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1. INTRODUCTION 

Aquatic macroinvertebrates are the most common group of organisms used throughout the world 
to assess the biological integrity of aquatic ecosystems. Aquatic macroinvertebrate assemblages 
and communities offer a good reflection of the prevailing flow regime and water quality in a river. In 
addition they provide essential ecosystem services in rivers by processing organic matter, 
providing a water purification function and forming a valuable source of food to other animals 
within and even outside the river system.  

The 4 major components of a river ecosystem that determine the health and distribution of aquatic 
invertebrates are flow regime, physical habitat structure (e.g. channel form and substrate 
composition), water quality (e.g. temperature, dissolved oxygen, pH, etc), and allochtonous energy 
inputs (e.g. nutrients and organic matter). Maintenance of the structure (e.g. species composition) 
and function (e.g. biological behaviours and ecosystem services) of aquatic invertebrate 
populations require regular inputs of nutrients and sediments, adequate habitat quality (mobile, 
clean sediments) and diversity (in terms of flow and substrate type) as well as adequate flowing 
water (in terms of velocity and discharge).  

Aquatic invertebrate communities are adapted to prevailing flow, water quality and habitat 
conditions within a river reach. These variables are largely controlled by flow.  A decrease or 
increase in flow, will therefore lead to changes in the resident aquatic invertebrate community 
structure and function. This relationship between the drivers (flow and related sediment transport, 
water quality, nutrient input, habitat quality and diversity) and the responses (aquatic 
macroinvertebrate community structure and function) forms the basis of the Macroinvertebrate 
Response Assessment Index (MIRAI) that was employed in the current aquatic macroinvertebrate 
assessment for the Baviaanskloof, Geelhoutbos, Wit, Groot, Gamtoos and Kouga Rivers. 

1.1 Aquatic invertebrate habitat 

In the context of this document, habitat can be defined as any combination of velocity, depth, 
substrate (bedrock, cobbles, vegetation, sand, gravel, mud), physicochemical characteristics (such 
as chemical composition, turbidity, oxygen concentration, temperature) and biological features 
(food source and predators) that will provide the invertebrates with its requirements for each 
specific life stage at a particular time and locality. These habitats can be grouped into specific 
invertebrate biotopes namely, Stones-in-current (SIC), Stones-out-of-current (SOOC), Aquatic 
vegetation (in or out of current), Marginal vegetation (in or out of current). 

1.2 Interpretation of aquatic invertebrate responses to habitat changes 

Since many aquatic invertebrates have very specific habitat requirements, seasonal variation in 
these factors may lead to seasonal variation in the distribution and abundance of these 
macroinvertebrates. Variation in discharge often translates into differences in wetted perimeter and 
hydraulic conditions (velocity and depth) and the concomitant invertebrate biotope availability. In 
addition, the life cycles of many aquatic invertebrates are closely cued to temperature and possibly 
other water quality variables. These variables may affect the rate of development, reproductive 
periods, emergence time and overall health of these organisms. It is therefore essential that all 
habitat features are considered when evaluating the suitability habitat for aquatic invertebrates. 
The approach followed in assessing invertebrate response to driver characteristics is based on a 
qualitative combination of information gained by a field survey, the available habitat as a result of 
driver condition, and the traits of the invertebrates present. 



PREPARED BY JEFFARES & GREEN (PTY) LTD FOR C.A.P.E  5/31/2010 11:44 AM 

2043 INVERTEBRATE REPORT_FINAL _20090730.DOC  PAGE 7 OF 58  

2. STUDY AIMS 

The overall aim of the study is to establish whether the environmental water requirements (EWR) 
in the form of flows required by the Ecological Reserve are being implemented.  The aim of the 
aquatic macroinvertebrate assessment within this EWR determination process is as follows: 

1. Collect data on the aquatic macroinvertebrate communities of the Baviaanskloof, Wit, 
Groot, Geelhoutbos, Gamtoos and Kouga Rivers (literature and field survey); 

2. Determine the confidence level in the data used for the assessment based on information 
availability and quality; 

3. Establish a reference condition for the aquatic invertebrate populations of the 
Baviaanskloof, Wit, Groot, Geelhoutbos, Gamtoos and Kouga Rivers; 

4. Determine the Present Ecological State of the aquatic macroinvertebrate communities of 
the Baviaanskloof, Wit, Groot, Geelhoutbos, Gamtoos and Kouga Rivers; 

5. Determine the causes and sources of the Present Ecological State (PES) as well as the 
trajectory of change in the PES; 

6. Determine the Ecological Importance and Sensitivity (EIS) of the Baviaanskloof, Wit, 
Groot, Geelhoutbos, Gamtoos and Kouga Rivers; 

7. Determine whether or not the modeled EWR estimates will be sufficient to maintain the 
PES category determined for each river; 

8. Provide recommendations, mitigations and management measures for the maintenance 
of the recommended ecological management class based on the PES of the aquatic 
invertebrates. 

3. METHODOLOGY 

The set of methodologies applied in the aquatic macroinvertebrate assessment for the 
Baviaanskloof Mega Reserve, forms part of the river EcoClassification and EcoStatus 
determination methodology (Kleynhans et al. 2007) and specifically Module E: Macroinvertebrate 
Response Assessment Index (MIRAI).  The following section is therefore an adapted extract from 
“Thirion, C. 2007. Module E: Macroinvertebrate Response Assessment Index in River 
EcoClassification: Manual for EcoStatus Determination (version 2). Joint Water Research 
Commission and Department of Water Affairs and Forestry report. WRC Report No.” 

3.1 Site selection 

EWR sites should be either representative of the river delineation or should represent a critical 
section of the river (such as a section of the river that will stop flowing before the rest of the river, in 
most cases a rifle area). An “ideal” macroinvertebrate site would be a site at which all or most of 
the invertebrate biotopes (Stones-in–current, Stones-out-of-current, Vegetation-in-current, 
Vegetation-out-of-current, Sand, Gravel and Mud) are present. In addition to biotope diversity, the 
biotopes should be of good quality and quantity.  

3.2 Data collection 

Before the site visit and actual sampling it is important to collect all available aquatic 
macroinvertebrate data for the river. The data collection for this study included obtaining any 
relevant biomonitoring data from historical surveys conducted, an extensive literature survey, as 
well as a search on the Rivers Database for data and liaising with specialists that have worked in 
the area previously.  The background information is used in the determination of reference 
conditions and to enhance the confidence in the Present Ecological State assessment. 
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Following the site selection and site verification, a field survey was undertaken (October 2008) to 
the selected EWR sites on the Baviaanskloof, Wit, Groot, Geelhoutbos, Gamtoos and Kouga 
Rivers.  The SASS5 biomonitoring protocol in conjunction with a detailed habitat assessment (see 
relevant section below) was conducted at each site. 

3.3 Reference conditions 

In order to establish a reference condition for each of the river systems, information from similar 
sites in different rivers, as well as available historical information was used to derive a reference list 
of taxa expected under the reference conditions.  Information from these reference sites was used 
to compile a reference list of taxa for each river to be used in the MIRAI assessment.  

3.4 Habitat assessment 

Riparian and instream habitat assessment is needed to evaluate the “template” on which the 
respective invertebrate populations exist. Aquatic invertebrates will only occur at a site if suitable 
habitat exists, and it is therefore essential to assess not only the habitat quality and quantity but 
also the diversity of available biotopes.  

Riparian and instream habitat conditions as well as general catchment conditions were assessed 
and recoded by completing River Health Programme (RHP) field-data sheets (Annexure 1) for 
every EWR site. Two important indices included within the RHP field-data sheets are the Index of 
Habitat Integrity for the assessment of instream and riparian habitat integrity, as well as the 
modified (Dallas 2005) Invertebrate Habitat Assessment System (IHAS) developed by McMillan 
(1998) for the assessment of invertebrate biotopes sampled.  Information gained from these 
indices assist in the interpretation of the invertebrate community results. 

3.5 Present Ecological State assessment 

The PES for the Baviaanskloof, Wit, Groot, Geelhoutbos, Gamtoos and Kouga Rivers was 
determined by applying the MIRAI protocol (Box 1 provides an overview of the underlying 
concepts of the MIRAI approach) on the data collected (desktop and field) for each of the EWR 
sites.  The stepwise procedure for running the MIRAI protocol is as follows: 

1. Determine the reference conditions 
2. Complete the species data input sheet 
3. Rank and weight the flow modification metrics 
4. Sort the species data according to the >0.6m/s velocity category 
5. Compare the observed (present) taxa to the expected (reference) taxa 
6. Rate the metric accordingly, indicating the reason for the rating 
7. Repeat the process (3-6) for the other metrics and metric groups 
8. Rank and weight the metric groups 

Box 1:  Underlying concepts of the MIRAI approach 
 

 
RATING APPROACH 
 
MIRAI comprises four different metric groups that measure the deviation of the present (observed) 
invertebrate assemblage from the reference (expected) assemblage in terms of flow modification, habitat 
modification, water quality modification, and system connectivity and seasonality. 
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The first step in determining the Present Ecological State (PES) of the invertebrates is to complete the 
species data sheet. This includes the abundance and frequency of occurrence (if possible) of the different 
invertebrate taxa under natural (reference) conditions, as well as the abundance and frequency of occurrence 
(if possible) of the invertebrate taxa under present conditions. For this index an increase in abundance and/or 
frequency of occurrence, as well as a decrease in abundance and/or frequency of occurrence, is seen as an 
impact or change compared to natural state. The six point rating system works as follows – 
 
0 = No change from reference 
1 = Small change from reference 
2 = Moderate change from reference 
3 = Large change from reference 
4 = Serious change from reference 
5 = Extreme change from reference 
 
In addition to the rating of the different metrics, each metric (and metric group) is also ranked and weighted 
according to its importance in determining the Ecological Category (EC) of the invertebrate assemblage.  
 
Basically each metric is ranked in terms of which metric (if it changed from worst to best) would best indicate 
good integrity in terms of the metric group. In other words, which metric is the most important in determining 
the present state of the invertebrates. The ranking procedure is only used to guide the weighting and is not 
used in any calculation. The metric ranked 1 (most important) is weighted 100%. The other metrics are then 
ranked as a percentage relative to the most important metric. All metrics with the same rank have the same 
weight, and a lower ranked metric, must have a lower percentage weight than a higher ranked metric. 
 
FLOW MODIFICATION 
 
In order to facilitate the evaluation of the impact of different flows on the invertebrate community four different 
velocity categories have been defined – 
 
- Very fast flowing water >0.6 m/s 
- Moderately fast flowing water 0.3-0.6 m/s 
- Slow flowing water 0.1-0.3 m/s 
- Very slow flowing/standing water <0.1 m/s 
 
Each invertebrate taxon has been assigned a velocity preference score (0-5). The velocity preference scores 
were allocated according to the following system – 
 
0 = No preference 
1 = Very small preference 
2 = Small preference 
3 = Moderate preference 
4 = High preference 
5 = Very high preference 
 
HABITAT MODIFICATION 
 
In order to facilitate the evaluation of the impact of habitat changes on the invertebrate community, five 
different habitat types have been defined – 
 

 Bedrock & boulders:  substrates >256mm in size, in- and out-of-current 

 Cobbles & Pebbles:  substrates 16-256 mm in size, in- and out-of-current 

 Vegetation: inundated fringing and aquatic vegetation, in- and out-of-current 

 Gravel, Sand and Mud: substrates <16 mm in size, in- and out-of-current 

 Water column: total water surface and water column 
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Habitat preference scores are allocated in the same way as the velocity preference scores. The evaluation 
used to rate the present state is also the same as is used to rate the flow modification metric group. 
 
WATER QUALITY MODIFICATION 
 
To facilitate the evaluation of changes in water quality on the aquatic invertebrate community, four different 
groups were identified. These groups are based on SASS5 scores.  
 

 HIGH requirement for unmodified water quality: SASS5 scores = 12-15 

 MODERATE requirement for unmodified water quality: SASS5 scores = 7-11 

 LOW requirement for unmodified water quality: SASS5 scores = 4-6 

 VERY LOW requirement for unmodified WATER QUALITY: SASS5 scores = 1-3 
 
In addition to the normal set of metrics regarding the presence / absence and the abundance and/or 
frequency of occurrence of taxa, two additional metrics – the SASS5 score and the ASPT value - are used. 
Guidelines for rating SASS and ASPT changes are as follows - 
 
SASS scores as a percentage of the reference SASS score 
>90% = 0 
80-90% = 1 
60-80% = 2 
40-60% = 3 
20-40% = 4 
<20% = 5 
 
ASPT scores as a percentage of the reference ASPT value 
>95% = 0 
90-95% = 1 
85-90% = 2 
80-85% = 3 
75-80% = 4 
<75% = 5 
 
SYSTEM CONNECTIVITY AND SEASONALITY 
 
System connectivity metrics are only used where migratory taxa (eg. Paleomonidae and Varuna) are 
expected to occur under reference conditions. These metrics should also be used where one would expect 
seasonal changes in the invertebrate distributions, usually related to changes in flow pattern. 
 
ECOLOGICAL CATEGORY (EC) 
 
The four metric groups assessed are combined to derive an aquatic invertebrate EC. The metric group that 
will best indicate the response of invertebrates in a particular river or at a particular site is ranked 1 with a 
weight of 100%. System connectivity and seasonality is not always relevant. If it was not included in the 
assessment, it should receive a weight of 0%. The model automatically calculates the EC based on the 

percentage of reference.  

 
3.6 Ecological Importance and Sensitivity assessment  

The EIS is determined through a process that involves an Excel based model that incorporates 
biotic information (fish, aquatic invertebrates, and riparian vegetation) as well as abiotic information 
on instream and riparian habitats.  The model outputs can be viewed in Annexure 7 of this report.   
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3.7 Interpretation of flow and non-flow related impacts and trajectory of change 

The reasons for a specific EC is determined by interrogating the composition of the EC, that is, 
which of the metric groups is most impacted. By unpacking the EC and the metric groups it is 
determined whether the observed changes in the EC is due to flow or non-flow related impacts. 
The major reason for the changes in EC is further unpacked to determine which of the metrics are 
most responsible for the change. From this it is then possible to make recommendations regarding 
the maintenance or possible improvement of the invertebrate EC i.e. the trajectory of change. 

3.8 Verification of the modeled EWR estimates 

In order to determine whether or not the modeled EWR estimates will be sufficient to maintain the 
EC determined for each river the cross-section profiles and hydraulic tables containing 
hydrological data transformed into hydraulic components (depth and velocity) for each EWR site, 
is assessed in terms of the quantity, quality and diversity of critical invertebrate biotopes.  This 
assessment is mainly based on the requirements of indicator taxa. 

3.9 Setting management and mitigation measures 

Recommendations and management measures are provided for the maintenance of the 
recommended ecological management class based on the PES of the aquatic invertebrates. 

4. RESULTS AND DISCUSSION 

4.1 Site selection 

The Eastern Cape Department of Water Affairs and Forestry (EC DWAF) have been conducting 
River Health Program (RHP) monitoring on various rivers in the study area.  These sites were 
reviewed to determine whether they were both representative of the river reach and of critical 
sections of the river.  Seven of these sites were selected and assessed with an additional site 
investigated on the Gamtoos River. Table 1 provides the coordinates, quaternary drainage regions 
and site codes of each of the selected EWR sites.   

Table 1:  EWR site variables 

Site Site Code Latitude Longitude 
Quaternary 
Catchment 

Baviaanskloof upstream  BAV1 S 33°32’16.2” E 23°57’54.3” L81B 

Baviaanskloof downstream BAV3 S 33°37’22.3” E 24°16’09.3” L81D 

Geelhoutbos River GEE1 S 33°38’12.5” E 24°14’49.3” L81D 

Wit River WIT1 S 33°39’36.5” E 24°32’06.3” L70G 

Groot River GRO1 S 33°41’42.8” E 24°36’41.8” L70G 

Gamtoos River GAM1 S 33°45’38.9” E 24°41’35.7” L90A 

Kouga upstream KOU1 S 33°43’00.3” E 23°24’40.6” L82A 

Kouga downstream KOU2 S 33°37’17.9” E 24°01’31.4” L82D 

For detailed site description please refer to Annexure 1: Site characterisation. A brief description of 
the biotope quality, quantity and diversity for the EWR sites chosen on the Baviaanskloof, 
Geelhoutbos, Wit, Groot, Gamtoos and Kouga Rivers is provided below. 
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1.1.1. Upper Baviaanskloof River (BAV1) 

BAV1 is characterised by pools, runs and riffles.  The bed and bank substrate has an abundance 
of boulders, cobbles, pebbles and gravel (Figure 1). Aquatic vegetation at this site is abundant with 
stones in current, marginal vegetation in and out of current and the gravel biotopes ranging from 
common to abundant.  Stones out of current are common with sand and mud ranging from sparse 
to common.  The flow was of a moderate velocity at the time of sampling and the water was clear. 
Invertebrate biotope ratings are presented in Table 2. 

 

Figure 1: Cross-sectional view of the upper Baviaanskloof River (BAV1) 
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Table 2:  Availability and diversity
1
 of invertebrate biotopes present at BAV1 

SASS BIOTOPE 
SPECIFIC BIOTOPE 

Rating Biotope Rating Biotope Rating Biotope Rating 

Stones in current 3-4 
Riffle 3 Run 4 Boulder rapid 2 

Chute  Cascade  Bedrock - 

Stones out of current 3 
Backwater  Slackwater 4 Pool 2 

Bedrock      

Marginal vegetation in current 3-4 
Grasses 4 Reeds - Shrubs 3 

Sedges 4     

Marginal vegetation out of 
current 

3-4 
Grasses 4 Reeds - Shrubs 3 

Sedges 4     

Aquatic vegetation 4 Sedges 4 Moss - 
Filamentous 
algae 

- 

Gravel 3-4 Backwater - Slackwater 4 In channel 3 

Sand 2-3 Backwater - Slackwater 3 In channel 2 

Silt/mud/clay 2 Backwater - Slackwater 2 In channel 2 

1.1.2. Lower Baviaanskloof River (BAV3) 

BAV3 is downstream of BAV1 and is also characterised by pools, runs and riffles.  Flow velocities 
were moderate during the time of sampling and the water was clear (Figure 2).  The bed and bank 
substrate has an abundance of cobbles and pebbles with boulders being sparse to common.  
Stones and marginal vegetation in current as well as aquatic vegetation are abundant with stones 
and marginal vegetation out of current being sparse.  Gravel sand and mud biotopes were rare at 
the site.  The invertebrate biotope ratings are presented in Table 3. 

 

Figure 2: Cross-sectional view of the lower Baviaanskloof River (BAV3) 

                                                      
1
 Invertebrate habitat ratings: 0 – absent, 1 – rare, 2 – sparse, 3 – common, 4 – abundant, 5 - entire 
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Table 3:  Availability and diversity of invertebrate biotopes present at BAV3 

SASS BIOTOPE 
SPECIFIC BIOTOPE 

Rating Biotope Rating Biotope Rating Biotope Rating 

Stones in current 4 
Riffle 4 Run 4 Boulder rapid - 

Chute - Cascade - Bedrock - 

Stones out of current 2 
Backwater - Slackwater 2 Pool 2 

Bedrock -     

Marginal vegetation in 
current 

4 
Grasses 4 Reeds 1 Shrubs 1 

Sedges 4     

Marginal vegetation out of 
current 

2 
Grasses 2 Reeds - Shrubs - 

Sedges 2     

Aquatic vegetation 4 Sedges 4 Moss 1 Filamentous algae - 

Gravel 1-2 Backwater - Slackwater 2 In channel 1-2 

Sand 1 Backwater - Slackwater 1 In channel 1 

Silt/mud/clay 1 Backwater - Slackwater 1 In channel 1 

1.1.3. Geelhoutbos River (GEE1) 

GEE1 is characterised by shallow, slow flowing, clear water.  The bed and bank substrate has an 
abundance of cobbles and pebbles, while boulders and gravel were common (Figure 3).  Stones 
in and out of current and marginal vegetation out of current were common.  Marginal vegetation in 
current, aquatic vegetation, gravel and mud were sparse with the presence of sand being rare 
(Table 4). 

 

Figure 3: Cross-sectional view of the Geelhoutbos River (GEE1) 
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Table 4:  Availability and diversity of invertebrate biotopes present at GEE1 

SASS BIOTOPE 
SPECIFIC BIOTOPE 

Rating Biotope Rating Biotope Rating Biotope Rating 

Stones in current 3 
Riffle 2-3 Run 3-4 Boulder rapid - 

Chute - Cascade - Bedrock - 

Stones out of current 3 
Backwater - Slackwater 3 Pool 3 

Bedrock -     

Marginal vegetation in 
current 

2 
Grasses 2-3 Reeds - Shrubs - 

Sedges 2-3     

Marginal vegetation out of 
current 

3 
Grasses 2-3 Reeds - Shrubs - 

Sedges 2-3     

Aquatic vegetation 2 Sedges 2-3 Moss 2-3 Filamentous algae - 

Gravel 2 Backwater - Slackwater 3 In channel 2 

Sand 1 Backwater - Slackwater 1-2 In channel 1 

Silt/mud/clay 2-3 Backwater - Slackwater 2-3 In channel 2-3 Silt 

1.1.4. Wit River (WIT1) 

WIT1 has abundant to common occurrences of stones in current together with an abundance of 
alternating run and riffles areas.  Pool areas occur but are sparse and stones out of current are 
rare to sparse.  The substrate of both the river bed and bank are characterised by cobbles and 
pebbles with boulders and gravel being common (Figure 4).  Marginal vegetation in current is 
sparse to rare and marginal vegetation out of current is sparse.  Aquatic vegetation and gravel was 
sparse to common (Table 5).  The flow of water recorded at the time of sampling was moderate to 
high.  The water was clear. 

 

Figure 4: Cross-sectional view of the Wit River (WIT1) 
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Table 5:  Availability and diversity of invertebrate biotopes present at WIT1 

SASS BIOTOPE 
SPECIFIC BIOTOPE 

Rating Biotope Rating Biotope Rating Biotope Rating 

Stones in current 3-4 
Riffle 3 Run 4 Boulder rapid - 

Chute - Cascade 1 Bedrock 1 

Stones out of current 1-2 
Backwater 1 Slackwater 1 Pool 2 

Bedrock -     

Marginal vegetation in 
current 

1-2 
Grasses 1 Reeds - Shrubs 1 

Sedges 2     

Marginal vegetation out of 
current 

2 
Grasses 1 Reeds - Shrubs 1-2 

Sedges 2     

Aquatic vegetation 2-3 Sedges 2-3 Moss 2-3 Filamentous algae 1-2 

Gravel 2-3 Backwater 2 Slackwater 3 In channel 2-3 

Sand 1 Backwater 1 Slackwater 1 In channel 1 

Silt/mud/clay 0-1 Backwater 0-1 Slackwater 0-1 In channel 0-1 

1.1.5. Groot River (GRO1) 

GRO1 is characterised by a combination of pools, runs and riffle/rapid areas.  At the time of 
sampling the water was silty with a moderate flow.  GRO1 has an abundance of marginal 
vegetation out of current of which grasses were common and sedges abundant (Figure 5).  The 
marginal vegetation in current is common with aquatic vegetation, silt, mud and clay being 
abundant.  Stones in and out of current are sparse to common with the bed substrate consisting of 
abundant amounts of cobble and pebbles.  The invertebrate biotope ratings are presented in 
Table 6. 

 

Figure 5: Cross-sectional view of the Groot River (GRO1) 
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Table 6:  Availability and diversity of invertebrate biotopes present at GRO1 

SASS BIOTOPE 
SPECIFIC BIOTOPE 

Rating Biotopes Rating Biotopes Rating Biotopes Rating 

Stones in current 2-3 
Riffle 2 Run 3 Boulder rapid - 

Chute  Cascade  Bedrock - 

Stones out of current 2-3 
Backwater 2 Slackwater 2 Pool 3 

Bedrock      

Marginal vegetation in 
current 

3 
Grasses 1 Reeds - Shrubs - 

Sedges 4     

Marginal vegetation out of 
current 

4 
Grasses 3 Reeds - Shrubs - 

Sedges 4     

Aquatic vegetation 4 Sedges 4 Moss - Filamentous algae 1 

Gravel 2 Backwater 2 Slackwater 2 In channel 2 

Sand 2 Backwater 2 Slackwater 3 In channel 1-2 

Silt/mud/clay 4 Backwater 4 Slackwater 4 In channel 2 

1.1.6. Gamtoos River (GAM1) 

An abundance of stones in current is characteristic of GAM1 while stones out of current are sparse 
to common.  The site is further characterized by abundant riffle areas with runs being common 
(Figure 6).  Marginal vegetation in current is common with marginal vegetation out of current and 
aquatic vegetation being sparse (Table 7).  Gravel, sand and silt are sparse to common.  The bed 
and bank substrate both have abundant cobbles and pebbles with sand being common.  Gravel is 
more common in the bed substrate than in the bank substrate.  At the time of sampling the water 
was clear with a moderate to high flow.   

 

Figure 6: Cross-sectional view of the Gamtoos River (GAM1) 
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Table 7:  Availability and diversity of invertebrate biotopes present at GAM1 

SASS BIOTOPE 
SPECIFIC BIOTOPE 

Rating Biotope Rating Biotope Rating Biotope Rating 

Stones in current 4 
Riffle 4 Run 3 Boulder rapid - 

Chute - Cascade - Bedrock - 

Stones out of current 2-3 
Backwater 2 Slackwater 2 Pool 3 

Bedrock -     

Marginal vegetation in current 3 
Grasses 2 Reeds 3 Shrubs - 

Sedges 3     

Marginal vegetation out of 
current 

2 
Grasses 2 Reeds 2 Shrubs - 

Sedges 2     

Aquatic vegetation 2 Sedges 2-3 Moss  
Filamentous 
algae 

2 

Gravel 2-3 Backwater 2-3 Slackwater 2-3 In channel 1-2 

Sand 2-3 Backwater 2-3 Slackwater 2-3 In channel 1 

Silt/mud/clay 2-3 Backwater 2-3 Slackwater 2-3 In channel 1-2 

1.1.7. Upper Kouga River (KOU1) 

KOU1 has high flow and the water at the time of sampling was clear (Figure 7).  The site is 
characterised by a mixture of pools, runs and riffle/rapids.  Stones in current are common to 
abundant while stones out of current are sparse.  Marginal vegetation in current is sparse to 
common with marginal vegetation out of current being sparse to rare.  Aquatic vegetation is rare.  
Gravel and sand are sparse to rare with no silt, clay or mud being present (Table 8).  Cobbles are 
abundant in the bed and bank substrates with boulders and pebbles being common.   

 

Figure 7: Cross-sectional view of the Kouga River upstream (KOU1) 
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Table 8:  Availability and diversity of invertebrate biotopes present at KOU1 

SASS BIOTOPE 
SPECIFIC BIOTOPE 

Rating Biotope Rating Biotope Rating Biotope Rating 

Stones in current 3-4 
Riffle 4 Run 4 Boulder rapid 3 

Chute - Cascade - Bedrock 3 

Stones out of current 2 
Backwater - Slackwater 2 Pool 2 

Bedrock -     

Marginal vegetation in current 2-3 
Grasses 2-3 Reeds - Shrubs 1 

Sedges 1-2     

Marginal vegetation out of 
current 

1-2 
Grasses 1 Reeds - Shrubs - 

Sedges 1     

Aquatic vegetation 1 Sedges - Moss - 
Filamentous 
algae 

- 

Gravel 1-2 Backwater - Slackwater 1-2 In channel 1-2 

Sand 1-2 Backwater - Slackwater 2 In channel 1 

Silt/mud/clay none Backwater - Slackwater - In channel - 

1.1.8. Lower Kouga River (KOU2) 

KOU2 had clear water and a high flow at the time of sampling (Figure 8).  The bed and bank 
substrate have an abundance of cobbles with boulders, gravel and sand being common.  There 
was an abundance of stones and marginal vegetation both in and out of current as well as aquatic 
vegetation. Gravel and sand was also common but there was no mud biotope (Table 9). The site 
had a mixture of pools, runs and riffle/rapids. 

 

Figure 8: Cross-sectional view of the Kouga River downstream (KOU2) 
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Table 9:  Availability and diversity of invertebrate biotopes present at KOU2 

SASS BIOTOPE 
SPECIFIC BIOTOPE 

Rating Biotope Rating Biotope Rating Biotope Rating 

Stones in current 4 
Riffle 4 Run 4 Boulder rapid 4 

Chute - Cascade - Bedrock 1 

Stones out of current 4 
Backwater 4 Slackwater 4 Pool - 

Bedrock -     

Marginal vegetation in current 4 
Grasses - Reeds - Shrubs - 

Sedges 4     

Marginal vegetation out of 
current 

4 
Grasses - Reeds - Shrubs - 

Sedges 4     

Aquatic vegetation 4 Sedges 4 Moss - 
Filamentous 
algae 

- 

Gravel 3 Backwater 2 Slackwater 3 In channel 1 

Sand 3 Backwater 3 Slackwater 3 In channel 1 

Silt/mud/clay none Backwater - Slackwater - In channel - 

4.2 Information availability assessment 

Availability of information for the aquatic invertebrate component is rated from 0 to 4 (Table 10).  A 
score of 0 to 2 indicates that the level of information is adequate for an RERM, while a score of 3 
indicates that it is adequate for an IERM and a score of 4 that it is adequate for a CERM. The 
confidence levels indicate the confidence of the specialists in the information available.  A 
confidence rating of 5 is high whereas a score of 0 indicates no confidence. 

Table 10:  Assessment of the information availability for BAV1 

EWR 
site 

Conf. 
Level 

Information availability 
Comments 

0 1 2 3 4 

BAV1 2      

Relevant historical SASS information was sparse and not found to be highly 
relevant.  A reference condition was constructed based on data from the field 
survey and two historical data sets, as well as expert opinion.  The established 
present ecological state (PES) must therefore be considered with appropriate 
caution. 

BAV3 2      

Relevant historical SASS information was sparse and not found to be highly 
relevant.  A reference condition was constructed based on data from one field 
survey and one historical data set, as well as expert opinion.  The established 
present ecological state (PES) must therefore be considered with appropriate 
caution.  

GEE1 2      

Relevant historical SASS information was sparse and not found to be highly 
relevant.  A reference condition was constructed based on data from one field 
survey and two historical data sets, as well as expert opinion.  The established 
present ecological state (PES) must therefore be considered with appropriate 
caution.  

WIT1 2      

Relevant historical SASS information was sparse and not found to be highly 
relevant.  A reference condition was constructed based on data from one field 
survey and three historical data sets, as well as expert opinion.  The established 
present ecological state (PES) must therefore be considered with appropriate 
caution. 
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EWR 
site 

Conf. 
Level 

Information availability 
Comments 

0 1 2 3 4 

GRO1 2      

Relevant historical SASS information was sparse and not found to be highly 
relevant.  A reference condition was constructed based on data from one field 
survey, three historical data sets, an MSc thesis (See References) as well as expert 
opinion. The PES is therefore slight more reliable than for most of the other EWR 
sites assessed. 

GAM1 2      

Relevant historical SASS information was sparse and not found to be highly 
relevant.  A reference condition was constructed based on data from one field 
survey, one historical data set, an MSc thesis (See References) as well as expert 
opinion. The established present ecological state (PES) must therefore be 
considered with appropriate caution.  

KOU1 2      

Relevant historical SASS information was sparse and not found to be highly 
relevant.  A reference condition was constructed based on data from one field 
survey as well as expert opinion.  The established present ecological state (PES) 
must therefore be considered with appropriate caution.  

KOU2 2      

Relevant historical SASS information was sparse and not found to be highly 
relevant.  A reference condition was constructed based on data from one field 
survey and two historical data sets, as well as expert opinion.  The established 
present ecological state (PES) must therefore be considered with appropriate 
caution.  

4.3 Site suitability assessment 

Information used to conduct the site suitability assessment was collected as part of the River 
Health Programme site assessment conducted for each EWR site (see Annexure 1 for the 
complete site assessment of each site). Individual specialists ranked their confidence in the 
suitability of the EWR sites for providing indicators for the abovementioned verification of the DSS 
output from 0 (no confidence) to 5 (high confidence). Table 11 provides details on the aquatic 
invertebrate biotope2 availability and suitability at each EWR site.   

Table 11:  BAV1 site suitability for providing clues during field verification of the DSS 

EWR 
Site 

Conf. 
Level 

Advantages Disadvantages 

BAV1 3 

Abundant SIC biotope, limited embeddedness and 
algal growth, size classes good, although not optimal.  
Distribution of cobble and boulder riffle across channel 
good.  Variety of flow-depth classes good, not optimal. 
MVIC & MVOOC biotopes good. 

GSM availability slightly limited.  Unexpected algae and 
siltation observed on stones (<50%).  Limited evidence 
of littering. Signs of possible eutrofication were present 
in the abundance ratings of certain invertebrate taxa. 

BAV3 
3 

Abundant SIC biotope. Limited embeddedness and 
algal growth, size classes optimal.  Distribution of 
cobble and boulder riffle across channel good.  Variety 
of flow-depth classes good, but not optimal. MVIC 
biotope good. No algae present. Aquatic vegetation 
present. 

GSM biotope availability sparse.  SOOC and MVOOC 
sparse and covered in silt (>50%).  MVIC and MCOOC 
abundance and diversity limited. 

GEE1 
2 

SIC biotope common with limited siltation (<25%), size 
classes good although not optimal.  Limited algal 
growth and embeddedness. MVOOC and SOOC 
biotopes common.  Aquatic vegetation present. 

GSM sparse. MVIC abundance and diversity limited. 
Diversity of flow depth classes limited. Algae present on 
rocks.  SIC not optimal.  Riffle velocity very slow, 
possibly impacting on the presence of true rheophylics. 

WIT1 
3 

SIC biotope common to abundant, size classes good 
although not optimal.  Limited embeddedness and 
algal growth. Aquatic vegetation present. Diversity of 
flow classes good. Gravel common in places. 

Mud and sand rare. SOOC rare to sparse.  SIC 
biotope covered in silt (<50%). MVIC & MVOOC 
abundance and diversity limited. Diversity of depth 
classes limited. Isolated presence of algae.  Riffle 
velocity slow, possibly impacting on true rheophylics. 

                                                      
2
 invertebrate flow classes: Fast (>0.6m/s), Moderate (0.3-0.6 m/s), Slow (0.1-0.3m/s), Pool (<0.1m/s) 
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EWR 
Site 

Conf. 
Level 

Advantages Disadvantages 

GRO1 
1 

SIC and SOOC biotope adequate, size classes 
optimal.  Limited embeddedness.  Abundant aquatic 
vegetation present. MVIC common and MVOOC 
abundant. Diversity of flow classes good. Gravel 
common in places. 

GSM rare, SIC and MVIC biotope availability not 
optimal.  SIC biotope covered somewhat in silt and 
algae (>50%).  MVIC and MVOOC diversity limited. 
Diversity of depth classes slightly limited.  Evidence of 
possible eutrophication and siltation from upper 
catchment. Site may not be representative of the reach. 

GAM1 
1 

SIC and SOOC biotope adequate.  Stone size classes 
optimal. Limited embeddedness and siltation.  MVIC 
common. Gravel common in places. 

Some algae on rocks.  SOOC and MVOOC sparse.  
Diversity of flow-depth classes limited in terms of slow-
deep and slow-shallow.  Distinct evidence of 
eutrophication and siltation from upper catchment. Site 
is heavily impacted by agriculture. 

KOU1 
2 

SIC biotope abundant, size classes optimal.  Limited 
embeddedness.  MVIC adequate. Diversity of flow-
depth classes adequate.  

SOOC, GSM, MVOOC biotope availability limited.  
Siltation covering rocks in SIC biotope. Limited slow-
deep and shallow habitats. Algae on rocks.  MVIC and 
SIC biotope adequate but not optimal. 

KOU2 
2 

All biotopes available in abundance.  Virtually no 
siltation and limited embeddedness.  Stone size 
classes good but not optimal.   

MV biotope quality non-optimal - mostly shoots.  
Limited slow-deep and virtually no slow-shallow 
habitats. Catchment impacted by vegetation removal. 

4.4 Aquatic invertebrate reference condition 

An invertebrate reference condition was constructed by compiling a list of taxa that is expected to 
occur based on the field survey conducted in October 2008, historical biomonitoring data obtained 
from EC DWAF and information obtained from a Masters project on macroinvertebrate 
biomonitoring using the SASS5 index that was undertaken in the area (Coetzee, 2004).  No 
Rivers Database data was available for use in setting up the reference condition at the time of the 
assessment. The historical information available for the study area was not found to be highly 
informative and the derived reference taxon list was therefore largely based on data collected 
during the October 2008 survey as well as expert opinion. The derived reference taxon list 
(invertebrate reference condition) is used within the MIRAI protocol to provide a comparison with 
taxa recorded during the field survey at each of the EWR sites in order to determine the EC for 
each site.  The reference taxon list (including reference Frequency of Occurrence3 and 
Abundance) for the Baviaanskloof, Geelhoutbos, Wit, Groot, Gamtoos and Kouga Rivers used in 
the MIRAI assessment to compare the present day ecological condition (observed) of the aquatic 
invertebrate populations with that expected under reference conditions is presented in Table 12. 
The confidence level for the reference condition is 3. 

Table 12:  Invertebrate reference condition, including reference FOOC and abundances 

Taxa 
Observed Expected 

BAV1 BAV3 WIT1 GRO1 GEE1 KOU1 KOU2 GAM1 FOOC
4
 ABUN 

Turbellaria A A 1 B A A A A 73 B 

Oligochaeta A B B B 1 A B A 88 B 

Potamonautidae B B A 1 A 1 A A 65 B 

Hydracarina 1  A  1 A A  31 A 

Baetidae >2spp B B B B B B B B 73 B 

Caenidae B 1 B B A B B B 81 B 

Heptageniidae 1 B     B  19 B 

Leptophlebiidae B B A B B A B A 62 B 

Trichorythidae  A  B  B B B 27 B 

                                                      
3
 A decision was taken that taxa with a FOOC < 4% are not included in the invertebrate reference condition 

4
 FOOC is calculated by dividing the number of occurrences by the number of surveys as a percentage 
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Taxa 
Observed Expected 

BAV1 BAV3 WIT1 GRO1 GEE1 KOU1 KOU2 GAM1 FOOC
4
 ABUN 

Chlorocyphidae  1  A 1  1  31 A 

Synlestidae 1    1    8 1 

Coenagrioniidae B B B B B B A B 96 B 

Platycnemidae A  A 1 B    15 B 

Aeshnidae A A 1 A  B B A 54 B 

Gomphidae A B A A  A B 1 54 B 

Libellulidae B B B B B B B A 96 B 

Crambidae   1   1  1 12 1 

Belostomatidae    1    A 19 A 

Corixidae B 1   A B   19 B 

Gerridae B A B B B 1 A A 62 B 

Naucoridae A  A A  A  A 35 A 

Notonectidae A  1 A A  1  23 A 

Pleidae      1  1 8 1 

Veliidae B B B A B 1 A A 77 B 

Ecnomidae    A   1  8 A 

Hydropsychidae >2spp B B  B   B C 23 B 

Philopotamidae A A A A B  B  50 B 

Hydroptilidae 1 A  A     15 A 

Leptoceriidae A A B B 1 B B  50 B 

Dytiscidae A  1 A A B 1  27 B 

Elmidae 1 A A A   B B 46 B 

Gyrinidae B B B A A A B  73 B 

Hydrophilidae 1 A     A A 31 A 

Psepheniidae    A    1 8 A 

Athericidae   B    A  12 B 

Ceratopogonidae B B A B A A A 1 62 B 

Chironomidae A B B B B B B A 92 B 

Culicidae A 1 A  A  A A 42 A 

Dixidae A 1 1  A    23 A 

Muscidae A A A A 1  1  35 A 

Psychodidae     1  1  8 1 

Simuliidae B B B C B B B C 77 B 

Tabanidae B B A A  1 A A 62 B 

Tipulidae   A  A  A  23 A 

Ancylidae B B A B A   B 65 B 

Lymnaeidae B   B   1 A 27 B 

Physidae A   A    B 19 B 

Planorbinae B A   B    27 B 

Sphaeriidae    B    C 27 B 

For the Baviaanskloof, Geelhoutbos, Wit, Groot, and Kouga Rivers the reference Total SASS5 
score was determined as 238 and the reference ASPT as 6.1.  These values are based on the 
Biological Bands (Dallas, 2007) for the Southern Folded Mountains (Upper).  For the Gamtoos 
River the reference Total SASS5 score was determined as 170 and the reference ASPT as 5.8.  
These values are based on the Biological Bands (Dallas, 2007) for the Southern Folded 
Mountains (Lower).   
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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 loss of natural habitat and biota. In 

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

0-19 F 

4.5 Present Ecological State assessment 

The PES for the Baviaanskloof, Geelhoutbos, Wit, Groot, Gamtoos and Kouga Rivers is 
determined by applying the MIRAI protocol to the data collected during the field survey (October 
2008) for each EWR site. Broadly, the MIRAI assessment is based on a comparison of the 
observed taxa (field survey data) with the list of expected taxa (Table 12:  Invertebrate reference 
condition, including reference FOOC and abundances). Each metric (and metric group) is ranked 
and weighted according to its 
importance in determining the 
present ecological state 
(PES) of the invertebrate 
assemblage. The four metric 
groups assessed in this study 
include flow, habitat and water 
quality modification metrics.  
Seasonality and connectivity 
was not assessed since no 
migratory taxa or taxa that 
have known differences in 
seasonal distribution are 
expected in the reference 
condition of any of the rivers 
assessed. Each metric is 
ranked in terms of importance 
in determining the PES of the invertebrate assemblages. The ranking procedure is only used to 
guide the weighting and is not used in any calculation. The metric ranked 1 (most important) is 
weighted 100%. The other metrics are then ranked as a percentage relative to the most important 
metric. All metrics with the same rank have the same weight, and a lower ranked metric, must 
have a lower percentage weight than a higher ranked metric. The final integrated EC is ranked 
from an A (unmodified) to an F (critically modified) in a continuum, with boundary categories (2% 
up or down from the %EC at the EC boundaries5) indicated by the changes in colour in the 
illustration.  

4.5.1 MIRAI outputs 

The following section presents results from the MIRAI model (Thirion et al., 2007) for the different 
metric groups assessed for the Baviaanskloof, Geelhoutbos, Wit, Groot, and Kouga Rivers. The 
results are presented as follows for each EWR site: 

 Flow modification metrics 

 Habitat modification metrics 

 Water Quality Modification metrics 

 Ecological Category determination 

                                                      
5
 >89=A; 80-89=B; 60-79=C; 40-59=D; 20-39=E; <20=F 
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4.5.1.1 Upper Baviaanskloof River (BAV1) 

Table 13:  Ranking and rating of the flow modification metrics for BAV1 

FLOW MODIFICATION METRICS. 
WITH REFERENCE TO VELOCITY PREFERENCES, WHAT ARE THE 

CHANGES TO THE FOLLOWING OBSERVED OR EXPECTED TO BE? 
RATING RANKING % Weight 

Presence of taxa with a preference for very fast flowing water 0.5 2 90 

Abundance and/or frequency of occurrence of taxa with a preference for very fast 
flowing water 

0 2 90 

Presence of taxa with a preference for moderately fast flowing water 1 1 100 

Abundance and/or frequency of occurrence of taxa with a preference for 
moderately fast flowing water 

0.5 1 100 

Presence of taxa with a preference for slow flowing water 1 3 80 

Abundance and/or frequency of occurrence of taxa with a preference for slow 
flowing water 

0 4 70 

Presence of taxa with a preference for standing water 0 3 80 

Abundance and/or frequency of occurrence of taxa with a preference for standing 
water 

0 4 70 

Table 14:  Ranking and rating of the habitat modification metrics for BAV1 

HABITAT MODIFICATION METRICS. 
WITH REFERENCE TO INVERTEBRATE HABITAT PREFERENCES, WHAT 
ARE THE CHANGES TO THE FOLLOWING OBSERVED OR EXPECTED TO 

BE? 

RATING RANKING % Weight 

Has the occurrence of invertebrates with a preference for bedrock/boulders 
changed relative to expected? 

0.5 5 10 

Has the abundance and/or frequency of occurrence of any of the taxa with a 
preference for bedrock/boulders changed? 

0 5 10 

Has the occurrence of invertebrates with a preference for loose cobbles changed 
relative to expected? 

2 1 100 

Has the abundance and/or frequency of occurrence of any of the taxa with a 
preference for loose cobbles changed? 

1.5 1 100 

Has the occurrence of invertebrates with a preference for vegetation changed 
relative to expected? 

0.5 3 80 

Has the abundance and/or frequency of occurrence of any of the taxa with a 
preference for vegetation changed? 

0.5 4 70 

Has the occurrence of invertebrates with a preference for sand, gravel or mud 
changed relative to expected? 

1 3 80 

Has the abundance of any of the taxa with a preference for sand, gravel or mud 
changed relative to expected? 

1 4 70 

Has the occurrence of invertebrates with a preference for the water column or 
water surface changed relative to expected? 

0 2 90 

Has the abundance and/or frequency of occurrence of any of the taxa with a 
preference for the water column/water surface changed? 

0 2 90 
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Table 15:  Ranking and rating of the water quality modification metrics for BAV1 

WATER QUALITY METRICS. 
WITH REFERENCE TO WATER QUALITY REQUIREMENTS, WHAT ARE 

THE CHANGES TO THE FOLLOWING OBSERVED OR EXPECTED TO BE? 
RATING RANKING % Weight 

Has the number of taxa with a high requirement for unmodified physico-
chemical conditions changed? 

1 2 90 

Has the abundance and/or frequency of occurrence of  the taxa with a 
high requirement for unmodified physico-chemical conditions changed? 

0.5 2 90 

Has the number of taxa with a moderate requirement for unmodified 
physico-chemical conditions changed? 

2 2 90 

Has the abundance and/or frequency of occurrence of the taxa with a 
moderate requirement for modified physico-chemical conditions 
changed? 

1 2 90 

Has the number of taxa with a low requirement for unmodified physico-
chemical conditions changed? 

1 3 80 

Have the abundance and/or frequency of occurrence of the taxa with a 
low requirement for unmodified physico-chemical conditions changed? 

0.5 3 80 

Has the number of taxa with a very low requirement for unmodified 
physico-chemical conditions changed? 

0.5 4 70 

Have the abundance and/or frequency of occurrence of the taxa with a 
very low requirement for unmodified physico-chemical conditions 
changed? 

0 4 70 

How does the total SASS
6
 score differ from expected? 1 1 100 

How does the total ASPT score differ from expected? 0 1 100 

Table 16:  Ranking and rating of the metric groups for BAV1 to determine the EC 

INVERTEBRATE EC METRIC GROUP 

METRIC 
GROUP 

CALCULATED 
SCORE 

CALCULATED 
WEIGHT 

WEIGHTED 
SCORE OF 

GROUP 

RANK OF 
METRIC 
GROUP 

%WEIGHT 
FOR 

METRIC 
GROUP 

FLOW MODIFICATION FM 91.9 0.321 29.5431 2 90 

HABITAT  H 83.4 0.357 29.7959 1 100 

WATER QUALITY  WQ 84.7 0.321 27.2093 2 90 

CONNECTIVITY & SEASONALITY CS 100.0 0.000 0   

        280 

INVERTEBRATE EC     86.5483   

INVERTEBRATE EC CATEGORY   
  B   

                                                      
6
 SASS5 and ASPT score is always considered the most important metric in assessing water quality 
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4.5.1.2 Lower Baviaanskloof River (BAV3) 

Table 17:  Ranking and rating of the flow modification metrics for BAV3 

FLOW MODIFICATION METRICS. 
WITH REFERENCE TO VELOCITY PREFERENCES, WHAT ARE THE 

CHANGES TO THE FOLLOWING OBSERVED OR EXPECTED TO BE? 
RATING RANKING % Weight 

Presence of taxa with a preference for very fast flowing water 0.5 2 90 

Abundance and/or frequency of occurrence of taxa with a preference for very fast 
flowing water 

0.5 2 90 

Presence of taxa with a preference for moderately fast flowing water 0 1 100 

Abundance and/or frequency of occurrence of taxa with a preference for 
moderately fast flowing water 

0.5 1 100 

Presence of taxa with a preference for slow flowing water 0.5 3 80 

Abundance and/or frequency of occurrence of taxa with a preference for slow 
flowing water 

0 4 70 

Presence of taxa with a preference for standing water 0.5 3 80 

Abundance and/or frequency of occurrence of taxa with a preference for standing 
water 

0.5 4 70 

Table 18:  Ranking and rating of the habitat modification metrics for BAV3 

HABITAT MODIFICATION METRICS. 
WITH REFERENCE TO INVERTEBRATE HABITAT PREFERENCES, WHAT 
ARE THE CHANGES TO THE FOLLOWING OBSERVED OR EXPECTED TO 

BE? 

RATING RANKING % Weight 

Has the occurrence of invertebrates with a preference for bedrock/boulders 
changed relative to expected? 

0.5 5 10 

Has the abundance and/or frequency of occurrence of any of the taxa with a 
preference for bedrock/boulders changed? 

0 5 10 

Has the occurrence of invertebrates with a preference for loose cobbles changed 
relative to expected? 

1 1 100 

Has the abundance and/or frequency of occurrence of any of the taxa with a 
preference for loose cobbles changed? 

1 1 100 

Has the occurrence of invertebrates with a preference for vegetation changed 
relative to expected? 

0.5 3 80 

Has the abundance and/or frequency of occurrence of any of the taxa with a 
preference for vegetation changed? 

0.5 4 70 

Has the occurrence of invertebrates with a preference for sand, gravel or mud 
changed relative to expected? 

0.5 3 80 

Has the abundance of any of the taxa with a preference for sand, gravel or mud 
changed relative to expected? 

1 4 70 

Has the occurrence of invertebrates with a preference for the water column or 
water surface changed relative to expected? 

1.5 2 90 

Has the abundance and/or frequency of occurrence of any of the taxa with a 
preference for the water column/water surface changed? 

0.5 2 90 
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Table 19:  Ranking and rating of the water quality modification metrics for BAV3 

WATER QUALITY METRICS. 
WITH REFERENCE TO WATER QUALITY REQUIREMENTS, WHAT ARE 

THE CHANGES TO THE FOLLOWING OBSERVED OR EXPECTED TO BE? 
RATING RANKING % Weight 

Has the number of taxa with a high requirement for unmodified physico-
chemical conditions changed? 

0.5 2 90 

Has the abundance and/or frequency of occurrence of  the taxa with a 
high requirement for unmodified physico-chemical conditions changed? 

0 2 90 

Has the number of taxa with a moderate requirement for unmodified 
physico-chemical conditions changed? 

1 2 90 

Has the abundance and/or frequency of occurrence of the taxa with a 
moderate requirement for modified physico-chemical conditions 
changed? 

0.5 2 90 

Has the number of taxa with a low requirement for unmodified physico-
chemical conditions changed? 

1 3 80 

Have the abundance and/or frequency of occurrence of the taxa with a 
low requirement for unmodified physico-chemical conditions changed? 

1 3 80 

Has the number of taxa with a very low requirement for unmodified 
physico-chemical conditions changed? 

0.5 4 70 

Have the abundance and/or frequency of occurrence of the taxa with a 
very low requirement for unmodified physico-chemical conditions 
changed? 

0 4 70 

How does the total SASS
7
 score differ from expected? 2 1 100 

How does the total ASPT score differ from expected? 1 1 100 

Table 20:  Ranking and rating of the metric groups for BAV3 to determine the EC 

INVERTEBRATE EC METRIC GROUP 

METRIC 
GROUP 

CALCULATED 
SCORE 

CALCULATED 
WEIGHT 

WEIGHTED 
SCORE OF 

GROUP 

RANK OF 
METRIC 
GROUP 

%WEIGHT 
FOR 

METRIC 
GROUP 

FLOW MODIFICATION FM 92.5 0.321 29.7321 2 90 

HABITAT  H 83.7 0.357 29.898 1 100 

WATER QUALITY  WQ 84.3 0.321 27.0972 2 90 

CONNECTIVITY & SEASONALITY CS 100.0 0.000 0   

       280 

INVERTEBRATE EC    86.7273   

INVERTEBRATE EC CATEGORY 
   B   

                                                      
7
 SASS5 and ASPT score is always considered the most important metric in assessing water quality 
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4.5.1.3 Geelhoutbos River (GEE1)  

Table 21:  Ranking and rating of the flow modification metrics for GEE1 

FLOW MODIFICATION METRICS. 
WITH REFERENCE TO VELOCITY PREFERENCES, WHAT ARE THE 

CHANGES TO THE FOLLOWING OBSERVED OR EXPECTED TO BE? 
RATING RANKING % Weight 

Presence of taxa with a preference for very fast flowing water 1 2 90 

Abundance and/or frequency of occurrence of taxa with a preference for very fast 
flowing water 

1 2 90 

Presence of taxa with a preference for moderately fast flowing water 1 1 100 

Abundance and/or frequency of occurrence of taxa with a preference for 
moderately fast flowing water 

0.5 1 100 

Presence of taxa with a preference for slow flowing water 1 3 80 

Abundance and/or frequency of occurrence of taxa with a preference for slow 
flowing water 

0.5 4 70 

Presence of taxa with a preference for standing water 0.5 3 80 

Abundance and/or frequency of occurrence of taxa with a preference for standing 
water 

0.5 4 70 

Table 22:  Ranking and rating of the habitat modification metrics for GEE1 

HABITAT MODIFICATION METRICS. 
WITH REFERENCE TO INVERTEBRATE HABITAT PREFERENCES, WHAT 
ARE THE CHANGES TO THE FOLLOWING OBSERVED OR EXPECTED TO 

BE? 

RATING RANKING % Weight 

Has the occurrence of invertebrates with a preference for bedrock/boulders 
changed relative to expected? 

0.5 5 10 

Has the abundance and/or frequency of occurrence of any of the taxa with a 
preference for bedrock/boulders changed? 

0.5 5 10 

Has the occurrence of invertebrates with a preference for loose cobbles changed 
relative to expected? 

2 1 100 

Has the abundance and/or frequency of occurrence of any of the taxa with a 
preference for loose cobbles changed? 

1.5 1 100 

Has the occurrence of invertebrates with a preference for vegetation changed 
relative to expected? 

1 3 80 

Has the abundance and/or frequency of occurrence of any of the taxa with a 
preference for vegetation changed? 

0.5 4 70 

Has the occurrence of invertebrates with a preference for sand, gravel or mud 
changed relative to expected? 

1.5 3 80 

Has the abundance of any of the taxa with a preference for sand, gravel or mud 
changed relative to expected? 

0.5 4 70 

Has the occurrence of invertebrates with a preference for the water column or 
water surface changed relative to expected? 

1.5 2 90 

Has the abundance and/or frequency of occurrence of any of the taxa with a 
preference for the water column/water surface changed? 

0.5 2 90 



PREPARED BY JEFFARES & GREEN (PTY) LTD FOR C.A.P.E  5/31/2010 11:44 AM 

2043 INVERTEBRATE REPORT_FINAL _20090730.DOC  PAGE 30 OF 58  

Table 23:  Ranking and rating of the water quality modification metrics for GEE1 

WATER QUALITY METRICS. 
WITH REFERENCE TO WATER QUALITY REQUIREMENTS, WHAT ARE 

THE CHANGES TO THE FOLLOWING OBSERVED OR EXPECTED TO BE? 
RATING RANKING % Weight 

Has the number of taxa with a high requirement for unmodified physico-
chemical conditions changed? 

1.5 2 90 

Has the abundance and/or frequency of occurrence of  the taxa with a 
high requirement for unmodified physico-chemical conditions changed? 

0.5 2 90 

Has the number of taxa with a moderate requirement for unmodified 
physico-chemical conditions changed? 

2 2 90 

Has the abundance and/or frequency of occurrence of the taxa with a 
moderate requirement for modified physico-chemical conditions 
changed? 

1 2 90 

Has the number of taxa with a low requirement for unmodified physico-
chemical conditions changed? 

1.5 3 80 

Have the abundance and/or frequency of occurrence of the taxa with a 
low requirement for unmodified physico-chemical conditions changed? 

0.5 3 80 

Has the number of taxa with a very low requirement for unmodified 
physico-chemical conditions changed? 

0.5 4 70 

Have the abundance and/or frequency of occurrence of the taxa with a 
very low requirement for unmodified physico-chemical conditions 
changed? 

0.5 4 70 

How does the total SASS
8
 score differ from expected? 3 1 100 

How does the total ASPT score differ from expected? 3 1 100 

Table 24:  Ranking and rating of the metric groups for GEE1 to determine the EC 

INVERTEBRATE EC METRIC GROUP 

METRIC 
GROUP 

CALCULATED 
SCORE 

CALCULATED 
WEIGHT 

WEIGHTED 
SCORE OF 

GROUP 

RANK OF 
METRIC 
GROUP 

%WEIGHT 
FOR 

METRIC 
GROUP 

FLOW MODIFICATION FM 84.7 0.321 27.2269 2 90 

HABITAT  H 76.9 0.357 27.449 1 100 

WATER QUALITY  WQ 70.2 0.321 22.5748 2 90 

CONNECTIVITY & SEASONALITY CS 100.0 0.000 0   

       280 

INVERTEBRATE EC    77.2506   

INVERTEBRATE EC CATEGORY 
   C   

                                                      
8
 SASS5 and ASPT score is always considered the most important metric in assessing water quality 



PREPARED BY JEFFARES & GREEN (PTY) LTD FOR C.A.P.E  5/31/2010 11:44 AM 

2043 INVERTEBRATE REPORT_FINAL _20090730.DOC  PAGE 31 OF 58  

4.5.1.4 Wit River (WIT1)  

Table 25:  Ranking and rating of the flow modification metrics for WIT1 

FLOW MODIFICATION METRICS. 
WITH REFERENCE TO VELOCITY PREFERENCES, WHAT ARE THE 

CHANGES TO THE FOLLOWING OBSERVED OR EXPECTED TO BE? 
RATING RANKING % Weight 

Presence of taxa with a preference for very fast flowing water 1.5 2 90 

Abundance and/or frequency of occurrence of taxa with a preference for very fast 
flowing water 

1 2 90 

Presence of taxa with a preference for moderately fast flowing water 0 1 100 

Abundance and/or frequency of occurrence of taxa with a preference for 
moderately fast flowing water 

0.5 1 100 

Presence of taxa with a preference for slow flowing water 0.5 3 80 

Abundance and/or frequency of occurrence of taxa with a preference for slow 
flowing water 

0.5 4 70 

Presence of taxa with a preference for standing water 0.5 3 80 

Abundance and/or frequency of occurrence of taxa with a preference for standing 
water 

0 4 70 

Table 26:  Ranking and rating of the habitat modification metrics for WIT1 

HABITAT MODIFICATION METRICS. 
WITH REFERENCE TO INVERTEBRATE HABITAT PREFERENCES, WHAT 
ARE THE CHANGES TO THE FOLLOWING OBSERVED OR EXPECTED TO 

BE? 

RATING RANKING % Weight 

Has the occurrence of invertebrates with a preference for bedrock/boulders 
changed relative to expected? 

0.5 5 10 

Has the abundance and/or frequency of occurrence of any of the taxa with a 
preference for bedrock/boulders changed? 

0 5 10 

Has the occurrence of invertebrates with a preference for loose cobbles changed 
relative to expected? 

2 1 100 

Has the abundance and/or frequency of occurrence of any of the taxa with a 
preference for loose cobbles changed? 

1.5 1 100 

Has the occurrence of invertebrates with a preference for vegetation changed 
relative to expected? 

1 3 80 

Has the abundance and/or frequency of occurrence of any of the taxa with a 
preference for vegetation changed? 

0.5 4 70 

Has the occurrence of invertebrates with a preference for sand, gravel or mud 
changed relative to expected? 

1 3 80 

Has the abundance of any of the taxa with a preference for sand, gravel or mud 
changed relative to expected? 

1.5 4 70 

Has the occurrence of invertebrates with a preference for the water column or 
water surface changed relative to expected? 

1.5 2 90 

Has the abundance and/or frequency of occurrence of any of the taxa with a 
preference for the water column/water surface changed? 

0.5 2 90 
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Table 27:  Ranking and rating of the water quality modification metrics for WIT1 

WATER QUALITY METRICS. 
WITH REFERENCE TO WATER QUALITY REQUIREMENTS, WHAT ARE 

THE CHANGES TO THE FOLLOWING OBSERVED OR EXPECTED TO BE? 
RATING RANKING % Weight 

Has the number of taxa with a high requirement for unmodified physico-
chemical conditions changed? 

1.5 2 90 

Has the abundance and/or frequency of occurrence of the taxa with a 
high requirement for unmodified physico-chemical conditions changed? 

0.5 2 90 

Has the number of taxa with a moderate requirement for unmodified 
physico-chemical conditions changed? 

2.5 2 90 

Has the abundance and/or frequency of occurrence of the taxa with a 
moderate requirement for modified physico-chemical conditions 
changed? 

1.5 2 90 

Has the number of taxa with a low requirement for unmodified physico-
chemical conditions changed? 

1 3 80 

Have the abundance and/or frequency of occurrence of the taxa with a 
low requirement for unmodified physico-chemical conditions changed? 

1 3 80 

Has the number of taxa with a very low requirement for unmodified 
physico-chemical conditions changed? 

0.5 4 70 

Have the abundance and/or frequency of occurrence of the taxa with a 
very low requirement for unmodified physico-chemical conditions 
changed? 

0 4 70 

How does the total SASS
9
 score differ from expected? 2 1 100 

How does the total ASPT score differ from expected? 0 1 100 

Table 28:  Ranking and rating of the metric groups for WIT1 to determine the EC 

INVERTEBRATE EC METRIC GROUP 

METRIC 
GROUP 

CALCULATED 
SCORE 

CALCULATED 
WEIGHT 

WEIGHTED 
SCORE OF 

GROUP 

RANK OF 
METRIC 
GROUP 

%WEIGHT 
FOR 

METRIC 
GROUP 

FLOW MODIFICATION FM 88.5 0.321 28.4559 2 90 

HABITAT  H 76.1 0.357 27.1939 1 100 

WATER QUALITY  WQ 78.3 0.321 25.1537 2 90 

CONNECTIVITY & SEASONALITY CS 100.0 0.000 0   

       280 

INVERTEBRATE EC    80.8034   

INVERTEBRATE EC CATEGORY 
   B   

                                                      
9
 SASS5 and ASPT score is always considered the most important metric in assessing water quality 
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4.5.1.5 Groot River (GRO1) 

Table 29:  Ranking and rating of the flow modification metrics for GRO1 

FLOW MODIFICATION METRICS. 
WITH REFERENCE TO VELOCITY PREFERENCES, WHAT ARE THE 

CHANGES TO THE FOLLOWING OBSERVED OR EXPECTED TO BE? 
RATING RANKING % Weight 

Presence of taxa with a preference for very fast flowing water 1 2 90 

Abundance and/or frequency of occurrence of taxa with a preference for very fast 
flowing water 

0.5 2 90 

Presence of taxa with a preference for moderately fast flowing water 1.5 1 100 

Abundance and/or frequency of occurrence of taxa with a preference for 
moderately fast flowing water 

0.5 1 100 

Presence of taxa with a preference for slow flowing water 0.5 3 80 

Abundance and/or frequency of occurrence of taxa with a preference for slow 
flowing water 

0.5 4 70 

Presence of taxa with a preference for standing water 1 3 80 

Abundance and/or frequency of occurrence of taxa with a preference for standing 
water 

1 4 70 

Table 30:  Ranking and rating of the habitat modification metrics for GRO1 

HABITAT MODIFICATION METRICS. 
WITH REFERENCE TO INVERTEBRATE HABITAT PREFERENCES, WHAT 
ARE THE CHANGES TO THE FOLLOWING OBSERVED OR EXPECTED TO 

BE? 

RATING RANKING % Weight 

Has the occurrence of invertebrates with a preference for bedrock/boulders 
changed relative to expected? 

0.5 5 10 

Has the abundance and/or frequency of occurrence of any of the taxa with a 
preference for bedrock/boulders changed? 

0 5 10 

Has the occurrence of invertebrates with a preference for loose cobbles changed 
relative to expected? 

2 1 100 

Has the abundance and/or frequency of occurrence of any of the taxa with a 
preference for loose cobbles changed? 

1 1 100 

Has the occurrence of invertebrates with a preference for vegetation changed 
relative to expected? 

3 3 80 

Has the abundance and/or frequency of occurrence of any of the taxa with a 
preference for vegetation changed? 

1.5 4 70 

Has the occurrence of invertebrates with a preference for sand, gravel or mud 
changed relative to expected? 

1.5 3 80 

Has the abundance of any of the taxa with a preference for sand, gravel or mud 
changed relative to expected? 

1.5 4 70 

Has the occurrence of invertebrates with a preference for the water column or 
water surface changed relative to expected? 

2 2 90 

Has the abundance and/or frequency of occurrence of any of the taxa with a 
preference for the water column/water surface changed? 

1 2 90 
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Table 31:  Ranking and rating of the water quality modification metrics for GRO1 

WATER QUALITY METRICS. 
WITH REFERENCE TO WATER QUALITY REQUIREMENTS, WHAT ARE 

THE CHANGES TO THE FOLLOWING OBSERVED OR EXPECTED TO BE? 
RATING RANKING % Weight 

Has the number of taxa with a high requirement for unmodified physico-
chemical conditions changed? 

1 2 90 

Has the abundance and/or frequency of occurrence of the taxa with a 
high requirement for unmodified physico-chemical conditions changed? 

0 2 90 

Has the number of taxa with a moderate requirement for unmodified 
physico-chemical conditions changed? 

2.5 2 90 

Has the abundance and/or frequency of occurrence of the taxa with a 
moderate requirement for modified physico-chemical conditions 
changed? 

2 2 90 

Has the number of taxa with a low requirement for unmodified physico-
chemical conditions changed? 

1.5 3 80 

Have the abundance and/or frequency of occurrence of the taxa with a 
low requirement for unmodified physico-chemical conditions changed? 

1.5 3 80 

Has the number of taxa with a very low requirement for unmodified 
physico-chemical conditions changed? 

1 4 70 

Have the abundance and/or frequency of occurrence of the taxa with a 
very low requirement for unmodified physico-chemical conditions 
changed? 

0.5 4 70 

How does the total SASS
10

 score differ from expected? 2 1 100 

How does the total ASPT score differ from expected? 1 1 100 

Table 32:  Ranking and rating of the metric groups for GRO1 to determine the EC 

INVERTEBRATE EC METRIC GROUP 

METRIC 
GROUP 

CALCULATED 
SCORE 

CALCULATED 
WEIGHT 

WEIGHTED 
SCORE OF 

GROUP 

RANK OF 
METRIC 
GROUP 

%WEIGHT 
FOR 

METRIC 
GROUP 

FLOW MODIFICATION FM 83.5 0.321 26.8487 2 90 

HABITAT  H 67.3 0.357 24.0306 1 100 

WATER QUALITY  WQ 73.5 0.321 23.6213 2 90 

CONNECTIVITY & SEASONALITY CS 100.0 0.000 0   

       280 

INVERTEBRATE EC    74.5006   

INVERTEBRATE EC CATEGORY 
   C   

                                                      
10

 SASS5 and ASPT score is always considered the most important metric in assessing water quality 
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4.5.1.6 Gamtoos River (GAM1)  

Table 33:  Ranking and rating of the flow modification metrics for GAM1 

FLOW MODIFICATION METRICS. 
WITH REFERENCE TO VELOCITY PREFERENCES, WHAT ARE THE 

CHANGES TO THE FOLLOWING OBSERVED OR EXPECTED TO BE? 
RATING RANKING % Weight 

Presence of taxa with a preference for very fast flowing water 1 2 90 

Abundance and/or frequency of occurrence of taxa with a preference for very fast 
flowing water 

1 2 90 

Presence of taxa with a preference for moderately fast flowing water 1 1 100 

Abundance and/or frequency of occurrence of taxa with a preference for 
moderately fast flowing water 

1 1 100 

Presence of taxa with a preference for slow flowing water 2 3 80 

Abundance and/or frequency of occurrence of taxa with a preference for slow 
flowing water 

1.5 4 70 

Presence of taxa with a preference for standing water 1.5 3 80 

Abundance and/or frequency of occurrence of taxa with a preference for standing 
water 

1 4 70 

Table 34:  Ranking and rating of the habitat modification metrics for GAM1 

HABITAT MODIFICATION METRICS. 
WITH REFERENCE TO INVERTEBRATE HABITAT PREFERENCES, WHAT 
ARE THE CHANGES TO THE FOLLOWING OBSERVED OR EXPECTED TO 

BE? 

RATING RANKING % Weight 

Has the occurrence of invertebrates with a preference for bedrock/boulders 
changed relative to expected? 

0.5 5 10 

Has the abundance and/or frequency of occurrence of any of the taxa with a 
preference for bedrock/boulders changed? 

0.5 5 10 

Has the occurrence of invertebrates with a preference for loose cobbles changed 
relative to expected? 

2 1 100 

Has the abundance and/or frequency of occurrence of any of the taxa with a 
preference for loose cobbles changed? 

1.5 1 100 

Has the occurrence of invertebrates with a preference for vegetation changed 
relative to expected? 

0.5 3 80 

Has the abundance and/or frequency of occurrence of any of the taxa with a 
preference for vegetation changed? 

0 4 70 

Has the occurrence of invertebrates with a preference for sand, gravel or mud 
changed relative to expected? 

1 3 80 

Has the abundance of any of the taxa with a preference for sand, gravel or mud 
changed relative to expected? 

1.5 4 70 

Has the occurrence of invertebrates with a preference for the water column or 
water surface changed relative to expected? 

2 2 90 

Has the abundance and/or frequency of occurrence of any of the taxa with a 
preference for the water column/water surface changed? 

1.5 2 90 
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Table 35:  Ranking and rating of the water quality modification metrics for GAM1 

WATER QUALITY METRICS. 
WITH REFERENCE TO WATER QUALITY REQUIREMENTS, WHAT ARE 

THE CHANGES TO THE FOLLOWING OBSERVED OR EXPECTED TO BE? 
RATING RANKING % Weight 

Has the number of taxa with a high requirement for unmodified physico-
chemical conditions changed? 

1 2 90 

Has the abundance and/or frequency of occurrence of the taxa with a 
high requirement for unmodified physico-chemical conditions changed? 

0.5 2 90 

Has the number of taxa with a moderate requirement for unmodified 
physico-chemical conditions changed? 

3 2 90 

Has the abundance and/or frequency of occurrence of the taxa with a 
moderate requirement for modified physico-chemical conditions 
changed? 

2 2 90 

Has the number of taxa with a low requirement for unmodified physico-
chemical conditions changed? 

2 3 80 

Have the abundance and/or frequency of occurrence of the taxa with a 
low requirement for unmodified physico-chemical conditions changed? 

2.5 3 80 

Has the number of taxa with a very low requirement for unmodified 
physico-chemical conditions changed? 

2 4 70 

Have the abundance and/or frequency of occurrence of the taxa with a 
very low requirement for unmodified physico-chemical conditions 
changed? 

1.5 4 70 

How does the total SASS
11

 score differ from expected? 2 1 100 

How does the total ASPT score differ from expected? 2 1 100 

Table 36:  Ranking and rating of the metric groups for GAM1 to determine the EC 

INVERTEBRATE EC METRIC GROUP 

METRIC 
GROUP 

CALCULATED 
SCORE 

CALCULATED 
WEIGHT 

WEIGHTED 
SCORE OF 

GROUP 

RANK OF 
METRIC 
GROUP 

%WEIGHT 
FOR 

METRIC 
GROUP 

FLOW MODIFICATION FM 75.4 0.321 24.2489 2 90 

HABITAT  H 74.3 0.357 26.5306 1 100 

WATER QUALITY  WQ 63.0 0.321 20.2575 2 90 

CONNECTIVITY & SEASONALITY CS 100.0 0.000 0   

       280 

INVERTEBRATE EC    71.037   

INVERTEBRATE EC CATEGORY 
   C   

                                                      
11

 SASS5 and ASPT score is always considered the most important metric in assessing water quality 
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4.5.1.7 Upper Kouga River (KOU1) 

Table 37:  Ranking and rating of the flow modification metrics for KOU1 

FLOW MODIFICATION METRICS. 
WITH REFERENCE TO VELOCITY PREFERENCES, WHAT ARE THE 

CHANGES TO THE FOLLOWING OBSERVED OR EXPECTED TO BE? 
RATING RANKING % Weight 

Presence of taxa with a preference for very fast flowing water 1.5 2 90 

Abundance and/or frequency of occurrence of taxa with a preference for very fast 
flowing water 

1 2 90 

Presence of taxa with a preference for moderately fast flowing water 2.5 1 100 

Abundance and/or frequency of occurrence of taxa with a preference for 
moderately fast flowing water 

0.5 1 100 

Presence of taxa with a preference for slow flowing water 1.5 3 80 

Abundance and/or frequency of occurrence of taxa with a preference for slow 
flowing water 

0.5 4 70 

Presence of taxa with a preference for standing water 1.5 3 80 

Abundance and/or frequency of occurrence of taxa with a preference for standing 
water 

1 4 70 

Table 38:  Ranking and rating of the habitat modification metrics for KOU1 

HABITAT MODIFICATION METRICS. 
WITH REFERENCE TO INVERTEBRATE HABITAT PREFERENCES, WHAT 
ARE THE CHANGES TO THE FOLLOWING OBSERVED OR EXPECTED TO 

BE? 

RATING RANKING % Weight 

Has the occurrence of invertebrates with a preference for bedrock/boulders 
changed relative to expected? 

0.5 5 10 

Has the abundance and/or frequency of occurrence of any of the taxa with a 
preference for bedrock/boulders changed? 

0 5 10 

Has the occurrence of invertebrates with a preference for loose cobbles changed 
relative to expected? 

3 1 100 

Has the abundance and/or frequency of occurrence of any of the taxa with a 
preference for loose cobbles changed? 

1.5 1 100 

Has the occurrence of invertebrates with a preference for vegetation changed 
relative to expected? 

2.5 3 80 

Has the abundance and/or frequency of occurrence of any of the taxa with a 
preference for vegetation changed? 

1 4 70 

Has the occurrence of invertebrates with a preference for sand, gravel or mud 
changed relative to expected? 

1 3 80 

Has the abundance of any of the taxa with a preference for sand, gravel or mud 
changed relative to expected? 

1 4 70 

Has the occurrence of invertebrates with a preference for the water column or 
water surface changed relative to expected? 

1 2 90 

Has the abundance and/or frequency of occurrence of any of the taxa with a 
preference for the water column/water surface changed? 

1 2 90 
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Table 39:  Ranking and rating of the water quality modification metrics for KOU1 

WATER QUALITY METRICS. 
WITH REFERENCE TO WATER QUALITY REQUIREMENTS, WHAT ARE 

THE CHANGES TO THE FOLLOWING OBSERVED OR EXPECTED TO BE? 
RATING RANKING % Weight 

Has the number of taxa with a high requirement for unmodified physico-
chemical conditions changed? 

2 2 90 

Has the abundance and/or frequency of occurrence of the taxa with a 
high requirement for unmodified physico-chemical conditions changed? 

0.5 2 90 

Has the number of taxa with a moderate requirement for unmodified 
physico-chemical conditions changed? 

3 2 90 

Has the abundance and/or frequency of occurrence of the taxa with a 
moderate requirement for modified physico-chemical conditions 
changed? 

1.5 2 90 

Has the number of taxa with a low requirement for unmodified physico-
chemical conditions changed? 

1 3 80 

Have the abundance and/or frequency of occurrence of the taxa with a 
low requirement for unmodified physico-chemical conditions changed? 

1.5 3 80 

Has the number of taxa with a very low requirement for unmodified 
physico-chemical conditions changed? 

1.5 4 70 

Have the abundance and/or frequency of occurrence of the taxa with a 
very low requirement for unmodified physico-chemical conditions 
changed? 

0.5 4 70 

How does the total SASS
12

 score differ from expected? 2 1 100 

How does the total ASPT score differ from expected? 1 1 100 

Table 40:  Ranking and rating of the metric groups for KOU1 to determine the EC 

INVERTEBRATE EC METRIC GROUP 

METRIC 
GROUP 

CALCULATED 
SCORE 

CALCULATED 
WEIGHT 

WEIGHTED 
SCORE OF 

GROUP 

RANK OF 
METRIC 
GROUP 

%WEIGHT 
FOR 

METRIC 
GROUP 

FLOW MODIFICATION FM 74.4 0.321 23.9181 2 90 

HABITAT  H 69.9 0.357 24.949 1 100 

WATER QUALITY  WQ 70.5 0.321 22.6495 2 90 

CONNECTIVITY & SEASONALITY CS 100.0 0.000 0   

       280 

INVERTEBRATE EC    71.5165   

INVERTEBRATE EC CATEGORY 
   C   

                                                      
12

 SASS5 and ASPT score is always considered the most important metric in assessing water quality 
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4.5.1.8 Lower Kouga River (KOU2) 

Table 41:  Ranking and rating of the flow modification metrics for KOU2 

FLOW MODIFICATION METRICS. 
WITH REFERENCE TO VELOCITY PREFERENCES, WHAT ARE THE 

CHANGES TO THE FOLLOWING OBSERVED OR EXPECTED TO BE? 
RATING RANKING % Weight 

Presence of taxa with a preference for very fast flowing water 0.5 2 90 

Abundance and/or frequency of occurrence of taxa with a preference for very fast 
flowing water 

0 2 90 

Presence of taxa with a preference for moderately fast flowing water 1 1 100 

Abundance and/or frequency of occurrence of taxa with a preference for 
moderately fast flowing water 

1 1 100 

Presence of taxa with a preference for slow flowing water 1.5 3 80 

Abundance and/or frequency of occurrence of taxa with a preference for slow 
flowing water 

0.5 4 70 

Presence of taxa with a preference for standing water 2 3 80 

Abundance and/or frequency of occurrence of taxa with a preference for standing 
water 

2 4 70 

Table 42:  Ranking and rating of the habitat modification metrics for KOU2 

HABITAT MODIFICATION METRICS. 
WITH REFERENCE TO INVERTEBRATE HABITAT PREFERENCES, WHAT 
ARE THE CHANGES TO THE FOLLOWING OBSERVED OR EXPECTED TO 

BE? 

RATING RANKING % Weight 

Has the occurrence of invertebrates with a preference for bedrock/boulders 
changed relative to expected? 

0.5 5 10 

Has the abundance and/or frequency of occurrence of any of the taxa with a 
preference for bedrock/boulders changed? 

0 5 10 

Has the occurrence of invertebrates with a preference for loose cobbles changed 
relative to expected? 

0.5 1 100 

Has the abundance and/or frequency of occurrence of any of the taxa with a 
preference for loose cobbles changed? 

1 1 100 

Has the occurrence of invertebrates with a preference for vegetation changed 
relative to expected? 

3 3 80 

Has the abundance and/or frequency of occurrence of any of the taxa with a 
preference for vegetation changed? 

1.5 4 70 

Has the occurrence of invertebrates with a preference for sand, gravel or mud 
changed relative to expected? 

0.5 3 80 

Has the abundance of any of the taxa with a preference for sand, gravel or mud 
changed relative to expected? 

1.5 4 70 

Has the occurrence of invertebrates with a preference for the water column or 
water surface changed relative to expected? 

1.5 2 90 

Has the abundance and/or frequency of occurrence of any of the taxa with a 
preference for the water column/water surface changed? 

1 2 90 
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Table 43:  Ranking and rating of the water quality modification metrics for KOU2 

WATER QUALITY METRICS. 
WITH REFERENCE TO WATER QUALITY REQUIREMENTS, WHAT ARE 

THE CHANGES TO THE FOLLOWING OBSERVED OR EXPECTED TO BE? 
RATING RANKING % Weight 

Has the number of taxa with a high requirement for unmodified physico-
chemical conditions changed? 

0.5 2 90 

Has the abundance and/or frequency of occurrence of the taxa with a 
high requirement for unmodified physico-chemical conditions changed? 

0 2 90 

Has the number of taxa with a moderate requirement for unmodified 
physico-chemical conditions changed? 

1 2 90 

Has the abundance and/or frequency of occurrence of the taxa with a 
moderate requirement for modified physico-chemical conditions 
changed? 

0.5 2 90 

Has the number of taxa with a low requirement for unmodified physico-
chemical conditions changed? 

0.5 3 80 

Have the abundance and/or frequency of occurrence of the taxa with a 
low requirement for unmodified physico-chemical conditions changed? 

1 3 80 

Has the number of taxa with a very low requirement for unmodified 
physico-chemical conditions changed? 

1 4 70 

Have the abundance and/or frequency of occurrence of the taxa with a 
very low requirement for unmodified physico-chemical conditions 
changed? 

0.5 4 70 

How does the total SASS
13

 score differ from expected? 2 1 100 

How does the total ASPT score differ from expected? 0 1 100 

Table 44:  Ranking and rating of the metric groups for KOU2 to determine the EC 

INVERTEBRATE EC METRIC GROUP 

METRIC 
GROUP 

CALCULATED 
SCORE 

CALCULATED 
WEIGHT 

WEIGHTED 
SCORE OF 

GROUP 

RANK OF 
METRIC 
GROUP 

%WEIGHT 
FOR 

METRIC 
GROUP 

FLOW MODIFICATION FM 79.4 0.321 25.5252 2 90 

HABITAT  H 75.1 0.357 26.8367 1 100 

WATER QUALITY  WQ 85.9 0.321 27.6204 2 90 

CONNECTIVITY & SEASONALITY CS 100.0 0.000 0   

       280 

INVERTEBRATE EC    79.9824   

INVERTEBRATE EC CATEGORY 
   B   

 

                                                      
13

 SASS5 and ASPT score is always considered the most important metric in assessing water quality 
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4.5.2 Description of the PES 

Table 45 presents a summary of the MIRAI results with descriptions of the PES at each of the 
EWR sites, focusing on indicator taxa within each metric group.  

Table 45:  Description of the PES for each of the EWR sites based on the MIRAI outputs 

EWR 
Site 

PES Metrics 
Indicator 

taxa/values 
Narrative 

Conf. 
Level 

BAV1 B 

Flow (>0.6), Habitat (cobbles), 
Water quality (high) 

>2spp Baetidae 
+Hydropsychiidae 

According to the biological bands (Dallas 
2007) for the Southern Folded Mountains 
(upper) Ecoregion the SASS and ASPT 
score fall in a B category.  Some sensitive 
flow dependent taxa were present in SIC 
and SOOC biotopes namely more than 
2spp Baetidae and Hydropsychiidae.  The 
marginal vegetation biotope harboured one 
sensitive taxon namely Platycnemidae, 
whereas the cobble biotope harboured 
Chlorocyphidae and the water column, 
Dixidae.  The GSM biotope harboured 
more resilient taxa.  

2 

Flow (>0.6), Habitat (cobbles), Philopotamidae 

Habitat (cobbles) Chlorocyphidae 

Habitat (marginal vegetation) Platycnemidae 

Habitat (water column) Dixidae 

SASS 191 (vs. 238) 

ASPT 5.6 (vs. 6.1) 

BAV3 B 

Flow (>0.6), Habitat (cobbles), 
Water quality (high) 

>2spp Baetidae 
+Hydropsychiidae 

According to the biological bands (Dallas 
2007) for the Southern Folded Mountains 
(upper) Ecoregion the SASS and ASPT 
score fall in a B category.  Some sensitive 
flow dependent taxa were present in SIC 
and SOOC biotopes namely more than 
2spp Baetidae and Hydropsychidae as well 
as Heptageniidae.  The marginal 
vegetation biotope harboured one sensitive 
taxon namely Platycnemidae, whereas the 
cobble biotope harboured Chlorocyphidae.  
The GSM and water column biotopes 
harboured more resilient taxa. 

2 

Flow (0.3-0.6), Habitat 
(cobbles), Water quality (high) 

Heptageniidae 

Habitat (cobbles) Chlorocyphidae 

Habitat (marginal vegetation) Platycnemidae 

SASS 181 (vs. 238) 

ASPT 5.8 (vs. 6.1) 

GEE1 C 

Flow (>0.6), Habitat (cobbles), 
Water quality (high) 

>2spp Baetidae  
According to the biological bands (Dallas 
2007) for the Southern Folded Mountains 
(upper) Ecoregion the SASS and ASPT 
score fall in a C category.  Flow dependent 
taxa present in SIC biotope include more 
than 2spp Baetidae. The marginal 
vegetation biotope harboured one sensitive 
taxon namely Platycnemidae, whereas the 
cobble biotope harboured Philopotamidae.  
The GSM and water column biotopes 
harboured more resilient taxa. 

2 

Flow (>0.6), Habitat (cobbles), Philopotamidae 

Habitat (marginal vegetation) Platycnemidae 

SASS 132 (vs. 238) 

ASPT 5.1 (vs. 6.1) 

WIT1 B 

Flow (>0.6), Habitat (cobbles), 
Water quality (high) 

>2spp Baetidae  
According to the biological bands (Dallas 
2007) for the Southern Folded Mountains 
(upper) Ecoregion the SASS and ASPT 
score fall in a B category.  Sensitive flow 
dependent taxa were present in SIC 
biotope namely more than 2spp Baetidae 
and Philopotamidae. The marginal 
vegetation biotope harboured two highly 
water quality sensitive taxa namely 
Amphipoda and Pyralidae, whereas the 
cobble biotope harboured Athericidae.  The 
GSM and water column biotopes 
harboured more resilient taxa. 

2 

Flow (>0.6), Habitat (cobbles), Philopotamidae 

Water quality (high), Habitat 
(marginal vegetation) Amphipoda, Pyralidae 

Habitat (cobbles) Athericidae 

SASS 165 (vs. 238) 

ASPT 6.3 (vs. 6.1) 
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EWR 
Site 

PES Metrics 
Indicator 

taxa/values 
Narrative 

Conf. 
Level 

GRO1 C 

Flow (>0.6), Habitat (cobbles), 
Water quality (high) 

>2spp Beatidae , 
Hydropsychidae 

According to the biological bands (Dallas 
2007) for the Southern Folded Mountains 
(upper) Ecoregion the SASS and ASPT 
score fall in a C category.  Some sensitive 
flow dependent taxa were present in SIC 
and biotope namely more than 2spp 
Baetidae and Hydropsychidae. The 
marginal vegetation, GSM and water 
column biotopes harboured more resilient 
taxa. 

2 

Habitat (cobbles) Chlorocyphidae 

Habitat (marginal vegetation) Platycnemidae 

SASS 163 (vs. 238) 

ASPT 5.8 (vs. 6.1) 

GAM1 C 

Flow (>0.6), Habitat (cobbles), 
Water quality (high) 

>2spp Baetidae , 
Hydropsychidae 

According to the biological bands (Dallas 
2007) for the Southern Folded Mountains 
(upper) Ecoregion the SASS and ASPT 
score fall in a C category.  Flow dependent 
taxa were present in SIC biotope namely 
more than 2spp Baetidae and 
Hydropsychidae. The marginal vegetation, 
water column and GSM biotope harboured 
more resilient taxa. 

2 SASS 114 (vs. 238) 

ASPT 4.9 (vs. 6.1) 

KOU1 C 

Flow (>0.6), Habitat (cobbles), 
Water quality (high) 

>2spp Baetidae  
According to the biological bands (Dallas 
2007) for the Southern Folded Mountains 
(upper) Ecoregion the SASS and ASPT 
score fall in a C category.  Flow dependent 
taxa present in SIC biotope include 
Baetidae. The marginal vegetation biotope 
harboured one highly water quality 
sensitive taxa namely Pyralidae.  The GSM 
and water column biotopes harboured 
more resilient taxa. 

2 

Water quality (high), Habitat 
(marginal vegetation) Pyralidae 

SASS 148 (vs. 238) 

ASPT 5.7 (vs. 6.1) 

KOU2 B 

Flow (>0.6), Habitat (cobbles), 
Water quality (high) 

>2spp Baetidae , 
Hydropsychidae 

According to the biological bands (Dallas 
2007) for the Southern Folded Mountains 
(upper) Ecoregion the SASS and ASPT 
score fall in a B category.  Sensitive flow 
dependent taxa were present in SIC 
biotope namely more than 2spp Baetidae 
and Hydropsychidae, Heptageniidae and 
Philopotamidae. The cobble biotope 
harboured two sensitive taxa namely 
Athericidae and Chlorocyphidae.  The 
GSM, marginal vegetation and water 
column biotopes harboured more resilient 
taxa. 

2 

Flow (0.3-0.6), Habitat 
(cobbles), Water quality (high) 

Heptageniidae 

Flow (>0.6), Habitat (cobbles), Philopotamidae 

Habitat (cobbles) 
Athericidae, 

Chlorocyphidae 

SASS 188 (vs. 238) 

ASPT 6.3 (vs. 6.1) 

4.5.3 Reasons for the PES 

Table 46 presents the PES category for the aquatic invertebrates at each EWR site. The table 
also highlights the main probable causes for the PES and whether or not these are flow related. 
The results are given a confidence rating of between 5 and 0 where 5 indicates high confidence 
and of 0 indicates no confidence. 
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Table 46:  PES category for the biophysical components of BAV1 with reasons for the PES 

EWR 
Site 

PES Causes of the PES Sources of the PES F/NF
14 

Conf. 
Level 

BAV1 B 

Alteration of natural flow regime 
Water extraction, supply to Kouga Dam, 
irrigation, alien vegetation  

F 

3 

Increased sedimentation of instream habitat 
Over grazing, frequent burning, 4x4 tracks, ill 
maintained management roads 

NF 

Periodic drying of the river in sections Water balance for the sub area is -0.4 F 

Increased severity of floods Reduced attenuation due to overgrazing F 

Eutrophication 
Fertilisers, irrigation return flows, animal 
husbandry, rural settlement 

NF 

BAV3 B 

Alteration of natural flow regime 
Water extraction, supply to Kouga Dam, 
irrigation, alien vegetation 

F 

3 

Increased sedimentation of instream habitat 
Over grazing, frequent burning, 4x4 tracks, ill-
maintained management roads 

NF 

Periodic drying of the river in sections Water balance for the sub area is -0.4 F 

Increased severity of floods Reduced attenuation due to overgrazing F 

Eutrophication 
Fertilisers, irrigation return flows, animal 
husbandry, rural settlement 

NF 

GEE1 C 

Slight increase in sedimentation of instream 
habitat 

Ill-maintained management roads and 
accommodation areas 

NF 

1 
Slight water quality degradation Tourism activities and accommodation NF 

Slight alteration of natural flow regime Weir, water abstraction for recreational use F 

WIT1 B 

Slight increase in sedimentation of instream 
habitat 

Burning, grazing, ill maintained management 
roads, 4x4 tracks 

NF 
1 

Slight alteration of natural flow regime Increased surface runoff from road F 

GRO1 C 

Alteration of natural flow regime 

Beervlei Dam, large impoundments and flood 
diversion works above Beervlei dam, 
excessive water extraction, irrigation, huge 
transportation losses during irrigation 

F 

3 

Increased sedimentation of instream habitat 
Severe over grazing in upper catchment, 
scouring floods, bank destabilisation 

F and 
NF 

Increased severity of floods Reduced attenuation due to overgrazing F 

Water quality  
Naturally high TDS and Fluoride levels, 
sedimentation due to landuse 

NF 

Eutrophication 
Fertilisers, irrigation return flows, animal 
husbandry, rural settlement 

NF 

GAM1 C 

Alteration of natural flow regime 

Excessive water extraction, Kouga Dam and 
Beervlei Dam in upper catchment, intensive 
irrigation and alien vegetation infestation, river 
course alteration 

F 

3 

Increased sedimentation of instream habitat 
Over grazing, intensive agriculture, roads, 
scouring floods, bank destabilisation 

F and 
NF 

Periodic drying of the river in sections Water balance for the sub area is -0.4 F 

Increased severity of floods Reduced attenuation due to landuse F 

Eutrophication 
Fertilisers, animal husbandry, rural settlement, 
irrigation return flows 

NF 

Water quality 

Naturally high TDS and Fluoride levels from 
Groot River catchment; sedimentation due to 
landuse; Pesticides; rural settlement; iron, 
manganese and high dissolved organic carbon 

NF 

                                                      
14

 Flow or Non Flow related causes of the PES 
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EWR 
Site 

PES Causes of the PES Sources of the PES F/NF
14 

Conf. 
Level 

(DOC) levels which lead to trihalomethane 
(THM) compounds in drinking water, have 
been identified in the Kouga and Loerie Dams. 

KOU1 C 

Alteration of natural flow regime 

Excessive water extraction (water balance for 
the sub area is -0.4), supply to Kouga Dam and 
Loerie Dam, intensive alien vegetation 
infestation, river course alteration due to 
scouring floods and alien removal 

F 

3 

Increased sedimentation of instream habitat 
Over grazing, agriculture, roads, scouring 
floods, bank destabilisation due to alien 
vegetation eradication programmes 

F and 
NF 

Increased severity of floods Reduced attenuation due to landuse F 

Eutrophication 
Fertilisers, animal husbandry, rural settlement, 
irrigation return flows 

NF 

Water quality 

Sedimentation due to landuse; Pesticides; rural 
settlement.; iron, manganese and high 
dissolved organic carbon (DOC) levels which 
lead to trihalomethane (THM) compounds in 
drinking water, have been identified in the 
Kouga and Loerie Dams. 

NF 

KOU2 B 

Alteration of natural flow regime 

Excessive water extraction (water balance for 
the sub area is -0.4), supply to Kouga Dam and 
Loerie Dam, intensive alien vegetation 
infestation, river course alteration due to 
scouring floods and alien removal 

F 

3 

Increased sedimentation of instream habitat 
Over grazing, agriculture, roads, scouring 
floods, bank destabilisation due to alien 
vegetation eradication programmes 

F and 
NF 

Increased severity of floods Reduced attenuation due to landuse F 

Eutrophication 
Fertilisers, animal husbandry, rural settlement, 
irrigation return flows 

NF 

Water quality 

Sedimentation due to landuse; Pesticides; rural 
settlement; iron, manganese and high 
dissolved organic carbon (DOC) levels which 
lead to trihalomethane (THM) compounds in 
drinking water, have been identified in the 
Kouga and Loerie Dams. 

NF 

4.6 Trend in the PES 

The trend (direction of change from reference condition) in the Present Ecological State (PES) is 
assessed and the results are given a confidence rating from 1 (low confidence) to 5 (high 
confidence). Trend is considered under the current condition of land and water use.  It aims to 
assess whether the aquatic invertebrates have already adapted to the existing anthropogenic 
impacts or whether human induced / unnatural change and adjustment in the invertebrate 
community is still taking place.  The analysis of the PES trend furthermore aims to highlight 
possible risk areas to the current PES if negative.  A stable trend is indicative of an ecosystem that 
is not declining or improving while a positive trend signifies and ecosystem that is in the process of 
improving and a negative trend one that is declining.  Table 47 present the trends allocated to the 
aquatic invertebrate component as well as the reasoning behind the allocation. The “Trend PES” 
gives an indication of the severity of the anticipated improvement or decline (trend) in the medium 
term (5 years).  
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Table 47:  PES trend for the aquatic invertebrate component with reasons for the trend 

EWR 
site 

PES %EC Trend 
Trend 
PES 

Conf. 
Level 

Reasons for the trend 

BAV1 B 86.5  B 2 
Current land and water use patterns resulting in low water levels, 
unnatural flow regimes, eutrophication and sedimentation. 

BAV3 B 86.7  B 2 
Current land and water use patterns resulting in low water levels, 
unnatural flow regimes, eutrophication and sedimentation. 

GEE1 C 77.3  C 2 
No identifiable impacts able to cause degradation.  Located 
within a Nature Reserve. 

WIT1 B 80.8  B 2 
No identifiable impacts able to cause degradation.  Located 
within a Nature Reserve. 

GRO1 C 74.5  C 2 
Current land and water use patterns resulting in low water levels, 
unnatural flow regimes, eutrophication and sedimentation. 

GAM1 C 71.0  D 2 
Current land and water use patterns resulting in low water levels, 
unnatural flow regimes, eutrophication and sedimentation. 

KOU1 C 71.5  D 2 
Current land and water use patterns resulting in low water levels, 
unnatural flow regimes, eutrophication and sedimentation. 

KOU2 B 79.9  B/C 2 
Current land and water use patterns resulting in low water levels, 
unnatural flow regimes, eutrophication and sedimentation. 

In cases where the %EC is close to the boundary of a higher category as is the case with BAV1, 
BAV3 and KOU2 or in the upper range of a category as with GRO1, the trend PES either remains 
in the same category (as with BAV1, BAV3 and GRO1) or changes to a boundary category as 
with KOU2.  The rate of change and thus the trend PES is however largely dependent on the 
degree and magnitude of negative change affecting the present ecological state of the relevant 
river. Confidence in these predictions is fairly low (2) since historical information on trends and/or 
historical data for inference of trends is not available and/or sparse.  

4.7 Ecological Importance and Sensitivity 

The ecological sensitivity refers to the river’s ability to recover from disturbance. The Excel based 
EIS model (Kleynhans 1999) was used to assess the ecological importance and sensitivity under 
present conditions.  Table 48 presents the integrated EcoStatus results as well as the results of 
the EIS assessment for the Baviaanskloof, Geelhoutbos, Wit, Groot, and Kouga Rivers.  The 
scoring, reasoning and confidence levels are presented in Annexure 7: Ecological importance and 
sensitivity assessment. 

4.8 Integrated EcoStatus 

Present ecological state (PES) assessments of the various biophysical components are integrated 
into an overall ecological classification or EcoStatus score using the latest EcoStatus Level 4 
Excel-based model (Kleynhans & Louw 2007).  The EcoStatus score can be modified by the 
Ecological Importance and Sensitivity (EIS) assessment to give the final recommended ecological 
category (REC) if desirable and feasible.  E.g. if the resource is degraded (i.e. has a low PES) but 
has a HIGH Ecological Importance and Sensitivity (EIS), the EC should ideally be upgraded if it is 
potentially feasible to do.  The full description of the EcoStatus results is presented in the main 
Reserve determination report.  Table 48 presents the results of the integrated EcoStatus 
assessment for each EWR site assessed.  The scoring, reasoning and confidence levels are 
presented in Annexure 9. 
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Table 48:  Integrated EcoStatus for all sites, including the PES trend, EIS and REC 

SITE QUAT 
Present Ecological State 

EIS 
TREND 

REC 
EC %EC 5yr 10yr 

BAV1 L81B B/C 80.94 HIGH N S-P B 

BAV3 L81D B/C 77.48 HIGH N S-P B 

GEE1 L81D A/B 91.04 HIGH S S A 

WIT1 L70G A/B 90.74 HIGH S S A 

GRO1 L70G C 74.44 HIGH N S C 

GAM1 L90A C/D 61.25 HIGH N S C 

KOU1 L82A D 44.23 HIGH N S D 

KOU2 L82D D 54.08 HIGH N S D 

4.9 Verification of the adequacy of the EWR estimates to maintain the invertebrate PES 

This assessment involves the analysis of the adequacy of EWR flow estimates provided by the 
SPATSIM model for each REC in terms of the survival of the aquatic invertebrate community. The 
EWR flow estimates are transformed into hydraulic parameters (depth and velocity) and 
transposed onto the river cross section profiles.  

Indicator taxa identified during the MIRAI process (sensitive flow dependent invertebrates) are 
primarily used to assess whether or not the EWR estimates will provide the required flow, habitat 
and water quality conditions for the maintenance of the invertebrate EC determined for each EWR 
site. The assessment is furthermore primarily based on the comparison between the average 
velocities and depths attained during the present day assessment of the EC (field survey) and the 
values of the same parameters calculated for the drought low flow EWR estimates, since these 
represent the most critical flow period for the invertebrates.   

Hydraulic cross-sections were only conducted at BAV1, BAV3, WIT1, GRO1 and KOU2 and the 
assessment of the ERW estimates will therefore only be based on these sites. 

i. Upper Baviaanskloof River 

Table 49 represents the hydraulic parameters for the upper Baviaanskloof based on the EWR flow 
estimates for an integrated EcoStatus of B. The velocity-depth relationships for the modelled 
maintenance flows are considered acceptable for maintaining the invertebrate community at BAV1 
but the zero drought flows modelled for January and May are of concern. None of the indicator 
taxa at BAV1 are highly flow-dependent and it therefore seems plausible that the river naturally 
experiences periods of very low to zero flow, since the river is in a close to natural state.   

Zero drought flows will however place severe stress on sensitive cobble-dependent indicator taxa 
(Chlorocyphidae & Philopotamidae) that require the maintenance of good habitat quality and 
availability both of which may be reduced as a result of the increased sediment and nutrient loads 
associated with a reduction in flow.   

In conclusion, apart form the drought flows, the EWR estimates should be sufficient to maintain the 
invertebrate PES in a B. 
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Table 49:  Hydraulic conditions at BAV1 based on the modelled EWR flows 

BAV1 
Discharge 

(m
3
/s) 

Depth of Flow in Cross-section Profile 
(m) Average 

Velocity (m/s) 
Maximum Depth Average Depth 

Measured Flow 0.033 0.205 0.127 0.070 

Dry season maintenance - Jan 0.072 0.274 0.196 0.080 

Dry season drought - Jan 0.000 0.000 0.000 0.000 

Wet season maintenance – May 0.129 0.349 0.271 0.081 

Wet season drought - May 0.000 0.000 0.000 0.000 

ii. Lower Baviaanskloof River 

Table 50 represents the hydraulic parameters for the lower Baviaanskloof based on the EWR flow 
estimates for an integrated EcoStatus of B.  The velocity-depth relationships for the modelled 
maintenance flows are considered acceptable for maintaining the invertebrate community at BAV3 
but the zero drought flows modelled for January and May are of concern. None of the indicator 
taxa at BAV3 are highly flow-dependent and it therefore seems plausible that the river naturally 
experiences periods of very low to zero flow, since the river is in a close to natural state.   

Zero drought flows will however place severe stress on sensitive cobble-dependent indicator taxa 
(Chlorocyphidae and Heptageniidae) that require the maintenance of good habitat quality and 
availability both of which may be reduced as a result of the increased sediment and nutrient loads 
associated with a reduction in flow.  Heptageniidae is also highly sensitive to a reduction in water 
quality which may result when flows are reduced to zero.  

In conclusion, apart form the drought flows, the EWR estimates should be sufficient to maintain the 
invertebrate PES in a B.  

Table 50:  Hydraulic conditions at BAV3 based on the modelled EWR flows 

BAV3 
Discharge 

(m
3
/s) 

Depth of Flow in Cross-section Profile 
(m) Average 

Velocity (m/s) 
Maximum Depth Average Depth 

Measured Flow 0.061 0.130 0.068 0.314 

Dry season maintenance - Jan 0.108 0.171 0.126 0.370 

Dry season drought - Jan 0.000 0.000 0.000 0.000 

Wet season maintenance - May 0.199 0.227 0.164 0.454 

Wet season drought - May 0.000 0.000 0.000 0.000 

At both BAV1 and BAV3 periodic flushing of the critical cobble habitat would naturally occur as a 
result of the high incidence of flooding in the Baviaanskloof River catchment. These flows should 
therefore be allowed to persist in order to maintain the current ecological condition at these sites. 

iii. Wit River 

Table 51 represents the hydraulic parameters for the Wit River based on the EWR flow estimates 
for an integrated EcoStatus of A. The velocity-depth relationships for all estimated flows are 
considered acceptable for maintaining the invertebrate PES in a B.   
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None of the indicator taxa are highly flow-dependent and it therefore seems plausible that the river 
naturally experiences periods of very low flow. Indicator taxa at WIT1 are however dependent on 
very good water quality (Amphipoda and Pyralidae) and good quality cobble habitat 
(Philopotamidae and Athericidae).  The maintenance of low sediment and nutrient loads is 
therefore important for maintaining good quality cobble habitat as well as good water quality.  
Amphipoda & Pyralidae are also dependent on good quality and quantity marginal vegetation 
habitat and under the estimated flow conditions this biotope is believed to be adequately 
maintained.  Natural floods and freshets should be allowed to persist in order to provide periodic 
flushing and resetting of the critical cobble habitat. 

Table 51:  Hydraulic conditions at WIT1 based on the modelled EWR flows 

WIT1 
Discharge 

(m
3
/s) 

Depth of Flow in Cross-section Profile 
(m) Average 

Velocity (m/s) 
Maximum Depth Average Depth 

Measured Flow 0.038 0.180 0.117 0.078 

Dry season maintenance - Jun 0.039 0.184 0.121 0.078 

Dry season drought - Jun 0.005 0.073 0.049 0.040 

Wet season maintenance - Sep 0.052 0.210 0.147 0.085 

Wet season drought - Sep 0.007 0.085 0.061 0.045 

iv. Groot River 

Table 52 represents the hydraulic parameters for the Groot River based on the EWR flow 
estimates for an integrated EcoStatus of C. The velocity-depth relationships for all estimated flows 
are considered acceptable for maintaining the invertebrate PES in a C.  No highly flow-dependent 
taxa occur at this site except possibly certain species of Baetidae and Hydropsychiidae.  
Estimated flows are adequate to maintain certain highly flow-dependent taxa however it is likely 
that the high degree of sedimentation and eutrofication due to poor catchment land-use practices 
in the Groot River catchment are inhibiting the occurrence of these taxa, since most are also highly 
dependent on good quality cobble habitat. However, one highly cobble-dependent 
(Chlorocyphidae) and one highly vegetation-dependent indicator taxon (Platycnemidae) is present 
at GRO1.  Improved catchment management must be implemented in order to ensure low 
sediment and nutrient loads and the concomitant availability of good quality cobble habitat.  
Periodic flushing of the cobble habitat would naturally occur as a result of the high incidence of 
flooding in the Groot River catchment. These flows should therefore also be allowed to persist in 
order to maintain the current ecological condition at this site.  Good quality and quantity marginal 
vegetation habitat must also be available and is believed to be adequately maintained under the 
estimated flow conditions.   

Table 52:  Hydraulic conditions at GRO1 based on the modelled EWR flows 

GRO1 
Discharge 

(m
3
/s) 

Depth of Flow in Cross-section Profile 
(m) Average 

Velocity (m/s) 
Maximum Depth Average Depth 

Measured Flow 0.318 0.210 0.130 0.435 

Dry season maintenance - Jul 0.140 0.383 0.157 0.302 

Dry season drought - Jul 0.011 0.054 0.053 0.186 

Wet season maintenance – Mar 0.930 1.464 0.351 0.602 

Wet season drought - Mar 0.030 0.089 0.081 0.216 
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v. Kouga River 

Table 53 represents the hydraulic parameters at the lower Kouga River based on the EWR flow 
estimates for an integrated EcoStatus of D.  The velocity-depth relationships for all estimated flows 
are considered acceptable for maintaining an invertebrate PES of B.  No highly flow-dependent 
taxa occur at this site except possibly certain species of Baetidae and Hydropsychiidae.  A number 
of highly cobble-dependent indicator taxa do occur, namely Chlorocyphidae, Philopotamidae, 
Heptageniidae and Athericidae.   

Poor catchment management in the Kouga River basin has resulted in the extensive loss of 
vegetation cover with a concomitant reduction in flood attenuation potential as well as bank 
stability.  These and other human induced impacts are threatening the riparian and instream 
habitat condition which are most likely the key drivers of the poor ecological condition of the Kouga 
River, since water quality seems to be in a good condition (as indicated by the presence of 
Heptageniidae and Pyralidae).  Catchment rehabilitation and improved catchment management is 
therefore crucial to the maintenance of the current ecological state.   

Table 53:  Hydraulic conditions at KOU2 based on the modelled EWR flows 

KOU2 
Discharge 

(m
3
/s) 

Depth of Flow in Cross-section Profile 
(m) Average 

Velocity (m/s) 
Maximum Depth Average Depth 

Measured Flow 2.809 0.850 0.467 0.255 

Dry season maintenance – Feb 0.883 0.495 0.211 0.248 

Dry season drought - Feb 0.054 0.197 0.132 0.278 

Wet season maintenance – Aug 0.684 0.455 0.210 1.503 

Wet season drought - Aug 0.107 0.246 0.123 0.435 

5. CONCLUSIONS AND RECOMMENDATIONS 

Apart from the modelled zero drought-flows, the EWR flow estimates can be accepted for all EWR 
sites on condition that the recommendations made in Section 4.9 are implemented and the 
management and mitigation measures are adhered to (Section 6).  It must however be noted that 
the confidence in the above assessment is MODERATE at most, due to the possible inaccuracy 
of the hydrological data used (WR90) as well as the assumptions made with respect to the aquatic 
macroinvertebrate reference condition for the study area.   

As an overall recommendation it is suggested that long term SASS5 monitoring be implemented 
to improve baseline aquatic macroinvertebrate data on occurrences as well as on the seasonal 
variability in community composition.  This will result in improved confidence in the reference 
condition and subsequent MIRAI assessments. It is furthermore recommended that updated 
hydrology be obtained for the area in order to improve the confidence in the EWR estimates. 

6. MANAGEMENT AND MITIGATION MEASURES 

Table 54 provides a summary of the recommended overall aims and objectives for maintaining 
and/or improving the health of the aquatic invertebrate communities inhabiting the Baviaanskloof, 
Geelhoutbos, Wit, Groot, Gamtoos and Kouga Rivers. 
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Table 54:  Aims & objectives for maintaining the health of rivers in the Baviaanskloof Mega Reserve 

Objectives 

1. Maintain natural seasonal flow variability 

2. Maintain or improve current biotope diversity, quality and availability 

3. Maintain or improve the current riparian and instream habitat integrity 

4. Maintain or improve the current physical-chemical water quality 

5. Maintain natural biological cueing floods and freshets  

6. Maintain current biodiversity for aquatic invertebrates 

Aims 

1. Flow regime to maintain biotope diversity (e.g. flushing excess sediment from riffles and pools) 

2. Flow regime to maintain channel characteristics (e.g. bed and bank characteristics) 

3. Flow regime to provide biological queues for invertebrate life cycle maintenance (e.g. egg laying and hatching) 

4. Flow regime to inhibit colonisation by pest populations (e.g. blackfly) 

5. Flow regime to maintain critical instream habitats (e.g. riffles and pools) 

6. Flow regime to maintain current speeds suitable for target indicator species (e.g. sensitive reophylic species) 

In order to monitor and assess compliance with these management aims and objectives it is 
important to design and implement a long-term river health monitoring programme15 that extends 
beyond the taking of water quality measurements. This will ensure that corrective action is taken in 
time if the Ecological Category of the Baviaanskloof, Geelhoutbos, Wit, Groot, Gamtoos and 
Kouga River systems deteriorates below the recommended ecological category (REC).  The 
following general management measures (applicable to all river systems) must be implemented in 
order to prevent the degradation and/or improve the ecological condition of the Baviaanskloof, 
Geelhoutbos, Wit, Groot, Gamtoos and Kouga Rivers and to maintain the recommended ECs for 
the aquatic macroinvertebrate component: 

1. Maintain the availability of naturally occurring invertebrate biotope diversity (cobbles, 
vegetation, sand gravel and mud in slow and flowing shallow and deep water). 

2. Maintain the quality and quantity of invertebrate biotopes through allowing the persistence 
of naturally occurring flushes and freshets that restore substrate mobility, reset water 
quality, inundate backwater habitats, and clean substrates from excessive sediment and 
algae. 

3. Appropriate flows (0.3 – 0.6 m/s) must be allowed to persist during the high flow periods in 
order to ensure the maintenance of good quality critical riffle habitats for the health and 
survival of flow-dependent indicator taxa (Baetidae, Hydropsychiidae & Philopotamidae). 

4. Appropriate flows (0.1 - 0.3 m/s) and water quality must be maintained for at least 35% of 
the time in order to ensure the availability of good quality critical cobble habitats for the 
health and survival of cobble-dependent indicator taxa (Heptageniidae, Chlorocyphidae 
and Athericidae). 

5. Appropriate flow volumes and depths must be maintained for at least 35% of the time in 
order to ensure maintenance of good quality and quantity inundated marginal vegetation 
habitat for the health and survival of vegetation-dependent indicator taxa (Platycnemidae, 
Amphipoda and Pyralidae). 

6. Appropriate water quality must be maintained to ensure the health and survival of water 
quality sensitive indicator taxa (Amphipoda, Pyralidae and Heptageniidae). 

                                                      
15

 See the River Health Monitoring Programme produced as part of the Baviaanskloof Mega Reserve project 
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7. Natural seasonal flow variability must be allowed to persist in order to ensure the cuing of 
relevant invertebrate breeding behaviours (e.g. egg laying and hatching). 

8. Ensure that no invertebrate group consistently dominates the fauna (often the case with 
pest species) by maintaining the natural seasonal variation in flow. 

9. Maintain critical invertebrate refugia, such as the upper Baviaanskloof, Geelhoutbos, and 
Wit River sites for the purposes of re-colonisation of the downstream sites following critical 
low flow periods (dry season drought months) that fail to maintain populations of critically 
flow-dependent and water quality sensitive invertebrate taxa, by limiting catchment wide 
impacts on these rivers.   

10. Monitor the maintenance of the present invertebrate ecological condition (PES) at the EC 
recommended for each River though the application of the SASS5 biomonitoring protocol 
and subsequent MIRAI modelling on a bi-annual basis (high- and low flow periods). 

Table 55 presents a detailed summary of the potential impacts on the aquatic macro-invertebrate 
component identified per river for the study area as well as the associated management and 
mitigation measures.  Specific objectives for the aquatic macro-invertebrate communities are also 
provided per river.  These specific objectives can be used to inform the setting of Resource Quality 
Objectives. 

Table 55:  Summary of the potential impacts, mitigation measures and specific objectives 

EWR component Potential impact Mitigation measures Specific objectives 

UPPER BAVIAANSKLOOF RIVER 

Ecological condition Reduction of biodiversity due 
to altered drivers of the 
system including water 
quality, instream and riparian 
habitat and flow regime.   

Implement proper catchment 
management to ensure the 
maintenance of good water 
quality and a natural flow 
regime. 

Maintain invertebrate EC in a 
B category and monitor 
presence of indicator taxa 

Riparian & instream habitat Siltation and algae reducing 
the quality and availability of 
critical invertebrate biotopes. 

Maintain the quality and 
quantity of invertebrate 
biotopes through allowing the 
persistence of naturally 
occurring flushes and 
freshets that restore substrate 
mobility, reset water quality, 
inundate backwater habitats, 
and clean substrates from 
excessive sediment and 
algae. 

Monitor presence of cobble-
dependent indicator taxa 
(Philopotamidae and 
Chlorocyphidae) as well as 
vegetation dependent 
indicator taxa 
(Platycnemidae). 

Water quantity Reduced flow volumes and 
altered flow variability. 

Maintain appropriate flows 
(0.3 – 0.6 m/s) during the 
high flow periods to ensure 
the maintenance of good 
quality critical riffle habitats. 

Maintain appropriate flows 
(0.1 - 0.3 m/s) for at least 
35% of the time to ensure the 
availability of good quality 
critical cobble habitats. 

Maintain appropriate flow 
volumes and depths for at 
least 35% of the time in order 
to ensure maintenance of 
good quality and quantity 
inundated marginal 
vegetation habitat. 

Monitor presence of flow-
dependent indicator taxa 
(Baetidae, Hydropsychiidae & 
Philopotamidae).  

Monitor presence of cobble-
dependent indicator taxa 
(Chlorocyphidae).  

Monitor presence of 
vegetation-dependent 
indicator taxa 
(Platycnemidae). 

Monitor presence of water 
column-dependent indicator 
taxa (Dixidae). 
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EWR component Potential impact Mitigation measures Specific objectives 

Water quality Reduced water quality. Appropriate water quality 
must be maintained. 

Monitor presence of water 
quality sensitive indicator taxa 
(>2 spp Baetidae & 
Hydropsychiidae). 

LOWER BAVIAANSKLOOF RIVER 

Ecological condition Reduction of biodiversity due 
to altered drivers of the 
system including water 
quality, instream and riparian 
habitat and flow regime.   

Implement proper catchment 
management to ensure the 
maintenance of good water 
quality and a natural flow 
regime. 

Maintain invertebrate EC in a 
B category and monitor 
presence of indicator taxa 

Riparian & instream habitat Siltation and algae reducing 
the quality and availability of 
critical invertebrate biotopes. 

Maintain the quality and 
quantity of invertebrate 
biotopes through allowing the 
persistence of naturally 
occurring flushes and 
freshets that restore substrate 
mobility, reset water quality, 
inundate backwater habitats, 
and clean substrates from 
excessive sediment and 
algae. 

Monitor presence of cobble-
dependent indicator taxa 
(Heptageniidae and 
Chlorocyphidae) as well as 
vegetation dependent 
indicator taxa 
(Platycnemidae). 

Water quantity Reduced flow volumes and 
altered flow variability. 

Maintain appropriate flows 
(0.3 – 0.6 m/s) during the 
high flow periods to ensure 
the maintenance of good 
quality critical riffle habitats. 

Maintain appropriate flows 
(0.1 - 0.3 m/s) for at least 
35% of the time to ensure the 
availability of good quality 
critical cobble habitats. 

Maintain appropriate flow 
volumes and depths for at 
least 35% of the time in order 
to ensure maintenance of 
good quality and quantity 
inundated marginal 
vegetation habitat. 

Monitor presence of flow-
dependent indicator taxa 
(Baetidae, Hydropsychiidae & 
Heptageniidae).  

 

Monitor presence of cobble-
dependent indicator taxa 
(Chlorocyphidae and 
Heptageniidae).  

 

Monitor presence of 
vegetation-dependent 
indicator taxa 
(Platycnemidae). 

Water quality Reduced water quality. Appropriate water quality 
must be maintained. 

Monitor presence of water 
quality sensitive indicator taxa 
(>2 spp Baetidae and 
Hydropsychiidae & 
Heptageniidae). 

GEELHOUTBOS RIVER 

Ecological condition Reduction of biodiversity due 
to altered drivers of the 
system including water 
quality, instream and riparian 
habitat and flow regime.   

Implement proper catchment 
management to ensure the 
maintenance of good water 
quality and a natural flow 
regime. 

Maintain invertebrate EC in a 
C category and monitor 
presence of indicator taxa 

Riparian & instream habitat Siltation and algae reducing 
the quality and availability of 
critical invertebrate biotopes. 

Maintain the quality and 
quantity of invertebrate 
biotopes through allowing the 
persistence of naturally 
occurring flushes and 
freshets that restore substrate 
mobility, reset water quality, 
inundate backwater habitats, 
and clean substrates from 
excessive sediment and 
algae. 

Monitor presence of cobble-
dependent indicator taxa 
(Philopotamidae) as well as 
vegetation dependent 
indicator taxa 
(Platycnemidae). 
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EWR component Potential impact Mitigation measures Specific objectives 

Water quantity Reduced flow volumes and 
altered flow variability. 

Maintain appropriate flows 
(0.3 – 0.6 m/s) during the 
high flow periods to ensure 
the maintenance of good 
quality critical riffle habitats. 

Maintain appropriate flows 
(0.1 - 0.3 m/s) for at least 
35% of the time to ensure the 
availability of good quality 
critical cobble habitats. 

Maintain appropriate flow 
volumes and depths for at 
least 35% of the time in order 
to ensure maintenance of 
good quality and quantity 
inundated marginal 
vegetation habitat. 

Monitor presence of flow-
dependent indicator taxa (> 2 
spp Baetidae).  

 

Monitor presence of cobble-
dependent indicator taxa 
(Philopotamidae).  

 

Monitor presence of 
vegetation-dependent 
indicator taxa 
(Platycnemidae). 

Water quality Reduced water quality. Appropriate water quality 
must be maintained. 

Monitor presence of water 
quality sensitive indicator taxa 
(>2 spp Baetidae and 
Hydropsychiidae & 
Heptageniidae). 

WIT RIVER 

Ecological condition Reduction of biodiversity due 
to altered drivers of the 
system including water 
quality, instream and riparian 
habitat and flow regime.   

Implement proper catchment 
management to ensure the 
maintenance of good water 
quality and a natural flow 
regime. 

Maintain invertebrate EC in a 
B category and monitor 
presence of indicator taxa 

Riparian & instream habitat Siltation and algae reducing 
the quality and availability of 
critical invertebrate biotopes. 

Maintain the quality and 
quantity of invertebrate 
biotopes through allowing the 
persistence of naturally 
occurring flushes and 
freshets that restore substrate 
mobility, reset water quality, 
inundate backwater habitats, 
and clean substrates from 
excessive sediment and 
algae. 

Monitor presence of cobble-
dependent indicator taxa 
(Philopotamidae & 
Athericidae) as well as 
vegetation dependent 
indicator taxa 
(Platycnemidae). 

Water quantity Reduced flow volumes and 
altered flow variability. 

Maintain appropriate flows 
(0.3 – 0.6 m/s) during the 
high flow periods to ensure 
the maintenance of good 
quality critical riffle habitats. 

Maintain appropriate flows 
(0.1 - 0.3 m/s) for at least 
35% of the time to ensure the 
availability of good quality 
critical cobble habitats. 

Maintain appropriate flow 
volumes and depths for at 
least 35% of the time in order 
to ensure maintenance of 
good quality and quantity 
inundated marginal 
vegetation habitat. 

Monitor presence of flow-
dependent indicator taxa 
(Baetidae & Philopotamidae).  

 

Monitor presence of cobble-
dependent indicator taxa 
(Philopotamidae & 
Athericidae).  

 

Monitor presence of 
vegetation-dependent 
indicator taxa (Amphipoda & 
Pyralidae). 

Water quality Reduced water quality. Appropriate water quality 
must be maintained. 

Monitor presence of water 
quality sensitive indicator taxa 
(>2 spp Baetidae, 
Amphipoda & Pyralidae). 
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EWR component Potential impact Mitigation measures Specific objectives 

GROOT RIVER 

Ecological condition Reduction of biodiversity due 
to altered drivers of the 
system including water 
quality, instream and riparian 
habitat and flow regime.   

Implement proper catchment 
management to ensure the 
maintenance of good water 
quality and a natural flow 
regime. 

Maintain invertebrate EC in a 
C category and monitor 
presence of indicator taxa 

Riparian & instream habitat Siltation and algae reducing 
the quality and availability of 
critical invertebrate biotopes. 

Maintain the quality and 
quantity of invertebrate 
biotopes through allowing the 
persistence of naturally 
occurring flushes and 
freshets that restore substrate 
mobility, reset water quality, 
inundate backwater habitats, 
and clean substrates from 
excessive sediment and 
algae. 

Monitor presence of cobble-
dependent indicator taxa 
(Chlorocyphidae) as well as 
vegetation dependent 
indicator taxa 
(Platycnemidae). 

Water quantity Reduced flow volumes and 
altered flow variability. 

Maintain appropriate flows 
(0.3 – 0.6 m/s) during the 
high flow periods to ensure 
the maintenance of good 
quality critical riffle habitats. 

Maintain appropriate flows 
(0.1 - 0.3 m/s) for at least 
35% of the time to ensure the 
availability of good quality 
critical cobble habitats. 

Maintain appropriate flow 
volumes and depths for at 
least 35% of the time in order 
to ensure maintenance of 
good quality and quantity 
inundated marginal 
vegetation habitat. 

Monitor presence of flow-
dependent indicator taxa 
(>2spp Baetidae & 
Hydropsychiidae).  

 

Monitor presence of cobble-
dependent indicator taxa 
(Chlorocyphidae).  

 

Monitor presence of 
vegetation-dependent 
indicator taxa 
(Platycnemidae). 

Water quality Reduced water quality. Appropriate water quality 
must be maintained. 

Monitor presence of water 
quality sensitive indicator taxa 
(>2 spp Baetidae and 
Hydropsychiidae). 

UPPER KOUGA RIVER 

Ecological condition Reduction of biodiversity due 
to altered drivers of the 
system including water 
quality, instream and riparian 
habitat and flow regime.   

Implement proper catchment 
management to ensure the 
maintenance of good water 
quality and a natural flow 
regime. 

Maintain invertebrate EC in a 
C category and monitor 
presence of indicator taxa 

Riparian & instream habitat Siltation and algae reducing 
the quality and availability of 
critical invertebrate biotopes. 

Maintain the quality and 
quantity of invertebrate 
biotopes through allowing the 
persistence of naturally 
occurring flushes and 
freshets that restore substrate 
mobility, reset water quality, 
inundate backwater habitats, 
and clean substrates from 
excessive sediment and 
algae. 

Monitor presence of 
vegetation dependent 
indicator taxa (Pyralidae). 

Water quantity Reduced flow volumes and 
altered flow variability. 

Maintain appropriate flows 
(0.3 – 0.6 m/s) during the 
high flow periods to ensure 
the maintenance of good 
quality critical riffle habitats. 

 

Monitor presence of flow-
dependent indicator taxa 
(>2spp Baetidae).  
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Maintain appropriate flows 
(0.1 - 0.3 m/s) for at least 
35% of the time to ensure the 
availability of good quality 
critical cobble habitats. 

Maintain appropriate flow 
volumes and depths for at 
least 35% of the time in order 
to ensure maintenance of 
good quality and quantity 
inundated marginal 
vegetation habitat. 

Monitor presence of 
vegetation-dependent 
indicator taxa (Pyralidae). 

Water quality Reduced water quality. Appropriate water quality 
must be maintained. 

Monitor presence of water 
quality sensitive indicator taxa 
(>2 spp Baetidae and 
Hydropsychiidae). 

 

 

LOWER KOUGA RIVER 

Ecological condition Reduction of biodiversity due 
to altered drivers of the 
system including water 
quality, instream and riparian 
habitat and flow regime.   

Implement proper catchment 
management to ensure the 
maintenance of good water 
quality and a natural flow 
regime. 

Maintain invertebrate EC in a 
B category and monitor 
presence of indicator taxa 

Riparian & instream habitat Siltation and algae reducing 
the quality and availability of 
critical invertebrate biotopes. 

Maintain the quality and 
quantity of invertebrate 
biotopes through allowing the 
persistence of naturally 
occurring flushes and 
freshets that restore substrate 
mobility, reset water quality, 
inundate backwater habitats, 
and clean substrates from 
excessive sediment and 
algae. 

Monitor presence of cobble-
dependent indicator taxa 
(Chlorocyphidae, Athericidae, 
Philopotamidae and 
Heptageniidae). 

Water quantity Reduced flow volumes and 
altered flow variability. 

Maintain appropriate flows 
(0.3 – 0.6 m/s) during the 
high flow periods to ensure 
the maintenance of good 
quality critical riffle habitats. 

Maintain appropriate flows 
(0.1 - 0.3 m/s) for at least 
35% of the time to ensure the 
availability of good quality 
critical cobble habitats. 

Maintain appropriate flow 
volumes and depths for at 
least 35% of the time in order 
to ensure maintenance of 
good quality and quantity 
inundated marginal 
vegetation habitat. 

Monitor presence of flow-
dependent indicator taxa 
(>2spp Baetidae & 
Hydropsychiidae).  

 

Monitor presence of cobble-
dependent indicator taxa 
(Chlorocyphidae, Athericidae, 
Philopotamidae and 
Heptageniidae).  

 

Water quality Reduced water quality. Appropriate water quality 
must be maintained. 

Monitor presence of water 
quality sensitive indicator taxa 
(>2 spp Baetidae & 
Hydropsychiidae and 
Heptageniidae). 
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GAMTOOS RIVER 

Ecological condition Reduction of biodiversity due 
to altered drivers of the 
system including water 
quality, instream and riparian 
habitat and flow regime.   

Implement proper catchment 
management to ensure the 
maintenance of good water 
quality and a natural flow 
regime. 

Maintain invertebrate EC in a 
C category and monitor 
presence of indicator taxa 

Riparian & instream habitat Siltation and algae reducing 
the quality and availability of 
critical invertebrate biotopes. 

Maintain the quality and 
quantity of invertebrate 
biotopes through allowing the 
persistence of naturally 
occurring flushes and 
freshets that restore substrate 
mobility, reset water quality, 
inundate backwater habitats, 
and clean substrates from 
excessive sediment and 
algae. 

No true cobble and marginal 
vegetation indicator taxa are 
present however monitor the 
presence of the number of 
species of Baetidae and 
Hydropsychiidae which 
should be greater than 2. 
Some species are cobble or 
vegetation dependent. 

Water quantity Reduced flow volumes and 
altered flow variability. 

Maintain appropriate flows 
(0.3 – 0.6 m/s) during the 
high flow periods to ensure 
the maintenance of good 
quality critical riffle habitats. 

Maintain appropriate flows 
(0.1 - 0.3 m/s) for at least 
35% of the time to ensure the 
availability of good quality 
critical cobble habitats. 

Maintain appropriate flow 
volumes and depths for at 
least 35% of the time in order 
to ensure maintenance of 
good quality and quantity 
inundated marginal 
vegetation habitat. 

Monitor presence of flow-
dependent indicator taxa 
(>2spp Baetidae & 
Hydropsychiidae).  

Water quality Reduced water quality. Appropriate water quality 
must be maintained. 

Monitor presence of water 
quality sensitive indicator taxa 
(>2 spp Baetidae and 
Hydropsychiidae). 
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