area includes steep slopes with relatively shallow, red, clayey 
and often rocky soils, underlain by the Table Mountain, Dwyka, Ecca and Witteberg groups.  
The vegetation type is classified as Groot Thicket (AT 3) which includes stem and leaf 
succulents and abundant Spekboom (Portulacia afra) between dense stands of other low 
woody shrubs (Mucina & Rutherford, 2006).   
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Figure 6: Upstream view of GEE1 

4.2.4. Wit River (WIT1) 

WIT1 is located within the L70G quaternary catchment and is situated on a section of stream 
that is considered transitional between the upper and lower foothill zones.  The site is located 
within the Baviaanskloof Nature Reserve at an altitude of 188m.  The canopy is partially open 
to open and the water is clear.  The vegetation falls within the Gamtoos Thicket (AT 4) 
category which includes tall dense thickets of trees, shrubs and succulents. The lower and 
upper canopy species are often intertwined with a wide variety of liana species linking the 
under-storey species with the canopy species.  The geology of the area is mostly retricted to 
rocky, sandy-loamy soils derived from shale and sandstone of the Bokkeveld and Table 
Mountain Groups as well as the Jurassic Econ conglomerates.  Fairly clayey soils derived from 
the Gamtoos Group limestone and phyllite and arenite of the Kaan and Klein River 
Foundations are also found (Mucina & Rutherford, 2006). 
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Figure 7: Downstream view of WIT1 

4.2.5. Groot River (GRO1) 

The Groot River is a transitional stream between a mountain stream and a valley bottom 
stream.  GRO1 is situated at an altitude of 90.5m within the L70G quaternary catchment.  The 
canopy is mainly open but only partially open in some places.  The river is silty and moderate 
flows were recorded at the time of sampling.  The vegetation falls within the Gamtoos Thicket 
(AT 4) category which includes tall dense thickets of trees, shrubs and succulents. The lower 
and upper canopy species are often intertwined with a wide variety of liana species linking the 
under-storey species with the canopy species.  The geology of the area is mostly restricted to 
rocky, sandy-loamy soils derived from shale and sandstone of the Bokkeveld and Table 
Mountain Groups as well as the Jurassic Econ conglomerates.  Fairly clayey soils derived from 
the Gamtoos Group limestone and phyllite and arenite of the Kaan and Klein River 
Foundations are also found (Mucina & Rutherford, 2006).   

 

Figure 8: Upstream view of GRO1 
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4.2.6. Gamtoos River (GAM1) 

GAM1 is located in the lower foothills at an altitude of 67m within the L90A quaternary 
catchment.  The river is clear with moderate to high flows being recorded at the time of 
sampling.  The geology for the site is underlain by Jurassic-Cretaceous sediments of the 
Uitenhage Group.  The vegetation is classified as Albany Alluvial (AZa6) vegetation with 
riverine thicket and thornveld being the two major types of vegetation found (Mucina & 
Rutherford, 2006).  The site is surrounded by various agricultural activities.   

 

 

Figure 9: Downstream view of GAM1 

4.2.7. Kouga River upstream (KOU1) 

KOU1 is situated in the lower foothills at an altitude of 693 m within the L82A quaternary 
catchment.  The river was slightly silty with very high flows being recorded at the time of 
sampling.  The canopy is open. The vegetation type is classified as the Kouga Grassy 
Sandstone Fynbos (FFs28) characterised by low shrubland with sparse, emergent tall shrubs 
but dominated by grasses. The geology of the area consists of the sandstones of the Table 
Mountain Group as well as quartzitic sandstone of the Witteberg Group (Mucina & Rutherford, 
2006).  The area is impacted by tree felling and water abstraction. 
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Figure 10: Downstream view of KOU1 

4.2.8. Kouga River downstream (KOU2) 

KOU2 is situated in the lower foothills at an altitude of 302m within the L82D quaternary 
catchment.  The canopy is open and the stream habitat is impacted by the clearing of alien 
plants.  The river was slightly silty with very high flows being recorded at the time of sampling.  
The geology of the area includes steep slopes with relatively shallow, red, clayey and often 
rocky soils underlain by the Table Mountain, Dwyka, Ecca, and Witteberg groups.  The 
vegetation type is classified as Groot Thicket (AT3) which includes stem and leaf succulents.  
Spekboom (Portulacia afra) is abundant between dense stands of other low woody shrubs 
(Mucina & Rutherford, 2006).  

 

Figure 11: Downstream view of KOU2 
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5. Results and Discussion  

5.1. Site selection 

5.1.1. Upper Baviaanskloof River (BAV1) 

BAV1 can be accessed from the Willowmore side of the Baviaanskloof.  From Willowmore, 
travel approximately 65km along the R332 through the Baviaanskloof.  The site is located at a 
low water bridge crossing the Baviaans River (Figure 12). Invertebrates, diatoms, fish and 
riparian vegetation where sampled both up and downstream of the low water bridge.  The 
hydraulic cross-section was undertaken 10m upstream of the low water bridge (Figure 13).   

 

 

Figure 12:  Location of the hydraulic cross-section for BAV1, upstream of the bridge 
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Figure 13:  Hydraulic cross-section at the BAV1 site 

5.1.2. Lower Baviaanskloof River (BAV3) 

BAV3 is situated within the Baviaanskloof Nature Reserve area approximately 33 km from 
BAV1, located at the first instance the road crosses the river.  SASS and the hydraulic cross-
section were undertaken downstream of the bridge while the fish was sampled upstream of 
the bridge.  The riparian vegetation was sampled above and below the bridge.  The hydraulic 
cross section was undertaken about 50m downstream of the where the road crosses the river.  

 

Figure 14:  Location of the cross-section at BAV3 
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5.1.3. Geelhoutbos River (GEE1) 

Approximately 30km from the BAV1 site, along the R332, there is a turnoff to Geelhoutbos 
where there is a padlocked gate.  The key can be collected from the guards at the entrance to 
the Baviaanskloof Nature Reserve.  The site is approximately 3 km from this turnoff.  En route 
there is a river crossing before the site is reached which might require the use of a car with 
good ground clearance. GEE1 (Figure 15) is located at the demolished Geelhoutbos 
campsite.  The fish survey was conducted adjacent to the demolished campsite and further 
upstream, up to the weir.  SASS was conducted upstream of the demolished campsite, 
adjacent to the foot path leading to the small weir upstream.  No hydraulic cross-section was 
taken at this site.   The riparian vegetation was assessed surrounding both SASS and FAII 
sites.   
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Figure 15:  Geelhoutbos River upstream of the campsite where invertebrates were sampled 

5.1.4. Groot River (GRO1) 

The Groot River site can be accessed from the Patensie side of the Baviaanskloof along the 
R331 and is approximately 34km from Patensie.  Once you have entered the Baviaanskloof, 
the site is located where the road crosses the river for the first time.  GRO1 is located up and 
downstream of the low water bridge crossing the Groot River.  The SASS site is downstream 
of the bridge while the fish site is both upstream and downstream.  The riparian vegetation was 
assessed both upstream and downstream if the low water bridge. Two hydraulic cross-
sections were undertaken, one upstream of the bridge and the other downstream of the bridge 
to cater for hydraulic accuracy as well as ecological suitability.  At this site these two criteria 
could not be satisfied with one cross-section. The first is located 100m upstream of bridge just 
after pool area where channel narrows slightly (Figure 16) and the second down stream of the 
bridge, where the SASS was conducted (Figure 17).  

 

  
Figure 16:  Hydraulic cross-section for GRO1 

upstream of the bridge 
Figure 17:  Hydraulic cross-section for GRO1 

downstream of the bridge 

5.1.5. Wit River (WIT1) 

The Wit River site can be accessed from the Patensie side of the Baviaanskloof.  It is 
approximately 45km from Patensie on the R331, before Poortjies, and 10 km from the GRO1 
site.  Once you enter the Baviaanskloof Nature Reserve gate, it is the first point where the road 
crosses the river.  SASS and fish assessments were undertaken upstream of the low water 
bridge.  The riparian vegetation was undertaken upstream and downstream of the bridge. The 
hydraulic cross section was undertaken about 50m upstream of the where the road crosses 
the river (at the SASS site).  
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5.1.6. Gamtoos River (GAM1) 

The Gamtoos site is not within the Baviaanskloof Nature Reserve itself.  From Patensie, travel 
along the R331 towards the Baviaanskloof Nature Reserve and take the turnoff to the left 
before the turnoff to the R322.  The turnoff is approximately 19km from Patensie.  The site is 
located where the bridge crosses the river. The SASS site is downstream of the bridge with 
the fish being assessed upstream of the bridge.  The riparian vegetation was assessed 
upstream and downstream of the bridge.  No hydraulic cross-section was conducted at this 
site.   

 

Figure 19:  SASS sampling site downstream of the bridge that crosses the Gamtoos River 

 

Figure 18:  Hydraulic cross-section for WIT1 
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5.1.7. Upper Kouga River (KOU1) 

The turnoff to upper Kouga River site is on the R62 that connects the N9 with the N2, at the 
town of Ongelegen, between Haarlem and Misgund.  There is a dirt road turnoff to the north.  
From the turnoff it is approximately 3 km to the site (Figure 20).  KOU1 is located where the 
bridge crosses the river.  The SASS site is downstream of the bridge although some 
vegetation was assessed upstream of the site.  Fish and riparian vegetation was assessed 
both upstream and downstream of the bridge.  No hydraulic cross-section was conducted for 
this site.    

 

Figure 20:  KOU1 site where the bridge crosses the Kouga River 

5.1.8. Lower Kouga River (KOU2) 

The turnoff for this site is along the R62 between Joubertina and Kareedouw.  It is a gravel 
road turning north, approximately 12km east of Joubertina.  There is a sign at the turnoff 
saying ñOpkomò.  The site is located approximately 12km from this turnoff.  KOU2 is 
downstream of KOU1 located where the bridge crosses the Kouga River. SASS was 
conducted downstream of the bridge and fish and riparian vegetation both upstream and 
downstream of the bridge.  The hydraulic cross-section (Figure 21) was taken approximately 
150m downstream of the bridge and 250m upstream from the DWAF gauging weir.   

 

Figure 21:  Location of the hydraulic cross-section for the KOU2 site 


